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SUMMARY

An environmental data buoy system is being developed, tested, and
evaluatéed for measuring offshore wave and current information which is to
be used to predict the characteristics of the breaker zone. This buoy
system, which is bottom-mcunted outside of the near-shoré surf zone, measures
wave height information, tide, and two cartesian components of current. This

data is being used as input information into the precition models that predict

individual breaker direction, and longshore current information. The breaking

wave height is calculated for each wave during a 10 to 30 minute measurement
period from which breaker statistics are derived. Thé maximum longshore
current velocity is calculated from the average breaker height and average
breaker direction, The prediciion models have been tested against actual
breaker conditions measured in the surf zone. A method has been developed

in this study and was used for making the measurements of the breaker heights,

The buoy system contalns a- pressure-transducer wave and tide gauge, a
two-axis electromagnetic current meter, and several other sensors not used in
the surf-zone prediction, The data are digitized and sent in a serial-digital
format compatible with most computers with a serial: interface (E3-232). On
shore, data are input into a 103-type telephone modem, which can be called
up from anywhere in the telephone switching network., In this study, the
data. are processed off-line by a modest processor, but programs have been
developed, writien, and tested with actual data for a microcomputer systen,

a similar version of which could be ultimately implemented in the buoy for

complete on-board data processing.

Extensive software development was done in this twenty-two month study
period, Over twenty software programs were wrlitien, tesied, and are operational
for use either in off-line processing at a remoie or processing location or
for adaption to on-board buoy processing. These programs cover four basic
program types and four programming languages: Ahssembly Language, BASIC, HPL,
and FORTRAN, FKach program type is discussed in detall and is flow-charted,
and program listings -are given for each program type and the aruvropriate
programming 1anguage used (most programs werc written In more than one
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laﬁguage). In many instances, applications for other Navy Fleet operations

aré suggested for these program utilizations.

Two- surf-zone prediction models were used to describe the nearshore
waves and the longshore current velocity din this study. These models are
based upon linear theory, which allows shallow and intermediate waves to
be treated simply and consistently. In each model, monochromatic waves are
assumed and wave processes of refraction, frictional attenuvation, shoaling,
and breaking arc considered. The initial model is restricted to shallow-
water waves which apprcach the shore nearly perpendicularly. The more-
detailed model allows the waves to be measured at greater water depths and
at varying approach angles. Both of the models used in this study were
developed by personnel at Louisiana State University. ‘

Several series of tests have been made in the Gulf of Mexico near
Panama City, Florida, in a six-metér water depth, 300 meters offshore.
Data colected from these tests were used for the evaluation of the buoy
operation and for testing the prediction models. During some of these tests,
measurements of actual breaker conditions were made and have been used for
comparing the prediction models with actual measured heights, In addition
to the tests at Panama City, tests have been made at the Coastal Engineering
Research Center Field Research Facility at Duck, North Carolina, At this
location, there are seven surface wave gauges extending from almost 500
neters offshore in eight meters -of water to about 70 meters offshore in
one mcter of water depth. The gauges can measure the wave modification
accurately -and 'in detail as the‘'wave progresses shoreward, A4 fileld data
collection system was developed for this study to collect and record the
data digitally in sersal format (RS-232) from these gauges and other

instruments -at this location.

The test results indicate that for the longer-period waves, both models
very accurately predict the breaker heights within an accuracy often less
than tern percent error when comparing average breaker height, average of the
highest one-third breaker height, and average of the highest one-tenth
breaker height, These results are for breaker heights up to two meters
for the test results using the Panama City data, Further results for the
Duck data for the detailed prediction model indicate for breaker heights up
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to-about 2.5 meters,. the average prediction error is almost zero, glving
extremely accurate results. However, it is cautioned that almost all of
the time breaking did not occur at one of the wave gauges; therefore, the
actual measurements of the breaker neight was nct the height of the breaker
at the time of breaking, Since these gauges werc rather closely spaced in
tho breaker zone, this difference in measurement is expected to be within

the accuracies given above for the Panama City data.

For many applications, the simplified model probably will provide
adequate answers, and the additional mathematical complexity would not be
Justified. This additlonal complexity not only would require a larger
processing system, but requires more time for processing the data, The
processing time on a modest processor is about an order of magnitude faster
for the simplifisd version than for the morc-detailed version. llowever,
even for the more-detalled processoring, the processing times are short
compared with data collection times. With the use of high-speed micro-
computer systems and efficient programs, such as those compiled from a
FORTRAN source as .glven in this study, processing times of the order of
one minute are reasonable for thirty minutes of wave data,

Complete detalls of this study are given in the six scctions of this

report.
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INTRODUCTION

The coastal environment plays a key role in many of the Navy's vital

operations, Of specific interest to the Navy are such paramaters as near-shore

waves, tides, currents, and surf, Other parameters include water temperature
and visibility. Normally, for many areas of interest, little or no details
exist regarding either generalized or specific information for these and
related parameters. For many Navy -operations, these parameters are required
inputs either directly or indirectly to obtain tactical information leading
to decisions regarding those operations, Quite often the effectiveness of

an operation may depend upon the reliability of the environmenial information
associated with the operation that is. obtained either froﬁ direct measurements
or from dnformatior in data banks or from numerical models. Such existing
data or the ability to obtain for areas of interest to Navy operations the
desired data is limited at present times,

Nct only is the data limited, but the means and/or instrumentation for
obtaining the necessary information are also limited. The tools that under-

water teams currently use are the same ones being used for some time: typlcally

unsophisticated equipment and methods such as the measure line and slate board
With visual observation of wave height, direction, perliod, and currents. For
some operations, this type of information may be adequate. However, for most
operations, it is felt that such results would not provide the basic inputs
for strategy and tactics for a successful operation. These, also, would not
provide the needed inputs for the development of a polnt-target inteiligence-
data base,

For an amphibious assault operation, where the coastal zone must be
transversed, the success of the operation might well ‘depend upon knowing
when and where the crossing should take place, For such operations, pre-
vious information regarding these areas would be significantly helpful in
reaching proper decisions, If, however, real-time or near real-time infor-
mation were available, probabilities of success would be considerably
increased., This is particularly the situatlon for most coastal areas of
the world where therecan be a large variation in the given environwental

parameters,
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(:} In addition to being able to obtain the required information, it is
e necessary to have this information in a form or format that will be readily

useful to those needing to make the decisions involved in the operation.
In general, this means having an analytical model into which the. input
. environmental parameters are.applied, giving prediction results in a

g’“ simplified format, In the process of reducing down large amounts of data

to a concise output, care must be exercised not to lose or average out the
{ impqr%ant details of the coastal process, What is needed to accomplish these
S goals is an instrumentation system capable of providing the inputs with the
necessary aceuracy and”reiiability for a proven model, that has been tested
g and evaluated against known ground-truth standards. i

L AN e . i o . A e e

The development of such a measurement system with the associated
analytical models is the objective of this several-year study. The first
phase involves the development of ‘a buoy system with environmental in- ,
strumentation for measuring,at an off-shore location outside of the breaker :
zone, wave and current parameters to be used as model inputs for the pre-
diction of wave-breaker statistics and longshore-current properties. At
the same time, models for predicting these effects are being developed,
In order to evaluate the effectiveness of the model, it is necessary to
also measure the properties being predicted. This s bheing done during
this first phase -of the tests, However, the accuracy to which the ground-
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truth standards can be measured in these first tests may not be much more
accurate than much of the differences of the results that the different

models predict. For this reason, further evaluation of these models must

be done using more accurate measurement technigues and instrumentation,
This is to be done in the second phase of this study, using instrumentation

s g

dispersed throughout the breaker region.

The end product of this several-year study is expected to be a
deployable buoy system that can be readily implanted outside of the
breaker zone in an operational area, This buoy system may take on any of
several versions which might include either detailed on-board processing,
limited on~board processing, or telemetry of raw data to an out-board
processor., Incorporated into the processing system would be the appro-
priate model for the prediction of the breaker and current statistics,
This total information from the buoy system would give an operational g
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Commander not onij'an over-view of the environmental conditions of t%e ;rea,
but also;, hopefully, the necessary 1nformation for' reaching stratepic and/or
tactical decisions regarding the operation;

This final report documents the. results of a twenty ~tWo month study.
Although a detailed interim report (FR-XX- 1) was issucd one year ago de-
tailing the results ‘to date, much of that report has been incorporatcd into
this final report for completeness. However, parts are not Included here but
are referenced at the appropriate portion of the report, The extensive test
data processfng results of Appendices A and' B of that report afe not included
in this report, but are referenced in the test results section, Although some
of the program development discussions of the interim report are referenced
and not detailed in this final report, because software development was a
major portion of this study, extensive discussions are included in this re-
port. In this latter respect, this final report is self-contained,

The stated objectives, given in the proposals for this study, are:

1, ‘To develop software for a computer system to process offshore buoy
data to obtain wave height, period, and direction, tide, and current
speed and direction statistics at the buoy location and to develop for
the same computer software for a surf zone model that uses these abvove
processed statistics as inputs for processing surf heights, periocds,
shore currents and other results,

2, To develop software and generalized overall system design parameters
that would lead to the final design.ard fabrication of an internal pro-
cessing systen 1ntegrated within the buoy that would provide the same or
similar end products as those given in Objective 1,

3, To design a digital interface system for obtaining serial data in a
standard format from wave-gauge and current-meter sensors and to provide
technical direction in the check-out and installation of the system at
the CERC Field Research Facility, at Duck, N. C,

L, To develop computer software programs for additlonal models for
surf-zone prediction of wave and current parametérs and to evaluate
these and previous models using programs developed and data collected
for a varlety of wave and environmental conditions,

5. To develop buoy design specifications for an operational buoy system
for Navy Fleet applications incorporating results of this and related
previous studles,

*PIDGEON, V. W. and PIDGEON, N. A., "An Environmental Data Buoy System for
Predicting Surf-Zone Characteristics,;" Dynex Consulting Company report number
FR-XX-1, dated February 29, 1980,
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As the reader can determire, after reviewing the exténsive software
development, the buoy development, testing, and evaluation, and the data-
processing and model-évaluation results given in this final report and in
" the interim report, that all objectives given above have been successfully
met by this study. ;

This report is divided into six sections. In the first section, Data
Buoy System and Specifications, is given a detailed description of the buoy
_ system and its instrumentation for making the environmental measurements.
Complete details of the interfacing system are also given, This interfacing
system, which is the controlling portion of the operational part of the buoy,
converts all measured signals to a serial-digital format which is compatible
With most computer systems, It also allows for a wide variety of data trans-
mission methods and links, making this buoy system extremely flexible as far
as data links are concerned. Also included in thls section is a discussion
of the accuracies associated with the system, with details of some of the
éests given, demonstrating rellability and performance, The second part of
this section gives the buoy specification details for making the prototype
buoy more adaptable to Navy Fleet operations. Specifically, recommendations
and speciflcations‘are glven for significantly reducing the power consumption
of the system as well as a telemetry link, both of which would allow the
system far more flexibility and operational time on station without servicing.

Section II, Software Development, gives the very extensive software
programs and background informatlon developed in this study., Over thirty
software programs were written for various application in this study. These
are grouped into four main program types given in this section., Also given
in this section are the objectives for the software development in this study.
Discussions of each type of program developed axe glven along with complete
functional flow diagrams and program listings for the various processors the
software was developed for, This section gives the program development in
Assembly Language, HPL, BASIC, and FORTRAN for the appropriate progranms.

In the next two sections, Data Processing Using the Simplified ilodel
and Data Processing Using the Detailed Model, the processing techniques for
these two models are developed. Although specific details of the model
development are not given (refer to LSU reports to be published for this),
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theibasic mathematical algzorithms are given which are programmed in detail
for the ddta processing of the wave and current data from the buoy systenm,
Inciuded in these two sections are brief over-views of the models, a detailed
description of the programming processes, and program flow diagrams and
listings. This is done for two types of processors: a laboratory type and
a field type. The latter type of processor hdas the capabilities of being
simplified from a geheral purpose type of processor to a special purpose
processor, which could ultimately be repackaged for the specific application
of on-board, processing in the buoy package itself,

Section V, A Fleld Data Collection System, contains the details of
the system developed for data .collecting and recording at the U. S. Army
Coastal Engineering Research Center Field Research Facility at Duck, N. C,
This system allows the simplified task of recording data from the seven
wave gauges, two components of current, a pressure-transducer wave gauge,
and a calibration signal. Data collected by this system was uséd for
continued model testing and evaluation. Complete details are given in
this -section including the overall system description and operation and
functional and bvlock diagrans,

The last section, Fleld Tests and Processing Results, gives the details
of the field operations- using the buoy system and the data collected at the
CERC faciliiy. AlSo, during some of the tests, ground truth measurcments
were made., The methods used are described whereby measurements of the breaker
statistics were made at the same time that data were being recorded for the
off-line processing. In this section are presented summary results of the
data processing from the field tests, with comparisons of actual wave and

breaker measurements to the predicted conditions using the models given.

Following Section VI are given the Conclusions and Recommendation of
this report in which the major conclusions of the previous sections are

summarized and the recommendation for follow-on efforts are given.
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i SECTION I
B { ) DATA BUOY SVSTEM AND SPECIFICATIONS

Part %, Data Buoy Systenm
The design of the data buoy system involved consideration of many

factors, One of the major objectives of the design was to develop a
measurement system that would operate in shallow water outside of the

surf region and would be ablé to measure the hydrodynamic pdarameters

needed as off-<shore inputs into a prediction model for determining the
statistics of wave breakers and the longshore currents induced, A
secondary consideration was thendevelépment of a system that might either
lead to or provide signiflicant information for the design of an operational
buoy system that could be used in the fleet operations and would provide
outputs detalling the near-surf and surf reglons of an area under consider-
ation. Although it was realized that this would be a multiple phase pro-
gram, ultimate end products were considered along the various development
stages of the present system, A specific example of this is the work

that was done in the processing area, Although considerable program de-
velopment was done using the NCSC outboard processors (specifically the
Hewlett Packard HP-90 5 system), much work was also done with processing
by microcomputers, The objective of this latter effort is for the pro-
posed capability of ‘the buoy system to perform on-board processing, which

would undoubtedly use state-of-the-art mlcroprocessing components.

Much of the development effort for this system was done by personnel
at the Navdl Coastal Systems Cénter. Dynex personnel provided significant
inputs into the over-all system design, particularly in the area of inter-
facing the measuring instrumentation to the system output instrumentation.
The over-all testing and evaulating of the system was donewith technical
asslstance and direction by Dynex personnel. NCSC personnel did the com-
plete fabrication of the buoy system as well as all deploymeni and retrieval
operations, Data collection and processing was done by Dynex perscnnel on
both the NC3C HP-9825 system and the Dynex COMPAL-80 computer. Actual
surf breaker, current, and wave observations were made hoth by NCSC and
Dynex personnel during periods of data collection from the buoy system.
The prediction model information was provided by personnel from Louislana

State University,
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The buoy system measures waves, tide, two orthogonal components .(hori-
zontal) of current, water temperature, internal temperature, and system
calibration. The waves and tide are measured by a pressure transducer

wave and tide gauge developed by NCSC, A two-axis electro-magnetic in-
duction current meter measures the water motions in the horizontal plane.
The temperatures are measured by systems .also developed at NCSC. A cali-
hration signal is added to one of the data output channels to monitor
system performancé, In addition, a leak detector, also developed by NCSC,
was added to the system that would detect the presence of water in the
bottom of the buoy system, All of the signal outputs from the above sensors
are analog voltages., These outputs are fed into a multiplexing, digitizing
system for data transmission or hard-wiring to the shore. More detalls of

this system are given in a later portlon of this section,

The sensors and all associated electronics are housed in a cylindrical
container, sealed to withstand at least 30 meters of water depth, The
housing is approximately 60 centimeters long by 20 centimeters in dlameter.
In water, the system has positive buoyancy and must be ballasted by appro-
ximately 15 kilograms of welght, which is attached directly tc the bottom
of the housing at the time of deployment. The current meter probe is
mounted with a bulk-head seal through the top of the housing and protrudes

almost 30 centimeters above the housing. The current sensors are located

near the top end of the probe in water relatively undisturbed by the housing.

The pressure diaphram and the water temperature sensors are also located on
the top of the housing. .
The buoy system is implanted in a vertical position mounted between
two pipes that are jetted into the bottom for support., It can be readily
deployed by divers without special equipment except for water jets for the
support anchors, If the bottem allows it, screw anchors can be used in-
stead of the jetted pipes. The buoy system, including ballast, welghs
less than 25 kilograms in air; therefore, it is not difficult to handle
during deployment, In each deployment and retrieval operations were done
from a small outboard boat 6 meters in length. It is not expected that the
size or configuration of the buoy system for future models will change very

much from the present configuration, even with the addition of on-board

processing. Therefore, deployment of future versions is expected not to be




a diffidult task., If necessary to accomodate additional electronics inter-
nally, the cylinder can ve lengthered by using a longer housing than the
present model, It is expected‘that these future versions still would not

be too difficult for one person to handle.

A major consideration in the design of the buoy system was ‘the method
of getting the analog signals ftom the sensors to the processing equipment.
‘Desirably; the data would be sent in digital form in oxrder to obtain thé
most immunity from noise and other degrading factdérs. Also, in oxder to
avoid having many signal lines between the buoy and the receiving station,
a serial not a parallel system was needed. A very important consideration
in the design of this interfacing system was the formatting and makeup of
the data, With futute on-board processing in mind, a formﬁt that would be
directly compatible with microcomputers and other similar processors is
what is needed, =Zach of these considerations fit very well into an
interfacing system that had been developed by Dynex for another NCSC
task, This system, called Information Transmssion System (ITS), takes
multiple analog data channels (up to 128), multiplexes them into a 12
bit digitizer (giving one millivolt resolution out of four volts), con-
verts the para.llel output data into two elght-bit bytes, which are
sequentially applied to a standard UART (Universal Asynchronous Receiver
Transmitter), from which the data are sent in a bit-serial, digltal format.
This serial format is completely compatible with computer standards for
serial data transfer, i. e., meets RS-232C standards, Therefore any
computer processor with a standard RS-232 serial Interface can accept
the data from this buoy system without any further modification,

“« [}

The 11S system was interfaced into the buoy system essentially without
modification from the latter design version. The incorporation of this
system into tle data buoy had several advantages in terms of data recording,

transmission, and ¢omputer inputting. Two previous reporte1 glve specific

1.Pidgeon, V. W. “A Develcpment Study for a Field and lLaboratory Data System"
Dynex Consulting Company Report, FR-XVI-1, dated May 30, 1979

Pidgeon, V. W, "A Development Study for a Field and Laboratory Data System,
Phase II" Dynex Consulting Company Report, FR-XVI-2, dated
November 1, 1979
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details of the system, operation, and application, including details of
the programming with flow. diagrams and ciiluit drawings, However, a
brie{ over-all discussion is included in this report for completeness.

The interested readeéer is referred to the above referenced reports for
more detalls.,

An important consideration in the transfer of data from the measuring
‘source to the processing system is the preservation of the data as neariy

as, measured as practical, Secondly, the ability to input directly into
the processor with minimal reformatting feans more efficiency, fewer

errors, and less processing costs,

For on-bocard processing, both of
these considerations are almost mandatory.

These factors are the prime
ones consldered in the development of the ITS system, and they also made

it a prime candidate for the data buoy system,

The addition of ITS to
the buoy system allowed conslderable flexibility in how the data could be

handled, once it was obtained in the buoy.

The data could be transmitted
via standard telemetry links with relatively low bandwidths,

Or the data
could be directly connected with the beach site via cable.

This latter
version was selected for these preliminary tests since both data signals

and buoy power could be cabled between the beach site and the buoy with

a modest cable having as few as four conductors -- two for power and two
for signal.

After the data were received at the beach site (NCSC‘Beach Tower #1),
there were two primary choices of what to do with the data at that polnt.

The data could be recorded directly on a digital recorder and later taken
to the processing site,

The method, however, would require either a person

to be on the site to do the recording or for the recording to take place at
designated intervals under'control of a timer.

Since it was very desirable
to take selected data and not data that would be recorded at set intervals,

and since it would be costly to always send a person to the site to do the

recording, this method was not used .except when personnel were on site for
other reasons,

The second method, which was selected for most of the data
recording, was to input the data signals directly from the buoy cadle into
a standard Bell 103-type telephone modem that bas auto-answer capabilities

Since the data from the buoy is standard RS-232 format and is transmitted at
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. the standard baud rate-of 300 baud, the buoy data was ‘Gompletély compatible
with. this type modem. Thus, when it was.desired to take data or, to check

the buoy operation; all that one had to do was to call up the buoy;from
NCSC or the: Dynex office with either an acoustLC‘coupler (which, was used -

. by NCSC) of a modem (which was used by Dynex).. When the modem at ‘the béach
tower auto-answered, the handshake was completed :at the originating end, At
this point, data began to stream in and continued until the originating source
turned off its lock-up tone or the calling phone was hung-up. The data that

was received could then be used in several ways. It could be checked to

ascertain proper buoy operation, it could be used to determine the real-time

conditions in the Gulf of Mexico a% that time, or it could be directly
recorded or input into the processoxr for data processing.

This method of interfacing the data and applying ii to a modem alldws
the data to be called up from anywhere in the world that a telephone can
call the number of the modem at the beach tower. The calling person would
then be able to receive in real time the data from the Gulf of lexico.
This application added considerable flexibility and pover to the data buoy
system.

In oxder to be able to sample the wave data rapidly enough to detail
with accuracy the wave profile, the wave data were sampled most often of
the data, This was done by putting the wave data on every othér channel,
Interdispersed between the wave data were the other signals, The specific
channel assignment of the data is glven in Table I-1, With the ITS system
running at 300 buad, .the wave data were sampled almost five times per
second, This was sufficiently fast enough to well profile the waves. (It
1s necessary in the data processing to determine the peak and trough of
each individual wave as well as its period. Therefore, an accurate re-
production of the wave profile was necessary. More details of the data

processing are given in those sections.)

The buoy system was thoroughly checked out and tested prior to each
deployment, An extensive testing was done on the ITS system to determine
the stability and reliability of the system. This testing was done both
in this study and the other related studies under which development of the

system was done, A three-month testing period under a large temperature
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- E . (:j & ~ variation: showed that Ehis systém was stable to one millivolt or less

[RSRERNEURGNINA. S S

With the sysiem £xTor never excéediné this amount.’ Also during this time

period there vwere no failures ox malfunctions of this systen.
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- Several 6ther tests were~perf6rmed to 5étermine the reliability of
the data. received over the transmission linés and for an over-all checking
of the system. Knoaxdata~such as the calibration signal ‘was checked re-
peatedlyfand.ﬁas found to be- within. one bit during all testing. Extensive
testing of -transmitted daga over the phone lineS'wés done to vaiidats that
link and the ITS syséem. Several hundred thousand readings have been taken.\'
and tﬁe address. of %aéﬁ‘reading checked. The results of these tests. have.

indicated the systeﬁ to be almdst entirely error free. All tests to date

P -

indicate that this buoy system 1s;§«rq;iabie one and an accurate one jsr

making the type of measurements for which. it was designed.

- TABLE I-1, DATA BUOY CHANNEL ASSIGNMENTS

CHANNEL NO, SENSOR/INSTRUMENT
Wave Gauge
2 Long-shore current
3 Wave Gauge
4 On-shore current §
5 Wave Gauge yé
6 Tide Gauge 3
7 Wave Gauge g
8 Water Temperature ;
9 Wave Gauge f
10 Long-shore curxrent ’
11 Wave Gauge
12 On~shore current
13 Wave Gauge
14 Voltage calibration/leak detector
15 Wave Gauge

Internal buoy temperature
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Part II. Data Buoy Specifications

In the first part of this section .are given discussions on the bucy

system anhd its instrumentation, test and evaluation of the systen, and

ern oo At - o S A AN S v e

its application in the NCSC field tests. The results of the first study
given by Fi-XX-1 demonstratéd feasibility of this prototype data buoy
system, WNow that this study is complete, specifications can be given,

based upon the previous usage results, for the overall design of a field

data buoy system.. The intent of these design specifications is not to

) give~the~spécif1c comporient details, but rather to summarize functionally,
the: prototype system and to suggest aréas of modification for making the f
< system more adaptable to a variety of Navy field and fleet operations.

The major areas in the prototype system needing modification are
the high-pover drain components of the system and the lack of a remote
(non-¢abled) operational éapability. The components needing improvement
are discussed along with suggested modifications in the following paragraphs.
Also discussed are means of freeing the -bucy system from a data (and power)

cable to the shore site by use of a suggesied telemetry system.

" As given in the previous part .of this section, this data buoy system

oo o SN o B < o < oo e

consists of a two-component, cartesian coordinate current meter and a

wave and tide gauge, These are the instruments for measuring the required
parameters for the predictions models developed by LSU personnel for this

study. The tidal information is needed to give the average water depth

at the time of the wave readings. This information could be supplied~by

making a depth reading at tﬁe time the buoy was implanted and also *

using a mean tide reading in addition., This, however, would not be as

accurate, particularly for deployment in lesser water depth, as using i
the measured tide from tﬁe system, Unless the wave gauge on the sub- |
merged buoy has a tide leak, the tidal information is mostly already

there éither to be filtered off or processed digitdlly by statistically

remoVing the mean from the wave data, -Most pressure-transducer wave

gauges that are ﬁsed in not-too-deep vwaters would provide this total ‘

information cgnéerning waves and tide, The concern is, in addition to o
the acéuracy of the: gauge, the power consumption of the instrument. It

" should be one of low-power drajn as the one used in the NCSC data buoy system.
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This is usuaily accomplished by using CMOS or other equivalent low-power
circulitry. -
In addition to the wave gauge, the other required instrument for
providing the needed input information for the surf prediction model is
a two-axis current meter, Past experience has demonstrated that rotor and
vane current meters are hot suitable for this application due to their low
reliability of operation, particularly in waters where blo-fouling and other
types quick}y limit the operation of the system. For these reasons and
because the techniques are so well advanced, an electro-magnetic induction
current meter, such as the one used in the NCSC system, is strongly re-
commended. These meters, in addition, have higher rééponse carabilities
than the mechanical type meters, making wave following mqré accurate, An
additional requirement, which may be- part of the current meter, is a compass,
unless the buoy is always elther oriented in a certain direction or the
orientation of the buoy measured when deployed, This is needed in the daté
processing for the prediction model.

