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Abstract
Acousic sesbed clssifcaon s tyicaly done using singe acousic frequences,
atbough it s known that roquencies can potentaly provde addtonal

spatal scals, and fo compare singe fraquency and duakfroquency cassiicaions of
seabed substate types. Univarite and muliariate satisical methods were used 10

produce variabe backscater. 1t was found that éforences in roquency responses of
froquency classfication improved upon singe frequency classificaton at nearnad
incidence angies.
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1. Introduction

11 Context

rosources, ossentl fo0d rosources providod by fisheres, crucal anspertaion and
shipping rotes, 8 myriad of recreaton opportuniie, as wol 2 paykng & major rle n

vial (bottom dweling "

the continentl she seabeds over the next few docades. Much of he mofvaton for

ofthe Soas (UNCLOS) in 1962, Wit the sigring ofthis conventon, nation states are

1982). 0 this cortext,

1o axent o  naton's continert shlf and dotonine qovering auhorty. Aloog Wih
o asablshmontof authorty over trtcral watrs and the coniantal shef comos a
osponsiity o scisnfcal manage e esaurces i theara.

The management of marn rescurces requres an scosystom-3sed 8rcach
haroy naturl egions e entfied and mapped ovor 3 range of spaial scaes
(Durand ot s, 2006, Anderson e ol 2008). In i confet, we must be carf 1o
dovelp cbjecive methods and fchviqos fo gathring and anayzng daa on the




scales. Such eforts are ncssar for & numberof roasons: (1) inorder 1o manage and

pe————
envionment;(2) 1 protct sensive specie, hablat, and cosystms; () to mondr
environmental changes: nd () 1o assess the inpacts of anvopogeri ditubaneces.
Honce, bjecive and rpestaie scentic mthodsfor colecing dta, deing roovart

ausirated in a herarchical system, or knowiedge pyramid, epresening the siuctural
elatonship of data, ifomatin and knowedge (Figure 1)

2

Figure 1: Knowsede pyromid ropresening el of undrstanding fom daia o knowlosge
gt rom Poors 03 Csman 2008

Scertfic Understanding

Mapping
management of marine esources equies a new generaton o assessment 00 and
{echriques (Anderson t ., 2008). Colecing and mapping data of physical seabed
characterisic is amost entrely poromed from the sea surface using undenvater
‘acousicbased remle sensing systems. Acoustc waves. do ok atlenate much in

watr, in compariscn o lectomagnatic enorgy, and ypically trave ai an average




by s et s eSS, ot s

propagation speed of 1500 s, four o e times faste than I the ar. As 3 resul,

vough thousands of metes of vater and the efectiv range of he acoustc system

\ 2002).
orabs and undonwaler photographs and deos can provide rect and. detaled
bservations of sesbed subsrate 1. the sediment that constules the seabed) and

soabed and only provide coverage of a small area. Acoustc remole sarsing, on the

matir. Soabod mapping procedures have deveoped at & rapid pace due 1o the

ot 8, 2003). Thesa systoms have lad to the dosign of new approaches for Mapping
ori

photographs

and vidoos (ostyev o a, 2001, Kosar ot al, 2002, Robers e a, 2005, Brown and
Colior, 2008)

sansors (L. transucors) that produce mecharical vibratons, whih project sound

waves (10 Theso sound
roquency, propagate through the wate column, and ensonly a crculr area on the

seabad or oher ojects n s pah (0.5, fah, vgtaton). Pat of the acoustc signal s

or scattored bock towards the acoustc sytem (Luron, 2002), Tis retumed acoustc




energy from diferant abjcts i recorded by tho system and i referad fo as acoustc

backscattr, or the retumed echo or acoustic sgnal. These systems then conver e

into dgial computer use,

o, con
used 10 map and cassity sesbed subsrate characasics based on modds that
conside how substate infuence the shape and inensy of retumed acouse signas
(Jackson and Biggs, 1992, Stamicht and d Maustr, 2003, Theshape (10 W) and
inenshy (L. pesk)of e remed acousic snal o response cuve can be used 0

Sesbed) and hardness (s measure o the acousicimpedance contast at the waler-
Seabod inaface) o the seabed (Courny o . 2005

Mapping th physical and bicogical characeriics of e saabed based on he
colecion, condioring (e, processing. and classifcaton of acousc seabed

backscate dat s caled Acoustic Seabed Classfcaton (ASC). More speciicall, ASC

hysica seabed characterisics. Seabed ypos are typical dofined based on boih the

grain size of the sadimant as well a5 the roughness. and morphology. An imporant

usad in ASC (Simard and Stopnowski, 2007) and theso can bo broken down nto
supervisad and unsupervisad methods. Suponised cassfcaton s  fechnique tal

ains




acousic sgnatures or siatstcal characeriics that cerain physical sesbed ypes
produce, Unsupanisa cassfcation i a tochique hat classfes the daia il groups.
wihout any prio knawedge of the ensonfied seabed. Instea, i techrique is based
on statieicl custos f th dat. Regardess of whch clasiiatn fchidue s sed
ASC is bl to derve iformaion sbout th sesbe by oruping or cstrng sder
messures of e o more attutes. Fr exampl, dpth, ran sz, and roughness re
o0 physical sviutes that scoustc backscater can measure and the proprte
dassfcaton can thecxatcally st ther vaues il ety Pomagenous roups
ospt thocompenty o sabed scteig

Most spprcaches used for acousic saabod ciassifcaion and mapping use
inge acousticfroquency approach (e, Anderso ot a, 2002, Courney ot a, 2005).
Anderson e ol (2002) used 8 commercil singe roquency acousi seabod
asiicaton system (GTC View) o lssty marine boitc habais, This assifcaion
eyt was raind, based on goo-efrenced caltaton sios that roprosot tical
backacator rosponsas o dfront seabed, 0 classfy a ot of sabod s ovr 3
brosder avea using reskime assfcaion, This poper afecively lusvals. the
useliness of ASC techriques o deinea seabed hablats Couriney ofal. (2005 used

sidscan sonar o
hsa systoms) cperatng at the same frequency to cllec acousi daa. The authors
derved two i from the acousic backscater signa, namely shape and iy,
from he singe beam system and the mean and variance fom tho sdescan, in an
unsupervised classifcaion. Resuls revesed the chalengos of relaing siaisical




12)

Thacyrsing backscater o corian saabed ypes is based on modols, Whch
cuantly the oltonshi betusen physica seabod properies and the corresponding
backscater signas shapo and nensy (Jockson and Biggs, 1962, APLSA, 1994,
Staict and do Mouster, 2005). n addon o rolating seabed ypes 1o spectc
acoustc sgnaturs o backscater prouce by th physica properss of e seabed

the amount of absorption, atenuaton, and reflectty of the acousi signal for varius
sebed types is not only govemed by physical seabed propertes, but also by the
paricutr froquency used by the system (Mckinney and Anderson, 1964, Galoway and

Golins, 1968, Kiose e a, 2001, Lurton, 2002). Inprincpe, lower acoutic requencies

smaler spatil featres such a8 sedmenis and surial roughness. (Galoway and
Colins, 1998, Lurton, 2002). Honce, the acoust fsquency plays a crucil role on the

shape and intnsiy of backscatr. Seabed mapping applcatons ypicaly use

than

and therors conain informaton on th cpography and subsiate of he seabod
(Anderson ot a1, 2008), hawever range s imied 10 les than 10 Kiometres (Lron,
20021, I convast, sedment proflrs and soarics use much lower fequencis (o
penstte deepor it th seabed, using foquences s than 10 Kz (much I for
sismic), and v reater rangos taveling up 1 hudreds or ove housands of

Klometres depending on e raquency (Luton, 2002),




detoting an cassiting sesbe ypes coud improve eforts o enl and defie he
inbuon of marine benhic habtts of benhos and domersa ih pecies, 25 hese
habtats aro beleved 1o bo primary defermined by substate type (Gregory and
Andorsn, 1697, Kos ot 2001).

12 Research Problem

the main

2008, the ansiysis of

purposes of

s of i scousc requences fo clasing surical gedogy and dfereniaing
seabed hablats (Galloway and Colin, 1906, Kioser ot al, 2002, Fosa of ol 2005,
Riog and uris, 2005, Chakrakrty ot . 2007).

Gatoway and Colins (1998) use a commercial ASC system (QTC View) o

cassy surfcil geology using 3 Kz and 200 kH acoustc frequencis. Tis study
concluded that dual equency data, when used in conunclon wilh sl frequency
dsssfcaton resus, prvided addons insight o sl oology. They also
conchuld that the biky o he lower aquoncy o penctate decper o th seabed
providod ifomation sbou he physica rcperies ofhe ubstae voune. In conrast,

and mud subsirate (see soctons 22 2.3, and 2.4 for oxpanaion of boh suface and



O sqancy st et Cosicin o St S Coss .

volume scatring). Kioser et ol (2002) used both user doveloped and propristary

38 Kz, 120 Kz, and combined 12 and 38 KHz) and mulibeam acoustc datases
Classficaion resus were compared 1o ground-4uiting and he combined frequency
dataset proved 10 have lower cross-valdaton eror. Fossa e al. (2005) provided an

roquoncies (18 Kz, 58 Kz, 120 Kz, and 200 kz). R and Purkis (2008)used a
commercal acousc eabod lassfcaion syslom (QTC View) an found ha a ower
roquency (50 k) caried maro nformato about he hardess o he subsvale and
ersor resutad n 3 wo-lass utcome, namey soft and hard seabd. The Nohor

roquencies resuted i a fourclass map conaiing so, hard rough, and flt seabeds.
Finaly, Chakrabory o . (2007) highighted how backscater from a hihar (210 kiz)

oguency was a funcion of the immodiate walor-soabed inerace whie @ lower

subsurface sadimat ayor compolions resuling n volumo scatterng. They also
concludod that tho 210 Kz fraquency was moro effcivo for disciminating botwoen

Sodimont was gootr. Theso esuts raac hosa of Gallowsy and Colins (1998) and
it and Puis (2005, Thse papors have ampicaly shown how added fomaton
can b cbainod ram usng mul froqencie and how s fomaion can nprcve
ASC atamps

Howover, thre ars. saverol isuos wih the oxistng research usng mutple
roquences. s, e rosoorch hghigts tho dfrance in acoustc backsater fom




forent froquences, but ypically does not atempt 1o cambine the mlt-requency.
backscatle inlo a mulivariale acoustc seabed cassiicaton scheme. Second, i

commrcial back box ASC sofware such as RoxAm, EchoPls, GTC VIEW, and QTC:
INPACT, which sow for a i underianding of data proprties in tems of
processing and inerprtaton that may ot be repicaie (Andeson of 3. 2008)
Tharetoe, the ned for & new metho hat analyzes th ffeciveness of combinng
i faquency backscatr, utido of cammercil softare, s requeed i orde fo

‘occurs, which has ot been th specic focus o previous studies.

and Research Questions

13 Research Hypoth

The hypothesis folowsd in s project is tha combining noar-nadic acousic

properies, consequeny improing our understandng of seabod pes, and threlore
improve upon ASC:stampts. Naar-nad backscate s moasurod fom he roumed
acousic signal based on a ceran period fom when th leadng edge of the sgnal st
encounters the sesbed uni the signal bacomes uly embedded at near romal
Incdence. I oher vards,nearadi s th sl sread of the acoustc beam cosest o
onhogonal with the seabed (s00 chaptor 2 for Rrher oxlanaion). Backscatr s

moton win




i he et counn s well 2 the confuraton f he acoustc sysem, incuding s
roquency, se g, beam ange, and besm patem. The backscatr daa s here
want trough a data processing rocedur hat compensaled for changes n dopih,
Sound speed varitions, and th sytam confratons (pse engh and beam angie)
omained roatvey constant see secton 3.3 fr aher xpanatn). n addon ship
moton and saa-stte conions wera miized by ol Sunveying in calm condions,

howeve, ship motin was ot compensated for and Wil be @ source of measusement

. Thorotore,

propries, fraquency. and the incdenca anglo 3t whih he bockcate sgnal &

analyaed. Siandanizing the baciacater data 1 represen th noaradi camponert

(300 saction 23) leaves only physcl seabed fypes and oquency a5 he Mo
™

acauifod using singe beam normal incidence echo sounders operating at 38 kHz and

for fthar descrptons of o sty area and data colecion methods), Seabed
backscater varies a5 a funcion of sesbed substrate properies and the acausic
oquency used, hrefoe addiiona informaton fo delineatng seabed subsite ypes
Shoud rsul rom using mlroquancy backacator. Difarent rosponsas ro oxpocted

o diferent acoustic requencies based o the ampltudo and wavelengih of each

roquorcy.
primaly as a funcion of parice siza and paosi, and o detect roughness al scales
comparabl 1o he wavelengh (see chapter 2 for furter discussions of undervater

acoustc backscate, acoustc froquency, and seabed  substate.properties)

‘Consequent, a




Sesbed substato 1ypos or he seabed substale ditibuton s helerogeneous,

Six research questions, grouped into four catagores, are asked. The frst

1 stattcal

both single and dusl raquency near.nad backscatter a5 a funcion o frequency and

of troquency difeences. The thic category (quesions 4 and 5 focuses on reatng

he fouth and
finl catogory (auestion ) addresses the question of whether or ot duakfrequency
cassifcaton e

his projct are:
1

theyaitor?

of aach requency relatefo seabe substate types?
Whera do the malor frequency diferonces occur and what aro th spatal
Scals at which hese frequency ifarences ke place?

nadir acousic backscatr dta from Lol froquencies?

5. How do multvariste dassicaions of dualequency nearnade acousic
backscattr valus rolate {0 seabed substate ypes?

6. Doss duabfraquency naar-nad acousic backscater improve ou abilly 1o




14 Project Objectives.

The gosl of i research is 1o assess diferencos and simiares in dual-
Hoquency near-nad acoustc backscate fom the seabed, and o determine how the
combination of duakrequency backscater compares 1o singefrequency backscater

dfloronces occur are enified. Improvemonts resuling from  dua-requency.
ciassifcaion in comparison o singe-requency classficaton atlempts are assessed.

and duabiroquency near-nadi backscatir, and for the cassiicaion of backscater

1. 10 analyze the statstal characirsics and relaionships of nearnadi
acousic backscater values 3 @ functon of frequency and seabed

spatial scale.
1o clasiy nearnadi backscaier vaues in an objective mane fo each
roquency indidual, and i combination, and assess classfcaton
accuracy by comparing resuls 1o praviously defined seabed subsirate
pes:

classicaon.
15 Methods

Calbrated scoustic backscater data from both 38 Kz and 120 kHz acousc
roquences were coliected and procassad as axplaned in sectons 32 and 33. The
author was ot pat of he data collecion process, rathe he acoustc data were
The data

were coflscted song ransect fines using a sinle-beam echo sounder (SBES). The



backscater data wer processed o reproset standardized narade backscater
osponses, where frequency dependance of backscater i deemod Nohast (560
sectons 22, 23, 24, and 33 or urher expanaton). Exising ifepreted suioal
geckogy maps of the sudy reas were acauiod from Natrl Resources Canada
(NRCan), which contaned iterested sedmant s (SUs) ropesentng physical
sesbed casse base on rain sizes and geomophology characlerics (500 secon

31 Speciic, repesatie,

ansiyses wers paomed (so0 Chaptr 3) usig thesa data in order o addros the
Spectc research abjacives. Resuts from ths sty weo 1o presenid ot soveral
natonl and tarmations scienc conferences (SKI 2009 Spatal Knowedge and
Informton Confrance, Geotab 2009 Marno.gologcal and Bioogical Habiat
Mapping, CossiGiS 2009 Sympasium and on GIS and Computer Carcgrphy for

‘A Technicl Meeting) beforebeing pubished.

