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. LR . ABSTRACT : . e S
Yoo With tne mcreased 1nterest in the exploitation ‘of off\shore re- )

B : sources, |t is _evident that a need exists for a- ramd, rehab'le and B

autnnamc nethod of' determing the cnmpos|t1un and prapernes of tne - g <k

', i .ocean f'lonr. Such mforimtwn aids in the des1gn‘;d smng fmff.

of the mlnera'l

g ,resuurces for ecanunnc deve]opment and vlanning and 1mproves ur unden—

) standmg of the genphys1ca1 structure of the. seg bed.  .°. 1

depth mvarwnt echo sounder. ¥| a Julnt cru1se mth the Be@f‘rd In-

""shtute of: Oceanngraphy (B10) ‘500 km of, echoes’ have been co]]ected oV

P ’ varylng sedment types using the Muntec hmadband (]U khz) Deep TEM g

= iSystem. o & . 5 e

rqrder to study methods af sed'iment classmcatwn, an appmach o e

filter thenry s adnpted and comh ned with’ an appHcatian of ’

pattern recqgmtmn techniques.' Using."the data huse uhtnned on the ‘BI0 \

'cruise, res ts “are presented on the quantat1t1ve measurement of the

coherent (reﬂected) energy versus total~ re:ewed energy in acoushc

i "echoes Fron'the seabed for four sedlment typ @, Tho metmcs of the P 7"' 5

coherence of. the received. signals are develnped The f1rst isa n»eas:une

of the nornahzed cmss-cnnre'latwn coefficient between adJacent acousﬁc

~  : samp]es O _n eva]uated a]ong the s}np H track 77% correct sediment

s\'lasslﬁ ation is ubtamed mth tnls pr‘ogedure " The second 1s an ‘estis

mate uf the, re'latwe amount nf‘ coherent energy in:the acoustw return




' this pethod.

Nlhm bbth metr1:s are cuirlned in a m ﬂllens oml vector plane, -
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CHAPTER 1

" INTRODUCTION

“+ With the current mterest in the exploitation of offshore re-

sources, it is ev1dent that 2 need ex\sts for rapid, reliable and

% automatic ‘methdd af detennming he compos’mon ‘and properties of che

ocean f'lnnr. Such 1nfom|annn a1ds in the des1gry and s1tmg of: uff—

shure structures and pxpehnes. pruvxdes an mventory

i resnurces ‘for economic development and, \dnnmg and 1mproves our

understandmg uf the. genprwsu:a] structure of the seabed.

Acoushc snurces pruvnde a rap\d nbn—mtruswe method nf r‘emote]y

'”sensjng the qcean floor. The use gf a high resolution system permits , -

the éxamination of snra‘i] 'dreas of the sea ﬂéor at” frequent spatial

mtervals. Genera]'ly the echo* returns‘ requlre ground truthmg by con-

venhonal methods such as core and grab samples, but mth proper

mterpretatmn acaust‘lc _techniques can-supply averaged informatian

vi ! - ‘over 1arge bottom swaths

Many authdrs, uver the past years, fave shuwn that g'latiunship < &

exists betweer sediment-physical properties and acoustic reflection’ ' - .+ s i

“coefficient.” Akal (1972, 1974), Bell and Porter (1973, 1974, 197@),‘ -

Bres]au ('IQGIZ. ]967) Faas (1969} HamiTton (1970b,. 19712, 1974a), -
and Sm]th (1966 1959) and McLeroy. (1972);" aré a few wh?ve' empirically

t to sed{ment

)’ re]ated dbserved vaTues of Rayleigh reflect‘wn coeffici

porasny, dens'lty and mean' grain’size. . Many of these authors a]so

B : have observed \‘.he re'latiunshlp between - these same physica'l parameters




and compressional 'sound wave velocity through-a sediment. They in- ——

clude Akal (1972, 1974), Anderson (1974) Bell qnd Porter (1974),
Hamilton (1970a), and Westneat and Pnrter (1975) \The conclusions of
these:authors indicate” that ocean bottom sediments .can be classified
by then‘ purnsines or densihes as estmated fmm measurements of

reﬂection coefficlents or, of sound ve'(m:ltles.

In recent yee ttempts to derive an apnmum so]ut\nu for the %

wave equatlan for sound prupagaﬂon and acoustlc response 1

a hgmd

4 ~over1ylng a v1scoe'|ast1c ha’lf space have been pmpnsed New sed-lment
. modéls have been put Forth, _using 11near viscuel@shc‘nty assumption
with cnmpJex Lamé "parameters. Hamﬂtun (19712, b, 1974b; ]975) has

.- Shown thht, under ideal conditions, all elastic cons‘tants fur ‘a sedi-

ment can be qstmated fmm a measurement of - samment vnmsn‘.y, sound |

ve]ocity and }the bulk modulus of -the sed!ment. H1s.»assumptwns are

that the sedlment is a puruus, gas free, uncemented, hineral étructure,

fully saturated vuth water, and is macroscoplcany isotrnp!c, the

app'lled stresses' are compresswe or shear of Tow amphtude. and the

agoustu: wavelengths used are much greater than the grain.size. .

Magnuson (19723, b/ 1973, 1975) and-Katsekas (1973) used a. U

mude] similar to Hamilton* 'S5 and fnrmn'lated the response-in the acous-

unctmn m integral form: Newman (1973) and

Magnusun (1973) used these results in cumputer analysis of the Green s :

functiun for various sedlment types wvth pnsﬂ:we results, parhcu]ar]y

Jin dist

different ratios of' impedance parameters.

‘ngmshmg sedxments With 1dent1ca'| acoustic \mpedam:es‘but with'




Several authors have treated the sea surface (Fortuin,ql973) and
the sea bottom (Baggeroer et al, 1973) as a filter consisting of a de-

termmisnc and a random pair.. A similar model was used_ by Clay and g

Leong (‘1974) in deep ocean at seismic. frequenties.. By modeling. the

v .- ._..bottom roughness as a stochastic variable, large sca]e roughness feat-

;" o % . ures wera nhserved in. deep oceans and an expressmn fur the scattermg

funct1on was fonnu1ated. The end result was a stanstmal descrl tion

of the seafloor.

Pace (1974) suggested that par\ern recogmtwn technlques could

- P, be used with aCOUStIC returns to-classify sediments. - Int a 1aboratory

env1ronment, with. artificial .sed\ments. uslng avbr.oadband s,vgnal, the * *
& - N sediments were correctYy placed in one of three classes with a pruh-
s atnhty of over 60%.", More recently. Dodds (as repurted in Simpkin ét

al, 1976) suggests that a-pattern recognition approach with four var-

Y E

1ab1es can be used to currectly class»fy real ocean bottum sediments. v X

Hxs cholce of. varlables are the time of arrival of the acoustic” pu]se
| A eon at th_e bottom,~and tne&o\cﬂ ‘energy in three time w1nfiows of varlab‘le
: Jength -centgred‘ ef the ﬁme of pear:amph‘tude ‘receptiun.
Knott’et al (1977) siggest the use of the cumulation of reflected ’
"energy with travel time to measure and compare, the relative magnitudes
of reflectéd ‘energy, vetuirned fron sedimeritary bot‘t'omsv, and' to estimate

é ' 4 . .
the time rate'or cumulative energy.- ' They suggest that the time/rate " i

of reﬂectance changes vuth geu]ngxcal structure‘ i 4 l Sy .

g n . " In this thesls, an. atwmpt is made tu use the comblnaﬂéq(fﬂter

appruacn af Fortmn (1‘373), Baggoerer et a'I (1973), and Elay and Leung ) iy




" based’ on acoushc

; ' v
(1974) toge\‘.her with a simple pattern “‘recngniticn' application similar to
that used by Pace (1974) to cla‘ssify sediments. Prelinnnary results of
this concept were shown in MacIsaac and Dunsiger (1977). .USing shallow
seis‘m}'c frequencies ‘(nominally in the band ‘from 1 khz -to 10 khz]. th’e

effects nf bottom mughness on’signal cuherence are examined It is be- o

) \heved that est1mates of S\gnal cuherence provvde lnore clues by which

cnrrect sed1ment classuficatinn may be accomphs e_ The results are i

ta: coﬂected\nver the western part of the Scadan ; 3

She]f and in the eastern part of the Gulf of Maine in June 1976 ahoard
ccs., Hudson (F1gure l) : X L 4 L
A boomer-type brnadband sound source is used at normal “incidence to,
transmit acoustic energy into..the water column as shown in Flgure 2.
Reﬂeeted s1gna!s from the’ sea bottom and stratiﬁed sub-huttom are )
recewed by hydmphones attached to the towed bndy containing the sound
source, -These signals are amphfied and” recorded in ana]ug fonn on an

1nstrumentat'lun recorder., In all, approximately fifty-hours of recurd—

ings were made. of acoustic returns fronl sefg ;ediment's, rebresen:ihg in

the order of 240,000 acousnc echoes. )
Because ‘of the impracticality of lnvestlgatwng each echo 1nd|v7dua11y,

‘a-data base consisting of nine. _sectwns of these recerd1ngs was made:. The

nine sections represent data obtained. over all bottom types encountered at

-* sea in the Gu]f o% Maine, »ra’nging'fmm bedrack tn soft silts and cléys.

The acotistic records’ obtawned were.at tlmes h1ghly contamnated hy noise

generated in the- towed body. It vas ecided therefore to select four

- sediments from this ba_se vf‘or which data with- anapparent high s1gna1-
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et \ .

