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SUMMARY

This report, which concludes the commissioned work on Directional Wave
Measurement in the Southern North Sea, first summarises the coastal WAVEC
measurements at Flamborough Head and Cromer. It then describes the technical
and operational aspects of a WAVEC-Mother Buoy system which was used to acquire
data from the outer Silver Pit area (south of the Dogger Bank). The limited
data set obtained are presented. Extensive details of the technical aspects of
the work are appended for completeness in the event of continuation of the
development of the Mother Buoy system.



1. INTRODUCTION

The work described in this report is a continuation of initial work,
commissioned by the Department of Energy, on the evaluation and familiarisation
trials of a directional wave buoy by the Taunton laboratory of I0S during 1984.
These trials demonstrated the feasibility of obtaining high quality directional
wave data in moderate continental shelf depths over a radio telemetry range of
up to 30 km. It was originally envisaged that these trials, held off the
Pembrokeshire coast, would lead to a programme of measurements off the Quter
Hebrides and the Scilly Isles. However, the Department's interest in
directional data lay in the Southern North Sea. A factor, albeit of short term
importance, in establishing a North Sea site with some urgency was the imminent
operation of the SIR-B Space Shuttle flown synthetic aperture radar imagery
mission; the programmed use of this equipment included orbits covering part of
the Southern North Sea.

The single WAVEC buoy, manufactured by Datawell bv, of Haarlem, The
Netherlands, which had been procured for the initial evaluation trials was
clearly insufficient, on its own, to allow operational measurements over a
period of years. The procurement of two more WAVECS, with the necessary
associated mooring equipment and receiving/processing equipment, was therefore
initiated in January 1985. The equipment was delivered in March 1985.

A primary purpose of the deployment of directional wave sensors was
understood to be the provision of data for wave modelling in the Southern North
Sea, the need being to define boundary conditions along the Northern boundary
(along an East-West line south of the Dogger Bank). Possible sites were
lTimited by buoy telemetry range and a survey revealed three possible initial
sites off the East Yorkshire coast: these were West Sole, Rough and INOUT 30 (a
mooring used during JONSDAP 76 off Flamborough Head). The Flamborough Head
site was selected, mainly on the grounds of easy access to the receiving
equipment for service and data collection. This was to prove a fortunate
choice in the light of subsequent requirements for intercomparisons with other
systems (h.f. radar, a Marex buoy and a surface current measuring buoy). The
nominal position of this site was 54°15'N, 0°03'E. The site was, however,
subject to fishing activities, but these are a widespread problem in the North
Sea and elsewhere so far as survival of moorings is concerned.



The intention was to establish a second site on the East-West Tine,
perhaps in the Indefatigable area. However, approaches to platform operators,
with a view to the installation of telemetry receiving equipment and data
logging equipment, failed to meet with any success. It was, therefore, decided
to establish a second WAVEC site at a position off Cromer, to measure the wave
field after it had propagated over the banks south of Dogger. At the same
time, it was decided to investigate the possibiiity of producing a buoy system
which could be used at sites remote from land, using long range {possibly
satellite) telemetry equipment. This work was commissioned in September 1985.
The current report primarily covers the period September 1985 - December 1987,
although reference is made to the previous work, of which it is a continuation.
The work covered included:

1. The maintenance of the Flamborough head WAVEC and of the associated

receiving station at Thornwick Bay.

2. The deployment of a WAVEC off Cromer and the establishment/maintenance
of an associated receiving station.

3. The modification of a MAREX buoy hull (owned by the Department) for on
board processing/satellite telemetry of wave data acquired from a
nearby WAVEC buoy.

4. The recording of observations for subsequent analysis.

Subsequent amendments in connection with | and 3 were that

5. The MAREX ("mother") buoy should be tested in conjunction with the
Cromer WAVEC.

6. The Flamborough Head buoy should be removed and deployed in
conjunction with the "mother" buoy at a site 54°N 2°E.

2.  WAVEC OPERATIONS
2A. Operation of the Flamborough Head WAVEC Buoy and Receiving Station

The site chosen for the Flamborough buoy was 54°13.7'N, 00°01.7'E; this
was 7.7 nautical miles from Flamborough Head lighthouse on a bearing of 030°
true. The mean depth at the site was 51 m; the sea bed was a mixture of sand,
broken shell and stones, giving a good anchorage with the combination of heavy
chain and a Bruce digging anchor that was used (figure 1). A survey of
possible vessels for deploying and servicing the mooring resulted in the use of
the m.f.v. 'Janet M' for all operations. This vessel, based in Bridlington,
was owned by the secretary of the National Fishermen's Organisation; it was
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hoped that good relations with fishermen could be maintained by this contact.
In practice, the buoy is thought to have been trawled a number of times; the
intensity of fishing activities in the North Sea presents considerable hazards
to any small buoy mooring.

Two possible sites were identified for the associated receiving station:
these were the Flamborough Head lighthouse installation and a remote cottage at
Thornwick Bay, about 1 mile North West of Flamborough Head. Whilst the former
would have provided a reliable power source and suitable accommodation, there
were doubts regarding the level of radio interference that might have been
experienced due to transmitters on site. The site at Thornwick Bay was,
therefore, utilised. A small space inside was rented to accommodate the
receiver, computer and tape drive equipment; the gquarter-wave whip receiving
aerial with ground plane rods was mounted on a guyed scaffold pole in the
garden. Although this site was very remote, it was close to the coastal
footpath. During the operational period of this receiving station the
receiving aerial was vandalised on one occasion, the cable and pole being sawn
through and the aerial removed. Other problems were interruptions of the mains
power, usually due to thunderstorms in the vicinity, and failures of the
Columbia tape drive unit. This unit necessitated a number of service visits
and resulted in a considerable reduction of the data return for this station.
Data Technology Tracker 1600 units (functionally equivalent to the Columbia)
were used for the Cromer receiving station and for transcription at Wormley;
these were completely reliable. The Thornwick Bay receiving station was 7.2
nautical miles from the WAVEC site and was approximately 70 m above sea level
near the edge of the cliff top. Arrangements were made for the tape cartridges
to be changed at regular intervals and posted back to I0S for translation.

The history of the Flamborough Head WAVEC deployments and receiving
stations is given in Table 1, below.
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Table 1

Flamborough Head WAVEC and DIREC Installations

Date

Event

4th October 1984

8th October 1984

10th October 1984

16th October 1984

29th October 1984
-1st November 1984

6th December 1984
7th March 1985
17th March 1985
21st March 1985

28th March 1985

10th April 1985

16th April 1985

WAVEC No. 22009 deployed using m.f.v. 'Janet M'.
Receiving station set up using DIREC No. 23004.
Frequency 29.825 MHz.

Strong signals received but receiver would not lock
on.

Mr Gerritzen of Datawell was contacted re. the
problem.

Mr Gerritzen visited the Thornwick Bay site with
test equipment and diagnosed a faulty channel
resulting in the frame sync. code (all 'ls') being
transmitted twice per scan. This necessitated
return of the buoy to Datawell.

WAVEC No. 22009 recovered using m.f.v. 'Janet M'.
Buoy towed back to Bridlington. Instrument
canister returned to I0S(T).

WAVEC transported to Datawell by van by E.J. Moore
and C.H. Clayson for examination and repair and
discussions re. problems. Faulty amplifier
replaced. Fault arises from operating transmitter
with 1id off, causing latent fault in integrated
circuit type uA776. This fault results in latch up
at a later date.

WAVEC No. 22009 redeployed, using m.f.v. 'Janet M'.
WAVEC No. 22009 found adrift (trawled).
WAVEC No. 22009 redeployed, using m.f.v. 'Janet M'.

WAVEC No. 22009 reported adrift again. Could not
be picked up due to bad weather.

WAVEC No. 22009 sighted by Belgian trawler in Force
10, 15 miles off Hornsea.

WAVEC No. 22012 deployed, using m.f.v. 'Janet M'.
Frequency 29.725 MHz. DIREC No. 23009 substituted
for 23004.

WAVEC No. 22009 recovered by m.f.v. 'Grimsby
Gladness'. Reward paid for recovery (£200).
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3rd June 1985 HP85 at Thornwick Bay locked up, possibly due to
thunderstorm.
6th June 1985 Receiving installation repowered up, returning to

normal operation.

w.e. 18th August 1985 WAVEC No. 22012 mooring thought to have been
damaged at this time (Dutch herring fleet was in
the area at the time).

16th October 1985 WAVEC No. 22012 recovered, using m.f.v. 'Janet M'.

23rd October 1985 WAVEC No. 22009 deployed, using m.f.v. 'Janet M'.

3rd December 1985 Reported loss of signal at receiving station.

6th December 1985 Buoy reported on station and in good condition.

10th December 1985 Receiving station visited. Aerial found to have
been vandalised. Jury rigged.

c. 9th February 1986 WAVEC No. 22009 adrift (reported off station).

12th February 1986 Radio contact Tost.

14th February 1986 WAVEC No. 22009 recovered by Whitby lifeboat.
Reward paid for recovery (£200). Mooring cross
damaged.

27th February 1986 Attempted deployment aborted due to bad weather.

7th March 1986 WAVEC No. 22012 deployed, using m.f.v. 'Janet M'.

c. 10th May 1986 WAVEC No. 22012 adrift (reported off station).

2nd June 1986 WAVEC No. 22012 recovered off Lemvig, Denmark.

Reward and repatriation arranged by agents.

August 1986 Receiving station at Thornwick Bay removed.

Calibrations of the two WAVECs used were carried out as follows: WAVEC No.
22009 - October 1984 and June 1985 at Datawell, Haarlem and June 1986 at
Hydraulics Research Ltd., WAVEC No. 22012 - March 1985 at Datawell, Haarlem.
Calibrations were all within 1% of the nominal values, so that the nominal
values were used in processing the data.

As will be noted from Table 1, there were four occasions where the
Flamborough Head WAVEC went adrift and a further occasion where the mooring was
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damaged. Inspection of the remains of any mooring components that were
recovered suggested that cutting of the mooring as a consequence of trawling
activities was the likely cause of these events. The mooring used in each case
was of the standard type shown in figure 1. Modifications subsequently
introduced by Datawell include the use of stainless steel chain links between
the buoy and mooring cross, a single attachment point on the mooring cross
centre, a 1.5 metre stainless steel chain between mooring cross and rubber cord
terminal, and the use of two lengths of stiffer rubber cord to give greater
elongation in areas where high currents are experienced. These modifications
were incorporated in the later Cromer buoy moorings.

2B. Operation of the Cromer WAVEC Buoy and Receiving Station

The site chosen for the Cromer buoy was 53°04'N, 01°31'E; this was
approximately 11 miles from the Cromer HM Coastguard lookout on a bearing of
035° true. The Tookout formed an ideal site for the receiving station. The
mean depth at the buoy site was 31 metres; the sea bed was a mixture of sand,
shell and gravel, giving a good anchorage. The deployments, maintenance and
recoveries of buoys used for this site were subcontracted to Hydraulics
Research Ltd. I0S were still operating the Flamborough Head buoy, using the
WAVEC, serial number 22009, procured for initial evaluation and one of the two
WAVECs, serial number 22012, procured in March 1985. The other of these
(serial number 22011) was not sufficient on its own for a routine operational
system. The specification for the subcontracted operation therefore required
the hire of a second set of equipment (backup buoy and mooring equipment). The
technical specification for the subcontracted operation is included in
Appendix A, Annexes A to P.

The receiving station was set up and maintained by 10S, with the
assistance of the local HMCG staff, tape cartridges being posted at intervals
to I0S for translation. The receiving antenna was a quarter-wave whip with
ground plane rods, set on a guyed scaffold pole (as at Flamborough Head).

Since this was within a fenced compound no interference by the public was
expected or, in the event, experienced. The coaxial feeder was run underground
into the Coastguard lookout via a gooseneck. The DIREC receiver, HP85B

computer and Data Technology Tracker 1600 cartridge tape drive system were
installed within the lookout.
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The history of the Cromer WAVEC deployments and receiving station

operations is given in Table 2, below.

Table 2

Cromer WAVEC and DIREC Installations

Date

Event

12th November 1985

21st-22nd November 1985

4th December 1985

12th December 1985
-9th June 1986

11th June 1986

19th June 1986

24th June 1986
17th July 1986
5th August 1986
-3rd December 1986

11th December 1986

9th January 1987
22nd January 1987

13th February 1987
-12th June 1987

21st July 1987

H.R. Ltd took delivery of "I0S" WAVEC No. 22011.

