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INTRODUCTION

In 1912 the Fisheries Laboratory, Lowestoft condueted three experi

ments which were designod to monitor deep-watcr movements in the NorwegiDn

Sea using satellite t racking tochniquos. During these experiments,

:sealed-up parachute drogues deployed at 1000 mdepth were tracked for

crlended periods using the French IDLE satellito (see Dickson and Baxtcr,

1912). Apart from the. continuou~ monitoring of transponder batte~'

voltage no sensors were cmployed during these initial experiments.

The launehing of the NIMBUS-F satellite by NASA in October 1914 will

provido a second opportunity for experiments of this type, and this paper

dc~eribes the joint plans for participation by the four British ageneies

listod below:

Ageney Investigators . Prineipal experimental
interest

MAFF, Fisheries Laboratory, . R. R. Diekson (P.I.)
LO\-lestoft H. H. HilI

D. J. Ellett• Institute of Oceanographi c
Sciences, l'1ormley

Moteorological Office, 
Bracknell

Ministry of Defence (Navy)

C. H. Clayson
J. Crease

- Go J. Day

Lt Cdr IIacAndre\"l

Oceancurrent investi-
_gation using parachute

drogucs

Statistical wave
parameters

lIeteorological para
meters (real time).
Sea surface tempera.
ture

Thermistor chain
observations

A total of eleven experiments are planned using the Random Access

Measurement.System (RM~S) of the satellite to locate and retrieve sensor

data from the drifting buoys. This' syst-em differs from the EOLE system

inthat the drifting platforms carry a continuously-operating transm~ttor

rather thM a satellite-activated transponder. A one sacond- signal at

401 0 2 Jiliz, modulated with an identi:fying signature and a subframe of four

8-bit channels of sensor information, is transmitted onee per minute.
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By subcommutating,. up "to:,folJ-b';subframes' can"'be sent :on, successive ·trn.ns;"
,'" .: :7'/ ~ ,.' ....' ... . -'." ,

,missions, giving a r.H:l,ximum possible cycle of 16 sensor ,channels.,repeating

o~c'e ~~cryiour minuteo. In practice, the UR: oxperime~ts describcd. bclow

are based on a maximum of tlVO subfrDmes (8 channels) of sensor data per
. .' ..' ."

buoy with the eycle repcating cvery tvlO minutes. The platforms inll be

located with an aecuraey of about 5km by measuring doppler shifts of the

carrier frequeney as the satellite passes the platform on two successive
, '

orbits. The data are later transmitted to'the Goddard Space Flight Center,

Haryln.nd for processing and ouvmrdtr,c:nsmiosion to the uoer.

r·1ErHOD .

Ineaeh planned experiment the buoy und droguc ü.ssembly inll be simi

lar to that cmployed during- thc EOLE exereisc,'but with tha OOdition of a

variety of~nviron~ental oansors oelectod according to the purpoSe of the

"experiment., A. dingrr'..'1l; of,the buoy and sensor placements is shovm in

Figur~',1 • Inany given cxperimentthe sensors are chosen from the follow

ing list o.foptio~s:

1 ··.Ui '1;'0 lond:, Strc.in gauge 10OO-cell located in lnre immüdiately

belo~ the buoy ac a check.ondumage orloss ofparachute. 8-bit

wordmadc up of256 x4lbincrcments giving 1024 Ib full scalo.

•

, '. ,~

2

Rüsistance output.

Sea su~~mperature: Thermictor located on,lower buoy hull.

256 incrcmcnts of 0.1 0 C·giving 25.6°C tull scale. Resistance

output".

L

.~ '.
lr.i.·~h thermistors grouped 6.1~ound likely thermoclino depth. Again,

l'" , ';

each 7".ormistor output graduated in 256 ineremonts of 0.1
0

C giving •

25.6°d f~li Gealo. Thermistor chain located in-~ürü (i.e. as part

,of drogue wiro) with electricalconnections to the buoy being

tied-off in.a bight to bypasG thü attachment point. Resistance

output.

