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ABETRACT

This pzper presents various iypze of insiruments <ihat
for measuring ocean waves including varjous scnsor types, or
operation, salient features and data recordinc svstem. DiZf
of recistance or capacitance wave staffs are usesd to measure
sez surface when a suitable structure is available o mount therm. 3
followinG accelerometer-troe buovs are conveniently uced Zcr measur
suriace waves in tne open sea. DiZferent tvpes o wressure sepneizi
gauce cystems wiich measure waves Irom below the sex nmurface are o)
to meéasure suriace wavecs. Ocean waves zre also bein¢g measured frcm moving
platiorms (ships, submarines, eircrefts anc satellites) with sonic sur-
face viewers, radar infres-red beams, storeo-protocrachy as well zz lascrs.
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IITRODUCTION

Messurements of ocean waves has been a2 problem that has challen-
ged engineers anc oceanographers for many years. Ocean waves zre rzndom
in neture and are generally considered to be made up of complex super-
position of many sinusoidal waves each having its own period, height and
direction of propagation. Proper understanding and evaluation of the wave
climate at a site is necessary for adeguately designing zan¢ constructing
a coastzl or an oifshore structure. There are strong economic justifica-
tions for collecting long-term wave data, Surveys reported in the liter-
ature incicate that the annual cost savings to engineering construction
alone from good guality wave information may be US $ 200 to $ 1000 million
a year worldwide "(National Academy of Sciences, 1982). Besides, the safety
of vessels and the integrity of offshore structures can be significantly
improved as a result of good wave data. -

Many devices varying from the human eye to sophisticated electro-
nic instruments have been used for wave measurement., Sometimes complex
measuring devices are not reguired and the human eye would be sufficient
particularly for measuring period and velocity of propagation of ocean
swell. In the measurement of complex waves, visual estimates would become
inaccurate and unreliable. It becomes necessary to use electronic
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instruments for measuring such waves, Table I gives some of the important
wave measuring devices with. their salient features. For convenience, the
instruments used for wave measurements can be classified into.three'cate=-
gories as follows:

A - Instruments which measure waves at the ocean surface. In
shallow water, these instruments may be mounted on Zived
supports penetrating +the water surface \poles or iles;, or
on floating support in deeper woter (buoys zné sitips!.

B - Instruments which measure waves from below the surface
(pressure gauges or inverted ecosounders) . :

C - Instruments wnich m=asure waves from above the ocean sur-
face (radar, stereo photography, laser, micro-wave sensor
etc) supported on orservation towers, air-crafts or
satellites. )

WAVE ETAFFS

Resistence wire wave gauges

The step resistance wave gauges are g¢generally made of sections
of say 1.5 m 1enath to facilitate handling znd thelr mounting on tc a
fixed structure, Each section cf the stsff conteins elescircacs cpeced zt
6 cm intervals and & bank of relavs vhich secuentizc 1ly closc when woter
submerges the contact clectrodes. Tne circuit D&O"—uvs & volteno <o tne
reccraer wvhicn is lincarly relgtec to the change in wzter level due o
wcoves, Wave stzffes of resistance tyvpe 2cre well=lnown and fazirly dacpend-
able insiruments if used carefully,

In continuous resistcnce wire staffs, the staff con31:t: ol éan
insulcting cylinder wrapped with cpirel or un-insulazsted resistizn ce vire,
The chancing recistance vith changing water surface ¢ue to wIves is mee-

streé in the form of a veltage signal.
Czpacitance wave staff
The capacitance wave staff uses an insulatzd wire sezlzad a2t the

2G
lower end and partly immersec in the sea water. The insulator is the
cdielectric of a variable capacitor with the central conductor anc¢ <+ne
sea water forming the two conductors. Varistions of wave h2ight are
sensed as changes in capacitors which can be transformed into a propor-
tional voltage signal (Table I).

Parallel inductive cable staff

Parallel inductive cable staff gauge consists of stainless steel
cables mounted parallel to each other at a known distance apart. These
cables’are excited by a high frecuency signal(600 Kdz depending upon the
model). The excitation voltage level changes as the water level changes.
This voltage is detected and proéduce as a water level proportionately
signal with special circuit component matching, parallel inductive gauges
¢an be calibrated to an accuracy of 1% or less.