State-of -the-art current meters'and pressure-transducer wave gauges
recommended for this system, in general, are well within thie accuracy
requirements, A wave height measurement in shallow water to an accuracy
of one-tenth of a foot resolution (relative) should be well within the
capabilities of most off-the-shelf gauges. For a three meter wave helght,
this corresponds to one part in one ‘hundred, However, where the problem
beéﬁmes more stringent is in the measurement at ithe hottom of thé shorter
period waves, where water-depth attenuvation has reduced the signal level
considerably. But once again; most state-of ~the-art pressure-transducer
wave gauges should have this capability to measure, as example, a wave
with a period-as short as 3 to 4 seconds in water depth of 5 to 20 meters
to a relative accuracy of 3.centimeters. (Remember that absolute measure-
ments of wavé height is not required, but a relative reading of the peak
to trough difference in the readings 4s used, Alsolute reading of the
tide (mean water level) is needed, but this can be less accurate by 2 to
L times and still be:satisfactory within the model limitations, except

for very-shallow water applications.) ‘In addition, current-meter accuracices

of five degrees should be more than sufficlent for this application. A
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study done on the effect of accuracy of the current,.wave; -and tide measure-
ments has shown that the above given accuracy requirements are suffucient to
keep the scatter in the prediction (due only to measurement error) to one or

two percent for most typical situations. Repeating for emphasis, this

scatter of one to two percent is only due to that produced by error in the

measuring Instruments and is not the prediction capability of the models.

(See Section VI for a discussion of the prediction accuracy of the models

themselves,)

In addition to the above instruments, the NCSC huoy system has two
temperature gauges, one for water temperature and the other for internal
buoy temperature., Two other instruments complete the package: a water
leak detector .and a callbration source. FEach of these instruments add
capabilities to the system but are not required for the primary task of
predicting surf-zone parameters as given,

A major change recommended for the NCSC buoy system is in the area of
power consumption. The present prototype system requires approximately
L watts of power for all of the on-board functions. Reasonable battery
packs for this application range from a modest size of 20 amp ere~hours
to a large size of 50 amprere-hours, For continuous operation, this would
glve only about one to two full days of operation of this system using the
above range of battery sizes., BEven with a twenty-five percent duty cycle
of thirty minutes on every two hours, as an example, the system could only
operate for four to eight days, depending on the battery-pack size and
type. For most operations, this prohibits the collection of very much
background information., And, for many operation, frequent changing of
the battery pack would either be difficult or prohibitive., Therefore,
elther larger bvattery packages are required or a lower-power system is
needed. The bulk and expense associated with the larger battery packages
very quickly suggest that this is not the solution, Thus, a lower-power

buoy system is needed.

The major area of power consumption in the NCSC buoy system is in the
multiplexer/analog-to-digital-converter, requiring some two-thirds of the
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total systems power., The problem can be -easily and .efficiently correccted

at a relatively low cost by modifying this part of the system, It is
suggested that the multiplexer and the A=to-D converter be replaced with
state-of -the~art CMOS devices instead of the power hungry NMOS devices
currently being used, This part of the system was designed for a land-
based application where power was notia consideration, In a remote-buoy
operation, power 1s a prime consideration. There are many such CMOS devices
that would méet {ihe needs and requirements of this system., Two such suggested
devices can: be ottained from Analog Devices, Norwood, Massachusetts: for
the A-to-D converter: AD7550, a 13-bit A/D, requiring 20 milliwatts total
power or less; and far the multiplexer: AD7?506, a 16-channel wmux, requiring
2 milliyatts total. Most of the other chips in this part of the system are
already CMOS, However, those that are not all have a corresponding CMOS
version, most of the time pin-for-pin interchangeable, These changes would
make the data interfacing and digitizing portion of the system one of the
most efficient parts,

In addition, the current meter uses more power than necessary, although
its consumption 1s not excessive, Golng to all low-power chips in this
meter would help the consumption, However, a large part of the drain is
not so much in the amplifier clrcultry of the measured signal :s is the
drive power in- the magnet; procducing the field in which the current is
measured by the voltage induction of a moving conducter (the water) in a
magnetic field. Once again, this current meter was designed for generalized
applications., By reducing the drive-to the magnet, the accuracy of the
system is reduced, because the signal-to-noise ratio of the system is also
reduced, This can be afforded to be done in this system since small current
flow is not being measured; rathexr the flow associated with the gravity
waves is the measured parameter. The amount that the drive power should be
reduced is dependent upon at least two factors: the relative power savings
compared to the total system and total time of operation; and the effect of
the reduced accuracy on the requirements of the specific application of
the buoy system.

If the suggested power savings are added to the NCSC data buoy system,
total system power can be of the order of one-half to one wati. This would
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extend operational time for the prototype version a factor of up to almost
an order of -magnitude. Ohe to two weeks or more of continuous op~ration
would be feasible. Usihg a 25% duty cycle, one to two months of total
operation could be obtained. These lengthened -time periods without the
need for battery servicing wbuld make this buoy system suitable for most

fleet and test operations.

A final proposed modification to the prototype buoy system is that of
a telemetry transmitter, allowing the reception of real-time data from the

buoy without the present need¢ for a data. cable to the shore site. This
modification has been ordered by NCSC for their buoy and is expected to

be delivered in the near future. The transmitter/receiver system is a

!
t model A-l modified system manufactured by Telecommunicatioﬁs Enterprises,
ﬂ Panama City, Florida. It is to be a self-contained system with lts own
powér source, capable :of command interrogation from the receiving site.
In this manner, the user can select to turn of the system (including the :
i data buoy system on the bottom) to receive data., This type of operation ;
: will considérably extend the total operating time of the system unless
,; the system is more fréquently:-turned on than those intervals glven abdove,
Even in the "high-power" operation (100 milliamps) of this transmitter
" system, over-the-water ranges of 200-250 miles are expected, with the
resultant battery 1life of this part of the system compatible with the
time pertods of thc: xest of the datd buoy systenm.
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SECTION I1I
SOFTWARE DEVELOPMENT

¢

During this 22-month study period, over twenty software programs were
develdoped for use in this study and for future applications., This large
number of programs developed is the result. of two basic factors of major
consideration in this study: (1) the development of programs for different
types of processors and (2) the development of different versions of
similar programs allowing the end user to implement a particular program
with minimal médification.

The objectives of the software development portion of the over-all

study are:

1. To develop control, formatting, and processing software that could
ultimately be used for predicting surf-zone parameters from measured off-shore

data in any of the following applications:

a, complete on-board data buoy operation (within the buoy)
b, complete remote processing (only the raw data sent from the
data buoy to the remote processor)
¢. a .hybrid of the above with limited on-boaxrd processing and
final processing done at the remote processing station
2, To develop display software that would allow an operator to obtain
in real time both a quantitative and a 'visual, dynamic description of the

environmental parameters being measured by the data buoy.

" 3. To develop programs. for the test and evaluation of surf-zone
prediction models and for testing ¢ 1 evaluating a data-buoy system.

Some of the program.development was done for a specific objective or part
of it, and some of the development was done for more than one objective.
Almost all of the software glven in thls report was new development or

extensive modifications of previously developed software. Some of it,
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howéver, had been developed in other similar studies and involved less

‘extensive modifications for the specific application.
Four types of programs were devéloped in this study. They are:
1. Programs for checking, testing, and validating buoy data
2, Programs for displaylng buoy data for operational applications

3. Programs for collecting and storing buoy data
L, Programs for buoy-data processing and predicting surf-zone parameters
including model evaluation

Alsoy four different programming languages were used in this study:
PORTRAN, BASIC, Assembly Langauge (Intel 8080), and HPL (language of the
Hewlett Packard HP-9825 computer system), Not all programs were written
in a1l four languages. Many were written in only one language -- that of
the processor being used for that particular application or the type that
is expected to be used, MHowever, some were written in FORTRAN (often with
Assembly Language subroutines), BASIC, and HPL.

Since the programs are expected to be used for a variety of applications,
often the processor on which the program is being used determines the
required programming language. Most of the programs developed in this
study are not extensive and time-consumming by standards of large computers.
This means that for processing and displaying done remotely, that is on
raw data received from the buoy, the computer need not be extensive either
in terms of speed, size, or support capabilities, The two Hewlett Packard
computers used in this study, HP 9825 and HP 9845, as well as the Dynex
COMPAL-80 microcomputer system are examples of this, and their performance
in this study well demonstrated the feasibility of their application. Of
the langauges given, most similar types of computers use versions compatible
with those given., The FORTRAN IV used is ANSI 1966 standard with a few
extensions (that most FORTRAN systems have today). Thus, these programs.
should be directly adaptable with only minor medifications for mog, systems
using FORTRAN compilers, The procedure for use on another system would bve
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(_ to take the source program as given in this report &nd compile it using the
] n} i riew computer FORTRAN compiler .and then o link it with the host library
routines and those of the compiled progranm,

For programs to be used directly within the data buoy itself, there
are several methods of application, If the on-~board processor is an Intel

o B 4

8080 or a generation related to it or one that has as a subset of its
assembly language the Intel 8080 code (e. g. Zilog Z80, as well as the
later Intel‘proceSSOIS), the code can be used as it is or with minimal
modifimtion. Once again, the source code can be assembled using the i

e <ot oo

assembler of the candidate processor, converting it to machine code, which :
can be stored in PROM (programmable read only memory) or loaded from tape

or other storage media directly into memory., This is also the situation

for the FORTRAN programs that are to be used on-board the data buoy: The
compller must produce machine code compatible with the microprocessor that

is being used. With a good, efficient compiler and FORTRAN library routines,
the machine language code produced should be almost as efficient as the code
produced by an assembler, with considerably less effort involved., Most
programmers well know the advantages of higher-level programming.

The remainder of this section gives a generalized discussion of the
various programs developed in this study, These programs are divided by
category following the program types given above, In addition to the
progran description given are listings and flow diagrams for almost all
programs., Most of these follow at the end of the section, The major ex- é
ception is for the programs for the surf-zohe prediction models. Fuller . |
discussiom, complete with detailed flow diagrams and listings, are given ‘
in the following two sections, Section III for the simplified model and
Section IV for the detalled model, Where more than one langauge version
of a particular program was written, the separate program listings for

each version are given., However, the program discussion is generalized
such that the over-all program is discussed, then the specific details
of each of the different language are discussed where appropriate and
needed. The flow diagrams are functional in nature and are not specific
as to individual detail; therefore, separate diagrams for the different

versions are not required for understanding each version of the programs.

e A 1

e A



Cag e R
RSO Gl e z««:‘%‘_WWf’%mvvwv-rw«»-;»e,f»fss.; TR
. . B R . ey

-

R i e e VAR

b e . o A A AR S, R e 3ol DB 1

g

Part I
Data Validating and Checking.

Generalizeq routine for decoding and latching raw data stream. This

routine is being given as a separate program although its use in this study
almost always was ‘as a subroutine within another program, Howéever, because
of its importance in the other programs it is being glveén and discussed
separately.' This program takes the  raw data from either the tuwoy directly
or recorder data from.a digital tape recorded and does the control input
routines for the computér's serial port. The data is sent or recorced
serially in KS-232c format at either 300 vaud for data from the buoy or
1200 baud for data from the CERC Field Research Facility at Duck. As
previously given, the raw data is formatted such that no additional
formatting or computer interfacing is required other than a standard
RS-232¢c serial input/output port. The control program sets up the serial
port (the UART -- Universal Asynchronous Receiver Transmitter) to recelve

8 bits of data, even parity, and 1 stop bit. The status of the input port
is checked to ascertain whether a data byte is present or not, When there,
the parity flag on the UART is checked to see whether the byte contained
even or odd parity, (This allows the determination of whéther or not the
byte is a high byte (with the data word address contained in it) or whether
it is a low byte. Refer to discussions in Section I and in particular ‘to
the two Dynex reports referenced in that section for more detalls of the
data format and hardware desériptidn.)

The hi byte is located, at which time the word address is stripped
off and checked, When the first channel address is found, the data stream
is in synchronism, and the data are ready to be read into the computer
for use by the processing progrem (either for checking, displaying, or
storing for later processing). 1In general, the program contihues to check
the address on each.data word to ascertain that lock on the data stream is
not lost and that valid data {(as far as address is concerned) are being
received, Functionally, the various language programs are identical, The
varicus program language versions are given in Program Listing II-1 and the
flow chirt in Figure II-1.
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Routine for checking individual data. This routine has: two parts
that input the raw data either directly from the data buoy or from the
recorded data from the buoy. The first part of the routine is the latching

routine described on the previous page. Once the data stream is latched at

the selected address (usually the first addres$ channel -- address zero or
channel one), the-checking portion of the routine begins, There are several
sub-parts to this checking routine, and phe:actual manner in which the data
are checked depends. on the specific program. There is one for the HP-9825
and one for the COMPAL-80,

In the HP-9825 program the address of each data word is checked, and,
if an error is éncountered, & counter can be incremgnted and displayed,
allowing the operator to determine whether the data streamxis coming in

“‘reliably as far as the addresses of the data are concerned, Next the
routine can select elther a particular channel to display or all channels
can be displayed sequentially., Several different versions of this routine
have been-used, although only one is given in this report. Before displaying,
the data word is converted from high-byte/low-byte format into a voltage
using the conversion factor associated with the analog-to-digital converter,
and then it °is displayed in engineering units using the conversion factor
associated with the particular instrument making the measurements, This
routine is particularly useful in reading and checking the calibration
voltages in fhe cystem to determine system drift or other problems in the

operation,

The COMPAL-80 version of checking the data is consideradbly more simple
in scope, but glves the operator a far more détailed description of the
actual data bytes as they are received., The routing displays each data
byte in hexadecimal format as a :continuous stream across the CRT display.

The address all line up vertically, making continuous checking and obser-
vation of trends very easy to the trained observer, This routine does not
dllow the operator to directly check ‘the actual engineering-unit value of

the data channels since conversion from hexadecimal bytes to engineering
unit words must be done. It is excellent for checking the over-all operation

-of the system, however: The program listings are given in Program Listing II-2

and the flow charts in Figure 11-2,
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g Data checking and validating using FFT processing. Because it was felt
E;tl} that some of the moré important data being used to tést the surf-prediction
models were not valid, it was decided to pse more sophisticated methods of
checking and validating the data because of the importance of the usage of
the ddata, On later data received from the CERC facility at Duck, N. C., it !
g was discoveréd from careful analysis that two pairs of the wave-gauge data

were contaminated, probably with cross-talk of one channel leaking into the
other., Because this could not be ascertained completely by directly observing
the data, more reliable statistical means were employed to check these data,

This was done with the--use of cross<spectral analysis. (More details of
thé Duck-data are givén in Section VI.)

This routine uses as the core of the processing the Fast Fourler Trans-

et st

form routine, very widely used and described in other literature and will
not be discussed in detail in this réport. Basically the routine takes in
the data by selected channel pairs, each containing 128 data points, which
are time-weighted using a cosine-squared weighting technique to minimize
edge effects of the records, Next the means and RMS's of the two channels
are computed, and the FFT coeffiients are also computed. From these

e s ol

coefficients thé auto spectra and the co- and quad-spectra are formed,
From these spectra the coherence and phase spectra are calculated with the
resultant matrices printed out or displayed on the CRT. This program was
used to verify that indeed the data suspected were invalld and that the

use. of them would lead to erronous results in testing the prediction models,

Although the FFT routine given in this program 1s rather extensive
in texrms of programming steps required, it more than makes up for this in
its efficiency in running. In general, it is a faster routine than others
tested against it. However, the main advantage of this routine is that it

s e e e A e e o

uses all real data inputs in both the real and imaginary arrays. A sub- f
routire, RLTRAN, converts the results to all real values in the spectra,
meaning that 2 128-data array of real values will yield 64 spectral lines

in the results., Hanning (frequency smoothing) is also part of this program.
The listing is given in Program Listing II-3, and a very simplified flow
diagram is given in Figure TI-3,
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Part IT
Data Displaying Routines

Routine for v»rinting or displaying data in engineering units. This

program uses the routine for latching the data stream that is received
either -directly from the data buoy or recorded data in the mannexr previously
described. Néxt all data channels are converted to data words, next to
voltages, and finally to éngineering-unit data words, using the appropriate

conversion factors. The program cycles through eight sets of sixteén channels

of data, either putting the résults into a data arxray or storing them in

memory to recover in an array when the processing begins.

Once the converted data are put into the designated array, the data
are formatted and printed out by function, with water level (waves) given
first, tide next, followed by on-shore and long-shore currents, water and
internal buoy temperatures are given next, with the last print out for the
set being the calibration voltage of the system, There are 64 wave readings,
8 tide readings, 16 readings each of the current components; and 8 readings
each for the iémperatures and calibration voltage. At the end of the print
out or display on the CRT, the program automatically recycles and starts a
next series of readings until terminated by the operator,

Such a program was developed originally for checking and validating
the buoy data but has many applications. For a remote buoy system, tne
operator can either call-up the buoy shore site station, as in the case of
the NCSC buoy set-up, or recelve directly via telemetry the data. Then
this program can be executed given the results in real-time for the operator
to make immediate observations of the environmental conditlons at the buoy
site, If the buoy is tied into.a shore site with a modem, the buoy can bhe
called from anywhere in the world that the number can be dialed or called,
requiring only that the operator have a standard acoustic coupler or modem

and reliable telephone communication. This gives a very effective way for

real-time observations. A sample print-out of this program with real data

is given in Figure II-00, a flow chart in Figure II-4, and the program
listings in Program Listing II-4.
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Figure I1-0. Sample Printout -of Data Buoy Real-time Monitoring.

vt

~i
WATER LEVEL (WAVES) I CENTIMETERS (READ NOWNH 5
295 ~1.94 ~46.30 27 .54 12,06 Gty =107 L3 ~F7.07 :
L5.63 =491 ~42,.13 ~12:9% 15,05  7.59 «:3.67 =54 . OF f
L2.68 =18.02 36,77 =1lL.76 Lo 9% L.04 \.JJ ] :)5‘347:3
16.23 =23.67 ~35.28 ~13.95 PRI 1.04 —"Df' e B0 =F4d . 5G } f
l>2078 "'3:5020 =37 .07 2,55 8.78 -85 =33.20 -28,73 ;
1(3 \{)J -‘3 0\3/ ~32 060 10\)4 13.514 -11 .17 2110\34 ‘._sJo/\J,
15.03 =40.905 23,97 283 15,03 -LH.82 -30.592 —-20.97
—e 4G —43.32 ~17.50 3,13 12,465 -24,86 -34,469 ~15.04

TIDE LEVEL IN METERS
Se43 S 44 545 Se42 938 S .40 G.43 G448
ON-SHORE CURRKENT (Y) IN CM/8 (READ DOWN)

""4 8"1 "1405? ;rotgl .1-\.)000 \Jo;..ll..v . - 3} ""1 08{3 ;"00;'“ !
-11.%4  =1.848 18.98 12,28 -3.35 -8+ S8 =37 1302
© LONG-SHORE CURRENT (X)) IN CM/S CREAD DOWMN »

t

2¢ 60 4409 4 o 34 o 37 3.35% G o A7 2,61
¢ 57 T458 Py a7 P ¢ 4. 0% el A ) -~ .35

WATER TEMPERATURE IN DEG C
189,02 18.02 18.00 i%.02 18,02 18,02 18,02 18,02
INTERNAL LUOY TLW!LRHTU%Y IN IEG C
23 21450 2143 2031 2L.43 20,346 21,858 21,28
1

b e v s it e

)

lJ
N

*

.0

CALIBTRATION SIGNAL T ”ULT (REF=0.0) 1
001 00 L + Q0 001 +00 1 +001 +001

-40

. WATER LEVEL (WAVES ) IN CENTINMETERS (READ DOWN)D ;
Je42 18,81 -35.28 ~8583.74  146.ER2 0 22,78 8. 49 -435.92 |
.38 17,12 —-48.488 -38.47  24.84 20,10 ~18.00 ~41 .83 E

10.87  la.d44 47,49 26,98 2337 L300 =20 .09 37 .94

22,18 12,95 -5H3.44 15,63 20.448 7 .00 “”Q.?a &% A2

21. 38 1. 9\5 -5 . .LA-)- —-14.82 30+ 22 —Le b4 29,46 ~RF .07

B2.01L =10, «n.l - . 04 -3 . L3 26400 N SRt B ‘5-0 ())“' GV et
B3F.49 —14H.82 ~5H7, 81 3.13 23,07 8,78 ~38.25 ~FiL00
DGO ~23.07 ~GLL.dG 0 L0.EF 23047 ~1L3.55 “3Uthu -4, A7

e

»

TIDE LEVEL IN METERS

5.42 S5.40 5.45  S,.41 0 5,38 5,37 0 S5.45 5,44
ON~-SHORE CURKENT (Y) IN CM/8 ¢ READ DOWN )
10,05 —14.52 37 22,7 B0 ~h.3F  ~S.5HH 7.8l f
=856 -15.26 4451 15.26 2,60 856 1.1l 19,73 i

LONG-SHORE CURRENT (X)) IN CM/8 (READ DOWN )
335 4,09 4o 34 2.1 -~ 37 b33 Leld L.84
2+ %0 409 1,88 12,28 4,09 9. 08 S5 3435
WATER TLWFERATURE IN TG C
18.02 18,02 18,02 18,02 1AB.02 18,02 i8.02 18,02
INTERNAL. RLJD‘( TEMPERATURE IN DEG C
21.43 21,853 21,33 21.28 21.33 21,34 21L.33 21.90
UPMTUTRA1IUV SIGNAL IN VOLTS (REFMO.O)
Q04 001 1< Ol .00 +O0 L +00 1L <001 001
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Routines for dynamically displaying wave data., Two programs were
written for dynamically displaying in reéi time wave information either
from the data buoy .or from the field facility at Duck, N, C. The first
program, for the HP-9¢825, displays only one parameter at a time due to
the speed and display limitations of the system. -As in the previously
described,progéamsé this routines latches onto the data stream, determines

the selected channel, and converts that channel to the appropriate units.

Then the. program wipes the display clean, puts on a wave height axis in

h S iy ot e s pma, e - vhs s e o

the appropriate units, and puts an "x" or any other designated ASCII
character at the dppropriate height location. As the next data point
comes in for that channel, the previous point is blanked, and the new

one is displayed. The cycle continues until the operator terminates

the program, Actual wave motion (or current movement if selected) can

be directly otserved in real time in calibrated format. The -operator

can see directly, in real time, wave motion that is happening at a distant

location, which could be as much as several inousand miles away,

The second program was written for the COMPAL-80 which can be used
on other similar computers with a FORTRAN system and a serial 1/0 port.
Because of the increased speed and display capabilities of this system,

seven channels of data can be displayed in real time simultaneously. This
format was 'selected specifically for the data received from the CERC field
site at Duck, .Seven wave gauges are being monitored, from the seaward end
of the pier all the way in to the breaking region at the shoreward end of
the pler. 1In a similar manner as glven above, thils routine takes the data
from the seven wave channels, converts them to the appropriate units and
displays them in real time with the designated character. Each channel
has its own separate location on the CRT and is spaced laterally from the
others making observation easier and direct., Almost four readings per
second per wave gauge are displayed, giving a very dynamic picture of the
wave situation and distribution at that site.
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The program could be easily modified to display other parameters than
waves, Or it could .be modified to display the information from several
different sites simultaneously., This could be one application for the |

situation where several data buoys were implanted off-shore of a potential
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operations or strike area. The observer could display each of’ the wave
channelsyfrom each of the data buoys at the same time and in real time if
the data were being transmitted in real time. Direct observations could
lead to on-the-spot decisions, not besed upon the results of one site

extrapolated to another, but on the collective field of information. SuchV’

;dynamic display capabilities can augment and complement other types of

processing very well, offering an added dimension to the results...

The flow diagram is given in Figure II-5 and the listings in Program
Listings II-5.

Digital strip~chart.displaying.. This program was developed*fdr use

- in the data analysis and model prediction testing and‘évalhatipg. ‘However,

because of its extensive display capabilities and poténtial applications in
this area, 1t is being included in this part rather in the part on data
processing. This routine requires a graphic dioplay with medium to high
resolution. State~-of-the-art technology in,d;sp;ays and video drivers

have made this requirement one that is easily within the reach of most
systems to&ay. The HP-9845 has  very extellent capabilities in. this area
and was selected for this pait of the study (primarily for the data pro-
cessing and model testing). ‘Any display with a dot resolution of 400 to

500 dots or so on a side is very adéquate.

Because the HP-9845 was not able to keep up with the data recordings
from the Duck facility in real time (éhgs maklné data reduction times con-
siderably longer than data collect times), the data were read, converted,
and stored on disk by the HP-9825. This routine is discusscd in a later
part on data collection and storage. The ddta were then read into the
computer from the disk storage, the means cOmputed\and.removed from the
individual data points for each wave gaugé channel, and the resuliant data ap-
propriately converted to height units and formatted. Then the operato? ‘
selected a subset of wave data for each cbannel,;and the results were
plotted across the CRT in 4 strip-chart manner. The appropriate time
grids along the horizontal axis and the height grids along the vertical
axis were added to make the display complete. In this manner, one could

have in view as much as five minutes or more of wave records for all seven
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wave éauges. The display gfves a very detailed time history of the records 1
for each of the gaugeo. Trends can be observed and -easily followed. Shoaling, :

. breaking, and other similar effects can ‘e either directly or indirectly ob-
‘served through this. process, Its application to this study is aiscussed in

later parts of this report: It application: to other situaticnsand fleet

operations follow much of that givéh/abdve for ‘the -other display ﬁtcgrams.)
It éan also be used in other research programs in which wave modification

studies are being done.

