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ABSTRACT: (1) Geological Survey of Canada-Pacific, Sidney, BC, Canada (2) Oceamii&spup, University of New Brunswick, Fredericton, NB, Canada
In support of the Geoscience for Ocean Managenagr&m of the Geological Survey of Canada in the€puCharlotte
and Georgia Basins, over 400 s-days of EM1002 multibeam sonar data have beenatetlehrough five field seasor
One requirement of these mapping activities isawelthe ability to discriminate variations in segpbysical properties . = . - =
through the measurement of seabed backscatteg#irestimates. While the information content ofittigally processed I t t t th G — A I I t B k atm
backscatter data is remarkable, a number of sysitenegidual errors significantly compromise itefigness for n e r re a' I O n I SS u e S WI raz I n n e n Varl an a'C S C a’ S
guantitative analysit
The backscatter data would ideally be properly ceduor all geometric and radiometric correctidmisfortunately, there AS-ObSGFVEd backscatter Varlabll_ Wlth Strong artlfa( Beam pattern redUCthn USIng I_averaged statisti Beam pattern reduction USing rO”ing 250'p|ng StatiStiCS Beam pattern redUCthn USIﬂg 3 Sonar'relatlve sectors.
were a series of systematic hardware malfunctioasitroduced a time-varying artifact in the déiat was not co’rre e These data show the direct output of the Simramtteace telegrams._ '_I'he data are red_uced for In this case we estimat(_a the average \_/ariatiorh_)imn/ed backgcatter as a function of verti_cally- Note how the high grazing angle data are well acoodated by using a local estimate of the In this case, as with the line —averaged beammpadtatistics, because a typical line crosses pialti
in the field. As a result, the data are compromisitd a slowly varying signature that overprints thue seabed image, source power, pulse length, TVG_ and d_eS|gned bea"m_arps. An additional combined linear and refe_renced angle on a Ilne-by-lme_bass. Becau_e_e were typlcall_y =1 hour_ long, many different angular response. The unavoidable consequenceybgigthat any lateral (i.e.: across-track) sediment types, the near nadir angular resporiesssvell suppressed. What is not apparent at this
hampering quantitative analy: lambertian grazing angle model is applied to higerhain grazing angle effe sediment types are observed within the averagigigme The resulting combined beam pattern geological variability (that is stable over a 250¢pwindow) is confused with the beam patt scale however ,is that the rippling beam pattetts mue far better suppressed (see zoomed ¢

_ _ grazing angle response is a compromise, mixingreei types with both strong and weak near- signature. As a result one sees “haloes” wherdxevéssel obliquely traverses a significant below). What one can see is that there are apasticularly of moderate backscatter strength that
The principal problem was beam pattern residuaisltieg from a combination of transmit and receiadiation BEEESE, AEUEL, O CREEIBNL [T eal el il TRES & olellisse ALl e 7 EE POIEES: . . o geological boundary. show marked variability in the near nadir respgisee AR curves below) suggesting subtle sedimen
sensitivities. The EM1002 uses roll stabilized heeebeams in three vertically referenced seclorsontrast, the transmit present on the stgrboard side of the_ inner (98 ledejor. Th_es_e nu.IIs roll in the sonar-reference As a result, while the systematic beam patterlfr_aattls gone, one now can see variations in the As the variations in near nadir response are sspptk though, one can actually fail to recognize differences.
beam patterns are fixed in the sonar referenceefrdimus the resulting artifacts are a mixture ofigally and sonar- frame and overprint the true geological signatBentle variations in the shape of the seabed shape of the angular response curve from sediresgdiment. These were previously obscured by the difference between sediments whose AR onlguifét high grazing angles.
referenced signatures. Overprinted on this is géaded grazing angle variability (of interest fadisgent classification), angular response (AR) and fine scale patchinesssiras a resu the gross beam pattern artifa

which is referenced to the local seabed slope afndated ray path. As a result, standard combimazigg angle and beam
pattern removal functions are inadequate. A newagh is described herein that tries to model amibre these effects.
A secondary effect seen was imperfectly measuré&gfangth-related source level changes. Thesetsffbanged as the
sonar hardware and software were altered oveitbgéar survey period, requiring local, empirieatimates of thes
offsets.