PRESSURE TRANSDUCER BASED WAVE DEVICES

There are fairly large number of pressure transducers that could
be used for wave measurement, They can be bottom-mounted or attached to
a structure or suspended from a boat, They are associated with a variety
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TABLE | : SALIENT

FEATURES OF A FEW IMPORTANT WAVE DEVICES

empirical correction facto-
rs to the wave pressure

_ record,

theoretital expre-

_ ssion and empirical

correction factors

. Sensor type Principle of operation Features Data recording system Some examples on comm-
' .. ercially available systems
1 2 3 [ 5
Electrodes spaced at dis- Measurement af Strip chart recorder and/ 1) Interstate Electronics
create intervals along @ the surface, dig- - or digital magnetic tape. Corporation, USA.
staff of insulating mate- jfiseqd directly, Data transmission via Model Rs. 200 Portable
- rial immersed in water, self calibrating, tadble or radio telemetry Wave Recorder.
] electrical circuit complet-  caliprating of and/ or telephone lines. . 2) KYOWA Sttoko K.K.Japan
s ed by presence of salt  gystem is insen- Model RSR Relay type
] water between the sub-  sitive to changes _wave height recorder
- ~merged electrodes and 3 - in wave staff 3) Institute of Applied
P ~ ground bar produces res- - environment, has Physics, Nethertands. .
& istance as a function of 15 pe mounted
the water l!#l. This re- on to 3 phrfcm
sistance is converted to o come structure
.. @ frequency signal which  recalgytion probl-
- decreases as the water o caused by el-
© level rises. ctrode spacing.
The wave sensor consis- Measurements at 1} NOVA SCOTIA RESEAREH
v ts of a straight or helix  the surface,ine- FOUNDATION ( CANADA )
2 of resistance wire wound  xpensivemostly -== @0 === 2 gg::"u‘;ﬂg‘ﬁl[a;‘;agg?
. over a plastic tube with for small wave 3 PLESﬁ'EY ;'JVROTMEN'I-AL
£ ~an insulated return wire  heights,problems SYSTEMS (USA} Model
" tonnected to the bottom  with biological UMS 9610,
2 of helix, As the water fouling and fouling L) HYTECH [USA-)Hodel 9018
2w level changes, there i1s 3 caused by floatsam
‘g g corresponding resistance  and oil water run-
— e - change between the up gives rise fo
‘ sensor’s terminats. problem in wave
height needs 2
platform or stru-
cture for mounti-
ng. Calibration not
required.
The capacitante probe is  Measurments at 1 :zﬂlﬂltnl;ﬂmct )
immersed in water and is  the surface, inex- ¢
bl connected tothe arm of pensive, no calibr- 7 gg:::ﬁsii;(;sgoés{? ‘BJBASI;AN
E. the bridge supplied with ation required,co- . 3) COMEX EQUIPHEN'”FRM‘&EI
T steady input.The varying  mpensation for === do --- )
& capacitance is measured waler temperzture
bt as the water level changes,  provided, water
quality does not
affect, simplified
handling-needs st~
ructures for
mounting.
Changes in static press-  Measure wave pr-  Self recording strip chart 1) VANESSEN (DELFT)
ure at a fixed depth essure from-below and/or digital magnetic . <0SPOS recorder
beiow the water surface  the surface,inex-  tape or data transmission’ 2} FMW ENTERPRISES (USA)
. are used to predict the  pensivedependable  via cable radio telemetry ;’;‘( 'll‘s'gm recorder
5 concurrent surface wave  conversion of cha-  and/or tetephone line. . odel 750 A
» history by employing the- nge in pressure to Hydro Products, [ USA)
: 6.." orefical expressions and  wave height. by ~Hodel WR 421, 521

&) Interstate Electronic
Corporation { USA)
Model SDP-101.

CONTD.
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1 2 3 [ 5 .

