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Ab<traet: The Shangh ai Acou stic, laboratory of Academ ia Sin i•• h•• been ;nv<:>I... d in !he deve lopmen t ofunde"""'1' •
•ound-so~.at>dg,o·lK:(>U'licproc."'ingl.chn iqu"(lV'fth'1""130Y"ars_ Arang.ofunderwaler lCO\1'I~mlpl'lng

sy. tcms (g _ lOlI.. "yl lerns, and ,u.pendcd •..,dimelll monitoring syncms) h.. been produced for application. in
harbour con<lTUction, W~I'1W8y dredg ing, seafloo r engine<:ring, mmnc reso urce uploitlltion and marin e geologi ca l
. ludi• •. Tbcfealurcland pcrfonnanccs of thc:s" y5Iema arc dc:s<:ribed, and sC\lcraln ew te<:hniques employe<lin their
impicmen tl lll'n , pulse-compression wilh comp lemmtary coding signals and pattern recognition of aeon<tic rrofil mg
records, bneny innnduccd

I. INTRODUCTI ON
Sillt c 1964 the Sbang!uli Acoustic s Laboratory of Academia
Sinici (SAL) hu been working on a series o f proj ects to
developvariousundctY.'aleracolisticdevicesfordifferenl
applications in harbour construction, waterway dredging ,
seafloor enginecrin g. marine resource exptcitatlon, and
marine geological i lud lCS. Several kinds of gec-scnar systems
suited 10 different CTJ\oironments (river, lake or sea), and
aco ustic suspended-sed imen t monitoring systems for
sediment ccecentranon prof iling have been produced. To
implemenl the acous tic i eo-mapping lechnology, studies on
the frn'lOlC mr asuremenl of acous tic velocities of sea-bed
layen have also beencarried out [1,2], and a number of novel
tech eiquea develope d. such u pulse-compression with
complementary coding Jignal. IJ I and pattern recognit ion of
acouni c prof ilingrcc ords [4].

2. DEVELOPl\I l-;NT Of GEo- SO:"OAR
SYST F.:\1S

The ,eo-sonar srmm or aco ustic sub-boue m profil ing is a
most effective device for exploring the uppe r sea-bed
sediment layen . CcotuoCquently many kinds of gee -sonar
systems have been produced and extensively used formarinc
ileologicals urveyslh roughout theworld. To meet thc needs of
many instituti ons in China involved in research and
enginccring projccts, scveraltypcsofgco-sonar sysletnSwith
spccified performances in resolution or peeerraucn have been
developed by SAL ove r the past YCilT'S

A. Hlz h-n solut ion El'0-lonar syslem s

The key 10 developing a high-resolulion geo-sonar IiYlitem

" T1tisptJper wasp ,."se1l/fd at thebtlerna/ion"/Conft,,,nceo 1l
U"d_ur Acoustics held a/ /lle UNSW.J.l~ctmber 1994,
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with good quality of sub-bottom profil ing is to have a strong
impulsive sound source with a suitable output signature (a
peak follo.....ed by a \'cry short ring) and directiona l pattern
(very low sidelobes and back raJ ialion). Acoustic arrays
composed of 4 or 6 smaU size boomer s (wbicb are a kind of
underwater impulsive sound-source dr iven by a strong elect ro­
magnetic induction force) were developed and successfully
applied in these high-resol ution gee -sonar systems. By
approprialely optimising the size of the radiating r lale and lhe
electrical parameters (inductivity and capacity) of tbe boomer,
the frequency band of sound transmi ssion could be varied in
the range of 0.5-8 kHz, and a source level 0( 210 dB (re I
jlPa)ac hie\.'ed.