The flow diagram 1is given in Figure I1- 6 and the program listing in
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’Program Listing II-6,

Part IIX
Data Collection and Storage

Routine for collecting and storing data from the buoy. A program was
written both for the HP-9825 and the COMPAL=80 for collecting, formatting,
converting, and storing tne data from the Buoy, either taken directly or,
as. used almost all of the time, from recorded digital tapes, The program ;
usés the latching routine describved above to locate the proper address
for starting the sequence, The data from each wave-gauge channel (1,3,5,
7,9.11.13,15) is then is put into a long string array in byte format to
save space both in memory (most important for the HP-9825) and on tape.

In addition, each of the, other channelswere also put into the same string
such- that all- of the data taken from the buoy could be recorded on a tape z
that could be used directly in the HP 9825, Approximately ten minutes of %
continuous data were stored in each set, représenting over 3000 data words
of wave height and an equal number for the other parameters totalled to-
géther. (Note that this data is from the buoy having the format given b
in Section I and is for only one wave ééuge -- not seven as in the CERC ’
data froh"Duck.) At the end of the tén-minute period, the data are
stored on tape for later processing. The cycle can‘be repeated. for all

. of thé data that is to be stored in ten-minute sets.
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The FORTRAN program on the microcomputer is functionally the same as
the HP-9825 program. The data are read directly into memory in byte format i
as above, However, instead of going into a string array directly as given,
the data fill a memory array prior to being stored., Considerably more data
points can be taken continuously by this system due to the large memory size,
Although the program is set-up to do a given number in the set, this can
very easily be made a variable. At the end of the data collection, the
results are stored either on disk or on tape. The flow diagram is given
in Figure II-? and the listings in Program Listing II-7.

Routine to crunch data files, Due to the limited memory size of the
HP-0825 that was in existence at the time of the data processing, there was

not enough room in memory for the large string array given above and the
required prucessing program. Therefore, a routine was written that took
the large file stored by the previous program and crunched or divided it
into three smaller files, each containing 1024 data points of wave infor-
mation, The resultant smaller files were restored for use by the data
processing programs in the next part., As in the previous program, there
is a complete set of file identification infermation glving the test date,
time, run number, and tape file number, This information was stored in
the last string of the array, thus preventing lost of identification of
the data or other mix ups. The flow diagram is given in Figure II-8 and
the program listing in Program Listing 1I-8.

Part IV
Data Processing and Model Testing

Data processing program for the simplified model. Section III gives
a complete discussion of the simplified model developed for this study by
J. N, Suhayda of Louisiana State University and the programming used in
testing this model, Refer to that section and reports by LSU for that

information and program listings. Also refer to Section VI for results

of the data processing and analysis of the model testing,
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Data processing‘forAthe'detailed'model. Section IV gives a complete
discussion of the detailed model program including a brief background of

the equations programmed for the model testing. This molel was.also de-
veloped by Suhayda of 1SU., Reference is made to his reports for details

of the model itself and to Section IV for the programming details and
Section VI for the results of the data processing and analysis of the model
testing.,

Modified processing for the detailed model, This voutine was developed
for processing the data from the CERC field site at Duck, N. C. Because
the wave data were obtained from the readings on the strip-chart digital
displays described earlier and in Section VI, the detalled processing
program was modified to input from the keybhoard the wave height and period
read off of the strip charts., The program then used this information to
compute predicted breaker information identically as in the program glven
in the later section of this report, the only difference being the method
of inputting the information, Because this program may have other applications
than that given here, it is being included in this report. One such
application migh? be a field site where the input information was obtained
in a form that could not be read into the computer in a manner as given
here, that is, through one of the computer I/0 ports., As an example, the
data might have been read by an observer directly or from a device not
compatible with the computer, Thus the input data could be entered manually
through the keyboard, and the prédiction results could be displayed or
printed out as before, The flow diagram is given in Figure II-9 and the
listing in Program Listing 1I-9,

Wavg time-of-arrival at successive wave gauges for Duck CERC data.
This routine was writien to aid the strip-chart reader in following wave
trains from one gauge to the next., This was particularly important for
the situation where processing was done on data with the number 2 wave
gauge not working. This left an interval of almost 300 meters between
the seaward wave gauge, which was being used as the model input source,
and the next working gauge. This meant that there were many waves between
the two making identification of one wave at the next gauge as being the
specific one from the previous gauge a dificult task in many instances.
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For a large, singular wave, its signature was unique enough such thatv
" \ following it. from one gauge to the next was not difficult. However,
for the waves thgt were not that unique, tracing its shoreward motion
E from one gauge to ‘the next was more difficult. It was détermined ‘that
g if the strip-chart reader knew approximetely where in time to look for
a particular wave at the next closer wave gauge, the task would be easier,
I To this end, this routine was written,

The routine has internal in a depth array the actual depth measurement
taken from the field site, and this array 1ls stored on disk such that it
is a simple task to input other depths, An auxiliary program was written
for storing this data on disk, Using linear wave theory, the routine

computes the expected wave lengths for each depth, which were taken at
intervals less than 10 meters separation. Then for each depth. the routine
computes the wave speed. The process is repeated for wave periods from
three to ten seconds. Longer wave periods could be used, out for those
periods, the propagation times were not. enough different for this parti-
cular application. It was sufficlent -enough to be able to. locate the
wave within its peried, not to a particular point on the wave form,

After all of the wave speeds were calculated, the routine next com-
puted, using wave speed and distance between stations, the time predicted
to travel from one wave-gauge location to the next. These results were
printed out along with other intermediate information in the progranm.
The flow diagram is given in Figure II-10 and the listing in Program
Listing II-10,

R T L T B
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{:} Figure -1. Flow Chart of Genéralized Routine fox Decoding and latching
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.
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& Program Listing II-1A. Generalized Routine for Decoding and Latching
Q»} Raw Data Stream -= FORTRAN Version

A»TYFE LATCH.FOR
PROGRAM LATCH
COMMENT PROGRAM READS IN SERIAL DATA STREAM THROUGH SIO FORT.
. COM USART IS SET FOR EVEN FARITY. AT BEGINNING USART ANDALL FLAGS
COM ARE RESET. BYTE IS READ AND FARITY FLAG (08) IS CHECKEL,
COM WHEN FARITY. ERROR IS FOUNDy THAT I5 LOW BYTE; THUS MEXT RYTE
. COM IS HIGH EYTE CONTAINING ADDIRESS (4 MSIK), ADDRESS IS CHECKEI
COM UNTIL FIRST CHANNEL (0) IS LOCATED.
COM SERIAL FORT! EOHEX IS DATA; EL1HEX IS STATUS; E4 IS EAUD RATE FORT
DIMENSION IDATA(7) '
LOGICAL IDATAsIHI,LOsNUMsK |
: 'COM  FOR _CRT MAPFING, GRAFHICS START AT FB0OHEX
T IREF=ZF840’
~ D0 105 I=1,7
105 IIATA( T )=0
COM CLEAR THE SCREEN NEXT (127=RLANK)
D0 106 I=1,1024
NM-—"II F’IFC-’ .LI

104 CALL FOKECNH,127)

COX SET UP ANI RESET THE USART (SID) NEXT
IE=7E4
18=7/E1"
IN=2EQ

COM  SET RAUD RATE TO 1200 EAUL

100 CALL OUTC IRy Z/397)

CALL OUT{ISs2"AA")
COM RESET USART ANI' ALL FLAGS
CALL DUT(IS,2°507)
COM SET USART TO 8 RITS DATA» EVEN FARITY. 1 STOF BIT, X146 CLCCA
CaLl. OUT(ISyZ'7E) )
CALL OUT(IS,0)
COM  TURN ON USART TRANSMITTER AND RECEIVER
CALL OUT(IS,»3)
COWM CHECK SIO STATUS; IF RYTE THERE, CHECK FARITY EIT
110 ISTAT=INF(IS)
IFAR=ISTAT
ISTAT=(ISTAT JAND, 2
IFCISTAT +EQ. 0)GO TO 110
COM CHECK BIT 4§ IF HIGH (083, FARITY ERRQR = LOW RYTE, LOOK AGAIN
LJIFAR=(IFAR +ANDL 8)
IFCIFAR (NE. ©)GD TO 100
IHI=INF{ ID)
IHI=( IH1 .AND. 240)
IFCIHI JNE. 140)60 TO 19090
CALL STATUS
LO=INPCIT)
COMMENT HIGH BYTE FOR FIRST CHANNEL IS NEXT; DATA STREAMIS LATCHEL.
COMMENT FROGRAM FOR USING DATA WOULD FOLLGW HERE ....,
COMMENT MORE FROGRAM HERE +vvurrvnvvnveverons
END

-

L]
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Prég;ameLisiing TI-1B.. Generalized Routine for Decoding and Latching Raw

! Data S +ream -< HPL Version
_\ » P’ ¢ »
%
¢ @
"rrogfan to latch dota from eort.lsart iz ozet far -'tfﬁ

“Rrarity, At bedinning all flo9:s ars reset.Byte iz fead o
“is checked, Mhe pority errvor iz founddlow bytedthe nex
“hiﬂh byte fddress 15 checked until first channel
dsp SRERDY FOR DATH -- PUSH COHT"izte

wio 11stiwth 11:645iwth 11:2555uth 11e28iute 1140
FAb (LI 4Pswte 1lslindb{lid+Pivte 118 iband(FyS22pPsif
Fdb (1LY #R5 rdb (1T 2BS shi (R 43Ridsp A ERIF R#LETImR B

&t end
*;Tlt“" M 3

1z located,

F#23 dir

ot Earity
. brte 1=

]

flaoa™:
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- Figure I1I-2.
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Flow Chart of Routine for Checking Individual Data
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.

I1k-18 -

X}

Start

kCall Latching Routine

N

Set Errér and, Counter to Zero

-

.

|

No

Increment Counter

<

[ Read High BYTE___/

A

\ ,
Read Low BYTE /

Strip Address Off High BYTE

Combine High and Low BYTES into WOBD

Convert DATA WORD into Engineering Units

N
0

BEEP; Increment Countex

Y

s

Display DATA WORD //

«<i§fkddress same as last Channéz>>

¥
e
)

Set Counter to Zexo

—XSE*—<<i§ Address the Same as Count€2>>
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.
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c;} : Z?rogram Listing II-2A. Routine for Checking Individual Data. -- HPL Versions

next Timexy U

»nd

8: "program vo check dotd from duck disital tapes”:

1: "dizsplavs dato roints oz woltases on CRT":fxd 2

2¢ dsr "RERDY FOR IATH =- PUSH COHT"iste

20 wte 1lsliwth 11:845uth 11:2558uwth 11 38iwte 118
. 4 pdb<1134Piwte 11 lirdbell i +Fiwte 11y H bandiFs222Fsif FHZ Jap 4
) 20 ordb (1R rdb i 2 3Eshf (R4 *A s der A E'lf R#1Esdmp @
¥ £ for J=1 to S12%for I=1 to 1l
. Fiordb it/ rdb (1L 23EIf I#HEV SR 3

S shidAsdr+Cibard (R 120 +AS CE2S8%A+E %, 0E1221+ 8 dap T

B i CHi#IdbespsE+1E

H

1

o

Lok we oo
'Z.ﬂ
‘J

“rrosram to check data from disital tapss of buoy™:
“dizplavs data eoints as woltases an CRT"ifxd 3

dap "READY FOR DATH -- FUSH COHT"iztm

wte s lfwth 1lhadswth 11425585 wth 112883 wte 11,0
rdbdiiaaPiwte 1y tirdb {1 i24Piwte 1B band (P33P 1 PSS Jar B
AL 3R Pl (LB s (A g 2R dan Ha B IE RRLS dmp &
for J=1 to S133far I=! Lo 16

radb LI xAR Pl LBV T TES dme 2

shi (As 4230 band Ry 122203 C2582R+E %, 831821203 dar I

if CHifilsbeepiE+12E

next Isnext J

—
AN

O A R 1 I A (RN

3en pma (Tl e% v ee se @v we ea e

13
.
[
.
531

AR

T TR Aoy e
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o 3 x, 7

Progrem Listing II-2B. Routine for Checking Individual Datd -- Assembly
Language Version

ADDR CODE IABEL 0P CODB COMMENTS
C000 3E.O0D CHECK: MVI A,'CR'  ;get ASCII code for carriage retumn
€002 €D 00 C2 CALL STAT0S  ;is CRT ready for display byte?
€005 D3 00 OuT CRT isend it to CRT
C007 3E OA MVI A;'LF’ iget ASCII code for line feed
Co09 CD 00 C2 CALL STATOS  ;is CRT ready?
Co0C D3 00, OUT CRT isend it to CRT
COOE OF 20 MVI C,20Hex ;set counter to do 32 bytes/line
C010 CD 00 Ci ILOOP:  CALL STATIS  ;is data byte in serial 1/0 port?
C013 DB EO IN. SIO iyes, get it
€015 CD 00 C2 CALIL STATOS iis CRT ready for data byte display?
€018 D3 00 OUT CRT jyes, display it
COiA OD DCR C idecrement counter -- done 32 bytes?
CO1B €2 10 CO JNZ I0O0P ino, keep going
CO1E €3 00 ¢CO JMP  CHECK iyes, go to next display line and do
;another set till operator resets you
~ ENTRY STATIS
€100 DB Ei STATIS: IN Ef icheck serial I/0 port status
€102 E6 02 ANI 02 iis data byte there?
c104 CA00 C1 JZ STATIS ino, look again
¢107 €9 RET iyes, go bvack to sendexr
ENTRY STATOS
€200 DB 01 STATOS: IN 01 ;check CRT status
C202 E6 02 ANI 02 jare you ready?
C204+ €A 00 c2 JZ STATOS ino, look again
€207 (9 RET . iyes, go back to caller

jcomments -- CRT (display) data port is 00, CRT status port is O1,bit 01
data is BEOhex and status is Elhex, bit 01

;scomments -- serial I/0 port:

- s

iprogram does a caxrxiage

/line feed at the beginning and sets up the displag

ifor displaying 32 bytes per line (each byte is two hexadecimal characters
;at the end of 82 characters, a carriage return/line feed is done again

;and another set of 32 bytes is done
jprogram will contirue untlil operator resets computer or no data is entered
;into the serial port (for the latter, program will continue to look for data
;but no more displaying will be done)

R GHOT
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Figure 11-3., TFlow Chart of Dqtnghééking and Validating Program wsing
) FFT Processing

Start

l , Dimension‘Arréys -

J Initialize Variables 4J

/- Read Data From Disk Rile /

| Form Array of Cosine Weights J
* ’

lSet Counter to Zero ]
NN 3

Increment Countexr
3

[" Put Data into A and B Arrays

[ Compute Statistics and Weight Arrays |

[ lBeorder Data Arrays ]

[ Compute Fourler Coefficients ]
k]

! Convert to Real Coefficients ‘
¥

{ Form Auto-Power Spectra from Fourier Coefficients |

<
No \\\_Is Counzer Two ::>
A
[ Form Cross-Spectra from Two Sets of Fourler Coefficients ]
v

| Hanne Power- and Cross-Spectra l

Compute Coherency and Phase between the Two
Channels from CO- and QUAD-Spectra

Yy o ks e s m e oree——
// Print Coherency and Phasc Arrays //

End
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« Program Listifig II-3. Macm&mpwdhhhﬁummeﬁ%
’ : SO FFT Processing -- FORTRAN Version

TYP;,FCTCF FOR
PROCRAN FFTE £ ,
C [0 2 CHANNELS OF FFT AMD COMFUTE COHO AND. FHASE
c . LATA REAT IN FROM DISK ON LUN &
DINENSION (64 )y A0 85 325 65 35 AA( 2,25 ) B 2,25 ), 1AT{ 2,128 )
, _IHENSION COMS(Z5),FHAL2S )y COCRS )9 QI 255, FOW 2,23 )

[N —

= e

o Yt S et G

DIMENSEON- FW1{25),FW2( 25

30 FORMAT( 1% )

20 FORMAT( 1XsS5F10.3

88 FORMAT( 1X» 5E

. - s
12o‘3/'

0O 100 I=1,65

AT =0
100 B{I)=0
NT=1

=G
'Hf ]

NEG=180,0/
ONU=1 .0

3+1415%

CALL WETEHT 1 CNY)

REAIC & )UAT

ENBFILE &

oD 200 J=1,2
Iy 210 I=1,54

AL I=DAT Xy
210 BCOI)=0ATH Jy

CaLL Cf'i...{.-\ R

T )
’
\)‘S‘)
Lyl CNV )

CALL REQRIN( AR
CALL RUFQUR{AE)
CALL RLTRAN( AT
DO 220 I=1,25

AACT Y I)=ALT)

BRCJ,I)=R{1
220 FOWCJI s T )=A(
200 CONTINUE

)

)
DIRACINRCIDNERT)

00 400 I=1,25

FWICT =P OW
400 FWIC T )=FOW
o 300 I=1,2
COCT )=RAC L,
300 QUCIDN=AN{1,I

Calll HANNE(PW1,NEZNT

1,1

2,10

)‘-"

I )XAAC 2y
VERR( 2,

A}

it}

It
p
1
“ <

IXX
I )¥A;

bl

~
SR

N
)

1 e
L

T o

IMER(L,
I)-ERE( i,
)

CalL Hm\m'a(sw :N} s NT 2

CalL HANRE
Cabll HANNES

¢ NT )

Ghy-.yh1)

[lO \)10 .[“‘J.'-‘..\'

COHOU £)=(CC

FHACT )=ATANZ( QM 1), 080T

(I MCOCT MR

310 FHAC D )=DEGRPHA( T

FAUSE FRINT

T AMNIT /(M T EFE20T0))
)

o s e o o %

Pl
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Program Listing II-3 (cont)

WRITEC 5520 )COHO
WRITE(S5,10)
WRITE(Ss20 )FHA
END

ATYPE WEIGHT.FOR
SUEROUTINE WEIGHT{WsCNV)
DIMENSION W(64)

Uu=0
D0 704 I=1,64
M( I1)=1-COS( I%.04908735)
704 UsUHWCIRMCT)
COV=CNV/( 22,627 4X5QKT{ 2XU )
DO 705 I=1,64
705  W(ID=W(I)XCOV
RETURN
END!

AxTYFE CALC.FOR
SURKDUTINE CALC(AsEyWyCHY)

DIMENSION ACS5)rEC 85) W0 44)
§1=0
g2=
I0 601 I=1,44
S1=51+AC I)+ECT)

601  S2=S2+AC I )KAC I )+B(I¥B(I)
AVG=51/128

RMS=SART( ARS({ 82~S1K81/128)/{ 127 )) YXCRV
602 FORMAT (7 AVG!’ sFB. 4,7 RMSI7 s FB: 4D

AVE=AVGXCNV
WRITE (5,402) AVEsRMS
D0 405 I=1,64
ACTI=CACT)=AVE IXW( T)
K=65-1

605 B(I)=(E(I)~AVG M¥W{K)

RETURN

ENI

A>TYFE REORDR.FOR
SUBROUTINE REORTIRCAsR)

DIMENSION A(SS)sROSEG),IC(7),LET(7)

PI=3, 14159265
200 FORMAT(‘ /,/REORDR’)
WRITE(S,200)

IC( 1)=1
N=1

i -

e

MR
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Program listing II—}‘(Cont)g

(t.

204

€ 202
203

<N\

¢ 206

CarTvrE

300

301

e S R S S

D0 204 K=2+7
N=NEN

ICCK)=N
J=6 o
KE=1 - :

DO 205 K=1,63+2
T=0(K+1 ¥
ACK+1)=R(K)
B(K)=T

1=0
KS=1C(J KB
XU=KS
JJJ=8~J
JI=1CC JJJ)
KK=KB+JJ
K=KK+JJ :
T=A(KK)

A( KK )=ACKS)
A(KS)=T
T=R(KK).

RC KK )=R(KS )
M KS)=T
KK=KK+1 -
KS=KS+1

IFCKK LT, K)-GO TO 203

KK=KK+J.J
KS=KG+JJ

IFCRK LLT. KUY GO 7D 202
IF (J LT, &) GO TD 205

J=J-1
I=1+1
LST(I+1)=J
6D TO 201

IF (I .EQ. 0) GO 70 207

J=LST( I+1)
I=1-1
KE:=K8

GO T0 201
RETURN
END

RVUFQUR.FOR

SUERQUTINE RVFOUR(CAsK)

DIMENSION ACES ) BUEG)CC(7 )9585(7 )y J0L7 0, 1IK 7))

FI=3.14159255

FORMAT(’ ‘»’RVFOUR’)

WRITE(S:300)
N=1

JCC1)=1

DG 391 K=2,7
N=N+N
JCCRK)=N
RAD=FY%2/64

o, e e e g e
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RO <
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. 304

Ol
o
w

304

307
308
C 309

310

foa
¥

2oL .. II‘Z%

M.

* ‘Program Listing 11-3. (Cont)

JJ=51-

1) 302 K= 1+5

© I )=32-dC(K) .

pg 309 KE1=1,6352
Ki=63~( KE1-1)
1SFAN=1

-
=a

K=
IF(K kT, 16) GO TO 309

.

-CN=-SINC(K K-16)Y¥RAD)
£CC J)y=CN

SN= SIN((B"—R)*RAD)
§8¢ J)=5N

B0 TO-303 -

CN=58(J)

. SN==CC(J) "
KKK=KBHISFAN-1

.10 306 KK1=KHsKRK

KK=KKR- (hh;~hﬂ)
KS=RK+ISFAN |
RE=A( KK )~ ~A(RS)
A KK )=ACKK )HATRS )
RIM=R{ KK )~E(KS)
B( KK )=R{ KK )+ECKRS )
A( KS )=CN¥RE-SNXRIH
B(hS)uSN¥RL&CN*RIH

CIF(Jd WGE. TN ch TO 307

JI=JJ+JCCI)

J=J-1
ISFAN=ISPQN+ISPAN
1F¢d LT, 1) GO TO 309
K=RK+K

GO TO 304
JJ=JJ=-JC<¢J)
CONTINUE

RS=32

ISFAN=32

00 310 RK=1,32,s1

+ KS=RE+1

RE=a¢ KK )~A(KS.)

Al KK y=A( KKD)+A(KSE?
A RS )=RE
RINM=R( KK )-BCKS?
B KK Y=B( KK )R KS)
B({ KS)=RIHN

RETURN

END

s
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Program Listihg II-3 (Cont)

" TYPE RLTRAN.FOR

11

401

SUKRQUTINE RLTRAN(AsE)
DIMENSIDN A(AS ) B(LET)

FORMAT(Y * y “RLTRAN’ )

WRITE(Sy 111 )
PI=3,14159265
RAL=RPI/&4

RE=~C2XSING  SKRAD ) )%%2

SD=SIN(RAD)

Chi=~, 3¥R
CN=1

SN=9

AL &S )I=AC L)

B{ 65)=B( 1)

PO 401 J=1,33:1
K=éd-J

AR=AL J)FA(KD)
AR=A( J)-A(K)
RA=R{ J)+R{K)
BR=R( J)-E(K)
RE=CNXBA+SNXAER
RIM=SNXBA-CNXAR
B{ N )=RIM-RE

R( J)=RIM+ER

Al K)=AA-RE

AL JI=ANFRE
Ch=REXCN+CI
CN=CD+CN
SH=R¥XSN+SI
SN=8I1+5N

RETURN

ENII

A>TYPE HANNE.FOR

815

800

801

802

SURROUTINE HANNE( HA »NF »NT)
DINENSION HANC 45 ), HAC 25 )
N0 815 I=1,45

HANC 1)=0

IF (NF .EQ. 0) GO TO 803
DO 800 I=1,25

K=T+NF

HANC K)=HA{ T)

[0 801 I=1,NF

K=I+NF

J=NF-1

HANC J+1 )=HANC K44 )

HANC K+25 )=HANC J425)
J1=NF+NF

IO 802 K=1,J1
J2=25+( 2¥NF )-K

[0 802 I=1,J2

HANC I)=HANC I )+HANC T+1)
B0 TO 805

e




Program Listing I1-3 (Cont)

803
804
805

806

A

DO 804 I=1,25
HANC I )=HA(T)
F=NTX2KX( 2XNF )
F=2/F

DO 804 I=1,25
HACT )=F XHANC 1)

RETURN
END
720 V431
971 . 983
952 ' 950
.835 .834
,200 158

~4.699 -3.772
13,404 12,614
~5.315 -9.819
"307‘7 4'328
7014\6 "400209

=27

1603
+ 982
« 933
763

« 249

4,734
10,830
-11,551
12,957

-63.,270

801
270
897
526
¢339

12,271
7.415
-11.304
21,062
=70.,690

728
958
852
+438
« 384

13,901

1,505
"90023
24,304

-72.588

e v mar e % s
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Figure 1I-4, Flow Ghaxt of Routine for Printing or Displaying Data in
Engineering Units

Dimension Array for Printing }

r

'
¢

Call Latching Routine; Set J to One

¥

:{ Set I to Zero

v
N

»  Increment I

/ Read High and Low BYTES /

Strip Address off High BYIE |

Combine BYTES and Convert to Engineering Units
| Store into Array
<:ié Address Equal to ;;:: Yes
1
[ BEEP |
¢ No
J
o ~<<§s I Last Sensor No, j>>v-—-——-————
i Increment J ]
o ~<1s J Bqual to Iast Set >
¢
s —
//Print Data Array of 16 Sensors with Formatted Headings/7
Yes P k‘
= <Is Hore Data to be Read >
N
o]

AR S e ew el
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Program Listing II-4o, Program for monitoring in real time data received from

OO 00

C
C
COMMENT
COMMENT
COMMENT

10
20

25

30
35
40
45
55
43
75
85
99
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT

110

COMMENT
334

S

7
COMMENT

11-29

Data Buoy System -- - FORTRAN Version
PROGRAM BAPRTM
FROGRAM NAME I8 ROFRTM READS LaTA FROM MEMORY AND CHECRS
ADDRESS AND FUTS IaTA INTO 1024-DATA ARRAY
FRINT OUT RESULTS IN ENGE UNITS EY SENGOR FUNCTION
PROCERURE IS TO EXEC EOQASSH WHICH LOADS ASSBEMILY
LANGUAGE FROG INTO MEMGRY AT ECOOHEX FOR CALL RY ASSH
1024-DATA READ INTO MEMORY LOCATION LOOQOHEX
PROGRAH RECYCLES UNTIL TERMINATED AFTER FAUSES

FROGRAM NODIFIED 11i/13/79 VF

FROGRAM MODIFIED FOR METRIC SYSTEM 2720/80 VWP
DIMENSION IADDC16)yCALILS)»DAT{16+8)
FORMAT(LIXy"DATA ARDRESSES 1 TO 147)
FORMAT(1X?