' and so only app- 5) NBA Controls (England)
_roximate, high ' Model DNW-SH .
frequency wave 6} Inter Ocean { USA ) -
information is - 7) SEADATA tUSA)
lost. o :

The time taken for an Hessusrements from - Strip chart recorder and 1 E00 WESTERN CORP. - -
acoustic puise within 3 below the surface  digital magnetic tape.  ~  [-UTAM)}
narrow vertical beam to  good for tong waves,. - 2) CROUZET [-FRANCE )
propagate from 3 bottom measrement accur- o
_mounted unit to the sur- acy affected by

face and by return is rel- changes in water

ated to the path length, temperature and

viz. the wave amplitude salinity. has to be

Y plus depth, The height of  mounted vertical,

[ water above the transgd- measurwnents affe-

o ucer can he atcurifely . cted in waters of'

4 found by measuring the suspended sedime-

© fime between the trans- o and bubbles,
“mitted and rl(!iv‘d sound r!flecfion angd
pulses, The device opera-  puflaction by side
tes as an inverted echo- rays cause disto-
sounder, rtion in signals.
Follows the sea-surface  Maasurement at Strip chart recorder 1) Datawell [ Netherlands }
and vertical acceleration  the surface,infor-  and digital magnetic. 2l Estech Ltd. { Canada )

. is sensed by accelerom-  mation readily tele- tape. Data transmission Model-266

s eter suspended inside the metred to recorder via radio telemetry or 3)NBA C(ONTROLS (Engtand)
¥ buoy,water displacement on shore or onthe safellite. Model WBU-1

g history obfained by double platform within a -

< integration of accelerati-  distance of SOkm
:c‘(. on history through elec-  being a platform

Haave, pitch and roll buoy systems

tricat circuitry.

For measuring the direc-
tian,the buoy follows the
sea surface movements
angd measures its pitch-
ing slope. The pitch,roll
heave and heading of the
surface slope are measu-
red.In addition some are
cquipped with meteorol-
ogical sensors and some
are with attached curre-
nt meter at the bottom

which can measure orbi-
_ " tal velocities. .

buoy, it can be
deployed with sui-
table mooring at
any desired water
depth,

Data directly stored in
computer for further
interpretation,

YUY, 7, SR
In addition,some
are having data
telemetry facili-
ties using ARGOS
and METEQSAT
satellites systems.’

1) NEREIDES {France)

2) SUBER (France )

3) BERGEN DATA (NORWAY )

&) ENDECO {USA ) '

5) KU [Norway), Seatex
(Norway )

LONTD.-
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Micro-wave
Remote Sensor

Srereophd-
tography

Spar buay

Radar
techniques

Remote Sensing of the Direcrional wave Dafta stored In Central 1) MIRDS { Norway ]
. Dcean Surface from Sta- and surface curr-  computer for further ' )
tionary and floating pla-  ent measurements  analysis, Directional wave

tforms, Microwave remote Real fime gdata pr- information is displayed

sensor mounted at 50 to - ocessing-Data log- as six wave height 7

100m above sea surface  ging capabilities- spectra,one tor each look

measures directional wave Measurements und- direction of the antenna.

and surface current mea- isturbed by platform The surface current is

surements with real time structure, displayed as a vector in’

_processing and presenta- ’ - a polar diagram.

“tion of data. ‘

~ Experimenrs have been Provide informati- - L --
carried out by mounting  on on spatial varia- '
cameras aboard a ship bility of waves af

or on tand or on a piat- 3 given instant of
form or on two aircrafts. time, .

Wave height on cylihder Motion of spar buoy
floating verfically [Spa-  snot negligible part-

r buoy )} observed by icularly for wave
telescope or phologra- energy content near
phic techniques. resonant fregquency of

buoy, Feadings appro-
ximate,buoy may roll
thereby reducing acc-
uracy of measurements,

Remote sensing ¢f ocean  Though pregress " SEASAT has ben pro- A -

waves Dy synthetic ape-  is bein made remote vided with instrument-
rture radar [SAR) can sensing of significant ation such as Radar

give gross wave charact-  wave height and Altimeter and synthe-
eristics such as dominant  directional wave tic Aperture Radar for
wave length and spectrum is still measuring wave height
direction. not on a firm and wind speeds inclu~
‘ footing. ding spatial wave info-

rmation using sea
surface imageries.
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of signal processing and recording technigues. Since ocean waves consist'
of 2 number of frecuency components, a spectral method would be 2ppro-
priate to estimate surface significent wave height from random precssure
f£luctuations, These gauges are operated in shallow depths from 2 - 10 m
depending upon the wave period range expected, and the accuracy is ime-
proved by aprlying correction factor for depth attenuation. The main
advantaaes of pressure gauges are that they do not réguire surface pene-
trating structure, have a high signal voltage output, do not reguire
_re'uent maintenance and they can operate in szlt "ané £fresh water. The
main disadvantages however, are that they require signal CO"IPCthﬂ, nave
limited freguency response subjected to fouling ana are diificult to
install in some areas. ' :