" to-noise ra\tiu was available, and to concentrate efforts on separating
these by digital signal prnce?§ing. The four sediments selected are

1 (using the nomenclature in Drapeau and K{ng, 1972): :

' 1. Enerald Sitt R

.2 Sambru Sand- Grave] o

3. L HaveCIay : e Baniat B oy o
‘. Scotia SheTf ant (61acia) Tﬂl)

The s1x o‘cauons shown in F1gure 'I ‘include two for. each of Emera]

Sﬂt and Sambro Sand -Gravel, and one - for each of LaHave Clay. and Scotia

Shelf .Drift. - Acoustic reﬂectwn coeffu;req\t_meas.uremgnts have proven

t very ‘useful in estimating bottom sediment types through the empirical

relationship between reflection éwefficjent and sediment porosity. It is
FEE 3 sugges’te‘dvghag' these measurements can be augmented by estimates of the
.+ relative amuun't of: coherent energy .contained. in the(&n}-\ned_ acoustic i '

- 51gnals. ) O : Ao
. s

The acoustlc returns from the sed\rnent types 'hsted above are

; sub;ected to two methods of analys1s. By ca]cu]atu!gv the no_vjmal.ued

cross’-corre’latiun cpefficants between pairs df acousiic returns, the
g +' running average of the normalized event to evert correlation is ob- e &
2 3 v 'tajued, ‘along with thg co_rréspond_iﬁq standard ,dev'iat'l‘on. A measure ‘of - l
O energy in the returned siéna]s. on an*e\)er{tvto event basis, is’,é’léo

uhtamed by squar]ng and. mtegratmg the return;.a runmng average and

L The results of calcu]atmg the runmng mean of -the nom\ahzed

t
standard dev:atwn for normalized cumu]atwe energy is prbduced. f, X l

; corre]atmn cuafﬁcients mdwﬁte that a sed1ment can be correctly




. EIE N

placed in one of the four sediment classes appruxiﬁate]y 70 peN:enl

of the time.- The calclﬂation of the norma]ized cumu!at{ve energy
running mean shows that, even though two of ‘the sedments above cahnot
be raso’lved uslng this measure alone, when cumhmed w1th the normahzed

currelatwn cueffmient, a h1gher correct c]assihcation percentage can» it

be,nbta?ned The results of combming the tWo methads of. estlmatmg :

the degree of coherence” in a set"bf rece\ved echoes vmﬂcate thal com- T

plete separat\on of sedlments

nto fnur c'lasses is pDSsIMe with" the

available acoustic’ data. e




[ CHAPTER 2

nﬁmmou OF EQUIPHENT

‘3

1 . 2 3 Since the” scient!ﬂc purpose of* the cruise was_to map the surﬁda}

2.1 l_ﬁtroductio’n 3 b
1
|

s geolugy of the. Gulf of ‘Maine and Bay of Fundy part of the Scohan Shel

css Hudsun was’ equipped w1tiL?the Hun ec Deep Tow Seismic (DTS)System. /

a1ong with- precis1on chart recorders, side scan sonar and ana'log in-

|

strumentation récorders. A block diagram ‘'of the data gathering system

is shown'in Figure 3. A Hewlett-Packard 54518  Fourier Analysis System

! « was“in operation at the universit}. When the data tapes,were returned
C : to the university_aner the cruise, digitization was accompl{shed with

this system, and a library of acoustic rethrns obtained over a number of

dlfferent sediment types was started. |

2.2 The Huntec DTS System

. The Huntec DTS System (Hutchtns, et ai. 1976) employs. a.towed ‘bod;'
containing an electro-dynamic (bqomer) :source. This source p'i-od,nces a
high ener‘gy, repeatable pulse s‘igna'ture. The towed body contiins two
single element hydmphnnes. One is mounted direct]y beneath the trans-*

m1 ttmg trunsducer. the other 1s mounted in the nose of the towed hudy

The, transmtting plate is 60 centimeters ‘in dhmeter and produces ' L
7

‘oan 1mpulswe, broadband pressure pulse. Tpe pulse shape, as seen in s /,_

hag e

" Figure 4, varies with aspect ang_le. Figure 5 shows the dependence of

B
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[ d N
! .the frequency spectrum with aspect angle, The_jdbg;width extendE 7 5

o ¥ “from 1.5 kHz tn° 4. 5 kHz. Tbe pu]se s\g»ature shown in Figure 4 was ob- - -
5% tamed frod,a recording of ca‘nbramu tests subplied by HUNTEC (7o) Led.

: of ‘the nrder of Eﬂ meters. dependent on sed'lmen(: type. The’ tuwed hndy
s normally ‘traited it greater than one haif the totaf water- column
., o depth. . Tms resu]ts in-a t1me window about the bottom and sub-| buttnm ° i
returns chh is frée from surface and multiple reﬂecnons ° This ' e 4
¢ }

mu]nple-free tlme window is:

. . L Bedd. ™ .
4,5 Ahh R I

b T _— < i . g ®
where,} dz is the length of ‘the water column above the towed hndy.,‘ T
o |
|

1's the Tength of the vlSter cu]umn below the towed body,

is tne ve1oc1w of sound in water

_The seismic source is pressure comperisated so” that tﬁé_ acoustic.
g s .

pressure is.constant with the depth to 300 meters. * The Med body con- .
" tains rnﬂ, pitchy 'vert’ical‘ acceleration and depth sSensors.” A s1ng1e, .
* ‘armdured, faired multiconductor cable is used to thw the budy, supply~ 5

power to_the 'sound source and electron'lcs, and transmit the hydmphone ¥
v

anq ‘altitude sensur outputs to the surface. 4 E HEE i, 2
: The pitch and rol1 sensors are used to monitor the ‘attitude oR the' f
. towed body. The vertical a_cce]eracmn ‘and depth transducers ‘are used-to

13




~

R generate a t1me délayv This tlme delay is used to: automahcaﬂy adJust

the Firing tlme of the: sound\source, such that it hres at a constant

} @th re'latwe to the’ mean water surface Tevel. The result of this

rocedure 1s a correchon for. the dlsp’lacemént of., the towed body caused .

hy smp s heave and a true profﬂe of the seahed

Durmg the duration of the cru\se the decouphnq of the received

’hydrovhnnes “rom’ the tuwed body was found to.be 1nsufﬂc1ent Hence. the -

. mechanica'l ibrdtl' n: of ; the struptural members of

isia maJur source of Tnterference in the recewmg system and reqmre 3

fﬂter1ng of the raw data prwr to further processmg.

2.3 'Ana'l“ug Recording ‘Systerms

The HP 3960}’4 channe'l 1nstrumentat'lun tape recorder 1s nperat’ed at-

. The

tends from 50 Hz 1£0"15 kHz ahd; the s1gna] to noise rafd{

measured peak tu peak ﬂutter s 1ess than 0.4%. Tn%oo fnnt magnetic

d ta»e used (3M 296) provules a cont1nuous recordmg of 2 hours before a

v change- nf tﬂpe'ls require

< to recordmg. G 8 L o

EPI: graphic recorder 1s used to produce chart recurds uf bottnm

crysta1 cantroned 6. 4 kHz signal genprated 1n ehe graphlc

ed to generate drwe slgnals for th|s rer.order. The 6. 4

wed budy uas )re'- .

flected. in"the recerded data. Th'ls rlngmg of the' recbwmg hydrophanes a

L tape speed nf 3 374 in/sec. At this speed the recordmg passband ex-

t Ml magnet!c tapes are de-}magvnenzed prmr-',




2.4 The HP 54158 Fourier Analyzer

The HP 5451B Fourier Analyzer is a dedicated computer syétem,
optimized for the'rapid spectral bnA]ysis of time series data, It

kd N contains a mini computer (CPU) which performs spectral anaiysis via A

the Cooley-Tukey Fast_ Fourier Transform (FFT)-“algori thm, and-controls . T

a'host of pér’ipherals These periphera] devices jnclude: -

Al._ 4 channe] ana'log to dig1ta’| (A-D) converter (ﬂ|g1t1zer) - ; g H

52 ’I magnet\c d1g1ta] tape dnve (for data and vmgram stnrage) k]

3y ‘L magnetic.disc drwe (for data storage)

4.. 1 channel digital’to ana]og (D-’A) ‘converter . . . o 8 3

‘5. 1 graphic display unit and hard copier

6. 1 standard oscillographic display unit

The analog recorded data was digitized using the Fourier Analyzer

' at a 50. kHz rate.. As s:een‘in Figure 5 on page 12, the spectrun drops

after 4.5 kHz, the upper 3 db point. for the on-a)us spectrum, It is,

conduded from the sampling theorem and Flgure 5 that the 50 Khz samp- . - °
” e Ting rate is adequate and aliasing is not a problem. '
The digj‘t‘i‘ze‘q data base se_étio'ns were recqrde: j\ediate’(y‘o_n_ )
- digital maénetic ﬁapg 'ihn blocks of 4096 sampl el poings,- This corres-
‘ pdnds ‘toa samp]_ed_record 1e;;gfh pf 81.92'msec. and a. depth- of 61 :‘5

meters at water eqhivé]ent sound' velocity. Samp]’ing of each recopd was

i 1n|t’|ated by de’laymg the ‘trigger pulse recordeﬂ on’ track 4 uF the

analug lnagnehc tape-by a meastred amuunt such that the A-D converter N
m the Fourier System was triggered Just prmr ‘to the arr1va1 of the !

return From che water sedinent interface. F1gure 6 shows, in schamatlc
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o form, the dw’gitiza/tinn procedure. The timing sequence of this procedure
is seen in Figure 7. ’

2.5 Sediment Descriptions

In this thes1 S, examp]es of four different sediment types are in-

‘veshgated They are(Drapean and ng. 1972

v e Emera"ld silt; a finer grained nuddy sedm!nt chh is gener- Kal
! a Lally silty. and 'Inca'l 'Iy sandy. Angu’lar gravel is a1so pv‘esent X ;
3 1nca'l'ly‘ It “has a smooth relatively. soft surface and has a mgh
degree of acoustic’ transparency ) )
. ii. Sambro sand-gravel facigs; a mediun to fine grainedv, pon}'\y
- i sorted sediment with high g{"ra,ve] content, .and considered to be a/
:‘. . ’ <mdifi’ed ti?] = “IE ﬁas a re]'lat\'ve'l‘y smooth surface and is only g
moderately a:cousticaﬂy transparent. '
’ ' {dii. La Have CTay. This term is used to descﬂhe fine gramed de—
3 - . posits 'that cover basins and depresswns. The umtgenera’l'iy -
. overTies Emerald $i1t and Ti11, Tt his & sfaoth, soft surface i
and »high degree of ‘acoustic transparency.,/ It is a loosely. com= N i
;‘ s B pacted silty clay. o ¥

iv. ‘Scotia Shelf Dr1ft (6Tacial t1’|1), a coheswe, poorly sorted

sedlment generally "containing angular fragments in petble, cohbT"e

Lot . and boulder range. It is dominantly. sandy but contains abundant.

silt and c'l; . The top surfa‘ée‘nf the ti11 is characteristically |
. '
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surface of the bed rock.
Sy
Figures 8, 9, 10 and 11 show portions of chart records obtained
over the bottoms described above, ~
The' acoustic data used _in this thesis was obtained at the following-

* “Tocations: N k2

" .. Emerald Silt ‘Longitude 42°39 N Latitude 67°08'W

Longitude:42°47 W Latitude 67905'H

Longitude 43°28°N Latitude 66°48'

ii. Sambro Sand
' Longitude 13°29'N Latitude 66°43'

i1, La Have Clay/

. w & Py .
Longitud_e 43°28'N Latitude 64°18'W

/

V. Scotia Shelf Drift - Longitude 42°45'N Latitude 67°05'} ‘

.
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Portion of Chart Record for La Have Clay Bottom
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CHAPTER 3

SEDIMENT MODEL
3.1 Introﬂuctinn J L
In-the Huntec Deep-Tow System, the source and receiver are mounted

on the same towed body. Therefore, during aperatwn the sour:e and

.recewer can be con51dered to 9ccupy the same point 1n space - l e. 1‘t

is a monostatic system. The équivalent water path to be considered m

calculating - transmission 1oss is twice the distance of the towed body to

the bottom. )
If a’source .of sounr} is located in a homogeneous, unbounded, loss-
less medium, the power g/enerated by the source is radiated equally in
all directions. It is equally ‘di_stv‘ibuted\over t’he surface of .any
imaginary sphere with the sound source in. its center. The ocean in thg'

Continental Siﬁf regions of the earth is not ﬁnmogeneous; lossless, nor.