7 .Air nresS1.!.!:Q: 1I.ncroid ..dth prefcrrcd accurucy of <1mb (though a

.10s8.0:_ ;~Ccurp:c;Y:".i.-,~_,:cxpectcd<;Lbove 1040 mb) ... Hountcd on uppcrpart

. of buoy hull. Fed to voltage interface l'lith,O-5 V output.
:; ..... , .. .

256incr~ents of 0.5 mb gives 128 mb fUllscale. Sumplod over

, 30 soc period and tho rcsult stored fortho follO\ving71a" mine

8 Air temperaxuro: Screoned platinum resistance,thermometer mounted

on upper l::uoy hull. Fad to voltnga intcrfacollHh 0-5 V output.

256 incrcmonts of 0~1oC givcs 25.6°0 tull scale.
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9

10-13

tHndspeed: Plastic cup anemometer mountod on top of buoy hulle

Fed to voltage interfacewith 0-5 V output. ·256.incromontsof

0.25 knots givcs 64 knots full scale.

Statistical wave parameters: Four.8-bit wordn (sensors 10-13) vlill

monitor the following parameters: (a) the distance of highe~t

crest from meün water level (b) the distance of lowest trough from
" .. '.. ..

mean ~ater .level ~ c) the numbcr of zero crossings in an. upward.

~.rection (d) the number of crests,each calculatcd during a '.

record-Iength of 10 minutes attwo sampIes per sacond. The basic

_sensor is a pcndulous accelerometer and double integrator having a

.4th order high pasn filter: witll a cut-off at 15 ~ sec period mountcd

within the uppcr inntrument compartmcnt. near the metacentre of the

sparbuoy so an ~o.reduco roll and pitch errors. During.pach.

sampIe the wave displacement is converted from analogue (±'10 V

.full scale) to 8-bit binary store ''Nmi" (256 increments of 5/16 ft

equal1ing a full-scale wave of ± 40 ft, with zero at increment 128).

TliO 8~bi t stores ''I,U1X'' and ''IHN'' are compared with "Nmi" and

updated if appropriate. A further 8-bi t ntore "LAST". is' then com

pared with ":NOi~", set,ting a slope latch to 0 or 1, depending upon

whether "LAST" is greater than or less than. ''NOU''. Two counters

are incrementcd by 1 when (a) the nlope latch.changes from 1 to 0

(wave crest) or (b) llhen a sign latch changes from;1 to 0 (corres-.

ponding.to a trannition through thc wave displacement zero in an

upward. direction).

Owing to powe~ conntraintn the feanibility of using sensorS 1-9
(meteorological parameters) and 10-13 (wave parameters) .-/ill depond.upon

< "'1

•
I

I, .

intermittent sensor activity, using cither the crystal oscillator ih the'

. THERLE encoder or an autonomous timing system to regulate thc record length

and sampling rate. Each of these sensors lüll obtain time-averagcd data

over aperiod of 5 or 10 minutes, but tbis will be repeated only once evcry

3 hours with circuitry being switchad off betwoen records. Transmission

of tho data from store will occur normally hOlicver (one second per 'minute)

to cnsurc successful acquisition of.signal during each satellitc pass •

.As shOtm in Figure 1 tho. ho110w instrument chamber in the upper' part

of tho sparbuoy wi.ll be seal?d by seating the vertical dipole antenna on

to a 3.2 mm thi ck neoprenc gasket., 11ithin .thc instrument compartment thc

transmitter electronics will bo housod in ~1BS plastio nleeves, equippod

with dcssicators, and sca1cd with end-caps and 0-sca1s. Thc internal

location and wa.terproofing of tho transmitter eleotronics ohould roduoe

3



•

thc influence of externnl temperaturc cho.nges,and the .outside of tho ABS

sloeves will be silvered to minimize internal tempcrature changes duc to

the start-up of sensor eloctronics on each cycle of activity. The trans

mitter electronics will be:suspended.~nmild stcel rods from the steel

reinforcing ring which forms the entrunce to'theinstrument chamborj thus

. some provision' is mnde for the rcductionof wave shock.