Goneral, the analyical methods can ba broken down ilo univarials anayss,

wo frequenciss. I tho univariate case, descrpte and iferental tastical techiques:

Hoquency and seabed substate characerisics. Unariale cassifcation techniues

In the mulariate case, staisical tachniques, such as rogressions and

consatons,

Hoguencies. Statstcal analyses were used [0 folate duakfrequency backscatier

Ao .

aquency backscatter vaues were denifiod long Wi he spatl scales a whic this



and adttonal morphology sope,

olaing rosus o seabed types on the Scotan Shot.

16 Thesis Layout

Chaptor 1 prosentod research conlext, the research probem this thesis
v objecves, Chapter
swchas systoms. nd

acoustc seabod clasicaton lechues. Chapier 3 oines 1eseach methods
incuding a detaled descrpton of th sy area daa colecton, and processing
mothods. Chagter 3 8o descrbes tho dflrent urivarito and mharao satsical
ochviques and analyses used fo adss ha cbjecives and answr th research
Questons, Chaptr 4 presents results of o analyses of backscater data Chaplr 5
Provides @ dscussion of resus, olaing spacifc Indngs to preious mut fequency

ha data. Chapter 6 provides conclusions that were drawn fom s research and
oulinas possibie futre resoarch dioctions, and dscu

o inplcations of tis
rosoarch fo dacson makers and roakword aplcatons.



2. Literature Review

This chaptr summarizes some of the rovantaxsing knowiedga fourd i the
Meratur that petains o this study. Fis, secton 2.1 outines the fkd of Acousic
‘Seabad Classifcaton (ASC) an i typca pracices and methods. ASC imioves tho
cotecion, pocessing,and dassfcaton of suiial seabed casses based on acous
measusaments of physcal and bologca propertes. Understanding acoustc sesbed
backscater is il in th flod of ASC, and herclore e imporant concepts and

o using singi
discussed in section 2:3. Finaly, an importan part of this projec i the infuence of
acaustc roquency on seabed backscater, and thereore acoustc fequences are

roviewed insoction 24,

24 Acoustic Seabed Classification (ASC)

ASC folows a se of systamatic siops that ncude the colcton, condiioning.

and cassficaton o acousic backscatr da

(Anderson ot al. 2008) and these steps

007) 14 important

o consder how the survey design Wil account fo spatal and temparal vasiabity, and

2008). Spocifcaty, both transect ine spacing and soabed dectionalty ae important

an acaustic system can cover and the salng decton o the ship wil deterine how

Seabed morphology (.. sopes and idges) s rpresented n tho data




compt dota, caibrator

physica uns, and consideaton o patorm movemans are a imporant staps n the

hese steps).
rosut of lectical or acoustc interorences. Simiary, data condiioning involves.

consisent backscatler measuremerts (seo Simmonds and MacLennan (2005) for 3
detaid discusson of calbraton methods). Calkaton of an acoustc system nvolves.

the considaration of sourcs leve (scoust level or power doiverod by a transducer).

and sbsartion loss wih range) (Smard and Siprowsk, 2007 Represening
backscater data i tsota physical un, such a5 aoa backscatrg sengh n
daciols (8), i a0 an imporint sep i he data condioning process. Finally
Conscionsfo platorm mavament (ch, hoave, o, and yaw) must ba conidered as
oy affct the incidence angle and ange o echos.

Anothe inpartant aspect of the data condiioning stage s how backscater
o seabed

(L. seabed roughnoss and haréness) based on sound:scatterng theory (s secions
22, 23, and 2.4 for more infomaton on sound-scatierng theory, foughness and



hardness metric, and how seabed subsirate characerisic ifluance backscatir).
However, there s o simpie relatonshp betwean backscater and physical seabed

noisaratio (Anderson ot a. 2008).

“The fina sto in ASC is the objoctive classfcaton of acousic backscater data

based on simiar s Riynas, 1988,
These roups are irpreld o repesent spect seabed casses. Atlnyts 1o
catogorize natrs pocesses o phanorena in an anveooment ao aded by oiecive

based on

s messures o thee physica and bidogical atbute (Legendre and Logende,
1908, Sh, 2005). Such techiues show reseachers to explre and smplfy ok
datasas, et thomatc iomaton, and make inaroces aboutspoci
charactaisics of thek sty area. Ths oo of ansyis s oen refored o a5
dossfcaton (Shaw, 2005) The o types of classiicaton, supervised and
unsupensed, cutinad n secion 1.1 playe a crucal e on he casiicatn resuls.

‘Supervised tachriques are dependont on the accuracy of the defined classes in the

Seabed, whareas unsupervised approache aro dependant on sitisical variabiky,
Which s dotormine by saabed dversiy (Simar and StopnowsKi, 2007) Clasification

classifcaton accuracy and vaidation.

o waditonal seabed geology mapping techniques s much more. cost-flectie
(Gatoway and Calins, 1998, Anderson e o, 2008). Frequencies greter than 10 kHz




best rewesant he opography and substat of the waerseabed interace o neret.
Undorvter acouscs and cataprocessing echnoloies are powerul 1, and when
s i the cortex of ASC, alaws for the lassfcaton and mapping of hyscal and
biokogicl aifbutes of e seabed across @ continuu o spata scales. This expancs

of marine habats and resources when nked wilh habiat infomaton, populaton

22 Acoustic Seabed Backscatte

s importan 1 understand how the physical and bicoical properts of the
Sesbed are ambedded in scousic backscattr o 1o shape and nlnsty of
Ttumed scousc sgnas. A typca coustic signal o th seabed ises o pask
ampitude e nansty) by e ime the enire puise has encountared the seabed, which

5.2 functon of the puls lengh. The sigal decines ove time i

incroasing incidonce

in the shape and duraton f the orginal acoustc puis (Stmicht and de Mouster,
2003, The intnsty of backacate simpy refers o he ampitude or sirengih of the
otuned acousic acho, The physcal and bicogcal naure of th seabed causes
varisions i the shape and ey of et acousic echoss.

In the context f s work,retumed acoustc signls represant ony the sound

angle equal 10 the ange o the incidert sound as a resl of mpedance at the watr-
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sing nomma or near-nad incidence angies as opposed o oblue incidence angles.

acoustic wavelongth and scatters sound waves n ai dectons induing bock (0 the
saurc, Henc, backscater (ncuding bothrefecton and scatiering processes)resuts
fom sufoce roughness, impecance contas, and volume inhomagenctie that cause
scatioing fom witin the substate voluma (Luron, 2002, Jackson and Richardson,

2007,

e physical propetes o backscater signals ae grain sie, porosiy, and roughness
(Mckinnoy and Anderson, 1964, Ciay and Leong, 1974, Parrot et ., 1980, Jackson and
Briggs, 1982, 200)

For oxampie,

cay grin size than

and 0 0n. Of

Wi an sizo hs boon prevously conducted ina ruambor of stos (.. McKinney
and Andorson, 1954, Nafo and Orako, 1964). Tho seabod alo has vanyng dogrees of
oughness. Rovghess at scales large than the acousic foopint add I o the
prodictve power of acostc backacatr fo datrmiing sssbad types, and threkrs

of meters) s of concem (Jackson and Richardson, 2007). Figure 2 ustrales how

sgnal




Figure
(ratace 23 Trese e skt s et o asnss an 1 s o 0 e
S et S o s 2003

Hetrogenats in the physical sructure of the seabed (is. suface roughness

by itercsping and reflecing o scatirng  poron of the incidont acoustc enargy

he

impecdanca is a maasure of the seabod's abilty 10 resist the penataton and travel of
Soun waves trcugh i, i other words seabed hardnoss. A highor mpedance cortast
means more sound enery is refctd o scatred fom the watar-seabed and less
energy peneirates i the subsrste voume. The densfy and porosity of substale
prmany infuonces the impedance corras o the seabed, and these propetes are

relsted o grain size (Manik et al 2006, Jackson and Richardson, 2007). Densiy s




in sediment 0 the tolal sedimont volume. Empiica studies (Hamiton and Bachman,
1982, Mank ot al. 2006) had found thal donsty was inversely rolated 1o porosiy. A

ot procuca  srong backscate signal (Jackson and Rchardson, 2007). Therelors,

donsiy, acousc
backscattr valves, and vios versa (Maik 1 ., 2006)

Thers are o tpos o seabed backscatr: sufac (Lo. backscate from the

elume (1. backacator
The ol scousc backscatrsrongih i he um o bt (Luon, 2002, Strrich and
o Moustr, 2003, Hanc, a spociec samplod area wil rocuce a e acousic
signauro basod on he contbuton of both surfco and volumo scateing (Luon,

2002), as s s

of backscater from the immedia

enargy penetrated inlo the  subsrale volume. Tho  physical composiion (.

hetarogenaie) of the subsirato volume inlences volume scatering (Lurin, 2002).
Saabad roughness has moro nfluence on surfaco scatiering from the vaterseabed
Intrtaco ot scalos comparabo o acoustc wavelangth (Luron, 2002 Strnlcht and do

Mouster, 2003). Voo scatoig is dominant n sofer seabeds (. smalle gran

gl sizes) (Jackson and Briggs, 1992, Stamicht and o Mouster, 2009), Sound also

Intoracts @foronty wih th seabad at varyng angles of Incdance (io. tme), and

10 anglos of-nadi (o porpondiculr)



Figur 3: Acostc backscater respons showrg boih th suface (. ineace) and vokme

=y

o summarze, the sum of bt voume and surface reflecion or scatlig

Infunce backscater and is  resut of the geoacousic proprtis of the seabed (s

ccund  speed, impadance, and. atnuaton). Theso geoacoustc properies are

detrminad by tha physical propories f the seabed (10, roughnes, gran size

ruson, porosi, and dansi), whch creats heloroganeites tha cause sound 0 bo
o).

The nensiy
of the acoustc signal is inuenced by the hardness of the seabed. The acousti
hardness of the seabed is determined by tho scoustc mpedance contast, whic is 3

uncion of gran size




23 Single Beam Echo Sounders.

Thves primary typss o acoustc tachnology systams are commonly ulzed for
conducting surveys on he sesbed (see Kenny ot al. 2003) for a review of these
systams), namely musieam acho sounders (MBES), sdescan sonar (35S) and singo

provides wide-arsa pictrss of the seabed roflecing the fexture and roughness at
incidence angles ranging rom 40" to 85 (Kose, 2007). However, SSS usualy do not
provide. gooreferenced baihymetrc information (NOAA, 2008) and iterpretaion of

visual sutjoctive. more than

objecive statistial and mage processing lechiques (Anderson et al. 2008). For hese.

There are advaniages and dsadvriages fo usng @ SBES for seabed

completa coverage is nooded. On the cther hand, tho use of a SBES has many.
advantages: on-ais calbratn, use of mulipe acoustc roquendies duing a single

survey, rolaively low acquision costs, officient data processing dus 10 low data

fom the sam indident beam, and providng the same acoustc formation from the
nvesolved foctprns” (Anderson ot al. 2008, p.1005).
When comparing backscater values from dfferent study areas, mos. of

acquisiton, o

I olher words, backscator values fom difecent systoms or frequencies must be

caltate in oder o drcty compare tham. Calbraton i ... conducted 0 detemine



with 8 standard” (Simmonds and MacLennan, 2005, p.110). There are inematinaly

‘acceplad standards for calbratng SBES systems (Foots ot ., 1987).
e tansducer and

o shape and srngth o tho desired scousic signal. The ansducer shapes the

scoustc snal ko an approxmate cone drected vercaly downwards toward the

sesbed (Figurs 4, athough the wransducer sso generates sdo-cbes hat make the
2009,

The beamwidih and puis fongth shapes the dmensions of the beam. Beamidth and

range,

(1. ings per sacond),wil determine tho 820 ofthe acoust fooprint (Le. size o the

theitensty and roquency of the emited pise of sound.
s an acoustc beam from a SBES reaches the seabad I consianty spreads

actoss and penstrates the sesbad un the signal eventualy isipaos. The acoustc

SBES at normal incidence on a fat seabed can be lusratod as an expanding disk

flly ambecdad in the seabed and the signal has reach s poak backscatr signal,

backscattr. The snsonifed area aftr tis can bo doscribod 35 an expanding annulus

(Figure 4.

nadi)



with the intrceping surface. Nearnad backscatir is wharo the domnant response
peak occurs and the backscater intensy disspates wih the oftnad signal. The peak

ampitud response associted wih the near-nad backscatier comporent typicaly

ocaurs within 20° . 2007), Eventualy,
over th saabed o a poin wher ther i It backscater and the data i 1o longer
ropresanaiive of the soabed, at wich poit the data s $3d 10 reach s crcal angle

(Figurs 5. I the context of this research,th criical angl i therelre dofined as the

i

Figure & o
109 oAl (1) o ok hrzotal seased (surc:Kowe, 200
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Intensity (68)

Angl of.nad Degrees)

otum of o
oo f i Zones (dopid o Andarsan 207)

i, projct uses oy th near-nadi component ofthe backscater signal. This
was done for a rumber of reasons. First, backscato strengh is dependent upon
Bhysical propertes of the  seabed, acoustc frequency and incidence angle
Standardizing the backscate 1 the near-nad 0 roflct the dominan fosponsa peok

be a funcon of sesbed substrate proportios and frequency. Second, the primary
implue’

Fourh, Courtney ot o

ho inansity of the ignal (bos measurod near-nadi) s opposed 1o Sgnal shape was.
h primary mean of dsinguishing substate ype. Therfos, the of-nadi companent
Wil not be used for furher definng substale types. There are cortin seabod




affective a5 the oftnad for @scrmination soabod 1o (6.3 APLS4, 1994). Even

hough near nadir data i used. the angles used to defne near-nad, (3" o 7', see

Seabod tyes arge enough 1 provide discriminaton

24 Acoustic Frequency

o number of wavelengins of a sound wave thal pass through a poit in a certan

per unt time a5 compared to a low froquency (Figure 6. The wavelength sze (1) is

UL

L

AN

e 6 Low 0 o st Py weloms (s Mool Oceric and
Rneters i NowR

Backscater varatons, 35 3 funcon of frequancy, re dolarmined by the

ampitude and wavelength of each raquency. These faclrs deformine he abity of a

202
[ ———



Lower frequencies requ rlaivay larger parices in crde 1o refet sound
waves compared to higher roquencies. Therfos, the range oflower requencies (10
wizto

wate coumn, providing a larger maximum usable range (Lurto, 2002). This lower

and Collns, 1998), and caries more iformation back 10 the recaiver due 10 this
penetaton that resus in increased ensonificaton of the substate’s volume, and
thereby incuding mre substrate iformaton (Coing and Rhynas, 1998). Honce, voume

scattning osponses (Holiday, 2007)

ioh an

water cokumn liming the marimum usatie range (Lurton, 2002). Higher frequencies
penelrat only centimotes inlo the seabed (Gallway and Colins, 1998). This is

on partcios

mcroscalo suface roughness. Honce, sufaco scatedng is more infuential on high

1o sufacavenaerand smatr deais of parcos and oughnass. Koser ot al. (2001)
concued, based cn comelaton cosfcets fom empicl 1dos, hat a foquency of
120 k2 v most responsiv t sadment sz, 2 compared 0 12 Kz and 38 Kz
Seabad roughness signicanty infuences acousc backscatr I s dmensions 1o
comparatle in magnide i the wavelength of sound (Lurion, 2002). As @ rle of
mt v

affect backscatir ntonsity a perpendcar angles (Ferini and Fioad, 2006). Severa
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scatering(see iscussion of thes studes i section 1.2
However, the restionshp between backscatir srangth an frequency at near-

nade froquen
would produce Hgher near-nadi backscaer inansies simply bocauso. higher
ek

esponser of the sgnalto be greatr. Howsver, the model usad in the APLO4 (1964)
gt ndicated that owe frequencies can have Higher backscater near-nad than
igher requencies for corain substale typos. Certain ampiical siudes have a0
‘atained simiar resuls (Chakrabory ot a, 2007). Roughness could be th expaning
factor e a5 higher frequencies at nea-nadi may causa the signa 1 scater away
o the sensor due to s smaller wavelengh. This woud result in 3 decreasa i the
Intansay of the signal whds elongating the signal and shape o the reum. On the other

fom Wik the vlume of substate, and i the subsiate ype vares witin the seabed
10 that of the surface than backscater responses coud vary. Therefore, tere are 3

when
from ifront rauoncie and o averusl rsut cepends,in sama ntances, o the
porameters usad n the mode (s secion 12 fr a dscussion f 8 umbor ompical
tutos o mulroquoney backscate).



