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PREFACE

Objectives of Investigation

The overall aim of this research is to investigate the
feasibility of the use of data drawn from the visible and
near-IR (500 to 1 100 nm) and from the thermal-IR (10 500 to
12 500 nm) bands of NASA's Heat Capacity Mapping Mission
(Explorer=-A) satellite, as applied to tha sea surfaces centring
on the North Sea, to study marine pollutants. particularly oil.
The area is defined in Fig. 1.

Scope of Work

The research divides broadly between the analysis of
BCMM satellite imagery of the marine areas around the U.K. and
experimental work designed to provide some of the insight needed
in the detection of oil spills at sea using the HCMM, or similar,
imagery.

The need for analysis of the visible and IR imagery on the
synoptic scale led to the development of false colour image
processing techniques. The needs of small scale surveys of
particular images led us to develop density slicing, and other
high resolution image analysis, techniques. The availability,
nature, and speed of recovery of existing sea truth was investi-
gated. Methods of filing and of recovery of the incoming satel-
lite pictures were developed.

Outdoor and indoor simulators were used to study the
differences in the thermal regimes between systems consisting
of uncontaminated water, on the one hand, and water contaminated
wWith oil, on the other. The effects of ambient temperature,
humidity and air velocity on the simulator systems were
studied.

Conclusions

Video processing techniques appropriate to the semi~-
quantitative analysis of the BCMM imagery were developed and

used in the search for syncptic ancmalies in the marine areas

(iv)
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Fig. 1 The quadrangle which limits the area of the present

investigation.




around the U.K. In addition, accurate methods of quantitative
video line processing - using a PET microcomputer and floppy
disc system - were developed and used. '

Computer programmes were prepared for mapping the positions
of features at sea in relation to coast lines visible in the
imagery; and software was written for the operation of the .
associated I/D position location pad.

Sea truth relating to the areas under investigation is
quite inadequate for a sound comparison of the temperature
parameter with the thermal IR data from HCMM. However, an
HCMM system can produce useful synoptic charts of the relative
thermal output from sea areas; and a future system has the
potential of generating useful sea surface temperature ou’put.

Controlled experiments on artificial oil slicks in the
. laboratory environment and in direct sunlight outside have led
to a number of important conclusions having direct relevance
to the detection and monitoring of oil at sea by satellite.
Even if oil is spilled at the same temperature as that of the
sea water the oil slick rapidly acquires a different surface
temperature; and the thermal regime of an oil-on-water system
differs from that of an all-water system. The temperature, and
surface property, differences between the two systems lead to
ready detection of ¢il (within the resolution capability of
the sensors) in the infra-red waveband. However, the problem
is complicated by the fact that the oily surface may appear
warmer, or cocler, than the surrounding sea surface; and it
follows that under special (rare) circumstances, the two surfaces
might be indistinguishable in so far as temperature is concerned.
Prediction as to whether a particular oil spill at a specified
instant of time will appear warm or cool in relation to the
uncontaminated water around the spill can be attempted.

No major spills of oil occurred in the area in question
in the period during which HCMM imagery was received of that
area, but one small oil spill was probably identified through
the thermal IR channel of the HCMM satellite.

(vi)
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Summary of Recommendations

A satellite thermal IR system can be useful in the
discovery and subsequent monitoring of oil spills at sea
provided the image ncise level is low, the resolving power
is small and the passes are frequent. Such a system is
capable of producing useful daytime information in the
abgence of sea truth. Indeed, although useful pilot
studies might be conducted using a sea surface data retrieval
system such as ARGOS, we can see the financial practicability
of some future oil detection satellite's acting independently
from any system invelving the collection of sea surface data.

The identification of clouds - the most troublesome sort

of noise in the thermal IR - in satellite imagery might be

achieved through the use of thermal IR stersometry.

Observations in areas of high cloud expectancy might be
supplemented through the use of radar techniques. Sources of
background noise, such as surface pollutants other than oil,

and mist, might be separated from oil effects using their

known locational and morphological characteristics. We see
computerised flicker techniques and shape factor analyses as

of potential for the highlighting and identification of anomaly .
types.

Although we recommend an upgrading of the present HCMM
system for use in any future oil detection satellite, the
present instrumental system might profitably be used, with a
larger pass rate, in the DIR mode for mapping thermal regimes
at sea and for producing estimates of sea surface temperatures
on a synoptic scale, thus largely supplanting ship measurements
of temperature.

{(vii)
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D.J. Telfer principally as cperator through Phase 1 /(pre-
launch) and until 14th April, 1980 in Phase 2, when he
resigned as Co-Investigator and became Consultant to
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; facilitate the transition of the co-investigatorship to

i T.S. Hall, who assumed the appointment from 13th May,

1980, to 30th September, 1980. R.J. Fryer acted as

Cdnsultant in the preparation of computerised cartographic

routines, -9 L. Wilson as Consultant on the handling and

. reading o. the HCMM CCT's supplied by NASA, as well as on
computer matters generally. Miss S. Stackhouse assisted
with the cataloguing of HCMM photographs and typed the
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present report.
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{A) Calendar Year 1977

Cartography from Satellite Photographs

Early in 1977, Dr. R.J. Fryer was appointed as Consultant
to the Lunar and Planetary Unit to advise on the hanrndling, and

C N et e mematmar s rmenia i ia mmas mi o

the making compatible with the mainframe computer needs, of map
and support data tu be used in the programme, following recepit §
of CCT's. ‘

The Consultant developed routines on the mainframe computer
(then an ICL 1905 F) for the preparation of maps from geographi-
cal data. The following graphical routines were prepared:-

MERC a subroutine to compute the cartesian co-ordinates, on
a Mercator projection, of geographical points supplied
as radian laiitude/longitude pairs.