unbounded.  However, the physical characier of the ocean does not’ chghge

sign-iﬁcam‘:iy in the water dépthsﬂ being considered. Urick (1975) con-
cluded.that when propagation measurerients are made at sea, spherical
spreading, together with frequenuy dependent absurph‘on, provides a

reasonable fit to measured data under a wide variety of conditions. The

" water cn]umn is certainly bounded, but for the acunstic _path Tengths

mvu]ved (i.e. the water-sediment interface being in the far field with
respect to the towed body) the error intoduced by assuming an unbounded
medium is negligible. -

If a plane pressure wave is incident ata grazing ang]e_, 91, upon

a7 -




the boundary between two fluids of densities, p;, and », and of sound
velocities Ch and Co» the ratio of the‘ pressures of the reflected wave
to the incident wave is given by:

A —s—vp cp 510 8y ~ 9y Bin g,
pp C'sip 8y *+py ¢y sin G,

In the case of normal incidence, as with the Huntec sys{em, “the

"‘relat‘ionship reduces to:

Aot - ' . 3.
K mpcatec »

The plane vave appr'«x’imation may be used since the interface-is in
the far field with respect to the towed body (0fficer, 1958). ,

M1 ocean bottoms are both reflectorsiand scatterers of sound, and
dct to redistribute in the ocean a portion of the sound incident upon
it. Clay and Ledng (1974) have shown that completely rough bottoms
return acoustic energy by a scattering mechapism w)uzle smooth bottoms
reflect the acoustic energy in a coherent manner’ as seen in Figure 12.
Intermediate values of roughness return properties of reflected and
scattered energy. The assumptions fai the application of this theory
are as follows:

i. the interface is an av\sgage plane surface; and,
ii. 1its roughness has the s’gme‘statis}ica'l description in one
area as in any other area.
I;| actual fact, an‘ ocean bottom is quite variable and its slope and
rougr_uness-char{ge radically from one place to another, Howe\(er, s‘mcz

25 oo




K.= wave number of incident radiation
o * rms_roughness of the surface
@ = incident angle of |n¢ldent radiation

The expected mean sigml as :Mﬁmctlon of Ko cas 9. The solid curve,

<p>/p s is_the form Eq. 2.1 he shaded area shows.2 crude estimate
f thd' neohemﬂy sanered signals, <* s mered >‘i/q, from rough

surf.as The three sketches show m ings and ray paths from

bottoms having different roughnesses. patterns at 3, b, and ¢

indicate the directivity uf the sutund s1g|lls. For the ymth to
s11ghtly rough bottom, sound at a reflects -back to ' the transducer (shown
by a smll rectangle), with paths at b and c reflect in other directions.
For the moderately- rough bottom, sound is scattered back froma and b to
the transducer. For the rough bottom the scattering pattern 1: stﬂl
broader and sound s scattered to the mnsdmr fn- 25

(From cw and wa. '(9")
F1gure IZ Re'l.tlvn Reflected and Sclttered Energ,y vs Bonom
hness Plrlucer, Kcos @ .

<
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, arevery much smalle than the' wavelengths used. ! >

an acws‘tic system insonifies a relatively snall“area of the bottem, -

the roughness is measured relative'to the avérage plane in. the ﬁn;oni-
v P

fied area. Bottog features outside the illuminated ares are. not ob-

served. By nking a number of measurements in an area, an avzrage'

rougmess of botton elevmons can be estimated.. 3 L
The ter-s " rough” md “smoom' must be defined in relation'to the
uavelengths of - the' mcident energy used Rnugh bottoms :untain scat-
terers whuse dlmenshms are of the same orders of magnmde as the-.
wave'lengths used. Smooth bottoms contain scatterers- whnse d'lmensidns

The prppagaﬂnn mediun between a 'tra_nsmitter a_nd receiver nay 'be *

considered as a filter that operates a transformation ‘on tRe transiitted -

'signal. .In the case of an acuusﬂrsignal in a viscous medium, this
transforvnatmn may be assuméd Tinear except in the case of very Mgh
aqﬂitnde signals (lwal. 1973). The trinsfnrmation can be deﬁncd by
its impulse’ response h(t) or by its transfer function K(n) chh is the
Fourjer Transfonn of h(t). . ° ! d

For a plane surface. the transfomuon is-a simple one: Ikean'

. bomu sedillults, however, are not repres;nuid b'y plane sugfaces, Zince.

they are ‘generally rough ind/nr stratified. Si'gnﬂs' retunaed' from: such

bottoms travel via different paths bet\mn transmtter/and r-ecewer, .
with each path cnrrespnrmng to a different tima of arrivaI. An ocean
bottom then can be nndel]ed as a time varying filter. This is discuss’e'd
in Section 3.2 and in Laval (1973) . ’

Drapeau and King (1972) have ass’bchted sediment types vm.h bottom




roughness characterisncs. They d‘ESEI‘IbE 2 range from ﬂat and smooth
for mud bottoms (Sllts and chys) to a rough hlllnocky surface unsmt- RS 2

able for most bottom fishing operatmns. for gla:ial tﬂl (a mxture of *

T —————

mud, sand, gravel and boulders):

~The coherent refle:ted enerqy from a_smooth botton y‘ields an - ¥

imtul echo pnlse from the sed\mellt vmich is c]osely rehted in shane 4
' to the translntted pulsa The echo retums from a completely ruugh

hottom resu’lt in tinie elongation@ “the’ transmssmn duratwn mth no " i

J..

measure of sedment mughnes .

This mughness may “then be assn

Lt . b P
%2 with a particular sedment type The c1assif1catum of sediment type

by meins of cuherence nea'surelents is bd'sed on thg sup'positwn that

a0 hard bottoms are generany rough nhﬂe saTt‘ sedinents are; generaﬂy 2 3 = )

< smth. . = gk
\ K o In tems of f’l'lter theory, then, a hard rqugh bot}om can 5e repre-
-~ a5 sented as a fas& %ime va‘-yfng transfer funcﬁnn, while a soft. snmth‘ 8
£
; .




of the medium represent effetts of a number of different physiéal’factofs. 2

The effecti'ﬁfﬂt_er may be considered-as a Tinear combination of a
number of simple filter; éssociated with the dv:ffe/ent physical effects,
that may change the signal n]nng each path. - e " =

These simple filters can be divide“d into t;m categories as seen in
Figure 13, t

i Determmishc F11ters. _For a sedmentary bottom, these - in—

cludg coherent ref’lectxon from a“ ﬂat. layered bottmn, phen'
Lcal spread!ng losses in ‘the waterlca'lumn, t‘requency dependent

ahsnrpuon ln the atef. column.

These mcluqe scatter1ng froln a ruugh

114 tnchastlc Fﬂter
sed1ment surface and sr.attenng fram 1nhomogen1ties within the
sediment volume. VR & B
The deterministic filter transfer functions are well vknovgn and '
documented-and their effects on the Teceivéd signal can be calculdted.’

The rand\;m filter transfer funétions can only be described in a °

- ¢ statistical manner}' estimates of their effects can be m&de‘.

Both the deternnmshc filter, nd the randon ﬁlter are tune (ar L

space. . “The

iy
“ h'lters ‘may, then be represented by thelr tnne dependent transfer func-

tions, Hd(m,'r for the detenmnishc f1'|ter and H (m,T) for the randorrn
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assimption is .made that @ﬁe bottom roughness elevation encountered is an
‘ergodic process in space and is stationary, and: that the surface rough-
ness has Gaussian statistics, the &etem\inistic filter function reduces
to Hylw;?) = H (u) Fortuin (1972) has shown that for a surface des-
cr\bed by Gausslan Statistics, the deterministic filter transfer func-

-tion is giver by: ~

' Hd(u) exp (23kd - 2k h 2 cos?o) 4.
where d is the distarice from the toved body fo the water sediment
interface L.,
h 1s the rms surface roughness
. 0is the graz!ng angTe of the incident radlatmn, for the case _

of nurmal incidence, cos.8 =

k is the wave number of the incident radiation. .

Then;
Hylu) = - g exp (2ikd - 26207) 5. o

Fortuin (1972) has also shown that the rahdom filter transfer

functwn IS time (space) dependent, and is g1ven by the expressmn'
o2

‘H-r(u,'i‘) = .E_xEJZ%J,Ql [exp (-2jk cos 6 ¢ (‘Rs, T¢)} -exp {12k2h cos? 6}]

TGRS N 6. . El
" ' B s :
*“where d; K, h and.@ are as before and g(Rg, T() is the bottom profile‘as
a_function of space and time.' At normal incidence: ' . :

i) = - 2R [l (g (R, 1)) - e (2B 7L




The total filter transfer function may be written as the addition

of equations 5 and i.

/0y 1 ¥ .
H(w,T) = - 55 exp \[ijd - 2jkg (RS,TS)} N 8..

Frequency dependent absorption in the water coluim can be incor-
porated in .the total transfer function fo.r the ?ﬂter‘ as another added

term: .

J 5 N ol ¢
na(m)’é exp (-2%dc,) - ) o s

vihere C is an, absorpt{on cnefficienc

Over th ath “lengths and source .frequency spectrum lnvolved H
can be negle é

d (Fortuin, 1973; Urlck 1976) ® ’

Ir! this thesis, an experimental approach is take;l to ohtqin a
mea.sure of the time varying impulse response of a number of sediments,
h(t ), where h(t,T) is defined as the Fourier transm;m of H(w,T) in
equation 8. “The methods used in making these measurements are descnbed

|n Chapter 4 and 5. s
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CHAPTER 4 ’ b

g ——

|
NORMAL\IZED CROSS-CORRELATION COEFFICIENT MEASUREMENT — = Co
4.1 Introduction
An incident wavefront produced by t.he DTS system is nearly spheri-
ca1 at the sea floor; thé interaction-of the waveffront With the sea

f'loor can be consldered a phenomena in the Fresne'l dvffv‘actlon region of.

- physical optics. A - ;
The Huygens vrmcvple is the basis for scattering theory. The . - ] S

incident wavefront i1luminates the scattering interface and each scat- v\
tering ellement on the interface is a source of wavelets. The travel {

time, or phase, of the signal returned by each scattering e'Iemém’; is
proportional to twice the distance from the source to the scattering

element. ~ i e
If the Huntec DTS System is represented as a point s;:uv‘:e and
receiver.occupying the same space at a height d above the sea-bed, the

radius of the first Fresnel zone 1is .given by: E =
[ z L s e
2 16 . ) 0. e

!
where 1 is the wavelength of the energy generated' and 4

d is the dislance from the source to the mterface.