3. Methods

Tris section describes he sty aroas used i this pojet, the data collecton
process, the data processing and condilaring sage, and fnally oulines the methods
Figua 7

prject. The process began wih the colection and processing of raw scouRl
backscatr data Anayses wee didd oo mai components: unvaralo s
of backcater vales fram ez frequency indepandent. and muharte anasi
ochvique o o backscatrfom b Foquences togetbor
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by atrr

invoived both statstcal singo
oquency. backscator, Descrptive statistes and graphing of snge frequency
backscater

were aiso ansyzad using inferental satsics 0 fost whethor thero were signifcant
ifferancas in mean backscater vaos betwoen siudy areas and seabad ypes. Then
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Gasstcation
Multvarite analyss invoved ihe analysisoffrequency dfferences, mulivarise
by cortinvous nd cassiod
fom each foquency. Mulhariate staisical analysis techiques were Used o
Boih supenvsed and unsupenvsed muliariate classifcaion methods were used 10

deineste casses based on simiar backscato values and addional marphology

variabos. Theseresus were agai roated 10 the ISUs.

34 Study Area
This research exends. on provous work conducted by the Department of
Fisherios and Oceans Canada (DFO).A funded rosearch program was stablished on

The Scotin

The Scotian She

. 2005).

l et b b e G et oo

(Emaraid, Sabl Ilan, and Westor). Two o theso study areas on Westor Bark were.

an area tht i roprosentatve o fypical seabed envicnments on Canada's eastem
continenta she, being primarey composed of sand and gravel banks (Courney ot al.
2008




Banks o

100k

sty aroas on Westom bank based on proforod and novprefered juvenle Haddock
habitat (Figure 9). The o study aroas wera approximaely 15km apar. The depth

approximately rangod fm 49 m 0 60 m in

prferadstdy aren and rom 47 m to
55 m i ho non-prfered”study area. n adiion, there wore wo smalle § ki’ detalod
sty aroms within oach of the large study aroas. Detalod study areas wero chosen
based on high messures of athymetc rolet i compaison 10 the est of the 100 k'

study aron.

reator complexty of habiats (~11m as compared to ~9m i the non-prefared study




2005), Bath he 5k prfered and non-prferod detaed study areas were used as the

sty areas for this sty

@
%
435,
~ =
&

igr - Wastr B iy s o sty e P e )

The selection o s partculr sudy area was done fo a umbor o reasons
Fist of f, tharo has boen a lot of wok done in this area (Anderson ot L, 2005
‘Gourtney of L, 2005, Anderson o ., 2007),pariciary by DFO, on acoustc soabed
mapping as wal as habitat mapping and managemont. Theso stuckes provided somo

useful infomation on the madne

wironment of Wester Bank, Incuding seabed
oomorphaiogy charactastic and fsh habtat dtrtuon, Secondy. s s ane of the
fow arons where o single beam acoustic fequencies were collected and made
avadatio by DFO, Provous work wih theso SBES data, as we s sdescan, mutboam

and geclogical ground-vuthing. has incuded both geckogical and bickgica habdat
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mapping (Andorson et a. 2005, Coutney ot al., 2005, Andorson ot al. 2007, Fader,
2007, Otlrhoad and Anderson, 2007). The area has e fora present which could

An important assa for s projct i tha thao i, fo s study areas,
maps o surfial geology ntrprted by marne geologsts (Fiure 10 and Figur 12)
using a combinaton o sidescan imagery and goundhing using physial samples

(Fador, 2007). The sidescan imagery provided & mosaic that Hghights the shape,

anabying them as an image ofthe seabed poraying the texture and compositon, as
el 25 oxamining the et backscatler of reflected energy. Sediment paride size

morphoiogy, rain size, and bedforms (Fader, 2007). Tis nformation s used i this

. bing compared to acousic
. Throisan vious bimodsl dsuton ofdeph nthe non-preforad iy arca
(Fige 1) whors the soutwesem socton s deeper (252 ) than th norhesstor
Secton (<52 m). Inthe nomprfeed sudy area (Figur 10, he southwestem porian
with dephs >52 m consiss oy of fue 1SUs (GH. GL. GRL. GRS, and SB) and the
.

and Sanc).



Interpreted surficial geology of the non-preferred study area

Figure 10: il geology o te ron reerd sudy area. These data were produced by
it geiogts s NRCan (Fadr 207

Depth Distributon in the Non-preferred Study Area

Depth (m)




Interpreted surfical geology of the preferred study area

Figue 12 Sur
‘it a NRCan (Fader, 007

he las glaciaion and has boon provicusly described by Courtney et al. (2005) and
Fader (2007). Maria transgrossions have moiied po-existing gaca deposs n the

arsa into wellsored sands and gravls, whie fnegrained sits and clays have boen

209

2005), Recent acousic suveys have rovesld that he seabed contains evidonco of

200




2007) I sum, the seabod in this study area can be porayed as a moblo sand ayer
oveing  relct grav iag ceposit (Courtney et al. 2005), Each ISU reques fs own

xianation and s explained i Table 1.
“Tabe 1:Doscrptonof o naprotod Sediment Unks (SUs)

p— ey 05
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ey 205
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The spatl arangement and area o these 1SUs vary between stdy areas

(Tablo 2,

58, 5G, and Sand, and th ISUs for the seabeds wih dominant grave substate are
(GRS, GRI, GRL GH, and GL. Sand soabeds dominato ravel seabeds i each study

area with the non-prfarod study displaying a higher percentage of sand seabeds as




smalr an less coninuous (Le. more dispesed) than gravel seabeds. The prefered

study area has  much more compex spatl arangement of 1SUs and has @ larger

namber of smaer 15Us s compared 10 he noprfered sy area.

Tabl 2: Sunmary bl of s and el poyonson et Bark
~ AR

= | o

== o I o [ [”

area, folowsd by GRS and GRL. Thereors, SM is a dominant saabed tpo in both

su,

by GLand GRL

Table 3 Sunmary alo of the mean area () and perent () o covrage o sach 15U
comparion o he ol sy e

e T
I <17 s




Atempis to stasicaly ciassfy these 1SUs based on mubeam (455 kHz).

. and nomal
acoustc backscater fom the seabed occuted in four unique staisical casses
(Courtney e a, 2005, Olhead and Anderson, 2007). These classes wero atbuted

1 and grave,

intepretd surficial geology featires succoedod at broad spatl scals, bt were

1005 of meters.

2 duahiroquency ASC approach can inpeove upon thse sforts.

32 Data Collection

Data coection was ot conducted by the author but rather by DFO research
sclontiss, Extonsive acousic datasts wero collectad n 2002 and 2003, as part of the
DFO resaarch program discussed in secton 3.1, in boththe 5k’ prefered and non-

preerre habitat study araas of Westor Bank, Fuly cabrated backscato data wore.

and 2003 surveys), running at 38 kHz and 120 Kz froquoncis. A BioSarics DTS00

was used for

calbrate sciontfic acho sounder was used for tho 2003 survey. Calbratons of the o,

standard calbraton procadures fom Foots o al. (1987). Daa from boh frequencies
wers collectad simultaneously flom surveys done during research expediions aboard

o Canadian Coast Guard SHp (CCGS) Hudson, Vessel speed was hel constant st

approxmatly

o
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7 )
Sty are, suvoy ings 2,3, 7, and 8 wers suveyed from thast 10 soutwet,
wharess survy ines & and § wors suveyed from souhwest 0 nstheast The same
sk was use in th prfered sty are, oxcot hat suvey I 7 was suvyed
rom southwest 1 noresst. Survey ines vere 5K i lngh and averoge poing

10,62, 80)
collcted in 2002 that e between two outor Ines on each sde. These Ines were
sunvoyed wina

b.and 60,
on the map in Figure 13 for the puposes of carty.

Non-preferred Study Area Survey Lines

i

Figur 13 Acousc svey Ines 2108 forhran prfered sty e



one fo each frequency. The data collecied wero ime-stamped and geo-refrenced
using a dfferental GPS. In 2002, dta wero colectod i a ate of 1 ping per second

g st 2995, n
2003, data wore colocted at a ato of 2pps. Tho 38 KHz roquency is @ spit beam
sytom wih 3 basmuicth of 55 degroes and he 120Kz froquency systom uses 3
concentic dual beam coneaton, narrow and wide, wih 65 and 178 dogree

beamwidih, espectivay. The ransaucors

wer ftd to 8 hycro dynamic boom fd to the starboard rear quare of the CCGS
Hudson, where the ¥ransducer hoads wero approximately 5m beow the sea surface.

wo study aroas, there aiso xiss & mulibeam ocho soundor (VBES) battymeric
ataset, A 100k (10Km x 10kam)avea s covered by the MBES suvey i both sty

ESRIs A fo provide addonal geomorphology layers. These processes wil bo

rbor xplained n socton 3.6

3.3 Data Processing

offects induced by the acousic system and the transducer's vaying range from the
seabed). A numbor o factos ofher ihan physcal sesbed charactrisics affet seabed



backscattor values. These facios includo. changes i depth, incidence angle, ship

the acoustc systm, including is frequency, puse lengh, beam angle, and beam
pater. However,
the acousic signa other han those caused by physical seabed propertes and the

upon physical seabed charactrisics alone theraby. provding “cues” for seabed
clsiicaton. Hance, i is important that Tihese classifcaton “ces” Wil . ony [be]
Wweakly dependent upon nonininsic facors such as propagatin, pulselengh, and
ransducer drocivy and shoud, herelore, provide @ basis for robust seabed
classifcaton agorihms” (Jackson o al. 1996, p. 458)
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Figuro 14: Disgram o he raw scoustc data processg sieps usng boh Echoviw & SAS.
Computor st (55 =backscater, TVG - T vored Go

Only the 38 Kbz datasets had 0 be processed for tis research projct s the
he

‘acoustc data were processed using thrd party software n order 10 extract surface
backscatlr (BS) data from the ocho envelope. The acoustcs processing sofvare
Echoview (Myiax Inc) and Staisical Anaysis Software (SAS, by SAS Insttue Inc)

were used for this procass. The process was doveloped by Chis Lang, a marne



b s et Coston St S Caasn “

which
is a esull o changing th systom o a DTG000 to 3 DT-X. This difrance s small
(027,0x 0.7 fo the 120 iz wide boam) and adatafom bt years were compensated
and standardized o the nearnad peak backscatter response sgnal using spocifc
Incidance angies. As a resull, e smal beam with diference betwoan the years s

miinized. Hance,

addon, e

wdy . For s,
cast was done n cach study area sing a calbated Seabid-19. The input and
processing of the nfomaton n Table 4 holpad o provdo compensaled ochograms of

Tabe ¢ ot parametrs o rocessing g Echview

e | v | #7254 | e | oo | roramconont
[r—=] 5

e | o | e | SR | oo ceman




dymamics, acousic values ke infensity or pressure of a sound wave, are typically
quanied on a ogarnic scale and expressed in decibels (98) (Lurton, 2002). By

o prception (Phe, 1968)” The decibel i calcuiated s 10 imes e logarthm o the

1108) = 10 L0ge o Itrc)
Intensty of 8 sound wave is the average amaunt o energy tansmied per unt tme
Power

o unit ima and s measured i wats; horeloce, itensy s moasured in wats per

of s pressure Tho inensityn B can bo computed from the pressre:
108)= Frmea B

Pree)

Harco,

for quaniios of acoustc prossure (Luron, 2002) In this research backscaterng

Couffcnts ae sed, which ar raosof lenis and ence 10 Log s used. A docbel
Valvo s a ralo and thereore a rlatve value wih 1o unts, i aiher words @
dimensioioss rumber. Thorsor, a rferonco ol s naedod 10 e absokte
inonsty o prssues ool i docibols and s usualy tho micoPascal (1Pa) (Luon,
2002,

applcatons, it normat providos data in two compensation (TVG ~ tme-varied gain)




domains: 20LogR. used for reporing voume backscattering stength (Sv), and

tho seabed (Echoview, 2010). Backscattr stiongh wil be a funcion of th targets
itance from the ansducer and TVG compensates for this propagaton loss. Volume.

and save raw

(SA. or 30 Log R) within Echoview by addng 10 Log R 10 each measusement (Chis
Lang. DFO Scientst, Personal Commurication). This is the most logial form of data

srength domainsar optmal.

Befors the data wers comiariod fo he 0LogR domein (sufece area
backscate), the ocean batiom (ie. seabed) was selectd from each ping. For s
process, Echoview provides a botim-icking aigrt, caed maximum backscater
it backsep

ot (which is usualy caused by Htihon
strs from this sample and searches up the ping 10 find the frst sample wih &

backscate vaiue loss than a specifed discriminaton fevel (.30 B was. used for this

sy ityour 1.0y
ach ping eatve 1o the detecied bottom. Data wre then converted (0 he 30 Log R
domain and bined it fve-ping neral or ach anguiar rogion. Averaing ove e
ping intorvals. reduces pingo-ping variabiiy caused by slochastc nise (.e. s
increases . sgrablo-ncse rato, SNR) and aso minimizos measurement eor
‘associsted with seabed sope, st moton, and diferenil GPS positoning (+-3m).

over fve pings. The latiude and longiude coordnates for each 5.ping sample was




he fve pings. suggest tis

it 1 proidos betr dacrminaton botwoen acousic targes. The datases were
exporterom Echovieforuse in e SAS sctre.

The SAS processing frther compensatd the dat fo beam patom ofects
consdarng varyg ranges and incdence angles. Two equaons were nplemerted n
SAS inordr o compensat tho backscatr vaos for changes i foopnt size and
ncdence ange of exch angur ragon a8 resut of deph varatons. Thi
componsaton is requrd bocause th fnal cfput measuros backscatr per il area
and i 1 mportand tht each angulr regon s representtve of he same un are.
Theso processing steps aso compansaled fo changos wih fospect 10 whare sach

angulr e

arater he ogion skong "o
wesker the scoustic onergy ot bocomes. Therlore, changing depth not only
nluances backscatr valvs for socic angr rgkons trough changing oot
sz, b s by chnging the focaton alon the bea pate whero each rgion i
moasured

saabo
e, and the ve-ing averaging in Echoview raduces these nciso offcts. However,

o slope). Thoso assumptions wil ba sources of oise In the backscattr

sen states is 0 smal ouder offet (John Anderson, DFO Scentt, Personal
Communicaton). The frst equaton calculated the incidence angle for each of the

L ny o
angular rogion wil vary based on changes n depth (boger anges at smalle dopihs).
Tharfor, the aquaton cakckated a midd incdence ange for each angular fogion of



1o fv ping inarva g a regon spociic and ansducerspecfc equaton. Ths
equaton has buitin assumpicns that Echoview dectad to seabed whia he puise
angth of the scousic scha v o far ino the saabed. More specical, o pise
engih of the acoustcsysems used in the suveys vas 0.4 ms;therelore, an ocoust
beam i o fully ensoniing the seabed untl 0.4 ms from e inal contact. The
quations used hee to cacuite incdence ange assume tht ihe acoustc echo has
detoctod "ot when hal the pule lengh (0.2 1) s nsondyng e seabed. The
generc o of e ncidence ani i
ArgolH) =y, + by H + by

whoro 1 ho b vales

wanscucar.spacific cosficints, and the subscr, I epresents each Echoview regon.