“I0S" WAVEC No. 22011 and HR WAVEC No. 22025
calibrated at HR Ltd, using swinging arm
calibrator to Datawell design.

WAVEC No. 22011 deployed, using m.v. 'Dawn
Flight'. DIREC No. 23004 installed in HMCG
lookout.

11 checks on buoy position/condition made by
various vessels operated by Warbler Shipping.

WAVEC No. 22011 recovered and WAVEC No. 22025
deployed, using m.v. 'Putford Tern'.

WAVEC No. 22025 recovered by m.v. 'Stirling

Liberty' near platform 4829B (data still being
received at Cromer).

WAVECs No. 22011 and 22025 calibrated at HR Ltd.

WAVEC No. 22011 deployed, using m.v. 'Chudleigh’
using modified mooring.

8 checks on buoy position/condition made by
various vessels of the Warbler fleet.

WAVEC No. 22011 reccvered by m.v. 'Liberty Moon'
near platform 4829B (data still being received at
Cromer, but Hz channel faulty).

WAVEC No. 22025 calibrated at HR Ltd.

WAVEC No. 22025 deployed, using m.v. 'Chudleigh'.

6 checks on buoy position/condition made by
various vessels of the Warbler fleet.

WAVEC No. 22025 recovered, using m.v. 'Dawn
Flight'.
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7th August 1987 WAVEC No. 22025 calibrated at HR Ltd.

12th August 1987 WAVEC No. 22011 calibrated at HR Ltd.

14th August 1987 WAVEC No. 22011 returned to I0S(W).

30th September 1987 WAVEC No. 22009 deployed, using m.v. 'Dawn Sky'
(I0S deployment).

5th October 1987 DIREC No. 23009 substituted from No. 23004.

9th December 1987 WAVEC No. 22009 recovered, using m.v. 'Dawn Sky'

(10S recovery).

A complete account of the calibration procedures and results is given in
the associated report on the data gathered at the Cromer station (Clayson and
Ewing, 1988).

2C. Data Collection, Translation and Banking

The WAVEC/DIREC telemetry and processing system has been described in the
Cromer Report (CLAYSON and EWING, 1988) in some detail which will not be
duplicated here. Briefly, the receiving station processor and controlling
microcomputer produced tape files, at 13 hourly intervals, containing
housekeeping data and the full set of 9 co- and quadrature spectra of heave
displacement, North-South slope and East-West slope. The 128 spectral estimates
in each spectrum were produced by averaging the results of nine spectral
analyses of 200 second ensembles at 1.28 Hz sampling rate, giving estimates with
18 degrees of freedom at 0.005 Hz intervals. Pairs of this set of 128 estimates
were further averaged in the HP85B control microcomputer, giving 64 estimates
with 36 degrees of freedom at intervals of 0.01 Hz. The estimates are centred
on frequencies of 0.0075 Hz, 0.0175 Hz, 0.0275 Hz, ...... , 0.6275 Hz. The zero
frequency estimate was replaced by parameterised data in the recorded file
format. Each file consisted of 6804 ASCII bytes. The Columbia and Tracker 1600
cartridge drives recorded the data files in ECMA 46 standard format. The
cartridges were posted in standard Jiffy bags to I0S for processing. The
Flamborough Head data cartridges were checked and translated onto " computer
compatible magnetic tape using a replay system at 10S (Bidston) (now the
Proudman Oceanographic Laboratory). The Cromer data cartridges were checked and
translated to files on a microcomputer Winchester disk drive at Wormley; these
files were then transferred to the IBM mainframe computer at Wallingford via the
network and subsequently archived on 3" computer compatible tape.
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At the time of writing of this report, all the Cromer data from
7th December 1985-30th June 1987 have been processed and banked in the MIAS
data bank. The Flamborough Head data, covering the period January 1985-May
1986, inclusive, have been reformatted to MIAS directional wave data format and
banked. Reports on data from selected periods during the Flamborough Head
WAVEC deployment have been prepared and submitted; these include the
WAVEC/MAREX S100/I0S P-R buoy intercomparison period (April-May 1985)
(CLAYSON, 1985) and the WAVEC/Marconi OSCR h.f. radar/10S surface current buoy
intercomparison period (March 1986) (EWING, 1986). Selected parameterised data
were also produced for Sir William Halcrow and Partners Ltd, in connection with
the Holderness coastal erosion study project. A complete report on the
Flamborough data will be produced during 1989.

3.  THE MOTHER BUQY CONCEPT

The mother buoy concept (Figures 2 and 3) was developed in response to
requirements for the acquisition of high quality directional wave data from
sites remote from land, or from usable platforms. The initial survey (PITT,
1984) of commercially available instruments concluded that the WAVEC buoy,
manufactured by Datawell bv of Haarlem, The Netherlands, was the best
pitch-roll buoy currently available for routine directional wave measurements.
This assessment was made with reference to (above all) likely accuracy of data,
convenience of use and cost. Since then, one further contender has become
commercially available recently - the Seatex Wavescan metocean data buoy; this
was the subject of a short report to the Department (CLAYSON and EWING, 1986).
The choice of the WAVEC has subsequently been vindicated by operational
experience which has demonstrated the reliability of both buoy and receiving
equipment. However, the WAVEC data telemetry system is, in common with all
comparable Tow power h.f./v.h.f. radio telemetry equipment, subject to range
limitations. For reliable operation, a range of less than about 35 km is to be
preferred. Line of sight range, R, is given by R = v/Dh, where h is the height
of the receiving antenna and D is the diameter of the Earth; for 50 m receiver
height, R = 18 km. Refraction due to the change in water vapour content of the
atmosphere with height above the sea normally allows the signals to travel
considerably further than line of sight. However, attenuation of the ground
wave rises with frequency and is considerable at the higher h.f. band
frequencies where an efficient radiating antenna becomes a feasible proposition
for small buoys.
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The use of sophisticated modulation schemes can result in an adequate
degree of data reliability over longer ranges, as demonstrated by the
'Piccolo’ system on DBl, but these are not practical for small buoys.
Neither, due to the higher power demands, is telemetry via geostationary
communications satellites; there is simply not enough capacity in the hull of
a WAVEC, or similarly sized buoy, to accommodate the batteries required for a
6 month deployment. Manufacturers such as Nereides, Bergen Ocean Data Systems
and Seatex have, therefore, adopted on board recording of data (raw or
processed), together with transmission of a limited set of processed data
parameters via the polar-orbiting satellites used in the ARGOS system. This
decreases the transmitter power demands by nearly two orders of magnitude,
allowing operation for 6 months or 1 year from a reasonably sized battery.
However, the resulting restrictions on the nature of the data that are
available in (near) real time are undesirable on two grounds - first that the
buoy, with the unabridged set of on-board recorded data, may be lost or the
recorder may fail, and second that the limited quantity of processed data
parameters that may be passed via the ARGOS system is insufficient to monitor
data quality adequately. Both problems could result in the loss of
unacceptably large quantities of data.

The use of a buoy large enough to accommodate equipment and batteries for
near real time telemetry via geostationary satellite, whether this is a
commercially operated system such as Inmarsat Standard C or a "free" system
made available for the use of the metocean community such as Meteosat/GOES, is
one solution to the problem.

The metocean pitch-roll buoys DB2 and DB3 operated by EMI for UKQOA are
an example of how directional wave data may be acquired reliably, albeit at
high cost. The Marex DS17 buoy, developed from the S100 buoys produced by
Marex for the Department for the South Uist project, is another, Tess
expensive solution. The performance of these buoys as directional wave
measuring sensors was, however, not ideal due to the constraints of the three
point mooring system used on DB2 and DB3 and of the single point + stabilising
counterweight system used on the Marex buoys. The former is believed to be
currently the subject of investigation: the latter was the subject of
intercomparisons carried out at Freshwater Bay, I.0.W., against an I0S
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pitch-rol1 buoy (McCARTNEY, 1984), and off Flamborough Head, against a Wavec
and an I0S pitch-roll buoy (CLAYSON, 1985). Although the results of
modifications carried out to the mooring system prior to this intercomparison
resulted in significant improvements, I0S did not consider the nett buoy
response to be wholly suited to the Department's requirements. It is
understood that further modifications in weight distribution carried out prior
to use of the buoy in the WADIC intercomparison, mounted by the IKU near the
Edda platform, have resulted in improved performance; the results of this
intercomparison experiment are, however, not yet generally available.

In view of the rather disappointing performance of the Marex hull/mooring
in the Flamborough Head trials, it was agreed that a study should be made of
the feasibility of using a Wavec buoy as a proven high quality sensor in
conjunction with a nearby "Mother" buoy, which would process the directional
wave data, record it onboard, and transmit the full set of processed data via
geostationary satellite to a ground station, whence the data would be relayed
to 10S. The wave-following performance of the "Mother" buoy would be
immaterial and it was proposed to use the unmodified Marex S100 hull, owned by
the Department. Authorisation to proceed with this development was finally
agreed in mid September 1985.

The concept of the "mother-daughter" buoy system was quite simple but its
practical realisation was not straightforward. Firstly, although the use of
geostationary satellites appeared to offer virtually unlimited data capacity,
there was only one system currently available which offered ease of access and
minimal running costs: this was the geostationary meteorological satellite
network, which includes Meteosat and GOES. This system, whilst being
‘user-friendly' towards the metocean community, imposed restrictions upon the
data rate and format. Although the system was (and still is) relatively
underused, each data collection platform (DCP) transmitter is normally
allocated only one time slot during each hour, of approximately one minute
duration. During this time siot, after a lengthy sequence of synchronisation
and identification, the DCP can send a maximum of 650 characters of data. For
operational reasons, only characters from the International Alphabet no. 5
restricted character set are allowed. This includes the numbers 0 to 9,
capital letters A to Z, a restricted set of punctuation marks and CR, LF.
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Consequently, when digital information is to be transmitted, the most practical
compact format is to send the data as ASCII versions of the hexadecimal
characters 0-9, A-F. Two characters are, therefore, required to send an 8 bit
binary byte.

Furthermore the message is restricted to a WMO code format, if it is to be
disseminated via the GTS (Global Telecommunications System used by the WMO).
It was considered preferable, on balance, to use this format in case
arrangements to receive the data by direct relay at I0S proved unsatisfactory.
The WMO format is not very efficient for the transmission of spectral wave
data, however, and three consecutive hourly transmissions were needed to send
one complete (3-hourly) directional spectrum. This is just adequate, in terms
of sea state variability in the North Sea. In addition to the spectral data,
the format includes meteorological parameters, housekeeping parameters and,
most important, quality check data, as will be detailed below.

The processing system was, therefore, required to perform complete
directional spectral processing at 3-hourly intervals and simpler (HS, Tz type)
processing hourly. The processed data, together with processed meteorological
and housekeeping data was then to be assembled in the required message format
for transfer to the DCP transmitter in time for the hourly transmission time
slots. Although meteorological data acquisition did not form part of the
Department's requirements, it was considered that, at the least, wind
speed/direction should be monitored as a check on wind wave data and for

possible use in modelling.

The wave data inputs to the processor had to be derived from the
transmitted WAVEC digital data. The WAVEC sensors consist of heave
(acceleration, which is normally double-integrated to displacement for
transmission), pitch angle (actually sensed as sin (pitch angle)), roll angle
(actually sensed as sin (roll angle)) and three orthogonal magnetometer
components Hx’ Hy, HZ where x is the buoy roll axis, y is the buoy pitch axis
and z is the buoy vertical (normal to the plane of the float). These sensor
outputs are analogue voltages which are first anti-alias filtered, using
accurately matched filters, sampled (together with buoy battery voltage) using
simultaneously strobed sample/hold circuits, sequentially digitised to 12 bit
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offset binary format (zero = 2048 digits, + full scale = 4048 digits, - full
scale = 48 digits) and then sequentially transmitted, together with a sync.
word and 21 error correcting bits, in a 106.21 BCH code. The sampling
frequency is 1.28 Hz (crystal controlled). Note that the full range 0-4097
digits is not used since 4097 is reserved for the sync word. The serial data
stream which is transmitted, using frequency shift keying (f.s.k.) has the
format shown in figure 4 for each cyclically repeated scan. The data scales
are as follows:-

heave 2048 + 1 x heave (cm) digits
(20 m full scale)

H,H,H 2048 + 40 x magnetic intensity (A/m)
y oz (+50 A/m full scale)

pitch, roll 2048 + 2000 x sin (rotation angle)
(sin(+90°) full scale)

battery 2048 - 36.68 x voltage
(10 to 26 volts normal range)

In order to minimise development costs, a standard Datawell radio
receiver, pcb F, as used in the DIREC receiver, was adopted for reception of
the WAVEC transmissions. This demodulates the data, storing each 12 bit word
of data, together with status information, in a 16 bit buffer and generating an
interrupt as it is received. The buffer contents are multiplexed on to a
single data line under control of an external device (e.g. processor).