@TLN a subroutine which draws a rectangular map outline for
the final plot and simultaneously initialises some
important variables. This subroutine is an essential
preliminary to the use of DRSCN, CPAST or GRDTH (see
below). Additionally @TLN enables the user, optionally,

P to draw a labelled latitude/longitude grid on the map

at specified intervals from a specified geographical origin.

e ae gl il iy B e




DRSCN a subroutine which draws digitised outlines ('scans')
on the base~grid prepared by @#TLN by joining successive
nap positions by straight lines. The subroutine uses
EDGPT (see below) to ensure that only those parts of
the scan which lie within the map boundaries are drawn.

: OPAST this routine is identical to DRSCN with the exception
{ that its data source is from a supplied file rather
than from the digitised data derived from the image
being analysed. Its purpose is to enable the user to
insert, ¢optionally, a stylised coastline on a map when

-

‘there is no desire to digitise the coastline in an
image or where, for various reasons (e.g. cloudover
or coastline not in image area), digitised heasures
of the coastline position are not available.

EDGPT a subroutine to halt drawing of a scan at a map
boundary where the scan would ctherwise extend out
of the map being prepared.

GRDTH a subroutine to enable the annotation of a map with
ground-truth data if so required. Geographical posi-
tions and alphameric labels are read from computer
cards and the labels inserted on the map beside a symbol
drawn at the supplied geographical position. Positions
outside the map boundary are ignored, and for each posi-
tion a choice may be made freom fourteen available

symbols.

These routines are combined, under the control of a master
programme, in a single package and stored in a computer file.
The file may then be utilised as desired, implementation of the
various subroutines being controlled by the values of parameters
punched in a single control card.

A sufficient understanding of the orbit and imaging system

-~ of the BCMM was gleaned for a start to be made on routines for

the transformation of 'image' co-ordinates into 'geographical’
co-ordinates.
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By March 1977 D. Telfer completed the design and construc-
tion of a lcw cost 8-level colour video (CCTV) black and white
slicer for enhancement and recognition of grey level variations
in monochrome prints and transparencies. 1In trials, the equip-
ment yielded promising results when applied to NOAA-S imagery
obtained from Dundee University. The B/W video camera was a
Sony AVC 3250 CE loaned by the Media Services Unit of Lancaster
University. A secondhand Bush CIV-25 was employed for display
of the false-colour images. Some trials were also conducted
using a suite of LANDSAT images of the UK purchased from Nigel

Technical Developments ’
!

Press Associates.

A block diagram of the kasic video processor is shown in
Fig. 2. The black and white videc signal is divided into eight
grey levels, each of which may be displayed as a false colour.
Three primary colours are added to black until white is produced
at the fourth level. Primary colours are then subtracted from
white to yield two additional colours at levels five and six.
Finally, the colours corresponding to levels seven and eight
are obtained by further subtraction operations not confined to
white. The main part of the processor uses seven 527 fast
comparators with TTL cutputs as digital RGB (+ or =-).

Grey level range (SPAN) and threshold (SHIFT) are provided,
along with variable input (GAIN) and output (SATURATION) levels.
The de—~ice worked satisfactorily in conjunction with the Bush
CTV-25 receiver, which was suitably modified to permit injection
of digital RGB signals to the grids of the chrominance output
tuwbes. Delay between chrominance and luminance at the CRT was
ot significant.

The Sony black and white CCTV camera was equipped with a
view finder display which served as a black and white monitor.

During the test runs with NOAA-S5 Thermal IR imagery,
modifications were made to the processor to improve the
quality of the display. The most benefit was achieved from

adjustment of the comparator series input resistors. These
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were decreased from 4.7 k1 to 470 8. The capability limits

of both the CCTV camera and the domestic monitor receiver i

were reached and further modificaticns could not be tried ;

until purchase of camera and monitor systems of better '
quality.

Regarding needs to maximise the video processing capa-
bility (synoptic fast processing) with the video processor, we
considered, as possibilities, the schemes which are summarised
in Figs. 3, 4 and S.

For synoptic fast processing, we favoured the option
shown in Fig. 4. We compared this type of scheme with the
IDP 3000 and concluded that our scheme would provide a cost-
effective solution to the fast processing of NOAA and HCMM
imagery. '

We felt justified in claiming that a better camera/tube
unti was required because:

a) The camera shading effects using a vidicon were found to
change with image brightness, contrast and structure. This
made electronic (anologue of digital) correction of the
video wave form difficult. However, improved results could
be obtained by having minimal need for a shading correction
in the first place. Link Electronics market a camera-tube

combination which was effectively demonstrated to us at
Imperial College, london. No electronic shading corrector
was used on that occasicn.

b) At a visit to Plessey, made on 3rd June by D. Telfer, critical
examination of NOAA imagery (Ekofisk oil slick:. area) included
ratio-taking for camera shading corrections, but even with the
digital techn.gue spuricus colour rings were evident in the
display. It was felt that the IDP 3000 could benefit from
improvement s at the camera end of the system.

s ' In addition, the visits made to Plessey demonstrated that
N a good quality monitor is an essential part of a video process-
ing system. Plessey strongly recommended to us the Crow

Electronics model used in the IDP 3000; this had been chosen by

them following assessment of alternative monitors. Although at

Se




——
= c ———p===={  VPUY
—_— v
r
L

Fig. 3 Video processing configuration used up to March 1977
C = Black-and-white Sony CCTV camera; M = Video modulator
built by D. Telfer; V = CIV 25 Bush T/V receiver; VPU =
video processor built by D. Telfer.
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Fig. 4 Analogue shading correction with improved camera and
monitor C = CCTV camera with low shade vidicon, Link
Electronics Limited (£550); S = Analogue shading corrector,
Cox Electronics (£650); V = Colour video display monitor,

Crow Electronics, as recommended by Plessey (£3 00Q)
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Fig. S5 Digital correction with improved camera and monitor

C = CCTV b/w camera, as in Fig. 4; V = Colour monitor, as

in Fig. 4; P = Plessey image processing console with minimum

requirements for storage and digital correction for shading.

This includes only the necessary stores, viz., 3 bit output, 8

waveband for 640 x 480 picture elements; store and waveband

controllers, ahd ratio unit witxxmodification for real-time

control override. Estimated cost (Plessey) £50 000.