Because the Huntec DTS syster produces significant energy over a

broad band (1.5 khz to 4.5 khz), Fresnel zone dimensions vary-with . 4




\

i i
the spectrum. Figure 14 shows the variation in the first FCsne'l zone
radius as a function of dep}th to the sea-bed and frequency. At mid-band
(i.e. the frequency at wm'c.h the energy produced _15 maxfrmun) and for a
'5_0' meter. depth below the towed body, the radius of the first Fresnel
zone is 3.54 meters: : : i -

The questjon nf statistical independence of spatial samples at a
smp s 'speed of 2.67 meters per second arises. The-distance traversed
at this speed between samp'lES taken every 3/4 secnnd is'2 meters. :

Cnns1der two pomt scattere o 2 and- b, at uppusne Tocations af/

bhe edges of . the iirst Fresnel. zone along the SYHP s track: as in Figure

15. "The path lerigths to each scatte roare eqqa) when a sariple " |s taken
at point c. The contributions- from each scatterer are in phase. Let a
secnrrd sample be taken at a point 2 meters removed from the first, at -
);uint d. Now, the path 1ehgths are unequal; the returns.from the two
scatterers are received with a.time displacement. The réta}rns received
are more than half a v;avelength apart; they are out of phase and there-
fore uncorrelated: ;

: As the distance. betwéen the towed ‘body and the hottom decreases,

the first Fresnel rad1us decreases and- de-correlation is mamtqmed

Only if the source to bottom depth is increased w

the returns . frnm -
these scatterers Be in phase and hence non- independeqt samp'les. F1qure
7 16 shows the acoustic paths 1ength differences . a functwn of dfstam:e
between scatterers and water, depth below the ransducers.

The Fresv\e'l zo0ne cans1derat1an is "llpo jant because if the hnttom

s ST
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Acpustic Path Length: D|f1erén:e = Z[Icez + (uucd)? - /cez + (ae~oﬂ)2]
: - & ) z[&!¢5,55 hI s - osem

Figure 15" Acoustic Path Length Differences Betieen Two Point

Scatterers ‘at Opposite Edges of the :first Fresnel Zoné

36




Jadmpsuesy uo(ag 11dag aaen Jo ueiaoung e s
S494933005 :v-t-tn BOURISIO SA SAUALDSHI0 YIBUST yied 213SNOdY 9| dunbiy

(549391)) 5494933005 udaMIag 2oueISIQ ¢

Voo2zo oz 8 e Wz o 8. 9 vy 2 .
- s - -2
osy ; B
_ ooy
v - 2
5 : ]
& 3
Fom i
P Lo 8
2 > 5
3 . M
E oo ) 2 Fos £
2 £
O Fev s
E . g
b =
O v g
)
L 4 ot
R S Fe1
N o8} " A i Y s i L n A A 2 b 0z
-

37



regardless of how rough the buttom is elsewhere (Clay and‘ Leong, 1974).
A rough surface causes the phases of the cuntrvbutwqﬂs wvthm a single
zone to differ. . If the number qf scatterers, n, in'the first zone is
sma1‘1, and the ;gflectlans from these scatterers are in phase, the __
scattered signal ig p;‘uportional t(_: the number of scatterers. If,
however, the bottom is very ruugh,‘with a large nunber of scatterers,
‘the scaitere&‘signa] components witl have random phas;. The components
in this case will add as the s1gna1 squared ' ¥

For the Fresnel zone apprnach, it is. obvious th‘e‘ dinensions of
the roughness must be much ’Iess than the dlhmenswn‘t_:l)m first Fresnel
zone. This situation does exi:s\:‘ ‘with the DTS System as it was used.
The sediment with the largest grain size is Scotia Shelf Dri’ft as de-

scribed in Section 2.5.

4.2 Measurement of Normalized Cross-Correlation Coefficient

The measure of coherence used -is the maximum value of the normal-
ized cross-covariance function between two-suvccessive echoes. Since the
energy prudﬁced by the sound source and intercepted by the sedimentary

bottom is impulsive, the bottom returned signal is the impulse response

of ‘the sediment sca'(ed by the svhenca'l spreadmg Tosses a’long the path.

The impulse respunse is denoted as h(t 1) where T is the space-tvme
dependent variable of the fﬂter. Then a measure of the cross- corre—
latmn function between two su:cesswe returns from a sediment is a
measure: of the ‘dégree of coherence of h(t,). over. pme t with fixed T.
7 is.fixed by the ping to ping interval of 0.75 seconds. .,
. ; o
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If a_series of echo returns from a bottom is represented by the set g L Rk
[x()] = xp(t)y x(t) . » x5(t)s xiq(t) ety
the function referred to as the normalized cross-correlation function is
defined by:
(x) g /
() =—-'L—2: S
[R(0) Ry, (001" i
nr:ere R‘ the cross~mrrel‘atio;| function between theith and # l
, 3 . - 3
(i+1)th agho  ~ N = e s
) .
1 1) =
L i“(r) 1—.6' x‘.(t) Xm(t"’_df 12.
' O<teT ;‘
. i
and [R. (6) R '(0)]1/2 is the normalizing factor. B
; 1101 Ry t0127, ; \
'

T i
w2 1 2 2 /2
[R;(0) Ryyg (01 {72 é xi(t) dt 3 Xy (8) dt 13.

R‘ (0) is an estimate of the power in iha echo x‘(t). The maximum
value of the normalized cross-correlation function ‘1s designated the

correlation coefficient.
o, qa1 T Mo Doy (1 L

where 'pi |+'(|‘5 ul

!
!

Smooth,. flat »ﬁottems yield high values of correlation coefficients

" while rough bottoms, due to the randoh nature of the echo returns,

Cwl ; ‘. ]
B 5 2L

~




L ) | i .
produce low coherence values.

-+ Individual correlation coefficients were determined for the four

sediment types being investigated over a total track of |7 kilqmeters.,

The runnﬁng average and stan_darﬂ deviation vof 0y, 447 OVEr 50~ uccessive
ping pai’rs was eva]uated.’ At a towing speed of 6 knoté this Eorres~
pond; to an‘averagiﬁg distance of 100 meters.’ Fi_éures 73, b, \c\ andd | L
show the running meSn values of "1‘,' " for ‘each sedi‘me it type con;id- Ly ;
ered 'as a function. of.track. iength. F1gures 18a;’b, c apd.d show the
corresponding standard deviation-for each sed;ment type as a function of

track length.  From observation of Figures 17a, b, c and d, it is evident

that a separation .of sediment types is possible, some of ihe'time.

Emerald silt has a m‘éh value of correlation coefficient ih the region i

of 0.8. Sambro sand-gravel follows, and the correlation coefficient

'value is generally below 0.8. La Have Clay shows a correl’a‘tion co-

efficient’ va]ue in the region of D '6, while the GTac1a1 'HH varies

generally between 0. 4'to 0.6.
A close observation of Fig\]res 18a, b, ¢ and d, the plots of the

|
\
i
standard"deviation of p; .y for each sedinent yields addn{unal infor-
mation about the process. If the plot-of the v;unning mean o%

for any of the four sediments/w :mndgced to the plot of the\standard
‘deviation, it is seeyx that as_the mean va]ue de:reases in vajue, the -
standard deviation tends to increase. This-phenomena ‘is simply e;— 3

p\amad since a decreas:: in cross-correlation coefficient ig indicative °

of a increase in incoherent or scattered energy. TMs mcréase‘in

~ . scattered energy, a stochastic vahablg, is reflected by the: increase in

RN e

i
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the standard deviation of the ms‘;recnent. Then, departure; of the .
standard deviation plot from its average value indicate,.in a rough -
mamer, the degree of 1nconsistancy of the particular sedilent. if any
effects in the measuring systen that would cause decnmhtion are
elininated. - The effects of signal to mise ratio on the measurement
s discussed in 'Appemﬁx 1. .
".In_detection probiens; Jow values of normlized cross-correlation
" coefficients are genera]ly regarded with some degree of scepticisms
b in other words, two signa1s are considered as beivng correlated 1f the
va]ue of 5 Py, 4 obtained is' high, typicaﬂy greater- than' 0.7.-
For a band limited, zero mean Gaussvan pmcess, Bendat and Plerso]
(19n) have shown that-the normalized mean squared error in a cross-

correlation estimate is given by:

_where. B.{s_the signal-bandwidth, = 3Kz
T is. the length of correlation window, = 40ms

-9 i+‘1 is.the nomalized cross-correlation coefficient,

Thus - for the sedlmem: named Scotia. Shz‘IF Drift (G’Iachl Til), for *
which there is often no discernlb'le cuherent echu -an estimate of the .
merit of the:measured nomla'l‘lzed cross curre\ation coefficient can be B
nade. 1f the acuustlc returns from ti11 cnntah\ only reverberant (1n- i
coherent). engrgy the process can be cans1derzd a band Timited, zerq mean
process. ’The a_ssumpuon.that_ a vjough bottom l}as Gaussian. ariplitude -

stati .stics irm therefore scatters acoustic ;ignals' in a ’rzandan manner has

LR R
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been made in Section 3.2. i -
Then, because of the large BT products involved, evaluation of o ‘E
equation 15 indicates that the mean square error in the cross-corre- -

- lation estimte is low. Therefore, there is a relatively high degree of 3 ‘
confidence iu‘the normalized cross-cnrr:e‘latwn estimate, even\/when the !
numerjcal. value: of this estmate is Tow. ) . RO

By selecting correlation coefﬁclent threshalds, Jt, is pussﬂﬂe to F i

. .optimize the separmun of the sed!ment types, Thresholds chosen for G
B this data are: . . L
1. Emerald Silt, 0.725 ¢ pp < 1.0 L e

2. Sambro Sand, Gravel, 0.625 < py < 0.725 . !

3. La Have Clay, 0.575.< oy < 0.625 ° ‘ .

4.  Scotia Shelf Drift, 0.3 < op < 0.575 A 4

. where o, is the coherence threshold ' . i

A scatter matrix fur all the.data ana]yzed for each sediment type is

" shown in Table 1. This table compares the sediment falling within the 5

threshold ringe to the classification- base given in Section 25 Using
this'bas_e as a.reference, the percentage of correct classifications is

found on the diagonal of the matrix.. The overall.correct classification’ :

based solely on the .running average of the coherence coefficient is 77%.

Since LaHave Clay ’l's a very smooth, fine grained sédiment, the re- -

« slt that Sambro Sand has a higher value of ;1" 4472 by comparison,_seens
surbrising‘ _However, it must be remembered that. LaHave Clay is known to .

) .
£i1l depressions in other sediments, as stated in Section 2.5. The Tlower

value of §; 5, then is a result of echoes from a scattering layer °
N underlying the LaHave Clay.  This scgtterihg layer can be observed. in

Figure 10.




Table1  Normalized Cross-correlation Scstter Matrix

Classification threshold, ops are at»i:hve fﬂl]mim Tevels:

1. _Enerald Silt, 0.725 < o < 1.0

2. ‘Swbro Sand, Gravel, 0.625 < py'c 0.728 P 2

=
L 3. Lateve Clay, 0.575 < pr < 0.625

A 2 - 3
L 4. Scotia Shelf Drift, 0.3 <pp < 0.’#5

Vﬁlus shown are percentages.

CrLss~comlatinn
\ Coefficient Reference Base
- Classification Drapeau and King and Fader et-al)
\ B Scotia Lo
\ Emerald Sambro La Have Shelf "
\ Silt Sand Clay Drift
Emerald Silt . n - 28 -- -
Sambro_Sand 2 8 - -
La tave Clay . -3 c8 - -
Scatia Shelf Drift s T % 100
Muber_of Events ws oS 0% 432 210
! . . -~ . { »
Track_Length (km) 3.5 %2 0.9 0.5 fE




L+clay, till. However. there*are regions. where these curves uverlap and

geneous media, -and smooth, finely layered media.