The development of a lTow power microcomputer to interface with the
receiver board, carry out the necessary computations to derive the North-South
and East-West slopes, spectrally analyse the heave and the two slope time
series, compute the 9 co- and quad-spectra, average the spectral components and
to format the data for transmission via Meteosat, would have been technically
possible in-house but was considered inadvisable due to the lack of uncommitted
skilled manpower. It was, therefore, decided to put this part of the system
out to tender to the only two manufacturers known to have experience in
developing systems approximating to the required specification, i.e. Thorn EMI
Defence Systems Division at Woking and Marex at Cowes. At the time of the
tendering exercise, EMI had accumulated a considerable amount of operating
experience with the processing system used in DB2 and DB3; Marex were in the
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process of developing a new 16 bit processor version of the 12 bit data
handling system used in their metocean data buoys, under contract to EXXON.
Upon preliminary discussion with EMI it soon became apparent that any
significant departures from the specification of the existing DB2/3 system
would result in unacceptably high software development costs. A specification
was produced which satisfied the I0S requirements whilst requiring only
relatively minor changes in certain features of the EMI software.

4. DESIGN OF THE MOTHER BUQY PROCESSING SYSTEM

The ideal solution to interfacing the Datawell receiver to the EMI
processors would have been a direct digital serial interface. However, it was
apparent that this would have required substantial modifications to software
that involved critical timings, with associated expense and uncertain outcome.
Consequently, it was decided to design in-house an interface to convert the
Datawell receiver outputs to analogue heave, pitch, roll and two-component
magnetometer signals, to simulate the standard directional wave sensor suite of
DB2/3 i.e. Datawell Hippy (heave, pitch and roll1) sensor and Brookes and
Gatehouse Halcyon 2 two-component fluxgate compass. A further minor
complication was that the EMI hourly estimates of HS and TZ were derived, using
non spectral techniques, from a heave displacement signal, whereas the spectral
data were derived from a heave acceleration signal. The heave data transmitted
by the WAVEC are normally displacement although the acceleration signal is
available within the buoy. ATlthough it would have been technically possible to
obtain an acceleration signal from a heave signal, or vice versa, after the
receiver stage in the mother buoy, this would have been most undesirable in the
event of transmission errors. It was, therefore, decided to transmit heave
acceleration instead of battery voltage in channel 7. This necessitated the
design, installation and testing (see Appendix B) of an additional matched
anti-alias filter. The scale factor used was 2048 + | x heave acceleration
(ecm/sec?) (+10 m/sec’ full scale). Details of the interface between the
Datawell pcb F and the EMI processor are given in Appendix C.

The EMI directional wave sensor sampling rate of 1.28 Hz is software
generated from a crystal controlled oscillator clock source. Similarly the
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WAVEC sampling rate of 1.28 Hz is hardware generated from a crystal controlled
oscillator clock source in the buoy. The two sources will not maintain exact
synchronisation but will drift slowly due to temperature effects, crystal
ageing, etc. Additionally, since the EMI rate is software generated, the
instantaneous rate is subject to small variations in software execution time,
although the average rate is determined by the crystal source. This will
result in a small increase in noise level in the low frequency end of the
spectrum on occasions when the EMI and WAVEC sampling times have a particular
time relationship, due to "lost" samples. There are 2560 samples of each time
series in an EMI processed "record", of duration 2000 seconds. If the relative
stability of the two clock sources is better than 1 part in 2560, there should
not be more than one lost sample, due to timing conflict, per "record"; such a
loss has very Tlittle effect on the spectral data (checked by simulation). 1In
practice the two clock sources were measured, in the laboratory, to be within
approximately 1 part in 105 so that timing conflict should only occur about
once in every 21.7 hours.

The EMI processing system consists of two interconnected microcomputer
systems, using NSC800 processors: these are referred to as the Control
Processor and the Wave Processor. The processors run off separate power
supplies, derived from battery supplies of nominally 7.2V (the C5 supply), 7.2V
(the W5 supply) and a common 14.4V supply (the CW15 supply). The C5 supply is
regulated to a 5V logic supply for the Control Processor, the W5 supply is
regulated to a 5V logic supply for the Wave Processor. The CW15 supply is
converted to two separate +15V supplies for the Control and Wave Processor
analogue circuits by two dual output DC/DC convertors. The Control Processor
is powered continuously; it performs signal conditioning for meteorological
sensors, sampling of met. sensor and heave displacement signals, battery supply
voltages and housekeeping parameters. It processes the meteorological and
heave sampled data and assembles this, together with housekeeping data and wave
data produced by the Wave Processor, into data bases appropriate to supply data
to the Meteosat transmitter (DCP) and to the Argos transmitter (PTT). It also
records the housekeeping and parameterised meteorological data on a Sea Data
633M cassette drive if required (not included in the 10S system). Finally, it
provides a controlled charging supply for the DCP secondary batteries and
controls the power up cycle of the Wave Processor.
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The Wave Processor is powered down other than for acquisition and
processing of directional wave data: this takes approximately 40 minutes out of
every 3 hour interval. The wave data signals consist of analogue voltages
representing heave acceleration, pitch, roll, sin (heading), cos (heading), as
described above. The voltage scaling used in the interface results in

+10V for 4048 Wavec digits

0V for 2048 " "
-10V for 48 " "

for the heave, pitch and roll channels,

and +8.1V for sin 90°/cos Q°
0V for sin 0° or 180°/cos 90° or 270°
-8.1V for sin 270°/cos 180°

for the sin (heading), cos (heading) channels.

The Wave Processor samples the five channels using analogue multiplexor
and fast 12 bit A-D convertor. The delay between sampling of the first and
last channel in a scan is negligible in terms of phase shift at the Nyquist
frequency of 0.64 Hz. The data are then acquired and processed as 5 ensembles
of 512 samples each of h, p, r, sin ¥, cos ¢, i.e. as 5 sections of 400 seconds
duration. The data are subjected to a number of quality checks, which result
in the raising of flags if they fail; these flag bits are as follows:-

Table 3
Quality Flag Bit Allocations
(A) Heave Acceleration
(a) static (defined to be within *20mV (+4 cm/sec?)
over 9 sequential values)
- more than 3 occurrences Q11,1
- more than 30 occurrences Qi1,2
(b) high 1imit exceeded (>+9.8V (+19.6 m/sec?))
- more than 3 occurrences Q10,1
- more than 30 occurrences Q10,2
(c) Tow Timit exceeded (<-9.8V (-19.6 m/sec?))
- more than 3 occurrences Q10,4
- more than 30 occurrences Q10,8
(d) >4 RMS (>4 x standard deviation of the ensemble)
- more than 3 occurrences Q11,4
- more than 30 occurrences Q11,8
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(B) Pitch
(a) static (defined to be within +20mV (+6.9 minutes of arc)
over 9 sequential values)
- more than 3 occurrences Q9,1
- more than 30 occurrences Q9,2
(b) high 1imit exceeded (>+5V (+30°))
- more than 3 occurrences Q8,1
- more than 30 occurrences (8,2
(c) low Timit exceeded (<-5V (-30°))
- more than 3 occurrences (8,4
- more than 30 occurrences (8,8
(d) >4 RMS (>4 x standard deviation of the ensemble)
- more than 3 occurrences (9,4
- more than 30 occurrences Q9,8
(C) Roll
(a) static (defined to be within z20mV (+6.9 minutes of arc)
over 9 sequential values)
- more than 3 occurrences Q7,1
- more than 30 occurrences Q7,2
(b) high 1imit exceeded (>+5V (+30°))
- more than 3 occurrences (6,1
- more than 30 occurrences (6,2
{c) low 1imit exceeded (<-5V (-30°))
- more than 3 occurrences (6,4
- more than 30 occurrences (6,8
(d) >4 RMS (>4 x standard deviation of the ensemble)
- more than 3 occurrences (7,4
- more than 30 occurrences Q7,8
(D) Heading
(a) change of >60° from previous value
- more than 3 occurrences (4,4
- more than 30 occurrences (4,8

If either heave acceleration, pitch or roll fail a check more than 30
times in any of the first three ensembles, that ensemble is rejected and a flag
is raised (flag bits Q12,1 ~ 8 and Q13,1 for ensembles 1 ~ 5 respectively. The
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last two ensembles are always used for recording/transmission, irrespective of

errors, for diagnostic purposes and testing.

Processing of the time series (for accepted ensembles) is as follows:-

(1)

The pitch and roll inputs are converted, using the heading v

1 sin .
to allow for any scalin
[/§1n $ + cos® } y g

errors in the siny and cos s1gnals to North-South and East-West

(derived from sin

s lopes Ty and cy.

The data is spectrally processed in 5 ensembles, each of 512 samples

each of ¢z, Oy and gy (series 1, 2 and 3 respectively).

(a) a split cosine bell window function is applied to each time series
within the ensemble to reduce spectral leakage

10mn

W(n) = 3(1 - cos _STZ) 1 <£nz¢<si
- 52 < n < 461
= 1(1 - cos 10”(5é?2' Ny 462 < n < 512

(b) the DFT of each windowed ensemble of each series is calculated
using an FFT algorithm.

(c) the 9 co- and gquad-spectral estimates Cyy» C22, C33, C12’
le, C13, Q13, C23, 023 are calculated. Note, these
are all real numbers (Cll’ C22 and C33 being +ve, the remainder
having signs depending upon the phase angles between heave
acceleration, pitch and roll and upon the direction of wave
propagation). The estimates are for 256 frequencies at
0.0025 Hz spacing.

(d) the estimates are averaged over non-overlapping groups of

th 15, 254t ang 25580 harmonics.

This results in 63 estimates at 0.01 Hz intervals, from

4 estimates, omitting the 0

0.00875 Hz centre frequency to 0.62875 Hz centre frequency.

(e) the above processing is carried out for each of the 5 ensembles,
if they meet the quality check criteria, and the estimates are
then summed over the number of ensembles accepted. If less than
5 ensembles are accepted, the averages are normalised to give
the same scaling as for 5 accepted.
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These nine cross spectra, over 63 frequencies, comprise the basic set of
directional spectra which are passed to the control processor, together with
quality check data (flags Q6 - Q13).

48 estimates of each cross spectrum (0.00875 Hz -~ 0.47875 Hz) plus 3
further averaged estimates (0.50875, 0.55875, 0.60875), each obtained by
averaging over 5 non overlapping estimates from the above set of 63, are
recorded on the processed wave data cassette logger together with
jdentification data, date, time, quality flags, computed parameters Hs’ TZ,

Howe11> Tswell® Ptswell’ “2swettr M T
given in Appendix D.

wind® Twind’ Qlwind’ The recorded format is

The parameters are derived as follows:

0.47875
1
- 2
HS = 4 x E C“(f)
(21f)
0.03875

_1
This value is multiplied by (0.875) ¢ to correct for the windowing.

0.47875 5
T, = 0.03875
0.47875
2
F20,, ()
0.03875

ste]]’ Tswe]1’ Hwind’ Twind are calculated similarly, but using the
restricted spectra from 0.04375 Hz > 0.21875 Hz (swell) and from
0.20875 Hz » 0.26875 Hz (wind) respectively. The swell direction elswe11
calculated as the weighted mean of the directions at three frequencies

is

including the peak of the heave displacement spectrum and the swell spread
625we11 is similarly calculated from spreads. The wind wave direction leind
is the mean direction over the band 0.20875 to 0.26875. The derived parameters
are also passed to the control processor. Raw wave data, in the form of time
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series, can also be recorded at intervals of 93 hours, if required, on a
separate cassette logger. This facility was not used, however. After
transfers of data from the wave processor to the control processor and to the
tape logger(s) are complete, the wave processor is powered down to save on
battery consumption.