N.B. shading effects were apparent in the displayed imagery on
the IDP 3000 during a visit to Plessey (see below). It
was noted that a relatively inexpensive CCIV camera was

being used.
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£3 000 this would be the most costly item in our preferred
option (Fig. 4), the indications were that this colour monitor
could improve image definition by at least an order of magnitude.

D. Telfer also designed circuitry for a colour-selective
area integrator to be used in conjunction with our video prn-
cessor. Following discussions with the Department of Industry,
a provisional patent was applied for in connection with the
video processor. Microwave Modules Ltd., Liverpool, were
approached regarding the possibility of marketing the device
should sufficient interest be shown. A further set of experi-
ments was undertaken to evaluate the usefulness of optical
diffraction filtering in conjunction with the video processor
and results were prowising for the test image used, which was
an Orbiter picture of the lunar surface containing raster lines.
These were successfully removed. .

As an alternative to the rather more expensive Crow
Electronics (Barco) colour monitor, the Sony Trinitron was
evaluated.

Delivery was taken on the D.O.T. Products, Incorporated,
"Compo 2" additive viewer with a projection facility. This
was tested in the synoptic fast processing of ACMM and support
imagery. The viewer was first established by Mr. N. Press of
Nigel Press Associates in October 1977.

Visit to the USA by D. Telfer, 7th-16th November 1977

This visit was arranged primarily in response to a communi-
cation from the D.0.I. concerning recent developments in remote
sensing of oil pollution by the United States Coast Guard
(U.S.C.G.) although the opportunity was taken to visit other
relevant establishments in the eastern United States.
Contributions to the U.S.C.G. research programme on oil
detection were being managed Sy Lt. Cdr. J.C.R. White, and
D. Telfer visited him at the Washington headquarters of the
U.S.C.G. on 7th November 1977.

The current activities of the U.S.C.G. were found to be

yielding useful results derived from day/night aircraft over-

14
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flights of oil spills using side-looking vadar, an IR/UV line
scanner, an aerial reconnaissance camera and a passive micro-
wave imager. Operations with this system have already logged
several oil spills, and the results were discussed in detail.
Clear images of oil slicks were produced by the IR line scanner:
the results were comparable to those gained by the French
organisation G.C.T.A. (Groupement pour le développement de la
téléddtection adicepatiale) over the Ekofisk blow-out in the
Noxrth Sea, and show that thermal IR detection of oil is a most
promising technique. ,

A second important visit was made to NASA (MD) to contact
a8 mAny as practicable of the staff who were involved in ACMM and
to exchange information about progress in the present project

and matters arising therefrom. The principal personnel contacts
were with the HCMM Investigations Manager, Mr. Locke Stuart, who,
following a discussion of cur data requests, pointed out that
thermal inertia paps will not now be supplied unless gspecifi-
cally requested for areas of extreme interest within the scene
under investigation; the Technical Officer, Mr. H. Oserof:i, with
whom the data mailing arrangements were discussed and clarified;
Pr. J. Vette, Director of the World Data Center A for Rockets
and Satellites; and HCMM Project Scientist Dr. J. Price.
Possible points of relevance concerning NASA's proposed con-
tribution to the Climate Program were investigated in discussions
with Mr. L. Hogarth and Dr. W. Bandeen. Use of satellite imagery
other than that from BECMM was considered both as possible
accessory material to the HCMM data and in the context of con-
tingency plans should there be a launch failure, or other
difficulties, in connection with the Explorer A satellite.

At NOAA (World Weather Building, Washington) the technical
aspects and acquisition of NOAA imagery were discussed with

Dr. W. Jaeger and Mr. L. Berry'. respectively.

The Marine Station at Woods Hole was visited on Friday llth
November, when D. Telfer met Dr. B. Butman to discuss and
exchange information about sea~data measurements. As a result

of this visit, we expect to receive a copy of the report apper-
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taining to the portable sensing platform which has been
developed at Wuods !oli for measuring sea-surface parameters
including temperature, salinity, turbidity and current.

On 14th November, D. Telfer visited M.1.T., Boston, and
discussed applications of "whole-Earth" synoptic imagery, and
infra-red and radar techniques, with P. Rosencrantz. Back-up
meteorological imagery of 1 km resolution from NOAA was consi-
dered to be of some valus in the HCMM work.

At the University of Massachusatts, Amherst, D. Telfer was
able to discuss the remote sensing of planetary surfaces in the
visible, UV and near-IR, with Professor R. Huguenin. Another
discussion with Dr. K. Beechis centred on the usefulness of
passive microwave radicmetry in thermal and textural investi-

gations of water surfaces, and on the possible application of
this technique to complement IR measurements in our simulator
experiments at Lancaster.

D. Telfer rounded off his vizit to the USA on Wednesday
léth November by having discussions, at the Graduata School of
Qceanography (University of Rhode Island), with W. Mosher on

aerosols and trace element enrichment in the atmosphere and on

a4 e s

the subject of the generation of these particles from natural
sources; and by noting the results of Dr. T. Huang's studies of
marine sediments.

Visits in the UK

On 3rd October 1977 D, Telfer visited Dr. Alison Cook and
Mr. T. Welch to view the remote sensing equipment in the
Department of Geography 2f the University of Sheffield.

G. Flelder and D. Telfer travelled to Aberdeen on 10th
October 1977 and, on llth October, entered profitable discus-
sions on North Sea truth with Dr. H. Dooley of the Marine
Laboratory of the Department ‘of Agriculture and Fisheries for
Scotland. The team leader in pollution, Dr. MacIntyre, and a
specialist in the chemical aspects of oil pollution, Dr. W.
Johnston, were also inwoived iu the discussions, which covered
other points of contact, 3pecific problems (such as fog)
likely to arise in HCMM remote sensing of the North Sea surface
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(based partly on NOAA data), the nature and temperature of
effluents currently discharged into home waters, and other
factors {such as chlorophyll, dredging effects and jellyfish
shoals) which might complicate the interpretation ¢f remote
sensing data relating to the North and Irish Seas.