An additional problem with a subset of the datéé the full trace backscatter data were not ctld A reduced version
of the data are still available in a beam-averdged. These data, however, have a significantilospatial resolution and
are not amenable to textural classification apgreacMethods are described herein that show holwehas-averagec

data are used as a substitute. The loss of spag@lution is shown. With the 200% overlap apprassdd during
multibeam data acquisition, the highest resolufiditrace data is actually lost in standard mosgcAzimuth specific
images are generated that illustrate how this eggalution can be viewed and used for enhancedpirgtation.

B%“ The sponges show very!
. weak nea-nadir response

Once beam pattern residuals are minimized, theinemgeshiptrack-linked feature in the mosaics is thct that the shape (indicating rougher)

of the angular response curves vary as a funcfiithology. While this is a real observation,stdisconcerting to the
typical interpreter. A method that extracts thealahape of the angular response to facilitate abzation to an
equivalent angle-invariant measurement is thusrdesst. The same local normalization function camubed as a
classifier. Examples of these are prese|
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: TR S | GaER s L SR Al As line-averaged though, AR imperfectly suppres
Estimating the Combined — Beam Pattern - Angular Resge Signature METHOD 1 : Estimating the Line-Averaged Variabilityn the Vertically Referenced METHOD 2 : Estimating the Local (250 ping) Variabiy in the Vertically Referenced METHOD 3 : Estimating the Line-Averaged Variabilitjn three Sonar-Referenced Tx.
Angle _ _ _ Angle _ _ Sectors, that are truncated within 3 Vertically Reénced Rc. Sectors
The underlying issue in presenting this data istthere are two effects seen in the The simplest approach to removing the combined kgattern and seabed angular response is to Recognizing that the shape of the angular respamse DOES vary with sediment type, to try and This approach best models the attributes of thez@ilEM1002 electronics. Although the Receiver
backscatter mosaics that influence the variatidpeakscatter strength as a funct assume that both can be approximated by stackengdtiically reference incidence angle locally compensate for grazing angle variation,t&AL shape of the curve must Channels are vertically stabilized, it is cleartti@ dominant ripp-like artifact is rolling in ¢
of imaging geometry.: this case over several 1000 pings within a filawerage out geological variance). This however, estimated. This can be attempted by stacking thati@ by incidence angle over short spatial sonar —relative framework. They must thereforedsmaiated with the transmit beam patterns.
assumes : distance (short w.r.t. the distance over which edalnanges commonly take place).
1.  Beam Pattern Signatures (of both the Tx. AndJemsitivities) 1. thatthe difference between grazing (90-) an@igmce is insignificant ¢w seabed slopes) *  This has the advantage that the shape of the angasiponse CAN change locally BUT 1.  Clearlyimprovesthe suppression of the rippling beam pattern nulls. This improves the
2. Backscatter Angular Response Signatures (for tiieriig seabed type 2. thatthe shape of the angular response curve is invat amongst sediment type . Has the disadvantage that it is sensitive to adrask variations in lithology that are sustail likelihood of definition of fin-scale seabed geological varabili
encountered 3. That the beam pattern signatureastrolled predominantly by roll stabilized electronic over the shorter spatial stacking distance. 2. Falsely assumes that the grazing angle signatayebe approximated by a sonar-relative

beam steering (i.e. beam amplifiers, not physibatacteristics of the array). reference frame. As a result the near nadir spesigaature, that really is fixed in the seabed

coordinate system is incorrectly smeared.