The control processor holds the complete set of directional wave spectral
data and the parameterised data in a data base (storage area). The
transmission of the spectral data requires three (hourly) transmissions via
Meteosat. The wave processor is activated at (GMT) times (3N - 1) hours
+ 20 mins (N =1, 2, ..., 8) for a period of 40 minutes. The spectral data
are, therefore, available for use between 3N hours and 3{(N + 1) hours. The
C11 and C22 spectral estimates between 0.04875 Hz and 0.44875 Hz (41 for each
spectrum) are transmitted in the 3N hours + T time slot, where T is the
allocated transmission time (18-19 minutes for the GB/I0S2 allocation for this
equipment). The C33 and Q5 spectral estimates are transmitted in the (3N + 1)
hours + T time slot and the Q13 and C23 spectral estimates are transmitted in
the (3N + 2) hour + T time slot. The 612’ C13 and Q23 estimates are not
transmitted although they are recorded on the processed wave data tape; the
estimates C12 and C13 are ideally zero and, if finite, are due to phase shifts
in the buoy heave vs slope response (nominally 90° phase relationship). 023 is
also ideally zero and, if finite, is due to asymmetry in slope response with
buoy azimuth. The transmitted data format is given in Appendix E.

Both the control and the wave processor have RS 232 ports for
communication using an external terminal. This is necessary for test purposes
and for setting up the control processor clock initially. The minutes of the
latter are, incidentally, reset to 19 minutes past the hour at the end of each
DCP transmission, i.e. to (T + 1) minutes past the hour: this ensures
synchronization of data gathering with the DCP real time clock, which is very
accurate. A battery powered VDU terminal with LCD display was procured: this
allows safe monitoring and control of the processors (and of the interface
processor) whilst the buoy is out on deck of the deployment/recovery vessel.
The procedure for setting and testing the control processor clock is given in
Appendix F, together with details of the procedures for monitoring the
processed data stores and digitised data buffers. The monitoring that is
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possible in the case of the wave processor is limited to examination of the
instantaneous digitised values of the wave signals from the WAVEC via the
COSMAC receiver interface. Details of this and of the COSMAC monitor output

are given in Appendix G.

5. Design and construction of the hardware

The design centred round the use of the spare Marex S100 hull owned by the
Department. This was slightly larger than necessary but offered a convenient
working platform. It was decided to adopt a similar modular packaging/
interconnection system to that employed by Marex. The equipment owned by the
Department included an Eidsvoll Argos PTT in a modular housing with primary
batteries and a charging system for the stack of Ni Cd cells which supplied the
PTT. This supply system was used to give a stable source of sufficient current
capacity to power the transmitter with its high peak current/low mean current
cycle. The PTT ID was 04120 and arrangements were made with Service Argos for
this PTT ID to be transferred to an existing 10S experimental program number
(0296). The PTT was not suited to transmission of data from the EMI Argos data
base without further interfacing; this was not undertaken since the main
function required was position fixing in this instance.

The buoy hull "hold" allowed for a further 3 large modules, if required,
together with a total of 15 small modules (see Figure 5). The latter are
normally battery packs. The EMI processors were supplied in card frames,
mounted on a front panel including all external connectors, for test purposes.
The card frames were remounted on a chassis in a configuration which would fit a
standard-sized large module. It was also possible to mount the processed wave
data Sea Data recorder and the DIREC receiver pcb F together with the associated
COSMAC interface processor in the same module, thereby greatly minimising
external connections. The receiver pcb was mounted in a diecast alloy box, so
as to screen it from the noise generated by the digital processor circuitry.

The COSMAC processor cards were mounted in a mother board/card frame adjacent to
the Sea Data 633M 800 drive. The latter is a version of the 633M drive which is
compatible with the NSC 800 microprocessors used in the EMI system. Apart from
using a separate motor/head supply battery, it derives its power from the EMI
wave processor +5V logic supply.
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Interconnections between the processors and external devices were routed
via terminal blocks (Appendix H) for ease of testing. The decision was taken
to use Electro connectors for all watertight bulkhead and external in-1ine
connections (with the exception of r.f. coaxial connections). The use of
connectors with a Timited number of contacts resulted in the use of a large
overall number of connectors, but was convenient in that a complex,
inflexible, cable harness was not required and that modular testing was
simpler (Appendix I).

The geostationary satellite (Meteosat) telemetry transmitter was housed
in a separate module. This equipment consisted of two diecast alloy housings,
together with secondary batteries of the sealed gel spirally-wound Cyclon
type. Two series packs, each of 6 x 5.0 Ah cells were used to give a 12V
supply for the DCP and a 24V supply for the HPA. The DCP unit comprises the
accurate real time clock, digital processor for acquisition of the data from
the EMI control processor and the low power 402.1255 MHz transmitter for
regional channel 9, giving a nominal output of 4 to 8 watts. The data
interface was of the synchronous 100 baud type for compatibility with the EMI
equipment. The DCP also has a socket for connection to a special synchroniser
unit. The latter, which is also processor driven, is used to set the real
time clock in the DCP and to carry out various monitoring/control functions.
The synchroniser has an LCD readout and an RS 232 printer output which can be
used to obtain a hard copy of transmitted or test data.

The HPA unit is a high power u.h.f. amplifier, giving 40 to 60 watts
output into 50 ohms. This power level is necessary when the 6805/200
omnidirectional antenna is used, whereas the 4 to 8 watt DCP output is
sufficient if the 6805/100 directional antenna is used. The latter is,
however, only suitable when motions of the platform do not exceed its 40
degree beamwidth. Whilst this is permissible in the case of a 3-point-moored
buoy such as DB2 or DB3, it is not permissible with a single-point mooring as
used on the Marex buoy.

Three Electro connectors were used on the transmitter module. These were
for data transfer, charging current to the secondary batteries and monitoring
of the secondary battery voltages. A cable gland was used in the 1id for the
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Tow loss 50 ohm coaxial feeder to the antenna. An in-line connector module was
constructed to allow disconnection of the transmitter module from the feeder
running up inside the buoy mast. This connector module used N-type in-line
connectors within a nylatron split housing with glanded cable entries and
0-ring seals. A similar connector module was used on the feeder from the WAVEC
quarter wave whip antenna to the receiver in the processor module. There were,
therefore, three large modules (Argos, DCP/HPA and Processors).

6. Battery Packs

Thirteen battery packs were used, in total: these were housed in small
modules. The battery packs were specified so as to allow sufficient capacity
for 5 months operation. Three companies were asked to tender. The cheapest by
far was the Danish company Hellesens who also had considerable experience in
the military and marine fields. The specifications of the various types of
pack are given in Table 4, below.

Table 4
Hellesens Battery Packs

Mean Current Nominal
Type Function Voltage Capacity Drain Life
(V) (Ah) (A) (hrs) (months)

1 C5 supply 7.5 750 0.189 3968 5.5
2 CW15 supply 14.4 375 0.097 3866 5.4
2 [15 supply 14.4 375 0.094 3989 5.5
2 NAV supply 14.4 375 0.009 41670 57.9
3 W5/15 supplies (a) 7.2 250 0.043 5814 8.1
(a) (b) (b) 7.2 250 0.053 4717 6.5
4 DCP 21.6 250 0.227 5464 7.6
(4 used in parallel, with series diodes, giving 1000 Ah capacity overall)
5 HPA 21.6 250 0.183 4098 5.7

(3 used in parallel, with series diodes, giving 750 Ah capacity overall)
6 comp 21.6 250 0.014 17860 24.8




- 36 -

The battery packs were all made up from LiSOC12 R40 type cells, each of
which provided 3.6V at 125 Ah. The packs were surrounded by vermiculite in the
small module housings and pressure relief valves were included in the 1ids to
prevent module explosion in the event of the cells venting. The connections to
each pack were taken out through cable glands; Electro connectors were used on
the free end of each cable tail. It must be emphasised that, although these
particular cells have a good safety record and were professionally assembled in
packs, Lithium batteries of this size are potentially a serious fire hazard and
should be treated with great care. To ensure that the battery modules did not
break loose within the buoy, close fitting plastic sleeves were installed to
restrain their lower ends. The top rings of the battery modules were c¢lamped
down by the standard Marex locking arrangement.

The battery pack for the Sea Data motor drive and head drive supplies was
made up from Duracell L0O26SX Lithium Sulphur Dioxide 'D' cells. This was
installed in the processor module itself. These cells have a nominal capacity
of 8 Ah whilst 1.8 Ah is the manufacturer's figure for the required capacity to
write a complete 450' tape. As will be described below, this battery failed to
provide sufficient capacity.

7. Buoy Fitments

The Marex buoy required a number of relatively minor modifications for
this application. A mast head sensor ring was procured from Marex to provide a
means for mounting the h.f. receiving antenna for reception of the WAVEC
signals, the ARGOS u.h.f. transmitting antenna and the Brookes and Gatehouse
wind speed and direction sensors. A standard Kathrein h.f. receiving antenna
was used, with ground plane rods. An adaptor was made to allow this to be
mounted on one of the eight standard sensor fixing clamps used on the Marex
sensor ring. The Brookes and Gatehouse sensors were fitted with polythene
extension spigots to enable them to be fitted by the standard fixing clamps.
The ARGOS antenna, as used previously by Marex, had a suitable base fixing.
The fitting of the sensor ring to the mast necessitated the fitting of a short
extension piece to the top of the mast by Marex. The mast head unit containing
the flashing light fitted into this extension piece. The Meteosat u.h.f.
antenna was mounted on top of the flashing light unit. The buoy heading sensor
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(Brookes and Gatehouse Halcyon 2 two-component flux gate compass) which was
required to give a reference for the wind direction sensor, was mounted on a
small platform at a height of 3.9 metres above sea level. A1l sensors and
antennas could be disconnected without removing the cables to the buoy holds.
These cables were run down inside the mast, using foam plastic wads to prevent
cable movement. The Tower end of the mast fitted a socket on the tripod head,
through which all the cables had to be fitted when the mast was stepped. The
triangular junction box below the mast socket was modified so that the compass
and wind sensor signals could be routed through it. The cables were then led
down inside the U-section tripod legs, using cable ties, to the modules. The
fixing of the battery modules within the holds has been described above. The
three large modules were clamped down using standard Marex hooked studs, which
were procured; this arrangement was found to work very well. Two battery
Junction boxes were constructed, with Electro bulkhead input connectors and a
glanded output connector tail, to allow parallelling of the DCP and HPA battery
packs. These junction boxes, which included series diodes and fuses, were
strapped to the central frame bars in the hull. After final assembly and
testing of the equipment, all cables were properly strapped down and the hold
1ids secured with cable ties.

8. System Testing

The proper testing of the component processors and telemetry transmitters
was a long process. The processors were tested, individually, as fully as
possible and they were then amalgamated and tested together, using signals
transmitted by a static WAVEC buoy whose sensors were temporarily replaced by
lTow frequency signal generators. When the receiver/interface processor/EMI
processor combination had been shown to function correctly, these units were
taken to Cromer for tests using the signals from the offshore WAVEC. For this
purpose it was necessary to change the receiver frequency and to modify the
interface processor software to route the received heave displacement signals to
the heave acceleration analogue output. It would have been preferable to
replace the Cromer WAVEC with one modified to transmit acceleration instead of
battery voltage. Due to delays in the development programme, this would have
necessitated additional expenditure in excess of £5000 and it was, therefore,
decided to accept a slight uncertainty in the data.
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This uncertainty results from the phase errors in the WAVEC double
integrator which, in the normal DIREC processing, are corrected before any
averaging of ensembles or spectral estimates is carried out. The EMI processor
expects a correctly phased acceleration signal and the corrections can only be
applied to the processed data after estimate and ensemble averaging has been
carried out, which is not a sound practice.

After further laboratory testing the equipment was installed in the buoy
hull and similar tests carried out using a static WAVEC as data source, but
this time transmitting the data via Meteosat.

8A. Interface Processor Testing

Testing of both hardware and software was carried out. The "standard"
COSMAC boards (processor, [/0, memory and H/W multiply) were tested using
standard techniques and software exercising programs developed at 10S. The non
standard boards were tested as follows. The power supply board was essentially
similar to the EMI designed processor power cards and was tested using the EMI
test specification. The six channel D-A convertor board was exercised using
software synthesised ramps and exponential waveforms to check the operation of
each D-A convertor (e.g. monotonicity, response time, etc.). The linearity and
scale factor of each D-A was checked using a software stepped input to the
convertors, whilst measuring the outputs with a precision digital voltmeter
(see Appendix J). The Format board was connected to the DIREC pcb F and tested
using standard laboratory test equipment (logic analyser, etc.).