For example, gon7 120k
datasatis:
Angle(H) = 105724 - 005006 + 0000261 H*

and i, over a whole suvey lie, H vared flom 43:3m 10 50.6m, then the incidence

angl (of anguar rogion 7 backscatier) ol var rom 8.89 0 .71 degroes.

e incidonce angl infomatin is then used n a second eqation which
compensated, or ramaized. the suface arca (30 Log R) backscatr valus for
changes as a resut of the olowing factors: 1) varying fooprin sizes e 1o doph

changes, 2) incidence angl diferances due to dapth changes, 3) and beam patir

varitors. va
nomaized (er unt area) along the whoe survey fine, which alows them o be
compared. Tha equstion compansatad o changng foorin S2es by usig tho doph
vaues. The incidence angl i also compensated for, as changng deph deermines

ncidence angles, which sso nfluences backscatr vaue's area compansation. Final,



his oguation also consdered where, along the beam patem, a specic region s
moasured. Thi is important becauso tho fusther from the acousic axis a fegion is
moasured, e weaker the signal gels. The following oquation was. s for
compensation of cach regon's changing oot sze, ncdence angle, and beam
patern

BS(0U30,H) = 0w, ay a0 H +auH

the cooficiens, and H i th transducar's heght above tha seabed. The rosull of this

e

near-nadir component of backscater can be defied by examiing grph of averoge
backscater intensy for all 4 angulr regons for each survey fne. A typica groph
appears a5 a serios of humps’ representog he nature of the acho ratums (Figure 15
and Figure 16) Th frst hump s the inifia dominant peak retum o acoustc energy

fom the seabad 1o the systam, and is ropresentaiive o the nearnadir acousic

backecatir

Values, and angular regions representin this dominant posk response near-adr wero

anged from 3° 1o 6° for the 38 Kbz fraquency and from 4°to 7 for the 120 Kbz
Hoquercy. The diference in ncdance. angles or ihe nearnad componant botwoen

and these angles wero chosen 1o standardiza the near-adt

Thersore,

The dference in
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e angular rogons ofthe near.nadiccompanent s @ result of he slght difrences in
how the 38 kHz and 120 Kz systems were buit and thelr diferont parametors. (s00
Tablo 4). Thesa dained angular reions were used 10 produce four niew datases (two

ach point (Le. ping inlerva) which are averaged backscater values for the speciic

ear-nasi angula rogons.




Figure 16: Une raph dislying an eramoe of average backscatier tengh
130 i Fcencyas 8 fnchon of e ang Geyres) Near. e rospors s dened
rom 44107 - i f 2 G e 10 oy ow ol vakes.

120 Wz data

oxperonces. Thereloe,
adjusiment (8B was the highost valuo abovo 0 dB In the datasets) downviards (e

i of the 120 Kz backscatr data had o ndergo an 8.8

aubiracion) o ansure ha o el o oscaod bolow 0 dB. I addion, the 2003
backscaer datasots o oscaod o compansat o he rw-confuraton of the
Bioonca DI hyoacoustic systom fom a OT000 o @ DT-X. Whie he ranscucers
romained he same, 1 elctorics assodsled Wih ho dgal component were
ocho
scunder, Thaolore, acusmrts woro ncossary o sandardze the acoustc data
120k

od 37 68




he ochograms and caused by eroneous pngs. These poits were fitered out and

the data pints in the prefrrod study area and 2% (111/6398) of the data i the non-

An addtonl 0 Wit the daa was dscoveod folowing he aoremertioned
20wtz
Theretore,
asch survoy i shou hav the exac same rumber o o for each frequency

However, o

w0 roquoncles. T s faut of the acoustcsystem and in oder 0 compare 1ha wo.

froquencs,
Ay points not matching tho assumplons wer romoved. For exangie, f @ suvey
taiod Wi 0 ot rom 1 38 Kz rcuency, then s po was ramoved. To s

;“ poits (2 304z

poin and a 120 KHz pont) wore than averagd fo make them ovariap. Noto tht the
poins in thosa datasas did no axacty oveiap batweon frequencies, as thae was a

o geograpic attude and ongiucde coordinate
1984 WS 84).

tho Wodd Goadotic Systom of
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nside the fooipns o the two criginal samples 5o that the new locaton was st
Thoso datasets,

3tz and are rofomed 0 35

Gefin the e nad backscatr component, whch acs s th boam angl, and the
wter doth a a speckc sampied sta. Th fotpint s he amount of area that the
. th foornt
of ano dat poit ackaly takes  recangular shape wih curved onds. Threlore, he

langih) 1o 126m x 18.m, and the 120 Kz ranged fom 8.8m x 16 1 14.7m x 20.9m.

doin the near-nad component. The average disanco botwoen each &g sample

ach up o 50%.
Tho spood of sound was caculaled during the survey using moasures of
mperaur, salnity, and prossuro. Tho average spaed of sound batwoon both years

1468 s Th

15385 cm and or the 120z roquency the wavelongih s 122 cm. Ths s clulted
basod o th folowing formula

Aeet
cisthe spood o sound,an s he foquency (42).



ey At et o o Scon S, ot -

34 Univariate Acoustic Backscatter Analysis

Staistical resuts throughout his manuscript are based on decibes, which are

ogaifmic vaes (. the expanent)of backscattr inensises and, threfoe, formally
at satsty

@stiution. Honce, mean values reresont the geomtic moan, not the arhmetc

orginal backscater nonsity data.

areas (0. The

data consisted of the eight survey ines of data colectd i 2002 (1a, 16,2, 3.4, 5, 6a,
The onginal
backscator datasets (Lo, datasets that d ot have each set of duskrequency

obsonvations spataly matchod) wors usod for a1 uranat ansyss

Doscrpive satsics (L. moan, vadance, standard doviaon, skewness, and
uriosi) povkdod a cuaniative assossmont of backscatr dat. The cooficiet of
Varaton s rlave measur of siatstca varaion (MeGrow and Moos, 2000) and

Was a usaful measur i this conlext a5 o compltey dferent sty aroas and two.

backscattr intonsiy wouid dfr based on hese parameters. The signficanca tost for

s=V6IN)

2e-0)/S,
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Lo tpical I

 urimoda disrbuion can b used a5 aproxy orcusterng.

valos worshamogenecus

Ooscrpive staisis of backscator vkes fom ach foquency were 9o
summazad by conbining dominant sand subsal seabods (. Sand, SW, SG, and
58) n dominant v subaste seabods (1. GRS, GRL, GR G GH). Independent
samples Tiosts e used 1o delermine whathr moan backscate values wero

aroas. Doscrtiv staisics wors a0 calustd fo each ISU rom he irproted
il gacogy mapa. Oy four o th suvey ies (ins 2.3, 4, ) fom eoch sy
aroa actual overp tho intrpeeld surfcil geclogy maps. Thraor, heses sy
e wer h ey cne usd o anayis of spcic seabod ypes

The ANOVA

voe-ormore sample dfeanco F test vouid bo the appropriate ost 10 be used hore,
owaver, the Lavane statisic, which toss tho assumplon of equal variances botwoen

nerlor the assumptons of ANOVA wers bioken. A non parametic Kruska-Walls H
Lot was hence doomod aprcprit. The KuskaWalls H 1ot hro of more sample
moans for signfcant dfarencos wihou the asumptons hat tho variacos of each
sampl re ocual (McGrow and Monvoo, 2000,



every other 1SU.
paramatric siatisical tests used for determiring whether one 1SU was signicanty

roquency. The Wicoxon rank sum W an the M Whiney U et uses the sum of
anked positons fom a paricar variti fFom o dfrat st of sampied daa o
moasurs the magniuce of their ferences (cGrew and Maroe, 2000). More
spectcay, hen tho sumot
e ranked vaues for sach indapandant sampies (. goological cass)are fsted for

The test stz (Z.) ank sum W

W

Zo= W )8,

The Wicoxon rank sum W and Mann-Wrinoy U tess are very siia, and the test

ovel (McGrow and Monros, 2000). The rul hypothesis states that the disibution of
Thsisa

umpion made about the drecton of the

wo-alled hypothess, as there Is o
raltionship baween any i of o geologica classos.

35 Univariate Acoustic Backscatter Classification

Clasifcatin, it was frst assessad how well cassiied backscator values from  singe
aguency could represant seabed substrae tyes on he Scotan Shol. The balanced
datasats of backscatter vaies (spatialy matched 38 kHz and 120 KHz samples) from



ach froquency were classifed using a quantlo breaks ciassifcaion method. This
method croates cassos that have an equal number of obsonvatons. This s @ way fo
normaiza the data and compare backscatir betwean froquencies on a felaive scae.

Results wera overad on th inerprete suficl gelogy maps using GIS scfwaro for

a5 cach U

36 Frequency Differences
The resusofthe quane cassficaton of backscator values o each faquency
wore iforenced 1o assess rlaivo froquency iferences based on cassifed

backscator valugs. The folowing equaion was used:

by
s seabed tpos (combined ISUs with dominant sand substate) and ravel seabed

pes (combined ISUs with dominant grave substate), and by cach I5U. The

iferencing rasuls were siso overiid onlo the ntrprtad suficl gedlogy map. I

adtion, of the quantle ciassficaton dfferencing were classifid as o

iforonce, Higher quantlscassfo the 38 Kz feduency, o igher Quanse classfor the

120 K642 foquency. A measure o spatis cotiniy ie. disance or spatal scae) of
these raatve froquency diferences was calulted by measuing the rumber of
occurances of aacent s wih the same vl (0. 10 feance i quantie
lassas, ighe quantle cass for 38 ki, and iher quantie class for 120 kHz), The
dominant scale 1 which contiuous. points occurred for hese free vaues was

analyzed.




was a0 done using continuous (Le. unciassifled) backscatt values. Backscater

avrage, in ordor 1o reduce variably batwoen aciacet obsenvatons. The smoothed 9-

tho general trnds and the spatial scals ai which thesa trends occurted along each

survey ine.

spocific number of sampies. To anayze froquency dvergences at dfferent spatsl
scalo, four iferont sized moving windows were used and moved along all the
bservtions i order to compare smocihed backscater values ffom bl frequencis.

(5,15, 25, and 35, Witin oach window, the siope ofthe inear regresson ine for ach

(1o positve v
nogativ, or vice versa) th centar pont of hat window was 1agged as having a

roquency divergence. The poins wih divergences were satsically summaized and

ot on the surfca geology map 1o Nghigh laces where 38 Kz and 120 Kz
dhorgod

Finaly, a matchadpars (dapondentsample) dffaronco o5t was. used 1o
dotomine whathar coniuous. backscater vaues fom b foquencios were
ignfcanty ot fo anch ISU. For s et thao wore o sampld datasots (0.
banced bockacator datasets rom each frequoncy) compard 10 each othr or one
roup (-, 1SU). A  rosut, the most appropriate stattica anales for s comparson
was the non parametic Wi Matched o Sgnadranks Tos (MeGrow and




valuss fo cartin ISUs wara not noma. This est iferonces the vaues of sach

egative. The posiive diference fanked values are summed and the nogative rarked

hisie

s used (McGrow and Monvos, 2000). The backscater values fom boih frequencies
were normaize 1o 3 (0,1] scae fo 14 tes. This was achieved using the olowng.

oquaton:

vaies))

moans and standard deviaons, b squa anges.

37 Multivariate Acoustic Backscatter Analysis

Mulivarite stasics goes a step further by reveaing information about the

statsical relationship bewean the o froquencies. Obsening and measuing e

o know how backsester from the seabed varies s a funclon of faquency. The

e
o fequencis, the Poarson's comlation cosficent (0. Poarso's ) was calculated

using the blanced backscater datasets. This stalsic provdes a measure of the




in 2 manne notnflusnced by measurement unis (Jensen, 205).

2000
points by agpiying a e of bast L, which mininizes the sum of squared distances
between data points and the Ine. Thershors, the overal rend and form of the.
elationship betwsen two varisties are quantiatively summarzed. Scator plots and

areas, and by each ISU. )

varinon o the totl variaton (cGrew and Monroe, 2000,

Residual values from the least square regressions were lso calced and
anaiyzed. Residual value represent the amount of varaton n the dependent variabe
nat cannot e explanad by th independont variatie (McGrow and Morvo, 2000)

Honce.

and

The standard

of each inear rer
he strangh ofthe relatnship between two variabes and i the fatlo o the exlaned

areas, and sach

quantls cassifcaton scheme in arde o simpfy he wide range of vales. The spatal




dopih, sope
indepandent variaties on 8 scater i, wih th rosdual vakues a5 the dependent
varabo.

he addtonal morphoiogy variables coud improve upon the explaned varance (is.
cooffisentof vraton) f the dependert varabe.
38 Multivariate Classification

Boih unsupenvised and  supervised classfcaton lechriques were used.
Unsupervised techniques cassiy daa ino groups WA 1o pror knowledge of group

dota with known oup membrshi and use s fomaton t i the Sorthm o
cassiy the data. Supervised dlassiication slgorihms can aso use. custering
echmiques.

1t would b a chalenge to Cassiy al o the ISUs wh  high accuracy i oar
nadi backscatr was the oy inpu inlo the clasifcaion. Therelore, addiional

improve cassfcatin accuracy. SBES bahymetry was used o caculte depih and
sopo vaues long tack. A MBES dataset (8 m piel 8ze) for each siucy area ware

processed in ESRI's ArcGIS softare to prodice 8 curvature layer. Cunvature is the

The ouput
Tesm




G, GRS, GRU)

Larger

mogeitude vakes indats lager soes and posiive values ndcala the surface
convex i nogative values indica tha suface is concave (ESKI, 2008). These
morpogy varabies shud provida detecion of he shape, oughness, and s o
o 1SUs i both sty areas. Mch of th roughness and fexure of th seabed (L6
fpples) re 3 rest of stom anegy reaching o seabed, and thorefre doth

wol a3 boukdes. Anoiher commarly used morphology varable used in ASC, namely
ugosty, was e ou here as it was highy corsated wih siope. Tis wold therefore

mutvarite classiicaton were 38 kHz and 120 Kz backscate, depth slope, and
cunvture
381 Unsupervised k-means Clustering.

Kmeans custrng i @ common and efecive mebod for cassiying seabed

Legendra ot o, 2002

Unsuperised clustaring igorihms roup a large number of cbservatons. or samples.

The user

the groups or classes

i par
data from both fraquencies and the mesphology layers (6. depth slopo, and cuaure)

were combined i & kmeans custerng aigorhm oferod by SPSS in order to cssiy



are compared n mulivariate space. I the varisbles are measured on dferet scals.
(5. degraes sipe, depth in meters, and backscater in decibels) then they showd bo.
standarszed (SPSS, 2007). Threlor, he Inpul variabies were nomalized 0 a scale

fomoto .

bogins, however the optmal rurmbor of ustrs i not known n tiscase. The Calinski-
Harabasz pseudo F-sialsic (C-H) can bo used o help idanty the optmal numbar of

usingth fllowing equation (Logendro, 2001):
CH = R~ DV - RV =K
where,
= (55T - ssEysST
ST = totalsum of sqared ditances

wmber of groups
The numbar of groups that have the ighest C-H crerion comesponds [0 the mast
compact et of roups, o cptimal number of groups (ogendr, 2001).

sess

s wal as tha marimum number of oratons the algorthm wil rn, in s case 30
Easad on G-+ staistic, e optiml number f Custrs, o casses, n the dta was (e
in the prfere sty area and o in the non-refrrd sty area. However, as the
ol was 1o 560 how well i ariablos (backscate, depth, sope, cunaturs) could
classiy the ISUs of the interproted sufcis gaclogy map, the number of ISUs n aach

Sty area was chosen as the rumber ofclusters forkimeans analyss, By soting the

,



[ . -

uambor o custers basod on the rumber of 1SUs, instad of sascally sigatcant
Clusers, kemeans was used as an expiratory staisical lechiue 3 opposed 0 an
inferontal stastcal tochqse

T Sand 1SU in the prefred sudy area oy hd fou samplos, which is an
insrican prcantagaof e dta and  seerod t cause many miclasscaons n

hod only two o s obsonatons which agan i 100 small a rumber 10 atept 1o
oy, Therlre,

10 oo uster, reeesentng th tvee 5Us (GRI, Sand, and SH) wh a sigaicant
umbor of sampls. Th same scanak occursfor th datast wih dopho52m, whoro

o RS, GRL GL. GH, $8)
datasets Lo. dopth52m and depth<52m).