For each of the three methods, it is necessargtimate this combined effect from the
resulting seabed data. Assumptions need to be alzuld the contribution of Tx.
And Rc. Beam patterns (how/whether stabilized ahdther separated by sectc
and the stationarity of the underlying seafloqety
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Bottom Backscatter Strength = 1A stacked , !y \ X e poar cleflnltlt())n of”'_I'x. nulls
E | o | S — 2 = Y ue to smearing by rolling
Angular Dependence p 20%\% B) A’If'[st'eft‘gfsfﬁfreef:g&';t?ve <30 /| L 3 a8 . o O
(built into swat_h Imaging geometry) B \é\gﬁﬁ ) - (+lireas Tamber fian) Model BP Result Ty Fiippie pattern (+”E])eabr/slae”ig/eretgn | Model BP Result \Tx. Fiippie pattern (Hi?eabrlslae”fgleretgn : Model BP Result Best Attempt at removal
An opportunity to assess relative %-au v%; N\ Compromise at suppressing Impertectly removed Best Attempt at suppressing JUIPEACELY [CTDIES of rolling Tx. Ripple signature
importance of different scatterii 8 “& M Variability of Nadir respons Variability of Nadir respons Best ripple reduction, Bu
. & \ as statistics require whole line for
mechanisms 74 N best BP result, nadir response is retained
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» L . Using Bean-Averaged Data: Resolution Loss and Feature Distort
AddlthnaI Dlscrlmlnathn US|ng AﬂgUIar ReSpOnse Because the CHS routinely employ 200% coverageeyymwocedures (to improve the reliability of tardetection), standard

mosaiced data lose the low grazing angle imagewhich the best detail is preserved (unlike thépaetry in which

For a significant fraction of the 19-2002 survey data, the full beam trace informatias w&ccidentally not logged. As a siitute, it is possible to retain a “beam averagediset of the trace data (recort the best detail is near nadi
(A)verTicaL D 4 in the depth telegram). This data, contains similat not identical spatial attributes. The thréenp causes of concern are: That low grazing angle backscatter imagery caniéeed by selecting azimuth-restricted images (Ingkilternately to NE or
‘o3 . 1.  The data are averaged, and theretbiespeckle character (textural information) of thdata is los{used for short wavelength spatial statistics). SWiin the case of the example below). This revextsa detail not otherwise available to the inteter.
=3 Derivi ng the shape of the backscatter angular response as 2.  The same averagimgduces the effective spatial resolution to 2x theam spacingThis results in loss of detail in the seabed iendgsing fine scale patchiness definition). : =z ; R ] ) T
g S . . . . . . . -~ . Beam-Averaged Backscatter
BE an additional classifier 3.  The data are not actually a simple average, boéraan average of the strongest section of thmliesce data. As a relt, for footprints that overlap sediment boundaries spatial extent of the lov Py i 2 i o
Qg backscatter sediment can be grossly underestimated i : P St A At NG
e E c;g If these systematic residual errors in the EM10&&kbcatter strength estimates can be o L
v adequately modeled and reduced, we stand to gavoimays:

Seat *Firstly, by suppressing the visibility of the gnagiangle and beam pattern signatu
the interpreter can focus on regional sedimentidigion patterns (from the angle-
invariant mean backscatter characteristics) witt@isely inferring geological
boundaries based on changing imaging geometry.
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(B)OBLIQUE *Secondly, once the beam pattern overprint is rechabve true shape of the backsca

angular response may be ascertained locally fraimmareas that are clearly of
homogenous character. For example, areas 1 anthp tp right upper) show a
markedly specular signature (curves on figure rigiver). In contrast, areas 0 and 2
(the sponge reef complexes), clearly have a redspecular signature. If however, area
1 and 2 were examined in isolation, based on ang#&iant character (normal
associated with BS values at ~ 45°) they would apfebe similar sediment types (see
central figure above utilizing Method 2).
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Areas 3 and 4, that are clearly high backscatterliigh impedance contrast, probably
gravel lags?), show typical n-lambertian responses, implying also rot
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The implication is that the sponge reefs sharelaimurface roughness characteristics
to the gravels, but with markedly lower impedanoetrasts.
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BEYOND CRITICAL

Backscatter Strength (dB)

For the weaker sponge reef signatures (e.g. Ok tha suggestion that critical angle
4 kink is seen that could allow one to infer the ifdee surface sound speed ratio
% directly. As the EM1002 was only employed at +/6@tor, we cannot however, assess 40
whether critical angle effects exist for the otlwever sound-speed sediment types 90 70 = = = ==
(would require logging wider angular sectors tabdhe lower grazing angle: - == =S
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