FORMAT(Z7Xy ‘WATER LEVEL (WAVES) IN CENTIMETERS (REAL DOWN )¢

FORMAT(1X,8F7,2)

FORMATC 20X, TIDE LEVEL IN HETERE')

FORMAT(1X,8F7.,3)

FORMAT( 10X,/ ON-SHORE CURRENT (Y) IN CM/S (KEAD DOWNY’ )
FORMAT{ 10Xy LONG-SHORE CURRENT (X) IN CH/S (REALI DOWN)‘)
FORMAT( 20Xy WATER TEMFERATURE IN DEG C’)

FORMAT(18Xy  INTERNAL RUOY TEMPERATURE IN DEG C7)

FORMATC 19X’ CALLIRTRATION SIGNGL IN VOLTS (REF=0.9)%)
FORMAT(1X,1713)

SET CALIBRATION/CONVERSION FACTORS NEXT

CHANNELS 1:3,5¢v7:9911913:15 ARE WAVE DATA

CHANNEL & IS TIDE DATA

CHANNELS 4512 ARE ON-SHORE CURRENT DATA

CHANNELS 25s10 ARE LONG-SHORE CURRENT DATA

CHANNELS 8,156 ARE WATER TENMF AND INTERNAL TEMP DATAH
CHANNEL 14 15 VOLTAGE CALIRRATION DAaTA

CH=30 .48

0 110 I=1,15,2

CAL(T )=4,0XCH

CaL{2)=10,0%¥CM

CAL(&)=4,87¥CH/100.0

CAL(4)=10.,0%XCH
CAL{8)=10.,0

CAL(10 )=10,0KCH
CALU123=10,0XCH
CAL(146)=10.0
Cat(14)=1.0

INITIALIZE ARRAYS NEXT
p0 § J=1,8
ng 9 I=1,16
DAT(IyJ)I)=0
D0 7 I=1,14

IATDIK T1)=9

INPUT DATA THRU I/0 PORT INTO HEMORY STARTING AT ROOOHEX
Cal.l. ASSH
NEM=Z‘B000/

)

o wrncmn o i e
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Program Listing I1-4A (Cont)

COMMENT GET ALL INFUT IATA IN HIGH/LOW BYTE FORMATCONVERT IT TO E£.U.
" DO 109 J=1.8
DO 100 I=1,16
LOC=MEH+( I-1 )¥24( J-1)%32
IHI=FEER(LOC)
IHI=( IHI .AND, 2385)
LO=PEER(LOC+1)
LO={L0 +ANDR, 253}
IARIX 1)=1HIZLYS
IHI=( 1% JAND. IHI)
DPATA=( THIX204+10)%,002442-5
DAT(I+J)=DATAXCAL( I)
100 CONTINUE » A
COMMENT WRITE OQUT DATA ADDRESSES FOR CHECKRING, VALIDITY
WRITE(GE»90 X TADIM I)rI=1514)d
109 CONTINUE
PAUSE
WRITE(S5:20)
COMMENT WRITE WAVE DATA NOW
WRITE(Gy23)
0 140 I=1y1G.2
URITEC Sy 30X DATC Iy J)rd=1+8)
14¢ CONTINUE
PAUSE
WRITE(S,20)
COMMENT WRITE TIDE DATA NEXT
WRITE(S,35)
WRITE(S, 30X DAT(61J)90=1.8)
COMMENT NOW WRITE CURRENT DATA (ON-SHORE, THEN LONG-SHORE?
WRITE(S5,45)

WRITECSs30 ) DATC 4500y J=1,8)
WRITE(Ss30 ) DAT{ 12,J),J=1,8)
WRITE(S,55)
NRITECSs30 S DAT(2sJ )9 d=1,8)
CNRITECSs30 X DAT(10yd)rJ=158)
COMMENT WRITE WATER TEMFERATURE HERE
WRITE(Sy45)
WRITECS230 X IAT 8y )y J=1:8)
COMMENT NOW WRITE INTERNAL BUGY TEMFERATURE
WRITECS,75)
WRITECSs30 X DAT 167J )2 d=1,8)
COMMENT WRITE CALIRRATION VOLTAGE LAST
WRITE(¢Sy85)
URITE(Ss40 X DAT( 14,3)d=1,8)
PAUSE
COMMENT TO ENI' PROGRAM PUSH LETTER Tr CARRIAGE RETURN.
COMMENT TO CONTINUE PROGRAM FOR ANOTHER FRINT OUT OF DATA,
COMMENT PUSH CARRIAGE RETURN ONLY--PROGRAM AUTO RECYCLES.
60 TO 334 )
END

T e u s e sh R ke b A ettt o e 4 T
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Program Listing II-4B. Routine for Printing or Displaying Data in Engineering
Units -- HPL Version

v
o
-

ms es e

"FROGRAM RERDS DATA FROM BUQYyCHECKS ADDRESSFUT- DATH IMTO TH-ARRAY“:
"RESULTS ARE PRIMTED QUT IH EMGIHEERIMG LUHITS BY SEMSOR FUMCTION™:
im MOS8 difot B3 fmt lazof 10, 30dim THO14]

POUSTART INPUTTING DRTHILOOK FUOR LMW ETTE&PHPITT ERRDOR ™

PO"HEXT LOQK FOR HIGH BYTE WITH ZERO RDDRESS (FIRST CHEMHEL»":
POYETART"twte 1isliwth 11845 wtb 11~‘99'wtb Tlhy3Eswte 11488

Pordb il AR et 1ls L rdb{l 2P wt e 1L @i band(P«323P5 11 PHES INR 0 :
: tdL-kll"*Findbkllf"’ ahf (AR shf (Brd22Bidap ReBIif A#LISYdmp & :
! "CONVERT HIGH-BYTE-LOMW<EYTE FAIR TO DATA WORD AHD FUT IH = -RRRAY":

: faor Jd=1 to 83faor I=l to 183 rdb L1 RACEbarnd A 1S 2RT rdb {1 12 4R

>
Lo

CRSER+HEDY S, BE2GY2 =S X[ s T D3 shf {Qs 2208 if Q#I-1ibeepr

dese "JdE"v DI ITimext Iinext Jd

“"REST OF PRQERHN MRITES QUT TITLES AHD DATA FROM SEMSORS":

fmt &y Z8x "MNATER LEYEL (WAVESY IN FEET (READ DIOMH“iwrt 1Sswrt 15,3
fout SyzefLEGEsfar I=1 to 16 by 2ifar J=1 1o Siwrt 15,3800 T 354

next Jiwrt I18inext

fmt L 30xy"TIDE LEVEL IM FEET"fwrt 13iwrt 15,4

for I=l to Stuwrt 1S3 8[1y& 284, 8Finext 1

Wit 138 fmt 5y 38 "OH-SHORE CURREHT (Y2 IM FTASECQ"iwrt 1Siwrt 15,5

for I=t to Stwrt 1S, 3010880 1o 10 10X T 18 i nest, T

Wit 158fat 8s28xy "LOHG-SHORE CURREHT ) IM FT#SEC"iwrt 15vgrt 15,5
for I=1 to Stwrt 1S3 108K 2 10Kl Ts 18 )imext T

Wit 138 fat Ve 38x "HRTER TEMPERATURE IM DEG C"iwrt 1Siwrt 15,7

for I=st to Sswrt 1S, 301888002 )inext I .

wirt 1S8fmt Q228xy "IHNTERHRL BUDY TEMPERATURE IM DEG Ctwrt 1S5iwrt 15,8
for I=t ta @lwrt 1S, 30188X[ 11818 next

Wt 138 fat 930y "CALIBRATION SIGHAL IH YWOLTS (REF=0.82"iwrt 1S5iuwrt 15.
for I=t to Stwrt 1S, X0t )inext Tiurt 1S

o) L0 == €5 0] L ol [ s

OIS U U SN Sl GON S SN S S O S I B Ik Rt B8 UK E O

00 e S Gl L L T e i

ourt 9:"P‘~ned “3T3~wlt 15 THFiwrt 1538wrt 15 !
Pobeepidse "PUSH CONTIHUE FOR MORE DATA....."i1ste

Podsp "iato “"STHRT®

Poendd

9

E




Figure II=5.
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Flow Chart of Routines for Dynamically Displaying Wave Data

.| Start )

Dimension String

¥

A{Input Channel to Display/7

Call Latching Routine <

% Read. High and Low BYTES /

Strip Address off High BYTE |

¢

- T —————

<i§$ Address + One Equal Iﬁbuf Channel

': No

%

/ Read High and Low BYTES /

Combine BYTES and Convert into Engineering Units

Yes

Y
Convert Data Point for String
Y
Format String ]

¥
Put "+" into String at Data Value 1

//Display String //

1

<:}s More Data to be Diﬁﬁi&jéd >

m.lN e
0

( Bna )
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Program Listing II-5A, Routine for Dynamically Displaying Wave Data
FORTRAN Version

WeE DISFLAY7 oFOR
PROGRAM DISFLAYT

COMMENT ROUTINE TO TAKE DATA FROM 7 WAVE GAUGES OUT OF 11 CHANNELS

(300 ANI* CONVERT THE RESULTS 70 E.U. IN WAVE HEIGHT VALUES

oM THESE WAVE HEIGHTS FRDH EACH GAUGE ARE THEN DYNAMICALLY LISFLAYEI

CoM  IN "REAL TIME® ACROSS 7 ROWS OF THE CRT )

COM  PROGRAM CONTINUES OFEN LOOF UNTIL DATA ENDS OR OFERATOR STOFS IT

oM D'ATA STREAM IS LATCHELD' USING SAME ROUTINE AS FROGRAM "LATCH"

CoM  INITIALIZE UARIABLES NEXT

INIMENSION TﬁATB\
LOGICAL IDQTA;IHI;LO;NUHWK
IREF=Z/Fg40’
D0 105 1=1,7

105 IDATA( T )=0

CoM  CLEAR CRT SCREEN (AUDRESS FBOOHEX TO FBFFHEX) BY WRITING 127 (DEL)
00 1048 I=1,1024
HM=2/ F7FF 41

108 CALl PORE(HM, 1279

CoN  REGIN DIATA STREAM LATCHING ROUTINE (SEE FREV FROGRAM COMMENTS)

\__71 W

e ~
In= z/coe !
HEM=Z¢ 50007

190 CALL OUT(IR,2Z°39¢
CaLl QUT(IG,Z'as’
CALL QUT(IS, 2507
CALL OUTCIS,Z/7E/
CALL DUT(1G»0)
CALL QUT(IG, &)

110 ISTAT=INF( IS
IFAR=ISTAT
IBTAT={ ISTAT AND, 29
IF(ICTAT JEGQ, 0)GOD TO 110
IFAR={ IFAR JAND, 8)
IF(IFhR +NE,. 0G0 TO 100 H
THI=INF(ID) |
IMI=CIHT AND. 240)
IFCIHT JNE. 1860)G0 TO 100
CALL STATUS
LO=INPCIR)

COM  DATA ROW LATCHED AT CHANNEL 1 (ADRIRESS 0).

oM READY 70 REGIN DHISFLAY ROUTINE., THE VALUE 0OF EACH WAVE DATA FOINT

con IS COMPUTED (IN E. U,) WHICH IS ANDED TO THE AFFROFRIATE KEMORY

L0t ARDREESS AND IS FOKEL THERE AFFEARING ON THE CRT AT

GO THAT LOCATION AS AN "%, THE FREVIOUS DISFLAYEDR "¥"IS FIRST ERASEI

GEn AFTER THE FIRST 7 CHANNELS ARE READ AND PLLOTTED, NEXT FOUR

{a0r,  ARE GRIPFED, PROGRAWM THEN JUMPS BACK TO BEGINNING OF LATCHING ROUT

i i A Ut RS s e = en n

L2 B0 200 R=1,7 i
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(;} Program Listing II-54 (Cont)
' CALL STATUS
IHI=INFCIR)
IHI=( IHI AND. 15)%4 “
‘ CALL STATUS
LO=INFCIDD
A . LO=(L0C .AND., 1922)/44
% ¢ NUM=THI+L0 |
' CoM  IROW IS ROW FOR PARTICULAR WAVE GAUGE TO BE DISFLAYED
CoM  IN MEMORY ADDRESS: FB40y, FBCO, F940, FRCO,» FA40s FACOs FR40, FREC:
' OM  SPECIFIC LOCATION ON THE 7 RCWS DETERMINED NEXT
© JROW=IREF+(K-1)%128
N=IROWHIDATACK) ‘
Y COM ERASE OLIN VALUE "¥" BEFORE STORING ANI' DISFLAYING NEW ONE
CaLL FORE(N,127)
IDATAUK )=NUK
N=IROQW+IDATACK?

e o et et stk

COM  NOW FOKE NEW LOCATION WITH AN "% OK CRT FOR THAT GAUGE
CALL FOKE(NsZ’AA‘)

200 CONTINUE

COM  ALL DNONE FOR ONE SET OF 7 GAUGES. GO EACK AND! GET NEXT SET.
60 TO 10¢

SO0 THIS NEXT FART NOT USBER HERE. COMMENT (C) COULL BE REMOVED

0¥ ALLONG WITH THE AROVE G0 TO 100 AND THE ROUTINE WOULD READ

0 THE NEXT FOUR CHANNELS ANI} THEN START OVER. THE AROVE ROUTINE
0 EACH TIME LATCHES ON TO CHANNEL ONE -- A SAFER WAY

oM SINCE LATCH COULIr BE LDST OTHERWISE.

G 10 230 R=1s4

» Catl STATUS

G THI=INFCID)

c Call 8TATUS

Caso LO=INF{ T

C GD TO 2190 *
END ;
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Program Listing II-5B, Routine for Dynamically Displaying Yave Data=-HPL Version

"PROGRAM TO DISFLAY WAYE LEYEL WITH A *'+? COHT ITHOOLELY "
“FROGRAM SET WP TO DISFLAY CHAMHEL 1 OMLY. BUT READS ALL CHAMHELS™:
gttt "EHTER CHAMHEL HO. TO DISFLAY sHiH-13H+5
ert "EHTER TOTAL HMUMBER OF CHAHMELS™:M
if HSBYM-1+H
dim DELI2Jifxd =
"STRRT  twtc 1leliwth 11s&diuth 11:2558wth 11s38iwts 11a0
b1 14Piuts 11elirdbdlldsfrute 11sBibandCFs SY2Piif PRSI IeR B
rdb(lY)+H§rdb(l1)+Eishf£ﬂ:4)+ﬁ§shfﬂ8s4}+Bidip FeBYi§ ASHI dop B
pdbe 11 2R0 bond CHy 1S3 4RF rdb (113 2E
(EOERA+E®, Bl EEI*NSshFiDg4}+C§iF S+l bhesr
dep Hifor I=2 to MipdbC1102A8 rdb {112 +Rinext Tidee -2
inL(H*5}+B%Hi""+D${1:3235"1"*D$[1:1J%D$[11:11]%D$f€1:21]#ﬂ$[31:31]
P R<a and Neait+RDELRN]
QSn DEsfor 1=2 to Mirdb(r1d+Afrdbili2+RInext 1
Jap -9
etd
52

M b b bk bas s e e f 00 = T U L L0 00 e D

[ol 605 0 €20 o) e 115y @ e .e

fot 90 oo o8 ww ss ee s
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Figure II-6, Flow Chart for Digital Strip-chart Displaying Program

( Start )

lDiménsion Data String and Arrays l

/ Input File Name and Scale for Graph / :
. i 3
/ ‘Read Data Array of Seven Channels of Data from Disk /
Combine Hi-gh and bow BYTES and+Convert to Engineering Units wI
Sum Data in Eacl; of the Seven Amys I
Compute Averaée for Each Channe];
/ Input F“imt and last Izata Point to Process /f——-——'— :

Clear Graphics Display I i

e e W ek

I Draw Seven Axes and Frame Grid I

|' Set Channel to Zera _.,ml
, !

v Increment Channé_i":l

e b o S S

l Combiné High & Low BYTES and Convertﬂito P3ng1neg§£qunitsl

l Subtract Average off Data Points f‘anifégﬁméhéﬁriﬁéf (_I
4 .
/ Plot All Points Specified with Pen Alvays Down /

T |
N
o Qs Channel Equal to Seven >

S AT e o A R dmig s Y st e e o e

]
s
/ Print the Graphics Display /

| k| |
ds More Plotting to be Done > Les '

N
)

§ ,
/_Print Averages /

“End

O o
A SRR, T TR g Pa e ST 1T ity el
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- Program Listing ﬁ-—é. Digital Strip-chart Disp’iaying Program =- BASIC Version

16 ' PROGRAM NAME IS FLIOHR. READS DATA FEOM DISK INLTIALIZED BY HF-9325
20 I PLOTS STRIF CHARTS OF 7 CHAHHELE OF DUCK DATH

3a OPTION ERSE 1 : '

40 DIN D$(Z2400014),Rval?),S(7),0(?)

S8 ! ENTER PARAMETERS

€0 INPUT “DATAR FILE MAME ?",F¥

70 MASS STORAGE IS ":Fe" ,

& 26 INPUT “FIRST AND LAST ELEMENT OF FLOT",I1,1Z2

i 9a INFUT “"SCALING FACTOR FOR RAHGE",Scale

: 108 ASSIGN #1 TO F#

110 READ #1;D8${x)

1286 C(1)=C¢2)=C{3)=8.2

130 C(4)>=0{5)=C{EI=C(?)=5,& : -
149 MAT S$=ZER ‘ :
158 | LOOF FOR COMEINING BYTES, COMYERTING TO DIGITAL HUMEERS, & SUMMING
160 FOR J=1 TQO 7

170 FOR I=1 TO 2240

180 Hi=HUM(DECIN[2%7-1,2%]-11)

190 Low=NUM{DECII[2#],2%]0)

200 D=2SE¥BINAND(HI, 15)+Lou

213 8¢J)=S¢I)+D '

220 NENT 1

2386 NENT J

240 | COMPUTE AVERRGE FOR EACH OF SEYEHN CHAHHELS

258  FOR I=1 TO 7

260 Avg(Id=S(I)~ 2240

27y MEXT 1

288 I1=11-1

290 ! START OF PLOTTING ROUTIME

300 GRAPHICS

310  PLOTTER IS 13, "GRAPHICS"

320  LOCATE @,12%,0,100

330  FRAME

A s ol e o e A

s e e e

et i e Al e o Ak 3 o PR Ak e S A s A Ay bt N ot v v s o o B Rpr o s 7




I11-38 - <

Program Listing II-6 {Cont) -

S
SCALE I1,12,0,14%Scale
FOR J=p TO 7
PENUF .
PLOT I1,J%¢2s5caled-Scale
PLOT 12,J#(2%Scaler=-Scale
REXT J
0 RXES (12-11>/10,5cale,0,0
416 FRAME
420 ! LOOP FOR PLOTTING OF SEYEM CHAHHELS
430 FOR J2i TO 7
440 PENUF ‘
% | INNER LOOF TO COMEINE EYTES, SUETRACT OFF AYERAGE, CONYERT To
ENGINEERING UNITS AND FLOT EACH FOINT
476 FOR I=I1+t TO 12
480 Hi=sHUMCDECIY(28J-1,287-17)
498 LowsHUMCD$ECII[24],2%71)
C 500 D=2SE¥ETHAND(HI, 1S)+Low—Ava{Jty
S10 PLOT I,0%.0012251%CCI0+2%8calest-Scale
20 HEXT 1
30 HEXT J
S48 DUMP GRRAFHICS
5@  PRINT PAGE ,
S60 . INPUT “DO YOU MANT TO FLOT MORE DATA?"; AT
§70  IF R$="HO" THEH &0@
5@ INPUT YFIRST RHD LAST ELEMENT OF PLOT?",I1,IZ
S99 GOTO 286
€00  GCLEFRR
€18  PRINJER IS @
620  FIXED 3
B3 FRINT AuvgC1);Avg(2y;Avgld) ;Avad4d ; AuglS) s Avg (s ) Rug(7)
40  PRINTER IS 1&
€50 DISP "END OF PL1ONR®
€60 END

£ 00 ) 0) D ) L
P S AR RS M S N
[ e I o MDY s B o

—i

cr
e .

v b s (o ooy G

e AR . it A Ao 2 S a4 < e oy rach o
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Figure I1-7. Flow'Chart of Routine for Coliécting and Storing Data from Buoy

Bl S en
‘ .
\’vt

( start

RATCY e

o Dimension String for Data; Input File ID
. - - i

_ ki e
{ Call Iatching Routine z

E‘; [

e e,

| Set Error and Counter to Zero |

!

r_'lncremeny Counter il

-{Set;Knt to Zerol

A .
TS e s e e b e oy K

- o] Increment Knt J

> ' / Read High BYTE and Low RYTE /

. ¥
[Store High and Low BYTES into Data String |

¥

|Strip Address from High BY(E |

o s e e s e

{Is Address Equal Kn oS
e :
¥°

BEEP; Increment Error
{Combine.High and Low BYTE and Convert {nto Engineering Units P%—~*-
R

Display Address, Knt, Data in Engineering Units, Error, Counter I

——hasya o

\'
No
<:is Knt Equal Last Channelj:>
4
No ‘ s T

e e W g+ o

<<?s Counter Equal to Last Element in String ~‘>

N g!
//“hrite String to Tape or Disk File.//

i e it e e e s i et e e e g e e oo

End

e . S e S e
et LI I R e L e T
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I1-40

Program Listing II-7A., Routine for Collecting and Storing Data -+ FORTRAN Version

AXTYFE STORERJEOR
PROGRAM STORED ‘
COMMENT FRUQRG&<TO READ DATA FROM SERIAL I/0 FORT AND FUT IN ARRAY
coM TO BE STOREI' ON DISK (LUN(9))
DIMENSION IDATA(4096)
coM LATCHING ROUTINE FOLLOWS NEXT
IB=Z"E4"
IS=27E1’
1n=2'E0’
100 Catl OUT(IE,Z*39)
CALL QUT(IS,Z'AA7)
CALL OQUT(IS»2°507)
CaLl QUT(IS,Z°7E%)
CALL OUT(1S,0)
CALL OUT(IS.9)
110 ISTAT=INF(1S)
IFAR=ISTAT
ISTAT=CISTAT JAND. 2)
IF(ISTAT JEQ., 0)G0 TO 110
IF"AR";( IF'AR 'AN[" 8)
IFCIFAR JNE, 0G0 TO 1090
IHI=INP(IL)
IHI=(1H1 JAND, 249)
IFCIHI JNE. 140)G0 TO 100
CaLL STATUS
LO=INF( I |
COM  DATA STREAM IS LATCHED; START READING RATA AT ADILRESS 00
CoM  READ 4094 DATA WORDS AND STORE ON DIGK (LUNI9M)
RO 200 RK=1,4094
Call STATUS
IHI=INFOIID
COHM  STRIF OFF ADDRESS -AND' THROW AWAY
IRI=(IHI ,AND, 135)
CALL STATUS
LO=INF(ID)
LO=(LO AND, 255)
COM PFUT DATA WORD INTO ARRAY
IDATA(R )=IHI¥254+L0
200 CONTINUE
COM  STORE IT ON DISK NOW; THEN YOU’RE DONE!
WRITE(?))IDATA
END
SUBROUTINE STATUS
COM  SUEROUTINE TO CHECK STATUS OF SERIAL FORT
COM ROUTINE KEEPS CHECKING UNTIL BYTE IS THERE; THEN RETURNS
I8=27E1" i
10 ISTAT=INF(1S)
ISTAT={ISTAT AN}, 2)
IFCISTAT JEQ. 0260 TO 10
RETURN
END

*

o e |
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Program Listing II-7B, Routine for Collecting and Storing Data from Duck

BASIC Version

K

1o FROGRAM HAME IS TWIZDART

20

44
su !
&0 DIM L$(72E0)014)

7a IHPUT “DISK FILE NAME?“,F¢

80 GUSUB Reset
Qu GOTO Loop

10% Reset: WRIT MRITE 11,5;1
118 WRITE BIN 4164

120 HRITE RIN 11;28S

138 WRITE BIY 11;20

140 WAIT WRITE 11,5;0

150 F=READRINCI )

180 WRIT WRITE 11,5;1

{70 F=RERDBIHN{L1)

180Q MRIT WRITE 11,5:0

1o P=RIHRNLICR, 82

200 IF P<>8 THEH GOTO Reset
210 ARdd: H=READBINCL1?

220 B=READRINC1 1)

230 R=SHIFT(R, 4)

240 RDISF A,k

250 IF A< X1 THEH GOTO Rdd
280 Error=90

=] RETURHN

280 Loopt FOR J=1 TO 7200
290 FOR l=¢{ TO 11

300 A=READBINCI1)Y

310 B=RERDBINCLIT)

320 IF 157 THEN 460

230 RE{II[28T~-1,2%] -1 )=CHR$C(A?
340 DECIIL25T,2%1 )=CHR$(B>
350 R=SRHIFT(R, 4>

50 IF A+1=]1 THEH 408

36

ara Error=Error+]

380 BEEP

390 GOTQ 430

400 HEXT 1

420 IF Error=0 THEH 445
430 GOSUE Reset

440 J=l-1

448 DECP200201,S1=VALEID

450 DISP J

160 HERT J

470 MASS STORARGE IS “:Fa"

480 CREATE F¥,404

190 ASSIGH #2 TO F¥

a0 FRINT #2;D$(%)

St DISP “EHD OF DRATH STORRGE"
S20 EHD

{
! PROGRAM INPUTS DATR FROM ITS DIGITRL TRPES, LG
3Q ! PARITY BIT), LOCATES FIRST CHAMHEL (02, THEM RERDE THE 7 MWRVE GRUGES:
!
1

THEH STORES THE .8RRAY Ot DISK,

ERROR RUOUTIHE KEEPS

e = Y s P e g

LOCATES HIGH EYTE <VIA

INTO F STRING. ARRRAY DF(P2002(14) HIGH EYTE-LOM EYTE @ THROUGH &

DATH LOCK.