Sea Truth

A survey of existing sources of sea-level data was initi-
ated. Informal plans were laid for the acquisition of temper-
ature, salinity and plankton bloom data from a part of the
Izish Sea (which will be used to provide control data), and
for the acquisition of temperature and sea current data from
parts of the North Sea.

In preparation for the ready identification of mazine
features on satellite pictures, maps having a 1:500 000 scale
were purchased in the second quarter of 1377 to provide a defi-
nitio~ of the coast lines of Britain and the west European
continent. This scale was selected to provide map positions to
an apparent accuracy only slightly less than the expected resolu-
tion to be provided by the HOMM. 1In those instances in which
Ordnance maps were out-of-print and uncbtainable, Aeronautical
maps were procured in their place. Both series of maps were
prepared on the Lambert Conformel Conic projection. Oma walil
of a cartographic room was covered with Sundeala board to
reczive the map mosaic.

The geographical co-ordinates of oil rigs in the North
Sea were received, with rig identifications, from M. Sturgeon
¢f the Department ¢f Energy.

G. Fielder continued the survey of sources of sea truth
relevant to the present prograume and received informative
letters from Dr. L.E.J. Roberts, A.E.R.C, (Harwell); R.K.
Webater, A.E.R.E.; Dr. V. Essex, S.R.C.; Dr. B. Jamieson,
N.E.R.C.; E.A. Stephens, I.G.S. (London); D.A. Ardus, I.G.S.
(Edinburgh); Dr. T.C. O0'Connor, University College Galway; and
J. Smythe, Occidental. All thesge responses were positive only
in that they referred to potentially useful points of contact.
However, it was clear that some sea truth could be provided

17




S Te W T T

through Or. P. Driver, Lancashire and Western Sea Fisheries and
through Dr. E. Monahan, University College, Galway. Dr.
mnahm's’ Irish Sea programme collects temperature, salinity,
chlorophyl, autrient and other data.

A mosaic of the 1:500 700 Aeronautical maps of the North
Sea area was prepared during the third quarter and mounted on
Sundeala board in an Operations Room, this series of maps being
found more suitable than the Ordnance maps of the same¢ scale
and projection for defining the area under investigation. A
Second set of relatively undistorted Aeronautical maps was
bought for the purpose of the definition of coastline data to
an accuracy adequate to feed to the computer's subroutine @TLN.

G. Fielder continued to survey sources of sea truth and
received replies from the following organisations:-

Continental Shelf Institute, Trondheim (J.0. Klepsvik).

Department of Agriculture and Fisheries for Scotland, -

Marine Laboratory, Aberdeen (B.B. Parish).
Department of the Environment, London (J.M. Williams).
Harwell, Nuclear Physics Division H8 (J.A. Cookson).
Institute of Hydrology, Wallingford (J.S.G. McCulloch and
K. Blyth).

Institute of Oceancgraphic Sciences, Birkenhead (D.E.
Cartwright).

Institute of Oceanographic Sciences, Wormley (Mrs. P.M.D.
Hargreaves).

Meteorological Office, Bracknell (J.L. Brownscombe).

Mininstry of Defence, Hydrographic Department, London
(Lt/CAr. T. McAndrew).

Ministry nf Public Health and Family, Brussels (M.J.P.
Monnaerts).

Of ther. "rganisations, the Szientific Attache of the
Brussels Min': cry offered to 'provide us with all the sea truth
data which may be ¢f interest to us, in exchange fcr remote
sensing data and our own, or owr joint (collaborative), inter-
pretatior of those data. Again, D.A.A.F.S. (Aberdeen) wished
to explore the possibility ¢f thelr suppivying relevant sea
truth data toc us.

18




Enquiries about certain lines of application of the present
research programme were received from the Central Office of

Information, London, the Liberal wWhip's 0ffice, London, Norpipe
Petrolewm U.X. Ltd., Middlesbrough, and Tioxide Iaternational
Led., Stockton-on-Tees.

Methods of measuring ssa surface temperature were researched
by D. Telfer. In a visit to 2.G. and G. Geophysical Ltd.,
Bracknell, in late June. D. Telfur learned that they could be
in a position to obtaii sea surface data to special order but
at a cost of the order of £3 000 per day.

Further research on the sources and acquisition of sea
surface data was completed in December 1977 by G. Fielder and
the following organisations should be in a position to provide
reievant data during Phase 2 of the programme:-

Fleet Weather and Oceanographic Centre

Meteorological Office

Department of Agriculture and Fisheries for Scotland

Ministry of Agriculture, Fisheries and Food

Deutsches Hydrographisches Institut

Institut Francais de Petrole

lLancashire and Western Sea Fisheries

Dept. Physical Oceanography, Univ. Coll. N. Wales

Hydrographic Department, Ministry of Defence

Marine Information and Advisory Service, 1.0.S.

British Aircraft Corporation

Brussels Ministry of Public Health and the Family

Water Research Centre

Tioxide International Ltd.

University College Galway

E. G. and G. Geophysical Ltd.

The data derive chiefly from a variety of vessels but also
from sea platforms and bouys.' One major problem over the rapid
interpretation ol synoptic satellite data in association with
sea truth lies in the delay commonly experienced between the
acguisition of the sea data and their reiease tc the scientific

sommunity.

19

™
1
|
1




B e i e P

Satellite Data

NOAA pictures of the region including the Ekofisk slick
were obtained through Dundee and examined using both the video ;
processor and the Plessey IDP 3000 Digital Image Processor.

Cloud cover prevented effective interpretation of the data.

Simulation Equipment

In order to test and develop pollution detection and
monitoring techniques under controlled conditions, plans were
laid for an outdoor simulator consisting essentially of two 100
gallon capacity water tanks, with filling and emptying £acilities,'
viewed by a battery of optical and infra-red sensors riding on
an overhead gantry. A site for this equipment was selected, and
delivery taken of the polyurethane tanks. A mount for two reflex
cameras was designed and built. In addition, two Eltec infra- E
red sensors were ordered.

