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AN OCEAN WAVE MEASURING DBUOY

ALSTRACT

We describe the design, construction, and performance of
a surface wave-following buoy that can measure the directional !
spectrum of 0.06 to 0.5 Hz ocean waves with an accuracy of 10%,

and an angular resolution of around 90°. The buoy is disc

shaped, 1.5 m (5 feet) in diamoter, weighs 150 kgm (300 1lL),

and is completely self-contained. Wave height is measured by

an accelerometer mounted on the inner gimbal of a vertical gyro,
L wave slopes by the tilt of the buoy about the gyro's vertical
axis, ana buoy heading by a gyro stabilized compass. Data from
the transducers are digitized and recorded on computer compa-
tible magnetic tape. Wave swectra are calculated from the data
by computer. The accuracy of the measurements is verified by

calibration in a wave tank, and by the internal consistency of

the data.

1. INTRODUCTION

The wave measuring buoy described in this report was

designed to provide directional spectra ~f ocean waves for
comparison with radar scatver data. Initially we sought to
purchase a buoy, but a quick survey of eavailable instruments
showed that none were capable of measuring a directional

spectrum. Thus we were forced to design and construct one.




o

v

-

A\ number of techniques exist for determining thc direc-

tional distribution of a wave field. Lssentially, the measure-
ment requires a conerent sample of the wave field over many
wavelengths. The directional resolution is proportional to tne
number of wavelengths used. The measurement of the ocean wave
field is particularly aifficult because it is difficult to
establish a fixed reference point to which wave heights can be
related. Wave data can be measured at several places using an
array on a stable platform, or, alternately, the surface eleva-
cicn and two components of slope (tilt) can be measured at one
poant using an inertial reference.

A buoy that measures wave height and tilt (commonly
called a pitcn-and-roll buoy) is particularly simple, ard can
be small and easily handled. We have chosen this technique.

Several pitch-and-ro.il buoys have been built in the past.
The first were designed and built by the National Institute of
Oceanography in England. One was contained in a 5 feet 6 inch
cast aluminum, ellipsoidal hull (Longuett-Kiggins, Cartwright,
and Smith, 1963). Later versions used 54" torus shaped hulls.
Still later, another version was built by lHudson Laboratories
of Columbia University (Saenger 1969a, b; Goldberg and Goldberg,
1909; Jordan, 1969). All of these buoys required a ship to
stand by for recording daca and supplying power. Our design

borrows heavily from these previous instruments and is an




extension of their concept: It is completely self contained

and can operate unattended.

2. FPRINCIPLE OF OPERATION

The hull of a pitch-and-roll wave measuring buoy is disc
shaped, of sha.low draft, and is radially s;ymmetric about an
axis normal tn the water surface. Such a hull will follow the
surface of a wave provided the wavelength is sufficiently long;
and its high frequency response will be independent of wave
direction. The buoy contains an accelerometer mounted on the
axis of a vertical gyro and a gyro stabilized compass. The
vertical component of acceleration, when doubly integrated,
gives the sea surface height. The buoy tilts, when referenced
tc the vertical axis of the gyro and to the compass heading,
gives the wave slopes in a fixed (North certered) coordinate
system. These variables can be related to the ocean-wave
directional spectrum and its lower-order moments.

Let
(¢, &50 83) = (g, 3g/3x, 38/93y) (2.1)

be the wave height and slopes measured by the kuoy as a func-
tion of time in a coordinate system with X,y pointing North and

East (Fig. 1lb). The spectrum Fi(k,.ky) of ci(x,y,to) at some

instant to is so defined that

——




Figure 1.

Coordinate system:

a) of vertical

yyro, b) for analysis of data.



p 2 = 3 < -
L A {mj Fl(kx,Py)dkxdky
® 27
6 { F,(k,8) k dk dg . (2.2
Similarly, for time series ;i(x,y;t) at one point X Yqr
w oq
2 =
3 { 6 F,(w,8) dw ds , (2.3)

where «w 1is a radian frequency, k is the wave number.

By the ergodic theorem the space and time averages can be

equated:

F,(w,8) do = P, (k,8) k dk . ' (2.4)
i 2

”
“

For deep-water waves, w“ = gk, wnere g is the acceleration

of gravity, and the required Jacobian is

Py (k,8)
Fi(wlS)

2
x S e (2.5)
k dk 203

It is convernient to express all measured spectra ir terms
of Fi(kx'Ky)’ Fi(m,ﬁ), etc., e.g. the contributions (per unit
. wavenumber space, per unit frequency~radian, etc.) to the mean-
square surface elevation. We omit the subscript "i" and refer
to F( ) as simply the wave spectrum.

The Cartesian moments are written

< [ [ uRnd .
Mg {mj ky kg Flkygoky) dky dk,

[« ]

ptq
g k Npq(k) k dk (2.6)
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om
(k) = g cosPg sin9g F{xk,8) 48 . (2.7)

N
Pq

For an elementary wave train, the wave height and slope are

= -t i(k-x-wt)
Cl & R e
L, = Igd = R ik cos®g el(k'x_wt)
Gy = ayg = R ik sinB ei(k'x'wt) . (2.8)

The co-spectra C;. and quadrature-srectra Q- of any pair of
ij 1]

quantitics &3 and Cj can be expressed in terms of the moments:

am -1

Cyp(w) = g F(w,8) dB = 377Ny,  (2.9)
2m
Chplw) = g k2 cos?g F(w,B) dB = ™ 5e T
2
Cyglol = [ X2 sin2g Flu,8) d8 = J°= k% N,
27 A
Gyy = g k2 cosg sing Flw,3) 48 = It k? "
2n
Q, = g k cosB Fluw,8) 48 = 31k N,
27 ] 3l
T g k sing F(w,B) 48 = 377 k Ny,
and Cy;, = 0, Cy3 = 0, Q5 = 0. (2.10)
Furthermore, a trigonometric identity gives
k2Cq; = Cpp t Caj (2.1

Equations (10) and (11l) serve to estimate the accuracy of the

buoy data.
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The five moments determined by the buoy can serve to
evaluate the first five Fourier terms of the directional

distribution of ocean-wave energy (at each frequency)

F(S)(k,B) = 1/2 a, + alcosB + blsinB +

azcos2s + bzsi.28

with

The terminated Fourier expansion can be expressed in the
form (Longuett-Higgins, Cartwright, and Smith, 1963)

2~v
) (k8 = -j;_—fo F(k,B)W(g'-8) ds' (2.13)

n

where W= 1 + 2cus(B'-8) + 2cos2(B'-B) can be regarded as a
weighting function associated with the buoy measurements. When
g'-g = 0, +44°, W= 5, 5/2 respectively. Thus the angular
resolution of the tilt buoy can be taken at 8&°. This is not
very good, but it is the penalty one must pay for having a

simple instrument.

3. DESIGN PARAMETERS

The wave buoy was to be used primarily in a trade-wind sea.
To meet our requirements it must measure the Ocean wave spectrum
in the frequency band of 0.06 to 0.5 Hz (2-16 sec period) while
wind speeds range up to 15 m/sec. Furthermore, it must be com-

pletely self-contained and opcrate for up to 24 hours unattended.

—~——
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Typically, we expact to place it in operation and then conduct
other experiments nearby. After tnree or four hours we would
return and recover the buoy. The measured spectra should have
ar error of nc more than 10% in amplitude or 10° in direction.
These criteria determine the buoy size and transducer accuracy.
To estimate the accuracy required of the tiansducers using
these criteria we assume an ocean wave spectrum proposed by

Pierson and Moskowitz (1964)

S (w) (ag2w™3)exp [-Bg" (vw) ~4] (3.1)

where

2%

{ F(w,B) 4B

S(w)

3

and v is the mean wind velocity. We use a = 8.1 x 107° and

8 = 0.74. The acceleration spectrum derived from (3.1) is:
SA(w) = ag2w”! expl-gg" (vw)™"] (3.2)
The root-mean-squd:e acceleration is:
<gy>t/2 = ({wsh(m) dw)1/2 (3.3)

This integral diverges because of the contributions at large
w. However, a buoy will respond only to waves whose frequency
is less than some frequency, Q; its acceleration is found

by integrating (:.3) to this upper limit. This gives:

s 98 (-cg?/4 E,[-Bg" (va)~"])1/2 (3.4)
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Here Ei is the logarithmic integral defined by Jahnke and Emde
(1945, p. 1). We expect the buoy to respond to waves whose
wavelength is roughly twice the buoy diameter or greater (see
the end of this section). Waves at the high fregiency cut=-off
typically have a frequency of one Hertz. Letting @ = 2n/sec,
<;A>1/2 = 13% g when v = 15 m/sec and 5% g when v = 2 m/sec.

To measure these accelerations with an accuracy of 10% requires
an accelerometer with a total error band of less than 0.5% g
over a range of 0-2 g.

The directional spectrum (2.12) is calculated from the
slope spectra and co-spectra. The accuracy is limited mainly
by the coefficients a, and b2 which depend on the two slope
measurements. Each must be measured to an accuracy of 10% + V2
if the two components, taken together, are to have a total
error of less than 10% on average.

The root-mean-square slope is directly related to the
acceleration spectrum through the dispersion relation:

<c§ + c§> = k2<§i> = g—2<§§> (3.5)

The acceleration measured in units of g is the slope in
radians. A 2 m/sec wind gives an RMS surface slope of 3°, a
15 m/sec wind gives 7°. A vertical gyro capable of measuring
these angles to an accuracy of 7% must have an error of less

than 0.2° over the band +30°, the Stokes limit for a progres-

sive wave of maximum amplitude.
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The operation of the wave buoy requires a hull which
accurately follows the water surface. One that is disc shaped
and of shallow draft wiil perform well until the wavelength
becomes less thkan about twice its own diameter. Since a 2 sec
wave has a wavelength of 6.2 meters, the buoy should be some-
what smaller than three meters. On the other hand, it should
be easily handled. As a compromise, we arbitrarily chose a
hull 1.5 m (5 ft) in diameter, with a draft of about 8 cm.

Such a buoy displaces 150 kgm. Hudson Laborator .es' experience

with smaller buoys indicated that a hull of this size will sur-
L vive 15 m/sec winds with only a small chaance of being upset (of
- course it would not be sunk).

We estimate the response of this size buoy hull from Kim
(1966) . From his figure 11, the half-power point in heave
response occurs when a = Rw?g”! = 1.5, R is the radius of the

b buoy (0.75 m). This occurs at a frequency of 3.7 Hz. 1In a
similar manner, the half-power point in the pitch response
\\ occurs when a = 3.8 (Kim's figure 12). This corresponds to a

L o frequency of 1.0 Hz. The hull responds to wave slope slightly

better than to wave height near t' e cut-off frequency. 1In
either case, the response is within 10% of unity at frequenc.es

of 0.5 Hz and lower, so the hull should meet our requirements.

4. BUOY CONSTRUCTION

The buoy consists of four main systems: 1) the trans-

ducers, 2) the signal conditioning and recording system, 3)




safety and recovery system, and 4) the buoy hull that houses '

and supports this equipment. We will discuss each in order.

The sources of supply and cost of equipment discussed below,

together with detailed electrical schematics, are included in

the appendix. |

The transducers consist of a vertical gyro, an acceler-
ometer mounted on the inner gimbal of the gyro, and a gyro
stabilized magnetic compass.

The gyro-accelerometer assembly was made Ly Honeywell,
and consists of a vertical gyro (part number JG7044A45) and a
quartz-fiber accelerometer (GG326Cl). The accelerometer has a
range of 0 to 2 g, a total error oand of 0.01% g, a drift in
sensitivity of 0.02% g/°C, and .n zero point of 4 x 10~ ®g/°C.
The gyro gimbal remains vertical to within +0.25°, and has a
full scale range of +30°. The tilt of the buoy is measured
with a resistance potentiometer having a 1% linearity. The
entire assembly is 26 x 15 x 14 cm in size, weighs 4 kgm, and
uses ahout 50 watts of power.

Buoy heading is measured by a Humphrey North Seeking Gyro
(DG04-0122-1). This consists of a gyro stabilized and gimbaled
magnet whose position is measured by a resistance potentiometer.
The unit has an accuracy of +1°, and is linear within tl%.

Physically, it is 21 x 8 x 8 cm, weighs 1 kgm, and uses 10

watts of power.




The recording system conditions the signals from the

transducers, converts them to digital numbers, and records

them on computer compatible magnetic tape. In addition, it
controls the operation cf the buoy, times its operation, and
writes the time on the tape. The system was designed and built
by Monitor Laboratories. The tape recorder is a standard unit
manufactured by Precision Instruments (PI1387). The assembly
is remarkably small (see figure 2), and its standby power
requirement was less than two watts.

The signals from the transducers vary between +5 volts,
and contain sonie noise at higher frequencies, partic:larly at
400 Hz (the frequency of the gyro supplies). To reduce alias-
ing errors, the signals are sent through low-pass filters. The
voltages from the potentiometers (tilts and heading) go through
a simple RC filter with a cut-off frequency of 20 Hz. The
accelerometer signal is more severly attenuated since it must
be integrated twice to obtain sea surface heights. Even a
small amount of aliased power could cause severe errors in the
measurement of low-frequency wave heights. This signal goes
through a two-pole filter with a cut-off frequency of 1.0 Hz.