——

e

s B e teores v




Progran Listing I1-<7C,

ADDR

ECOO
£C03
ECol
ECO5
EC06

ECO?
ECO8
ECOA
ECOC
ECOE
ECOF
EC11
ECiL
EC15
EC17

EC1A
EC1C
EG1D
RC{F
BC21
BC2U
EC25
EC28
EC2B
EC2C
EC2E
EC30
EC33
EC35
EC36
EC37
EC38
EC3B
EC3C
EC3F
ECh2

s

CODE

CD EF E3

36
50

23

77
0C

c2
o4
C2
ch
C3

ycomment
ycomment
;comment
scomment
;comment
scomment

BO

EC

EC

80
Lo

EC

EC

EC
XX

‘EO

program that sets up serial I/O
input for even parity (high byte

IT-42

Routine for Collecting and Storing Data from Buoy

Assémbly Language Version

LABEL

OP CODE

‘START:

STATUS :

STATO:

CALL SET UP

DB
DB
DB
DB

DB

MVI
out
IN

MOV
ANI
J2

MOV
ANI
JNZ

IN

MOV
ANI
CPI
JNZ
MOV
LXI
LXI
1oV
IN

ANI
JZ

IN

INX
MOV
INR
JH2Z
INR
JNZ

36

AA

50
7R

00
A,05
510
£l
C,A
02
STATUS
A,C
08
START

SI0

C,A
OFOK

00
START
A,C

B, 8000H
H, 4000H
M,A

E1

02
STATO
SI0

H

M.A

e
STATO

B
STATO

CALL TAPE

Jup

FONITOR

COMMENTS

icall monitor routine for init SIO

3+SI0 set at 300 taud

;flush SIO

ireset USART and all flags

;format USART to 8 data bits, even
iparity, and 1 stopbit

iend of list

jcode for transmit/receive for SIO
1turn on SIO port (USART)

iread SI0 status

isave it in register C

ils data byte there?

i1f not go bvack & read it again
iput status word into reg A

jdoes 1t have even parity?

11f not reset USART flags and look
iat next byte

iit's a high byte -~ read it

iput 1t in register C also

i1look at the address bits (& msb)
115 it address 007 (first channel)
ino get another high byte as above
iyes it 1s we're latched and ready
ido 8x4096 data bytes (32768 total)
istarting memory address for the data
;put byte in memoxy

iread SI0 status

iis next byte there?

+1f not look again

iget next byte

iincrement memory address

iput byte in memory

1increment counter

1all done?

iintrement outer counter

1all done?

iyes, store it on tape

iwe're through! you can go to monitor

port to 300 vaud, checks data
5, then locates 00 address

next reads in data into memory starting at 100Ohex and does
32768 bytes of data (address is still contained in high byte)
after all data are in memory, data are stored on tape (or disk)
control then returns to the monitor routine (or anywhere else)

e g .

e s ke s A i o gt e e St
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Program Listing II-7D, Routiné for Collecting and Storing Data from Duck
HPL Vexsion

|

"Rroarad o o store o dizk bicary dato that kas been read into oo strine

ki
Lot Laef 2, B fE ByEx .0 8.0
21 fit S FE Bt .i;.Us"s“sTl.E 1B F2. 8" 2.0 ;
30 odim DECS248, 19 1 FE0 1R
41 ent "Hhat is fils name"F¥
S for I=1 to 22403 30F0 Il 14 Jinent 1
& dap "RERDY FOR DATA -~- FUSH EDHT“inLn
T4 dsp “"DOHE - HERE COMES THE DATH...."
&t azb "reset” |
@ far J=1ota 2R4Eifor Isi oto i ’
B ordb 12 rdbe L1 dRRYV IS IXT I dme F
1o chortHISDEL L 2xl-1 2801 JicharCRAI$0 1y 2812251 1]
Vosht CHy 2R band Ry 1824A
i CHl#TsbeertE+L4E dan 2
tourt LBy I-tadiment Ivdme 2

ot [l et bt ek et peh ph ek Jh s s

El

S oJd=13diash “reset”

B onext Jibsepiwait S88theer f

Fvoapen FEyl8Biazsan FH 20 Mizsprt E:H*s“end"idsn “IATR DOHE"iend %

2 oapen FEloliasan FRr@oBeRisprt Sy "end"vdsr "DARTA DOME-":F#iend

S "resettigtn Tlaldwth flsEdiuth 11,255 0wth 1130wt 11.8 |
B rdbCiixaPiwte e lipdbClIsPiwte LI @iband Py 303PVIT FES dap @ ;
21t rdb {112 rdb {1123 shf (R 4X3RYEREN I ARLATdmE 8 . !
22V ret §
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a8 ' Program Listing II-79+ Program to Input, Format, and Storé Buoy Data

"PROGTAM TO STORE OH TAPE BINARY DATHA THHT HAS BEEWM READ IHTO A STRIHNG
fot 1rf2, 0 xyf2.0:2%f4.0:f8,8,fE.0:£5.85ent "what 12 run #2727
din Df[qa?sSE]sd1u T$14)
"INITIALIZATION OF VARIRBLES AMD ARRAYS™: _
ent “"How many files?":Rient "Hhut is first file #°»F :
B*Eifor I=1 to 3873 "*"+D$01:1,32inext 1
dsp "Ready far data ~-- Fush CUHT"&atp
dsr “"Donhe here comesz the data !
for K=1 to R
“FIMDING LOW EBYTE RMD FIRST CHAMHMEL":
wte 1l liwth 11 Ediuth 112555 uth 11s285ute 1156
rdbCi DR ute 1115 rdbC110+Piute 11 @i bandiPy8)4P3if PH#SiJar @
FAb C(L1RTrdb (I Y4B shi (Rs4)2Asdse AYEIIf ARLSIdap @
"LOOF FOR FUTTING DATA IHTO FILESs STRIHNGS SIZED 287 BY J2":
for L=1 to 3ifor J=1 to 1283for I=! to {6
rdb L1 2RSChar CAM DT J+CL-10%129, 251 -1,2%]~-1]
FAbC(119B3 char (B +D$L J+ (L~ 12129y 22251 Dishi (R )20 band (A 153 4R
“CHECKING ADDRESS IN HIGH BYTE AGAINST PROGRAM COUNTER":
if Crl#libeeriE+12E
Wwrt W 1eCy I-1y (25E83A+EX %2, 442-5000:Ey HrLinext Tinsxt J
"PFUTTING TIMEsRUH #sPHRT #sFILE # IMTC ERCH 129TH ROM QF STRIMG":
wrt Qs "R"ired Sy THITHIDSI1290Ls 1514 ]
Lh&t(T)*Di[l““*L:Cis PicharcKo2De0 129%L,22,22) .o
uhur\F)éﬂifl"”*Lscos:o]
next Lidse T#irctf FsDFEIF+14Finext K
dsr "End of rrosram takine data"send
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Program Listing II~8., Program to Crunch Stored Buoy Data to Samller Sets.

N e . i o

“FROGRAM TO CRIMCH EIHARY STRIMG ARRAY TO STRING HRRAY 1/3RD THE SIZE";

9:
1 fmt 1sfd.Befd. G4, 85dinm DEI387:3203din E$L129:32) i
2% .ent "HOW PRHY FILES OF DRIGIHAL DATA?":H i
3% ent "HUMBER QF FIRST FILE TO BE REARD?"sR j
4: ent "HUMBER QOF FIRST FILE TQ BE WRITTEN UPOH?"“sF %
3t "LOOP TO REARD DATH FROM TRACK A AMD STORE SMALLER FILES OH TRRCK t":
6! for K=R to R+M-1itrk G5ldf KsD$ifor L=l to ifor J=1 to 189 |
PP DEICL-10%129+ 0 1 32 EFL N 193235 urt L1 Es Ly HESIJs 1s 1d I next J |
L8 trk lircf FHEFIF+19Finext Linext h~end ;
241 2¢& i

o

i

_ R P S s L L St L. LT . T T = 3 e R




g I1-45
] . Figure II-8, Flow Chart for Routine to Crunch Data Files

Dimension Read and Write Data String Arrays |
T ‘ _
/ Input How Many Files to Read (V) /

Z{ Input Number of First File to Read (Kntf;/

. Y .
/ Input Nunber of First File to Write Data (W) /
< { ]
<—~*—-7/ Read Data Stiring Array from File Kit on Track Zero //

‘ LI N A

Set K to Zero 1

¥

| Set Kt to (K) X (129)
(]

lIncrement thﬂ

Move Read String(Kt) to Yrite String (Kt) l

y

<Ts Kt equalproduct of K.and 129 plus 129 >—®

Y
e
S

/ffstore Write Data String Array to File W on Track One//
Y

I Increment K and W |

A 4

<{Is K-Equal to Three >
Y

&
.S ,
[ Increment Knt |

y
-—~jkl—~—<<;s Knt Greater Than Last File to be Read >
Y
vE

e
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Detailed Model °

Figure II-9, Flow Chart of Program for Modified Processing for the

//Emter Depth, Slope, Wave Height, Period, and Direction //

Y

| Compute Depth and Slope Coefficients

l

Y

Compute Estimated Breaker Height

!

Lpompute Wavelength at Measurement lLocation

<

;{ Compute Preaker Depth

!

LVCompute Breaker Speed and Wavelength

T

+

rmer—— W

Compute Refraction Coefficient

i

Compute Shoaling Coefficient

Y

.Compute Frictional Coefficient

e ——n - s g .

Y

J

| Compute New Breaker Height

A

|

<:§; Difference of Estimated and New Breaker Height More Than .OQID—XEE—

N
¢ ©

Last Computed Height Becomes New Lstimated Height l

Breaker Height is Last Computed Height

e

Y

// Write Surface Wave Height, Wave Period, Breaker Height /7

End
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Program Listing II-9. Program for Modified Processing for Detailed Model -~
TYFE KEYLAT.FOR

COMMENT
COMMENT
‘COMMENT

«( 7
8
9

¢ 10

1
11

O 12
13
99

(  COMMENT
80

(

(

(

(

COMMENT

(

( COMMENT

{

18

{

{

(

¢

(

FORTRAN Vérsion

FROGRAN REYDAT )
PROGRAM TO ENTER WAVE HEIGHT, FPERIOD, DIRECTION, DEFTH; SLOFE

FROM THE KEYBOARDY AND! COMFUTE EREARER HEIGHT AN HEPTH
USING AN ITERATION PROCESS.

FORMAT( 1X»/ENTER WAVE DIRN (E.G. 89.0))
FORMATC 1Xy”ENTER DEFTH (E. 6. 25.4)7)

FORMAT{ 1Xy"ENTER SLOFE (E. G. .05)") )
FORMATCIXy’WAVE HEIGHT’ v4X, WAVE FERIOD',4X,’ BREAKER HT’
4Xys /' BREAKER DEFTH’)

FORMAT (1Xs’ENTER WAVE HEIGHT')

FORMAT (1Xs’ENTER WAVE FERIOD’)
FORMAT(IXyF10.2+5XsF10.2s8X»F10.2,5XyF10.2)
FORMAT(1X+s4F15.5)

ENTER PARAMETERS FROM KEYROARL NEXT

WRITE (5s11)

CALL ENTER (WAVEHT)

WRITE (5,12)

CALL ENTER (WAVFER)

F=WAVPER

WRITE(S,8)

CALL ENTERC DEFTH)

WRITE(S:F)

CALL ENTER(SLOFE)

WRITE(S,7)

CALL ENTER( THETA)

WRITE( S, 99 JWAVEHTFyDEFTH,SLOFE

INITIALIZE VARIARLES NEXT

FI=3,14159

THETA=ARS( THETA-90.0)

THETA=THETAXPI/180.0

H=WAVEHT

START ITERATION ROUTINE FOR RETAILEDR FREINICTION MNODEL
A=1,36X%( 1-EXF( -19%5LOFE))
R=1,36/( 1+EXF{ ~19,5X8LOFE))
Hi=(,28%32%K( (L QOXDEFTH XK, 29 )4H X¥% .8
n=H1/(R-AXH1/( FXP))

CALL WAVLTH(F,WL,DEFTH)

C=WL/F

CR=SQRT( 32, 2¥X( H14+D))

WLB=CRXF

o SINTHE=( CR/C)H¥SIN( THETA)

COSTHE=SQRT{ 1 -BINTHRYX2)

CF=.,98
CTHETA=SQRRT(ABRS{ (COBL THETA ))/CORTHR))
ARGL=2XF IXDEFTH/WL

ARG2=2XF IXI/ULE

TANH1=(1- LXF(““%ARGI))/\lf X - ﬁ* AlkGLY)
TANH2=( 1~EXF( -2X¥ARG2 ) )/{ 1HEXE( -25aRE2))
SINHI=( EXF( 2¥ARG1 )~ EXF\*"*hR&l))/“
SINH2=( EXF{ 2XARG2 )-EXP( -2XARG2 ) )/2
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i Program Listing II-9 (Cont)
L : CO=SQRT( TANH1/TANHZR(( 142%ARGI/SINHL 1/¢ L+2%ARE2/SINH2 7))
- H2=HXCFXCTHETAXCS
- (U . VAR=AES(H2-H1)
3 ;. COMMENT CHECK FOR ITERATION DIFFERENCES LESS THAN ,0) ABSOLUTE
; IF (VAR ..LT. 0,01)GD TO 19
A Hi=H2
¢ 60 T0 18 . |
19 . BREKER=H2 o
2 COMMENT ALL DONE! WRITE THE RESULTS NOW AND DO SOME MOREIF DESIREI,
i o WRITE (5,10) \ ‘ )
ﬁp WRITE (5+13 )WAVEHTsWAVFER y ERERER, I
¢ PAUSE MORE?
- ¢ GO TO 80
‘ ~ END
: ! SUBRDUTINE WAVLTH(PsWL,DEFTH) :
; ( COMMENT ROUTINE TO COMPUTE WAVE LENGTHS USING LINEAR WAVE THEORY :
: COMMENT ROUTINE ITERATES LENGTHS UNTIL RESULTS ARE WITHIN 0.01%. ;
X1=32,2XF¥F/( 6.,28319) ;
WLi=X1 i
15 X=4,28319KDNEFTH/WLY i
- X2=EXP(2%X) |
- ‘ WL2=X1X( X2-1)/( X2+1) j

‘ WL3=ARS( WL2~WL1)/WL1

b IF (WL3 LT, .0001) GO TO 16 1

: WL1=( WL2+WL1) /3 ;

g GO TO 15 i

: 16 WL=WL2 {
RETURN
END

AXKEYDAT

e R T M Tt e £ | o

RO e 7

ENTER WAVE HEIGHT §
ENTER WAVE FERIOD {
ENTER DEFTH (E. 6. 25.4) s
ENTER SLOFE (E. G. .03) !
ENTER WAVE DRIRN (E.G., 89.0) i

5. 250 5,470 19.500 V055 98,900 }
WAVE HEIGHT WAVE FERIOD RREANER HT EREAKER DEFTH

5,25 &, 47 7.07 6.98 PAUSE MORET

ENTER WAVE HEIGHT

ENTER WAVE FERIOD

ENTER DEFTH (E. G, 25.8)
ENTER SLOPE (E. &. ,03) i
ENTER WAVE DIRN (E.G. 89.0) ;

. 7.500 6.000 25.400 062 100.350
¢ . WAVE HEIGHT WAVE FERIOD EREAKER HT BREAKER LEFTH ;
7.50 8.00 10.18 9.67 PAUSE HORE? T

R e I |
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Figire 11-10, Flow Chart of Program for Wave Time-of-arrival at Successive

Wave Gauges for Duck CERC Data

{ Start4>

Dimension Airays

¥

/ Read Array of 32 Depths from Disk /

Sét Period te Three ‘
Y

b Set 1 to Zero!
v .

¥

‘Increment T l
¥

Call Wavelength Subroutine with Depth(1)
and Period as Passed Parameters

O cne e

lStore Wavelength in Array

Wave Speed is Wavélength(I)/Periodwl

Travel Time between Each Depth is ho/ﬁavgl§gggq l

¥

Store Time in Array "

i

No Pt s
\\Eg Last Depth Donej:>

'

l Increment Periq§‘~ .Tl

\ e
No

<<:?s Period Gre%ter Than TeQ;::>

[¢1]¢)

k
/ Vrite Wavelength and Time Arrays /
]  AImays
Y.

Compute Times for Waves to Travel Between Sensors
By Summing Separate Times for the Seven Locations

Y .

/“Vrite Sensor Times Out for All Wave Periods /

e —— e

End
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Progrdam Listing II=10. Program for Wave Time-of-Arrival at Sugcéssive
Wave Gauges for Duck CERC Daté,-* FORTRAN Version

TYPE TIME.FOR A
 PROGRAM TIME , _
COMMENT PROGRAM INFUTS FROM DISK (LUN(4)) STORED DATA FOR DEFTHS
COM THEN COMFUTES SHALLOW~WATER WAVE LENGTH FOR FERIODS3-10 SEC
COM THEN COMFUTES TIME OF TRAVEL BETWEEN DEFTH LOCATIONSUSING
COM VELOCITY (FROM WAVELENGTH AND PERIOD) ANI' DISTANCE
COM BETWEEN DEFTH LOCATIONS, FINALLY TIME OF TRAVEL RETWEEN
COM. VAVE-GAUGE LOCATIONS IS COMFUTEDR AND FRINTED OUT, \
DIMENSION TIMEC10532)y IDEF(32)sWAVLENC10532),5UM(10+6)
DIMENSION DEF(32)

200 FORMAT( 1X,8F9,2)
205 . FORMAT(1X)
D0 300 I=146
, DO 300- J=1,10
300 SUMCJ91)=0,0

COM  INPUT DEFTHS FROM DISK NEXT
READ( 6 )IDEF
ENDFILE 6
FAUSE REAL

COM COMFUTE WAVE LENGTHS NEXT USING LINEAR THEORY AND ITERATING
00 75 I=1,32

75 DER{ )= INEF(T /10,0 )~25, 4
FAUSE DEFTH
WRITE( 5,200 LEF
D0 80 I=1,32
DO 80 J=3510
X1=(32,2%J%J )/ 6. 2832

) WL1=X1

230 X=6,2832¥DEF( 1 )/WLL
X2=EXF( 2%X )
WL2=X1X(X2-1)/( X241 )
WL3I=ARS(WL2-WL1 /WLl
IFCUL3 LT, ,0001)60 TO 2190

220 WL1=( WL2+WL1)/2
‘ GO TO 230

210 WAVLENC Jy I)=WL2

80 " CONTINUE

PAUSE WAVLEN
WRITE(S,205)
nog 85 I=1,32
383 WRITE{Ss200 )X WAVLEN(JyI)r.3=3,10)
o 70 I1=1,32
Lo 70 J=3,10
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Program Listing 11-10 (Cont)

PIARELTS S AR ey
T ﬁ?ﬁﬁﬁwj
e

B P
R (: '\)
a~

COM COMFUTE WAVE VELOCITY AND TIME OF TRAVEL NEXT. !
: VEL=WAVLEN(JsI)/J
E . 79 TIME(JrI) 40 .0/VEL
; FAUSE TIME
{ WRITE(S,205)
] DO 90 I=1,32
99 URITE(ﬁrQOO)(TIﬁE(J:I)rI 3+10)
{ Do &0 J=3,510
N0 10 I=1,2
190 SUMCJe1)=TIMEC(I s I )4+5UM(Jr 1)
‘ DO 20 I=3,4
20 SUM(Ir 2)=TIME(J» I )+SUNC I 2)
0 30 I=5,7
. 30 SUM(Js3 )= TI“E(J:I)TSUN(J:3)
0 40 I=8,11
40 TSUMC Jr 4 )=TIME( Iy T )4SUMC I v 4)
00 50 I=12,21
S0 SUM{Js3)= fIﬁE(J:I)+5UN(J:5)
Lo 60 1=22,32
SUMCJr6)=TINEC Iy I )H+GUM{Jr6)

27 TN Sy P e O
N M

69 " CONTINUE
FAUSE SUM |
WRITE(S5,205) ;
[0 100 I=146 i
100 URITE(S»200 ) SUM(JyI)sJ=3510) f
END 3
!
. !
%
A :
f
6440 9.97 5.78 5. 87 J.561 9498 ERH 5.5’
S99 4,32 4,92 4,38 4,29 4.2 4,20 4,18
7.94 6.51 5.93 S.85 949 .39 9432 S.hE
"6.4u 21 .06 18,90 17 .86 17,28 16,92 16,48 16.51
28,467 22,17 19.23 17.80 17.02 16,54 16,23 15,904

AT
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_ SECTIOK IIL
DATA PROCESSING USING THE STMPLIFIED MODEL

In this study two prediction models were provided by Louisiana State
University. Both of the models use as input information parameters that
are nmeasured at the buoy and, from this information, predict characteristics
regarding the surf region. The statistics of breaker heights, depths, and
longshore currents are predicted based upon linear wave theory and mono-
chromatic waves. Wave processes of refraction, frictional attenuation,
shoaling and breaking are treated mathematically 1n‘developing these
prediction models.

The simplified model does not account for waves approaching the beach
at different angles nor does it treat currents associated with individual
waves separately. One of the more restrictive limitations of the model is
that wave periods are not part of the model. This fact is discussed in
latter parts of this section and in the last section of this report.

For the prediction of the breaker heights, the simplified model takes
the measured wave height as determined from the pressure transducer output

and the measured tide level and computes a breaker height based upon:

3 /
- |oo( L - n () 17

whexre Hi is the breaker height, P is thé mean water pressure, @ is the
i is the height

of the pressure-.sensor above the bottom., This computation is made for

density of sea water, g is the acceleration of gravity, h

each individually méasured wave at the data buoy.

The prediction model also includes a prediction of the maximum long-
shore current from the measured average longshore current at the buoy and
the predicted breaker depth obtained from the mean breaker height as
given by:
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where~vm 1s the maximum longshore current, Vo‘is the mean longshore current
measured at the- buoy, hy is the mean watér depth at the buoy, and h, is the

mean breaker ‘water depth.

The basic procedure for calculating the required parameters and the
prediction results is given as follows., After dimensioning arrays and
initialization, the buoy data are read into the computer, At this point
the data are still in high byte/low byte format, from which they are next
converted back to data words and put into a data array. Once agzin, all
data-~-word ;ddresses are checked for valldity. If errors are detected,
the operator nhas the option of manually terminating the run. In addition
to the data, file identificatiors including run number, time and date, are
stripped off the data file,

Once the data is converted to data-word arrays, the data processing
is started. First, the individual wave heights are computed using a
zero-crossing process in which the maximum (or minimum) height is determined
between zero crossings. The half wave period 1s also determined by the
nunber of data points between crossing times the wave sampling frequency.
Full wave heights, 1. e., peak-to-irough helghts, and full wave periods
are constructed with the results stored in two arrays -- one for wave
heights and one for wave periods. It should be noted at this point that
wave period is not necessary for any of the calculations in this model.
It was added to the processing so that comparision of the results could
be made witnh extrapolated heights at the surface. In this manner breaker
heights yredicted could be compared with surface heights at the buoy in
addition to bottom-measured heights.

The final part of the program takes the data from the above arrays
and performs the breaker prediction routine as given by the above equation,
The surface wave heights are calculated using a curve-fitting process
based upon results from linear wave theory., The average and RMS wave
height for each of the three sets of wave heights are also calculated,

The maximum longshore cuxrent is then calculated from these results
and the measured offshore current velocitles, The data are printed out

along with the appropriate headings and identificatlon,
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The program can either be run for one set of data only or can be run
multi-file, i. e., any number of sets can be run by auto-recycling of the
program (an input variable). A requirement for recycling is that the data
be located on sequentially increasing files since the program increments
the file number after each run., Also, for the HP-9825 program, the data
must be located on track one of the cassette tape, The data crunching
progran (given In the ;r=vious section) automatically takes the stored
data in che large arrays on track zero of ‘the data tape and crunches the
large file to three smaller flles on track one, If track zero is used,
this information must be conveyed in the progranm.

The program listings for the two programs for the HP-9825 and the
COMPAL-80 are given in Program Listings IIT-1 and III-2, respectively,
The programs are quite similar functionally and structurally with dasic
differences being similar to those aiready pointed out in the previous

section.

Figure ITI-1 is a sample printout of two data runs using the HP-9825
program and processor. The data is from a time period a little earlier
than that given in the sample printout in Section II (Figure II-1).