The software was developed, as in Appendix C, using the FORTH nucleus in
EPROM in the COSMAC system, by loading new word definitions over the RS 232
interface from the MPE FORTH development software running on an IBM PC (or
ZENITH Z-100 after the MPE software had been successfully modified to run on
the latter). The software was written using the MPE full screen editor and
screens passed to the target processor. Each word was tested individually as
it was added. Hardware switches were used to simulate data at the I/0 ports to
assist in testing of the software. For actual testing of the transformation
resulting in the sine and cosine of the heading angle |, data values were
loaded onto the stack using software rather than digital inputs. When the data
processing functions had been fully verified in this way, the real time
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control/acquisition word START was developed, using a static WAVEC to transmit
fixed data values to the DIREC pcb F and thence via the Format board to the I1/0
ports. This part of the software proved to be the most difficult to test
properly, as might have been expected. Fortunately the speed of operation of
the FORTH on the 1802 made it possible to include output of diagnostic data via
the RS 232 whilst still carrying out the required processing and allowing a
margin of time in hand in the processing cycle. It was, however, necessary to
use 2400 baud data rate on the RS 232 so that serial output did not present an
excessive overhead. Having tested the data acquisition and processing in this
manner, it was then necessary to test the transfer of data to the EMI wave
processor. At this stage it became evident that the EMI hardware/software
generated sampling rate was in error by about 0.2% which resulted in a number
of samples being Tost over the 2560 sample record duration. This rate error
was due to a faulty software counter which was present in the DB2 and DB3
systems also. In the case of DB2 and DB3, the error was not important,
however. EMI were notified of this error and subsequently supplied new
software in a replacement set of EPROMs. When these were installed, it was
possible to check the control word START handshake, using the EMI synch. pulse,
for any possible timing conflicts. The system appeared to function as expected
so that the next step of transfer of simulated WAVEC data could be attempted.
This is described in Section 8B.

8B. EMI Processor Testing

The main bulk of the EMI Control and Wave Processor testing was carried
out at EMI's Woking establishment, according to a detailed test procedure which
had been approved by 10S. Part of the testing was witnessed by the 10S Project
Officer. This testing was carried out using the test facilities developed for
testing the DB2 and DB3 systems. It had provisions for input of met. data
using actual roof-mounted sensors, input of directional wave data using a two
frequency signal source, with phase shifted slope signals. The facilities
included Sea Data logger for test of processed wave tape interface and DCP/HPA
for test of Meteosat interface. The EMI test specifications are given in the
Thorn-EMI document D18D/TH/EAH/2451/07.10.86.

After acceptance, the EMI processors were rehoused at I0S into a chassis
which would fit a "Marex style" large module. When this had been completed,
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the processors' functions were retested in the laboratory. The met. sensor
processing was checked using the actual Brookes and Gatehouse sensors to be
used on the Marex buoy, using a fan to simulate a fairly constant wind
strength/direction. This testing enabled uncertainties in the polarities of
various interconnections to be resolved (principally with regard to the
compass/wind vane). The interface processor was then connected up and timing
checks carried out as described in Section 8A, above. The scaling from the
WAVEC sensors through the complete system to the EMI digital values was also
checked. When the correct operation of the receiver/interface had been
checked, an 1.f. signal generator was connected into the WAVEC in place of the
heave acceleration and displacement sensor outputs. This allowed a further
check on the spectral processing, already tested at EMI, to ensure that no
noise was introduced into the system by the telemetry/interfacing processes.
It also allowed checks to be made on the scaling of the processed estimates.

Following the successful verification of the operation of the interface, a
number of test records were made on the processed wave data Sea Data logger.
It is worth pointing out, here, that all of the above checks on spectral data
(as well as on processed met. data) were exceedingly protracted owing to the
length of the processing and data output cycles. In a few cases, proceedings
could be speeded up by alterations to the control processor real time clock,
but even then the testing of the processors took an unexpectedly long time.
The processed wave data tapes were translated, using a Sea Data model 12 reader
interfaced to a Digidata double-buffered 3" tape drive. The translated data
was then read back via an Acorn BBC microcomputer; printed outputs being
obtained. This allowed a check to be made on the processed wave data format
and the data could be checked against that held in the processor data base and
read out into the pocket VDU terminal.

The EMI interface to the DCP and HPA acquired for use in this project was
then tested. This required connection of the full system for charging the DCP
and HPA secondary batteries from the Hellesens battery packs via the charging
regulators in the EMI Control and Wave Processor power cards (1 regulator on
each card).
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The DCP u.h.f. output was connected into the HPA and a 15W (continuous
rating) N-type 50 ohm dummy load was connected to the HPA output for initial
tests. After the DCP and HPA had been powered up, it was necessary to set the
DCP clocks. In order to safeguard against undesirable transmissions the DCP
has two clocks. The primary clock, which can be set using the external
synchroniser unit, reads hours, minutes, seconds, month, day, year. The
secondary clock reads only the hour of the day and cannot be set directly; it
is reset to zero and started when the primary clock passes through midnight and
counts up one hour on each transmission during the day (other than on test
transmissions initiated manually by the synchroniser TEST08 mode). A
transmission (other than a test transmission) can only occur if the hours of
the primary clock and secondary clock coincide. If, therefore, the DCP is
powered up at, say 0900 hours, setting the primary clock to 0900 hours will
leave the secondary clock set at zero hours and no transmissions will result.
There are two ways to achieve correct time setting of both clocks; one is to
power up the DCP and to set its primary clock just before midnight - this is
not usually convenient. The second way is to use the "fast time" mode, as
follows:

(a) the real time clock in the synchroniser is set to 23 hrs 55 minutes

of the day before the current date;

(b) the DCP is powered up and synchronised to this time as explained in
the DCP user manual;

(c) when the DCP clock has gone past midnight, thereby starting the
secondary clock with time 00 hours, the DCP is set to fast time by
means of synchroniser TEST05. The primary clock then runs at
30 x normal rate;

(d) when the DCP primary clock reaches the allocated time slot (18 minutes
past the hour for the GBIOS2 equipment concerned), the clock reverts
to normal speed for the duration of the transmission (approximately
1 minute);

(e) after the transmission, the clock reverts to "fast time" mode although
it is necessary to reselect DCP TIME on the synchroniser to continue
to monitor the DCP time (the synchroniser reverts to displaying its
own time otherwise);
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(f) processes (d) and (e) are repeated until the transmission occurs at a
DCP primary time in the hour previous to the actual (GMT) current
time. The DCP is then set to normal time by means of synchroniser
TESTO6;

{g) the synchroniser's own real time clock is then set to the exact
current GMT time and it is used to set the DCP primary clock to GMT
time.

Having set the DCP time in this way, the control processor is set to the
same time as described in Appendix F. It is important that the DCP/HPA should
not radiate any transmissions whilst the above process is being carried out,
since they will not fall within the allocated time slot. A dummy load must be
used, therefore. The HPA was then connected via a length of URM67 type, low
Toss coaxial cable to the antenna which was supported on a pole outside the
building with a clear line of sight to the satellite GOES-E. The return
transmissions via METEOSAT2 were then acquired by a Tocal receiving station,
acquired from Protolog Ltd, consisting of a 1.8 m diameter parabolic dish with
feed, Tow noise preamplifier connected via approximately 50 m of URM67 coaxial
cable to a down convertor/receiver. The latter produced a coherent binary
phase modulated output which was passed to the Protolog SDUS message recovery
unit. The Tatter decodes and stores the data from DCPs whose addresses are
loaded in the SDUS unit message filter 1list. The stored messages are then read
out into an Acorn BBC microcomputer via RS 232 and filtered into disk
directories according to the originating DCP address. The resulting ASCII
files (one per DCP per transmission) are then available for further decoding
and processing as detailed below in Appendix K. Using this system, it was
possible to check the content of data received at the ESA Darmstadt receiving
station via GOES-E within about 2-3 minutes of transmission. The received data
could then be compared with either the EMI Meteosat data base or the data
transferred into the DCP. The latter could be monitored by using the
synchroniser TEST09 mode with a serial printer or terminal connected to the
synchroniser's RS 232 output.

After the correct operation of the Meteosat DCP/HPA had been verified, the
processor module and DCP/HPA module were taken by van, together with the
necessary battery packs, h.f. receiving antenna, pocket VDU and cabling to
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Cromer to test the operation of the DIREC receiver/interface/EMI processors
with actual "live" WAVEC data. A version of the interface software which used
the heave displacement data to provide heave acceleration was used. The
equipment was tested at two sites, one at Mundesley, the other adjacent to the
Cromer coastguard lookout where the Cromer DIREC receiving/logging station was
housed. The receiver crystal was replaced by the 38.825 MHz crystal necessary
to tune to the Cromer WAVEC transmissions. Although good signals seemed to be
received at Mundesley on a portable test set of I0S design (see Appendix L),
there were occasional dropouts in the data as monitored via the interface
processor 2400 baud output. Since no hard copy was available from the test
set, it was not certain as to whether the receiving antenna was inadequate or
whether the equipment was suffering from interference from a nearby marine
radio station at Bacton. Consequently, having waited for a number of 3 hourly
spectral processing periods to elapse without completely satisfactory results,
it was decided to move the equipment to Cromer which, although slightly further
from the buoy, was known to allow good reception. The equipment was set up
again but it still suffered from very occasional dropouts which seemed to be a
function of the exact location of the scaffold pole upon which the antenna was
mounted. Since the ground was so dry, it is possible that an adequate earth
was not being achieved and water was poured around the base of the pole in an
attempt to improve matters. Due to the changes of site and the 3 hour repeat
cycle, only two reasonably good intercomparisons resulted of the EMI system and
of the DIREC system installed at Cromer (see Appendix M). The EMI system was
set to process a 33 minute 20 second record which started at, nominally, the
same time as the DIREC processing of a 30 minute record. The degrees of
freedom for the estimates are respectively 40 (5 ensembles with averaging over
four harmonics) for the EMI system, and 36 (9 ensembles with averaging over two
harmonics) for the DIREC system. Thus about 80% of the estimates will be
within +30% of the true values. Due to the fact that heave displacement was
analysed by the EMI system and that the sea state was quite low (HS between
1.02 m and 0.66 m), the resolution in the heave spectrum, and in the heave x
slope quadrature spectra, is rather coarse.

The agreement between the plots of normalised Cll’ @1 and @2 against
frequency for the two systems was good for the 1800 hrs records and fair for
the 0900 hrs records. In both cases, the DIREC system measured a rather lower
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value of @2 at the peak of the spectrum. This was almost certainly due to a
combination of the uncorrected phase shift of the integrators in the EMI
processing and of noise due to reception problems. The @2 values from the EMI
0900 record are not valid in a band from 0.34875 Hz to 0.39875 Hz. This may
have arisen from errors in manually recording the Meteosat data base contents.
The computed Hs values from the EMI C11 spectra are 0.984 m for the 0900 hrs
record and 0.674 for the 1800 hrs record. The Cromer DIREC HS values were
1.02 m and 0.66 m, respectively. The maximum energy densities for the two EMI
records were 0.973 and 0.490 m’/Hz, c.f. 1.101 and 0.452 m®/Hz for the DIREC
records. The intercomparisons can, therefore, be looked upon as reasonably
successful in view of the noise introduced by the reception problems. The
software in the interface processor was then replaced by the version applicable
to the modified WAVEC transmitting heave acceleration in the battery channel.

8C. Testing of the Complete System

The final stage of testing was to install all of the equipment in the
Marex buoy to test for any possible electromagnetic compatibility problems,
such as interaction between the various transmitters and receiver or pick up of
interference by the sensors. This was carried out in the open in the I0S yard.
The buoy was assembled completely with all cables routed and secured as for a
deployment. The modified WAVEC (ex Flamborough Head) with heave acceleration
in the battery channel was used to provide static signals. The system
performed correctly apart from one detail: the receiver apparently overloaded
due to the proximity of the WAVEC and it was necessary to remove the receiving
aerial or the WAVEC aerial to achieve correct reception of data. Since the
buoys were only a few metres apart and the receiver did not employ automatic
gain control, this was not surprising. A second WAVEC at the frequency of the
Cromer buoy (29.825 MHz) was also assembled in the vicinity and powered up.
This did not appear to affect the reception of the desired signals. During the
deployment all three of these buoys were to be in very close proximity on the
deck of the deploying vessel.