The complex filter response functions are:

=
n

(w2 = 1) (w* + 17! + J/E wlwt + 1)1

=
]

(02 + 1)7! + ju(w? + 1)1 (4.1)

e
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where w is frequency in Hz. Measured responses are very close
to values calculated from these equations: within 4% in ampli-
tude and 1/2° in phase at the half-power frequency.

The filtered signals are multiplexed, converted to 12 bit
binary numbers (an accuracy of approximately +0.01%), and
recorded on 1/2" magnetic tape. The recording format i, vari-
able and controlled by switches. The correct time (year, day,

' ~nr, minute) is recorded at the beginning of each record. The
time base was a quartz crystal having an accuracy of +4 seconds/
day over a 50°C temperature range.

A 7 track, incremental tape recorder records the data at
a density of 200 characters per inch and at a rate of up to 200
steps per second. It is rugged, can operate with 7 g RMS accel-
erations, uses one watt of power during standby and 40 watts
while recording. The total amount of energy required to write
600 feet of tape is fixed at approximately 7 amp-hours from a
12, volt supply (72 joules). The rate .of energy used is deter-
mined by the rate data is recorded. Typically, recording 144
bits/second uses 4 watts (144 bits/second = four 12-bit words,
three times a second).

The recording system controls the buoy operation. The
correct time is entered in the clock by switches. Once started,
the system turns on power to the equipment 10 minutes before
the next hour, and begins recording on the hour. Data are

recorded in the formht selected. After the selected amount has

been written, recording stops and power is turned cff. One,




two, or four hours later the cycle repeats, thus allowing the

buoy to operate unattended for a number of hours.

Typically, each transducer is sampled 3.125 times/sec; 2048
samples are written in each record; and 16 records comprise 2a
file. The records contain 10 minvtes of data, the file about 3
hrs. Each file uses about 9 meters (27 feet) of tape. Spectra
calculated from this data have a resolution of 1.5 x 1073 Hz and
a Nyquist frequency of 1.6 Hz. This format ensures that low
frequency waves are adequately resolved, aliasing errors are
small, and the time series are easily handled in the computer.

Power for the operation of the gyros and recording system
comes from sealed, gel-cell, lead-acid batteries. In normal
opcration the buoy uses 7 amperes at 12 volts. Tweaty-four
hours of continuous operation requires 168 amp-hours of energy,
but in‘ermittant operation reduces this considerably. The buoy
has six 20 amp-hour batteries. They cperate in any position,
and need not be protected from sea water. Each battery is iso-
lated by diodes: failure of one does not affect the oper&tion
of the others. The batteries weigh 48 kgm and are a major part
of the buov weight, but are small in size (0.02 m3).

The 12 VDC power is converted into other voltages regquired
by the sy~tems (see figure 3). The gyros operate from 115 and
26 VAC, 400 Hz. The first voltage is produced by a switched
inverter (Nova). Switching transients occur on the 12 VDC

lines and are reduced by the input and RF filters. The 26 VAC

is derived from a transformer. A small amount of +15 and +5
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VDC is produced by twc Acopian power supplies. This serves the
potentiometers, accelerometers, and data recorder.

The buoy is designed to operate unattended, consequentlv
it has systems that help in finding it once it is out of sight.
It alsc recognizes and responds to certain dangerous conditions
such as overturning in larage seas. In this event, the gyros
tumble and no data can be obtained. Other mishaps include loss
of power (batteries discharged) , broken magnetic tape, or end
of tape. The occurrence of any of these events turns off the
power to the gyros, terminates the recording of data, and causes
the buoy to call for help on its radi-~.

To aid in finding the buoy, it is painted bright yellow,
has a flashing zenon light, and a citizen band (27 MHz) cadic
transmitter. The buoy can be seen for several hundred meters
in 2 meter seas. The flashing light can be seen for one kilo-
meter at night. The radio can be heard from 10 km away. The
transmitter sends out 500 m watt pulses and has two antennas,
one on top and one on the bottom of the hull. 1In the event of
a mishap the pulse rate doubles. If the buoy overturns, the
bottom antenna is activated. The antennas are small (40 cm
long) and are not likely to be damaged while the buoy is hand-
led. Both the light and the radio have their own batteries;
both can operate for two days.

In typical operation, the buoy is started, and placed in

the water. Some time later it starts and data is recorded. It




is difficult to stand around hoping all is well. To aleviate

cistrrss in the operators, the buoy has a small (100 m watt)
citizen-bad r1adio transmitter that -“ransmitts everything it
hears. The operators, several hunired yards away can hear the
gyros turn on and spin up, and can hear the tape recorder step
each time data is recorded. This verifies that all is well,
and the operators are relieved.

The general layout of the buoy hull is shown in the cut-
away view (frontispiece) and figure 4. The control logic, ver-
tical gyro, inverter, and transmitter are mounted together on a
frame (figure 5;. The data recorder (figure 2) mounts directly
on top of this. The entire assembly is housed in a watertight
aluminum can. The light and transmitting antenna are mounted
on top of this. The north-seeking gyro (in a waterproof poly-
vinylchloride container) and the batteries mount on the buoy
hull. Underwater type connectors connect them to the 1lid of
the can. Tbe container is 52 cm in diameter, 40 cm high, and
weighs 60 kgm.

The hull is made of two, 1.5 meter (5 feet) diameter
sheets of 1" marine plywcod. Ten centimeters (4 in) of closed-
cell styrofoam is sandwiched between them for floatation, and
the three bolt together to form the hull. The aluminum can and
gyro bolt into holes in the top piece of wood. The batteries

are held below three hatch covers. All wiring is routed between

the plywood sheets and protected. A small wind vane provides

——r—
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further protection for the compass gyro. The edge of the hull

has a soft neoprene bumper glued to the styrofoam.

The entire buov assembly bolts together. The aluminum
can is easily remo'ed and carried intc a protected laboratory
for repairs, calilration, and setting switches for turning on
the electronics. The electronic rack may be unplugged and
renoved. All electronic components, gyrcs, etc., plug ir and
can be removed for repair. Connections to the data recorder
are by screws or. a terminal strip. All internal wiring is
laced together. Thus the entire assembly may be guickly and
easily disassembled for repairs. In normal cperation, the unit
can be switched on, the lid to the aluninum can bolted on, the
can bol+ted into the hull, and the buoy launched, all in 20
minutes, by three people.

A three-point bridle of spliced 3/4" nylon rope is attached
to the buoy for launching. Usually, 30 meters of 3/4" polypro-
pvlene rope is attached to the bridle. When the buoy is in
the water, this line floats on the surface upwind of the buoy.
The heavy line is necessary to handle the buoy in rough seas.

A smzller line (1/2") parted during one recovery.

The aluminum can ana wind vane are painted bright yellow
(epoxy coating). The hull is bright red. English and Japanese
lettering on the vane identifies the buoy. External fittings

are stainless steel, external wiring is necprene jacketed. This

greatly reduces corrosion and electrical shorts to sea water.




5. DATA ANALYSIS

The buoy data are analysed on a Burroughs B6700 computer.
A complete listing of the program is produced in the appendix.
Although it appe’rs long and complicated, it is, in fact,
straightforward. Processing of data is quick, typically one
hour of buoy data is analysed in 1l minutes at a cost of about
$25. The following paragraphs outline the procedure, shown
graphically in figure 6.

Data from the four sensors (acceleration, two tilts, head-
ing) are written on magnetic tape as six-bit characters. The
first 24 bits of each record is a time word. The procedure
TAPESTART positions the tape at the record to be read, and notes
any read errors in records passed over. The procedure READTAPE
transfers into the computer the bits written ian a particular
record, converts them into time series with apprcpriate units,
removes the mean, and rotes any apparent errors. Procedure
PRDATE decodes the first 24 bits into time and date. The four
time series are trari;formed into the frequency domain (using
the Fast Fourier Transform) by the computer's library routines
FFT and BITRVZ2.

The frequency data are multiplied by +he appropriate

\
inverse filter function L”! calculated from (4.1). Some data
were recorded with sample-and-hold modules installed in the data

recorder. In this case, all channels weie sampled simultaneous-

ly. Other data were recorded without the modules and the chan-
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nels were sampled sequentially. This is equivalent to applying |

the linear filter: b
L = cos nwt + jsin nuwrt (5.1)

where n = 0,1,2,3 is the order of sampling, and t is the time
delay between samples.. When appropriate, the inverse of this
filter was applied. Finally, the tilt and heading were trans- |
formed back into the time domain.
At this pcint, the slopes are relative to the buoy, and
' must be transformed into a geographic coordinate system. Let
r be the rotation about the outer gimbal axis, p the rotation

about the inner gimbal axis, and °T the angle measured clock-

v -

. wise from North to the inner gimbal axis in the coordinate

system shown ian figure la. The coordinate transformation is

t, = (-sin°T/cos p)tan r + cos®°T tan p

Ly = (-cos®°T/cos p)tan r - sin°T tan p (5.2)
These equations follow from Saenger's (1969) equations (9.6)

for ¢ = 270° and ¢y = 0°, and notang m = -°T + 90°.
The slope series are transformed back into the frequency

‘ domain and the appropriate Co- and Quadrature-spectra are com- 1

. puted from the Fourier coefficients of the data using:
ZQij =3 aibj + ajbi (5.3)




where ar bi are the cosine and sine transformation of the

first series, aj, bj are those of the second series. Note
that the sign of Qi] is arbitrary. Our definition agrees
with (2.9), but is n disagreement with the convention used
by some workers.

The spectral quantities (2.9) are used to calculate

various parameters of the ocean-wave directional spectrum.

The mean wave direction (at each fregquency) is:

tan 8, = NOl/Nlo (5.4)

The root-mean-square beamwidth can be calculated several ways;

we use
1 - R\1/2
2 = L]
tan 2y (1 -~ R> (5.5)
where
2 2 4 2
R = [(N20 - Noz) + Nll]/N00 (5.6)

This agrees with equation (22) in Longuet-Higgins, Cartwright

and Smith (1963).

6. BUOY RESPONSE TO WAVES
We have estimated the response of the buoy to waves by
observing the internal consistency of data recorded at sea and

by calibration in a wave tank. 1In general, the buoy responds

as a damped harmonic oscillator with a 1/2 power point near




0.7 Hz. The accuracy of the data meets the design criteria

specified in section 3.

Before describing the calibration of the buoy, we first
give a gross overview of some typical data. They were obtained
off Monterey, California in a 10 m/sec wind when the signifi-
cant wave height (4<¢2>1/2) was 2.5 m. A short section of the
digitized data from the four transducers (figure 7) indicate
the general range of these variables. The root-ﬁean-square
acceleration was 10.3% g, and the slope was 6.8°. This is in
very good agreement with the values of 10.7% g and 6.1° predic-
ted by egs. (3.4) and (3.5) using Q@ = 0.7 and v = 10 n/sec.

The first time the buoy was operated at sea we sampled the
transducers at the maximum possible rate to determine the opti-
mum rate for later operations. The Nyquist frequency (maximum
frequency of the digital spectrum) was 6.25 Hz. The accelera-
tion spectrum recorded on this occasion is shown in figure 8.
The noise at low frequencies has a spectral power of around
10 cm?sec™“Hz~!. The high-frequency noise is considerably lower,
and the Nyquist frequency could be reduced considerably. Conse-
quently, all later data were recorded with a Nyquist frequency
at 1.5625 Hz (each signal was sampled 3.125 times per second).

The spectra derived from the Monterey data are plotted in
figure 9. The Nyquist frequency is 1.5625 Hz, the resolution
is 0.0015 Hz. The figure gives a good indication of the signal/

noise ratio of the data. The acceleration values are approxi-
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mately 1000 times the low-frequency noise, and the low and high

frequency ends of the spectrum are identical to those in figure
8. The slope spectra are approximately 100 times larger than
the low-frequency noise. The slight rise in energy near zero
frequency is due to drift in the sample-und-hold modules, and
is the reason for not using them on subsequent days. The buoy
heading swings slowly with time, so its spectrum is large at
low frequencies. The small spikes in the spectrum are due to
aliased 400 Hz noise.

The acceleration noise values require some comment. The
noise is 30 times that expected from least count noise (which
itself is about equal to the noise from the transducer). It is
also about 30 times larger than the noise measured with the
instrument on land (no motion). It is probably due to the
slightly non-linear way the buoy responds to the motion of the
sea, and is not significant for our work. For example, a sinu-
soidal wave with an amplitude of 0.8 cm at the lowest frequency
of interest (0.06 Hz) is detectable with a signal/noise ratio
of one. The contribution to this same frequency band by a
fully developed sea is 100 times larger.

The buoy was calibrated by observing its response to
sinusoidal waves in a tank 2.6 meters wide, 2 meters deep, and
30 meters long. This facility is just barely adequate; fortu-
nately, the best data was obtained near the buoy cut-off fre-
quency. Lower frequency waves were too long for the shallow

tank, and shorter waves were not two dimensional. The observed

response is plotted in figure 10, together with the
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response of a 1/8 ellipsoidal hull calculated by Kim (19€6).
Although this hull is not very similar to the buoy in plan view,
it has nearly the same cross-section along one axis, and it is
of shallow draft. The wavenumber k of the incident waves was
calculated from the wave frequency « using w? = gk tank kh,
where h is the depth of the water. The figure indicates the
model accurately predicts the 1/2 power point in the buoy's
response, and the ratio of pitch to heave response at low fre-
guencies. This ratio diverges from the observed values at high
frequencies.