New tC(:hniques in geo-acoust ic signal processing have
also bcen de...elopcd and effectively used in these systems
These arc: 1. rnulti-secnon l ime varying gain control for
compensation of sound transmission losses ca used by
sphcri" l spreading and abwrption in sediments; 2, SCI
bottom tracking for hands o lf opcra lion oftbe ilea-so nar
system; J. time varying fil lering for increasing lbe ratio of
echo signal to background noisc (S/N ) and reducing mulli·
reflectien s ber......ecnscabottontandseil surface; ... synthetic
aperture processing (or signal stacking) for enhancing SIN
and improving the resolution a long the navigation line

As a result of this improvement in performancc of
impulsivc sound sources and signal processing techniques,
three types of high-resolu tion gco-sonars (QPY- I, GPY and
PGS) have bccn suecessivcly de\ 'elopcd ......ithspccificalionsof
layer resolution O.l~.J m and soft-sed imcnt penelration
50- 100 m, and used in the water depths from several meters
to 100m. So far,<wcr 8,000 km of marine geological surveys
hav.e been made by Ihe GPY geo-sonar. A typical profil ing
recordis sbown in Flg.T ,
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f i..w-c: 1. l\ prolilinjJrccord usinll tbe GPY in Sy<!neytl a:bour. lnCkin,l t'rllm off ll ll>e1 Poinl eu r,o.", do. a:ld undcr the ll iUtlourBridge
IOWardI Kirribilhi Poinl. Noo:c lunlle ofd ,.tance scale aotheboal uallowcdlOdrill crou the lunnel.

B. Dff p penetr ation geo-sonar syst~m

For mar ine gcolollical survey s in different areas of the Wesl
Paci fic Ocean a large acoustic sub-botlom profiling system,
the DDCI-I gee-sonar has been developed (S]. This systcrn
com prises: I . an ele ctrical spark unit of 30 U ; 2. an
empennag -ltke underwater with an equally spaced coaxial
ccnstru cnc n betwee n four pairs of positive (at the centre) and
ncgalive (al the edges) poles ; 3. an echo-prcc essing unit
involving several of the abov e desc ribed signal processing
techniques; 4. a SO m long streamer with 20 hydrophones
separated each by 2m; 5. a graphica l recorder for real-time
dr1Iwingofs.ed,ment profiles and a tape recorder for further
data precessing

Developed with specifications of layer reso lution 16-30 m
and s.edimenl pcnelra lion 1000 m, the syslem has provided
valuableprofiling recor ds of bundreds cf nautieal miles of the
ec nunen tal shelf and slope areas in the East Ch ina Sea . A
significan ldiscovery "'..s a ~diment layer more than SOO m

thick in the area oftbe Ryukyu Trench.
Figure 2 shows a reproduction of a seismic scan acros s the

lrench(the steep hard sides of the trench arc evident as well a'
the softer sediments at the bOllom of the trench. Some success
has also been achieved in f inding mangan ese nodules in water
depths of S400m.

J . SEDIME NT SUSPE:'IiSIOXS l:'tlWATER
The principle ofacoust ic back·scallerin g [6] has been utilised
to measure concentrations of suspended sediments in the
" .. rer colu mn. and to mo nitor sedime nt dynam ics in the
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F iIlU~ 2. S. i. mic scan aero•• the Ryukyu T~nch u,inS lh.
DDCt-l. NOle the twochanges of zero in the recording.

benthic boundary layer. The equip ment develope d perm its the
continuoWlobservation of n:al time concentralion profi les of
thc su5pendeds.edirnenl withoul distur binllthcenvironmental
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condi tions around the observed ~i le and i~ suitable for the
observation of marine dyna mic processes such as monitoring
pollutants and zooplanklons in wate r, and for studies of
sediment transport and dc:positionoccurring in such area s as
river mouths. waterwaY'. bays and reservoi rs

The suspended sedim ent monitor ing ~ystem is es>entially a
high-resolutiongeg.~onar ~ystemwi than opcrating frequeney

above 200 kHz. Thre e paramet ers (observin g time, ",.. ter
depthandintensily ofback scattering) are requittd tO be
measured in real tim e for de riving tlte three dimensional
concentration profil es of tltc susp<nded sediments. To suit
differenl applications, two types of monitoring systems have
been developed[7H the ASSM-l for fixed siteobs<m'3tions
and the AS SM-2 for on-boat observations. Both systems
comprise a signal transminer, a back·. cattered sigJIal receiver
and one or two undcrwatcr tra.nid...:en all controlled by a
computer.

Figure 3 sllows some of the compone nts of lite ASSM-I
system mounted on a large four legged framework which is
placed on the seafloor. These ind ude two underwater
transducers (at O.S and I .S MHz) for upwar~ and downwards
cbservatio es, a pres sure c..e enclosing electro nics and 4
sensors for measurem ents of wate r temperature , water depth.
curren t speed and orientatioo. A second system, the ASSM- 2,
is suspended into the water from the side of a boat during
obscrveticn, and uses one underwate r transduc cr (at 0.5 MHz)
for downwards observenons only.