382 Supervised Discriminant Function Analysis.

heso varoios were ptimal in prcicing goup mambershp. Th s o supervised
assicaon tachnue because tho cassfcaion aigorihm is vained and dovoloped
based on o i knowiodge of tycal valus of each group (. intrpretd sediment
unts). Discriminant anlysi answers o basi roserch Questns: 1) what e the
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dmensions along which groups (Le. SUS) for and 2) what are the classificaton

2001). There were

38tz backscatier and the marphology variabls, anciher used only 120 kHz

bimodal depth dsrbution.
The satisical sofware package, SPSS, was used 1o perom dcriminant

soparate the groups o cases. Each functon conveys informaton on the amount of
infuence aach input varabl had on the separation ofthe roups. Threfore, the user s
e

possile. It then chooses 3 second funclon, othogonal fo the st which i both

(SPSS. 2007). The frst discrrinant funcion provides the best roup separaton, and

linoar combinatons (dscrinant funclon) o a se of independent varables that best
ypicaly. only the frst ane or two discininant unclons rolsly discriminate among

oroups (Tabachrick and Fidel, 2001)

the seres of weighted prodiciors (io. variabes). The weightng s achieved by

functon. The cosficients indicate how heavi each variabl is weghied in order 10
masimizo dscininaton of roups (Leech ot a. 2005). Each obsenvaton receives 3
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Separate @scriminant functon vaue fr each discriminant funclon when the vales. of
2001). To sove or

i us Tabachickand Fidd, 2001

Ddz . cda
4= vale ofhe dscriminantuncn cooficent
mber o varabios

2 scoe o each varable
The dscrininant funcion coeficents ar found by madnizing iferences between
Grous. rlte 1o ifoences Wit roups (sse Tabachnck and Fidl, 2001, for
deted axpanaton of the caiculaton ofcoffcient). The analyi uses rdinay loas

squares (P, 2009).

Discriminant funcion analysis aows for clasifcation of cases o grous by
doveloing a dlassiicaton equation for each group. To e a sense of how el the
asfcaton procadr poros, the classfcaon funcions are drhed fom sampes
from wich group membersip s known. Then, the Gassfcation funcion is used 1o

classiy casos for which group memberhip is nol kown. This vay, actual growp

2001

The data for each case goss Iio each groups classifcaion equation, which then

p for he case.

tho group that had the highest classifcaion scor, and the equaton s as folows.

(Tabacvick and Fidel, 2001):
Gt X2 s oG ‘

= 2 score on he classfcaton funcon o group |



Essentia 10 the cassficatin procedure & the classiicaton coaficients. These are

mat (Tabachvick and Fidel, 2001).



Oty Mot S Ctcton o e St S, Croe -

4. Results

This chapter peserts the resus fom the analyses. Rosuls of the siasical
analyses of backscater from sach. frequency  independenty (Lo, univarate) e
Tighlghted in secton 4.1. Ths is folowed by the resuls of he classifcaion of each

Haquency diferences at sevesl spatial scales based on coninuous and cassied
backscater values. Secton 44 outines resuls o the mulivariate anayis of dol-
froquency seabed backscater. Secion 45 covers the esuls of the muivarise
cassfcations. Fialy, secion 46 provides 8 comprehensive summary of he main

resuls
441 Univariate Acoustic Backscatter Analysis

The resuts presentad in this socton answers fesearch queston 1, concering
the univariste (L0, singe frequency) staistical characaisics of near-nadi acoustc
backscatr from each roquency. The nput dta forthe unvarite backscater anaysis

3 Kz and 120 itz samp —

Vales are based on the logarthm of backscatier values and siatsial resls fomaly
have o uns. Only survey fnes 2. 3, 4, and 5 cancdod wih the I5Us from the
ntrprta suficil geoogy map (see Figur 13, and wers herfor the oly suvey
ines that coud bo relted 10 seabed classes. Table 5 dsplays the rumber of

“The dfrent ‘




Esensamgio
eprosets e acouse pogs.
[ — e

Figure 17 and Figure 18 diplay histograms of backscator values and rovea

disibuton because the skeuness values were insde the 2 values (basod on the

6). Accorsing to Tabachnick and Fidel (2001),“Conventonal but consenvative (0.01)
alpha levels are used to evalust the signfcance . Tho skownass vale for the 120
Koz roquoncy was greata than the 38 KNz i the non-preferred sty area, and hese.

Values were igher than sithr rquency i ho pefrred stucy area.



Frequency

Frequency

38 kHz

2626242220 1816141210 8 6 4 2 0
Backscatter Intensity (dB)
120 kHz

2826242220 1816141210 8 6 4 2 0
Backscatter Intensity (dB)




38 kHz

Frequency

2826 242220 18-16-14 1210 8 6 4 2 0
Backscatter Intensity (dB)
120 kHz

400

Frequency

o1
26262422 201816141210 8 6 4 2 0
Backscatter Intensity (dB)

Figure 19:Haograrms of e e backscatr vl ot prferod sty area



O st et st e Scon S, it

Tabe : Scewnoss sgcance st resus (5 = standard oo of shewess, 2 = 2 ditron
scom).
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The 120 ki froquency had Nigher mean near-nads backscater values (-1242 and -

(1075 fortho

o A
compare the mean backscater values betwoan siudy s from the same frequency

and 0 = 0.000 for the 120 k) based on @ 95% conidance intrval. The Lovenw's tes
for equalty of variances indicated that tho variances of the 120 KH froquency were

Kz foquency.
Basod on Tabla 7, the

198 of values waro groater i tho o proforrd sudy

ais0 greater for the 120 kz backscator values. Tho 120 Kz foquency n the non-
prefrro sucy area had a g kurtoss value (6.28), thereore ndicating luterng,




(10, Sand. SM, SG, and SB) and gravel seabeds (Le. GRS, GRL, GRI, GL, GH) and

prosentod in Tablo 8. Indopendort samplos T-est osult reveaied that mean
backscato valuos wero sigdficant Hgher for gravel seabeds than sand seabeds for

area, based on a 95% confidence nteval. I the prferrd study area, T-tst rsulls

0921), An unoqual varince T-tost was used for these analyses, as the variance were

Gravel
soabods

Jso had higher range and varanco values than sand seabeds for each
oguency inbot sty areas.
The dfferonces between mean 120 Kz and 38 kHz nearnad backscator

oravel seabeds (3.1 e
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e 1,89 than for-
069). Variance vales were much higher for ravel seabods. Coaffcent o variaton

and wore igor for the
campared 1o he 38 Kz froquency. The skomness vales were higher fo gravel

. o
<and sesbads in the non-profaed sty are, and st h opposte cezured in the

proforrod sty area. In sum, these resulls conveyed that grave seabeds provided
sinifcanty higher backscater valves and creatr frequency dffeences.in mean

descrptive statstcs of nearnads

backscator values han ravel seabods. general held tre, however here were
oxcaptons. n he nonprefrrd sty aea, the ranking of mean backscater vales of
‘each 15U fom lowest fo ighest for the 120 kHz froquency was as folows: GRI, GRS,



Sand, 58, SM, GH, GRL, and GL. The sam ranking fo the 38 kHz was GRS, Sand,
(GRI. SB, GH, SW. GRL and GL. Two ISUs withdominant ravel substrate, ramely GRI

and G, e equency. 15U
with the ihest varsnce rom the 120 Wiz froquency were SB, GH and GRS,
espactvay. The highest variance rom the 38 iz also belonged fo SB, folowed by
GRS and GH.

ach 1SU from lowest 0 hghest for the 120 Kz froquency was a5 folows: GRI, SW.
(GRS, SG, GRL, Sand, nd GL. The same ranking fo the 38 Kz was GRS, SM, GR
S, GRL, Sand, and GL Agan, GRI and GRS had soma ofhe lowes! mean backscatier

roquency. SG. M, and GRL

GRS, Sand..

o condude thera was o fraquency iference o dopendency as 3 fnction of SU

horefors the tw fequencies ae responding difeenty 1 the seabed.



Table 5 Doscrpive tatiticsof e acausc backscatr of aach 1S

50 TN [oge | i [ s | o | 55 v | v | S | i

Tl T T

Each SU had distinct mean near-nadi backscate valuos. For nstance, i a pair

ofiUs (o, then

e other aquency veud have i dstnct mean backscater vales (Table 10 and
Table 1), Fo exampie, in e non prfarac sty ara, o dfronc botween mean
Vales of GRI and GRS fo tha 120Kz fequency was only 0.1, Howver, the
ifoance betwsen th same two 1SUs for the 38 Kz requency was 2.1, This resut




ensures that disincion between 1SUs should be easiy achiovable based on dual-
roquency backscator vauos as at least one frequency is sxpecied [0 have large
ferences. Neverioles, carian pars of SUs had very It iference (< 1) between

mean roquencies. For exampl,

area, the diferonce betwoen the GRI and the sand ISU was 0.58 for the 120 Kz, and
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21 in the prefrred study area (Appencix B). Sgificant dfferences were based on a

Based on

e results wih no sigrifcant dfferences (13 out of 20) unexpectedy occurred when




42 Univariate Acoustic Backscatter Classification

“The romainder of te analysesin i tesis used the balanced datases. These

datasets have the goographic coortinates of each set of duarequency soundings.
for the sigh

of 38 0tz and

first s of anlyses using he bolanced datass was the classicaton of backscater
Vel fom each requency.

“The dlassifcaion of nearnadr backscater valus of each frequency was frst

Classiying

nequency (Figurs 19), For instance, some samples. can bo in o fght part of the

3 ol part.
dlasses betwsen sampies of the same scoustic frequency can indcats aiie
1105; thrsfore,
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lower backscato values wro ropresanied by ower numbered casses and higher
backscattr valuos waro opresentad by Highar numborod classos.  How singlo

‘question 2 and is answered with the resuts presented here. ‘

‘Quantle classfcaton of 38 Kz near-nadir backscator

I
!

oz ushwz s v
Bocacoer s (8]

‘Quantie classification of 120 kHz near-nadir backscatter ]

oy i ] |
LR 3

Figure fovis (dutned by
L o By e o110 ke h Qi e



Figura 20 dsplays the spatial disibuton of e 120 KHz froquency quaniie
o Appendix

ciasses (Le. Ngher backscator vaues) eated o grave seabed ypes, whareas ower

e

15Us based on visual examinaton of the spatal distibuton of quantie clssifcaton

esuts.
‘Quantile breaks classificatio of 120 kHz backscatter data
Proforred Study Area
-

et sy srea v 1 3 e sdment .



Tabl 14

and Tablo 15 wore smiar 1 e hose found i te descrptie taiics rosls o he
contnuous backscater vakes (se0 secton 44.1), and need ot be ropeaed hore
Howover, theso resuts indeatod ha ihe expecid rond of Niher backscate values
0w

requency than n the 38 Kbz frequency. For insance, gravel seabeds (al combined

oflow cuantie ciasses han Nghfo he 38 Kz frequency (Tabie 14). In 3ddon, sand
seabeds. dominant sand subsate) stody

(Table 15). However, ol certain SUs inflenced ihese patems observed o he 38
Ktz roquency. For instance, GRS and GRI in the prefered sty area caused he
roquent accuranc of low quarte casss. I 1 non-refomed study ara, SM had
mors occuances of high quantl asses influench the rosl o sand seabeds. The
amount o area coverage of the 1SUs must 80 bo considared, 23 SM in e non-

a bias inusnce when combining all sand seabads. This eads ona 1o beleve tha

perhaps combiing the 1SUs nto sand and gravel seabods based on the dominant

substato typo of 18U coul be, a tmes, misleading,
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43 Frequency Differences

To assess frequency diferencos, near-nad backscator values fom both

oquencies were diecty compared usig several melhods. First, the quanie classes

lnes within certain window sizes (. spatal scales). T, a staisical @feronce of
means test (Wikoxon matchedpais signed-ranks tes) was used to tes for sigifcant



fraquency ifersnces of each ISU based on continuous backscater values. These

esuits answor

The resuts of the quantie cassfcation of ach froquency were diferonced in

ordr basod on cassiod
For aach sanpl,th 38Kz quante class was subtaced fom 120 KHz quartie ass,
osuting in vl rangig fom - to +4. Cansaquenty, posiie vakes indicaled a
igher quantl ass (L. higher relative backacater fo the 120 iz backscatr, and

a The larger

between the quantie casses fiom the two frequencies. Zero means no dfference in
s of the classiied data of i o froquences.
The resuts of the diferancing in both sty areas wore romaly disbuiod

(Fiure 21, meaning smaler magritudes of diferenco batween he quantie classes

hat neither roquency was dominant n torms of havig more occurences o figher

quantl casses.



In the preferad sty aroa (Table 16), he percentage of samples showig 1o

the 38Kz foguency. whie 33.4% had a higher quantle class. for the 120KkHZ ‘

requency.

120 b4z ciss.

Tatle 16
sy res (Ciass Deronco = il clacs e voe).

I the prfored stucy area, thre were foughly even amounts o absenvatons

having e gravel
17 and Figur 22). In contras, the nonprofared sty area had 40.7% of the gravel
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g 22 Dttt o e et o g pe e s (20t -3 )
Simmaizad y vt 8 ravelseabads b sty 1

boh

sty aroas. 120

Kz ciass, b paint shows that th 120 kHz quantle lass was Higher than the 38

Kz class, and a black peint represents o quante class difeences. These figures

ncicated that 38 kHz quanile classos ware goneraly higher than 120 Kz quantle

classes over sand seabods. On the cihor hand, grave seabads generally had igher

Tave

preferrod study area.had more or less & nomal distibuton of values fom the




Pigher 120 Kbz quanti classes. Conversly. in the non-prfored study area, gravel
seabed tpos. had a nomal disibulon of vales.flom the ferencing of quantle
asses, whie the sand seabed fpes had more occurences of higher 38 kHz quantle
assos Tabl 17).

Oiferances i 38 Kz an 120 Wiz uantl classes
Proforred Study.

e 2 o of o ifrnces s i chstatens f e fncy o v
et sty a



Differences in 38 kb and 120 kbz quantile classes
Non-prefrred Study Area

Fauro 28 ve
et sy ren

Tatle 16 and Tatie 19 present th disbuion of quanile lass diferences fo
each ISU. Cortain SUS i no follow he expected paten of ravl seabeds having
ghor quantio casses from the 120 kHz and sand seabeds having auanil casses
from the 38 . P both sty areas, GRI had o nogaiv vlus than it
ones. ™

more values that were posive.