We estimate the internal consistency of the data by
observing how well egs. (2.10) and (2.11l) are met. 1In general,
C12’ Cl3’ and 023 are zero within the statistical fluccuations
of the data. Six hours of data recorded in a trade-wind sea,
when averaged to give spectral estimates with over 2000 degrees
of freedom, yields values for these quarntities that are less
than 5% of the leading terms (Cll). To evaluate (2.11) we have
averaged together 17.23 hours of data and plotted it in figure
1l1. The peak near 0.9 Hz is predicted by Kim (cf. figure 10),
but the slight rise above unity (near 0.5 Hz) is unexplained.
Perhaps it is due to the additional moment of inertial of the

high instrument can.

7. CONCLUSION

The wave buoy has worked well. Typically we work near

shore. The buoy is taken 20-30 km offshore, data is collected

~—
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for three hours, and we return, all in one day. In one year,
it has operated at sea on nine different days in four different
parts of the world and recorded more than 30 hrs of data. Dur-
ing this time there was only one major failure. On the last
day of operation the unit stopped because of low battery volt-
age. Inspection revealed sea water had corroded away most of
the terminals and discharaed the batteries.

The data recorder has also worked well. We usually record
data in 10 minute segments (records) of 2048 scans. Out of
over 200 records recorded, 5% (1l records) have errors. All
but two are due to the tape recorder adding an extra 6 bit char-
acter in the middle of a record. This is not serious because
the data can be recovered with a Little extra computer work.
We prefer to ignore these records. Once the clock failed to
act properly. No data was lost but the time word was incorrect.
once the record was too long. We suspect these errors were due
to noise introduced into the logic circuits by strong radar
signals from ships used to deploy the buoy. Ccrtainly, the
errors were less frequent when the ship did not have a radar or
was not close to the buoy.

The buoy has withstood rough handling. It has been shipped
from San Diego to Monterey and back, to San Clemente Island and
back, to hawaii and Wake Island. The waterproof connectors have

been damaged by inexperienced crane operators on the ships, and

the radio antennas have been bent. These items are easily




repaired. The internal components, which are harder to repair,

have not been damaged.

The buoy has been deployed by helicorter anu from a variety
of very small ships with little difficulty. Two men holding
lines attached to the bridle mounting points can steady its
motion on a rolling ship. It can be lifted by small hydraulic
hoists or cranes found on many small workboats, and an inexpen-
sive two-man helicopter can carry it to sea.

Our experience with the buoy shows ways it can be improved.
The instrumert can could be considerably smaller. It was orig-
inally designed to hold the compass, but iron in the inverter
caised interference. If only three hours of data are recorded
at one time, the much cheaper, low-power, cassette type data
recorders could be used. This would make changing tapes easier,
and would further reduce the size of the instrument can. Thus the
buoy would be more disc shapved, and shovuld have a be*ter response
to waves.

In conclusion, we can say the buoy has met the design cri-
teria specified before it was built, and has provided the ocean

wave spectra we need in our resea:ch program.

l
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APPENDIX '

This section contains many of the details necessary to i
operate the buoy and to analyse the data from it. We have
included detailed circuit schematics (figs. Al, A2, A3, pro-

gram listings, and a list of major components and their source

of supply.
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Listing of Computer Program used to Reduce Buoy Data
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PrNGRAY WAVEBLNY PROVIUES K KEANS OF COMPUTING ESTINMATES OF
Tht DIKECTIUNEL SPECTKUF UF OCEAN wAVES FRCM DATA TAPLS
GrNEAQTED 4Y L4k S. L. u. SURFACE-FOLLOANING AAVEBJUY.

Tdz CARO INPJL PAKAMETERS TO Bk SUPPLLED AWE: CARL 1, THE TAPL
keEL MWME (b CHARKCTERS); CAkL 2, THE TIME-SERIES LENGTH, 2**MEX,
FALLOWED RY Thh NYCUIST FREQUENCY IN KERTZ. CARD 3 CONTARINS FIVE
INTESEP JONSTANTS VIZ.,Tdk FILE N3. OF IHE UATR, [db FIRSI RECORD
OF THt DATR TG BE USED, Tht NUMBEK NF RECCkUS TO BE AVEKAGEE,

AN INIEGEK VARABLL,"CHANNELS®, AHLCH SELECTS AHICH OF Tde FJUR

PETA CHANNELS ARE TN BF USEU. I+ ALL CHANNELS RkE REQUIRED,AS IN
COM>UTING OIRECTIONAL 3PSZTHA,THEV SEI CHANNELS==1111 (BINARY) =
15 (LECIMAL). YOR INSTANCE,IF CNLY CHANNEL 1 POWEK SPLCTRUM (VEKT.
ACCELLERATION CINVEKTED TJ SURFACE cLEVATION) THEN Skl =1n0n
(3INARY) = 8 (JECIMAL INPUT VALUE)."RVEFQ“IS THE NJHBELKk OF FREQ.
BANLS AVERRGEI OVEP AFTER THE AVERAGING OVER SPECTRA /I'OM
INDIVIDJAL RECORDS {hS BEEN DONE. Tdk NeAT CARD RZIAL i:iPJTS:

R BOOLEAN vAKIKRLE “LAV" wHlCH,IF SE1 TRUE,DOES A LOGEITHMIC TYPE
AVERAGING OVER SPECTRAL BANDS (CAUTION:IF LAV=TRUE,SET AvSFU=i),

A BCOLEAN VARIABLE “SAhIN", WdICH IF SLT TRUE MEANS ThAT T."
S4%2L: AND HOLD M0DULELS Jf Tde WAVEBUOY WLRE OPERATIONAL AT THE
TIFE OF CATR COLLECTION; Tik MAGNETIC COMPASS DEVIATION Fkut TRUE
NORTH ANO CITHER “F" OR "4" CHARARCTEK FOLLOAING: "TILIR" I3

Tht CKREATEST WAVE PekIOD 10 bt INCLUDED IN FINDING THE VAKLANCE;LF
BLANK I4IS IS AUTUMATICALLY SET T) 2**(MEX-1)/NYQJIST, [aE LONCEST
PeeIOL FOR 1HE TIME SERIES LENCTH. rINALLY, THEKE IS R CREKD
WHICH CONTRINS SIX KGGLEAN VAKIABLES SFECIFYING wWHIUH TABLES AKE
TO BE PRINIED YUT AND #4ICd [YPe(S) OF SPECTRA ARE TU BE PJUNCHED.

Tdl3 PRUCKAM UTILIZES Tie "5SET INSALLATIUN" CONTROILL CARD
IN ORDEK TO ACCESS IHE SYSTEM INTRINSICS: FFT,EITRVZ,FFTR,SINCOS.
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PILE PRINTEK(KIND = 6, MAXRECSIZE = 22);
FILE CARD (KIND = 9, FRXRECSIZE = 14);
FILE PUNChER (KIND = PUNCH, MAXRECSIZE = 14);

LOOLEAN EKK;

INTEGER CHANNELS, FIRSTREC, J, K, LASTREC, MEX, N, NMl, NCHRANNEL, NN,
NFILE, KEC, NWORDS, NREC, TRPENAME, AVEFQ;

KEAL FSTEF, OMEG, SCALE, VARN, X, XNYQUIST;

REAL ARRAY ZAL,MEAN[l:4]:

LEFIMNE PI = 3,1415926%35897932#;

t

t NGTE: 3777 OCTAL = 2047 DECIMAL = 5.0 VOLTS. 4000 OCTAL=2048
FILL CAL[*] AITH .478515625 % (98) CM/SEC ** 2)/2048.
++001533980768 & PI/2046.
..000383495197 & (PI/4)/2046.
.00N383495197;¢ (PI1/4)/2048,
RERL(CARD,<2%>,TAPENRME);
READ(CARD,< I4, FlN.4>, MEX, XNYQUIST):
READ(CARD, <5I3>, NFILE, FIRSTREC, NKEC, CHANNELS, AVEF():
Lt AVEF) LEQ N. THEN AVEFQ:=l;
WRITE(FKINTER,<"TAPEL REEL=", R6>,TAPENRRE);
WKITHUFKRINTER, <"FEX=",13,X5,"NYGUIST=",$8.4," HERTZ.">,MEX,XNYQUIST);
NAORDS == N & I[MEX::1]s t 2 A% MEX
N := NWORDS LIV 2 + |;

Ml = N -1; SCALE:32./9VWORDS**2;
X
ARITE(PRINTER,<"FILE NO.=",I3," BEGINNING WITH RECORD NO. “,I3,
" TOTAL NO. OF KECORDS READ=z",I3,
e CAANNELS=",I3>,NFILE,FIRSTREC,NREC, CHANNELS);
t
t
t
3
3EGIN ¥ cccccccccccccy MAIN PROGRAY BLCCK BEGINS HERE.
t
t
t
BIJLEAN SHYIN, TABLEL, TR3LE2, TABLEJ, PUNCHX3, PUNCHPS, FJNCHDS, LAV;

INTECEK ERST,EOKW,ENDFT,FKELDON,VALAVEFQ, WEST;
REAL T, Cil, C33, c44, C34, COSAZ, COSPITCH, K2, K., MAGDEV, 313, 214,
KK, SINRZ, TLIM, TANPITCH, TANROLL, Y, 2ETA, Z;
PEAL NZERO, DENOML, DENOM2, JRZOBK, K11, K22, NDL, N10, 20, NO2, Nl1,
N12, N21, N22, Cl4, Cl3, Q34;
RERL ARRAY 3, 1 [L:4, O:NJORDS), PSA, A, B [Ll:4, N:ymlj,
CSN, CSw, CNw, CO, FREQ, OMEG4, PER, PS, (SN, QSk, (NW,
3I[":N%)], AVEPcR, A7, Rl, R2, Bl, B2, BEFA, CREST[N:l ¢
ENTIER(NFL/AVEFQ)];
KEAL ARRAY YAS,NAT,NRB,RLD,NAL,NR2,NA3, VR4, NAS, ANGL,RNG2, RNEA, NNY,
XALPH[Y: 1 ¢ ENTIER(NML/AVEFJ)], JRCOY,KONE,KI4O[N:NYL];
TIRECT FILE BUOYTAPE (KIND = 13, LRBELTYPE = OMITTEDEOF, DENSITY = LOW,
PARITY = N, MAXRECSIZE = NW4ORDS ¢ 1);

vIAEIT ARRAY rAPEBUi&ﬂ:NuOkDS&:

LnBLL. ADDIK, PGRIN,FX)T,FINI,I OPER, NEXT,PUNL,PUN2,PUN3,TAbZ,TRBI;

s

1€ € € € € € € € € CCC KKK CC K< <

EISRT BSC™ N ", K5, "PEKIOL", X3, "ANz", X]7, “Al=",X12,"Re=",X12,"8) =",
%12, "B2=",n(,"DEG.  AlL)N",X5,"hNS LiLFEES",/);

PO MRT FBOI4, 02,6503, X0,5(%12.4,X3),20F7.2,X7));

rORMET FYL"™ Ahb.",XG,“PERIOL".XB."RCCEL.",Xl,"SURFACE",XB,"N-SLOFE".
XJ,"E-SLDPE",A),“’n-Q"".Xi,"QUlD-SN“.X4."CU-SE",X4."QURD-SE",
X4,"CO-NE", 44 ,"QURL=-NE", X2, "dAVES BEAR");

FIRUAT FLOCXLLI,"FKIN", 45, wlT4");

FORNPT FL1C™ FREY.™ XS, "CRCL", X3, "CM2/SECA", X3, " (M*A2", X4, 2("FER REKTZ "

Y, 40" T./dZ. "), 2("PER HERTZ ")," JEGC. (T)™);

Q0EB.2,b8.2,10E10,2,2(X2,86.1));