CHAPTER 5

3’ CUMULATIVE ENERGY FUNCTION AND E/A MEASUREMENT
. { N

5.1 Introduction o .

ﬁom Figures ih b, cand d (pages 41 through 44 ), it is onved

that the usuat descendmg order of cuherencz coeffments is sﬂt, sand,

one sediment nay be misidentified as being another type. For-example:

Sand is a relatively homogeneous sediment wit‘hv'a small#grain 5115. Ina

very flat area of sandy bottom, a high average value of Pj, 47 CEN be % i b
PYecorded; the value in this case can exceed the threshold used for
identifying silt and thé sediment can be misinterpreted as being silt. o |

In other words, there is a need to differentiate between smooth, homo-
\

The energy in a returned ‘signdl is found by squaring and integrat-

ing the s\gnal, the final value of the integral is the contamed energy.
]‘he energy in Fhe signal can be divided into a coherent portion and an
Zincoherent portion. The coherent energy is returned from coherent
interfaces; t‘he incoherent energy received is-the result of ran’dom

scattering, at an interface plus any noise that is added to the signal

. R
3

v
-along the transmission path.

contained in a return, the normalized value of energy in the retarn from .‘ | B

As a .second estiriation.of the relative amount of cnher‘ent energy : L 3 ‘
the water- sedment interface tthe frrsr, return) is used. As described |

in the Section' 4.1, a returned iignal frum a sedimentary bottom is a e

Cs2




scaled measure of its inpulse response, h(t,T). The normalized energy
in me first return is, then, a -easure of degree of coherence of h(t, T)
cuntrihut.ed by the water-sediment 1nterfa:e. The relationship between

o, 1.‘_] and the energy in the first return is shown in Appemlix 2

5.2 NCE and EA Measurement 2 .

The NormaTized Cunulativé Energy Function (NCE) fs formed by
squaring and integrating an ‘echo return; tr;e value of the integral at
the point after the cohe‘ren: return has passed is normalized by‘the

: i i

final value of the integral.

”

» t ) "
= dmad ot

T. 0
ot

where NCE is the normalized cmﬂatwe mergy function and F’l’ is the
tnnl energy in the window T.

E -

© -

AGya 1.

The NCE function for Emerald Silt (Figure l_9a) shows - a rapid- in—,_
crease in energy which wrres;;ohds‘ to the return fronm the water-silt
interface, The stratification in the'silt is reflected in the plot '

! by the corresponding jm:reases in retyrned energy as time .increases.
A5 the returns decrease in amplitude twnrdsi,_the ‘noise 1ével, the
slope of the plot, ;lecreases near the end. of the trace.

The NCE - Function for Sallm)l Sand [Figure 19b) shows an initial

i
i
I




high ¥htensity retun frnm the water-sand interfac‘e, with Tittle in-
ternal reverberation, as is expectéd from a homogeneous mediun. The
trace sTope decréa%es as the return signal amplitude approaches the
system .noise 1evei‘. ' ) . &

The HCE function for L§‘ Have Clay fs:shown 1n'F|'g\mi- 19c. ‘There
“isa rap,’d increase in energy” fron the vater~clay ipterfacfé/, fol Towed i
by the Tow Tevel revérberation fmm‘v.jhg hovppge{_\eous clay s’tructure.b'

Hovever, there s then an increase.in the returned energy in the latter -

half of the observation time window. This is due to nigh .a’m.pytude
returns from a highly stratified Emerald Si1t struc/ttl‘w’*e which underlies
-the La Have Clay deposit. ;rhe presence of a secgni’i’ sediment under]ying
the sediment of interest necessitates special consideration in-process-
ing the data. : ' % : . %

) ‘Figure 19d shows the NCE function for Scotia. Shelf Drift. For this
fough sediment, the initia‘l increase in returried energy is imediately
followed by a relatively high Jevel of reverberation due to both™ surface
and internal volume Qcattering. As tf;e Tevel of revereration approachés

" the Systen m;ise level, the stope of the plué decreases near the end of

the trace.

« As mdicated abcve, the cise of one sedinent overly\ng annther N
within the observatmn window requires special:processing couslderatmns.
Since the La Have ﬂay 4s.a highly transparent sediment, the underlying .

" frerald Sﬂt, in this mstance. reflects nearly as. mich énergy as, does
the clay Th1s is seen in Figure 19c. Since the concern in this séctiun

is-to estimate.the relative engrgy returned “from the interface between
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the water’ column and the sediment and since a Targe Smnunt. of energy is
returned from a second sediment interfa‘ce with the first, the effects of

the energy returned from the second sediment should be eliminated. This &

is done by redncmg the size of the observation-window.

o ' For the sediments named Emerald Silt, Sambro Sand-and Scotia Shelf
Dr%ft, the w’i‘ndo‘w size for evaluation of. the energy, contained in the
first return. is 40. 96 milliseconds,. or'a maxlmmn sedxment depth ‘at water

_'equﬁvalent sound ve’loclty ‘of about 30 meters. For L& Have Clay, the )

'wmdtm size is reduced to ID ZA mﬂhsecunds, or.a maximum depth of clay

of. about 7.5 meters. This reduction:in winduw size is suffment ta
fe]immate ref\ecnons from the under1qu Emerald Sﬂt m the avaﬂable i

data However ! ‘the window sue should e adJusted for other data, if the

depth of ‘the La Have Clay in‘a basin increases or decreases apprecvably

TMs prublem is disc#}sed in more detaﬂ in Appendix 3.

Since cahzrent reﬂecﬁnns yve]d: ssentially a repHca echo of the

transnntted pulse, then by deterniining NCE over a tvme w1ndow At equal

) to the 1ength of the transmtted pllse, an estimate uf the amaunt of

"coherent energy in ‘the 1n1t131 reﬂected portinn of the echo is obtain-

; ed This, va1ue of the MCE functwn is deswnated by EA. EA only ap=

& pruxmates the cnherent energy m the ﬂrkt return since the portion- of : SEreH LI

o the eahn mthin At a]su contams some :incoherent energy (reverberent

mse) to.an. amx}wnt “which-13 difﬁcu]t o estimate without usmg reﬁhca

S filters. A smnlar problem is dlscussed far sea: surface cnherencq)

m'_surements by Hi,)mans (1973)

By usmg the: Four\er Analyzer to perform the squaring, lntegmtmg, e

59




" normalizing, Ea can be calculated by alignment of the NCE function to
the 10% level of the total energy in the wind;m. Ea is found on the NCE
function at displacement At = 0.32 msec. from the 10%‘alignment point.

o

For rough ocean bottoms, low values of E4 would be expected. For

smooth bot‘tnms, Ea can be either large or small dependent on whether the

particular se‘dimentary'layer 1J_s Homogeneohs or highly stratified. [In-
dividua1 valﬁes of E4-were determined along for the four sediment.types
under mvestigatiun nver a tatal track of 5 2. kildmeters. The Bffects

&of s1gna'| to noise ratio nn EA are dlscussed in Appendw 4,

An example of ‘the B4 functﬂms for the four sedment; bemg d1s- e

\ cussed s. seen;, In Figures 20a; .b, -c and d, wnﬂe Flgnres Zla, b, candd !

shnws the standard dey ‘, ation of Ea as,a fum:tion of ‘track Iength As
,mth the case of the esn!r!ates of 5, q‘., 4 the runmng average, and ’

standard deviation of EA over -50 successive ping pairs was eva]qated.
: Xt is seen in Figures‘z‘ﬂh ‘and ¢ Ehat the sedimen‘ts térmed Sanbro
Sand-Grave'l and La Have chy are d1fficu1t te separate on the hasxs of:
£ alone. The values of £ for Emera'ld silt.in Figure 203, takes an

inteméd1ate positian above “that for “Glacial Tlﬂ, in F1gure 20d" whu:h

mhe 'Iwest proportmn of -efiergy of the four in the.at mndaw. The ._\‘

sand and c'Iay are relative'ly homugene s, sezhmem.s with smuuth surface

e wever, as.

profﬂes, and are expect to show a: -high va'lue for 'ES.

»shmm

- ‘cnéfﬂcient The sﬂt usually a h\gh]y stratiﬂed suft sediment

" Hence, the: EA-valg

.ingA 'F’qn’sﬂ'i,’ ovever, the coherence'cagffic|ent, p_i’ e “is high *

apter 4 they an- bes eparated un the has\s of their coherence

5 are. luwer because of contr'lhutmns from the ’Iayer- 2
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because the stratification in the sediment is coherent over. the dis;ance.

traversed between acoustic sample. Till, which is cﬁaractéristica]]y
rough, contains many scattering sources, and the echo returns show high
- rreverberation levels. The values of Ea and pi +1 fur ti11 are'both

I

Tow and h1ghly vanable

A sﬂhﬂar dEC‘IS\Uﬂ process, may be. carr\ed nut for the’ measnrements '

of EEA as was perfonned for the measurements uf p1 i in Chapter 4
seTectmg EAT thresholds, it. IS Wssih]e to aptimize the separatian of.
sed{ment types w1th tms metruc ~ The thresholds chosen far th1s data
are: w ‘ ' : T " 1
1: La Have C1ay, 0. 8 < EAT
2. Sambro Sand, Gravel 0. 7 < EAT <0.8.

‘3. Emerald Silt, 0.5 < EAI < 0.7

4. LScot’la Shelf Drift, 0 3< EAT < 0. ‘\i
where EAT is the threshold for numahzed enéryy.m the ﬁrst return..
K scatter matrix” for a1l the data analyzed fqr each sedimént type:
is shown in Tah]e 2. This table compares the sedment falhng yuthm .

cat\un base gi.ven i Secti jon- 2.5

the .thresho'ld range, to the, c1a551

Using this base as'a reference, ' the percentgge of correct c]assificatfun

based, sule]y on. the runmng average o the 'EA measurement is 56%
T A with the case’ of. the,cross-cnrrﬂahnn measurement ; an obse‘r-

vation-of  the standard devmt\on of ‘EA shown 1n Figures 21a; b o and

£
d 1s made. A cumpamsun of the p]ot of "the running mean nf Ea with the, .-

p]at of the; standard devlatmn for any of: the four sediments descrlbed

indicates that the standard devuuon ;ends to |n rease as.the mean/

'B)fl

i
]

el







Nonm 1zed cuherent: Energy Cueffiuent Scatter Matnx

(Drageau -ah d K?m and Fader et al




CHAPTER 6

a5
RESUTS DF CORBINED uasskvmon OF o, 40 MBS
Pt Introduction . ! .
“ . 5 It has been shovm m Chapters 4 ed 5that by cansmering the' syst

as a‘time. varymg fﬂter measur-ements of “col : ont: acoustic energy can

be used |ndiv1dua11y to d1fferent'(ate, to a degree, some sedmenta

" ocean. buttum structures Speciflcuﬂy, the measure of a, i the mean -

va’lue nf normahzed Cross- cnrrelatlon coefficieqt hetween ad;;acent

acousc(c samples, and of EA, the mean va1ue of nomahzed energy" con- Y

bamed in_the hrst return, appear to prov1de comp'lementary lnfnmat
Th1s ubservatlon Is the result of cumpanng Fzgur&s 17a; b, € and d, the
+1 s track length for each sedvment type w:th Flgures ZOa. .

by¢ and dy the plots af Ea Vs, track 'Iength for each sedment type

; By cumbming both measuries * of re]an\(e cahef!nt energy recewed, .
the anparent cnmp'lanehtary nature of each may be used to advantage.
; his, cumh!natmn procedure can be :unsidered the pav‘t of a-pattern

> recugmtwn process A pattern is made up of featurewf a numher of’ ’
““The valués nf the measurem nts are s

‘-'measureab'le aspects of-an ob,]ect'

_consldered as co' unents of a vector. If n—nbservatlons are made, the,

nal vector and can ‘be 1ocated asa point in
1s ‘to-

- péttern becomes an:n-d

ective of paﬁtern recogmtm

The

an n-dimen ona] space

A "learmng vset of - patt n vectors

‘prucedur' isa 'Iearning stage.