Figure 3. The ASSM-I suspension maniloring li~tem being
deployedin lite YanglJCRiver, ChiJ>ll.

In holh the ASSM I and 2 systems, transmiss ion. rec eption
and processing are controlled by com puter. A th ree
dimens ional ccncemranen profile of suspended sediment
(depth vertically, time horizon tally and the magni tude of
concentrat ion in diffe rent colo urs) can bedirectly viewed 0 0 a
monit or in real time , Fl1fIher da ta processing. such as
compensanon for sound tran sm ission losses , in-s itu
calibralionoflCattcnngint(n sitylorealconccntration and
a\ 'Craging of tl\( sampled data ever different time-depth
wi ndow sizes , perm its three -dim e nsio nal conce ntratio n
profiles to be prmted out in a data IIb le or as a seI of graphs.
(se<:Fig.4 ).
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Figurc 4. Typicl l rcconh oflulpc:ndcd scdiment concentl"ltion
profiling by the ASSM-2 inl he Yln gl>eR i"er,China al t"'o
.uc <c .. i~e t i Rle•. (Calibration I"' int circled.)

The specif'icetio ns of ASS M- I and ASSM- 2 are as
follows:

1. ma~imum monitoring dep tlt. 10m
2. depth-resolution of concentration profile ,20cm
3. time-resolution of conce ntration profil e, I 5
4. beam-wid th of'cbs crved rcgicn , J.S·
S. measurem( ntrangeofsllspcndcd·se diment

concen1ralion, O.I-IO kglm
6. statisticalcrror of mcasu rem(nt(afterin-situ

calibration).20"~.

4. RECENT DE\'EL()P~lENTS

A. Pull1C-eom p rt n lon .. ilh comp lernenla ry eod(d liil:nal s

Chirp sonar is I I"ICwly developed technology for acoustic
profiling of the see-bed (8]. The technique offers many
advantageous fearurcs(smcaring out of me sidclobes in tlte
transmitted beam, a high signal to noise ratio in the recovered
signal by cross cOI'T'C lating the recovered and transmitted
signals to form a narrow compressed pulse. The pulse
however may show significant sideband srructure due 10 the
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the basis of our previous experiences in the field and arc
shown in Table I.

Ten different categories of marine sediment may be
identificdbydiffercntcombi natiorl$of lhcsecharacteristicsllS
follows:

The probabil ity of every character istic in determinin g the
gcological categoryofscdimentshas been calculatedthrougb
an analysis of the statistics of extensive field measurements
and records, Conse quently , a computer-based pattern
recognition system based on Zadeh's fuzzy set theory has been
develo ped to produce a geological cla ssificat ion of each
sediment layer shown on the acoustic profil ing record

An example is shown in Fig. 5, in which the left side is an
acoustic profili ng record obtained at Amon Por t in China, and
the right side is the correspon ding geological profile after
interpretation by this system. The fig ures in braclc:ets arc the
probabilitiescorrespo nding to each prediction .

An alternative system called the dynam ic reasoning system
has also been developed using a prin ciples similar to the
computer based medical consultation (MYC IN) system [9].
Starting from an initial premise characteri stic and following a
"context-tree" with 18 rea soning rules, this i )·stem
successively collects the next premise char acteristic and
makes the eexr reasc nmg step to a final condusion.It.
usefulness compares with lhat of the above vexpett" system.

correlation, and we have further developed the technique to
reduce them(by the complementary coding of the sigtals (3)
(A pair of pulse sequenc es rI are said to be complementary if
the sum of their eutoccrrelations i. null for delay time. other
than zero.) Thus twosel.ofooding.ignal sofmixedpo lantie .
satisfying compl ementarity are trans mined alternatively. Tbe
renim signal s arc autoccrrelated and summed successively as
they an: received. Consequently only a single peak with no
side bands is seen on the output signarures because of the
definition ofa comp lemen tary pair