FigureIlI-2 gives the flow diagram for the simplified model progran.
This diagram is a functional diagram, and, therefore, applies to both
progessing systems program (HP-9825 and COMPAL-80).
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Program Listing III-1. Simplified-model Prediction Program for Computing
Breaker Statistics -- HP-9825 Version

"RROGRAM TQ COMPUTE WAVE HEIGHTS & PERIODS FROM DATA OF SER BUOY™:
trk 1ifot L2 @ fd, i fe. S f 3. B fd. 8, 73,0

"IHITIALIZATION OF ARRAYS AND VARIABLES: DATA FILE RERD IH":
dim DE0129:3213ent "How many files®5Rient "What is first file #"F
dim HI3S56)3dim PL3S6]idin GSL3B)idin HO1E24difor K=1 to RIG2LHES 1df FaDd
"WHVYES ON EVERY OTHER CHRHNELs STORED IHM HI & LO BYTES OF STRING":
“UAVE DATH CONVERTED TQ VOLTS AWD STORED IN ARRAY":
for J=i to 128ifar I=1 to &9 by 43inundDElJdyIsT12+R
MUACDEL dy I+ T+ D AB shf (A4 A0 band (R 15 +H
if C#{I-1)r72 bheepiE+IRE

L+1aL3, 002442%(206xR+E2-53HIL ]

WEt o 1sCe SI-10#2s HEL b Es JaKinext linext JiF+12F

“AVERAGE OF MAVE DATA CALCULATED RHD SUBTRACTEN FROM EACH DATUM™: \
“HALF MAVE CHLCULHTED BY TRKING LARGEST QABSOLUTE VOLTAGE EBETWEEN ZERO™:
"CROSSINGS: PERIOQD EQUAL TQ THE # OF POINTS BETWEEN TIMES DELTATIME":
gada8ifor I=1 to 10243iS+HLI 18 next 1 !
SA10242Rfor I=1 to 18843NITI-A2NTT Jinext Ti-99994K5 2929+ P,
Aaliifd WOL2dAiato "nes init® e
“pos indt"ifor L=1 to 10345if MILIMIieto "pos waw” .

next L ,
“nmeg init“ifor L=t to 18248if WILI{@isto "ne3 wavw”
next L

“pos wav“ifor IsL to 18343if WLIXOiK+Histo "arrav®
it WEIIDHSMOT)RX

H+1+Hinext Isato "p int"

"mea wav"itor IsL ta 182481f WLTIX08H2*Higto “array”
it WOIIKMIWLI I+M

H+tisHinext Isato “"print”

tarray" iJdH1adiRE 21333 PL I abs CHYAHI L I3 @2N 1L :
~99993%3 9999 if WL IX@isto "nes waw"

gto "ras wau"

"BEGIMNING OF PRINT RQUTIHES":

"print it Jnod2#gyJd-1J

for I=1 to J-1 by 25HOIJHHII+1J2HI T RT T JHPLI+1 D2PL T Jinext 1
9285

H 03 G GO 067 PO PO T PO 10 0O T Tod Fod Pt 6=t bmt bt bt ot gt gt pt b o5 00 =] () O fa GO [ = O

pm—

1) G0 [ o 1 o0 €O = Ty €1 £ £ T3 = (53 00 0 = (03 £ o €3 [id #=a (Z0 o0 oo oo oo oo oo oo 4o oo a0

() o= ®% @r »s 4o o6 v S8 FF o5 Or o s0. £ K& SF oo 0o S5 So s ev ew sw
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Program Listing III-1. (Cont)

HER R4

f ot
£t
fmt
f it
fint
fmt,

2433y "TEST DRATE "scBs” TEST TIME "sc@a" FUH #":f3. 8 "="yf2, 48
I3 "AVGEE "sFELS " RNMSEY " fE 2 numdCDEL 189 21,21 0020

44 28xy "PREDICTED SURFRCE MWRVYE HEIGHT IN FEET"

Sy 203 "PERK-TO-TROUGH WAYE HEIGHT IH FEET"

By 28xy "PERK-TO~-FEAK WAVE PERICQD IH SECONDES™

Ty283y "FPREDICTED WAWE BRERKER HEIGHT IW FEET®

QyxsfE. Bezifor L= to 283" "G LsL)insxt L

“"CRUNCHING WAVE HEIGHT AHD FERIQD ARRAYS TO ELIMIMATE THOSE OF LESS“:
"THHH THREE SECONDS™:

galifor I=1 to J by 23Vif POT XS dme 2

L+i»LsHITIAHIL 3 PL T 12PLL]

next DIDFI1E89 1 21GH0 1215 "/ 2GH0 3y 3B DL 1294, 512604, 5]
P D$S0129 56130018 1L 23 " /PO AGHI 6 S i wrt 15,2560 118 DSL 129, Ps 14146 K

“PRINT EACH RAW WAYE HEIGHT IM FEET:CALCULATE & PRINT AVG & RMS":

wurt

1S3wrt 15.5318298+Q8far I=1 to L by 1@8ifor H=I to I+93if HXLidwr @

GEHIHIAHIS+H* S Q+HHEH+* Qi wrt 15,8 Hinext Niwrt 13inext 1

¢ LePRYash "wale”

“PRINT EACH WAYE PERIOD IH SECONDS:CALCULATE & PRINT AVYG AHD RMS™:

¢ourt
Pofar
tOSHPINIASIQ4PIHI#PIH IR wrt 15,8y PIHI next Hiwrt 1Sinext 1

ash

15,8105
I=1 to L by 18ifor H=I to I+23if HixLidap &

“calo”

“CALCULATE BREAKER HEIGHT RHL FRINT EACH HEIGHTAVERAGE RHD RMS™:

: l\'lt

for

15, 784%, 83215, 543030 G382
I=f to L by iﬁsfor H=I to I+23if HXLidmp &

(EH[H)*4)T4*L)r.L&H5q+H+bsD+H%H4Q;wrt 15. 8 Hinext Miwrt 19insxt 1

gsb

"cale”

"CALCULATE SURFACE WAVE HEIGHTS RHD FRINT ERACH: AYERAGEs AND RMS":

wrt

13 4:D*S%Qifur I=1 to L by 18ifor H=I to I+95if HXLidmre 3

if P[N]< $999999HIN )idne 3
PLN12R;: ~. qq4oo?b32+ SEIR9569%R-, AYQEITIOT#AXA+. 00161 L2E5#ATE+A
S+HLH1%#4/R+83 Q+ CHUH 1%42R) T2+ 0

urt

! ash
Pouwrt

15.8:H[H]*4£H§next Hiwrt 13inext 1
"cale"
155wrt {Sjuait 9999inexst Kitrk 83dse "end of erosran”iend

'CDHPUTE AYERAGE AHD RMS FROM SUM AND SUM=sR PASSED AHD PRINT BOTH®
"eale iSRRI Fabes CCR-SES/PYACP=10 0903 wrt 1S5wrt 15,3sA:Q3ret

T
v - . .
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Progran Listing I1I-2. Simplified-model Prediction Progyfe/or Computing
o Breaker Statistics -- COMPAL-80 Veision

3 c FROGRAN NAME IS BODATA READS DATA FROW HEMORY ANI CHECKS
by C ADDRESS AND' FUTS LATA INTC 1024-DATA ARKAY
§ Qa’ HIMENSION IDAT(1024)yIBAR10 )y IATNC &)
] DIMENSION IMH( 256 )7 IWFC 256 1) UWaVHT( 128 1y WAVFER( 138)
- C INITIALIZE VARIAELES AND ARRAYS NEXT
¥ € DEFTH=14.0
§ HEIGHT=3.90
F CNV=4 0% .,002442
- DELTAT=,21333
KTL=1
i KNT=1
;. NEM=Z/4000°
L. KOUNT =0
: SUM=0
. DD 5 I=1,1024
: 5 IDATC I =0
; D0 & I=is10
. & IKADRC T)=9
. RO 7 I=1+8
; \ 7 IADIK I )==0
: 1.50 FORMAT( 1Xs917)
> . 200 FORMAT( 1Xs1614)

250 ;—EORMATI1X)
300 7o, FURMAT(1X/SI10)

5 31 U7 -SORMAT(IX, ¢ TEST DATED  9I29//7 12,7779 TEST? s
| I TIngEr
I STIRENS ITREIREYS AR AND V- RUN NUMEER: ‘sIZy/=/yI2)
32 FORHAT( 07+ FEAR-TO-TROUGH

1WAVE HEIGHT IN FEET’)

33 FORMAT(10F7.2)
34 FORMAT({ 0+’ FEAR~TD-PEAK
1 WAVE FERIOD IN SECONDS‘)
35 FORMAT( /07 ¢! PRETICTER WAVE
1 RREAKER HEIGHT IN FEET)
36 FORMAT(1X)
) C READ IN DATA STARTING FROM HEMORY LOCATION
- . € 4000 HEX, DATA IN HYGH BYTE/LD RYTE FORMAT:
- HIGH BYTE FIRET.

M 109 J=1,128
D0 100 I=1+15,2
LOC=MEMA( I-1)X24+(J—-1 IX32
IHI=PEER(LOC)
IHI=( THI .ANDI, 255)
LO=FEER( LOC+1)
LO=(LO .aNR, 255)
II=(I+1)/2
IADN IT)=IHI 16
IFCIADDC IT) NE. (I-1)260 TG 890
IHI=( 15 JAND. IHI)
NUM=TIHIX2346+L0
TDATO RNT )=NUN
KNT=KNT+1

- GD TO 100

&9 IRADN RTL )=L.0C
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Program Listing III-2, (Cont)

KTL=KTL¥3

KNT=KNT+1
100 CONTINUE

WRITE( 5,150 X TADK 1)51=1y8)43
109 CONTINUE

PAUSE

WRITE(Sy200 ) IDATCI) I=1,1024)

PAUSE |

WRITE( 5300 ) IRAIK )2 I=1510)sKTi
COMMENT INITIALIZE TO START DATA FROCESSING FROM ARRAYS
COMMENT: AVERAGE REMOVEL FROM WAVE ARKAY NEXT
COMMENT NOTE: DATA STILL IN ‘RIT‘ FORM- NOT VOLTS OR
COMMENT E.U, CNV. CONVERTS RITS TO VOLTS TO FEET

D0 10 I=1,1024
10 SUM=SUH+IDATCT)

ISUM=SUM/1024

DO 14 I=1,1024
14 IDATC 1)=IDAT I )-ISUM
COMMENT START DETERMINING WAVE FEAKS AN TROUGHS
COMMENT ANL WAVE FERIONS NEXT

14=9

IFCIDATCL) JGT. 0160 TO 12

DO 11 I3=1,1024

11 IFCIDAT(I3) +GT. 0260 TO 19

12 10 13 I3=1,1024

13 IFCIRNATIIZ) LT, 0) GO TO 17

COMMENT FOINTS GTREATER THAN ZERO RETWEEN ZERO CROSSINGS
15 HAX=-327 67

[0 16 I1l=13, 1024
IFCIDATCIL) LT, 0) GO TO 28
IFCIDAT(IL) 6T, HAX) MAX=IDAT(Yi)

16 14=14+1

GO 1O 25
COMMENT FOINTS LESS THAN ZERO BETWEEN ZERD CROSSINGS NEXT
17 HIN=32747

D 18 I1=I3y 1024

IFCIDATCIL) JGT. 0) GO TO 29

IFCIDATCIL ) LTy MIN) HIN=IDAT(I1)
18 14=]4+1

GO TO 25
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Program Listing I1I-2," (Cont)

COMMENT WAVE HEIGHT AND WAVE FERIOGL CALCULATED NEXT
28 THT=MAX
G0 TO 20
29 IHT=NMIN
20 KOUNT=ROUNT+1
IWF(KDUNT =14
IWH( KOUNT )=IHT
14=0
I3:=11
IFCIDATCIL) JLT. 0) 60 TO 17
GO TO 15
COMMENT WAVE HEIGHT{FT) ANI' WAVE FERIOI(SEC)
COMMENT CALCULATED NEXT
25 KNT=0
KOUNT=KOUNT-1
DD 27 I=1,KOUNT,2
KNT=KNT+1 "
WAVHTC KNT )=C ARSC TWHC 1) VHARS( IWHT T+1) ) JXCRY
27 MAVPERC KNT )=¢ TWEC 1)+ IWRC T+1 ) )¥RELTAT
PAUSE PRINT
WRITECSy31)L1sL2yL3,L4sL5sL6sLT7L8
WRITE(5,32)
WRITE( 5934 )
WRITEC 5233 ) WAVHT( I )y I=1yKNT)
WRITE(Sys34)
WRITE(Ss36)
WRITE( Sy 33 X WAVFERC T )y I=1yKNT)

COMMENT CALCULATE PREDICTED RREARER WAVE HEIGHT NEXT

CONST=.89k{ DERPTHHHEIGHT )

10 24 I=1,KNT

WAVHT( I )=C (WAVHT (I ) )X%4 YXCONST
24 WAVHTC I )=C WAVHT( 1) )XK( . 2)

WRITE(Sy33)

WRITE(Sy34)

WRITE(Sy3I3 XN WAVHT( L)y I=1yKNT)

ENI!
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Figure II11-1, Sanple Data Run for Simplified Prediction Model

TEST DRTE 12s08/7% EET TIME 172331 RUH & &~ 1
FEAK-TO-TROUGH WAYE HEIGHT IH FEET

g.08  @.82 1.5 2,2 2,28 1,95 1,83 ©.64
2.81 .28 8,83 B85 8,83 1,87 1.1 2,068
1.08  @,89%  @.,98 2,87 2,47 2.38 2,82 1,28
9.73 8,77
AYG: 1,67  RHS: 1.14
PERK-TO-FERK WAVE FERICQD IH SECOMDS
.03 383 T.47 &.22 0 &1l B.48 4,91 4.7
| FodF 70250 4,37 .47 4083 4,69 6,19 .04
' 5.6l 4,27 4,89 F.e8  T.4F 0 &.8d .83 V.25
S.76 3,84
AVG: &.84  RME: 1.4
A PREDICTED WRYE ERERKER HEIGHT IH FEET
1,33 1,97 2,34 4,35 4,43 3,95 E.Sh 1,53
S.2%  S.8% 0 2,83 2,88 2.8% 2.45 1 I
3.20 1.72 =012 4014 4,77 4,60 4.3? 2,90
1.84 =i
RWG: 3,39 RMS: 1,7
FREDICTED SURFACE WRVE HEIGHT IM FEET
2,48 2,49 1,96 2,87 2.¥8 .65 1,88 1,41
.42 .86 1,83 .8 2,83 2,08 1 a4 2,36
2,084 1,51 lege 2,53 &858 =014 2,88 2,42
1,12 2,88
RVG: 2,44 RMS: 1,28
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Figure III-2. Flow Diagram for the Simplified Prediction Model Program.

[ Dimensic:}n Arrays ]

{_Initiallze Variables]
'[Input no, of files]

[Input first file ho.]

>{Loéd~data file]
[Convert low/byte-high/byte to word forma.t]

[Strip off address]

YES .
’<§s address correct?>
NO
[ Beep ]

\

[Increment error countcr]

-—————*{Disp_lay data word, address error counte’c]

"
[Put wave data Into wave array_]

[Calculate average water 1evelJ

[Subtract of f average from wave arrayJ

P{Bead vave data]

<Zero crossing?>
YES

[Get maximum (minimum) hei{ght]

NO

[Put it in height array]
[Get number -of poir‘lts between crosslngs]
[Compute half period
[Put is in period army]
[Inc“rement no.-of -waves count.er]

¢ NO
— All data read (1024 'poi.nts)?>

) | YES
FROM PAGE ITI-12 y

e, !va
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Figure 111-2. (Cont)

A.

[ v
[Compute fulliwave height]
N0

| =

—> Read in two half heights]

Y
[Put it in height array

< A11 helghts vead? >
YES
Read in two half periods]

[Compute full wave period}

:[Put it in period array]
NO ., -

<A1 pertods read? >
YES

>£Read in wave height]

[Calculate briaker height]

[Put it in breaker array
NO

<::All heights read?::>
YES

-—~—————->[Read in wave height & period]

fCalculéte surface height]
NO i

All heights & periods read 1n€::>
YES
Write to printer Date, Time, Bun #]

i

[
[

Write to printer wave-height titlé]

|

Writé to printer wave-height data]

NO ..

el n?
~\\\All heights written? ::>
YES
[Write to printer ave & RMS heights]

J..

FROM PAGE III-12

e o i e i Ao ey

v S b s = Tl ey oo G W e e s s

o et

JEOURURN
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Figure II1-2,

A

I11-12

(Cont)

TO PAGE III-10 i

[Write to printer wave-period title]

r?——-*—*;{Write to printer j&ve—period data]
¥

NO

*<<zAll periods written?t:>
4 YES
[Write to printer ave & BMS periods]

[Write to printer breaker-height title]

-*—~——4>{Write to printer breaker-height data]
% .

NO

NOO
"‘*“—"<All breaker heights written?>

¢ YES

{Write to printer ave & RMS breaker heights]
v

Increment file counter]

~a11 files done? >
YES
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_ SECTION Iv
DATA PROCESSING USING THE DETAILED MODEL

In this section is given the background information and program
development for the detailed prediction model. This model also predicts
the individual breaker heights and statistics, the breaker depths, and the
longshore currents. Several major differences exist between thé two pre-
diction programs. In the detailed model wave perlod is used directly in
the calculaéion of the breaker height removing the limitation dve to the
measurement being made at the bottom and hydrodynamic attenuation of the
waves not being accounted for. Also, in this model the approach angle of
the waves is considered both in terms of the breaker height and the long-

shore current,

Because of these changes, the prediction portion of this program is
considerably more complex than for the simplified model. Not only are the
prediction equations more complex, but in several places in the program,
the calculations are done by an iterative process, requiring many loops
of processing and refining of the calculations. For processing where time
and memory are not restricted, these factors are not important, However,
for onboard processing, these factorsmay significantly influence the design.
These consideratlions are not part of the present study, but are to be in-

cluded in the next phase of this program.

For the prediction of the breaker heights, the detalled model takes
the measured wave heights and perlods: from the pressure-gauge data and

computes the extrapolated surface wave heights as given by:

- cosh(2Ta/L)
s m cosh(2T b/L)

where L.;is given by:
L = (gI%/27 )tanh(2Td /L)

where Hs is the surface wave height, Hm is the helght measured at the sensor,
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d is thé total water depth at the buoy, b is the height of the pressure
sensor above the bottom, L is the wave length, g is acceleration of gravity,

and T 1S the measured uave‘period.

This computed surface wave height is then used to obtain a préliminary
breakér height obtained from:

-

i = (.98 (.oon) /¥ n_)*/>

where Hb 1s.the predicted breaker height, ho is the mean water depth at the
buoy, and Hs is the extrapolated surface wavel.heightrat the buoy. This
initial calculation is then used as the input wave height in an iterative
routine to calculate the refined breaker where the refraction, friction,
and shoaling coefficients are updated with each new calculation. This pro-

cédure is given by:

h s
&b f. s, Z
. ,mmagﬁﬂ

Y8
&

1.368(1 - "' M)

1.56/(1 + 19+

P =
. » Cy
0, = sin | -~ sin(e)
¢ = L/T

r 1/2
Cb = .Lg(Hb + hbﬂ
Lb u~CbT

vwhere M is the slope of the beach, © is the wave angle approach to the
‘beach, Qb is the breaker angle, C is the wave celerity at the buoy, Cb
is the breaker celerity, and Lb is the breaker wave length, with the other

paranetors 2s previously glven,
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1 V-3
!
é (f) From these initial calculations an improved breaker calculation can be E
; ~ made based upon the following: .
i hb = R, Kf Kr K

} Kp = .98 ' i

¥ K = cos%@} J 1/2 %
, . r |_cos Qb ’
' B L+ 4T /L 1/2 *

tanh(2W h/L) sinh(47T h/L ,

? Kg = tanh(ZTth/LS) 1+ 4T hy/Ly,
sinh{4T hb/ Lt;)

g
[

where the K-factors are the breaker coefficients and the other parameters

are as given,

The breaker helght computed from this second breaker -height equation is
then compared with the previous breaker-height calculation, If the
difference between the two heights does not exceed a given amount, the
process is ended. If the difference 1s larger than the given amount, the
calculations are repeated, using this last breaker height in the breaker )
depth equation on the previous page and all of the following calculations .

repeated.

The maximum longshore current can then be computed from the above

results using: ;
V_ = 20.7(tant)(gh )1/Zsin(20 )
n : b b

The program listings for the programs for the two systems are glven |
in Program Listings IV-1 and IV-2. The previous comments in Section III f
regarding the twe programs also apply to the ones given in this section, 5
Figure IV-1 is a sample printout of two data runs from the same time period ;

as Figure III-1 in Section III and was &lso done on the HP-9825,
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Program Listing IV-1. Detajled-model Prediction Program for Computing
Breaker Statistics -- HP-9825 Version

: "PROGRAM TO COMPUTE WAYE HEIGHTS RND PERIODS FROM WAYE DATA OF SER BUOY":

“COMPUTES CURREHT DIRECTIOM FROM X AHD ¥ COMPOMEHTSiFORMS HISTOGRAM":

Podim ALIGTSfmt 1sf2.8sxef2. 830 f8. 39 f3. B Fd,B8:13.05dinm ZF[ 3B trk 1
Dodim DFEL129:32 1 ent "How many files?"sRient “"Mhat iz firzst file #"HF

dinm HL298)sdin PIE90 Y dim GFLI2)8diem WO1B24)5for K=1 to RIGILFEXQITHYeaY

"DATA FILE RERD IHTG STREINMGS WAYES STORED OH EVERY OTHER CHAHHEL;™:
"LONGSHORE CURRENT ONW CHARHMELS 3 AHD 1635 0HSHORE OH CHAMHELS 4 AMD 11¢:
“ALL STORED IM HIGH AMD LOW BITES OF STRIHGIWAYE DATA COHYERTED TO":
"WOLTS AMD STORED IH AREAYS CURREMT DIRECTIOM COMPUTED FROM CUREENT™:
"COMPOHENTS AKD STORED RS HISTOGRAM ARRAY:IDIRECTIOHS SUMMED % SUMSRED":
ina Rsldf FsD$5,85+0iFfor J=1 to 1285ifor I=1 to 29 by 4inumdDFL Ay 1H 1 10+A

Ponun(DELJs T4 T+1 10 4Bs shf (Ay 42 2Ciband CHy 153 2R

if CH#(I-10/28beeriE+]E

L4193k, B82442% (2536 2A+B~33 ML ]

wrt L 1sCe{I-10/2sHILDsEs JsKinext Isfor I=3 to 19 by 1G

nua{DEL s Ty T103+AS num (DSl Js I+1 s I+1 1) 3E  band (As 155 3A

L2442 (256%A+B A -SC CHRa i num{DFL Js I+45 I1+4 104R

NUMCDEL Sy I45s 14510 4Bi band (As 150 2A5 , 0024422 (2S6*A+BY-5C

C+Ya%inext linext JIBAZ063r13Y 25689r25F+13Fifor J=1 to 128

for I=3 to 19 by 183numdDEl Js Io I DD 9AF numCDSL Jy I4+1: 1+1 10 3ES shf (Ay 433C
band{As 152205, 8024425 (206%A+BI-S-r1+Xinum(D$L Js T+4s I+4 10 *H

BUnCDEL Js T+S I+5 1028 shf (As 4220 band (A, 15 R . D242 (256 £A+B I -5-rZ 3t
atndY ®RI)+R3if ABIA+126+A

Y4+A3YS R+HAXASQ3 int (A7 18)9ATRLA+1 J+14ALA+1 Jinext linext JiZS6+E
"AVERAGE OF WAVE DATA CRLCULRTED AND SUBTRARCTED FROM ERCH DATUM: ":
"HALF WRVYE CRLCULRTED BY TAKIHG LARGEST ARBSOLUTE VOLTAGE BETHWEEW ZEROD™:

"CROSSINGSSPERIOD EQUAL TO # OF PTS, BETHWEEM CROSSIMGS TIMES DELTATIME™:

B8+J28ifor I=l to 182438+HIT1+Sinext 133, 1415930
S/1@24+fifor I=1 to 18245HIT I-A+MIT Jinext I§-9993+x5 999341
@aHiif Wl1Xd@isto "neab” .