6.2 c&mme'd Oiiservatior_n of B, i dhd E

Applying this .to the problem of Sedinent classification; a
simple two dinéisional pattern’ vectur can b;\(qund mnsisting -of

- the leisuremnts of 91 41 and Ea.’ These le%\xrsents were taken
from data odtiined over known sedlnmtary areas. They therefore,

can be considered a set of “iearning attern vecturs

o,

g assigned toa partiquiar set: oF process dzpendent vmables. An A

the spir.é. s

Fm' the c’ase of; sediment classification. the m varilbies

deveiuped in“this - thesiﬂ are the mean values of p‘ i1 am EA uhich'

have bcen defined in chapters 4 and 5. The differem:es mng,rough, e

R 'smoom fineiy layered, and‘moth iumgaleous sedinents-‘can ‘be-

esuhlished mining cdjointiy the cdhere'nce mfficimt and EL‘

e Fpr the rougi)tsedments, boi.i\ ’i m and EA are A _F'ar smonth:'




S0




" pessirendits Jof | :Z‘ 147 B ere made,
o

i Lo e
uver a drfferent track length than that in Chapter 4 The scafter dia-

bove , ificludes’ a]\ sedment types for which cnin:idem

gwns in .the p]ane are

1dent'iﬁed;4 h, the: four: sed1ment types cunsxdered 1n “this’ stud

It s see fram F1gure 22 that the reg1uns assigned to each

sed!ment type are separated without uverlap. Th1s observatwn. 4
tnen, imﬂcates that for the acwscic data avaﬂah]e, ‘the combined
“measurement of p. 2R and EA 15 a reHable methnd uf placing a ,‘

sediment mto one of four possible categoﬂes, 1 e. Emerald S\lt,

. Sambio Said, -La Nave c'lay or Scma Shelf prift. i _ 2t




 CHAPTER 7

co’ncws’xbué A FURTHER WOk

Uslng a mode1 based on the relative mughnes’s of ‘marine - sed

s e ,ments, 1t,has been postu]ated that the fractmn of coherent energy .
in an acoumc return frnm a sed(meﬂt is. indwative of the type‘ of.

sediment Being fnsanified Two, cnmp]e ‘m.ary measures of ‘the coher- B

: ‘ent cnmponent “fn.a Feturn have’ been deve}oped -and 1mp1emen§ed ona’
cnmputer ‘based tine ser1es analy,sis system These arg tha measure ’ 7 . Sl

voof the average numahzed cross corre'lat{olt coeffunent between

acuust1c events, ;>1 1+1 and the measure of the averige

-t success'

. d nomahzzd energy contamed in the return fmm the water-semment

tterface, Ea”

p]aced in one of the four categnrie§ out'(ln .
sed!ment descript!uns, by observing the value of
of B’ for the Four sedmen,t types reSults,in a conf’hct in dxsmgmsh-
,.ing sand from c1ay, huwever by settlng threshu]ds on the EAﬁasurement'

“sore de’g' e




normalized energy” in the first regum, Ea. The' conbined mstric

appedrs ‘very iell sulted as a method of chssifying sediments. -
In this thesis, no use | has beeﬂ nade’ of the’ measuremeits of.

sitandard deviations of !

- gn and Ed, .even -thuugh the measurements‘
4

cuntams sigmficant information. It is: suggested that Further vork
in sedment c]ass1f1ca$mn at.this unlvers(ty include a study in the
further use “of pattern recogninon mhmques. Variablés’ whlch
cou'ld be 1nc|nded in the space as. pattern vectors 1nc1ude the four
\{ariableg_ defined" in this “thesiss - that is the mean‘and standard

aeviat(on of the normalized- event=to-event cross-correlation coeff1~"

1 4cient, and_the mean. and standar‘d'dev(atiun ‘of the no’r‘ma'lized.enef‘gy

in the first return. Dther measurement vaMabTes thuught suitab'le,

An. this “thesis-a e the mean and s{andard devmtwn

of the Ray]dgh reflectinn coefficient and measurzments of the tune
nf arriva'l of thé acuushc pu]se at the water-sedment mterface
The :alcu’lation of the reﬂectmn cuefficieut' is a simp'le matter,

once: the amthudes of the transmnbed and received s19nals are .

known. and the effects of spherical spreading of acuustic ergy 1n

che water culumn are caken into, account

The measurement af the time of arr‘ival nf the acoustic pu'l se ut i

the holtnm, re]ative to the height of the transducer abuve the




#
/

in this thesis ivolves better use of the broad bandwidth of the

‘acuustk source. The frequency dornam coherence function, as de-

Bendat and P1er?ﬂ (1911) 5 shws the propomun of mean ;

& square va1u§ ofa s1gna1 at . the output of a pmcess thar. 1s cuntru-

was not avaﬂalﬂe at the tune of this work

‘ shuu'ld not

huted by the input sjgna!, as d funcuon of frequency. The :aherencev ,'

> .functmn then ;huu'ld reflech any frequer'cy dependence tha exlsts in

'a sediment 1n the sound source andwidth

,hmnogenenus sedmentary bnttoms and from punr]y sorted; nnxed sedi-

.mentary areas, ‘There are’ mure than four classes’ ava\lable in chh

to p'lace sediments. These: have not been mveshgated, s-lnce data "-'

Fina] 1y. the lnethods and cnnc‘lusions d\seussed 1n this thesxs 7‘

@ plind]y accepted as a prncadure for

S catmn However, tne nvethods are based ‘on classical svgna] prucess~ :

produ:e ve .accep:aﬂe

Lng techniqnes, and witnm the assumpﬁons sta ed “in the model's s

sults fur the fuur c'lasses used.’ It is

. suggested that the approach descnbed shou'(d prove frlntful in a g '.
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C ot ARRERDIX T

GFFECTS OF SIR O T NORALIZED m—cinm.mm oo's-'r'ncfarr’s~~
; A i
J
The meisurelunt of mrmce and ct-daﬁve ulergy, is very much
dependent on-the s19nﬂ to noise ratio (sm)s The rewmed signal,

* be it raf]ecmd. suttered, ora Mmatwn of the I:un, cany be re-.
\

pPesznted as:,

r(t) is. the trie, signﬂ w1thout se Kk o

n(t) is the noise y g

The correlation of m ad,]aunt returns with addmve Gaussiaﬂ 3%

noise can be npmmteﬂ hy the mtegr-ﬂ © ¥ e i
s £ n s
T e A 2
R m(r =%£((r,(d‘n'(t)),(i-m(th) *mplesle - 0.

uhich “can.be expmded i»w |ndw1dual cmss-currﬂatim tems

R v .

..

+R
'y ni"n

BT LIRS

Thefirst. tem in.20 1s the ed- Cross-, ,gorre’lmon of the-adja~
'

,cent returned acoust'{c signals The y@and tem is the' cross-:orreutinn .

of the ‘noise atmpuwing the .tuo acousnc signals. The no'ise has
“zero mean Gaussian stmstws, thenefore it s ussumed 'to be uncor=

. . 5




¥

E - . - 8 L -

. . related, I/1ﬂl @ Tow mumerical result for the calculation of R~~~ .
5 1

The. third and fourth terhs areythe -cross-corrélat ions he,tw;en

one signal and the noise Eecupaiwing'the other sidnal. The trans-

ljtted'sﬁgnél and the noise are assumed~to be uncorrelated. The Fo

numerisp] values of these terms shou]d also be Tow, but indeter-

e e

el nin&e.




| ’ APPENDIX 2
i S

/S B

THE RElelONS!!IF BETWEEN 5. ja AND 7Y

» ¥
The normlized cross-correlation coefficient was defined in 2

“Section 4.2 as: o s .

' L

0 P . AL .

o

2 (t-r]dt

R, (u):'=';'—}‘2 (t)ﬁ L
is1 T'o}(ﬂ- - e e

"1t is obvious that the three sbove tems are power’ terms 3 that'-.

Leis, they remsent the average puer in eacﬁ case The average power i . %

in a signal m 1§s mrgy divided by the 1sgth “of. obsefvation time:

The energy “in a signal is" simply defined as the integral of ti”m

5qu’areﬂ s‘igml “amplitude .over the observation period. L n
. i . s s
E'= s xf(t)dt . 2 2.
o . :
ol B 2 9 ‘ .
Then, - P=g si(t)dt - .3
° ’




Then R‘.(D) is the average power contained in'the signal %
Z RM‘(O)' “is the average powér contained in” the sl:gna'l Xy -
Max R, ‘s, (1) is the‘average cross-power that is contained in,
H, i+l . - i
portions'of signa % that are coherent with signal Xy
It.can besaid tnzn that the normalAzed corre]atmn coﬁﬁcient

cam be def! nitd as’ the average cross- nuwer cuntamed in coherent .

purtluns of " twd s1gna|s dmded by the product of the averaqe puwer

i each s1gna].

I x‘ (£)dt
8 o
T 2liia
£ (t)dt

0 (8

Mumerator and denom-inator may be divided by the valie'T to obtain

" EA as a ratio'of .average pokers. .
172 (e ] e
we 1o ol ¢ U \ 2
JE2: ) o - .
115§ e foL // %,

Then "the value of Ea my be defined a5 the »aver‘a'ge poBr:_contained

’ . .
in the first.coherent return nomﬂjzed by the average’ power remrngfi

in the complete ec}u_a‘serie‘s.




in L e APPEND[K 3
bt S g At T oy 2 I
K ° THE EFFECTS dF‘ SBR AND -RECORD ‘LENGTH OF Ea "

2y
Ea is the nommalized ratio nf j._he coherent energy in the echo
> received in a_tine window of fixed Tength to the total energy in_ that:.
Yhe tutnl energy is the sum of. Fe :nnerent energy and. the

eyt el

3 uhgre‘[ is* the coberent energy
E s the’ nolse plus reverheraﬂun

vmereﬁ §s tﬁe uverage coherent pnwer in~an-echo—pulse- ;
it is° th: duration of the pu'lse ) -
the lverage noise (lnd,reverberlm.) pwer in the time uimlw $ands

. G, Tis the ‘diration of the time'window 5 i

e T ppaal L T s
T"?‘“‘W T D ? g ‘.A:'f =& 2 I

is defined as sigral :'ormkgro&'nd ratio (SBR).