By September 1977, the gantry of the outdoor simulator had
been assembled and erected on a specially constructed reinforced
concrete pad in the grounds of the University of Lancaster.

The gantry, which rotates in a vertical plane which is itself
inclined at 45°W of geographical north, was designed to carry

two optical cameras and one of two Eltec IR sensors. The

e e et AT A A'aeOAB S W B @ bt

orientation of the plane of rotation of the gantry was set by
map measurements and checked using a magnetic compass and taking
a variation of 8°W. The orientatior. error was estimated to be
not more than ¥ 1° of azimuth. Thus the plane in which the
simulator sensors rotate is identified with the orbital plane of
the HCMM satellite in a daytime pass.

A 20 mm O/D outdoor water tap was fitted close to the
simulator pad and plastic hoses for £illing and emptying the
polyurethane tanks w.:re bough?. Oil contaminating the water
which is being put to waste is removed by special filters in the

drainage system.

20
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(B) Calendar Year 1978

Mapping from HCMM Images |

R.J. Fryer reported usefully on the problems likely to be
, encountered in the work of relating points in HCMM imagery to ‘ |
é‘ : fixed co-ordinates on the Earth's surface. ' g

PAL-encoder and matrix

-—r— .
e L

Equipment for performing first-look operations on the
basis of the use of colour video presentation of grey-level,
sliced black and white images using a CCIV camera was developed
furthar.

To enable acceptance of colour video information through

v re————

the composite video input or into the UHF aerial of a TV moni-

tor, 2 PAL system encoder interface was designed and assembled i
“or use with the grey-level slicer. The latter provides
digital red, green and blue colour information which must be
converted via a svitable matrix circuit to colour-difference

; signals, namely, red-minus luminance (R-Y) and blue-minus lumi-

, nance (B-Y). These are injected into the encoder along with

timing pulses for the chroma-burst signals appropriate for i
acceptance of the total video information, by the decoding ‘
circuits of a PAL receiver/monitor. In the PAL system it is
necessary to switch the phase of the (R-Y) signal every'alter-

nate line; provision for this is included in the matrix before

the encoder.

A block schematic of the PAL intexrface is shown in Fig. 6.

Colour Monitor

It was decided to purchase a SONY model, CUM-1801 UB, which
gave pictures of acceptable definition during trials with
LANDSAT and NOAA imagery, and which compared favourably in per-

formance with more expensive monitors.

CCTV Black and white Camera

A different B/W camera was tried: this was a S/E ITC model
with a silicon diode tube. This model was then replaced by a

21l
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Link Electronics Model 109, a camera specially selected for
its high grade vidicon tube of low shading characteristics,
which, later, was also fitted with a silicon dicde tube.

U

Videodensitrometry

single line selection, using a purpose-built raster
analyser from Video Electronics Ltd., Manchester, enabled us
to display density profiles of black and white imagery on a
storage osilloscope. Positive LANDSAT and NOAA prints were
examined, in this way, and grey-scales were used for calibra-
tion runs. Using video signals from the camera output, the .
amplitude resolution attained by the method exceeded our expec-
tations. '

* Optical Filtering i

A small He/Ne laser and its accessories were ordered,
following the successful trials using equipment borrowed from
the Department of Physics, University of Lancaster.

Compo-2 Additive Viewer

The high quality optics, the projection facility, and the
ease of operatién (using the convenient control panel) of this !
instrument make it particularly suitable for our purposes. As '
D. Telfer discovered during his visit to NASA, the necessity
for hand-registration of day/night HCMM imagery has precluded
the possibility of NASA's supplying thermal inertia maps as a
routine procedure. However, following tests with the Compo-2,
we considered that we could effectively assess the usefulness
of day/night data, and extract other information directly,
using the instrument's projection facility in conjunction with

our video processing equipment.

Quantitative Processing

Results with a storage oscilloscope type of display of
selected lines of satellite imagery encouraged us to consider
the profitability of storing and processing parts of the video
output obtained from the CCTV camera. 1In addition to plans to

make use of existing University facilities, we coneidered the

23
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incorporation of a dedicated microcomputer system into our !

video processing facility. A number of hardward, and

assoclated software, options were reviewed. These included |

mini- and micro-computer systems. V
On 27th January 1978, D.J. Telfer visited Dr. C. Taylor

at the Medical Biophysicé Unit, University of Manchester, to

see a Joyce-Loebl Magiscan digital image analyser demonstrated.

This programmable system is based on a Nova minicomputer with

the additional hardward and software developed at Manchester

University. It is intended, we understand, to make the equipment

available for solving external users' problems; an opportunity

in which we have expressed interest should the need arise.

o lame . L

A Quantimet image analyser was also seen on display at a Royal
‘Society Exhibition in London.

Analysis

Following further trials using the additive viewer, grey-
level slicer and video densitoweter, purchase of a Telequipment {
DM63 storage oscilloscope enabled us to implement tests of quan-
titative intensity determinations on LANDSAT imagery, using
grey-sclae calibration. The results confirmed that this tech-

nique would be of invaluable assistance in our assessment of !

HCMM imagery. We also experimented with Explorer-A scans of
the eastern seaboard of the USA received from NASA.

A Commodeore PET 2000 microcomputer was purchased with a
view to video line processing in the quantitative analysis of
images. The method was planned by Dr. Telfer according to the
following scheme: a stored portion of the image to be analysed
(part of a raster iine) is combined in a chosen way (e.g., sub-
traction, division) with the video image data to give an
image profile plot corrected for the TV camera shading at an XY
plotter. The peripheral hardward was initially committed to
our electronics workshop, but D. Telfer designed and built the
video strobe interface for use with the CCTV camera.

Programs were ewvolved for image correction and these were
stored initially on cassette tape. Up to this time a reliable :
floppy disk drive was not available in the UK for use with the 1
Commodore PET microcomputer (but see page 29). '
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Improvements to the gharpness and degree of edge enhance-
ment of the CCIV imagery were effected electronically. Further
improvements were gained by mounting transparencies on the stage

. of a low-power microscope, illuminating them by weans of a pro-
jector lamp arranged to back-=light the condenser lens. The
image was viewed with our TV camera receiving light through the
eyepiece of the microscope. This arrangment is useful for the
examination of picture data at high resolution. Furthermore,
the system has been found to produce a noticeably flatter
effective illumination field that in the case of front-
illuminated prints viewed directly by the TV camera.