130" AVERAGED DIRECTIONAL CUEFFICIENTS VUK .Y89 SEC. < I < *,

Pl =ly SRCE2AIN:

tONMIAT Fl4ACXI2,"4AVES FROY™,XS,"BERY dIDTH"),

tORMPT F1E(X1B,"FER HEKRTZ",X2,"PLR HLZ.",/);

tOKFAT Flot“ANG. }kko.“,xﬁ,"Nﬂl/N"n".XS,"Nlﬂ/N"n",XS,"NZﬂ/Nﬂﬂ".XS.
“NHZINWQ“,Kﬁ,"Nll/Nnﬂ“,XS,”ALPHAI",X3."RLPMR2',13,"RNEJ”,
Kb, "KOLL" X5, "NEXP",X3,"RLPHR™, /) ;

tJRYAT Fll(tln.4,x5,5(£9.2,x1),1(F6.l.xz),Z(h?.z,xl).io.c,xz,ES.z);

vCPMRAT BIBI"ENSG, iPrQ.",)5,"“12/N“P",x5,“NZl/Nnn".XS.“N22/N0P",KL,

"NCHECX",/);
PIRMAT FEVEIO, 4, XN, 4059, 2,%4Y);
Iv € € € € ¢ € € € € ¢ € € ¢ ¢ ¢ € ¢ € <

LGRMRAT H1
FIKIAT ¢l

v}

anz:0000 ;0
OARTR IS 0005 LING
an2sc0nnzn
DRIA IS N0N5 LONG
np2:000N: 0N
DAIAR I3 0N0> LONG
nnz:00nn g0
nn2:000N3D
noz:0n0n:Q
0nz:o0nno:n
nNZ2:00I0:0
0n2:n0n2:1
nN2:NNM2:1
nNz2:0n02:1
nnz:0nnz:tL
nN2:0003:5
nnzZ:00N3:5
N32:0023:5
NNs:NNNo s
nnz2:NNn14:5%
002:00G45:2
nnNz:Nn3g:s
002:0043D:4
NN2:NM 4B«
NNZ2:0)38:14
N02:005031
nN2:0NSkF:N
0Ng:0N63:2
nN2:01533:2
NN2:N005:1
NN2:0055:1
ne2:0077:1
no2:00/77:1
nn2:0077:1
nne:0077:1
Nz 0077:1
nn2:n0i17:1
nNz2:0n77:1
nnz2:nnzit:l
nn2:n077:1
nn2.nn77:1
BLOCK IS SEGMINI 0NN375
npns:nnnQsn
nng:NNNNsg)
ans:00N0: 0N
nNS:N070:)
NSz 00000
pns:00NN: D
nnsS: r0Ng: 3
nNS:00g:3
nOS:0NLLzn
IN5:NI19:4
NN5:NILG: 4
DNS:002Y:
N35:07¢9:4
DATR IS 0025 LOKG
DATA IS NNN3 L3S
0Ny:0Y4C:24
nNS:0030; 4
nN5:313N0 04
DNS:Chi3N: 4
nnsS:nl3ng,
CH U
NN5:0130:4
ONSeNr30; 4
N15:07139:,
NNS:Nr3hicq
AN5S:N3sn:y
N0S:0N Mgy
NN5:0730:4¢
NN5:0050:4
NN3:NI3N:
NNS: 030z 4
NI%:0730:4
NGS:NC30: 4
NS 00504
nnNS:n130;4
NS0l 3ns4
NN5S:II350:4
NNS: N3N 4
nN5:nr30; 4
nnsS:NIsn; 4
nns:nNN3N- ¢

S




PrLCELUKE TRPESTRRE (LIKECTRiLE, 0B, KS, S5F, 3K, LRRIS
+

VALUL kS, St, SRS
LInkCT FILE [IKECT
tt 2t sttt

INTECER kS, SF, Shi BOULEARN kRS
FILY, TikECT ARKAY ib[N]:
A I I I I IR I T TR TR T A S T S T 2 {
[HI5 PROCEDURE IS FOR KeADING A FIZLD DATE LOGGER TAPE BY MERNS
¢t DIABCT 1/0. THE ThEE 1S ADVANCER TO AR SPECIFIED FILEL GIVEN
bi "SF" ANL TL.EN TO A PLCURU GiVEN BY "SR”.THE EXPtCTED NUMBER
OF a003 EACH{ XECORU ZOMIRINS IS "RS"™. iHe ACTUAL HUMBER OF #ORDS
“HANSPEREL FKOM ERCH RECORD Rii Th:t KEAD EKROR TYPE Akt FRINTED
JUT FOR ZACH FILL AS WeLL AS [k NUMbER OF RECCRDS PER Flle.
PRUCEDIRE TRPFSTART PLQUIRES FIREAARDU UECLAXATLON CF DIKECT FILE
R:.l DIRECT RKRAY DB.

$ 3% % i toyiiroyoyrotiiroyoyororoyoioyroyoroyoryioiioion
ciln

INTEGEN EOFCT, k(3

L e o g 8\ ) 0 W e WV e

FILE FKINT (KINL = PRINTEK, MPXRECSIZE = 22);

FORMIT SKAC ("PILE"™, 13, * KICOKi™, 13, ™ (ONTRINS", 15, " wORLS, ",
TExRIN NO.", 12):
WhITE(¢RINT[SFACE 2),<"SPACE 1C FILE ", 12, "™ KECUKD ", I&>, EF,Sk)i
tFR := FFL5E; 3 NO eRkkOk INDICATION.
O E T
AL 4
idlos
BEEGIN
RERD (OIkeZTHILE, RS, La[*]);
WALTULB[*)):
IF uB[*].1JEJF THEN
btGIN
Cu03e(DIKECTEILE,*):
ARITE (FRINT[SPACE 2}, <“EOF ENCOULMTEKED FOR FluL ", IZ, "™ oF",
13, "™ KRECIROD(SI">, SUFCT, XC);
EQRCT o2 ¥ o« 1
LIRZITHFILS.IPEN = TRUC,
xC 22 0
edU ELSE
BEGIN
S g T R 94
axITECFRINT, SKKC, LOFCT, RC, LB[*].10WORDS,DB[*].I0ERKOKTYPL)},
[ ]
AYH
wC = 13
wWHILE #C LSS Sk L[O
LECIN
WAl (UIRECTFILL, RS, UB{*]):
WALIT(DB{*]):
axlFEtaklﬂg,SKKC. ed¥lT, #C, LB[*].10AO0RDS, UB{*].I10ERRURIYIE);
KC := + 1;
eND;
Pl TRPELTART,

e
Cor—

"3 ..

oF

L3y oF D0

TLETLRASLLRALEEAARALRLATRALLRLLALALATALITLLAILTAALLAII 1424 28Ry

NNS:NN 3034
N5:07130:14
nnS:0C3IN: 4§
0n5:0030;:4
nesS:07137:4
noS:0C30s4
NNS:0750:4
NES:003034
NS00 3024
ANS5:NI30: ¢
nNS:NCsn: 4
nNS:nNI3T:s
0N5:0231:4
nesS:NC3n: 4
ANs:NI3N:y
N0>:s00 3034
WV5:013%: 4
;] (05:0(30:4

TAPESTART 135 SEGMENT nN1N7Y
AGl:0NNNN

DWiR 1S NNSA LONG

SATK 15 NNNy LONS
ne7:0000:"
nN7:371719:N
AN7sNnNN ;N
An7:0n010;%
703114
Ni7:001z:2¢
ANT7:nnAL3:N
A07:0015:5

4 NT:0014:2
ON7:0018s¢
ANT:NNiAz!
nn7:0niCc: 0
5 AMNT:NILCe 3

na7:00 ksl
nnlsNI2s3
AN7:0NsE:S
N7 0n30:1
ne7:0031:5
nN7:0N32:3

5 007:0032:3
5 ANT:0033:)
nnN7:0034:2

aN7:004p:1
NN7:NG4ksl
nNN7:0348:4
an7:004Cc:2
nn7:0N4c: 1
) ANT:NI4D: s
07:0051:4
N17:0N33:¢
nN7:N0nA:1
NN7:0N35:3

-~ un

4 nN7:006C:N
TAPESTARTI(OAT) IS NI78 LING
3 npS:0Csns 4




rOCHDURE PRLATE(DR1 )

wIUL LnT: INleCER DAT;
$ TP 13 332 PPl ohirrroroiovoroyroLoroiovoloyoyovyioxvony

TMIS PRPOCELUMF ['ECODES THF URTZ AND TI™e INFORMATION CONTAIMED
1t TKE LLRTING 24 BI1TS T FACH TRFF ¥¥COPD AND PRINTS ThIS OUT.

b S G S g ev Ly S e

(IR AR N S S IO S 2 T T S TNE T T L SN URE S S SN TN B BN SR N B
deoIN
INTEVEK AKRAY PONTHS([l:slez]s

N05:0)31:4
NNS:0(30:4
nns: 003N 4
0n5:033n:4
N05:0030: 4
0n5:013Nn:4
005:NN30:4
nI5:N130:4
005: 003Nz 4
nnS:0c3n:4
N15:023n:4
005:0(030:4
nnNy:0730:4
G05:0030:4

' FRLRTE 1S SEGMEMT C(inng

VALUe ARRAY MONTH{ "JAN", “CER", “MAR", "RPR", "MAY", “JJu", “JuL", N13:007N0:0
DRTR IS NNLL LOXG
“AJ3", "SEF", "OCT", "NOV", "“DLC"); nn3:anIn:n
L DRTIR IS NANC LCNG

LiTLGEx YERR, DAYS, HOUR, MINLN, HINL, NM;
LAgkL INL[, EXIT:
FILL %ON[43(*] 41T+ 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31;
CIMMENT OAT (UATL AND TIME) IS IN THE FOKF:
Y LL LLTD LLLL PH HHHh MAE MNEM Y-YEAR, D-DAY, H-HOUR, M-MIA
11 3INRRY COuel 2cCithkl DIGITS;
Yekk := 1F DAT.[23:1] EGL 1 THEMN 74 ELSE 72;
URYS = DAT.[2¢32) * 1n0 o CRT.[ZN:4] * 1N o DAT.(Llb:4):
WOUK := LBAT.[12:2] * 10 ¢ TAT.(L1N:4);
MINLIIY 2= LAT.!b:3):
3 A04] sz OAf.[3:4);
IF YERK MOL 4 iCL O THEN MONTHS(2] := 25;
FIR NM :=z 1 S{EP | UNTIL 12 DO
It LAYS LEy MOUNTHS[NM) Tekh GO FLD ELSL LAYS := PAYS-MONTHS(NM);
ARITE(PRINICF,<"ERRCK IN PRDATE: UAYS T00 LARCE">);
GO eXIi:
\\ FND: WRITE(PRIVIEK, <"DATE: ", 12, XL, a3, X1, 12, *; TldE: ", 12,
v, I11,I1>, LAYS, MOWTH[NE=1), YLAK, BOUUR, MINLO, MINL);
aRITE(PRINICR,€/>);
Ly LEXIT: FND FRCRIES

43¢ € € € € € € € € € € € € € € € € € € € € € € € € € € € € € € € < < <

:

%
L

PRDAIE(NOI)

and:NIIN:I
o3 onnngn
nn9:NoIN:
0Ng:NNY4:2
nnNg:00N4:2
MI:0014:
0N9:PNNg s
aNy:NNI7:95
ang:tnNCsz
ans:nnngs2
ny:onLN:s
nN9:CNlizs
nnYy:n0als5:1
nnN3:PL15:%
nnNg:NNiC:¢
009:0021:5
nnN9Y:n022:2
0N9:0024:1
009:0n38¢:1
nNYsNG4Nz4

1€ NNg3 LONG

005:0030:4




3
PRIZEDURE READTAPE(NFILE, ReC, CHANNE.S):

3

%

VALUF NFILE, REC,
INTEGER NFILE,

3

t
3
3
3
%
3
X
3
3
3

CHANNELS;
KEZ, CHARNNELS;

RN S O S S N T T TR AL L U R TR U T B B B O O L30T R S B O

THIS PROCECURE REARDS ONE KECORL/CALL BY MERNS OF DIRECT 1/0.

THE HIGM OKDEk 24 RITS OF THE FIRST WORL, WHICH CONTAIN THE DATE
AND [IYE INFORMATION,RPRE [SOLATED INTO THE VARIABLE *DATE".

THE FOU) CHANNELS OF DATA Ahk SEPAKATEL AND CONVERTEL INTO THEIR
AFPKOPRIATE UNITS. THE MEAN VALUE OF ERCH TIME-SERIES IS FOUND
AND SU3ITRACTEO OFF. VARIOUS ERROR DIAGNOSTICS ARE PRINTED OUT.
KERDTKPE REQUIRES FOREWARD DECLARATION OF TAPEFILE & DIRECT ARRRY.

R E R R E R R R R T I T S T N N B A LR R

BEGIN
INTEGEX DATe,

It

" 49RDS

ERRCT, IOEKR, J, L, LINMIT;

KEAL CF, XMEAN;

BOOLEeaN ARRAY SACH{l:4]:
LABEL CCNT,
OEFINE SETFIELDISUBC,
UNTIL J

PRKkCP, LEAVES
L3F) =

00 R{L,J) := TAPEBUF[SuUBC].[L3F:12]
sz % ¢ | GEQ NWOKDSH;

ERR:=FALSE:
JIMMENT
kEAD(BUOYTAPE, MWORDS#l, TAPEBUR({*]);
ARIT!
IOERR:= TAPELUF[*].IOERKORTYPE;

READ THE NEXT RECORD USING DIRECT 1/0;
TRPEBUF[*]);

WRITEC{FRINTER[SPRCE 2]);
ARITEI®RINTER,<"FILE NO.", I3, " RECORD", 13, * COMTRINS", 15,
ERRIK N0.", 12>, NFILL, REC, TAPEBUF(*).I104ORDS, IOERR):
CASE IGEak OF BEGIMN

s L 0 NO ERrIRS

BEGIN ARITE(PRINTER,<"NOT READY">); GO TO ERROR ¢ eND;

TAPEBUF{* ). 10WORLS NEQ NAORDS + 1 THEN GO ERRCR ELSE WRITE(PRINTER,

<"PRITY ERROR, KRECORD WAILL BE PRICESSED.">); % 2 PARIIY.
BEGIN WAITE({PRINTER,<"REAINSING">); GO TO ERROR; END:
BECIN WkITE(PKINTER,<”[ESC. ERROR">); GO TO EkROR; ENL;

BEGIN
BEGIN
BEGIN
BECGIN
BEGIN

ARITE(PRINTER,<"END/BEG. TAPE">); GO EXII; END;
#RITE(PKINTER,<"END OF FILE”>); GG EXIT; END;
WRITE(PRINTER,<"ERROR #7">); GO EXIT; END;
WAITE(PKINTER,<"ERROR ¥ 8">); GO LRROR; END :

ARITE( PRINTER,<"SH40RT RECDRD *,FL0.3," CHARACTERS">,
TAPEBUF([*]).IOCKARRCTIRS)? GO TO ERROR: END;

eND;

l

2 1

DO SWIH[L]

CIMAcNT
CONT:

DATE := 0 & TRPEBUF[O0]

:= BOOLEAN(ZHANNELS.{4-L:l]) UNTIL L 3=
DJ4P AEAOER INFORMATION ON THE LINE PRINTER;

* ¢+ 1 GIR 43

[23:47:24)0

PRCATE(DKTE)?