3 P:/P"




»
_ _'SBRat _ _ SBR |

Trgn EA = pRat+ T T S+ Tt 2.

inherfz TME is the ratio of window Tength to prulsg’ Tength. : \

. Eilgu.re 23 shows a plot of,lthe varfation of A with SBR and the .
'_ ratio T/at., lf is eyiﬁent ‘that for: a-fixed pu]ée Tength, and window *

Iength a'high 519na'| to backgmund is desirab]e If the rati:i“cf :

,uw !ength tn pulse Iength is. )ﬂgh, a- highiSBR s. requ(red l:o

‘Sedipt:

- mai tam 3 fixed va'lue nf EA fora g| 2

s’ lower. 3 To R rauo in the received H ,q}g_can be tol_erated

if the T/at rat\n i

% N

FIR SRR
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APPENDIX 8
. q - i -
THE EFFECTS OF SWR-ONTHE NCE FUNCTION = "

Since the'received sigm]s can be represented by the.mltiun of Al

3 true s|gnal term r(t) and\a\‘nmse term n(t), the umﬂativ: (Energy .
uasument ohuined by squaring ‘and mtegrating the return can be,

investigated in-terms of r(t) and n(t) separately. . .~ .

T P g o AR
. ¥ oo - i i'e 3 i
W i 58 3 € Al

iy : |

LR AR AR S

" :
,‘_%g x%(t)dt
; i rzmat + r n,(c)m 27 r,(:)n ey -

¥
where £ = 1 x‘(t)

= / q(t)d: + H\,mat + ; oy (t)n (t)dt
and 15 a normalizing constant for any one return.

The first. |ntegra1 in 3\ is me desired cumuthe energy of the

returned acausnc signal.~ me szcnnd mtegral ‘s the-cumulative

energy ‘of the no1se in the tine- window. .Assuming the nofse has Eaus-' ; o
; o & |
N

sian stntisﬁcs, a mean value of mise pawer can be estimmd f

measurement of noise made’ (n the w|ndow prinr ‘to the f!rst urrivn

This estimate of nu!se pmver is then mteQ’rated over the time mndm:




Y

[
[o
o

%o ohtam 3 nean value of mise energy which is subsh‘icted fral the

1ntegrated squared return,
e s
The third term, : ! Zri(t)ni(t)dt is uiore difficult to assess.

It is the cross-| product of on uncorre‘hted time series. so the in-
stantaneons nagn§tude af thls term is detennlmd by the vhase Ye- )
() and n,(t) Both n (t)- and n1(t) have m 3
and nagativa values and\r thflr pmduet may, als sn have pasmve amiv
R 5

v : d :
nbvious th)at Rhe Tower bound of the cross pruduct tem 15

26105 hmvever. zero 15 no&:he expected value over a shart time wmdm, Yo

“Tations between

negmve values

rather tms term. though i 1] since the cross terms are uncnrrelated
is 1ndetemmahle \ g

Fnr high-signal to mise rmos (SHR) , the signil tenn, ——l r (t)dt
E

Qﬂl be much- Targer Fl\an the mise terl and the cross-prod_uct term
thit the mise effects w1l be trivial. However, as thé SNR rtio
decreases, the moise ur+ must be subssntted from the integrated
tem. . As the SWR ratio decreases further towrds zero, the cross-

nt and result'is a higher vnrlance

prodact term will becom sign!ﬁ
in the accumulated nurma]Hzed estimates of cumilative energy, EA.
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. composition and properties.of 'the ocean floor. . Sych. information aids in the, design
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INTRODUCTION

Uith the crreat interest in the, etplottation: of ofbshiore Tnortcer i tis evident
that a'nged exis:s for'a tapid, reliable arid “automatic method of detemining the

and ‘siting of off-shore structuresand pipe lines, provides an inventory'of the.. '
nineral for economic and planning and. daproves our understand- . ‘5
ing of :he gzophyst 1 structure of the seabed\\ o L

Acoustic sources prnvlde d rapid, non-intrusive Yethod of feaptely sensing he Geean
Eloor. "The use of a high resolution system permits the examination of smai]-areas
of the sea floor at frequent spatial intervals. Generally the:echo returns xequm
ground ‘truthing by conventional methods’ such as core and grab samplés, butbith

" proper 1n€erpzenc10n acoustic techniques can supply averagéd information over 1nrge

bottom swaths.

Several authors have ‘treated the sea’surface (e.g. Fortuin, 1972) and -the sea bottom
(e.g. Baggeroer et al. 1973) as'a random filter. Adopting this‘approach the effects - ,
of the roughness characteristics of the ocean £loor on an acoustic signal-are: exam-
ined. 'Thismédel is-used effectively:by Clay and Leong (1974) in the deep oceans at .
seismic and echo sounding frequencies.. Using shallow seismic frequencies (normally

in thé band from 1'kHz to 10 kHz) we:examine 'the effects of bottom raughness on

“signal cohefence. The results are based on-acoustic data collected on the western

part of the Scotian Shelf and in'the eastern paxt of the Gulf of Haine in June 1576
aboard css Hudson' (Figure 1)

Using a hoomer-type broadband. sound sour:e at nomiad ncidénce the charae:ulscics :
of a fixed aperture,. the methods .of f{ltering, and the establishment of coherence
measurements-on .a ping to ping basis’ over.various sediment types are presented.
Further. averaging of \the miximum value of the time coherence function ylelds values

_which may be separated ‘for four different sediments. .The differentiation between

smooth finely layered média and ‘smooth homogeneous media is ‘examined by means.of the
ratio of .coherent Teflected energy at the water sediment interface to the' total Te-

* turned energy. This is a modified application of-the methods used by Dodds and 're-

ported in Simpkin et al. (1Q76) and is related to the cumulative éne!gy function
used by.Knott et al. (1977):




+

1. 'HUNTEC DEEP TOW SEISMIC (DTS) SYSTEM

The DTS Systen” (Hutchins et al, 1976) ig a broadband boomer-type sound source. ‘It
has 2 maximum energy output of 600 Joules and wouinsl sub-bottom penetration cap-
ability of the order of 50 m. dependent on sediment type. ‘The source is moutted in
a towed body and trailed at greater than one half the total water column depth..This
results in a time window about the bottom and sub-bottom echves which is free of
surface reflections. The data was recorded at éea on.analog magnetic tape. It is
digitized ashore using a sampling frequency of 50 KHz with.an sz msec window corre-
sponding to a water equivalent path of 60 m. .

. Due to the fixed aperture of the transmitting plate. (60 cm diameter) the broadband

pulse shapé Vvariés with beam angle (Figure 2(a)). The, relative spectrumasa .
 fiinction of bean angle is shown in. parts(h) of the figure. In the interpretation of
the data the .effect of the DTS System has not been: removed from the measurements.,
In particular, with the dependency: of.frequency content on beam angle, great care
should be taken.in Ehe interpretation of the Tesults in. applicatioﬂ to other systens.:

Tie decoupling of the recpiving hydruphone on the toved body s insufficient and
it 48 subject to a vibrational response when the bdomer is fired. -This ringing of
the recedving hydrophone is a major source’0f interference in the system and Tequites
"the filtering of ‘the Tav data prior to further processing. ~Bandpass filtering from
"I kHz'to, 10 Kliz 1s ‘accomplished after digitization using frequency donain filters.

. This reduce§ the low frequéncy interference and eliminates the spurious echoes from

other. higher Erequency echo sounders operating in the near vicinity. (Figure 3). Re-
plica pulse cofrelation, (i.e..a filter with frequency’ response equal to' the ‘complex
conjugate of the transmitted pulse spectrum) msy also be'used to-Teduce the effects
of .spurious signals. This method, however, must.be uSed with care due to the :
changes. 1in pulse.spectrum with beam angle.” This results in a variable filter funct~
ion' for echoes off the main acoustic axis of the transmitting plate. Due. to the .
requirenentof correlating with a family of replica pulsés ‘the data is, for the most
part, bandpass filtered, This reduces the maximum sighal'to background ratio, SBR,
attainable relative to replica pulse cnrxelatiun, But siuplities the processing of
the data,

b
2. SEDDENT woDRL <. - .
5 T %
2.1 The Modél .
Drapeau and King (1972) have associated sediment typés with bottom rougliness char- '
acteristics. They describé a range from £lat and smooth ‘for mud bottoms. (Emereld
- s11t* and -LaBave clay) to a rough hummocky surface (unsuitable fof.most. £ishing
operations)’ for Glacial-till- (a mixture of mud, sand and gravel)..' These' conditions .
“of roughness must be considered with respect: to the acoustic wavelength. ' The use of
the. broadband sound source permits the examination' of toughness effecfs for water .. '
equivalent'wavelengthis. from less that 20 cm to 1.5 m. As.shown by Clay and. Leorig
(1974) “completely rough bottoms return acoustic energy by means of a [scattering

* mechanism vhile ‘smooth.bottoms reflect the acoustic enérgy in'a cohérent fashion.

values of return  of reflected and scatiered energy.

The ‘coherent réflected eneigy from'a swooth botton yields an fnitial echo pulse. from':

the sediment which is closely related in‘shape to.the transmitted phlse.  The echo
Teturns from a completely rough-bottom result in'a' time elongation jof the trans= _
nmission duration with no clearly discernable initial replica pulse) Intermediate
values of roughness result.in echu‘es/which contain both'a reduced jcolierent -portion.

i
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* of 1) the' energy £rom the.wat (this D

and an elongated tail referred to as reverberation. A measurement of the amount

of cohererit return from the ocean floor gives a measure of sediment roughness: This
roughness may then be associated with a particular sediment type. In essence the
classification of sedimeit type by means of coherence measurements is based on the
supposition that hard bottoms, (e.g. till).are generally rough while soft sediments,
(¢.g-, the muds) are generally smooth.

2.2 Sediment Types

Based on chel model, four different sedimentaty bottoms are analyzed in section 3.
Figure 1 shops’ the: locations of the data used in the analysis. The classification
of these ‘areps under 4) Emerald silt, 1i)Sambro sand, gravel, 1if) LaHlave clay, and
iv) Glacial t111 is either from the surficial-geology map of Drapeau and King (1972)
ér fron & agp currently fn prepatation by Fader et al.