Trials with the test imagery of the U.X. coastal regions
again demonstrated the usefulness of the videodensitometric
technique. Steps were then taken to interface the signals with
the PET microprocessor system so that the quantitative measure-
ments, incorperating a camera shading correction, could be
implemented. A Creed teleprinter for providing hard copy of
picture data held in the microcomputer was cbtained.

Data Bandling

In order to facilitate the conversion of data from the
digital to the analogue form, and vice versa, for the genera-
tion of hard copy of data on an XY plotter, and for the CCTV
display of data, we commissioned the Psychology Department of
Lancaster University to construct D to A and A to D converters
for use with the microcomputer.

Software for Data Processing

D. Telfer continued to develop further microcomputer
routines for use in processing a given HCMM image, in which
picture elements are sampled at video frame frequency. TV
camera shading corrections wefe evolved. Refinements to the
routines for image rectification were alsc prepared by D. Telfer,

using polar co-ordinates.
Visits

On 20th June 1978 Dr. R.J. Gurney and Dr. S.F. Jagger of
the Institute of Hydrology, Wallingford, and Mr. K. Blyth of
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the University of Leeds, visited the LPU to discuss points of
mutual interest on the HCMM project. The principle discussions
centred on correction procedures and cartographic problems.

On 2lst September. 1978, D. Telfer vigited Dr. J. Haxdy in
the Department of Geography of Reading University to discuss the
status of our respective projects. D. Telfer was able to view
a demonstration of the Image Science colour video slicer applied
to the recent Explorer A imagery and he found that the results
were comparable to ours.

In a visit to the Transport and Road Research Laboratory
at Crowthorne, on 2lst September, D. Telfer discussed sources
of good quality supplementary imagery and current developments
in image processing and analysis with wWarren Heath.

At the Microcomputer Exhibition (sponsored by 'Personal
Computer World') held in London on 22nd September, D. Telfer
was able to make an appreciation of the present technical and
market status of microprocessors and microcomputers. Associated
peripheral instrumentation was also examined. Some printers
were examined but most were considered unsuitable for our
purposes.

D. Telfer visited NORSG/Swindon (N.E.R.C. Oceanographic
Remote Sensing Group) on 9th November 1978 for an interesting
and useful meeting at which contacts were made with 17 other
people in the U.K. directly concerned with remote sensing of
the marine environment.

Sea surface temperature data were obtained for the Liverpool
Bay area at the beginning of June 1978, corresponding to IR
imagery from NASA for that period.

The Chairman, Dr. J. Simpson, of the UCNW Marine Reserach
Unit, Anglesey, showed particular interest in our requirements
and image processing facilities at Lancaster, which he also saw
during a recent visit.

Tiros N imagery from Dundee University was shown to us by
P. Bayliss and considered to be of potential use in the HCMM

work.
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Receipt of First Test Data from HCMM

The Explorer-AEM-A satellite was launched on 26th April,
1978, and, thereafter, the regular orbital adjustments were
completed. We received the first test data in the form of

three pictures of the eastern coastline of N. America in June.

Further Test Imagery Received

By September 1978, we had received two test-data images
(one in ﬁhe visible band and one night-time IR photograph),
showing parts of the U.K. coastline. NASA reported that these
images were substandard in several respects. Tests on the IR
image with the grey-level slicer showed clear differences, on
the synoptic scale, between exposed estuarine deposits and a
part of the North Sea. Contrasts away from coasts were less
conspicuous but, although complicated by the superimposed
raster, could be detected using the video line-scan densitometer.
We awaited arrival of the first standard data relating to the
North and Irish Seas.

Further test picture data arrived on 3rd November, 1978.
Up to that time we had received a total of 12 images of 8 areas
in the North Sea and 1l area in the Irish Sea/North Atlantic

Ocean.

For "vertical" images composed from 620 km altitude the
predicted resclution in either of the channels was about 600 x
600 m?. Measurements made by G. Fielder on a night IR image
of the west coast of the U.K. showed that this resolution was
essentially attained. Many therma. fronts in the marine areas
were sharply delineated on the images provided by NASA. D-MAC
card-print-outs of positions were obtained, on prints received,
for survey purposes in the first instance.

For test purposes, using the unenlarged hard copy HCMM
positive prints in conjunctioﬁ with the D-MAC plotter, it was
possible to develop a microprocessor data filing and handling
system for processiig cassette data tapes for each HCMM image
for rectifying co~ordinates in terms of any given map projection,
using known coastline features for calibration. Test carried

out cn HCMM IR imagery for lst June 1978 showed that image
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features can be plotted in terms of map-co-ordinates by this
technique to within a few minutes of arc. Refinements to the
program were in progress and were expected to improve the
plotting accuracy.

Indoor Simulation Equipment

The two gallons of crude oil for use in experiments with
the simulation equipment were received gratis from Norpipe
Petroleum Limited (U.K.).

Laboratory tests were carried out with an IR sensor to
compare the emissivity of water and oil-on-water. 1In the
case of a film of North Sea oil covering an equal volume of
water, and in which the equipment had been left to attain
thermal equilibrium, the measured responses of the systems
were mutually different, with a general tendency of the coil
surface to be warmer by an estimated 1l or 2 K.