ACCELERO} ETER TYPE DEVICES

Datanell waverider buoy is the most widely used instrument for
measuring surface waves.. It consists of a strong srherical buoy of 0.7-m
or 0.9 m in diameter designed to float on the sea surface. -It is inst-
alled at sea using a special mooring arrangement with rubber cord etc.to
mezintain the free floating characteristics of the buoy at a given station
(Fig. 1). The waverider follows the sea surface by rising ané falling
glong with it resulting in vertical accelerzation of the buoy. It is this
vertical acceleration that is sensed by a stabilized acceleromcter which
is suspended in a rlastic sphere placed inside the buoy. FHence, *he
water cisplacement history can be obtained by twice integrating the acce-
leration history through a suitable electrical circuitry. The waverider
is. desicned to transmit the information it measures to shore station or
o offshore station upto a distance of 50 km (for waves uptc 10 m neight)
or a Qistance of 30 xm for waves upto a heignt oif 2CG m. The receivino
tnit records the wave information on a strip chari recorder cor & 2irital

maonetic tape recorder. Data atguisition procedure adopted by the
liationzl Inctitute of Oceanography, Goa far the waverider buoys ig indi-
cated in Fic. 2.

EEIFP-BORNE VWAVE RZICCORDIR

Ship~borne weve recorders have been develored to measure uave
characteristics from ships. There are two types: one is the wicdely used
Tucker's tynn which consists of a preesure gauge andé accelerometer placed
at tne chip's bottom, and the other is Mark type which is an ulire sonic
wave ¢auge hanging cif the bow of the snip.. The Tucker's ship-porne weve -
recorder consists of two accelerometers, two pressure sensors znd a
central computer unit where the input of the ¢4 sensors is converted to a
wave signal. Along the bottom of the ship at the port side hull as well
2s a2t the starboard side hull each accelerometer has been mounted in com-
bination with a pressure type gauge. :

Tucker's type of wave recorder has great advantage over other
wave measuring systems for operation on a weather ship or a research ship.
The most important feature is that it can be used under all weather con=-
ditions, This wave recorder is less.accurate especially when measurements
of avery high and steep waves are to be analysed based on calibrations -

‘which are carried out usually under much calmer conditions.

DIRECTIORAL WAVE MEASUR?MENTS

Directional characterzstlcs of wind generated wvaves are lmoortant
not cnly for understanding wave generation mechanism but also for solv1ng ’
,practlcal problems associated with wave forecasting/hindcasting, ship's
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"~ response to wave mction andé desion of coastal and osfshore struciures,

“liethods of directional wave mezsurement can be clgss;fled into two main .

.ﬂcateqorles. direct measurements af rroperties within the wave £iel& and’
+he second iE, remote sensinc *hrough the use of light or radio vvves.

. Direct measurements:’ | _
There are two types of direct measurements. Array type measure-

. ments wnere similar wave characteristics are simultaneously mezastred by

- instrurments at several points =zt sea. The instruments are instzlled in

~.ap erray winich may be one dimensionzl (linear array) or two cimensicnal
(polyconzl array). - Tne second type consists of measurement of several
:@ifferent wave characterist 1cs by neans of & speciel suriace fellowing
buoy mecred at a point.- : s
JArrav_tr-oe measurement:

. An array of wave msasuring instruments sensr=ted hor;"ontally in
' the wave f£ield can yield a2 spatiel distribution of an identical wzve
parametes Their inter-relationship can be useé to cobtain wave directi-
~onal in:ormatlon. Hasselmann gt al. (1973) used a six-gauge line array
ithat cecnsisted of a supe.posstlon of two 4-element sub-arrays each having
a spacing of D, 4D and 6D, The suo-array ‘for wvhich D = 7 m was ituned for
‘wave length band of 10 m - 150 m and the ‘sub<array for which D = 26 m was
-tuneé Zor wave length band of 40 m - 600 m., Macovsky and hHechlin (19s81)
descrioned ¢ possible method of using @ line array of inverted ec.osoun-
:oers mounted on the deck of & submarine.