The system was run for a number of days, with reception of good data via
Meteosat. It was then disassembled to allow final preparation in the
laboratory. At this point a fault occurred in the Meteosat module which
resulted in one of the secondary batteries (the upper of the two series packs
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used to derive the 24V HPA supply) being completely flattened and which burnt
out a number of connections in the DCP unit, as well as blowing up a number of
integrated circuits. The units were returned to Space Technology Ltd for
repair. The ST Ltd verdict was that the 24V supply must have become connected
to the case via a link which was of lower resistance than the link from the OV
common to the case. It is not clear how this can have occurred or, indeed,
when it occurred. After return of the equipment, the system was operationally
retested in addition to the detailed testing conducted by ST Ltd. The
equipment was then prepared for transport to Lowestoft.

9. Deployment of the Mother Buoy/WAVECs

The Cromer WAVEC contract with Hydraulics Research Ltd had been terminated
at the end of June 1987. It had been hoped to retain this buoy in position
while the Marex buoy and WAVEC were on station at 54°N 2°E so as to obtain
directional data for testing a third generation wave model. It was, therefore,
necessary to redeploy a WAVEC off Cromer in addition to the mother buoy system.
Authorisations were sought from the relevant bodies and notices to mariners
circulated to the relevant organisations (see Appendix N). Invitations to
tender for the deployment operation were put out to three shipping companies.
Tenders were received from Warbler Shipping and Seateam Shipping, the former
being accepted on cost considerations. Mooring equipment for all three buoys
was procured/serviced and prepared. Details of the mooring configurations are
given in Appendix O.

The equipment was transported by articulated lorry to Lowestoft on 28th
September 1987 and loaded on the vessel m.v. "Dawn Sky" using a hired mobile
crane. The winches on the vessel were in the process of being refitted so that
the intended departure of the vessel was delayed until 0900 hrs of the 29th.
I0S personnel sailing were C.H. Clayson and I. Waddington. Since there was
some doubt as to the success of the mother buoy system deployment operation, it
was decided to deploy the mother buoy WAVEC first, followed by the Marex buoy
and to deploy the Cromer buoy on the return journey. The site was reached at
1900 hrs of the evening of the 29th. Weather and sea conditions were quite
good, there being about ! metre of swell and only slight sea. The WAVEC was
deployed using the standard deployment procedure (buoy first, anchor last).
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The U-shaped Marex buoy mooring was then deployed. The main 2 tonne anchor
clump was stopped off over the stern, with the Marex chain leg of the mooring
and the counterweight (3 tonne clump) flaked out on deck with rope stoppers at
each bight. The Marex buoy was launched with a short length of chain attached
which could be coupled into the upper chain leg which was led round the stern.
The crane was found to be inadequate for the job, having marginal 1ift to get
the buoy over the side, despite assurances by the Warbler management that it
would be adequate. When the buoy was finally in the water, the quick release
on the crane hook would not operate at first and damage to the buoy mast
structure was sustained, due to the buoy heave motion, because the crane jib
could not be swung out the way as planned. The release eventually operated but
the buoy had by then sustained the following damage: sensor ring slightly bent;
one mast stay broken; compass sheared off and lost (sank); a number of mast
stirrups sheared off. ATl antennas and met. sensors were undamaged, so it was
decided to continue with the mooring.

The Marex buoy chain leg was run out under control of the stoppers but, as
the weight of this chain came on the stopped off clump, the jerk resulted in
the severance of a number of the strands of the wire ground line which ran from
the winch over a snatch block to the 2 tonne clump. The end of the ground line
was remade using bulldog clips and the clump lowered to the bottom. The spar
buoy was then stopped off over the port quarter and the spar chain leg flaked
out on the stern with its T tonne clump and Bruce anchor. This was then run
out under control of stoppers and the spar was slipped. An inspection of the
Marex buoy was then made, using the vessel's work boat. The buoy was boarded
and the broken stay removed; the remaining end of the compass cable (where the
connector had sheared off) was taped up. The deployment strop was tied up.

A11 appeared to be in order so, after taking position fixes on the buoys over a
period to check that they were in fixed positions, the vessel departed for the
Cromer site at 0100 hrs 30th September. The Cromer site was reached at about
0700 hrs and the coastgquard was contacted to allow access of R. Pascal (I0S) to
the receiving station to check the signals. The buoy was deployed using the
standard procedure and, after checking reception, the vessel returned to
Lowestoft. Personnel and equipment were disembarked and returned to I0S by van
with R. Pascal on the afternoon of the 30th September.
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Apart from the difficulties in deployment of the Marex buoy there were
uncertainties in the procedure for establishing whether the system was
operating correctly when deployed. In retrospect, the processed data quality
flags should have been checked by taking the pocket VDU out to the Marex buoy
after the buoys had gone through a complete processing cycle. Since the
deployment was carried out in the dark, owing to the late sailing time, it was
not considered justified to incur the risk to personnel of boarding the buoy
for a second time in the dark; the cost of the ship time was also an ever
present consideration.

10. Recovery of the Mother Buoy/WAVECs

After the buoys had been on station for a period of nearly two months, a
second charter of the m.v. "Dawn Sky" was arranged to recover the buoys. The
vessel had been working off Scotland so, to save cost, it was arranged to board
the vessel in Grimsby on her return passage. The same personnel plus K. Goy
boarded the vessel late evening of 24th November. The vessel sailed 0900 of
the 25th after bunkering and reprovisioning. The weather was bad and forecast
to become worse with winds up to force 10. Very slow progress was made towards
the 54°N 2°E site. On the morning of the 26th the vessel was still about
25 miles off the site and was making only a knot or two in very heavy weather
so it was decided, in view of the delay likely before any abatement of sea
state, to abandon the attempt. The vessel ran back to Lowestoft, docking at
1300 hrs. Personnel were transported back to I0S by van the morning of
27th November.

A further charter was arranged and personnel joined the "Dawn Sky" at

1600 hrs on 8th December, sailing at 2200 hrs in fairly good weather. The site
at 54°N 2°E was reached early morning of the 9th and the WAVEC recovered using
towed grapnels to recover the bottom end of the rubber cord first. The rubber
cord was in poor condition. The Marex buoy was then boarded, using the work
boat, and new Tifting strops were attached. The spar buoy was then attached to
a line on the winch and pulled right up the stern ramp and along the deck. The
chain leg was recovered using chain hooks on the winches and the + tonne ¢ Tump
pulled up the ramp. The ground line was then attached to the winch, wound in,
and the 2 tonne clump lifted. It was eased up onto the ramp using a separate



- 48 -

line from a block on the A-frame to a small capstan. The chain leg to the buoy
was then recovered using chain hooks. The buoy was then lifted inboard, again
with difficulty, using the crane. The vessel then proceeded to the Cromer
site, where the second WAVEC was recovered as above. The rubber cord was again
in poor condition, having broken near the top fitment. The vessel then sailed
for Lowestoft, docking at 2030 hours. The equipment was unloaded onto a lorry
plus trailer on the morning of 10th December, using a hired mobile crane and
personnel returned to I0S by 1530 hours.

11. Results

The results of the Cromer tests of the mother buoy system are summarised
in Appendix M. The results from the actual offshore deployment were limited
due to a combination of unfortunate events. When the buoys were first
deployed, although all appeared to be well, monitoring of the Meteosat
transmissions showed that quality checks on the wave data were failing due,
presumably, to errors in reception of the telemetered data, although the WAVEC
itself could have been at fault. However, after the buoys had been on station
for approximately two weeks, this problem appeared to right itself, as
evidenced by good data in a transmission received on 17th Octoober 1987 (after
the passage of the "hurricane"). By this time, however, the Meteosat link had
become unreliable and reception of data ceased altogether. This was later
found to be due to water in the coaxial feeder cable to the antenna. It was
also found, on recovery of the WAVEC, that the WAVEC glass reinforced plastic
antenna had failed near the bottom and was probably making only intermittent
contact: the g.r.p. had splintered axially and, although the rod was still in
one piece when removed, it came apart when flexed slightly. The movement of
the antenna is limited by the bore of the top hat (self righting) buoyancy
module, when installed. The failure of the Meteosat 1ink left the processed
wave data cassette as the only hope for obtaining data after the h.f. telemetry
problem righted itself.

Whilst a certain amount of data were recovered from the processed wave
data cassette, failure of the motor/head drive battery pack cut short data
recording on 12th October. The results are, therefore, based upon a number of
tape records obtained during the period 7th-11th October. A summary of the
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quality check flags over this period is given in Appendix Q. A1l flags should
ideally be zero, but it was considered worthwhile to process those records with
less than two flag bits set.

These were 20 hrs 7/10/87, 05 hrs 8/10/87, 23 hrs 8/10/87, 02 hrs 9/10/87,
11 hrs 9/10/87, 20 hrs 9/10/87 to 05 hrs 11/10/87 incl., 11 hrs 11/10/87 to
17 hrs 11/10/87 incl. and 23 hrs 11/10/87.

The following records with more than 1 flag bit set also proved to be
quite plausible when processed: 20/8/10, 17/9/10.

The statistics of the flag occurrences are worth noting. During the
period 00 hrs 7/10/87 to 23 hrs 11/10/87, only one ensemble was rejected.
However there were between 16 and 19 records where between 4 and 30 failures of
the heave > 4 rms check, roll > high 1imit check, rol1l > 4 rms check,
pitch > high 1imit check, pitch > 4 rms check occurred. By contrast there were
only 6 records where the roll > low Timit check and pitch > low limit check
failed. There was only one record where a static value test failed, indicating
that there were few hang ups in the interface. Plots of heave displacement
energy, @1, @2 and check ratio R against frequency were made. Some of the
records had very obvious low frequency energy of an f'4 type in the heave
displacement energy spectrum, corresponding to more or less white noise in the
acceleration energy spectrum. The effect of noise in the slope data is
primarily to increase the computed directional spread 9.

In order to remove the heave spectral noise, assuming it to be "white" in
character, the displacement energy plots were examined to see at which
frequency the first minimum arose, i.e. the frequency at which the genuine wave
energy became significant. The energy of the acceleration estimates below that
frequency was then averaged and this average energy was then subtracted from
all of the estimates in the spectrum. If this resulted in a negative estimate,
the estimate was set to zero. The process was also carried out for the two
slope autospectra. This is a valid procedure in the case of the autospectra
but not in the case of the cross spectra. The plots were then repeated using
the "corrected" spectral estimates: these are included as Appendix P.
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The resulting values of HS and TZ were derived from the Oth and an

moments of the corrected heave displacement energy spectrum: these are
tabulated in Table 5, Appendix P.

order

The HS values are also plotted in Figure 6, together with the wind vector
as measured at King's Lynn. There is a clear correlation between the peaking
of Hs at Cromer in the evening of 8/10/87 with the strong westerly (long fetch)
winds that day and of the peaking of HS at the Outer Silver Pit (54°N 2°E) site
in the evening of 9/10/87 with the strong southerly winds (again, long fetch).
Another peak in the Cromer HS occurred at midnight 10/11th due to northwesterly
winds blowing over a long fetch.

The correlation between the wind wave (0.20-0.26 Hz) mean direction and
the King's Lynn wind direction is shown in Fiqure 7. There is an obvious
correlation albeit lagged, probably due to the separation of the two sites.

The nett data return from the deployments was very low but, for a first
trial of the system, was sufficient to show that the concept was valid and
that, apart from the necessity for minor amendments of a small number of
constructional defects, a working system had been achieved. If the premature
failure of the Sea Data motor/head drive battery pack had not occurred, it is
likely that data would have been obtained over the whole of the deployment
period although, due to the failure of the WAVEC antenna, some of that data
would have been "noisy", resulting in increased values of spread.
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12. CONCLUSIONS

Directional wave observations have been made in coastal situations, using
WAVEC buoys telemetering to shore stations, with comparabie reliability to one
dimensional observations using WAVERIDER buoys. Handling of the WAVECs at sea,
whilst requiring more care than for WAVERIDERs can be achieved with adequate
safety using a 15 metre motor fishing vessel. On the numerous occasions when
the buoys went adrift, whilst mooring failure can not be completely ruled out,
fishing operations appear to have resulted in severance of the mooring rubber
cord. Acquisition of directional data is, as would be expected, considerably
more expensive than one dimensional data. The equipment, although reliable,
has a much higher initial cost and, although deployment and recovery operations
are no more expensive, serviceing and calibrating operations are more time
consuming. Although the data are preprocessed in the shore station, later
editing and banking also involve more effort than for one dimensional data.