"rosb"ifor L=l to 18243if WIL1X@i9to "pos”

nexy L
“negh"ifor L=1 to 168245if WILIXSIgto "nes”
riext L

"pos”ifor I=L to 16243if WIIXBix2Histo "array”
if MEIISKIWIT IR )

H+t1+Hinext Isgato "print”

"nesg"ifor I=L to 18243if WITIsEiMa+Hiato "array”
if MITIKMSWLT I=+N

P H+HLaH I next Iista "print”

"arroy " tJHIr i HE, 213335 F0 AT abs (HYSHD A T3 EsM 1oL
=9999+K3 9909 if W[ IJ1<Biato "nes”

! gto "pog”

"WHOLE WAYE HEIGHTS RHD PERIODS FORMED™: ‘

for I=1 to J-1 by ZJHIIIHHII+1 I+AC T SFCL J+RFOI+1 3P0 I Jinext 1
"BEGIHHING OF FRIMT ROUTIHES™:

"print"iif Jmod2#95 J-1+J

fmt 2y3xs"TEST DATE "»c8:" TEST TIME "yc&s” RUH #"»f2. 0, "="yf2.0
fat Jy3 "AVGE "y 6,3 RMEY S e 23 nun(DF0 12952121 D36

fut Sy20% "PERK-TO-TROUGH WAYE HEIGHT IM FEET®

fmt &y 20x "PEAK-TO-PERK WAYE FERIOD IM SECOWDE®

*29354
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Program Listing IV-1. (Cont)

fat 7220 "PREDICTED WRVYE BRERKER HEIGHT INW FEET™

fot Syxofeirzifor L=t to 128" "2+G$Ls L next L

fat V. 8yzi"  OFFSHORE WAVE DIRECTION HISTOGRAM"*EF
D%[lE?slsE]éGstlsEJS"f“%Gftansl Df[l"”s4~d]¢b$£4sul DEC 129 30 B 140F0 18 11 3

“ATRUSGHEIE S urt 152 GH 1R DS 12 Ty 142 Gurt 1Siwrt 15, 2%
"PRIMTING OF DIRECTION HISTOGRAM AHD FHLHLHTIUH OF RYERAGE AMD RHS

for H=1 to 23{H-12%{8+193L i
for I=L to L+93if IxiSidme &

wrt 15,9 IxBinext I |
wre 1Sifor I=L to L+38if Ix18Vame 2 f

wrt 15,9 RCTI Binext |
Wit 133next NiBaFiV¥2S8iash "calg®
"CRUNCHING QF WRVYE HEIGHT AHD FERIQD RRRAYS TOQ ELIHIHHTE THOZE" X
"0F LESS THAH THREE SECOMDS": :
R2Zi82Lifor I=1 to J by 2¥if FLIX3iMdae & :
LtisLiHITIaHIL IIRL T I=PLL] !
next 1 §
"SURFACE MWRVE HEIGHT RARRAY RECHALCULRTED USIHG RTTEHURTIOW FRCTOR™:
for I=l to LiPCIJI2AS -, 95433753+, SRF299859R-, 043627407 AT2+, 0816112 uﬁro%H
GCROTIARIAHC T Jinext 131,361 -exp(~19800 0303 1, 56/ C 1 +exp(~13,5%03)+E
"PRIMT IHDIVIDURL SURFRCE WAVE HEIGHTS: AVERAGE AWD RMS™: j
wrt 18,918+8+Qifor =1 to L by 1@ifor H=I to [+9iif HXLidoe 2 :
H[NJéHiS+H%SiL+H*H*@smrt 18,8sHinext Hiwrt 153next 1 . ;
wrt 1SiL4Piask "calc” :
urt 15,81998905 abe{Z-30) 25 in(2) 2 r30} abs (cos ()2 rEl ?
"PRINT EACH WRVE FERIDD IN SECOHDS CALCULRTE RAHD PRINT AVERAGE AHD RMS™ -g
for I=1l to L by 1@ifor N=I to I+23if HXLidop 2 ;
S+PIHIASIQHPIH I3 Q3 urt 153 PIHIY next Hiwrt 1Sinext 1 j
wrt 18i9sbh “"calg” '
"CALCULATE INDIVIDUAL PREDICTED BREAKER HEIGHTS:AVGs AHD RMS AMD PRINT":
B28+Q3 for I=1 to L3¢, 9812%¢, 981900, 25#HI I Dt  S9HiPL T 12T
"CONVERGENCE LOOF FOR FREDICTED  BRERKER HEIGHT": ?
“rout “tH/CE-C#H/TT223Di9sb “wavlath” (
WerTarilsrda2, 2xCH+D A r 123 ri2sT+B
P13 r3asriiarid rdd-rid12d2C
2¥ULLINHr LI 22URDABIr2 (L -exp(~2%r1)) {l+exp(=2%r1))3r3
(1=exXp(-2%r220/Cl+texp -22r22 23rdi (exp(2%ri d-—exp(-2%r12d /2215
(exp(2%rdr- exp(-grtE})f°9r6:r(r3ft4*(l+atrlfrﬁ)f(1+c*r 2/rEdderd
FOr3ts002r3 HOT 1%, 98%r1%r22G3if abs(G-H)>.81iG+Hiata “rout”
b*H[I3:b+H[IJ%S;D+H£I]*H[I]+@§next Iiwrt 153.78far I=1 to L by 1O

P for H=l to I+93if H{L+1ljuwrt 15,8:HIHIinext Hiwrt 1Sinext I :
vourt 1SiLAPs3sbh "cale” ;
Cowrt 15iuwrt 1Ssinext Kitrk Qidsr “"end"iend

“COMPUTE AVERRGE AMD RHMS FROM SUM AHD SUMSR PRSSED AHD PRINT BOTH":
"calc"iSAPARI Fabs({Q-S*SAP) A C(F=102+Q5urt 15,3 H: Qi ret

“INDIVIDUAL WHYE LEMSTH COMPUTED FROM PERIOD PASSED":
"waulath"i32, SxTaT/(2xWy»rdsrdar?

Cr8+r? 2 s29r7idme -2
rg+li ret
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L
Program Listing IV-2. Detailed-model Prediction Program for computing
C Breaker Statistics -~ FORTRAN Version
~ PROGRAN EODATA b

GOM FROGRAM NAME IS HODATH READS LATH FROW MEMORY ANI CHECKS
o UEM ANDRESS ANDN PUTS DATA INTO 1024-DATA. ARRAY
S GON PROGRAM DETERMINES INDUVIDUAL WAVE HETGHTS AND PRERIODS
GO USING A ZERD CROSSING METHRI. NLXT THE BREARER HEIGHTS
GOM  ARE COsFUTED USING AN ITERATION PROCESK
oGO FINALLY WAVE HEIGHTI, FERIODG, ol WREAKLR HEIGHTS ARE PRINTEI.
GO INITIALTEE VaRIASLEY AND ARRAYL NEXT.
DIMENSION IIATO L4 Yy THALK 10 e TONIK 8)

- FIMENSION IHHC 256 Ty IWF( 254 )y WAVHT( 128 )  WAVFERC 128)
0o & fI=ls 10 gi
& TRANC T )=0 ,
~ DD 5 I=i.8 :
& ALK T =0
.3 FORNAT( ¢ HREAKER ANGLE! 1Fa. 1)
~ 32 FORMAT( Q¢ v* FEAK-TD~TROUGH
LWAVE HEIGHT IN FEET? )
33 FORMATC 10F9.2 7
S FORMAT( 0 »* FEAR-TO~FEAK
1 WAVE FERIOD IN SECONDSY )
35 FORMATC 07 0 FREDICTEN WAVE
B IRREARER HEICHT IN FEET?)
34 FORMATL LX)

CON o READ IN MATA STARTING FRUM MEMURY LOCATION 4000 HEX.
00 DATA IN HIGH BYTEZLOW EYTE FORMAT, HIOH EYTE FINST.
KTl.=1
KNT=1
- MEM=Z7 4000"
[0 109 J=1,128
DD 100 I=1,15:2
- LOC=MEM+ T=1 0¥ 24( J=~1 )K32
THI=FEEKS 1LOC
TFCIHI LBE, 0G0 TO 40
. IHI=THI+RSS
&0 LO=FEERC LOCHL )
IF(LO (BE, 0)G0 T 50
L D=L 04 0%
Y I s=(I41 042
IANES TL=IRIA L&
- IFCCIAIMN IT3) JNE. (I-1))60 TO 90
INI=( 15 JAND, IMI)
NUM=THI¥254+L0
L TIATC RNT J=NUM
RNT=RNT+1
RETFANTEQ
- EO COMTE NKE )=L.0C
109 KDNFERUE
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C
(Y
. FALUSE
- FALIGE

COMMENT INITIALIZE TO STARY DATA FROCESSING FROM ARRAYS
G0N AVERAGE REMOVED FROM WAVE ARRAY NEXT
“O0aM NDTE! DATA SYILL IN YRIT/ FORM ~- NOT VOLTS OR E. U,
{0 ONV CONVERTS RITS TO VOLTS TO FEET,
CNU=4,0%, 002442
~ DELTAT=,2113
KOUNT =0.
‘ 18UM=0
- R0 10 I=1,1024
10 ISUM=TSUMEIDATC D)
ISUM=T18UN/ 1024
~ D 14 I=1,1024
14 INATCI=TIATL T 718U \
(OM  START DETERMINING WAVE FEARSs TROUGHS, ANU FERIONS NEXT.
~ HAX==327 67
NIN=32747
T4
- IFCINATCLY WGT, 0) GO 7O 12
00 11 I3=1,1024
11 IFCIRATOIZ) VBT, 0) GO TO 1S
R M 13 I3=1y1024
13 IFCIHATIIZ) LT, 9) GO TO 17
COMMENT PQINTS GTREATER THAN ZERO BETWEEN ZERD CROBSINGS
15 B0 14 I1=13s 1004
IFCIDATCXLY JLT, 0) GO TQ 28
IFCIRATCILY BT, MAX) MAX=IDATIIL)
16 Té=T441
GO TO 29
COMMENT FOINTS LESS THAN ZERO RETWEEN ZERG CROSSINGS NEXT
Y 10 18 D=3, 1024
IFCIDATCILY JGT, 0) BO TO 29
IFCINATCTL) LT, MIM) MIN=IDATCIL)

13 Tdz=Yh+4
60 Y0 25
CORMENY MAVE HEICHT AN WAVE FERIOD CALDULATER NEXT
Sy IHT=MAX
80 TD 20
29 THT=MIN
~ 29 ROUNT=ROUNT$+1
THWFCKOUNT )=I4
INHCKOUNT d=IHT
~ MAaX=-32754
MIN=32747
T4=9
~ I13=11
IFCIDAT(IL) LT, ¢) GO TO 17
B0 TO 15
~ 25 KNT=0
L.

|
ROUNT =ROUNT-1 ' i:

s
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C U0 27 I=1,KEUNT .2
INTRE .\Nl i
WAUHTCRNT J=C ARSCTURCD) MHARSC TRFCTEL ) ) IXCRY
7 WAMPERGKNT 3= TWFC T 0P INFCTHL ) IXDIELTATYR
- FAUSE PRINT
wh[1|<d,¢9>
BRITEL 5 X4
- NRITL(JyA\)(thHT(I) I=1yRNT)
WRITEC 5y 34)
R ITE:( He3n)
L WRITEC 5y 33 X WAVFERC I ) I=1yKNT)
GOMMENT CALCULATE FREDICTED BREAKER WAVE MEIGHT NEXT
v FORMATC1X,ENTER WAVE DIRN (E.5. 89.0) ‘)
“om FORMATC 1Xs  ENTER DEFTH (E. €, 35, 4.) ‘)
? FORMATC 1X ¢ ENTER SLOFE (E. G, .03 R
WRITE(S,2)
- CALL ENTER(DEFTH)
WRITE(S:9)
CALL ENTER( 8LOFE)
= WRITECSy7 )
; CALL ENTERCTHETA )
b COMMENT lNLTlALlZ[ VARIABLES NEXT
A - FI=3, 14159
THETA=AER( THETA=90 4 0 )
THETA=THETA%I' /180, 0
- SUMTH=Q «.0
COMMENT SYART ITERATION ROUTINE FOR DETALLED PREDICTION MOREL.
A=1, 36XC 1-EXF(~ 19KGLORFE))
L ozl 5640 LPEXFC =19, SXSLOFE )
B0 22 T=1,KNT
M=, QE3KCC, PORDERFTH MK, 25 YRNAVHT L) )%k, 8

R O e

X ot ¢ T
N

- Pl AVRERC T )
24 T=H /4 R~AKHL A CFRE ) )
CﬁlL WAULTHO F s WL » DEFTH
- =l /P

CU=SHPT\3QQQ$(H1+H))
MLB-LB*P

- GINTHE=(CRAT IESTNC THETA)
COSTHR=8ART( L -8 INTHR X2
CF=,98

- CTHETA=SRRT( ARSC ( COS{ THETA) )/COSTHER) )

ARGL=2%PIXDEF THAUL
ARG2=2XF BRDAUWLE

- TANHL=( 1-EXF¢ ~2KARGL ) )/ LEENF - 2XARGL ) )
TANH2=2( $-EXE¢ -2KARER ))/¢ LRERR( -2XARE2 D)
BINHL=(EXF{ZKARG] 1~EXP( ~2XARGY 1)/2

« BTNHA=( EXP( 2XARAD 1-EXF{ ~2%ARLZ Y )/ 2

i

CH=BORT( TANHLATANHRRCE LE2KAKG ) 76 [NH1 /¢ 142¥ARE2/8INH2 )
, ) H2=WAVHT 1 JXCFXCTHETAXCS
{ L VAR=ARSHA-HL)
CONGiENT CHECK FOR ITERATION DIFFERENGCES LESS THAN 01 ARSOLUTE
YF (UAR LT, 0.01)80 TO 19
- Hi=H2 ‘
~ GO TO 21 -
i3 WAVHT( T )=H3 :

ot -

M  ceereami o e D etrs o Sy

o




CGOM ER

COMMENT
COMMENT

.
g 3
e

Q&

CEARER ANGLE DETERMINCT NEXT ( THETAR),

OPP=GART( 1-COSTHINERD )
lHLTﬁF“QIﬁN(UrF/fU STHE )
SUNMTH=GUNTIH THETAR

CONTINUE

THETAR=GUMTH/RNT

WRITE (5,35)

WRITE( G 36)

WRITE (S, 33 N UAVBTOL )y I=1yRNT)
WRITE( G 30)

WIRITEC S 3L )THETAR

BN

SUBROUTINE WAVLTHC Ry WLy DEFTHD

ROUTINE Tﬂ COMPUTE WAVE LENGTHS USING LINEAR
ROUTINE I{ERATES LENGTHS UNTIL REGULTS ARE WITHIN 0.01%.

X1333'?XT$r/(ue?8é19)
Nll X4

Ked o ARFIYROEF THAWLL
\”«&X[\‘*\)
WL2=XIROXK2=-L YA X241
WLA=AROGCWL2-WL L )/WLL
IF (ULE LT, 200010 GO TD 24
W l=e REL2FWLL 272
GO TO 23

Wle=WL2

RETURN

ENL
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SECTION V
A FIELD DATA COLLECTION SYSTEM

In this section are given the specific details of a self-coniained data
acquisition and recording system that was used for the collecting and recording
of the wave data from the CERC Field Research Facilily at Duck, M. C. ‘The
design of this system was simplified considerably by making use of extensive
design and development studies done previously by Dynex personnel on other
related Nav& tasks, The heart of this data acquisition and recording system
is the Information Transmission System (ITS) developed under other studies
and modified in this study for the given application above., As deéscridbed
in Section I, ITS is also used as the central data acquisition system in the
data buoy. Althbugh 4iscussed briefly in that section, specific information
Ls- given in this section in detail to allow an end user to adapt this system
to his specific application, Because of its versatility, ITS should be
readily adaptable for many Navy fieet applications., More complete detalls
are given ‘by Dynex reports, FR-XVI-1 and FR-XVI-2,

An overailblocg diagram of the data acquisition and recording system is
given in Figure V-1, with the data collecting and recording system given in
the top part of the figure, The lower part of the figure depicts the manner
in which the recorded data are played back into any standavrd computer with
a serial (RS-232) interface port. The distinct advantages of the system are
{ts low cost (around $600.00 for components and the digital tape recorder)
and its high reliability (typical tape errors less than one part in 10° for
tape densities o6f 1600 bits per inch or less and drift characteristics of
about one part in four thousand for long term). It is also highly portable
and uses easy-to-obtain.digital or high-quality analog cassette tapes,

The specific details of the system are given in the following paragraphs.

Up to 16 channels of analog information are input into the 16-channel multi-

plexer which sends the data sequentially to a 12-bit analog-to-digital con-~
verter for digitizing, The digitized output along with the channel address is
sent to a UART which converts the parallel data to a bit-serial, RS-232 standard
format which is recorded by the digital tape recorder., At power up, the systen
automatically commences its sequential channel scanning/digitizing operdtion

e
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until Systen power -doxn.
,all -data arée uniquely identified making data recovery and processing by the

Sincs channel addréss lﬁ contained in éach-dats word,

cenputer an easy and rellable task.

2

*

" AWALOG STIGNALS IHFORMATION DIGITAL 1

Y7 wave gauges, |, TRANSMISSION TAPE

| current meter ol SYSTEN s RECORDER
Xducer wave- gauge . | (mux-A-=to-D) | (RS-232)
calibration: signal )

Data Collecting and Recording System

| DIGITAL TAPE
RECORDER

(rs-232)

RS-232 SERIAL
INTERFACE
(p/o computer)

{~=Pl COMPUTER

Computer Processing Using Recordecd Data

Figure V-1, Diagram of Field Data Collection System and Processing Applicatidn.

An internal clock in the ITS system controls all timing of the system,
No input information from any processor is required; the system operates in
a self-contained manner. A processor is not even required for the output
The serial output data can be directly recorded on a digital
This recording can be done in the

After the data have been recorded,

information,
recorder compatible with the systenm,
field or at any location the user desires.
the digital tape information can be played tack into the serial interface

port of the processing system as 'if the data were being obtdined live in

real time. Since each recorded data word has the identically same format

as the real time ITS data, each word :éontains the address of the analog

input channel, In this manner, each dord is uniquely identified. The

-data word is made up of two bytes (8 bits eacli): a high byte containing the
address .and the most significant data bits, and a low byte containing the rest
of the data bits, The high byte data bits are bits 9, 10, 11, and 12 and

are the first four bits of the high byte with data bit 9 being the least
significant blt of the high byte. The four address bits form thé upper

part of the high byte with the most significant bit of the address being

the most significant.b1£ of the high byte. In the low byte, which contains
data bits 1 through 8, the least significant bit of the data (bit 1) is the
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least - ‘gignificant. bit of the Tow byte, and: data bit 8 is the most signi- i3
ficant bit of the low byte. This is shown pictorially in Table V. B

-
«

HIGH BYTE o : LOW BYTE : S

P
A

Al A3 A2 A1 D12 D11 D10 D9 D8 D7 D6 D5 nuxng b2 D1

where Al = MSB of address, Al = LSB of address; Di2 = MSB of data, D1 = ISB ]
f data and the bits are given MSB. to LSB left to right in the: byte ' g

Table V-1, Data Word Bit Arrangement in- the High Byte -and Low Byte

it 4 e sy

Figurés V-2 through V-4 give: the sequentgally%scanﬁing node diagrams,
Figure V-2 is a functional block diagram; Figure V-3 is & block schématic-
wiring diagram of the signal and powér of the systenm; and,Figure V-4 is the
same type of diagfdm for the control and timing circuitry of the systenm,
These figurés should be reférred to in the following di§9ussion of the
system.

A 1,8432 megaHertz crystal oscillator derives the master clock sigmal
for the system. This clock signal is input to a baud-<rate generator, which
in turnm derives the desired clock, timing, and control signals for the
systen operation. The clock signal for the UART (Unive;sal Asychronous
L Receiver/Transmitter) is 16 times the .selected baud rate for the systenm.

! - Two additional clock signals are developed by the baud-rate generator: ‘ :
: a divide by '16 and a divide by 32 of the baud rate selected, The first
is used for developing the UART enable signal, and the second is used for
thé tri-state enable signals (one for the high-byte: set and the inverted
signal for the low-byte set of tri-states). The second clock signal is
also used in the sequentially-scanning mode for setting the parity of the
UART with the high byte having even parity and the low byte having odd
parity. (Refer to & later discussion in this section on the use of even

e s - et oo oo W St W o s M s ram wn v oae v

= and odd parity by the processor to determine whether the byie belng pro-
cessed is high Uyte or a low byte.) In addition, the divide by 32 clock
signal that is used to enable the high-byte tri-states is used to strobve
(or start the process) of the multiplexer-digitizer (SDM 853).
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The UART enable.signal is developed by a D-type dual flip-flop, which

‘ipconjunction with the asspciatgd‘trifstate,ﬁroduces 2 signal that is high

most. of the time, 18 dow for two fixed clock’ periods of 104~micrésécoﬁds,
and returns_high sgain for the next cycle. The UARE is emsbled by the low
signal,’ which means that data on thé UART fhput lines (pins 26‘throﬁgh 33
of the CDP 1854) are available to the UART transmittér registerS, Whep
the UART enable signal goes high, the data on these lines aré latched in
fhe’UART., Any-.changes on the data after that time are not seen by the

nUAﬁT‘unti; it is enabled égainﬁfy a low signal. Also data- that is changing

while the UART is enabled Kas no effect; only the data that is there when

" the enable signal goes high (the rising -edge of the UART enable signel) is

latched by the UART to be serially sent out. When thé'dqﬁa is latched in

the UART, it is then setially clocked out at the selected taud rate.. The

following format %as -hard-wire selected for the UART: [rst bit out is the

- start bit, then ithe 8 data bits, 1 parity bit, and 2 stop bits,

The output data from the digitizer is connected tec four tri-states
which form the B-bit bus system of the ITS. VWhen a set of tri-states are

“ enabled,vihey QQIOWrthe data on the input to be passed through onté the

bus. When the set is disabled, the tri-states in effect block the input
data from appearing on the output bus. In this manner, when the high-byte
tri-statés are enabled, the data for the address and four most-significant
bits appear on the output bus. When the low-byte tri-states are enabled,
the data for the data bits 1 through & appear on the output bus. It should
be noted that the SNM 853 is only strobed once-during this cycle-such that
the data on the output lines are held constant while the high byte and then
the low byte are put. on the output bus and are transmitted serially high

byte then low byte by the UART,

When the SDH. 853 is strobed, the multiplexer is stepped to the next
address (starting initially at channel 0), the analog data is then presented
to- the digitizex-after a 9 microsecond delay to allow the data to settle

\ before -digitizing, and the data is-digitized with the 12 data bits and

address appearing on the output lines of the SDM 853. 24 microseconds later.
The éntire process takes approximately 33 .microseconds and, of course, is
independent of the selected baud rate. During the time that the data is
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géing~ﬁigitizeéfand datd on the bus is being switched from one byite (either
high or low) %o the other byte, the UART is enabled. But the data is not

- Jatched at this time. The data is latched 104 microseconds after the start

of the process to allow complete sgﬁtiing of 211 devices before latching to

’ insure valid data in the UART to be transmiited,

The SDM 853 is continually strobed, stepping it through all 16 data

.channels, with two bytés being transmitted by the UART (a Kigh byte and a

low byte) for each data woxrd. The cycle continually repeats itself since
it is coﬁple&ely‘under intermal clock control, The ITS does not check t6
see if the receiving dévice (a processor or a recorder) is ready. It puts
out the data whether or not the recéiving device is ready or even theve,
Therefore,ﬂit is necessary that the recelving device be capable of receiving
the data bit stream at the rates being transmitted. It should be noted that

. the 104 microsecond UART -enabling period would have to be shortened to pre-

vent over-run of the UART stop bits being sent if the baud rate exceeds
38.4 kilollertz: This enabling period must be.shortened to ‘prevent over-
run of the parity and data bits for baud rates higher than 57.6 kiloHertz.
This epabling period can be shortened by using a higher frequency than
19.24kiloﬂertz out of the baud-rate generator., However, in shortening
this enabling pericd, caution must be exercized not to mdke the period
shorter than the total time period of 33 microseconds for the SDM 853.
With ¢are this can be-done without exceeding the 200 kiloHertz baud-rate
limit of the UART operating at 5 volts.

A major concern in reading the data is to be able to reconstruct the
12-bit data word with the 4-bit address. This ¢an be done by first determining
which of the received bytes is & high byte and which is a low byte, When a
high byte is located, the address can be stripped off to detexmine which
channel the data came from. Thenthe high byte and the following data byte,
which by definition will be the low byte corresponding to that high byte,
can be combined to form the original data word. The parity bit in each
byte is checked to determine whether the parfty is even (thus @ high byte)
or odd (thus.a low byte), This can be done by the HP 9825 in the following
manner: The serial interface is set up for even pafity. If the byte read
by the interface contains even parity, there will be no parity error. But

ey A — i o

sy v e

e

e R Gty

ST VIR TY S A S R

Ak b et e ] F e

FIEET 00 0 ) i art eyt Mm st Do P PRI gy




V-6

if the byte read contains odd parity, there will be a parity error and the
parity errcr bit in the status register of the interface Will be set, with
the f%ag bit mumber depending on. the specific system. The procedure is then
io reéet first the status word régisters, read a byte, wchec% the’status word
for ‘a parity error, and when an error is detected that byte is a low byte
becauoe a parity erroxr-will occur for a byte with-odd parity, which is a

Jdow byte, Therefore, the next byte in the stream must be a hlgh byte by
definition, 'since the stream is always alternating high byte, low byte, high
byte, low byte, etc, When the high byte is @etecfed, it 'then caﬁ be examined
for address by looking-at the four most significant bits only. If one wanted

to start at address zero {the firSt channel), then one would follow the folloaiﬁg
procedure: After-a low byte has been detected by the parity-errcer method given

above, read in the next tio bytes. These will be a high byte/lox byte pair
since the high. byte is sent first in the set. Examine the.address found in
the ‘high byte by eé;uating'aij.he high byte to a dummy variable, shifting-all
‘four bits of that variable right by four places (or anding it with 240).
leaving only the address bits in the lowest locations of the variable (or
in the highest places of the variable in the case of an anding operation).
The dummy variable can then be’checkéd,toxsee if the address is the desired
one, If not two .more bytcs are read in and the address checked following the
procédure given above until the correct address is located Then the data can
be read into the computer-array for processing. Several specific programs
are given 4in this report that use the above procedures. The prograin Lateh,
described in Section II and the FORTRAW listing of that routine given in
Program Listing II-1, s a very good example utilizing these procedures.

The final.part of this field data collection system is the digital tape
recorder. The particular recoxrder used in this study is a National Multiplex
Digital Tape Recoxrder Model number CC-9, which cost less than $200,00 and
uses loéw-cost dtgifa] or good-quality analog cassette tapes. The recordex
.comes complete with BS-232 interface as well as TTL compatibility. It can
operate up t6 9600 baud by changing the tape speed to keep the tape density
less than 1600 bits per inch (1200 bits per inch is a good, rellable speed
for most reagonable cassette tapes), The recorded output from this tape

recorder can be directly inmterfaced with a serial (RS-232) port of any computer,

eomﬁleting the recording/processing seqience,
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. SECTION VI
f U FIELD TESTS AND PROCESSING RESULTS

Part I, NCSC Tests

This "first part gives discussions of the deployment, operation,
and retrieval of the data buoy in the Gulf of Mexico, the description of
the test conditions from which data were collected, and a detailing of
the method of conducting data tests. Also included in this section is

a discussion of the method of making direct ground-truth measurements to

support the tests, The last part of ‘this section presents the results of
the data processing, in which the results of the two prediction models are

compaxed with one another and with the ground-truth measurements and the
obsérved conditions by other means during data collecticn, The specific
computer output-line print-outs are given in Appendix A for the simplified
model and in Appendix B for the detailed model.* The reader is referred to
these two appendices for actual values and specific details of the pro-
cessing results;* Included in these two appendices are 72 individual test
runs, giving over two thousand measurements and calculations of wave heights,

perlods, directlion, predicted breaker heights, and various other assoclated

*
processing statistics,

Buoy ‘Operation, Prior to the buoy deployment, the entire system was

checked out for proper operation and calibration. The tide gauge was
calibrated at NGSC in their test pool down to depths almost as deep as
the deployment depth. These vesults indicated a very linear calibration.