Line arrays can be used without ambiguity only waen sicnificpat
‘\7zve enmergy comes Irom one side of“the crray, t is,sharply tuned only
'Zor waves coming genarally from direction normel to it. Iwco-dimonsional
{polvgeacl) array is tnerefo;e creferrel for genersl.use. lunk gs 2l.
. {1963) used three bottom mounted tuessure gauges forming an eguiliteral
triangle with sides of about 300 m; for water depth of 100 m. Thf" oD~
feined ihe direction: of long period swell from the data thus collcected.

ther zuthors heave successs ullv used two-dimensiongl arrasys in thie form

of pen =oon ;or comnutlnc directional wave SPECtra.,

‘Buov tvne meafuremnﬁts:

: Heave, pitch and roll-tyoe of buovs moored at a point to follow
-the seaz surface have been used successfully to measure guantities re-
.guired for computing directional wave snectrg. ‘Some of the examgles of
.such buoys have been given in Table I, ost uzdely used lns.rument
called WAVEC for wave directional measurement is shown in Fig, 3, Measu-
rement of water surface elevation and two orthogonal components of wave
surface slopes have also been used by several authors to ccmpute direc-
“tional spectra. Instead of surface slopes one can also measure the +two
~components of wave orbital velocities and use. them to compute directional
_Spectrz. Some authors have used two components of wave force acting on
-bottom-mounted sphere and the wave surface elevation for computing direc-
‘tional suectra (Grace and Casciano’ 1969). :

'Remote sensing?’

Remote measurement of waves by instruments mounted above the sea
>surface have also been use&’ in“oceanography. By using stereo. photogra-
. phic techniques and satellite sea surface imageries, directional spectra
~can be computed Prom the stereo palr of overlappung photogranhs,' the
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FIG. 3 A TYPICAL MOORING SYSTEM FOR WAVEC BUOY.

directional and energy spectra have been conputed based on extensive cal-
culetions,

Micro-wave remote sensor (MIROS syEtem) has been designed Zfor re-
mote sencing of the ocean surface from siztionary and floating platiorms.
In this, the sensor head is mounted at sbout 50-100 m above the mean sea
level, The unit comprises of an antemna assefbly, a microwave transeiver
and a serve platform. During a typical measurement sequence, observations
are +eken in 6 directions with an angular increment of 30°, The ccientiiic
-directivnal wave information is displayed as the wave height spect-a, one
for each look direction of the antenna. The surface current is displayed
as a vector in a polar diagram. The operational data are presented as track
histories of the previous 12 hours ar as the last value measured,

' Remote sensing of ocean waves by synthetic aperture radar located
in SEASAT can give gross wave characteristics such as dominant wave length
and direction. Laser-=based wave instruments hzve so far been used both
from aircraft and fixed platforms mainly on an experimental basis.
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COACLUSICHS

A wide variety ‘of instruments have been uged for measurlnc viaves, .

Tne Dutcn wave rider buoys manufactured by M/s Datawell 'have been Gniver-

sally accepted for measuring wave height time series because of their
rugcedness andé relizbility, Different types of pressure transcéucer based
wave gauges both self-recording tvpe or remote-recercding type are being
used pariticulerly for measuring waves in snellow wezters, Resistancs-tivpe

“wave gcuges are beinc commonly uvused in waters where scitable structures

P

are av=_llabls Ior mcuntlnc ther.. Talking into consicerciion ine.ezsc of

" hezndling and reliability, the WaAVEC-heave, pitch =nc¢ roll-type of buoy

manu:accured by M/s, Datswell seems to be the best commercially avzilable
system -or measuring wave <directionality at nresen-.' With the zévznces
in satellite oceanocraphy and stereo-vhotograriiic tschnigues, rencte
sensing nol”" crest promist for the future,

.
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