Table 18: Count of cbervations o SHerencing he quante asses rom each foquey
imarzed by o 1SUs . no elred sy 3163 (CO = uanie cass aferece, F +

T
=1
ot

s =
i
T
+

Aniher method used f assess the frences btuoen froquencies based
asifod backscater was to consder the spatal contnuly of adacent poins wih
simiar quantle class difernce values (ro dference,higher quantle cass or the 38
K, and higher quant class fo the 120 k). Resuls in Table 20 and Tabl 21
ovesied tht the st frquenty occuring rumber of adacant pins Wit th same
ek was ons, and the spatial scl of this anlates o he foorn siz0 of ono

observaton, which ranges from 14 m to 21 m in along-ack distanco depending on

in the number o 5



continuous abservatons: at s pon, there wero some Sight increases. There was 3

b a siht incraase in the number of obsenvatons of coninuous poiis wih the same.

rack disances ranging from 74m 1o 153m (12 m i the average spacing batween
bsarvations and the footpnt lengh along track rangesfrom 14 m 10 21 m depering
on dept).

contnty of adacent obsevaions wih o freguency diferences based on Gasified
backscatrvaues pproxmateyrange rom 242m - 249, 1221m - 129 m fo igher
38 Koz quantle casses, and 146m — 163m for gher 120 kHz uantle dasses.
Examining the masimum dtance of connly ovr sand seabeds, o ong-rack
diances range from 122m - 120 for o requency derences, 85m - 93m for

ioh 498 m - 105 m for higher

tHom-
147/, 741m - 811m for higher 38 Kz quanite casses, and 122m 129 m fo Hgher
120104z quante classs. n comparison, in he non preered sy aea (Tabe 21,
maimum coninuity for o recuency iferences was 146 m 153 m, 122~ 129 m for

and 182 - ohor

3 contiuity
for no ferences was 74m — 811m, 122m - 120 m forNighar 38 KHz quantie classes,

and 140 m — 117 m for igher 120 iz quanti classes. Forgravel seabeds i he nn-

1em-—

183m, 50~ o o

Kz quante classes
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prolorod sudy aroa Summarizsd by o dfference, Nigher quantle cass fo e 38 Wiz
Hoauency (» 3. and igherquan s ot 120 Kz requaey (+ 120).




Histogram of satial continuty of samples with no difference

‘between quaiie ciasse
Fool

H

£

Number of contnuous pants
Figue 25
oo At caeses 1 1o prtard sy e

Lo graphs (Figure 26 and Figuro 27) ilusiate

amples of near-nadt

both sudy areas (see Appencix E for emaining suvey ine graphs). The data wero
smooihed using & runing average of rine observatons. The spatal scale of ine
observations roughy rangos from 110 m ~ 116 m along rack, s th average spacing

botwoen poits Is 12 m and the footpritlengh along rack ranges fom 14 m 10 21 m

Aveaging over smalscalo
Varablty e noiso whi a th samo tmo mantained the major rends. Valus Ioss

han i it no provide nough reducion nsmalscae varibity.
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‘Spatl variaions were observed at soveral spatal scales. By examining the

observed with the descripive staisics (see secton 4.1). It was also apparent by

folowsd the same genera pattem.

Values couid generaly be rested to sand (owsr backscater responsa) and gravel

@ for

the 120 Kz and 14 4B forthe 38 Kz in the non el sudy area, and -10 0B for
he 120 Kz and 14 0B forthe 38 Kz in the profarrod study area. These values were

based on

4.1, Basad on visual ineprtatons of th e raphs in Figuo 26 and Figuro 27, he
approsmato spata scales of igh (700 1200 m, 2700 - 3800 m, 4300 - 5000 m) and
low (0~ 700 m, 1200 2700 m, 3800 - 4300 m) backscatr in th rofrod area
anged from 500 m o 1000 m fo tho 120 Kz frequency. In comparson, he non-
et s isplaye ppracte spata scios ranging rom 1000-3000 m fo high
Therstore,

e spatis scales at which these casses occurod soamed 1 ary between the two

study areas. Tha boundaries betwoan high and low backscatier values wer less

in saction 4.1 of o domiar
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subsirate types of the ISUs (sand and gravel) were less obvious for the 38 kHz
requency, especialy i the prfered study area. Table 22 rflects this, as there are

was more variabisty botween High and low backscater areas. The maan and fange
itance values ffom s table aso furiher suppors tho fact that igh and low
backscattor aoas occu a scalesof hundreds fo housand o meters

Dackscatlor areas i bih Sy reas. Hg and o backscater vales wero defned by o

{okowing cuof vl 11 dB (120 04) o

noticeatle that there are areas along the suvey ne where near-nadi backscatter

Hence,
the backscater response of speciic sampld areas as a funcion of frequency

w0 roquencies.
o extend on examining the ocal scale varisbiy of these smoothed near

backscatlr data, areas o frequency dvergencs were objectiely Kertifed by directy

inar regressin lines from bt frequencies were docty compared wihin dferent
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moving windows as expsine in sacton 35, The spata scales skong track of each of
theso window sizes varied. Because ach smoothed data sample ropresonted along-

Hom- 12m,then

the spatsl scale of 3 S-sample window represented a dstance of 158 m — 164 m.
Futbermore,

404 m, 3nd 36 ranged fom 518 m — 524 m. This approach allwed fo the examinaton
of divergences at dferent scaes.

the amount of gravel and sand seabeds are feront i each study area. The

window sze. An indepondont samples T-est indcaled tha the perceniage of

vergen 3

4. Tho tond f 1o froquency diergences in the nr-prfared sty area fo ravel
soabods suggests that there was oss vraton n the backscator respono of gravel
sesbods 25 2 cton of fraquency. These dhergenco areas were mapped over he
inrpretod sl gslogy maps (Fgurs 26 and Appandi ).

Table 23; Porcartages o gorces s oo o s




ol dibuion o reqency dargences based oo
5'3ampie moving window I the non-prefered study area

et el Gocioay map 1 o rearsd sy aea

The Wicoron maiched-pais signac-arks tost indcated whatho here were

005 paaluo troshod. For the non-refered sty aea (Tabe 24), here were
signifcant fequency diferences for 1o folowing ISUs: GRS, GRI, GL. and SM. The

fotowing inthe
25): GRS, GRL, GRI, and SH. GL was alo very lse o tho 0.05 pvalva From hese.
rosuts, tis . GRI, G, and SM had

1o the sinifcance levs ane could concude that SM and GL were most signfandy
followsd by GRS
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44 Multivariate Acoustic Backscatter Analysis

One of the abjoctives of s study was (o un a cassicaton using backscatter

lassifcaton. The basic assumpton is thal the two frequencies contain dferent
nformation about smiar areas and hersfore may improve classificaton. when

combined. The mutiariate analysis proserted in s section answers research




question 4, wich inques b the statisial charactaistics of duabraguency noar-

nadi backscator. Paarson's corlaton coeficent (1e. Pearson's R) quanifies and

about the irction and

hat ther was a signficat (<0.01) posiive comlaton between 38 kHz and 120 kHz
backscato vaiues in bath study areas (R

56 i the prefarad study area and R =

052 n the non-preferrd study area). The corlation values o 0.56 and 0.52 suggest

s ot partiularystong
Figuo 28 and Figure 30 indcate o obvious usters that coud allow the

dolinaaton

rovesld information about he oveall nd and form of the relatonship. The fnear

ogression oquaton fo the non-prefered area s Y = - 7.5764 + 08569 ° X, and the

Y=- 77126 + 05087 * X,

beckscatir valu e
variable (120 kHz) conesponded 0 an increase in backscator vaes. from the
dopendont variade (38 kHz). The cosficient of detemination () values ndcatod hat

only 27 n

tho 35 kHz backscato values cod bo explained by the 120 Kz backscattr values
Thertor, ther s a arge unexplained variance in the backscator vales fom the o

roquencies. However, based on Flests that examined whether the regressons

varabity in the independant variatie, the sinifcance vaues of the two inear




ogrossions were Ies than 005, mearing tha te variaion explained by the models s

st sigifcant ($PSS, 2007)

St Pt of 0 10t Bckcatr Vb
Norpreferrd Sy Ares

e for o
et et 00013y a1 e reired Sy e




‘Scater ot of 38 K nd 120 ke Bckscatior Vaues
breamed Sudy Area

Figure 30
e et gooudy o e e sy srn

Scator plots (Fgue 31, Figur 32, and Appendix ) f nearnad acoust
backscater rom both the 38 Kz and 120 kHz fequencies wero summarize by sand
Seabads (L6, Sand, SW, SG. SB) and rave sesbeds (Lo, GRS, GRL, GRI, GL, GH)
Basad on he rerassian cuputs i SPSS, a Ties used 1o compare the ogression

waro staiscally diferont based on a 0.05 sigrficance level. In oher words, th two.
dominant sediment types procuced varying backscater a the rogression models that

war ft o th data had statisically difrent sopes.
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Scatir los were futher processed 1o dispay he coresponding ISUS from the
Intepreted sl oiogy classiicaion for oach data paint (Figuro 33 and Appendix

Figue 33
oy meortod s s e prloed sty 35

The residusis, o unexplained variances, of he dependont variable (38 KH
™




area are diplayed in Figure 34 and Fiure 35, These graphs iustate the nomal
@sirbuion of the backscater residual valves. Figure 36 and Fiure 37 displaysscater
plots o the 38 ki residuals and 120 kH backscater valuss rom both study areas
Baih scatr los csplay homoscedasiciy, meaning tht there ae roughly an oqual

umber of ponts on fhersdo f th regossion

rregression for 3 iz
referred

and 1
ues -Non-p Area

gx

Residuals ofthelin
Kiz backscatier vi

Frequency

T 34 okt o e ikt v e Fo o 38 iz 120z ot
e oo o
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Backsecattr Residual Values.

g 35 o of e bkt el oo o P 38 i 120 s
ressn moder 1 Do rtared sy

Scatie lot f 3 i Residuals and 120 BackscatorVaues
Prianed Study Ao

e prfod sty e
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ScattrPit of 38 e Residulsand 120 Kz Bachscatir Values.
Non praered Sty Arta

et

i o e sy s
Tabie 26 summarizes the descripive stalsics of resduals vaues for sand
seabeds, oavel seabeds, and ach 1SU. In the non-proferod area, the mean resial

e values for sand (0.41) and ravel (0.54) were e Hghor I tems ofthe 1SUs,

(GRS (2.12) GRL (-1.26), and GL (-1.08) had rathr lrge mean residua vaues i

o prefrtd study area. In the proford study aroa, GL (-1.64) and GRS (1.65) again
had high mean residual valves, along wih GRI (0.93). The lnoar regression model,
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using & quantle classfcaton schome; much ke Whal was done Wi the faw

offourand fve are synonymous f relatvely larger posiive rosidal values. A quantle



cass of throo indcatos very low resdual valoe, uhich can incude boih posiive and

nogalive values. Quanile classes are usofu for displaying the spatial distibuton of

Quantis breaks cassification of esiduals.
‘Non-prefered Study Area

Figure 38 Rosibsl values clasifd o e quanile cassos overa oo the nrpeted
il gology .



Quanie brats lassitcaon o esiduls
Preforrsd Study Are

o 30: Resicus valuos classfed no fve Qi classes ovsad orio e erpreed
i oy .

These spatal pattems were quanifie by examiing th number of cbsenations

and Tablo 25). Larga residal values, boh positve and negatve, occured more often
than small anes over ravel seabeds i the non-preferrd study area. The prforred

study aroa had more posive residual vaues than nogative ones over gravel seabeds

o bothstudy

aroas, 6L

Sand had more posiiv residual vaues. GRI had more posive residual values n the
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layers (independent variatie) o detenino the relationship between the backscator

fosiduals and tho shape and siucire of e soabod. The scate ot for the

(dopt, soe,
displayed in Figure 40 and Figure 41. Howevor, the cosficient of detorminaton (r)

Values wer rathe small fo tho linaar regression model of the 38 kHz residuals and

hese morphology vrisbles in both the non-referod study area (depih (0.0004),slope

(0.0001), cunvaure (0.000003)) and the preforred sty area (dopih (0.0030). sope
(0.0002), curvature (0.0027). Theso valuos suggest that these variables do It 1o

improve pon explained variance of the residuas.
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45 Multivariate Classification

Boih supenvsed (dscriminant funcion) and nsupenvsed (kmeans) methods
were used for assiying acoustc data. Both methods used duakrequency near-nad
backscatter and morphoogy vaiales s inputs (see secton 38 for an expianation
behind the slection of morphology variables). Supenvised clasificaton atlempts 1o
Clasiy the actual seabad types o 1SUs, whereas unsupervised clusterng providos a

pes. The folowing resuts addresses research queston § concoming the reaton
between seabed subsiate fypes and muliariate cassiicaion resuts, and research

upon singefaquency dassiicaton of seabed substate ypes.

451 Supervised Discriminant Function Analysis.

assumptions ofthe analysis. One of the assumplons is the nomal ditibuton of the

(is. variabe).

lasts (SPSS. 2007) Howover, the Shapiro-Wik st Is rocommended for small fo
medium size sampls loss than 2000 absorvatons (Garson, 2008) herefore the.
Koimogorow-Smimov test was s, Wih largo sample sizes, urimportan doviatns

o sama as used o the descripive siatisicsn secion 4.1



O st St st oSt S Cootn s

ho varabies 38 iz backscatier (o = 0.010), dopt (0 = 0.000), loe (
1000) and the 120 kHz backscater (x

001, and

cunvature were not nommal stibutd (c
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Figure 3: Witograms of dacrmiant funclon analys nut varbies o o profred sy



roup and homagensty of varisnce-covarance matices can be bih fested using a

ocual,

assumed (Lesch ot al, 2005). Absance of mutcolnearty assumes there are 1o Hgh
intecorslaions. among varabes. The corclation matix (Tatle 30) reveals the
comelation values among the vaiaies Tabachnick and Fidol (2001) suggest that any.
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Al of the variabes were enered nf the anslysis simulansousy. Thos tables

provided in he ouiput assess the conibuion o each variable o the model tests of

2.
33). The test of quay of group means tale (Table 31) specifies each variable’s

arestr than 0.10 ndicating poor contibuton f the model (SPSS, 2007). The Wiks'
Lamda values are anofher indcaton o a variate's polentl conribution ith smaer

and th siopa do not conrbu well 1 the model n bot study areas.

Tabe .
e
e I
T 1 o
- ——— =
- = e
oo - o
o ——
T
o
T T
S -
o
e |

comparison of variabes measured on diferont scales. Larger absolut vales.

corraspond to vaibies wih geater disrinatig pover (SPSS, 2007). Fo instance



following paragraph concaming Wiks' Lamida and Table 34). the same appied 1 the
o prefrrd sty area.