FOR L := I STEP 1 UNTIL ¢ DO
IF SWCH[{L] THEN bEGIN

nNs: 003054
N05:0330:4
nNsS:0030:4
nNs5:02330:14
005:0030:4
005:03 304
nNsS: Gl 304
0N5S:NI3IN: 4
005:0331:4 |
NeS:0C30:4
NN5:NO30:4
nNsS:NI3N:4
005:0¢30:4
NS: 063024
nns:N130:4
00%5:0(3N:4
00S: 063Nz 4
nNS:0331:1
NOS: 003034
nnNg:07130:14

3
READTAPE IS SEGMENT NNINC

N NV N U RV RV Rl o

nec:con0:n
1INC: 003020
nac:nONO s G
anc:n0aN: 0
noc: conns0
aNCc: 000N
nec: 00NNz 0
nNNC:03N0:4
anc: 060N 4
N)C:0074:5
nnc:N0N6: 3
nrc: 00091
nNC:NNIE:3
00C:N0LN:2
NNC:0024:1
ANc:N026:3
nNAC:NN26:3
nec:002p:0
nNC:0031:3
ONC:0036:2
nnNc:0G3C: Y
NNC:NN4§3:2
NOC: 0040
NOC:0052: 4
ANC:NOS5A:2
npcsNN5N:5
NOC:0063:3
00Cc:NN71:1
0OC:N076:3
nnc:0n?7:1
nnc:0n7C:3
00C:6H07C:3
noc:NNIC:3
00C: (073
ONC:07F:i
NOC: 006Nz ¢




J = g
RSt L=l OF BEGIN
GETHIELL(J,23);
CETHLIELOOJ, 1LY
CETFIELLUJ+L, 47);
SETFIRLD(JeL, 35);
EMU OF CASES:
RePLACe POINTER(LIL,N]) oY 4"aNANIAINNNNN" FOR NWCRD3 W&ORDS:
Frh(T 2= 03
MEAN{u] = x{L, D]
It L Eyl 2 THEM LIHIT:=256 (LSt LIkiT:=1024;
LIMIT=25¢ COKRESPONDS TO 22.5 LEG. KWIIMUTH
t LIAI[=1024 CORRESPONDS 10 ¢2 DEG. TILI OR .5%C ACCEL.
J s 13
o6 BEGLNM
CCMMENT [ERROR IN LATA FIRST OCTAL DIGIT DIFFERENCE:
IF 4BSIR[L,J] = R[L,J=1]) GTR LIMIT LWEN
1+ ERRCT := *+] GTk 4 THEN BEGIN
WwKITE(PNINTEX,<"ERRCR IN READTRPE: TOO MKNY BAD DRTAR PCiN1S.",
" LAST ONE RT ™, 14, ".">, J);
GU cRR0S
END LLSE BECIN
JITE(PRINTER, <"ERROR IN KRERDTAPE: 3R LATA POILaT Al: RUA U™,

-~

I, "), coLurM(®, 14, ™). IN KEFRENCE TO ", F1.2, ", POINT %,

¥7.2, " OUT OF LINE">, L,J.R[L,J=1]}, R{L,J]);
x{L,J] = k(L. J=1]3
END;
MENN{L] = PERN(L] + K[L.JJ:

eNL JUNTIL J 2= % ¢ 1 GEQ NWORDS;

X”eRi := PEAN[L] 7/ NAORDS;
Sk oz CAL(L]S
MLAN[L] := (XMERMN - 20h48) * CF;
1F Loedl 1 IHEY
wilTE(FRINTER,<"MERN VALUE OF CHMANNEL L ) P ey b 1 ST

" CM./5eC.**2">,L, NERN[L]) ELSE
ARITE(PRINTCR,<"MEAN VALUE OF CHRINEL LI ) TP ) LTt ) Ui
* RADIRKS.">,L,NeAN[L]):

IF 1, e)L 4 TIHEN ARITE(PRINTER,</>);

J s 0
DU R{L.J) == (R[L.J]=-XMERN) * (r UNTIu J:e * ¢ 1 GEQ NAORDS:
END

3) Ledvks
EAFUR: ERK := ThUERS
LEAJE:END READITAPES

%(:(((((((((((<<<<<<<<<<<<<<(<'~<<<<<

RERCTRPE(DOC)
3

nPC:0NBL:S
anc:PN32:3
0nC:MNES5: 3
nnC:0N3b:2
NCC:NNYlsl
19C:0037:2
ANC:00SL: 3
nOC:0N3IFs3
ONC:0NRZ:0
nNC:NIR2:4
oncC:O0RS 21
0nNC:NOAg:N
anc:nnag:n
noc:MORS:0
nnz:0I89: 14
NNCsNCAY: 4
0NC:27149:4
nNOC:0NRAD: 4
fnc:NORN: 3
nnc:00Nb2:2
NNZ:NI3E: A
NOC:(0bF:l
10C:0¥8F: 4
angeNOCl:l
NG C0Cl:3
rPC:0NMCb: 4
NNC:NAbR:L
ONC:NNLCAz]
0AC:NNBES)
nNnC:CNEN:2
nNC:N0z2:¢
OnC:n0E3:5
NNC:01Z6:1
oncC:00E7:¢
NOC:PNES: 4
nnC:0F8:4
ONC:NGFB:N
nNC:NLIR:1
nfcs011l:0
oNc:Nl1izé
onc:N1llb:l
NNC:NLLlA:]
nnc:011B:0
nnc:Nilg:s

1S 012¢ LONC

nns5:n0713N:4




£
FROCEDUK: ATJPHASE(K,I,S1,CC,MEX, CHANNEL3 ,NY(,SAKIN);
13

3y
Fcd. ARRAY 2,1([1,0},51,CG{0};

sWTECER MER, GIANNLLY; KEAL NYQ; BGOLEAN SAHIN;

%

RN N NN T R LR R R R E R R R R
4

¥ POk EACH CHAMNEL, J, THIS PROCEDURE CORKECTS THE TIME-SERILS BY

Y TULTIPLYING ITS FOURIZR TRAN3FOXM 3Y THE APPKOPRIATE IKViRSE FREQ.
*  BESFONSE Or 1TS CUTPUT FILTLR AND THEN KPFLYING THE REVERSE

L TRAVSFORY TU Idt PKODUCT. T4t KeSULTING REAL TIME-SERIES IS THEN

+  SCALED KND KET.RNED THRCUGh AKRAY k.

X THE ChAWNEL #1 TIME HISTCKY 1S CONVEKTED TO SUKFACE E.EVATIUN.

¢ AdEJ THE SAMPLE v HOLD MODULES ARE JPERATING, S&l SAAIN=IRUE.

4

5 NOTE: PRCCEDUKE CINCOS MUST BE CALLED PRIOR TG CHLLING ADJPHASE.

i ADJPHASE REQUINES FUREWARD LECLARATIUN OF hRKAYS.

3

MR R A A I I I N R AR E R E R R R
tECIN

INTESER HEPTS,J,K, N, VPTS;

rcAl 4,8,05,.05,08,kl,F2,F1,SCALE,SIS,59,544, TAU, TEMPL, [CMPR, VAR,
oW ll,wle,n0,W02,¢C,28;

[ 4

hE1Ses( & I[HEX:“:l]; 3 sLARMEX

JCARLZ:32./3PT3%2;

Ples2,141%9405350; FFPTS:=NFTS LIV 2; SY2:300RTI2.); Wesc *PIANYG/HFPTS;
[ R P B VISECOYLS) SZAN INTERVAL BelAE:SW CHANNEL SAMPLES.
Fl:zl.0; (HERTZ) CUT-CURE PKEQ. OF CHANNEL nl FIoThh.

F2:820.0; $UAERTZ) CUT-CFF rPEQ. FOK CHRWMNELS 2,3,4 FILTERS.

wlisslo/(c AFI*FL)

3

POk J3=z) STEP 1 UNTIL 4 T™n 1} (HANNELS.!14-J:21] NEQ N THFN BEGIN

FFICRIT, ), 103,4].91,C0,4EX); BITRVZ(C[J, %}, 1{J, *), MEX) ;

VAL ezl

#2505 DO VARN:aACR[I,N]%A2 ¢ L[, i)**2)*SCALE UNT1. Nishel GEJ HFPTS,

IF v YgL 1 THEN

ARLIZOPRINTRQ,€"VALLANCE Ur INPUT TLAE HISTURY CuHAN. 0% G 1E 25,
YOCM RRD/SEC AR A>T, VARY ELSE

ARIT(PRINTeR, €"VARLANCE JF tNPUT TIME HISTUKY CHAN. W= IG™ IS "aielc2. Sy
* KADIRNS*22%>, 0, VARN);

WlZszl./(2.4P1%12);

L]
Disz(J=1)*TRj*4;
wesl;
Tdikd NPIS DO BEGIN
UF N LEk( HFPTS THEN Kes=N BLSE k:=NPTS - N;
1 AHERE S={1-1)*TAU*W*K; K=]1,2..
IF N NEYy O™ AND J Ney 1 THEN BEGIN 2C:=2CS; 2S:23N;
IF H EQL HFPTS+]l THEN 2S:2-S5L;
C5:22CA2u5el5%Ssus; S =25%CDS-2C*5DS;
ENL ELSE bEUGIN
CS:=1.; SN2z, ENDS
3 SN2SIN(S)Y=25IN(5+DS) , CSsC0S(S)=COS({SeDS) .
TEMPRzeR[J, ] TEMPI:=1[J,N]:

5D5:=SIN(DS); CoS:=C05(DS);

3
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- p. op e e g

Ny 00 50
AN3:013n:
0S: 0¢ 30
1M5:107137;
0rs:0n3N:
nNS<Pa3n;
URLENERY PY
fN3:N130:4
QOS:00i0e 4
ANSshif3iie g
MRS 00302 4
M5:NI137:%
NS 0030z 4
M3:013n:14
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ADJPHASE 15 SECMEN] CO(0D
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AL 000N T
N19:030:)
nipsOnna s
N1,:311:3
np:rnngsy
Np: 001D
AL O0NF ¢ 5
Naps(inll:n
Anpst0l1ze: 3
NAD:0) 1Az
OrD:GPLAz G
00D:001 DS
0GL:ND26:3
12:0n27:1
R U OV BN
nNYsNd2ees
anpshifijzsl
NIy 040 ]
anp:NN42:3
N5 0N9N;: 4
N3N0 4
ANL:0NsS:Y
NM13:N%50:3
00D:NNSA:4
Nap:OSFs ]
ANg:NNsF:]
Ohp:nNg2:S
NMNP:NNyS: 3
NMIT:(0EGA: ]
NNpsNlbAsa
ANp:Nlab:i
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SLIRVZURT T 4 T To %} Mek) s
L 4

FEPLACE POINTeROI (U,

IF J ELL 1 THEN BECIN

Ww02:z(wWhssWnkAAll)t%2 - ],
IF SHhalN THIN 5i3Id A:s=za02;

£LSt BLUIM
A.2d02%0S - 5Q2%a0%54;
L:2w024Sh + Sy2*a0%CS;
1F N EQL HFFTS THEN srzh.;
RIJ,N):=RATIMPR ¢ o*IF%PI;
1[J,N]:=A*TEPP] - BATERFK:
ENL ELSE BEGIN
W)= dtKAdI2;

I SAMIN THEN BEGIN Azzl.s

A FJNCTIONS R AND o ARk REAL AND IMASIVARY PARTS OF INVERSE FILTER

R:=5)¢*W0; END

tND;

Y H END ELSE BEGIN

A:=CS + WO*SMN; B:=¢C*CS - SNI END:

IF N EQL dFPTS THeN b:zN,;

h{JoN]:=R*TEFPR = E*TENFI;

I[{J,d)esATLIP] ¢ o*TLYPK;
LNL; hizre]l;

% CONVEKT ACTEL-RATION TRANSFORY Tu SURFACc CLECVATION.