Outdoor Simulation Tquipment

Two 35 mm cameras and an Eltec IR sensor were mounted in
such a way that they could be carried, singly or together, by
the rotating gantry of the simulator. In addition, a chopper
assembly was mounted in front of the IR sensitive surface in
order to introduce the capability of distinguishing the res-
ponse from the water, or oil-on-water, from the overall res-
ponse including background noise. The detector/chopper system
was tested with the aid of a recently acquired Ortec-Brookdeal
phase sensitive detector. 1In the high positions of the gantry,
the IR sensor and cameras are out of reach. Furthermore, the
solar radiation incident on the tank fluids would be ...terrupted
by an operator near to the battery c¢f sensors. Hence the latter
was to be actuated by remote control. To this end, cables were
run to the Eltec sensor and éhopper, and air tubes were connected
to the shutter mechanisms of the respective cameras. The whole
sensor assembly was moved along the gantry by means of a cord
and pulley system: in this way the sensors could be directed at

each tank in rapid succession before the conditions of solar
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illumination changed. A water-powered extractor pump was
incorporated in the plastic water hose system for the rapid
exchange of tank fluids.

Sea Truth

/ The locations of foreign oil and gas platforms in the
North Sea were noted using the Offshore Promotional Services
Ltd., North Sea Concession Map. A principal sourte of sua
truth, through Phase 2, will be the Meteorological Office
(MET0). Data from vessels, platforms and buoys will be made
available to us through METO 12c. The potential of deriving
subsidiary data from ASSFS, MAFF, LAWSF, and the previously
mentioned organisations was established.

(C) Calendar Year 1979

Extension of Hardware

Purchase of Computhink Floppy disk system and memory
expansion for the PET microcomputer (27 K) greatly increased
the speed and flexibility of the small systems data handling
facility.

Data

By March 1979, we had received images covering a total
of sixteen scenes of marine areas in the vicinity of the
British Isles. Apparently, no data were degraded by loss of
perfcrmance of the power system of HCMM; but routine data
acquisition from the satellite was terminated on lst March,
1979 (telex, NASA to G. Fielder, l6th March, 1979). Apart
from the backlog of HCMM data expected to arrive at owur
laboratories we understood that alternative data may also be
made available to us should the need arise.

Further Software Development

Advantage was taken of the continuing delay in the receipt

of standard data to develop further the methods of handling both

analogue and digital daca-formats. Fuller use was made of the

synoptic fast-processing facility by expanding the processing
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options of the digitised TV camera waveform. This introduced the

option of further processing of the imagery in blocks. First,

an area of interest of a colour density-sliced image seen on
the colour video monitor was selected by inspection. In this
way, the choice of block was settled and the relevant bright-
ness data presented in digitised form. In order to achieve
this result, various items of software were developed:

a) Data strobing program. ‘With the aid of the interface con-
structed by D. Telfer the camera wave-form is digitised and
strobed in to the PET microcomputer. The PET then creates
a data file in blocks of 225 x 25 data points, each of which
is an 8-bit byte giving a maximum of 256 density levels. 1In
practice, the upper limit is fixed at 250 levels.

b) File handling programs. These programs are used to select
blocks of data from 2 master file created in program (a).
Thus, a 40 x 25 array of data points can be p>resented on the
video display unit of the PET. The blocks of data points
can then be re-filud on floppy disk.

c) File reading program. These programs enable one to read

the contents of any named file for a block of imagery and
to present the results of processing that file on the PET

PR

screen. The processing can take the form of (i) camera
correction (shading, and electronic, errors) and (ii) illu-
mination correction,
NOTE: In programs (a) and (c) there is the option for the out-
put of the digitised and corrected video wave-forms on an
XY plotter.

A number of successful trials were completed. In particular,
in the case of an area measuring some 100 x 20 kmz to the west
of Stavanger (Norway) a daytime, IR positive print recorded on
28th May, 1978 was contrast-stretched to clarify the apparent
l:1 correspondence between the gross features on the print, on
the one hand, and the data block, on the other.
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Visits

In the first quarter of the year, D. Telfer undertook
visits to the following establishments:-

Department of Geography, Sheffield University, 2nd
February: the acquisition and processing of radar imagery (SLR)
was discussed with Dr. Alison Cooks.

NERC Oceanographic Remote Sensing Group, Alhambra House,
9th February: at the MORSG meeting, an update on the gtatus of
projects involving experimeatation, and the processing of
imagery and otﬁer data, in relation to the marine and oceanc-
graphic research activities in the UK was assimilated. .

Farnborough (NPOC), 22nd February: this was a meeting at
the UK National Point of Contact with Earthnet (the European
Remote Sensing Group) arranged in conjunction with the Remote
Sensing Society. An overview was taken of the reported data
and image processing facilities, Contact was made with Keith
Ragot and his collmsagues with a view to acquiring high quality
data/image products as and when required; and the opportunity
was taken to assess the usefulness of the IDP 3000 in its pre-

ot e —rL s T A @ o b £

sent form. !

The Warren Spring Laboratory, 23rd February: in a meeting !
with Dr. D. Cormack and his colleagues the Eleni-V and the
aAmoco Cadiz events were reviaewed, and the results of the appro-
priate aircraft overflights (in which IR-sensors were employed)
were examined. As in the case of earlier US Coastguard experi-
ments of a similar nature, it was noted that the thicker parts
of a slick of oil showzd warmer, and the thinner parts ccolex,
than the surrounding water surface.

The possibility of collaboration over the question of
synchronism of data acquisition (viz ICMM and further marine
overflight experiments) was aleo discussed.

University College, London, 23rd Fektruary: a meeting was
held with T. Fountain, to discuss "cellular logic" image process-
ing. The concept of intelligent data points was explored and
there was a demonstration of pattern recognition equipment.
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NERC (Tidal Institute, Bidston Observatory), 1lOth August:
Dr. Cartwright's gruup was visited to discuss sea truth in the
context of the forthcoming MARSEN experiment in the German Bight.

First Official Data from the HCMM Satellite

The official date of first receipt of data was 30th April,
1979. Transparencies covering a total of 32 areas close to the
UK vere received since that date and were coded, catalogued and
2iled for ready access. Also since 30th April, 1979, 33
photographic scenes copied from "quick look" HCOM imagery
arrived from the Lannion Centre for Space Meteorology. France.