Tabia 33 diplays infomation about the coneation betwoon each pradicor
varablo and the discrminant scores producod by the funclons. Higher values are an

For axampe, I th prafrred sty area, 120 Kz B8 (0850) and Dopth (0.712) were
38 Koz 8 (0499), 12004z

85 (:0.396) ware corelted with second fncton. Sopo (0.984) was Nighly comrlated
Wit thethird functon, and 0 on.
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The disciminant ansiysis procedurs in SPSS aiso provded two ables that

namaly Wik
and oigonaluss taies (Tabl 3) (SPSS, 2007). Wik’ Lomisa measuros. how wol
each fncton separaed cases ino groups and s oqual 0 the proporian of the total
variance n the discininan score ot explined by Giferances amang the groups.
‘Smaler values of Wiks'lambia indiato greate discriminaory abily of the funcion
(SPSS, 2007, such s th fst functon naach sy area. The Chi-square tasic i
Table 34 tst th hypothesis hat e means of he uncions sied ro squal aross
Groups (. 15Us) (SPSS, 2007, Smal sigfcanca values for th fst o fnctons i
15us:

the remaining functions do not do bete than chance at discrininatng betwoon ISUs.
For instance, in the prfamad study are, the fst funcion explained 75.4% of the
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Table 35: Egewates and expined vaance f he discrminant Rnctos for h profeed
sty

&l

Mean discririnant scores were lso calclated for each ISU.based on

fncions (Table 36). In area, th frst




(GRS and SM tha had simiar values. The second funcon did  patculay poor job

S and 36,
area with depth <S2m, the frst uncion cisplayed it diference betwoen mean
dscriminant scores of Sand and GRL. The second fucton showed e dference
betwean Sand, GRI, and SM. n the non refred study are with depth >52m. the frst
an

(GRL and GH. Scatir plfs of the scores of each bservaton fo the it two funcions,
for

he distrbton of dscriminant fnclon scoros in mutivaria space (Fgure 46, Figure
47, and Figure 9),

Table 36: Mesn dcrminant score o each frclon

e

3
i




Function2

Function 1

Figur 45 Scatr o of the scresfr 1 s o dscriminat uctons Wi cortespondng
150 forh e sy area



D gy st s s oSt S, ot

‘Scatter plot of the scores from the first two
discriminant functions for each

unstandardized
isU

Function2
9

Function 1

Figure 47: Scate ot o h scors fo h st two discrmnant ctons wih corosponding

150 o the ool sy 1 win dpth <52



Scater plot ofthe scores rom he fist two unstandardiz
isciminant unction for each IS0

o
% on

Function2

Function 1

Figue 48: St o of . scves ko e st o criminan nctons wih conespondng
TS0 e et sy res wi e 5

s a fina stp, disciminant function anaysis provided clasificaion funcions
hat asign each observaton of the input variabies o an 1SU. Each ISU had s own
cassicaton equaton wih clasifcaon coeficiets for each variale (Tabl 37 and
Tatle 38)



Table 37 Casafcston ncton coofcets o the rderd sody rea

I he proferrod study area, only 26.1% of the obsenvaons were correcty
clasafiod wih this ansyis (Tablo 42). In he nonprefored study area, 50.6% was.
comracty classified for the dapih<52m daasel and 34.1% was correcty classfed wih

the 1SUs. In the preferod study area (Table 3). the model doos patularly well

ciassiing GL (7056%), Sand (75%). and fo a lssar exten, GRI (55.7%). However,
thora ware low lassifcaton accuradies for SM (14.8%), GRL (20.9%), and SG (28.0%)
Most of the SM sampies were miscissifod as GRI (38.6%) and GRS (222%). G



(19.5%), GL (125%). and GRS (12.5%) wre aiso common mislassfcatons for GRL

cassitod

GRS (1000%) and GH (1000%) perecty, howsver there were ony 3 and 2
L folowed by

GRI o3%). 671 S (26.7%) and
Sand (253%). I the non-prefred sy area wih dopho52m (Tabl 41) tho mocel
dassfod Sand and SM Win 100% acouacy, but agan tere were 8 few
abservaton for oach 15U, The model casifed GL (65.9) wel, and GRS (58.6) wss
ik clasibd ratvely well. GH was s aher oy wih 6.5% ccuracy, and

222% accuracy, it 25% of s cbsorvatons misclassifed as GRL and 196%

misclasifd o5 GRS,

o
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classifcaton accuray, the supervised classficaton was rn using backscatto values

Jong wih the

Atough




Tatia 39, Table 40, and Tabl 41).

Tae 2: Cassifcation sccuracies forh suparad cassicaon resuts
e S —

452 Unsupervised kmeans Clustering

which variabes conrued the most to the custer soon. The rlatve size o the

e

groups, wih large  values Indcating greatr separaion between clusters (SPSS.
2007). Howaver, the F tests should only be used for descrptve purposes and the.
signiicance levels cannot be interprated 2 tosts of he hypothess that the custor

55, 2007, .
ho separation of the dusiers (2196.76) fodowed by 38 Kz (517.04) and 120 Kz
backscater (471.97), scpe (37.9),and cuvatre (053, Inhe non-prefrted tudy wih
dopth <52m,

by 38 Kbz backscater (56.34), siope (65.14), 120 Kz backscatter (3299), and

curvatues (0.78). In the non refared sty area wih dapth >52m dopih conriied



most 0 cstr separaton (296.66) folowed by 120 kHz backscater (208.09), 38 iz
backscater (191.79) sope (7.13),and cuatur (670,

The Eucidoan distances betwoen fina custe conroids in mulivarae spaco
conveyed the leve o smiary, or ssimiarty, between the custers (Tabe 43, Tabe:
4,30 Tabl 45). Thse tabies reveaied how o, and na sense how difrert, csters
ware rom ona.anathr. I oher words, reatr dsances corospend o gredtr

. 200, '

For instance 1 and class 2in
o preforod study aea i large (0.657) relative 10 the distance between class 1 and

ciass 3 (0.248),

surcial gockogy and aro splayed in Figure 49, Figura 5, and Figur 51. AL st gance,

he kmeans.
dopth >52m, H

one could argus hat lass 3 is comolated wih GRL. As for the proforred sudy area
sty ara




ity a0 wih gt <52

profomod sty reawi detn<szn.



preloned sty ares win dopo 52




The clusters from the kmeans clustedng wih the highest frequency of

occurrence (. Tatio 45

0 1

and 6. Simlary, SG had a mode of class 1 but had a high occurence of class 5. The

GRI had a timoda dsirbuton with casses 2 and 3, whia the remaning 1SUs had
disinct modes. In the nonprefrrod sudy area with dopth>52m, a 1SUs had disinct

s

hat the values of the input varabls for these.ISUs were very simiar for speciic
custors.
Table 46 s class modes forsach U b sty ares.

o | ety | PO ity | o S s |
=l vl

46 Summary of Results.

Tablo 47 and Tablo 48 providos an overal summary of the man resuts fom
chapter 4. Tho information in Tab 47 reloratos a number of genera trends fom the

ghr han the non pofered sudy area



GRS, GRI, S8, and SG genraly i ot foow tyical vands of rave and sand
substate sesbods based on mean nearade backscal vaues,  quante
assfcations, and raquency dfernces based on quanlo classficaton @fronces.
Howover, SG oy seemed fo deva rom tycal sand substate tends based o the




5. Discussion

i secton summarizes and dscusses the man esuls rom the analyses and
eltes them 1o othr relevant studes. Five main @scussion secions are outined
folowing the sactons of the esuls chapter and how these resulsare ued fo answer
the research questons. Theso sections are ted as folows: 5.1 Urivaria Acousic
Backscaier Anaysis, 52 Univarst Acoustc Backscatr Cassfcatn, 5.3 Frecuency
Diferonces, 5.4 Mutiarate Acoustc Backocator Anayss, and 55 Mtiarte
Cissifcaton. Finaty, some impertant fsues surounding the accuracy o balh the
intrpetod suficil gecogy map and the accustic data are dscussed in secion 5.6

Ganeral Consideatos.

5.1 Univariate Acoustic Backscatter Analysis.

The asuls of the statsical analysis of backscattr values fom each fequency
(s00 socion 4.1) answered research queston 1, whic stated: what are the univariate
dota from

ofhow

near-nasi backscato from each frequency respondd 1o the seabed. The resufs

iteraure, The 120

ovesld treds that wero expociod based o infomaton from 1

7 and Tae ©). Tis was expected as previus empical studos of mul-requency
acousic seabed backscater Pave rovesed that backacater values increased
increasing raquency (Mckinney and Andorson, 1964, Jackson o a, 1985, Jackson and
Richrdson, 2007). This coud b axpisine by he shorar wavelonins associled
2 igha roquoncy extibsing s penctation and absorpton o sound enegy o the



seabod,
i sodmant size (Galoway and Colins, 1998, Kiser ot a. 2001, Chakrabor ot a.
2007, Courtney ot . (2005 o 0 s the 120 iz dataset o sy subsiate iy
s sty are st tht th cosr grai sizo resuls i e ponaratn of he 120
Kot fouancy. Th rflocts the rlatonsip between wavelanghh and sedment sze.
‘whars backscator gaeray docroases 2 he dmansions of 3 arge (e, oain 526 of

1994

e coud ypcthsize hat th sesbed my “spear ougher o gher froquencies
nestcase e to i smaler wavsangh causing 1o sgna 1o scater away from the
sonsor, causig th innsit of the signa o decrease and elongatng ha signal and
shapo of heroum

Another expaced resut confimed by the descriptive siatsics anayss was that

Gravel

subsrate has  large grai size and is gonraly donser than sand substate, which
loads t Woher backscter v u 10 ess penetraion and absorplon of sound
waves and Pigher mpecance values (Siamicht and do Moustr, 2003, Mani of ol
2006) he3e

iz froquency i th prefrrd sudy aroa coukd bo due o two easans. st perhaps.

@sirbuton of 1SUs (Fader, 2007) was mro varabl nthis study area causing acoustc
backscatlr 1o be more varible and thercora making 1 dficull o ferntate

homogenous areas of sand and gravel. Second, resus fom s, and previous



(Ghalabeory ot a. 2007), studes suggest that a lower frequency (38 kbHz) s less

comolated wih sadmant size compared to a Nghar frequency (120 KHz). These two.
factors combined provide an explanation for s resut.

Average. nescnad backscater vaues. from bofh frequencies were a0

amount of gravl inthe prefered study area (40.3%) as opposed 10 the non-proferred
sty area (34%). The diffrence between frequencies in tarms of average backscatter
for There was.

e o

substrate types. Thisresut is consistnt with hose of Chakraberty ot al. 2007), where.

surtace scatiering and lower requency backscater have 3 dominant substato voumo.
backscator, As their resuls roveal, 210 kHz.froquency backscater proved mare.
effecive in dscrininaing seabed types, sihough there was il important iformaton

However, there cartany s  lii 1 the highest froquency 10 use for disciminaing

In toms. of average near-nadi backscater vaues associled wih each
intrpretd saciment uni (1SU) from the suricial gedlogy maps, gravel rpples - short

wavelongth (GRS) and gravel ripples Incised (GRI) values had low backscatie vaues.

efiection (Lurton, 2002). The texure and roughness of these seabeds coud have



possily bean embedded in acousiic backscater signas as thlr spatal extnts wero
Wit the size of the acoustc foopinl. GRS seabods have rples of 2:3 meter
wavalength size and GRI seabeds aro “bbons” o indsed gravl ipplos wtin sand

This could be 2 fosut of the sound waves dtoctng tho ravel secments witin this
Seabed type and therefore increasing the backscatie itansty. The variabiy in the

Atlast ono acoustc Hequency had a diference reaer than 1 between mean
near.nad backscatier vlues when comparig one ISU o ancher (Tl 10 and Table
.
isciminats betwen dferant surical seabed types based on noarnad backscate

values However, cartin pairs of [SUs (SM and GRI in the prefered stdy area; Sand

and GR

hese paricular pisofI5Us may b difcul o et

ortain 15U (SG, S8, G, and GRS) had Hgh variance values ndicatg that
ho noanadi acoustc ackscater was mare varisbia i referonce 10 the mean wilin
each ISU (Taba 9. This s oy due 10 the hterogeneous rakr of thos seabods
fesuling fiom  mixure o grin sizes a5 wel 33 hgh degrees of roughness. This
assumplion is based on fidings by Caller and Brow (2005), who reveled tht @
hetarogeneous mix of seciments produced more variable badkcater inensi
measuroments than hamogenous substae. SG had hgh variance values for the 120

Kz froquency and low for the 38 Kbz froquency (Tablo 9). Parbaps the 120 kHz



roquoncy was abl o detet the mburo of sedments i this cass, as i s more

el 2001), 1sus

because tpica epon

herder Finaly,

5.2 Univariate Acoustic Backscatter Classification

The resuls of singe fraquency acoustc backscater cassfication answered
research questin 2, whih siatod the queston: “how o uniariale classficatons of

provides  bass to compare singl frequency and duakfrequency resuts. Contray 1o

profarad sty arsa had more occurtences of Ngh quaniie classes synonymous 1o

g
mora accurences of low quaniie classes synonymus 10 lowor backscater vales.
(Tablo 14) However, as ncted in scton 4.2, these resuls were nfusnced by speciic
15U (SM for tho sand seabocs and GRS and GRI for h gravel seabeds) Therefre,

these unespected resuls can be. expiinad by the folowing: tansions betveen
Soabads; the vaous morpholoical featres associted Wil aach seabed pe;
heterogeneous mixure o sedmerts

These il cassifcaion atempis using each frequency ndependenty (i
singl faquency ciasifcaon) proved tht it was Gffcu 1 rlate resls 0 spociic



¢ most,such single
oquency classifcations of near-nadi backscatier valuos may disciminate botwoon

win

e as

previous studes that used a singl fraquancy o defie seabed subsirale ypes i tis

sand and

oravel casses (Courney e al. 2005,

5.3 Frequency Differences

Rosulsfom secton 4.3 answored rosearch question 3, which siaied: “where do
the major fequency diferences occur and what o the spatal scaes ai which they
occur” The frst atiempt at understandng variaons n local acoustc frequency.
responses was the diferencig of the quandle casses rapresenting a measure f the
magnitude of diference betwoen cassifed nearnadi backscator values. flom both

roquences (sea socion 4.3.1). Larger diferences were intereeted as ocaions where.

16 and Figure 21,
ar0a hd tha ighest occuranc of roguoncy diferences based on cassfed vlues.
(bl 17, Clasiod backscater vaues from th 120 iz froqueney wero rolatnay
igher than the 38 Kz fequency for cravel seabed types, Wi tho cpposic was

17). Theretore,
s a froquency dependent response from these two main subsirate fypes. However,

Kocwing what was drving i dieronce s dffcut o dotarmine.

withhe

quant classifcaton difersncing vaiues indcaing that Ngher 120 Kz frequency



quantl dasses occurrod more han the 38 kHz frequency (Table 18 and Table 19). GRI

oguency (Tabe 18 and Tabe 19). These ISUs s cid no folow the cbsarved paties.
sBis

n addon, GL had a very

a rolaivey ft and homogeneous seabed and thereloe thee i e variation fo the
froquences o detect

Froquency dffersnces we aiso anayzed usig continuous (e, undassiied)
backscattr vaives. 1 was. evidon fom the ine graphs of duakrequency near-nadt
backscatir (Figure 26 and Figuro 27) tha ai the scale of hundrds 10 thousands of
moters, backscater rom both fequancis. folowed a. ganeral patiem of low

(monymous oravel
araas. Fraquency diferences of backcater valuos wero Wenife by comparing the
lopn of near rgression ines of ot froquence i scal o tans o hundrods of
metrs (s00 scton 43.2). Tho sl at ich fraquoncy chvegences war xamined

than gravel saabads i the nonpreforrod study aron, and thero was e dfferenco.
between the parcentage of dergonces botween sand and gravel seabeds i the

wravel
)




ofhe map,

Partaps the
reater mix of sand and gravel 1SUs caused moro requency dvergences. i the
prferrd sty arsa.

ear-nadi backscator vaues fom the two frequencies over GRS, GR, GL. and SM in
the nonprefemed study area (Table 24) and GRS, GRL. GR, SM, and GL in the
prford 258,56, toronces i

valus fom the two roquencies du 1 hgh vaabily.

5.4 Multivariate Acoustic Backscatter Analysis

Rosuls fom the mutariate acoustc backscater analyis answered rosearch

uestion, 8

of acoustc backscatr from both froquencies?” Corrlaton and regression analysis

.56 forth proforrd study aroa and R = 052 for the non-prefared sty area, whih

may provide addional iformatin. Tho low ¢ values (~30%) obtaned fom the

rogrossion anayss fther suggested that variations in one fequency were mied in
roquency and

o saabod whera he acousic response o the two frequencies difers (see secton




4.4) Hance, the romaining 70% of unexplined variance s ather due o diferences in
roquency response o acoustcncso

(GRS, GRL, and GLin the no-prefomed sty area and GL. GRS, and GRI in the

Generaty,
s igh vaiance values (Tl ) anc quart class dstbutons ha d et i the
xpocted rond for gravel seabeds (Tabe 18 and Table 19). The prefrrd sty area
had W average resia vaues (Tablo 26, whch probably rolects o spatial
complety o the diferet seabed dasses i thi ara, 2 the acoustc folprins are
more kel to overap more than ono 5U, which coud create Nighor dogrees of
varabisy.

The low £ values from the nea rogrssion models ofthe 38 Kz esiduals and

coud be atibutd t0 the
measure variaions in the marphaogy of the seabed (6. depth, slope, cuvatee) that
coud vary acros tens or huncreds of meters across e bank. On the oler hand,
backscater ony represents vaiaions in subsrte properties Wiin the exten of the

acoustic fooprin, Thesa resuts coud siso be atiibuted 0 oisa i the acoustc igna.