I ThEN BRCIN
IHYJ (NPTS-1) DO oRUIN
I¥ N LEG HePTS ThEN

w0z2-l./ (N w)%A2 ELSc AO0:z==l./(INPTIS-N)Xd)RA:;
R{Ll,N):=dO*R[L,N]); iflon)e=do*I[1,N);

N:zkel;
LNL:

END RELSt RECGIN

/NPTS UNTIL MNiztel
n

BO F[{J,n)s=K[J,N]
1) Y N, FIR NPTS AIRDS;

INL FLIFHASE:

FFTRIRLI,* ), 1[Jo*},S1,C0,%EX) 3

“EY NPTS:

R R e I e A A S O L O O DR OE BRI LA

- -

-4 -

4
ADJPHASE(NND)

nnD:nN70:S
NNL:f0TIN:S
nepsf0gesn
nNp:NIto:d
00psC0T7Y: 4
anp:00/R:l
nep:tn7u:n
0Np:P0T7F:S
0NH:0131:5
NOE:Phia%:3
aop: M0bY: |
NNo:NI3y:d
nog:N{bks: 3
(aL: NOBF: Y
Py NNI3:e s
Qnps0fegs: s
nnNd:nN393:1
nap:0ON9C:S
nnn:nNnN3IE: L
NEC:CPPSF: ¢
aND:N04Fse
0Py 0QAD:N
nNIpsNnalz:l
NOL:NCAS: 4
NNN:NARus 3
nag:sNN3E:0
NID:NI335:2
NED:sONP4:4
NOL:IN45:5
NN fnNkb: e
ANPp:Nlsose
N13:393F:0
D iNpE:D
NPD:0ICH: %
nepshince:l
NNY:NN28:1l
NeL:GOCA: S

IS 21D LOUS

PS5 0030:4

T

a



LAsSt:s 4™C5":

§e5Tze 47E5",

TRreBUR{*].Tutw t= 1 & L[44:1] & 6{33:3] & 1(30:1]); & 7-1KK, 200 BFI
TAFEBUF[*].10PASk := A & 1[7:1]; & SUPPRESS PARITY EKRUR RETRY.
FSLEF :3 XNYQIIST * 2./NWORDS;

UMEG := 1./(2. * FI * FSTEP);

SINCOS(S{, CO, YEC); % SET UP SIN-COS TABLE FOR FFTF

J e A
LC PeGIN
FRei[J) s= ¥FSTEP * J;
PEN{JI) = lo/eREG[J])
GMEuA[J] := (OFEG/J) ** 4;
KIAQ[J) ot KINE[ J) o= U4N2B409964IFSTR I k2)A"2;
CACOB{J):248N2NA,/ (2, *PI*rSTEP*J)**3;
eNU UNCIL :x & ¢ 1 GEQ W
. PS(] := OMEGA[N] := FREU(N] := PER(O] := 0.;
N o= 07

FEADICRRP,<20I15,X5),F6.3,X1,AL,X%,F6.1>,1AV,SARHIN,MAGUEV,LORW,TLIN);
REARDICARU,<b(LS,X5)>, TABLEl,TABLEZ2,TRBLE3,PUNCHXS,PURCH?S, PUNCHDS);
1t TLIP L¥Q 0. THLL TLIM:a3NH1/ANYQUIST:
IF LAV THEN WRITE(PRINiEkR,<"SPECTKAL BANDS AVEZRAGED 04 LuUGRITHMIC ",
“"BASIS.">) ELSE BEGIN
PREEDOM: 32ZANREC*AVEF J7
ARITcUPRINTEN,<Iz,® ADJAZENT FRe()S. AVERAGED YIELDING “*,13,
* CEGCREES COF FReEDOM IN SPECTRAL ESTIMATES.">,
AVEV(Q,FRELLON); END;
i MEX LEJ 3 AND Lkv IHEN BESIN
WRITE(FRINTER,<“TIME HISTCRY TOO SHORT TO IMPLIMENT LOGRITHMIC®
¢" RVERRGIN;.">), G0 I0 FluI; END;
ARITUUPRINTEK, ¢"SAYPLE & AOLD MODULES IN=",L5>,SRAIN);
WRITE(PKINTER,<"MAGNETIC CONPASS [EVIARTIUN=",F6.1,X1,hl,".",//>,
PRGUEV,EOKW);
1RGDeV:= MASGDEV*PI/180,;
WRITRCENINTER, <6t LS, %5)>, TRBLE]L,TABLEZ, TRBLES ,PUNCHX S, PUNCHPS ,PUNCHDS);
s

TPPESTARI!4LOYTAPL, TAPEEYF, NAURDS+1, MNFILE, F4iRSTREC, ERR);
%
REZ:sl;
hieXT: BEGIN KREADTAPLIMFILE, REC+FIRSTREC-1, CHANNELS);
It NOT ERK TAeN ADJPHASLUR,I[,SI,CU,"MEX, CHANNELS, XNYCJIST,SAHIN)
ELSE LO T0 AGRIN;
NN:= NN ¢ 1;

K:=0;
IF cORd €UL ERST THEN DO w[2,¢):=* ¢ MEAN[Z] ¢ MACDEV
UNTIL K:z*¢] GEJ NWORLS ELSE
IF EURA EylL AEST THEN D0 K[2,<):s=* ¢ MEA4(2] - MAGUEV
UNTIL K:=*+]1 GEQ NwORLS LLSE GO TO EXIT:

K:=0;
. CONKVEKT KANGLE TIME HISTORIES TOU SLOPE TIME HISTUKIES CHANS. 3,4.
£4RU VAORDS DO HBESIN
SINAZ:=SIN(R|2,K)1: COSAZ:=COS(R|2,K}):
TANROLL:=TAN(K([3,K]); TRNPITCH:=TAN (K[4,K]);

*ISPITCA:=sCISIR[4, K]
1[3,&):% - COSAZATANROLL/CISPITCn - SINAZATANPITCH:
{4,K}se ¢SIVAZ*TANRILL/CUSPITCH - COSAZ*TANPITCH;

ANS:N¥130:4
naYs: 0004
nnsS:0031:3
NS0 32: ¢
hnS: 00352,
nns:NN3T:d
neS: 0N 3R 1
nNN53:NN3F:]
ANs:0031:1
naS:ndlsy
NI53:0041:Y
NO5:N043:4
NNS:MPN4b:3
ANS:N3¢39:0
ANS:NNLE:N
N15:3734:)
005: 00562
fin5:0059:%
ANy NNSR: o
N15:0070:Y
NS 00EY:2
M15:0034:5
nnYS: 008E:3
N15:0)32:4
AN5:N134:4
ANS: (G623
-SRI Y RV
nN3:NIG 42§
nNY:NGRG: 3
NAS:0N88: ¢
NNS:NNAC: s
AMS5: kA4
neS:NNBLs2
IN5:NI2ass
NS (.0CEs
nnsSsnIe?st
neS:0CE7:4
005:0NEb: 4
ANS:NIEB: ¢
Ans:00kC: 2
NAs:NNEFs2
nNoS: NNkl
naS:C0ra:S
0Ns:NNfFosl
0A5:0NF6:1
N05:0NF5:5
NS CNFR: L
NN5:0NF D22
nns:P10l:2
NNy:N1M4:2
neb:0105:0
nny:0115:9
nNNS:N109:1
nnS:nl1np:l
dNs:N1ll:3
N5:0113:4
AN5:G117:4

l
H




[F €044 EQL ERET TdZN g[l.K sak - HEIB[ l - MAGDEY ELSE

2,K]:s% - BEAM + MAGDEV;
K:zte];
END;
3
3
FOR NCHANNEL:=1 STEP 1 UNTIL 4 DO IF CHAMNELS.[4-NCHANWEL:1) NEQ O
THEN CFCIN It NCHANNEL GEG 2 THEN BECIM
FETOR[NCHRNNEL,*), I[NCHANNEL,*}, SI, CO, MEX);
BITRV2(A[NCHANNKEL, *}, I[ACHANNEL, *], BEX);
END;
‘
L3 CALCULATE FOWER SPECTRA; CALCULRTE VAKRIANCES.
VREN: =0, K:eD;
DI 3KCIN
X := !RINCHRNBEL. K] ** 2 « I[NCHANNEL, K] ** 2)*SCALE:
IF NCHANNEL LCL ) AND K LSS INTEGELR(1./(TLIM*ESTEF)) THEN
X:=0,;
R{NCHANNEL,K|:=R{NCHANNEL,K]}: B[NCHANNFL,K):=I[NCHANNEL.K]:
VRRN :3 % ¢ X;
PCR{NCHANMEL, K] := IF NN EGL 1 THEN ¥ EWLSE
PSA{NCHANNEL,K) ¢ X; END UNTIL K:=zkel GE} N;
1
CASE NCHANNEL=1 OF BeGIN
WhiTL(PRINTRER,</,"SURFACE ELEVATION VAKIANCE=",ElZ.5," CMA*2%> ,VPEN);
wRITE(PRINTER,< "HEADING VRAKIANCE=",E1Z.5," KADIANS®*2">,VARN),
WEITe{FKINTEk,< *“N-S SLOPE VARIANCE=",E12.5," SLUPE**2 (NO UNITS)">,
VARN);
WFITE(PRINTER,< “Ek-w SLUPE VARIANCE=",:12.5," SLUPE**2 (NU UNITS)",
/1177>,VPKN);
EMU OF CASLS:
ENL: t END OF FFT LCOP. SR Rt
[ 4
3 CALCULRTE CROSS SPECTKR
Keel; DO CoN[{X):=*4(h(1,K]*R{3,K] ¢ b[I,K)*B[1,K]))I*SCALE
UNTIL h:=*4]1 GEy N = 13
K:=l; DO (SN[K):=*e(R[3,K|*8[L,K] - A{1,K)*8{3,K]I*SCALE
UNTIL ¥Y:s*e] GG i - 13
Kezl: DO CSA{<jz=*+{A{L,K|*R{4,K] + B[t,K]*3[1,K]I*SCALE
UNTIL K:s%¢l Gky N - 15
K:zl; 00 QSA[K):=s*¢lA[4,K|*B[1,Kj = h{Ll,K|*B[4,K]I*3CALE
UNTIL h:zs*¢] Gky N - 15
Fe=zl; 00 CNAfx)e=*+(A{3,K)*A{4,K] ¢ B{4,K]*B[ 3, KJI*SCALE
INIIL Kea%el Cog N - 13
Ks=1l: LO yNW[N]:=%e(h[4, RN} B[3,F] = A[3,K]*B[%,K]))I*SCHLE
UNTIL K:s*4] CEy N - 1;
K:=zl; D3 PS[K):=*¢(A[1,K]**2 ¢ B{1,K|**2)*SCALE/OMEGC4[K]
UNTIL h:=%¢] GEU N = 1;
3

ENLS
[
AUAIN:REC: =]
)r REC Lt) NQEC THEN CO TO N).T!
1

t{If: IF NN STR 7 THEN bECIN
NCHANNEL:s}; Z:=1./NN;

nns:Nllo
005:011):
0ns:N123:
nnSsnl2ese
NS f1e5:3
N05:n125:3
nnsS:N12%:3
nNNSs(leTst
NOS: 01 2A:0
005:01éEs2
0NS:6131:4
nnS:nNi3l:4
nnssf131:4
nnNS:r131:4
nNs:013s:0
NGa:N} 330
nesS:ols7:3
nnNsS:N1338:)
fins5:013C:1
nn3:N0142:3
noS:N143: ¢
MN5:0147:3
nNS:014B:5
NNS:N14¢8;:s
ON>: 01 4E:
0ns:015C:
NS:0]ok:
nNS:Niob:
005: 01Tk
nNoYy:0l7Ccsn
nnNs:(186:4
NMN5:0i36:0
ons:0isp:N
0n%:113D:c
nnsSs16L:2
nnS:0i8L:2
niNS:Nle3:e
NN3:N1d0:>
NeS:N19C: <
nNS:N1aN:¢
N0S:N1Ab:2
nns3:Niad:s
nNS:0lpk:t
N53:N1dd:e
nny:N1i39:4
nNE:01BD:1
nrS:01C3:3
nns:N127:0
nns:01CC:1
NS:NLTF:4
NO5:01CF: 4
nn3:NLZF:d
nns:01CH:4
nnssniel:n
ons:0]1L2:2
nN1Y:0102:2
nNSsMlL3:3

3
4
N

—— s




D) 4eGIN
K:=l; 4
If BOOLEA‘(C#ANNELS.[t-N:HANNEL:l]) THEN
IT NChANNEL EQGL 1 THEN DO BEGIN

PS[K|zed * 2; 5
PSA[1,K]:=% * 2; END
UNTIL K:s*¢i GEQ N-1 ELSE 5

D0 PSA[NCHANNEL,K|:z=* * 1
UNTIL K:=*+4l GEQ N-1 ELSE

ENT UNTIL NCHRNNEL:=*+l CTK 4;
ENU ELSE BECIN ARITE( PRINTER, <"UNSUCCESSFUL TAPE EAD">);

GO TO ¢INI: END: 3
% 3
ssl;
I+ NN GPR 1 THEN DO BLCGIN
CSM[K)e=r * 73 QSN[K)z=* * 23 CSW([K)z=r * 23 3
JSA[K]=r * 2s CNA[K)s=r & 23 UNW([K]:=r * 2;
ENU UNTIL K:=z*«i GEY N
ARTTE(PRINTEK[SKIP 1)Vs 3
FCA N-HANNEL:=1,3,4 DO BEGIN
VRrNs=0 . Ksel'; 3