~ll sensor electronics ~üthin the buoy will be splash-proofed. The

accelerometor will bo mountedon a removable steel plate held in place by

'lugs fixed to the internal bulkhcad. and the battery p:J.cks are sto~led bolow

thisbulkhoad in three ABSplastic tubes so es to reducc the top-weight of

the .bu0y.·For 6 months t operation each buoy is equippod with throe packs

of 60 RM42R primury morcury coll s (rated capacity 14 A.h.) cllvided so as

to supplytho'transmittor und sensor eloctronies separatoly. For safoty,

diodesare placed betwocn each benk of transmitter batteries. If excess ..,

. battory life is availablo~boyond 6 morithsit wHl be used to prolong trans

mitter"lifo only•

.Thd dr6gues to ~lhich tho buoy 1.s att6.ched are nylon' cargo"parachutes

. with a flat.dia~eter of 19.2 m (12.8 m shaped) and with a load c:J.pacity of

1 ton:( 1016 :kg). During deplo;yment the pa:rachuteand shroudn are bound

into a parcel with ropes oftwisted plasticized polyvinyl alcohol film

(seawator soluble) to ensure that the parachute can be lowerod to tho

roquircd dopth beforo the canopy opens. ~ccording to tho purpose of each

experiment, the drogues \-lHl be dcploycd at different dopths bct'leun 50

and 1000 m. In four experiments using relatively shallow'drogues a

thermistor chain (steel cored; 3 ton breaking strain) will form the

drogue "wiro'!. In all other experiments, 4 IDm dinmeter 6 x 7 construction

wiro (minimUm breaking load 957 kg orO.942 ton) will be used to link

parachute und buoy. During the EDLE experiments in 1972 an abrupt change

in the behaviour of tho buoys aftor 2t montho ~ms thought to indicato

<.breakago of tho droguc wiro; in tho· currcnt experiments a load cell

located in \nrewill provide direct confirmation of wire break.

Table 1 provides more specific dotails as to the arrangement of

sensors, drogue depths and data format in each of tho 11 experiments

planned. The primary site numbers (underlined) refer to sites chosen for

tho initial deployment of tho six buoys. The five secondary sites are

those choson for the second deploymont of tho buoys.
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Table 1

•
t~rangement of subframes and sensor channels in each of the 11 proposed experiments. Primary site numbcrs are
underlined

•

Sensor channolsSubcommutation
mode

(a) Sites 1 and 3:
1

r\~ode

bits

4 channels [i.e. 4 words (word parallel, bit p~rallel)], 50 m drogue

00 Naximum ,.lave height minimum wave trough Number of "lave crests Number of zero crossings
--------------------.---------------------------------------------------------------------------.-----------.------.----

8 channels [i.e. 8 words analog], 350 m drogue(b) Sites ~ and 4:
1

2

00

10

ssr '
Thermistor chain 1

Air pressure

Thermistor chain 2

liir temperature

Thermistor chain 3

Hind speed

Thermistor chain 4
--------------------------------------------------------.--.---.-------------------------------------.------------------
(c) Si t es 5. and 7:

1

2

8 channels [i.e. 4 words analog, 4 words (word parallol,bit parallel)], 350 m drogue

00 Maximum wave height Minimum wave trough Number of wave crests Numbcr of zero crossings

10 Thermistor chain 1 Thermistor chain 2 Thermistor chain 3 Thermintor chain 4
------------------------.---------------------------------------------------.---.--.------------------------------------
(d) S{tes §. and 8: 8 channels [i.e. 4 words analog, 4 words (word parallel, bit parallel)], 50 m drogue

1 00 ssr l.ir pressure .Air tcmperature i'1ind spoed

2 10 Naximum wave hoight Ninimum >-lave trough Number of vlave crests Number of zero crossingn
---------------------------------------------------------------.----------------------------------------------_.--------
( e) Sitos 2, 1Q and 11: 8 channols [Le. S vlOrds analog] , 1000 m drogue