5.5 Multivariate Classification

B0 research question § and 6 wes answared by the reuls of the mulvariate
ciassifcaons. Research questons 5. “how do. mulariale lssifcaions of dual

was adressed

e 15Us
Research queston 6, “doss a comparison of duakifequency acoustic backscatier

improve. the abity o classity seabed substate bpes in comparison 10 a single



raquency’, was answered by assessing the accuracy of supervised classifcaions of

bocause the number of Gustes was ot based on statisicaty signifcan usters but

twas.
ficu, howsver, 1 associate usters 10 the certan ISUs.

The prefoted
of indvidual
(103), Thersore,

classicaion accuracies for sach frequancy, the 120 kHz frequency perormed better
han the 38 kHz, wih the excepton of the nonprefrrd sudy area wih dapth <62m

(Tablo 42).

compared 10 lower requency (33 Kiz). Moo impartanty, hese clasafcaton rsults
rovaslod that naar-nadic backscatr from o, froquencies Improves. sighly upon
classfcaton wih backscatier from one fequoncy (Tablo 42). Thase results aro

roquoncos improves dassiicaon accuracy as Mt fequency backscatier provide
‘addonal informaton (Kose ofa, 2002, Riegtand Purkis, 2005).



555G, GRI (non prfere stuy aea ony) and GRS (prfer sty area
onty) had ow (<50%) asifction accurcies (Tatla 9, Tabl 40, and Tabe 41)and
tigh varance vaues (Tabe 9) a5 wel 35 havng gono 3gastthe expectd tonds of
yical narnadi ackacatr vauesfo sand and gave seabeds (Tabe 18 and Tabo
16). SM and GRL in the eefered sy aea and GH and Sand n the - prfered
sty area siso ha low classicatin accuracies. Higher degros of oughness and
mised sadmess sssocted with som. of these seatacs may have caused hgh
ariance andinconsisent near i bockacair responsos. Therfore, h asifcaon

(Tablo 24 and Tabl 25) which impls tht theso ISUs may be dffcut to ierentiate
based on nearnadi backscatr values. Fialy, cerain ISUs with low dlassification

men near.nadic

accuracies had been misclasifid as another 1SU hat had simi

area was commonly miscasifed a5 GRI, and the ifrances in mean backscater

GRilnthe non-
prefarrad study area was commonsy miscassfied as Sand, and the diferonces n the

ofthesa two 1204z,

and 0,16 or the 38 642,

56 General Considerations.




 proxy of acual physical sesbed characirsics in the natural envronment or which
curacy is unknown. Sharp boundares between 1SUs are an arefact of cassfcation

sesbed types can be mre gradual. Neverthless, the 1SUs denied on the surfcial
‘geckogy maps wers basad on cata colected at & much higher resolion (9. 025 m

sty Theretore,

fne et of seabed features hat the sidescan data coukl. In addilon, acoustc
observations taken at or near the boundares between 1SUs. resuled in acoustc
fooprints ensariying mora han one 1SU, wharoas in the data, each observaton was

acoustc data is that the GRS accuracy was +- 3 m, meaning ol bost he spatal
locaton of  focprint was only wiin 6 m of th tre posion. I is o imporiant o
consider tht the acousic fotprnt panotatad i tho seabe esuing in voume
scatiing and therfor the esuling near-nad backscatr fospanse coud o boen
infuenced by the subsale's voume, which may ot bo roleced In the ISU
interrotatons. The penetraton capabity aiso cifered betwoen frequencis, rangng

120 Kz and tons

data ars, by nature, noisy. Data pins wero averaged over v pings 0 roduce noise,

Thers are aiso o consideations rolted o fooprint diferonces between
oguencis. First,the fooprint izo was slghty diferet between frequencies because



33). As  resul, backscator rom each frequency raprsented shty dferet sized
areas ranging from 1102 m i both widh an lengh (spproximately 30% percent
aiforence). The 120 Wiz rpresared 2 sighty largr area and threlors had the

Hoveve, e

fssus i ot considered significan and il ot afect the data in anyway hat can be
The one-degree.
dfferonce betwesn nddence angls used o define near-nade backscater of both

raquencies is not considered signfcant 35 hese angls were chosen o standardze.
backscattr 1 s paak ampitude rosponsa. The second lsue was that there was a

proecton of sound
Thersore the

foolprinis of each par of duakfequency sampies ot exacty spaily overar,
owever much ofthe ansyis (9. quanie cassfcaons, Wicoton lests, reressions,
comlaon, kneans, isrminant funcion ansiysis) equted s datasts n which
one sample had ol 8 36 Kz and 120 Kz vaue, To achove this overap, the
geographic coordnates from each froquency wore averaged 1o cralo spaaly

‘balancod dalasets. The naw samplo locaton ropresantng data from the two.

from 1.m - 5 m along-vack compared o foorn sizes o 14 m — 20 m aong fack.
Again, s shit shoukd nt signcanty afectany rosls as thro i a - m posivonal
accuracy or the orgina acousic fopens

Expected measurament arrs with and bowoen suveys, resuting from
cqupment, samping, and svicemantl dfrences weo confoled for 35 much 35

possiie. The parameters o the acousic systam, incuding foquency pulse length,



ransmit power, and sampling ate wero hold constan. Vessel sped was lso hed
consant throughout e suveys. A CTD. cast done balore each suvey provided

the data compensated for TVG, absorptn, changes in depth incidence angle, and

ot samping

sinificanty betwsen areas o years. A forml quantficaton of the oo would have

the mora general suvey design. Finaly, athough rescaing backscatier values for

between yoars and systems because the acoustc systems wero calbrated 0 speciic

The final considoration is the use o nearnade backscater oy, which was

. (2005). Nearnaic backscatlr resufs from sovaral processas: acoustc impodance.

contrast, suface roughness at comparable scales 1o the wavelengih, and volumo.

nadir backscator has. complex rolatonships botween theso factors and deineating
1904). OF-

nadir rasponsa coud be exlored in the uire o gain addonal nfomaton for

a. 2oos) peak
ampitude response was he g fackor i dscriminatng botween sand and gravel
subsrat for 1 siuy area. hey do acknowiedge ha s may not appy 10 reas of
v st yoes



6. Conclusions

Tris rasaarch has compared near-nad acousic backscatier from singl beam
echosounders using two_acousiic requencies on the Scotian Shef, Canada, and

oquency data (38 kz and 120 k). Provious studies ndcaied that he shape and

iz porosty,
Thersor, it was hypcthesizad in i fosearch hat comining near.nade backscater
osponsas fom wo acoust requencios wouk povide addtonal inormato tht il
hel o improve our understanding of seabed types and therelor improve ASC.

objecves.
and invesigat s vacy

The ol of tis research was to measure and intorprot variaons in acoustc
backacater vales 25 a funcion of feguency and seabed substale characeriics a
forent spatal sl on Wastar Bark and to dolamino il using dakroqusncy
backscater coud improve ASC. Tris was approached by staisically anayzing and
assying near.nad backscater values for cach froguoncy independonty. and n

combination, and comparig resus 1o intrprted suricial geology maps. Specifc

wore vry much shaped by e research abjectives outine In the inioducton, and in
urm, theso research objectivos wero shaped by il esearch questons, which are
restatod boow:



backscate valuss rlae 0 seabed substate ypes?

The mathods and resus used 1o acdress these research questons were
examined at oo diferet lovas of bsenvaton: 1) resuls fo ll daa from bt sty
area, 2)roulsfor data rom il combined 1SUs wih dominant sand substrae and o
combined ISUs wih dominant gravolsubstat, and 3) resulsfor daia fom oach U
independenty.

Queston 1 was ansvered using unvarte 1o, singe requeny) descrptive

statstics.

.
Vaes than sand sasbads, and 120 kHz providd rostr flarencs in backcator
Vaues betwsan sesbads o dferent subtal ypa and hrslors was oy 0 proice
bater dscrininaton between suicl sesbed sbstale ypes. These resuls were
expoctodbased on exising Horaure (soe dscussion n chapie 5. I ackton, seabeds
it mixed sadimens or sl oughness ot comparaie scales 0 The 8ot
footpin such 22 sand 1 sand gravel (SG), sand with boulders (58).gravel rpples —
Shot vevelngth (GRS, and ravrp ncised (GR) gnerd had figher variance



backscator values fom gravel subsirate. Froquency disirbuon plos of the quantle

Research quaston 2 inqufed about the abity of 8 singe frequency 1o
feronate seabod types. Quantio classifcatons conveyed that i was dificul fo

requency. These rests wera consistnt Wi pevious singe requercy cassifcason
rosuts (Courney e a, 2008) ht coukd oy iffventat, ai best, betwen the two
dominant substrate types on the Westam Bark (. sand and orave). There were
Severl easons why the nea.nad backscar couk ot dfferntts between the

coud ot detct s the varying dogrees of aughness and opographic feaures o the
15Us. This proidad ressoing fo th s of adonal morphcogy varaties i the
mutanato casscatons

Resaarch cuesion 3, concaming the prosance and scale of faquency

atorences. nomalzed) -
cassifod

ovealed tha the 38 kiz fraquency produced hgher cassifed backscatr from sand

Sesbds and the

sesbds.

backscattor values. Howover, quantiaive measurements of the amount o suface and
volume scaterng would have providd btte suppart fo this assumpton. Frequency

ferences of coninuous backscatr vakes wero anayzad ove the scal of ens 1o



undreds of metss, and fewer fraquency ferences occured over larger scales.
Theefor, the scal at whichfequences are compared s very impertan. It was it

Queston 4 was snswered sing 3 rumber of muharite saisical anayss
using nea i backscato vaues fom bot froquancie. Corsaon vales rovedled
nat thee was  posive ratonshiy betwsen the o froquencies, b  was ot
parsuady siong. The expsined variion vales fom the inear regrossion modes

ona o one raatonsp, which potentally adds nfomation when using two acoustic
reauences in addton,

anaysis

Resaarch qussions 5 and § were speccally answered by using muvariate
dsssfcation. The muliariate Gassifcaion resus id sghty bete han sogle
froquency esuls, bt i i pobatly ot signfcant. Dscrminant fncton anayss
provided cassfcation sccuacy vaues fo aach ISU. Tho ovral casifcaion

particuary high
ot do better Novortnioss,

g classifcation accuraces than othrs. Gravel fppes  shor wavelengih (GRS,
oravel rpie - long wavelength (GRL), rave ag (GL) and sand wih megaripples n

Univariate




rsuits had theoo or mare ISUs wih classifcaion accuracies grater than 50%.

Mutivariste classiicaions using one frequency indicaled thal the 120 kHz generally

provided bt discrinnation between 15Us. In addion, mutharate lassiicaton

esuits had hih wing o
one. Therfor, it can bo concluded that dakequency cassficaton of seabed 1ypes

pertrms better han singe frequency classifcation.
The main esuts rom th thesis arosummarized hore:

120 Wtz near-nae backscater as generaly higher than 38 Kz near-
nadi bockscaror

Gravel subsirate produced Nher nearnad backscatier than sand
subsrate

o produce varistle resuts, ot consisent wth yica near-nadi
backscatorvands of dominan sand and grave sbstae ISUs,and lowsr
cassicaton accuraces

120 e provided ot discrimination betwoon subsrie e
Froquency dferences indcated hat 38 Kz was ighar over sand
sasbods and 120 Kz was Nohar ovor gravel saabeds In toms. of
casifad backscatorvalues

Froquency dfoances of both classied and coninuous backscaer
alugs occrod the most over th sand seabeds i tho non-pofred
sty aroa

undrods of meters and isipatd a he scaleofhousands o meters.



8. Sigle froa a
and grave substate based onPigh and ow backszattr values

5. The prefomed study arca had the lowest suporised cassifcation
accaracy, and therelre proved ffcul to dscriminale botwoen somo

umber and distibuionof1SUs in s sty area
10.Duakraquency cassifcaion impeoved sighty upon single-requency

perfom acoustc sesbed classifcaion woll Finaly, tho fact thal dusrequency

improvement was ot large
Part ofthe hypothesi sated that backscater fom mulile froquencies should
provide addtonsi nformtion on th seabed. This was valdsied trough & number of

aifoan

s, Thefact ha the ranking of mean nearadi backscatier values of he

15Us from
the two frequences vary diferenty and threlore may be detocting dfferent physica
properes




s may have been easier 1o inerpet. Regardess, one must be aware of the

Tt wouid have

igher lassiied backscater from the 38 Kz requency obsarved over sand seabods).
Another important fssue periains o the interproled sediment unfs (1SUs) o the

and their use a5

of seabed subsrate providng wol charactrzed rference s16s of known gooacousic

parice size analyis o speciic areas coukd have boon corvlaed with backscater
Valus of bothfequencies incrder o characteize backscatr i rlaon o grai 22
and foquency; however, these data were ot vaiatie. Finaly, the sty reas mosty
" substrate ranging fom san 10 gravel.Having oo an area haing a broader

o




oguency backscater. The relationship betwean subsiate tpe and frequency is
obious and consistent dforences in froquences may have been easly Ketfied in
such an omvronment.

Goncaming the classiicaions, the near-nad backscatr data and morphology

layers
and grain size dsrbuions of the 1SUs. Honce, the cassficaon accuraces were.
and this must be

considared when interpreting the esuls The morphalogy layers (iope and cunaurs)
sed for input o mutivariate classfcaton were chosen because they were able to
massure simpl roughness of the seabed. Howover, there are 3 myad of oher

for axample). Fuzzy classilcaton cod have boon used 35 an allmathe 10 the
sssfcatonschames used her (Lucier and Lucior, 2009).This type of asifcation
Vouid provide. useha rformation on the probaty valves of havng the coroct
asfcaton o eachcbsanaton.

The projoct used 38 iz and 120 Kz roquencio. Whio th use oflwer (e

oher e »

Kz and 120 Kz were the ony two fraquencies cllcted by Fisheries and Oceans.

' near.nadic backscatier based on coriain model resuts (APLOA, 1984). Finay, s
study vas wo
comparative mdeling work. Henc, i s not known I greaer backscater differences




al 2005).

asscatonresuts coud be consderod a5 a b rsearchpah.

The resls from this researc ara sgnfcant or & rumber of reasons. Despte
o increasing umber f acousc sysams hat can acqure dta using et
raquances, thre have b 2 it umbor o fosoarch profects at atompt o
assiy seabed envronments by comtining more than one acoust fequency. This
study has 350 usod vansparent staisical analysis instoad of bockbox commersal
ochnciogy. Therfoe, te rests from this research shvid be use 1o researchrs
Who woul ik to know how scousic seabed cassfcaon perorms under

However, it s

component ony, and tis s eflected n model rosuts (APLS4, 1904). The research 84
ighight signicant nea-nad backscatir difersnces s a funclon of acoustc

used in tis project are commny used wordwdo fo seabed cassfcaton projecs
fiheries and bickogical assessments, and habia mapping eforts. Honce, fesearchers
and hase

osuis 1o better understand how nearnadic 38 kHz and 120 kHz backscater can be.

haratoizod an how w1 pfors na lassifcation schee.
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Appendix A: Interpreted Sediments Units
(Isus)




Appendix B: Mann-Whitney U Test Results
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Appendix C: Quantile Classification Maps

Quantile breaks classification of 38 kHz backscattr data
Preferred Study Area

”
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Quantile breaks classification of 38 kHz backscatter data
Non-pr y Area
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Appendix D: Frequency Differences Based
on Classified Backscatter Values
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Appendix E: Frequency Differences Based
on Continuous Backscatter Values
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Appendix F: Multivariate Analysis

Scattor Plot of 38 iz and 120 iz Backscattr of 1SUs with
Dominant Sand Sediment Type - Non-prfarred Study Area
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