00 YARN:s* ¢ PSR[N:HRNNEL.(] UNTIL K:=*e, GEQ N/

J¥ NCHANNLL BLL 1 THEN

ARITE(PRINTER, <*AVERAGL VARIRNCE OF “,12," RECORDS, CHAN.M",
Tl.™ = ", El2.5:" CH."Z",/>,NREC,NCHRNNEL.VRRN)

tloe

ARITCS(PRINIER,<"AVERAVE VARIKNCE JF ", i2,* RECOPDS3, CHAN. ®",

[1;* = ", E12.5™ SLNPEAX2 (NO U‘KTS)"./>,NREC.NfHRNNEL.VlRN);

ENL:

t
It THBLEL ThHEN BEGIN
SRIT:(PRINIER,<//,"UNNOKAALIZED POMER SPECTRA AVLRAGED OVER ",I2, 3
" RECCRLS.">,NREC);
kthL(PRINle,<X55,"ACCkL.“,X3,"SURFACE“,X4,"COHP.”.
X3,"N-SLOPL",X3,"E-SLOPE",/>);
SRITE(PRINTER, <" STE?", X2, "FREQUENCY", X2, “PERIOL", X3, "0MEGA-4"

, K3, "CHANNeL(S):", s110/>, ¥F.k NCHANNLL = 1,1,2,3.,4 00
I¥ CHRNHELS.[4"CHRNNEL:I] EyL 1 THEN NCHANNEL);
J = 0;

vl iRITi(?RlNrLR.<l4,3Elﬂ.z,XId,5iln.2>, J.FREQ[J],PEk[J],OHEGA[J;.
IF CHANNELS.[3:1) EQL 1 TWEN PS{J], FOUR MCHANNEL:=1,2,3,4 DO
IF CHANNELS.[4-N:HANNEL:1] EQL 1 THEN PSk[NCHANNEL.J])
JNTIL Je=tel GeyY Ni

ENL;
z 3
I} CPANNELS L3S 15 THEN GO 10 FIND?
%
%RV%FAGE TOCETHEK AIJACEM FREULENCY BANDS .
Jasl;
i1t LAV THEN BEGIN
K22l /FSTEP: Y:==X; k]
L0 BEGIN AVEFER[J)e=l./FKEG(J]s PS{oje=* * Xi PSA[L,J}set % X
PSA[2,J)=* * Xi FSAj3.d)2e® * X PSA[4,J])s=* * X; 4
CSN[JJeer * % usu[ai::* * X; CSW[J):s* * ¥;
QSw(Jj:=* & ¥;  CN&[J]zed * ¥  QNW[J]z=n * XJ
END UNTIL J:s*el GEQ 65;

CATA

4N5:n107:7
n0c:f1L7:0
0nsS:N1n7ed
nnsS:P119:2
nn9:nipa:n
NS 01LC: S
NS NLLF:N
nnSs0lElz4
nny:Cled:l
nN5:01E7:3
NNy :JI1E9:>
IS NCOEC LONG
ans:Nigked
ans:NLrn:l
nNS:NLEN:l
nnNSsLED:S
nNsS:Nle2:0
NS:NLIF7:s
nIS:NIFL:0
nnNy:NlFr:2
NN5:0274:3
nNS:NZNb: e
N119:01C: 4
nnSs0zil:2
NN3:n212:0
anNs:0214:2
ANS:Nzlk:n
nN5:h224:4
nnNs:N227:N
nnsS:0237:1
NS:N23A:3
nOS:Nz3P:3
nnS:N23vse
nos:N23bsl
nnNS:N249:1
N05:024B: 0
nNS: 24k 4
nN9:N2>%:3
nN9:3202:¢
H15:NzokE:l
NM5:020E22
Ny sN23n:s
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NN>sNeddzd
an5:n249C:3
0N5:023C: 3
NS:0c9C: 3
nN3:N230:95
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nnNsS:N23D:S
nNS:NeSE:3
NN5:N23F:2
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NOS:0ZAR:D
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nNNS:NibB:Y
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VPLAVER(: =], ENLPT: =128, J:=b65; 4 nny:N2pkel
3 005:04¢N:3
LIJrER:VALAVEF Jzu® * & nN>:N2CNzJ
LC BEGIN nns:(G2¢e2:N
Kzal; 4 nnsS:N22¢:0
LU BEGIM noS:n2Cez 4

FREJ[ T2 * FREY[J*K]: UTEGH[J J2s™ + OMEGH[ JeK|: 5 nn5:N222:4 *
2311z & PE|IK]; nN5:n228:0
FSh|Ll.d)e=" & PSA[Ll.J+K]; PSA[ 2,055 » PSR Z.J%K]); NNS:CzChz 4

PER{J, Tz » HSIE].J»E{; P:ii!.JI:t' ¢ PSAf4,JeK]: nnN3:N20l:) i
CSN{J)z=* & CSN[JeK]: USN[J)2m® & QSN[Jer i nns:N2Lb: N
CSuid jae® & CSH[JeR]; YSW[J]a=" + QS| JeK ] nnY: 2D e
cu.ial:c* + CHW[J*K]: YN[ J]reY o (NW[Jex s NCS:n2, 224
JACOB[J |e=* + JACCBR|J*K]: KUNE[J|s=* + KOKE[J+E]: N6S:PzEs:0
CTaQ[J]re® » KTdO[Jon|; N5:N2E0:2
ENL UNTIL E:z=®+] GEL VELAVERL: nnS:0zFC: 0
i ) nnNS:bzik2:e
Lrsl AWRALAVEE ;i Biwl FUVALAVEFY*FSTLEP): fam=h nn5:02F2:2
FEGIN NES:N2k8: 2
. 43ITE: [He "YATUWAL" RIUAT-MANUED BUOY COURDIMATES AHe WORTH & &EST, 5 MNy:N2rBsl
« SUT ERST AND JUWId AAE MORE COMVEATIIMAL; 50, SINCE E. SLOPE=-d4.5LOPE NN5:N2ry:3
“ }OR NORMALIZATIOM SULTIPLY WKLL CRLSS SPECTRA IWVOLVING W, SLGPE bY nNS:N2k8:3
\ . ¥ = =X UK EY £ 1F OMLY AVERAGING 15 DOME. nns:0zkk:3
FREQ)Is=* * E; OMEGA[J]s=* & 15 PE[J]e=® & X3 00S:0zkb.3
PIA[Lad |20 " X; PEA[2a) |sm® * X; PSR 1, |za" & X; NI5:2FE:D
SSK[4.J])15% * X LI LN T USN{J e * K; nNN5:0374:4
Cid[Jd)s=r * xs JSA[) Jzn® v ¥ CHe[J]e=® * Y QNd|1]s=tr); nNS:0314:4
JACOB([J ]:=* * T; BOKE|J)ssr » 3 ETa0|Jd Je=* * T; 005:0312:0
eND; nNS:N3L7:s
RVEPEN[J]:=lo/bREQ([J ]S 5 nnsS:6317:3
END UNTIL J:s® ¢ VALAVERQ o2y eNDPTS NN3:N31B:N
3 4 nnY:CslL:s
ENDPT:a=" * 2} N15:0310:3
1F ENDFT LEy NR1 THEN GO TO LOOPLKR; nnS:03iF:r
5 nN5:N32N: ¢
ENU BLSLE GO 3EGIN ans:N320:2
¥:zl; 3 N65:0320:5
D) 3ESIN nn3:0321:3
FREQ[J]z=% + FREQ{J#K];  OMEGA[J]:=* + OMEGA[J*K]; 4 neS:f3zl:d
P3[J]e=* ¢ ¢S[J*K]s NS:N326:5
PSh[l,Jd)s=* ¢ PSA|Ll,J*K]: PEA[2,J]):=* ¢ PSR[c,J*K]: N65:632%:3
\\ FSRI3,J):=* + P3R{3,J+K]; FSA[4,0}:=* + PSh[4,J*K]; On5:032k:5
USN[J]z=* + CSN{J*K]: GSH[J) = + QSN[J*K )i NNS:0336:9
. CSw(J]s=* + CSw[J*K]; (SW[J]:=* ¢ QSW[JeK]; 0n5:033C: 1
> CNw[J]:z* + CNd[JeK]; (NA[J]ssr & (NW[JeK ) N05:N341:5
JRCOY{J):=* + JACOP{J+K]; KONE[J]z=* + KONE[J+K]; NNS:N346:5
CLAI[J]z=* ¢ KTAD[JI*E): NN5:N34C:1
END UNTLL C:=*el GEG AVEERGS nNNY:034L:5
S 4 nns: 03511
L:sl /AVEFy, Xezlo/CRVEFQRESTEY ) f:=2 -X: NNa:N35]:1
JEGIN nns:0357:3
PREG[JI]2=* * L; OMEG4[J):3* * s PS[J):=4 * X5 4 nNsS:N357: 3
P3q(l,J):=* * X5 ESA[ Bd e 0 K PSA{4,1):=* * X; NNY:135p:0
CEN[ o=y & s USN[J])i=r * X3 CSR[J =™ 2 N nNS5:0365:5
WSW[J)r=r % ¥;  CNW[J]:s® & ¥ QNd[J]iz* A Y NNS: 6369 ¢
JRCCB[J]s=* * L; YONE{J)zs* * 25 KIwO[J]s=* * ¢, NN5S:036E:S
2NU; MNS:0314:2
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AVE“LER 5 ]
LML UNTIL J:=z*eAyv

b

%

DIV AV J Jeslo/FREQ{J]):
EF{ LhC

CALCJULRTE wAVE CIRECTICN RND KMS BEAM wIDTif.

LiLIV:DO BECIN

IV LAY TeeN BE3IN VALAVER :=1; ENJPT:=b50; END
tLok DEGIN VALRVERG:sAVELYS ENOPT:=AN]S END;
K:zls
1F LAY THeN J:sk ELSZ Jezl ¢ € DIV AVELDS
Cll:=PSA{l,<])¢ 233:=PSA(3,X]s C44::P5RA(4,K];
C4:xCNR K] Gl3:=gSN{K]; (l4:2054(K];
Cle:sl3A[K]s Cl3:=CSN[K]: U34:2uNd (K]

JACUBK: s JACOB(K];
Ib (13 NEY . THEMN 2ETR:=ARCTAB2( ¢l4 , -Ql3)

LLSE ZETR:=5IGN(-J14V*P1/ &s
ZbfRs=* * Lul,/F1s
ZEEA 15 THE DIRECTION OF PROPACATIIN #RT N-A COORDINARTES.
BETR I> THE UIRECTION FRUYM walCH THE WAVES HRE CORMING CECG. T.
uExA1J1-=1uﬁ = TELE
K2:=(Klaz 04" cBANYUEAIFSTEF KINA 214123
A I“l/ EE = .N47234N3ys.,
It Cl1l NEQ . ThEM
Inz=SURTOOC3T = C44)%%2 ¢ 4, %CH4%*2)/(K2%C11) ELSE RR:=N.;
ALi{J):=hn;
C:=(l. - RRk)/{l. + KR);
(=2 .*ARCTANIS JRT(C));
CREST(J):2l37.2C/PIs

IF C LSS (. THEN C:=(.

(ALCULATE POUKIEK CORFFICIENTS OF DIRECTION FOR ER. Fhiy.

LIFECTICNAL CCEFFICIENTS ARE WKT ANGLE ZETA NO1 bLETA.
AN 3 zs21M/PL;
FL{J):=(12/(FI*KLY;
A2[J])2=1C33 - CA4I/UPI*K2);

BL{J]:eGld4/(PI*K]);
B2{J]2=2.%C34/(P1*K2);

CALCULATE LPRCTKAL MOMENTS ANC RATLUS OF MOMENTS EIC.
NZcad:2Zl1l*JACOLX; THIS 13 anN,

RN t=2yls*JRCOBK/KILL; THIS 13 NNL (QSN).
NN 2, 14%JACOBK/K]L; THIS 15 W10 (Y3E).
hee :=C44*JRLCBR/KLZ? THIS IS N (CC-LER).
NOL :=(33*JACOBK/KEZ; ThIS IS NNL (CO-NN),
N1l 2=C34%JnCC3K/K22: THIS 15 Nli (CO-nei.

- AP P P P

wlz:=Cl4*JRCLBK/KLLS 3 (CO-SE) & NAG[J].
N2l:=213%JRCOBY/KLL;S t (CO-SNY & NRT{J].
N22:=Q34*JACOBK/K22; 4 (UNE) & NAB[J].