5 L. 3 f :
3. COHERENCE msumzurs " P . T £ B

For formal iﬂcidenee the acoustic energy returied ; frum the ocean aeéiment 1is

usually’ the first echo return) ;-i1). the: energy- scattered from the lncariace within

_the illunintated area, and 1i1) the energy returned from seatterers within a'parti-" <
+reular, layer.' It is, thése lattér two to|the

, reverberation echo.’ For multilayered sediments ti rucess _repeats. at each Inter-
face with the additisnal effects £, frequency an/d nt ‘absorptipn, -
Two cumplementary meﬂmds of evalustiux the pruportinn of coherent and lncoherent
energy are presented. The first is based on the stability of the ‘coherent echoes”
with small spatial tranglation of the DIS system. The second method 1 used to
estimate theé 'coherent’ energy. component within a single echo. In both cases ping to
ping aversging, effectively spatial averaging for the transiting toved body, is used
ta decrease. :he fluccutiun of - the measurement.

For spa&al translationiof the sound source it 'is assumed that the reflected compon-.
ent of the echo changes siowly while the.scattered component fluctuates rapidly from
ping to ping.. Based.on this assumption 1t 18 expected that the echoes' from smodoth
sediments would ‘be largely coherent while.those from rough’ sedimants would' fluet=
uate rapidly from ping to ping. .

The measure oi cohérence.‘used in tha maxim\mx value of the nnrmau.zed crnss—-cavariancs
function. between the two successive echoes. Representing the echo returns by the set
{x()} = xl(t),xz(t),.., xx(:), x'i-l-l(t)’ ¢y this finction, referred to'as’the -

herence finction, 1s'defifed by -

@ oh T

P (™ =Ry 1+1(” F1R (OORg,
uhere the- cross cove iance'function ‘between d\e ith'and (1+1):h echo is defined by
2 1 i+1(T) x (t) xiﬂ(t 1> L b i = ‘(z) o1

e betrg used to denote a tine average. .- - g R
Ry (0)'= ¢ xm >, ¢ ’ ),

and is equal to the energy* ;m the echa X, (:). Thq naxinum yalue of the coherence




function, designated the coherem:e cuefficien(, is used as a parameter related to A typical N.C.

3 bottom roughness, i.e., . Elizefs:;:’
Py, # =MAK [py 4y (1 . ()  energy as time
. “
| where gi ﬂli < 1. Based on the sediment model it would be expected that smooth The N.C.E. fur
f£lat bottoms would yleld high values of coherence coefficient while rough bottoms, the watér-sand
due to the random nature Gf the’echo returns, would produce low coherence values. sapotli. homoger
. X

. . The individual coherence coefficients were determined for the four sediment types of The N.C.E. fu
section 2.2 over a total track of 6.4 kn, The running average and standard deviation taiged ‘flor sal
of Py, 14 OveT 50 ping pairs to 2100 m i:;:uiio:m‘t i
track) was evaluated.. Figure 4 shows a éelection of the runiiing VALUES over approx-— - * jie'to a highl
imately a 500 m track for-each of the four sediment types. -‘Selecting. coherence - ) o
3 .thresholds to optimize the separation of the sediments; the resulting scatter mattix " Figure 5(d) sl
‘for:all the arialyzed data is-shown in table 1. This table compares the sediment. initial increa
. ¢ falling’within the thréshold xange | m the classification base' given in section 2. 3.l Zeverberation
Using“this base .as the of corregt: cl 4 is found PN
on the' diagonal of the matrix. The overail correct. clasdidcation | based -solely on Sinde eoherent
the running-average of ‘the coherence. coefficient s 707, . b (this. 18 0t &
O Sl flector) then
Fron.thd Tour sections -show {4 figré 4 it 1s seén that the ugval desnending order .- transmitted pr
of cohierence coefficient is silt, sand, clay and till although there are Tegions . Flected portic

where .these curves overlap. Sinde the sand is a relatively homogeneous sediment with = * pared by E,.
a snall gratn:size a very flat area of sandy botton produces .a high value for p; (' * poreion of the
which approachs that for silt. 1In an area of silt, when'an underlying region . 1s difficult t

of till, is included in the time window,. or when.theré is.a disruption of the stratifi-
+cation of the silf, the value of the coherénce coefficient decreases to-the value 1
nornally associatéd with sand, For a till bottom which is unusually flat, and For':rough bot*
contains fev large angular fragments, the value of oy, 1 © can’ increase into the either large c
Thglon nordially associated vith clay.

cussed fof sea

homogeneous o1
and smoof
coherence coef

For_the smoott

The' inclusion of the Standard deviation, s.d., of the coheence cosfficient adds fur-
ther infornation. The s.d. for both silt and clay is generally less :h?.ﬂ 1, while

~- - that for_sand or. til1.is usually greater than this figure.' ‘The discrinination-betweer—
overlapping ‘pairs of 1) silt or.sand, {1) clay or sand and 1) clay.or till yhich : gmooth-homoge!
cannot be made on the basis of the ‘coherence coefficient can be resolved using the VT
s.d. relative to a 0.1 threshold. 'For values ‘of s.d. < 0.1 the first. 4 sediment.of By automatical
each of jthe’three sets is selected, 1.6.; 1) silt; i) clay, 1t4) clay, while . block and with
the opposite selection is made for.a s.d. > 0.1, values are sh

£ N " echoes 18 plo’
3.2 Nurmallzed Cumulativa Energy (N.CiE.) Function and EA - ” multi-layered

lative to the

Following the methods of Knott et al. (1977) the N.G.E. function in a vindow T secs
is formed,  Tils is a'plot of the cunulative integral of the magnitude squared
(proportional to-'the instantaneous power) of the echo return hormalized. by the ‘tofal
‘energy in’the windoy, 1.e.,

It is seen.in
takes on an i

- of its’ enmergy

ol " ‘ ith smooth §

E().= (115 I = (© a, e . e o
=1 ° R ¥ IO}

* where E(t) is the N.C. E function and E is the total energy in the wimlbu T.

high due to, !
Exanples of E(t) for. the four sedinent types are shnwn n-Figure 3, where each curve istically ro
1s the " aveﬂge 0Ver10 consecutive echioes, . 3 reverberatior
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4 :yp\ax N.C.E. function for silt is seen in figure 5(d). The rapid increase

in engrgy near ‘the beginning of the plot is the return from the water-silt interface.

Tere/ds some stratification in the silt, and a corresponding increase in returned
/enzrgy as time inc:mes. -

The N.C.E. function-Yor sand (Figure 5(b)) shovs an nitial high intens frop
the water-sand interface, with little internal reverberation, as is expected from a
saooth homogeneous medfum.

“

The N.C.E. function for clay is shown in figure 5(c). Similar to the results obe
' ‘from p homogeneous sediment. The effect of a second layer is seen in the large con-
tribubion to the total energy in the latter half of the N.C.E. function.” - This 1St
highly stratified sile underlying the clay: :

. shows, tHie N.C.E. function fordglacial ti11.\ For this rough qedilgn[, the
initial inkrease in returned energy is follojed by a high
revexbgrnt on level. due to both nurflce and internal s tering# 2

Since cohlr reflection! yield eulentially a replicll cho of the trlnsmitced pulse
(this i/ no! tril:l:ly correct except in the case of an finfinite’ extent perfect.re-
flectop) then by determining E(t) over.a time window At equal to the length- of the
transititted pulse an estimate of the amount of coherent energy in the initial re-- -
flected portion of the echo is obtained: This value of the N.C.E. function is duig-
nated by EA EA only approximates the coherent energy in the first return as the

la!neéifnr sand there is a large initial echo Followed by the low level reverberation ~

portion of the echo within-At also contains some incoheérent emergy to an amount which

is difficult to estimate without using replica filters. A similar problem is, dis-
cussed for sea surface coherence measurements by Wijmans (1973).

either large or small dependent on whether the particular sedimentary layer is
5 or highly e ug rough, smooth finely l.lyeted.
and smooth homogeneous sediments may be established by examindng cojointly the
coherénce coefficient and E). For, the rough sediments both Py 4s 20d Ey are low.
~—For-the-saooth- finely. layered sedineats p; ;. 1s high. vhile r is low and for the

smooth homogenzous -sédiments both pl 441 a0d ) ‘are high. : )

. For rough bottoms laﬂ v-ll\les jof EA would be expected. For smooth bottosis EA can be

By ‘éutomatically aligning the echoes to the 10%-level of the SR i e
block and with At = 0.32 msec, EA 15 ulculat.er} for thé four sediment types. These
valyes are shown in figure 6 whefe the rumning mean and standard devjation over 50
echoes 1s plotted. It is to be- noted that in calculating the E, valbes for the
mutti-layered sediment of clay overlying silt the window size,.?, is decreased, re-
lacive £o the reaaining sedlaents, 50, as'ta only include the first layer. . -

It is seef in Figure 6 that sand and clay are inseparable on :ne basis bf Byl Silt’.
* takes on an intermediate value, above: that of ! till,’ which fas the Towest proportion
. of 1ts energy in the’At,window. ‘Sand and'clay are relatively homogeneous sedimerts
with smooth surface profiles and are expected to show high values of E,. Hovever,
as ghown in‘’section 3.1, they can ba.separated-on e basis of their col erence co- !
efficlent. Silt is usually a highly stratified soft sediment. Hence, the E, values:
are lower because of contributions from the, layering hut the coherence coefficient is
high due to thé coherent-stratificiation of the sediment. Till, which {s character-’
. istically rough, contains many scattering sources, and the echo returns show high

- reverberation levels. - The values of Ey and py 4 5 for till arerboth low,aiid are highly
¥ » : g

ariable.
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4 CLOSE \ “

Using a model based on . the rglntive of marine and by
the echo coherence we havé examined two complementary methods of classi1cation.
Considering only the mes value of the coherence coefficienta 70% level of correct

. identificiation is attained. | The combination of the mean value and the gtandard

deviation of the coherence cu‘;fficient indicates that further saparatlm\ of the \

classes- 18 possible; The measurement of the normalized energy in,the first echo re-
turn, E,, when combined with 3I|e coherence coefficient values aids in differentiating
between smooth. hdmogeneowﬁmaolh stratified sediments.

" Ve have not, - as-yet, attempted to combine these measurenfents. except in.a descriptive

way, Furthérmore no account been given'to the aensicivity of the measurements
to SBR although it 1s assured that both the coherence’coefficient:and Ey will de- .
crease with increasing SIR. \

Finally. ve ‘belfeve betcer use ‘cau be made uf t\\e bandwidth lvnilable frnm the . '
acoustic source, t1 tween e echoes, An
the - frequéncy. dmnaima quan:im:ive eutimal:e of the sediment’ roughness may- be
possible.
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Table'l. Cohel"em:a Coeffltiel\t Seatter Matrix, 155!“1utian Threshéldﬂ. D.‘r, are
'at the following levels. a) Emerald silt, 0,725 < PT < 1.0; b) Sambro* sand,[O 625 <
< 0,725 ) LaRlave Clay, 0.575 "< py, <.0.625; 4) Glactal :111 0.4 <pp[< 0.575.

Values shows are percentages.

-
Coherence Coefficient Reference Base .~y o
Classification* 0 (Drapeau and King and ‘Fader et al.
‘ . { silt Sand Clay i1l g
silt 69 30 - - -
Sand * 28 48 - -
“Cla kS 22 8 2 #
111 - - 1% [
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