The offshore measurements, using the WAVEC-Mother Buoy system showed that,
despite the technical problems which resulted in poor data return, the concept
of obtaining high quality data via a relay buoy was valid. With further
attention to detail and to operational procedures, there is little doubt that
such a system can be made to give as good a data return as a coastal buoy,
albeit at considerably higher capital equipment and operational costs.
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APPENDIX A

Technical Schedules

The technical specification for the WAVEC operations included a number of
annexes, which are listed below and are included both as a record and as a
possible basis for similar operations in the future.

Annex Subject

Equipment preparation

IALA special marks for ODAS

Transmitter realignment

WAVEC calibration

WAVEC double integrator response corr. factor
Equipment 1list

Mooring preparation

Diagram of standard mooring

List of components for standard mooring
Pre-deployment tasks

Deployment and retrieval

v = E2E G @D 6o Mmoo W >

General considerations - loss of data, erroneous data, loss of buoy
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ANNEX A

Equipment Preparation

A proper logbook detailing all non-trivial operations, checks,
calibrations, repairs, etc., carried out on the Wavec and its associated
equipment shall be kept. This shall be available for inspection by a duly
authorised representative of the authority (NERC) at reasonable notice.

1. Wavec Handling

Instrument is to be handled carefully at all times, and it shall not be
spun or rolled. Accidental damage, either actual or suspected, shall be
reported to I0S, who shall decide if a check calibration is necessary; if so,
calibration shall be performed as detailed in Annex D.

2. External

(i)  Wavec canister shall be free of all but minor dents; wing attachment
eyes shall be truly in line: antenna seating shall be clean and not
corroded: threaded Delrin antenna base and top-nut shall be undamaged:
rubber sealing ring and thin Delrin ring in antenna base shall be in
good condition and undistorted: flashing light cable outlet shall be in
good condition and the cable to the flashing light shall not be unduly
chafed or have been pinched: all canister 1id bolts shall be fitted with
washers and tightened securely.

(ii) Glass housing for flashing light shall be neither chipped nor cracked:
the flashing light pattern shall be in accordance with IALA
recommendations (see Annex B). If the flashing Tight colour is blue
white, a yellow filter shall be fitted inside the glass housing.

(iii) Wings and the related cunifer pins shall be free of any excessive
distortion which may hinder assembly and prejudice the integrity of
the assembled device: wing paintwork shall be in good condition and
the surface of all parts in contact with the strainers, when assembled,
shall be smooth: welds shall not show any sign of cracking or corrosion.



(iv)

(vi)

(vii)

3.
(i)

(i)
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Strainers, float attachment bands and all hardware used in assembly of
the buoy shall be in good condition: new split pins shall be used for
securing the top band retaining rods.

Float segments and the top float shall be in good condition: bonding of
the bands shall not show signs of separation: the surface coating of
the floatation material shall not be cracked or torn.

The procedure for assembly shown in the Wavec manual shall be followed
closely: in particular, attention should be paid to the adequate
tensioning of the float segment bands, to ensure that there is no
possibility of the float segments working loose at sea: all shackles
shall be properly moused with suitable seizing wire (of same material
as shackles) or by means of nylon cable ties. No magnetic materials
shall be attached within 2 metres of the canister.

Hoisting Tines shall be made up according to the dimensions given in
the Wavec manual: it is recommended that polypropylene rope of at least
3 ton breaking strength is used, except for the interconnecting Tline:
temporarily attached steadying lines should also be provided to prevent
the buoy from spinning when hoisting.

Internal

The battery voltage, as measured in the junction box, shall be adequate
for the required length of deployment, according to the table given in
the Wavec handbook. Sealed dry cells manufactured by Leclanche, of
Yverdon, Switzerland, shall be used. (These may be obtained from
Datawell). The instructions for replacement, given in the Wavec
handbook, shall be followed closely and care shall be taken that the
pcb's are replaced with the arrow in the direction of the red marking
on the canister.

During battery replacement, all silica gel contained within the Wavec
shall be dried thoroughly, by heating to 130 degrees C for 12 hours,
or until it is bright blue in colour. The Wavec shall then be kept
sealed as much as possible.



(iid)

(vi)

4.

(1)

(i1)

(ii1)

(iv)
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The Wavec transmission frequency shall be determined in consultation
with the Home Office prior to deployment. A crystal of the agreed
frequency shall be fitted.

If the crystal referred to above is not fitted by the factory before
delivery of the Wavec, the Wavec transmitter circuit shall be tuned for
maximum output on the agreed frequency, as described in Annex C.

No magnetic materials are to be introduced into the canister.

The 1id seal 0-ring, its groove and the flat sealing surface shall be
cleaned and regreased with Vaseline or silicone grease just before the
1id is finally refitted. The 1id shall be replaced with the correct
orientation, i.e. with the marked x-axis in line with the red dot on
the inner side of the can.

On Recovery
The buoy shall be cleaned of all marine growth, the metallic parts
examined for corrosion and all parts examined for physical damage.

The Wavec canister shall be removed to a laboratory, dried and opened.
It shall be inspected for water ingress, battery voltage state and cell
leakage.

Before any electrical adjustments are made, the Wavec shall be
calibrated. In the event of there being a fault with the electronics
which makes a calibration impossible, the Contractor shall discuss the
situation with the Superintending Officer before taking any remedial
action on the fault. For calibration procedures, see Annex D.

Before re-deployment, the buoy shall be refurbished as specified in
1, 2 and 3 above.
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ANNEX B
Special Marks

1. Definition of Special Marks: Marks not primarily intended to assist
navigation but which indicate a special area or feature referred to in
appropriate nautical documents, for example:

(i) Ocean Data Acquisition Systems (0ODAS) Marks.
(ii) Traffic separation marks where use of conventional channel marking
may cause confusion.
(iii) Spoil ground marks.
(iv) Military exercise zone marks.

(v) Recreation zone marks.

2. Description of Special Marks:

Colour: Yellow
Shape: Optional but not conflicting with navigational marks
Topmark (if any): Single yellow 'X' shape

Light (when fitted): Colour - yellow
Rhythm - Group flashing (5) every 20 secs.
Flash rate not to exceed 30 per minute.

(Notes: This Annex is copied directly from the IALA Supplement).

ANNEX C

Transmitter and Receiver Realignment

If it becomes necessary to change the operating frequency, new crystals
have to be fitted to both transmitter and receiver, which then require precise
realignment. This is relatively straightforward for a qualified technician,
provided that he has the correct equipment (some special equipment is
necessary).

In the event that a frequency change is required, the Datawell laboratory
shall be consulted before any alterations or adjustments are carried out, and
their instructions shall be followed precisely.
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ANNEX D

Wavec Calibration

1.
(i)

(1)

(ii1)

General
The object of calibration is to provide a check on the absolute scaling
of the Wavec buoy sensor outputs, which will subsequently be used in
the analysis of the wave data. The sensor data are digitised in the
buoy, unlike in the case of the simpler Waverider buoy, and each
individual sensor circuit is adjusted by the manufacturer to give the
correct scaling when the buoy leaves the factory. The nominal sensor
calibrations are programmed into the Direc receiver processor memory
permanently, so that all analyses performed by this unit depend upon
the correct scaling of the sensor outputs in the buoy. It is also
possible to record raw data from the receiver for further analysis
and, in this case different calibrations can be applied. Processed
data can also be corrected for changes in the calibration of the Heave
sensor, but not for changes in the other sensors, in general.

The nominal calibrations for the sensors are given in the Wavec and Direc
manuals and are summarised below.

Sensor Data Range Analogue Scaling Digital Scaling
(at junction box) (not incl. offsets)

heave -2000 to +2000 cm 5 mV/cm 1 cm/digit
pitch -90° to +90° 10sin (pitch) 0.0005/digit
roll -90° to +90° 10sin (rol11) 0.0005/digit
Hx,Hy,Hz 0 to 50 A/m 200 mV/A/m 0.025 A/m/digit
(Battery) 10 to 30V -0.025V/digit

A11 checks on calibration shall be entered into the logbook referred to
under equipment preparation, above, which shall be handed to I0S at the
end of the contract.



(iv)
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Wavec buoys shall be calibrated by one of two methods, as described
below. Method A shall be employed before and after every deployment:
method B shall be employed at intervals of six months, normally at the
routine maintenance intervals. If the calibration results produced by
a method A calibration fall outside the range specified below, the
Supervising Officer shall be informed before any action is taken to
deploy the buoy concerned.

Method A
This is a test of the individual sensor calibrations by simple techniques

and is based largely upon the method given in the Wavec manual. A Datawell]

Direc receiver and HP85 computer, or equivalent equipment, are required for

monitoring the digital data transmitted from the buoy.

(i)

(i)

The heave (displacement) channel shall be calibrated, approximately, by
suspending the canister on springs, as detailed in the Wavec handbook ,
and subjecting it to near-sinusoidal vertical oscillations of at least
50 cm peak-peak amplitude, at a period of at least 2 seconds. The peak -
peak output measured at the junction box test point shall be 5mv+0.2mV
times the peak-peak displacement in cm. The peak-peak telemetered
digital output shall be 1+0.04 times the peak to peak displacement in
cm. Note, however, that at 1.28 Hz sampling rate it may take several
cycles before samples of the exact peak and trough displacements are
obtained.

The pitch channel shall be calibrated by inclining the buoy canister
vertical axis at angles of +90° to the vertical, whilst keeping the
roll (x) axis vertical. This is illustrated in the Wavec handbook. The
difference between the pitch output voltages (measured between pins 4
and 12 in the junction box) in these two orientations shall be 20V+0.4v.
The difference between the digital values in the telemetered pitch output
shall be 4000+80 digits.
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(ii) The rol11 channel shall be calibrated by inclining the buoy canister
vertical axis at angles of *90° to the vertical, whilst keeping the
pitch axis vertical. The difference between the roll output voltages
(measured between pins 5 and 12 in the junction box) in these two
orientations shall be 20V+0.4V. The difference between the digital
values in the telemetered roll output shall be 4000+80 digits.

(iv) The platform offset shall be measured by the technique given in the Wavec
handbook, that is by rotating the canister through 360° about its
vertical axis in approximately 10 seconds and then observing the pitch
and roll outputs over a period of about 20 minutes. The platform offset,
measured as half the average of the peak to peak variations of the pitch
and of the roll outputs at the junction box test points, over this
20 minute period, shall be less than 174mV (i.e. the equivalent of 1°).

(v) The compass shall be calibrated by measuring the three output components,
Hx’ Hy, Hz’ with the canister rotated about its vertical axis to
orientations of 0° to 350°, relative to magnetic North, in steps of 10°.
This shall be carried out in a place which has been magnetically surveyed
to ensure that the magnetic field horizontal component lies in a fixed
direction (£3°) over an area ! metre square. This survey shall be
carried out using a North setting compass, accurate to 1/4°. No magnetic
materials shall be allowed within 5 metres of this area whilst

measurements are being taken.

The buoy canister shall be set with the x-axis (indicated on the 1id)
initially in line with the local magnetic North and with the buoy 1id
horizontal; the digital values of the three telemetered magnetic field
components shall be noted. The canister shall then be rotated clockwise
about its vertical axis (looking down on the 1id) to an orientation of
10° and the digital values of the three field components again noted.
This should be repeated at 10° steps up to an orientation of 350°. ATl
orientations shall be correct to within *0.5°.
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The following checks shall be carried out on the measurements of the field
components:

(a) the magnitude of the horizontal field component, obtained from the
square root of the sum of the squares of the Hx and Hy values,
shall be constant to within 75 digits (or #5 percent), whichever
is the greater.

(b) the direction of the horizontal field component, obtained by taking
tan_l(Hy/HX) shall agree with the orientation of the canister
x-axis marking relative to magnetic North to within 1°.

(c) the value of H, shall be constant to within =10 digits (or within
+0.75 percent), whichever is the greater.

(d) in carrying out the above checks, the signed MONITOR data output from
the DIREC receiver should be used.

In the event of the sensor package failing to meet any of the above
calibration criteria, this fact shall be communicated to the Supervising
Officer, who may then require that the canister shall be returned to the
manufacturers for repair, at his discretion.

3. Method B
This method shall be used where a more rigorous check on the heave
calibration is required, at six-monthly intervals.

(i) The canister shall be transported to a non-magnetic swinging arm
calibration rig, similar to those installed at Datawell's Haarlem
Laboratory and nearby manufacturing facility. A directional analysis

is to be carried out, using the Direc receiver and HP 85A computer, or
similar facilities, for each of at least six frequencies of rotation
within the operating range of the swinging arm rig, with constant
amplitude and direction of orbital motion.