In practical appllca tions problems arise if the travel timcs
of echoes from a certain sedime nt layer are ditrercn t due 10 up
and dow n mo tion of the transmitting and receiving
transducers . In the case where the movement is significan t,
the variations of intervals between every two adjacen t units in
the return signal may differ. Ali a result, success ive
correlat ions ca nnot be added exac tly one to one in time (This
isca lled thed ecom plementeffeel),A I$Othesigna turesofboth
correla tions may themselves be distorted considerably due to
wave induced modulatio n (ca lled the decorrelerion effect).
Through computer simula tion s, it has been confi nne d that the
decom plcment effect can be elim inated by a simple echo
travel time compe nsa tio n ul ing a sea-bcncm tracking
techni que, and that the decorrelation effect of wave
modulation can be igno red in the casel where the wave-height
h < I .~ m and the wave-period T :. I s (i.e. below see-state e)

B. M achi ne palt ern ~eo~nillon of ece usue pro fitin e
neon "
The characteristics of acoustic pro filing records vary with
dilTcrcnlkinds ofmarine sedimen ts and can beused to predict
geological fearures.However this is often lime consuming and
expensive and much ....o rk is being done to develop automat ic
or machine based classification systems. In our "ellpcn "
system seven characteri suc patter ns exhibhed by profi ling
rccord s, each wilh threedifferent stales, IIavcbeendefined on

m""
mud witb silty sand
mud and sandy clay
mud and sand
silty and finc sand

gravel and coarse sand
dcnsifiedfineSlnd
day

9. sandy clay
IO, rock

A I,8I ,CI ,DI ,EI,FI ,G3
A I ,8I ,CI ,DI ,EI,FI ,GI
A I,8I,CI, Dl,EI,FI,G2
A 1,8 1,C2,D2,E2,FI,G I
A2,8 2,C I, D2,E3 ,FI,GI
A3,83,C3,D3 ,E3,Fl ,G3
A3,82,C2,D2,El,FI ,G3
A3 ,82 ,C2,D2,E3,F2,G3
A3,8 2,C2,D 2,E3 ,F2,G I
A3,8 3,C2,D3,E3,F3,G3

O i st o n cc ~

figure 5. An exampleoflleologicaJ interpretation b)imachinercrognition. lcft side: an lOOusticprofihng =or<! at !be Amon Pon. China;
right side: 1hellwl oilicaJ profile dcrived after interpretation.
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T, ble 1. Pd te m ch' ucterlu lu of ,roustic prom ing I'«onh

Code
StJ le

Chuuterls tic
I l a

I . darkness between layers A light medium dark

2. variation of darkness between layers • none ,[~ fast

3. size of scanning points C small medium large

4. smocthnes a ef sub-bctte mlin e D smooth medium rough

5. thickness of sub-bottom line E fine medium thick

6. undulation of sub-bottom hne F small medium large

7.shape of lines bc~en laye",. G disjointed jointed 00 lines
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• POSITIONS IN QUEENSLAND AN D NSW

Our cli ent Is a Bri sba ne based inte rnational engineer ing and environmen tal
cons ulting group , operati ng through a netwo rk of four offices nat ion ally and
targeting variou s mark ets in the U.S. f rom their Denver offi ce. Being world leadors
In technolog y In a number of field s,their cl iont base extends to othe r countries.

Th ei r Aco us tics an d Air Q ua lity G roup is high ly re garde d in a reas of ar ch itectur al and
e nvi ro nme ntal aco ust ics . ai r quali ty mo nitori ng and mo de llin g. T hi s rep uta tion has
ge ne ra ted add it iona l demands on th e tea m and created opportunities fo r suita bly qua lified
stan in th e ir Bri sb an e and New ca stl e offices .

We see k ap p lican ts w ith e ngi n ee ring or sci e nce qu a lific at ions w ith ov er t h ree yea rs
expe rie nce in acou stics. pr eferab ly with expos ure to o the r e nviro nme nta l ro les . T hese could
include se rvicing a rchitectural and buildin g indu st rie s o r mining a nd ind ustria l se ctors.

If you are at all Inter est ed In kno wing mor e about the pos ition , you are Invi ted to
pho ne Bob Gib son o f Gib son Asso ci ates on (07) 38 39 8888 or afte r hour s on
(07) 3379 6109 or writ e to the address below. Your commun ications will be treated in
the st ric test conf idence.

PO BOX 6 10
SPRING HI LL
BRISBANE
QLD 4 004
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