1 00 Hire load SST rlind speed Air pressuro

2 10 Ttiire load SST \'lind speed Air pressure



LOCATION hlID PURPOSE

Figure 2 illustratcs the location:of the 11 experiments, with primar,y

sites ShOh~ as dots und secondary sites as opcn circles. Tho four Atluntic

buoys occupying primary sites lnll be luunched in Novembor/December'1974

l"lhile the initial deployment of tl"lO buoys in tho northcrn UOrl'lCginn Sea

will tnke place ~n the spring of 1975. Recovery l"lill be uttempted betl"lOen

thc end of thair cxpceted useful life as eurrcnt follm'lOrs (..cl. 2-l months)

nnd thccnd of their pla.'1.'1.ed, battery life (Q. 6 months).

Thc N'orl"legian Seu bottom-drift experiments, sitcs 9 und 10 (primary)

plussitc 11 (secondary), arc dcsigncd ~o continue thc 1972 BOLE invcsti

gations of thc dcop l"later circulation in the Norwcginn Sea. Drogues lnll

bo set ut 1000 m~depth eIese to the contincntal slopc of the eastorn

Norwegiun Soa. ~he spocific purpoGo is t~ invcstigate thc theorotical

possibility that :a south-going docp flow exists along the' slopc ,from

Spitsbargon to southern lIorua,v aS part of 0. general anticyelonie gyre whieh

:"s S".lspoeted (from tha distribution of hydrographie proparties) to occupy

tho deeper layers of the Nort'lcgian SeD. ?asin. It has becn suggosted that

such Li eurrcnt would assist thc migration of adult Areto-lloruogi.un eod

from thc Barents Sea to thair spawning ground off Lofotens (Dickson und

Baxter' 1972). Thc fact that,EOLE did not locate surface targets north of

70
0
N with nny grcat ecrtDinty limited the 1972 LOWGstoft experimonts to

c.x:crcisos in thc southorl1-half of thc Norwegian Sea basin; using nHlBUS-F,

it is, now pOGsible to invostigate the decp flow between Spitsbergcn und

Lofotens whoro the prineipal intorest lies.

T~e lJorth Atlantic deop-drift experiments, sitos 2 nnd 5 (primary)

plus sites 4 nnd 7 (socondary) are dosigned to investigate thc b~sie
,

oceanography of the araa whero tho North ;~tlantie Drift dividas into

three ~r~chcs, one part turning south along tho westorn coast of Britain

and Iroland, a second part moving through the FD:roe-Shotland Channel to

form the Norvregian Atlantic Current, and~ a third PDIt turning l'lOst to

paSs to the oouth of Fa.rocs und so to Ieoland. For this purpose ,the

droguos will bc set at 350 m.

Uave and surface-drift experiments uill be carriod out at sites 1 and

6 (primary) plus sitos 3 und 8 (sccondary). Although statistieal wave

parameters will also be monitorod ~t sitos~ 5 und 7, siten 1, 3, 6

und 8 are primarily designcd to providesurfaco wave data und to investi

gatc tho oxistonc'c' of any llsoful correlation bctwoon thc wave und

surfaee,:"current eonditions. Ncar-surfaeo 1-later movements will be moni torod

by moans of droguos doploycd at 50 m depth. Their dcployment in locations

6
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•

close to deep drogue sites will also provide the surface curront data

required to correct thc drift of thc deep drogues.

The location of buoys 4 and 8 is not yet decided but will depend

upon thc bohaviour of buoys 1, 2, 5 and 6 in thc earlicr experiments.
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Site 11 (secondary)
nOOO'N 1,.30'E ~ 0

1000m drogue

!

.., Site 10 (prim~ry)
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• /lOOOm drogue

Site 9 (primary) ,
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1000m drogu. (

~Sites 4 &8 (seconda~y)
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Sites 3&7 (secondary) decided /
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00'N 20
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00'W 350m &50 drogues
350m & SOm droguu !'

Sitesl&5(primaryJ 8 ",'
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