IF NZERO N¢Q N, THEN KNGL{J]:=RRCTAN2( KOl , N1O )
ELSE ANGL[{J]:=0.,
ANLE[J]s=% * 18N, /F1;
IV NZERN Neg . THEN
ANG2{ 3]zs 9 ARTTRAC2E 2 4NLL , (N2 - NOZ)) ELSE
AGZ{J])s=t02
RNL2(J])s2% .Jn./Fl;

DENDMLz=NLA%, o NOLA#Q;
IF LENOFL NEQ 0. THEN
RNEA{J]:=(NINAIN2Y = 4N2) & 2.4NN1#FNLLV/DEIOHL ELSE

Kll:=KONe[K]; K22:=KTwWu[K]:
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RNEA[T]z2ia;

NNA[J]:=12. ¢ 4 ARNEW[J]/PIV/(L. - RNEA[J}/PL);

DEw1M2:35IRILDEIOML);

It LeNGP2 CTk N. ANL NNN[J] NEG N. THEN
XALFW[J]:=NZEn0/ (2. *PIADENCM2) - (NNN[J|*2.)/NaN[J] ELSE
XRUPH{J]:=n.;

N2V, NA4[J]:=nng;

Nal[J]:=NN1, NRZ2[J]:=NIN; NR3[J]:=
Je=NL4ds  NAT[J)s=N21;  NA®[)):=N22;

ARS[J)z=N1ls NRo[J

I+ YZExD ELL N, THEN BEGIN

WRL[ T )20 NAZ[J )=y NA3[J)e=20.0 4A4[J]):=0.; NARS[J}:2N.;

AL ()= NRT[J 220 VRB([J =L

END FLSL BRCGIN

“Jik: THE WATTO OF Tdk AVELAuE MIMENTS ARE COMPUIED, MUT THE
AVERAGE RATIO.

Wh1[JJ:2*/NTILRO; NRhe[J]:=*/NTERO; NR3[Jj:=*/NLERUS
NRA[J]22r/NCEk0; NRS[J]s=4/NZEKC:

NAb([ Jjzar/NZERD; NRT[T]:3%/NTERO; NAB[J]):=4/NTEROD;
END;

ead UNTIL £o3* ¢ VALAVE Y ok, oNOPTS

[r (LRv AND ENDPT EYL 65) THEN oECIN

K:=ENLFY; VALAVERy:s* * 2, ENLP1:=128; ENL ELSE
1F LAV THEM B GIE K:=ENDPT4l., VALAVEF(:=* % £; EWLP1:2* * 2;END;
It (LAV Ali EMNLPT Lhy NML1) [Hih GO TO ALDIK;

N:Zis aEST:=l;

WHILE DPVEPR.[KR] CTR .9c‘ LO BEGLIN WAEST:=s%4PVEF,: Keztel; END;
R .98% SEC. PLAICD WAVE HRS K WAVELENGTH ELL BUOY Dlhk.=> rT.
WeST:sNMI; %t 10 PKIMNT CLUT ALL VALUE UP TU NY,UIST.

1V TRABLEL TEEN WRITE(PRINTER([SKIP 1));

I+ TRAILEZ2 [HEN BeGIN

WRITECFRIMNTER,<"NORMALIZEL ANL AVEKAGEL CPOSS SPECTEKA"™,/>);
wxITECFRINTLK, FY) ARITE(PKRINTER,FIN); WARITE(FRINTER,F1):
W lTECPRINGER,FLIS)

Kezl;

It LAV [HEN BEJIN VALAVet s=l; EJDPT:265;

TRL2:WRITECFKINTER,¥12,00 [2.*F1*FREG[K] AVEPER{K ],

P3[4 JaPSA] 2% Yo B 8RN 35K ), PEA[3,K |0 CSHL K ], SENIY. )0 CSAIK ) s 08W] K)o

Clm[K ], (K] DETR[K],CKEST[K]] GNTIL K:=*+VRLAVEF( GE

e lLFT);
It LNLel E(I €% Tiel BeolN r:z05, VALAVER(:2* * 2; ceMUPT:=128.
EMU ELSE BEULIM KssEMLET#1; VALRVERQ:=z* * .; FNDFIs=zt = 2; END;
It ENLET LEy &1 THEN GG 70 TAWZ:

ENY ELSE

WAITECFRINTER,F1Z,10 [Z.*%P1"FREG[K
PS[K]PSE[L1,%],PSK[3,K}, PSR4
CNW[¥ ], uNw[¥ ], BFTR[L + (K DIV

UNTIL <:=* ¢ AVERQ CHQ #iS8T);

LM;

IF ((TRBLEZ AND {R4LEJ) 02 (TRBLEL AND TABLE))) THEN

wd I TECPRINTER[5¢1e 1]):

. AVEFEK[1 ¢ (K LIV AVEF) ],
K] CSMK],GSN[K],CSm[K].CSR[K
A

]
. l L4
VEFQ) ] ,CKEST[Lle(K LIV AVEFG)]])

al e

w W W

)

[UARN o}

ANS:470:5
NS N4ng s 3
Ni>:1412: 3
nnL:N4NC:4
NN:741C: 4
NCS:4NEs ]
nnS:n4inzn
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Jizl; LS H

WHILE AVEFER([J] GTR TLIM L0 Jz=*+
WHILE PVEFEK(K] GTR .989 L0 K:=z*el;
I+ TAELE3 THEN BEGIN
APITE(2RINTER,FLI, TLIW)
WHRITECFRINTER,FS)

1 (NUT LAV) THEN

WRITE (FKINTER,Fb, DO (J,AVEPER[J]

bl(J]),B2(J)s BETR[J],CREST[J

ELSE BESIN

VALAVEF(:=13

i

ARITE(PRINTER, F14)2

h
]

’
\
i

N(J),AL(S].R2(J].
UNTIL J:=#*4] GLG K)

ENDPT:=bb:

1RB3:WKITECFRINTEK,F5,D0 [J,AVEPER(J], AN

BETA(J ], CREST[J]] UNTIL J:=*eVALAVEFQ GEy ENDPT

IF¥ ENLFT EyL 65 THEN BEGIN J:3b5;
ENL eLSE BLGIM

JezENOPI*LS

VALAVEFyg:=* * 2

J].Rl[J],HZ[J].Bl{J],BZ[J%

VALAVEF(:=* * £ ENDPT:=128;

IF ENLCP1 LEQ MMl THEN GO TC TAB3:

LWL,

$+JR TRLE § THERE 1S AN UNCONDITIUNAL PRINT.
wlITU(PRINTER(SKIP 105

alT2(PrINTLR,FIEBDS

Ks=1;

ENDPTs=® * 23
END;

END;

WRITECPRINTER, FL7,00 [Z.*PI*FREQ[K] NRLI[L$K LIV AVEFQ],
NA2[1+K DIV AVEY],

NES[1e< DIV AVEFQ],NA4 |

1K DIV AVEFQ], HaS[leK DIV AVEFQ],

ANUL{[14¥ LIV RVEEy],ANG2[14K DIV RVEFQ], RNEW(1+k LIV RVEFQ],
ull + ¢ LIV AVEEQ],
NNN[1+K DIV RVEFQ],XALPH{ 14K DIV AVERL]] UNTIL K:=*eAVEEQ
GEL NEDD;

o e

ARITE(PRINTEP{SXIP 1))
SRIZE(FFINTER,<"THESE MOMENT RATIOS SHOULD BL SHALL; NCHECK=",
“N(1 4 N1D (SHOULD EQL 1.00.%,/>);
ailfZUPRINIER,FL3);
WRITECFnINTER,F1Y,00 [2.2PI*FREG[K]),NR6[14K DIV AVEFC],
VAI{1+K DIV AVEFJ},¥AB[Lek DIV AVEFJ],

+ NA2{14K LIV AVER(])

NRI{ 14K L1V AVLF

UNTIL K:=*«AVEFQ GRy HF1);

IF PUNCHKS THeN BEGIN

Jizlg

F (NIT uLRV) THEN
WRITL{ FUNCRFEK, <bEL1P.2>, DU [LSN[J).uSH[JI),CSH[J],uSw[I},CNa[J],
WANW[J)PS[S], FFEQ[J]] UNTLL Jz=*4RVEFQ CEL kML)

LLSE

vALAVEF Y=L

LEGIN

Ks=l;

¢

ehiDPTs=bb;

TABLE S IS ALSG AN UNCONDITIONAL PRINT.

FUND swRITL(PUNCRER,<BELN..>, DC [CSM[J],uSN[J),CSN[J],05n[d],CNR[J],
JNN[3]4PS[J]) FREG(J]] UNTIL J:=*+VALAVEFy GE) =HDPT);

1F ENOFT koL €5 THEN REGIN J:=65;
END ELSE BEGIN

:=ENOPT*LS

VALAVEF yess* * 2

.

VALAVEFQ:z* = 2, ENDPT:=128;

e 1F ENDPT LEQ N%l THEN 50 TU PUNLS

ENDS

I¥ (NOT LAV) THEN

it PUNCHPS ThEN BLGI
BFGIN

N

ENDPTz=* * &9
END;

END;

J:zl;wRITE(FUNCHER ,<bE10'.2>,L0 PSA{1,J] UNTIL Jz=*+AVEF( GEC wml)s
Jezl;adlTel PUNCAEN, <BEL1Y.2>,00 PSA[3,J] UN[IL J:z=*+AVcFQ SEJ NML);
J:zl;WRITECPUNCHER, <8EL1N. 2>, D0 PSA(4,J] UNTIL Js=**AVEF) Gry NMi):

END EL3E BESIN
VALAVEeF(z=1;

FOok <:=1,

3,

4

EnDFT:265;

DO BECIN
Je=l;

FUNZswhITE(BPUNCHER,<BFL0. 2>, DL PSh{K,J] UNTIL Jr=*+VALAVEERL GLU ENDPT);
IF PUUFT EYL 95 TdEN BEGIN J:=657
ENL ELSe BECIK

Js

=ENDPT®LS

IF tNLFT Lb, M®1 THEN GO TN PUN2:
I+ PUNCHLS THiN HEGIN
It (NUT LAV) THEN BEGIN
K:=9M1 DIV &JEFO;
Jesl;ARITE(PUNCAE N, <BELN. 2>, L0 [FREQ{L*(J-1)*AVEFJ],BETA(J],
CREST[J) 0[] RL[3),R2(3),B1[)],B2[J)]) UNTIL Je=*el Gri KD,
ML ELSE BEGIN

bile

VALRVCE 221
PUL J:whk ITLCPUNCYER, <RI, 2>, LO

VALAVER gz=* = 2;

VALEVEF s=* * 2; ENDPT:=128;

ENUPT:2=05;
[PREQ[J)EETR{J],

ENDPT:=* * £ EN
" FNL: END

CaboT{J) RUYI] RL[I) RZ[J]aB1{J],B2[J]) UNTIL Je=A+VALARVEFy CEY
EnbPT):

IV ENDPL EQL ©95 THEN BLCGIN J:=ub:
EwDl ELSE BEGIN

Je=bNLPT*1;

VALAVEER =% * 2

I+ ENUPT LEy NML THEN GO TO PUN3I;

ENL:
PINI:ENLS

vid.

4 ENU CF MAIN BLGCK.

VALAVEFJ:=* * 2; EWDPT:=128:

ENDPT:=* * ¢
END:

END:
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COMPONENTS '

The following is a list of the major components of the

buoy, procurement source, and approximate cost in 1972.

1. Battery: Lead-Acid 12 volts, 20 ampere hour $40 ea

~——

capacity (6 required)
Model GC12200
Globe Battery Division
P.0. Box 591

Milwaukee, Wisconsin 53201

2. Inverter: 12 VDC to 115 VAC 400 Hz 100 watt capacity $250
Model 12400-12(w/input-output filters)
Nova Electric Manufacturing Co.
263 Hillside Ave.

Nutley, New Jersey 07100

3. Radio Transmitter: Citizen band (Marine data channels) $150
500 mw, modulated
Model BT-109 (modified)
Ocean Applied Research Corp.
10475 Roselle Street

San Diego, California 92121

4. Visual Beacon: Flashing Xenon Lamp $200
0.5 flashes/sec, self contained batteries
Model
Qcean Applied Research Corp.

10475 Roselle Street

San Diego, Calirornia 92121




Vertical Gyro/Accelerometer Assy:

Model GG326Cl Quartz fiber accelerometer
mounted on inner gimbal of Honeywell Model

JG7044A45 vertical accelerometer

Model GG1134AA01

Honeywell Inc. Aerospace Division Dept 691

2600 Ridgeway Rd.

Minneapolis, Minnesota 55413

6. Directional Gyroscope: North seeking

Model DG04-0122-1
Humphrey, Inc.
9212 Balboa St.

San Diego, California

7. Data Recorder System

A.

Data Recorder/Logic Assembly
Model 10015

Monitor Labs, Inc.

10451 Roselle St.

San Diego, California 92121

Incremental Digital Tape Recorder
Model 1387

Precision Instrument Co.

3'70 Porter Drive

Palo Alto, California

Includes Honeywell

$6000

$700

$4000

$2500




8.

9.

C.

Low-Power Analog-to-Digital Converter

Model ADC-12QL

Analog Devices, Inc.

P.O. Box 280

Norwood, Mass. 02062

Low-drift, low-power operational amplifier
Model 153J

Analog Devices, Inc.

P.0. Box 280

Norwood, Mass. 02062

Buoy Hull Assy

Radio

No Part Number
Honeywell Marine Systems Center
5303 Shilshole Ave., N.W.

Seattle, Washington 98107

Transmitter Antenna: 3 needed
Model AW257
Ocean Applied Research Corp.

10475 Roselle St.

San Diego, Ca. 92121

$900

$50

$10,000

$75 ea