(i)

(iii)

(iv)
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Note that, at the present time, there are no facilities known, other

than those at Datawell; any other facility may be used, if available,

by agreement with 10S. The vertical displacement must be known to within
1% and must be greater than 1.5m.

The buoy sensor shall be calibrated at the following nominal rates of
rotation, the actual rates being measured to better than 1%. Additional
intermediate rates shall be included if time permits.

Rotation Speed (rpm) 1.5 2.5 3.5 6 10 15
Corresponding period (sec) 40 24 17.1 10 6 4

At least 30 seconds shall elapse after a speed change before the start of
acquisition of a 200 second section of data for analysis, to allow for
settling.

An analogue trace of heave displacement shall be produced and this shall

be examined for mean line variation. If such mean line variation exceeds
0.3m (peak-peak) at a rotation period of 6 seconds, or 0.8m at 4 seconds,
the sensor shall be rejected as faulty.



- 65 -

ANNEX E
Correction Factor for WAVEC Double Integrator Response
(from 2 to 49.9 seconds period)
(sec) 0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900
2.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
3.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4.000 1.000 1.000 1.000 1.00f t.001 1.001 t.001 1.00f 1.001 1.00t
5.000 1.001 1.001 1.00f 1.00t t.00! 1.00! 1.00f 1.001 1.001 1.00!
6.000 1.001f 1.00f 1.00f 1.002 1.002 1.002 1.002 1.002 1.002 1.002
7.000 1.002 1.002 1.002 1.002 1.003 1.003 1.003 1.003 1.003 1.003
8.000 1.003 1.004 1.004 1.004 1.004 1.004 1.004 1.004 1.005 1.005
9.000 1.005 1.005 1.005 1.006 1.006 1.006 1.006 1.007 1.007 1.007
10.000 1.007 1.008 1.008 1.008 1.008 1.009 1.009 1.009 1.010 1.010
11.000 1.010 t.011 1.011 f.011 1.012 t.0t2 1.012 1.013 1.013 1.014
12.000 1.014 1.014 1.015 1.015 t.016 1.016 1.017 1.017 1.018 1.018
13.000 1.019 1.019 1.020 1.020 1.021 0.02! 1.022 1.023 1.023 1.024
14.000 1.025 1.025 1.026 1.027 1.027 1.028 1.029 1.029 1.030 1.03t
15.000 1.032 1.033 1.033 1.034 1.035 1.036 1.037 1.038 1.039 1.039
16.000 1.040 1.041 1.042 1.043 1.044 1.045 1.046 1.047 1.048 1.049
17.000 1.05t 1.052 1.053 1.054 1.055 1.056 1.058 1.059 1.060 1.061
18.000 1.063 1.064 1.065 1.067 1.068 1.069 1.07t 1.072 1.074 1.075
19.000 1.077 1.078 1.080 1.08! 1.083 1.084 1.086 1.088 1.089 1.091
20.000 1.093 1.094 1.096 1.098 1.100 t.102 1.104 1.105 1.107 1.109
21.000 t.111 10113 11150 1.117 0 1.119 0 1.121 0 1.123 0 1.125  1.128  1.130
22.000 1.132  1.134 1.136 1.139 1.141 1.143 1.146 1.148 1.151 1.153
23.000 1.155 1.158 1.160 1.163 1.166 1.168 1.171 t.173 1.176 1.179
24.000 1.182 1.184 1.187 1.190 1.193 1.196 1.199 1.201 1.204 1.207
25.000 1.210 1.213 1.217 1.220 1.223 1.226 1.229 1.232 1.236 1.239
26.000 1.242 1.246 1.249 1.252 1.256 1.259 1.263 1.266 1.270 1.273
27.000 1.277 1.281 1.284 1.288 1.292 1.295 1.299 1.303 1.307 1.311
28.000 1.315 1.319 1.323 1.327 1.331 1.335 1.339 1.343 1.347 1.35
29.000 1.35% 1.360 1.364 1.369 1.373 1.377 1.382 1.386 1.391 1.395
30.000 1.400 1.404 1.409 1.414 1.418 1.423 1.428 1.432 1.437 1.44?
31.000 1.447 1.452 1,457 1.462 1.467 1.472 1.477 1.482 1.487 1.49?
32.000 1.497 1.503 1.508 1.513 1.518 1.524 1.529 1.534 1.540 1.545
33.000 1.551 1.556 1.562 1.568 1.573 1.579 1.585 1.590 1.596 1.602
34.000 1.608 1.613 1.619 1.625 1.631 1.637 1.643 1.649 1.655 1.661
35.000 1.668 1.674 1.680 1.686 1.692 1.699 1.705 1.711 1.718 1.724
36.000 1.731 1.737 1.744 1.750 1.757 1.763 1.770 1.777 1.783 1.790
37.000 1.797 1.804 1.810 1.817 1.824 1.831 1.838 1.845 1.852 1.859
38.000 1.866 1.873 1.880 1.888 1.895 1.902 1.909 1.917 1.924 1.931
39.000 1.939 1.946 1.954 1.961 1.969 1.976 1.984 1.991 1.999 2.007
40.000 2.014 2.022 2.030 2.038 2.045 2.053 2.061 2.069 2.077 2.085
41.000 2.093 2.101 2.109 2.117 2.125 2.134 2.142 2.150 2.158 2.167
42.000 2.175 2.183 2.192 2.200 2.208 2.217 2.225 2.234 2.242 2.251
43.000 2.260 2.268 2.277 2.286 2.294 2.303 2.312 2.321 2.330 2.339
44.000 2.348 2.356 2.365 2.374 2.384 2.393 2.402 2.411 2.420 2.429
45.000 2.438 2.448 2.457 2.466 2.476 2.485 2.494 2.504 2.513 2.523
46.000 2.532 2.542 2.552 2.561 2.571 2.580 2.590 2.600 2.610 2.619
47.000 2.629 2.639 2.649 2.659 2.669 2.679 2.689 2.699 2.709 2.719
48.000 2.729 2.739 2.750 2.760 2.770 2.780 2.791 2.801 2.811 2.8722
49.000 2.832 2.843 2.853 2.864 2.874 2.885 2.895 2.906 2.917 2.977
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ANNEX F
Equipment List
{. Equipment to be initially supplied by the Authority
The following set of equipment shall be supplied by the Authority and may

be collected from 10S by arrangement after the commencement of the contract:

(a) One WAVEC buoy, consisting of:-

Instrument Cylinder .......ciiiveninnnnn. Weight 274 kg
Float Mounting Wings (complete

with fastening hardware) (4 off)......... Weight 4x37 kg
o) o5 [ T § A Weight 60 kg
Float Segments (4 off) .....ooeviiiniians Weight 4x40 kg

Flashing Light
Whip Antenna

(b) Mooring Hardware, consisting of:-

Mooring Cross
(complete with strops) ........c.cooinn.n.. Weight 62 kg
Rubber Mooring Cord (with attached safety line)

(c) Note that other hardware necessary to complete the standard mooring
configuration, described in Annexes G, H and J, shall be supplied by
the contractor.

The buoy shall be initially supplied by the Authority with a complete set
of batteries adequate for 6 months operation.

2. Equipment to be procured by the Contractor for back-up purposes

The following set of equipment shall be procured by the Contractor at the
commencement of the contract and maintained as a back-up system. This system
shall be used to replace the other buoy and mooring at the first routine
maintenance, or earlier in the event of buoy loss or malfunction, as detailed
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in Appendix A, 2i. The original buoy and mooring equipment shall then be
refurbished, or replaced if necessary, and maintained as the back-up set of

equipment.
One WAVEC Buoy, consisting of:-

Instrument Cylinder
Float Mounting Wings (complete with

fastening hardware) ......... ... ... (4 off)
Topfloat
Float Segments ......c.cviiiiiiiiiiinnnnnn.. (4 off)

Flashing Light
Whip Antenna

One Set of Mooring Hardware, including:-

Mooring Cross (complete with strops)
Rubber Mooring Cord (complete with safety line)
Rope, Chain, Anchor, etc. to complete mooring hardware

to specification of Annex G.

3. Equipment to be returned to the Authority at the termination of the contract
Upon the completion of the contract, or its termination for any reason, the
equipment Tisted under 1(a) and 1(b) above shall be returned to the Authority in

accordance with Appendix A,2C and 4.
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ANNEX G

Mooring Preparation

Standard Mooring

(i)

(i)

(iid)

(iv)

The Wavec buoy shall be prepared as described in Annex A.

Annex H shows a diagram of the Standard Mooring, and Annex J lists each
component. The mooring shall be prepared in accordance with these
Annexes.

No dissimilar metal-metal contact shall be allowed.

A11 galvanised shackles shall be greased with salt water resistant
grease, and moused with galvanised seizing-wire.

No stainless steel shackle shall be greased but all shall be moused with
nylon or similar rot-proof twine.

Used mooring components may be re-utilised. However, no appreciable
corrosion of metal components shall be evident, no rope showing signs of
chafe shall be used, no trawl float containing water shall be used, and
the rubbercord shall exhibit no flaw other than superficial scratches or
minor surface degradation.

No natural fibre shall be used in mooring construction.

Patterns for the manufacture of nylon bushes may be supplied by IO0S.

Advice on supplies of mooring components may be obtained from I0S.
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ANNEX J

Mooring Components

* Whip Antenna

* Flashing Light

* Self-Righting Float

* Segmented Float/Wing Assembly
Instrument Canister

* Stainless steel shackle (1 of 4)
* Rope strop (1 of 4)

* Stainless steel shackle (1 of 4)

0O ~N O O BW N
*

9. * Mooring Cross

10. * Mooring Cross Eye (part of 9)

11. * Stainless steel shackle

12. * Stainless steel shackle

13. Nylon Bush

14. * Rubbercord Terminal

15. * Safety Rope (attached to 16 at intervals)
16. * 15 metres Rubbercord

17. * Rubbercord Terminal

18. Nylon Bush

19. 26 cwt Shackles, galv. (2)

20. Mooring Line Termination

21. 50 metres Polyester Braidline (Mooring Line)
22. Mooring Line Termination

23. 26 cwt. Shackle, galv.

24. 10 metres Light Chain (7/8")

25. 37 cwt. Shackle, galv.

26. 12.5 metres Chain (1 3/8")

27. 37 cwt. Shackle, galv.

28. 15 kg Bruce anchor, with shackle to 27

* original equipment as supplied by Datawell
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ANNEX M

Pre-deployment Tasks

General

(i)  Experience to date suggests that the Wavec buoy and standard mooring
has adequate survivability as far as the environment is concerned.
The greatest hazards in the North Sea are likely to be accidental
interference due to trawling activities and collision, both of which
are likely to result in damage to the mooring and possibly the buoy.
Intentional interference or theft are also possible, but Tess tlikely.

(ii) Whilst the foam floatation units of the buoy provide some protection
for the central housing, great care should be exercised in handling
the buoy from the deploying/recovering vessel. Moorings shall be
prepared so that they are torque-free, and the buoy shall neither be
rolled, nor be allowed to spin when being lifted.

(iii) Permission to deploy the Wavec within British territorial waters should
be obtained from the following organisations:

(a) Department of Trade, Marine Division,
Sunley House,
90 High Holborn,
London WC1V 6LP

(b) Crown Estate Commissioners,
Crown Estate Office,
13-15 Carlton House Terrace,
London SW!Y 5AH

(c) The Home Office,
Radio Regulatory Department,
Waterloo Bridge House,
Water1oo Road,
London SE!1 8UA
(but note that the I0S has an allocation for
the frequency to be used)

(d) If Wavec is to be deployed near any Trinity
House installation (buoy, lightship, etc.):
The Secretary,
Trinity House Lighthouse Service,
Trinity House,
Tower Hill,
London EC3N 4DH
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It is suggested that the following are also informed:

(e) Ministry of Defence (H10),
Hydrographic Department,
Taunton,

Somerset.

(f) Inspectors of HM Coastquard for the area in which
the buoy is to be deployed.

(g) The Manager, General Council of British Shipping
30/32 St Mary Axe
London EC3A 8ET

(h) Ministry of Agriculture,Fisheries and Food
Great Westminster House
Horseferry Road
London SWI

(iv) It is the responsibility of the Contractor to obtain the necessary
authorities to operate Wavec installations.











































































































































































































































































































































