Water circulation tests were made for the current meter as well as other
in-water testing of the wave sensor, The t ¢ mperature sensors were com-
pared with laboratory standards., Complete calibration tests were performed
on the ITS system. (These tests have been previously discussed.) Prior
to the deployment of the buoy, a final check-out of the system was done
with the HP-9825 system, testing as a unit all parts of the system. Any
results that appeared not satisfactory were corrected, and the system was

again retested until all resulis were satisfactory.

The buoy was deployed by NCSC divers under supervision of the NCSC
program task leader and with the technical assistance of Dynex personnel

-at the beach toxer to check and verify proper operation. The buoy was

%~ B o
Appendices A and B .are contained in Interim Report FR-XX-1,
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) deployed in -approximately six meters of water ahout 300 meters offshore,

3 (.} This location put the data buéy outside of the outer sand bar in open-water
conditions, The sensor probes were approximately one meter off of the
bottom. The buoy was oriented such that the positive Y-axis of the current

meter was directly pointing onshore and the positive X-axis of the meter was

o rer

pointing directly long-shore to the right as viewed from the shore facing
the buoy., The shore at this location is aligned approximately Noxrthwest to
E Southeast. Thus, the onshore direction is Northeast (positive Y-axis) and
the longshore direction is Northwest (positive X-axis). Two vertical plpes
Jetted into the bottom were used to secure the buoy in place,

e " o PSP RIS VS

The buoy was fiirst deployed on 10/1/79 in the Gulf of Mexico directly
off of NCS3-Beach: Tower Number One, The deployment was made without any i

undue--complications., The data was immediately checked upon deployment
and indicated completely satisfactory operation. A data tape was made

on site at this time in addition to many other tests and checkouts., After
the buoy deployment, the performance of the buoy was checked usuvally at
least once a day and sometimes several times a day, It was reallzed that
the cable that was used for providing power to the buoy and transmitting :
data back to the beach site was not a long term type of cable. It was ;
available to the program at no cost, and the original objective was to :
deploy and test the buoy system, This could he done over a short pericd ;
of time, At that point a more dependable cabdbling system could be used
if further testing was desirable,

On 10/ 7/79 it was determined at the Dynex terminal that there were
apparent problems -with the buoy system, Although data was being recelved
previously, at this point there was no data on the telephone line, BEarly
the next day a visual ingpection of the site indicated that the cable had
parted at the splice near the water's edge. At this point, the cable was
pulled, with the buoy left in place. After the cable had been repaired,
it was reinstalled on 10/12/79., The system was again checked out and
found to be totally operational. However, this cable was not able to
with-stand the strong waves and currents in the ncar-shore zone and pro-
blems were encountered again -- this time causing a failure within the

buoy output electronics. The output transistor attempted to drive a

B
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highly increased load when the cable failed. This output circuit was
redesigned such that this type of cable failure would not catse a .failure
within the buoy.

At this point a different cable was obiained from another program area
that was interested in the buoy system. This new cable has been demonstrated
to be able to with-stand considerable forces in the surf and near-surf zones.
On 11/28/79 the buoy system was re-installed with the new cable. At this
point the bottom mounting system was changed from screw anchors to the
vertical plpes jetted into the bottom as mentioned earlier. As defore, a
complete checkout of the system was made at deployment, and a test data tape
was recorded. The results of this new deployment appear very good; however,
as of the time of this report, the present status of the cable is believed
to be operaticnal, but not definitely ascertained. On 12/12/79 the buoy was
pulled for inspection., It has not been redeployed as of this time,

During the time of deployment, considerable testing and data collection
were performed, The results of this testing period indlicate that this
buoy system is very reliable (excluding cabling problems) and produces in
detall all of the required parameters as designed,

Test Conditions, Six separate data runs were made that have been pro-

cessed to test the prediction models. These data runs are in addition to
the other data collected for the specific purpose of testing the buoy.

These conditions are summarized in Table V-1, The test runs made during

the buoy and/or cable installation all show very calm conditions. This is
because it is desirable to install ‘the system during relatively calm con-
ditions. Two of the test dates occurred during moderate to rough conditions.
A strong system was propagating large amounts of wave energy from the Gulf
into the test area on the sixth and seventh of December. It was on these
two days that the best conditions existed and that én these two days the
most detailed measurements were made of the breaker heights to be compared
with the predictionmodels. The breakers were well defined, being long-crested
and having long pericds. During the taping of data from the buoy system,
actual measurements were made of the breaker heights using a technique given
in the following part. This information was used for the detailed analysis
glven in the last part of this section.
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'{T; Method of, Ground Truth déasurements. One of the major objectives of

o - this study is tﬁqﬁc?aiuaiion‘of the prediction models. Therefore, it. is
necéssaxry to havg a metAcd for this evaluvation. What is desired is an

s " actual measurement of the breaker height on an individual basis to compare

directly with the predicted helght as giv-n from the measured offshore

parameters and the prediction model. Thisinecessitates being able to time-

\corrplate buoy measurements that are recorded diréctly with breaker measure-

ments that are obsexrved. The‘major problem with this is that the waves are
still somewhat dispersive even though the water ls shallow. For the shorter
wave lengths, their propagation is not completely controlled by the depth
as much as the longer waves which are almost shallow-water waves, Therefore,
the sequence oféthe:waves at the buoy is not necessarily the sequence that

. therarrive in at the breaker zone, Some may not even make it to this cbser-
vation reglion. However, in general, the meaSurements of a group of wWaves
can be compared with thatlﬂor time-delayed measurementsat the breaker reglion

for a similar group of breakers,

Using the above ipproach, a technique was developed using a transit
with vartical graduations. This vertical scale was calibrated for two
ki.obn distances that corresponded to two locations in the breaker region
where two surface floats had been deployed, The fléat was selected that was
nearest to the wave dbreaking. The vertical displacement of the float was
measured' using the -calibrated transit scale, Because of the height of
the tower (ovar ten meters at the transit site), the float motion could
be followed very accurately, giving an accurate measurement of the wave
breaker just before breaking, A time series of measurements were taken
during data recording from the data buoy with real time being noted on
the list of breaké&r heights tabulated at periodic intervals.

On 12/6/?9 the time series cbservations were not tabulated in detall,

but statistics concerning the observed breaker measurements were which in-
.- cluded average -breaker heights, typlcal breaker heights, average of the
largest-breaker heights, and maximum ovserved breaker height during the
entire interval of data recoxding from the bBuoy. On 12/7/79 the entire

time serles of bgeaker observations were tabulated on an individual wave-

by-wave basis aléng with time information,
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Test Results, The résults of the data processing for the two prediction
models are given in the two appendices with Appendix A for the Simplified
Mcdel and Appendix B for the Detailed Model. Included in the detailed pro-
cessing was a direction histogramming of the current motion due to the
surface waves., This is given at the first of each data run wWhers the
number of .counts is given for -each ten-degree bin, The counts do not
correspond to the number of waves but to the number of observations of
current, Wave level was sampled eight times each cycle of the ITS systenm,
but current was sampled only two times for each component each cycle, which

gave a current sampling for both components approximately once every second.

s
. : “ e
e e ek R 3 I f‘.‘“@

No attempt was made to obtain the average current direction over the individ-
uval wave perlod, This effect is proposed for future study. The current
(wave) direction given in the listings has the following 6rientation:

ninety degrees is onshore directly, Zero degrees is parallel to theshore
(longshore) and to the right as seen from shore looking towards the buoy.
Using theé buoy orientation, ninety degrees (onshore) is actually approximately
Northeast in actual coordinates and zero degrees is approximately Northwest.

The format of the two sets of listings is similar, For the simplified
model, the peak-to-trough wave height given is that measured at the buoy
one meter off of the bottom. It is not the surface wave height, The last

e ek i =

part given for each run is the extrapolated surface height from the bottom ;
measurement using linéar wave theory as mentioned earlier. Also given are

the measured wave perlods for the run, and the predicted wave breaker heights
computed from the model are included, The results for both model processing

do not include any data for wave periods less than three seconds., It was

found for these shorter wave periods that the linear theory gave not only
surface wave heights at the buoy but also breaker heights often very unrealistic.
Thus it was decided to eliminate this variation from the results and to con-

centrate the analysis on the wave periods for which it was felt that reliable
data were obtained,

It should be noted for both sets of results given that on the listings
the first wave height corresponds to the first wave period which corresponds
to the first predicted breaker height and that the second to the second, etc,
/Also, it should be noted that the first set of numbers for the simplified
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model corresponds. exactly, o the first set 6f numbers for the detailed model
on a -one-for-one besis, ‘Dat§:for one run for the simplified model can be
compared directly with data. for the same run number for the detailed model,
Note 'hawever, that the run number includes two numbors, e. g., Run Number

7-3.

For each set of run numbers thé average and RMS values are given. This
allows further statistical comparisons to ve made., Each set of data runs are
the same length in time: three minutes and thirty-six seconds, For each
data set tﬁere are slx runs indlcated by the dash numbers one through six,

e, g, 7-1 through 7-6. This gives a total data period for that test of

21,6 minutes,

On 10/2/79 two test tapes were recorded -- the first one starting
about 0830 and the second one starting about 1130, These two times overlapped
the time period when direct observations were being made of the breaker con-
ditions by NCSC personnel, Attempts were made to measure breaker heights
using a person in the surf region holding a marker stick. Because of the
rough surf, this did not prove feasible. However, some measurements were
made, Typical breaker helghts were running from about .6 to less than one
meter, Largest heights were running about one and a quarter meters. ‘The

results of the data processing for runs 2-1 through 3-6 show significant

differences for the two models., The average breaker helght for the detailed

medel is approximately .7 meters, whereas for the simplified model the
average helght is ,5:!meters. In addition, the largest breaker height pre-
dicted from each of the 12 runs on this test date was averaged with the
largest from the other runs on this date. For the detailed model this

average of the largest i1s 1,22 meters, whereas for the simplified model

the ‘average is 1.0 meters. For the conditions observed, although not in
specific detail, the typical height brackets the average height for the
detailed model (.7 meters) but exceeds that of the simplified model (.45
meters). The largest helghts observed closely match the above averages
of the largest wave from each run for the detailed model (1.22 meters),
but once again, the observed heights exceed that given by the simplified
nodel (1.0 meters). On a percentage basis the simplified model under-
predicts the detailed model for thls data about twice as much for the

average of all waves as it does for the average of the largest waves,
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This indicates for this test condition, the simplified model -does better
Tor the larger waves than for the smaller, average waves, However, the

detailed modél predicts well for all waves according to the limited obser-

vations on this date.

On 12/6/79 measurements of the wave breaker heights were made using
the. transit and the technique discussed in an earlier part of this section.
The detailed time series were not taken, but typlcal measurements gave the,
following results, Almost all of the breakers were 3/4 of a meter or
larger with the typical breaker about one meter. Many breakers were some-
what larger with some between 1 to 1.5 meters, None were observed to
exceed 2 meters although an occasional breaker approached 1.8 meters.

From the processed data, the detailed model shows that the average of

the larges® breaker from each set is 1,76 meters with the corresponding
height for the simplified model belng 1.55 meters, The average of all
breaker heights for the detailed model is just over one meter (1.07)

which is only slightly larger than that for the simplified model (.99).

For these tests, within the accuracies.of the observations, both‘models
appear to give reasonable answers, but once agian, the simplified model
gives somewhat smaller values than the detailed model. However, in this
case, the simplified model may have predicted more accurately than the
detailed .model. The observation to be made is that for the longer wave
periods, the simplified model does better than for the shorter wave periods.
The average wave period for this test date is one to one and a half seconds
longer than for the previous test date. This same observation can also be

made for the following test date results,

On 12/7/79 the best breaker measurements were made for the data that
were taken in thls study. Although one could still not make one-for-one
comparisons btetween the predicted breaker heights and the measured bréakér
heights, there were far more statistics for comparison. These results are
summarized in Table V-2 where the average,of all breaker helghts, the average
cf the highest one-third breaker heights, and the average of the highest one-
tenth breaker heights are given for the two models and for the directly
measured with the transit. These values are given for each of the six runs
on that date as well as the average for all of the runs. The direct measure-

ments are only given for the first and last three runs averaged together.
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It can beiobserved that the detailed model over-predicts the heights
1§:all cases, whereas the simplified model comes ¢loser to-.the megsﬁrea

cénditions, in some cases under-predicting; but in others over-predicting.

" However, on the ayerége, the simpllf;ed‘model is véry close except for
thé largest of the heights. For this test date the average wave periods

are rurning close to 6 seconds. It should be noted that periods of less

than 3 seconds:are not included. Refer t6 the previous discussion regarding

this ‘cut-off,

A Briéf examination of the effect of beach slope. .on thelresulﬁs given
for tﬁe detailed model was done. A slope of 1:20 wasyuéed for the data —
'.prdcessiﬁg. At this point, this value is felt to be too large. 1:30 to:

1:50 probably fits the condftions more closely., A bottom survey needs to
" be done to determiné this. Using the more gradual slcpe inAéhe detailed
) médel, the prediction reshlts for the cases tested was less, but not by
as much‘as the ;esults for this fest date indicate. The slope, as well

as other factors, need td be further investigated for modei refinement.

It should be noted at this point that the results of the comparisons
of the models with observations are very eficouraging. The results indicate
that for breakér heights up to two meters, the detailéd model predicts
breaker heights to an accuracy of the order of ten percent. For the higher
energy waves, the simplified model does almost as well, but does less well

for the shorter wave periods with lower amplitudes,

o R Bt

e

© i et e N oo pppaion U . o s a -
.

N

. ..
SRR 2

v
TREA NI NI AN £ S PNIC S TN SR W A RS

B AR AL

prEEITE PSS SEADPE WIS

ot A el SRV SR SRV I

L.

AT sthL 7

+
N

ERTY




Aebeavat .

Part 1I. CERC FRF Duck-N. C. Tests

N

It was dec {ded to perform-wave measurements using the Coasial Engineering -

"'ﬁés‘earch Center (CERC). Field Research Facility (FRF) at Duck,.-North Carolina,
to. obtdln wave and breaker data for farther teoting‘and validating the

prediction - medels. At this facility there are sevén surface wave gauges
(Baylot gauges) licated on a pier that extends out ‘into water depth over

eight meters-deep;

These gauges are located such that théy ave able to .

make measurements of the modifications during the shozling process as the
- wave -progresses into shore and: eventually bredks. 1In addition'this facility

is located on the Atlantic Ocean coast ahere oh pccasion large storms pro-

duce significant near-ohore -Waves and surf.,,

Theldétai;§ of the wave gauge locations and water depths aré given in

“Table VI-31. -

e o e e et e e o A

STATION LOCATION. WAVE GAUGE WATER DEPTH
(METERS) . NUMBBR . (METERS)
591 Bnd of Pler 7.7
579 #1 8.0
k29 #2 6.9
323 ' #3 5.7
a7 4 ‘ 5.k
239 _ #5 .2
213 4 #6 ) 2.5
- 189. #7 S
118 . Shore 0.

*‘- ’ ) -
Based on MSL-and measurements taken by CERC on 4/2/80

-~

The data acquisition system, described in the previous scétion,,was
designed for this-opération. It wa8 instadled the end of'ﬁafch, 1980 and
b camez-qpera'tioﬁél the first of April., The first Seven ¢hannels recoxded ﬁ
the sévenywaveegaugesiin the oxder glven in the above table. The next three

channéls are for two components of -current -and & pressure-transducer wave

"gauge, Thé last channel is fTor calibfation voltage (a knoyn~stan§axd).
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‘ The operation of the collection and recording system is é§ given in the
previous section. and is described briefly here. The seven»anaibg~s1ghals from
the wave gauges on the CERC pier are tied in directly into the first seven
channels of the multiplexer. If available the current meter and pressure
transducer wave gauge are “tied 1nto the next three: .channels. (This latteér
information can ‘be used to evaluate measurements on the bottom as. the source
information as ‘would the the case of a buoy operation. ) On the last channel
a mercury battery is tied in with its voltage measured preﬂisely. The shelf
life 1is .so long and the drain is sp Small that stabilities in this voltage of

-~one millivolt -or less over périods of one month or more are quite common.

During the collection tiﬁes,‘a cassette tape is puf,;nto the recorder
’ _and’ ‘s turned on at. the selected tiﬁé. At the end of the recording cycle,
i¢‘ the tape recorder automatically shuts off. The tape is then turned over for
) . ihe next recording timé. Power can be left on the system-or it ¢an be

3 shut down. .

; The data tapeo were checkéed by Dynet to ascertain that there was wave
f% data on the tdpes that appeared to be reasonable, The calibration voltage
fw . was also checked to further verify reliable operation. Since the processing
; A of the data from this location was considerably different than that at NCSC,

software routines had to be developed for this. Therefore, it was some time

before detailed in-depth processing was done on dry cf the data. However,
all tapes were given a cursory testing to discover obvious malfunctioning
-of the system, Such was found in some of the data in that only channel
r .address and né .data were being received for a period of timé., The problem
:% vwas traced. to a switch setting that had been inadvertently changed., Other
K; than this all data appeared iormal, Wave fluctuations could be detected on
all operating channels, and the amplitudes and. periods also appeared normal.
Onaobjé;tive for the data collected from these multiple gauges was to
berable o follow'a single wave from the sedward gauge all the way in to the

< . last gauge prior o Bréaking. In this manner, testing of the prediction models
ggi . could be déne on a-deterministic basis -- one that had not been done on the
%{:{ ' » previous data., It'was‘done‘on a statistical basis as given in the preyious

4 .
: part of this section, Methods were investipated for doing this with the
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data processing cquipment but without satisfactory results. A major problém
was the large spacing between wave gauges, particularly those seaward. In

geheral, there were many wave periods between gauges, and a few seconds error,

which was only a small percent of the propagation time for the longer distances, .

could allow losing track of a particular wave and locking on to an adjacent

wave unknowingly.

A method was devised that worked well with the data., A time history
of the wave records for all seven channels was displayed on the HP-9845 CRT
in a strip-éhart manner for the digital data. The data weré compressed such
that a relatively long time period could be displayed, butuere not so conm-
pressed that wave heights and periods could not be easily and accurately
read, The resultant time-history displays were dumped onto the hard-copy
printer for a permanent record, For the most part, a wave train could be
readily followed as it progressed from ore wave gauge to the next -- parti-
cularly for the larger, more prominent waves with longer wave periods. How-
ever, there still was the possibility of ambiguity in many cases. In order
to minimize this, another program was written that computed the propagation
times of waves with various periods from one gauge to the next using bottom
data taken by CERC personnel near the time of wave measurements, This
utility program, in almost all cases of interest, allowed the data analyst
to determine wave progression more readily. Foxr most applications, the
utility program was used for verifying that the analyst had selected the
correct wave rather than the results bheinz used in the selection. In almost

all instances, wave verification was made within a small fraction of a wave

period,

+s the data were being analyzed from a large storm that occurred in
October, 1980, it was discovered that wave progression to the next gauge
could not at all be followed -~ often the results appeared random rather
than orderly, as had been observed in the first set of data and in many
other independent observation., The reason for this was not immediately
obvious. Upon close examination of the data, it was found that there was
a large resemblance, in terms of amplitude and perticularly phase (in-phase),
between -the data on two pairs of the channels (one and two, and four and five).

The reason that this was .not more obvious was that the gross structure was
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very similar but the fine detail was enough different 48 io mask the effect
to the eye until close examination was made. It appeared that there was
leakage of one channel strongly onto the next for the pairs given above.

If this were the case, using this data would or could lead to erroneons
results, Since this was some of the best data collected, it was felt. that
statistically verifying these findings was warranted, To this end, the
cross~spectral programs described in Section II were written for this study
by modifying routines devzlaoped for other proguams. The coherence and phase
of the two susogeted pairs of channels were checked with the suspected
results verifiid, Cohezenciss approaching-unity and phases approaching
Zexro (in phase) resulted for ail of the waves up to periods approaching

one second. A further tesi was dene on the data felt to be reliable and
not having the above problens, Once again, the results wers as suspected,
As the distances bvetween wave gauges increased, the coherences rapidly
decreaced, and in no cases did the coherencies approach unity as strongly
as the suspected data, Also, the phase spectra displayed as a function of
frequency the typlcal phase progression assocliated with dlspersive waves,
Therefore, the suspected data were conclusively shown to be not useable,
However, the earlier data taken by Dynex personnel when the system was
installed at Duck, N. C., were shown to be reliable, aud those data were
used in the proces$ing and model verification glven in this ps 't of this
sectlion,

The data from the April 1, 1980 test were manually read from the strip
chaxrt display print-outs as given above. The best seaward gauge was selected
Tor the input information into the prediction model. For each seaward height
read, the same-wave was read in height at each of the followlng gauges until
it no longer appeared (breaking occurred). For almost all waves used in this
part of the study from these data, breaking occurred between gauges #6 a.ad #7,
(in a vast majority of the cases the prediction model gave breaker depths that
were between these two gauges, further supporting the model.) In addition to
the wave height measurements, each wave period was measured. This information
was put into the modified manual input prediction program (descrited in
Section II), and the results for each wave input were given and recorded
along with the input information., The results of this were then tabulated
and examined statistically and are summarized in Table VI-4, The print-outs
of the strip-chart display for this test date are given in Figure VI-1,
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Table VI-&, Statistics of Measured and Predicted Breaker .Heights
CERC Field Research Facility, Duck, N. C., &4/1/80

'

Range of Rangé of Range of Average of RMS of Range -of
off-shore measured  predicted measured  measured predicted
wave. breaker breaker = minus minus breaker

heights heights helghts predicted predicted depths
‘heights heights

1.9 - 4,7 '2,8-7,0 3.3 -74 0,007 0.63 3.1 - 6.9 (Feet)

006 - 101"' 0.9 - 201 100 - 2‘2 0.002 Oolq ‘ 1‘»0 - 2;1 (MeteI'S)

As the above table indicates, the detailed prediction model very
accurately predicts the breaker heights compared statistically with thé
actual measurements. For the conditions in the above table, the average
breaker heights neasured was 1,46 meters and the average of the prediction
error (measured breaker helght minus predicted breaker height) was only
0.002 meters, giving-a percent exrror of only 0.1%. Although the average
error is almost zero, the predicted results are probraly not as good as
the above would indicate, All of the wave breaking appeared to take place
between the last two inshore wave gauges., All of the measured reading were
taken from wave gauge #6, the last gauge prlor to breaking., However, wave
modification undoubtedly continued until the point of breaking. Thus, in
reality, the measured values at wave gauge #6 are low compared to the
actual breaker height at the locdtion of breaking. This would also make
the predicted values low by this difference, since these values predict
very closely the heights a short distance prior to breaking. No quantitative
numbers are offered in this study as to how large this difference might bYe.
That is not within the scope of thls study.

The above discussion points out one of the limitation of this type of
verification measurement. For an accurate measurement of the breaker height,
the break must break just afier passing a wave gauge,l. e., be at the point
of breaking when passing the gauge. This will .not occur very often. If cne

requires the wave to break within one or two meters of the gauge, statistically,

all else being equal, this will occur between five to ten percent of the time.
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. . AS the breakigg<move5'fuitheg shoreward of the gauge, the measurement error
d {aﬁ increases, Thus, it would seem, in order to eéaluate the prediction models

Rk

with more accuracy and feliability than availadle through the means uséd in
this study, it will be necessary the make the measurements of the wave at
the time of breaking by some other meané: It nay be that the method of
measurement used in the NCSC buoy test, using a transit, as described pre-

viously, is one of the more accurate methods.
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Figure VI-1. Digital Strip Chart Time History of Wave Records from CERC FRF,
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CONCLUSIONS AND RECOMMENDATIONS

i1, Regarding the over-all buoy system and its operation, the results
of this study have demonstrated that this system is a very reliable one,
has the ability to measure very accurately the required wave; tide and
current inputs for data processing, is easily deployable by divers from
& small boat with minimum equipment required, and is readily adaptable to
a variety of fleet operations and applications: It has demonstrated that
it can withstand the hostile environment of the near-surf zone within the
limits tested and has the ability to tiransmit its data via a wide variety
of methads to the end user, thus making this buoy system a prime candidate

for fleet operations.

2. It is concluded that the software developed for the support operations
of the budy system is efficient in terms of processing capabilities of speed,
size,; and complexity, can te adapted to on-board buoy processing without
considerable modification, is flexible and readily adaptable to a wide range
of user applications, and the  study results further show the software to

be reliable and accurate.

3. It is further concluded that both of the prediction models used in
this study give very good results, often with prediction errors of only a
few percent, that the detalled model allows for a greater flexibillity and
range of environmental inputs but does require more complexity in processing,
and that the simplified model, although limited, gave accuraclies that are
¥ell within the requirements of many fleet applicatioﬁs.

L, Tt is recommended that testing be continued over a larger range of
wave and breaker conditions and that a method for more accurately measuring

the breaker parameters for ground-truthing the models be exploréd.

5. lastly, it is recommended that continued. development be done on this
buoy system, further investigating the effects of environmental parameters
and refinements to the models, and development efforts, leading to the end
product of an operational system for the fleet including on-board processing

where applicable, be continued,
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