(D) Period lst January 1980 to 30th September 1380

Personnel Changoi

D. Telfer, Co-investiyator, left the University of
Lancaster on 14th Aprii. 1980 and was replaced by T. Hall on
13th May. Between his leaving lancaster and 1lOth September,
1980, Dr. Telfer continued to liaise with the P.I. in a
consultancy capacity. M:. Hall soon assumed full operator
duties in the handling and analysis of the BCMM imagery, and
in the use of the outdoor simulatcor ann the laboratory wind
tunnel.

Satellite Data

A total of 2117 positive and negative HCMM transparencies
covering parts of the marine areas around the UK were received
from NASA in the period 30th April 1979 to 4th September 1980.
These transparencies probably represent all the available
standing order data: they were coded, catalogued both manually
and on magnetic tape, and filed. Since 8th June, 1979, 1077
Lannion QL positive and/or negative HCMM prints were also
received. These prints were,. likewise, coded, catalogued and
filed.

Sea Truth

A good quality transparency was selected as the best cloud-

free HCMM image of the Mcrecambe Bay ares, which is an area
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intensively studied by the Lancashire and Western Sea Fisheries
(LWSF). Sea surface temperatures and isctherms relating to a .
small part of the area were acquired from the LWSF (Drs. P.A.
Driver and C.M.C. Vivian) and the samo area was examined in
false colour and scanned using the vidsodensitometer.
Unfortunately, the LWSF sea surface data related to too small
an area (close to the shore line) to be of use in the calibra~-
tion cof the HOM image. Other test cases of siamilar origin
would not have improved on ths negative result.

A plan to use sea truth relating toc controlled releases
of oil on the' sea by the Warren Spring Laboratory of the
Department of Industry, in order to calibrate HCMM images, was
discarded when it was established that a volume of oil some
two orders of magnitude greater than that permitted ‘n the
Warren Spring programme would be required ware such a slick to
he detected using the HCMM satellite.

No furthar updates of reported oil slicks around the UK
were received and no major spills were reported in the period
under review.

Ssarch Through Data Bank of Imagery

Using our card-index of oil spills reported in the
calendar years 1978 and 1979 and in the sea areas under investi-
gation, imagery cove.ing each location, in turn, was extracted
from the data bank using the PET microcomputer and the
appropriate software development. Images which were "clouded”
over the area in question were rejected. The remaining images
were subject to full processing but not a single relevant
anomaly was found in the first instance.

" For the purpose of checking that the <~agery was capable
of resolving thermal sources of smill extent, &« number of high
capacity electricity generating stations in England, Wales and
Scotland were examined. Extraction of suitable imagery from
the data bank followed the method used in the search for oil
slicks. The results of this search were satisfactcry in that,
whereas scme of the stations were not detectable, others were

seen readily.
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Further Results Using Wind Tunnel

Some technical development was necessary in order to modify
the wind tunnel system in such a way as to simulate winter con-
ditions, at sea, in which the air temperature was below that of
the fluids in the trays. After testing different methods of
achieving suwh a temperature imbalance, we consolidated on the
use of thermostatically controlled electric heaters fully
immersed in each of the ligquid systems in the trays. Study of
the results showaed that the system with the oil spill gained

‘more heat from the flowing air than did the all-water system,

¢ en though the wind was now cooler than the liquids. Thus,
the rosults for summer, and for winter, conditions (for water
wilich was, . essentially, static) are qualitatively the same:
the system with the oil layer becomes warmer as the wind speed

increases over the range 1 to 9 ms'l.
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DESCRIRTION OF SYSTEMS AND METHODS USED IN PROJECT

(a) vVideo Processing System

Because of the large volume of picture data to be handled,
it was decided at the outset to make use of equipment which
would increase the speed of synoptic viewing of imagery and,
at the same time, increase the reliability over the unaided
visual method in the detection of anomalies in that imagery.

It was further decided that the equipment should be capable
of application to the detailed surveying of any such anomalies.

Accordingly, and after surveying the market for suitable
commercial equipment, Dr. D. Telfer designed and constructed an
eight level colour video black and white density slicer, with
attendant storage oscilloscope videodensitometer for the gemera-
tion of line density profiles. Output waveforms could be
digitised and the data processed using a PET microcomputer.
Bard copy could be produced by photographing the trace on the
videodensitometer, by photographing a suitable form of rendering
of the digitised data on the PET screen, through the use of an
X-Y plotter or through the use of a teleprinter system.

The cclour video slicing, videodensitometric, and picture
digitisation, equipment is depicted in Fig. 7. The video
signal from the Link Electronics black and white CCTV (A) is
fed via the video slicer and PAL colour encoder (B) to the
colour video monitor (C). The camera video signal is also fed
to the raster analyser for line selection (D) and the video
strobe unit (E). Storage oscilloscope display (F) of a single
line can be monitored, while waveform digitisation with the
A/D converter (G) allows processing of the selected portion of
an image with the PET microcomputer (B). The Computhink florpy
disk system is seen to the right of the PET, behind which {(not
visible) is the X-Y plotter for producing single-line trace
hard copy. The teleprinter (not shown) is employed for produc-
ing the equivalent hard copy printout of the PET screen image
display.
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This equipment allowed us to survey large oceanic areas
represented on either transparencies or prints. However,
prints were difficult to view in this way because it was not
easy to achieve uniform illumination across the whole of a
print. Therefore, transparencies were normally used for
video synoptic studies (whereas prints were useful for visual
synopses) . The transparencies were illuminated by fluorescent
strip lights diffused by a ground glass screen. TV camera
shading was minimised by using a silicon diode camera tube.

When oceanic anomalies were noticed in the synoptic view
in false colour, an assessment as to whether they were natural
phenomena (such as thermal fronts), or possible man-made features,
was made. In the latter case, detailed line profiles were
examined, using the videodensitometer. Quantitative video line
processing with corrccoions for camera shading and uneven illu-
mination was readily achieved through the use of the PET
microcomputer and floppy disk system.

In order to facilitate the examination of small areas of
the images, a microscope was introduced between the transparency
stage and the CIV camera. This subsystem was found to produce
a satisfyingly flat illumination field in the case of the
examination of details.

Furtherreference to the video processing system will ke

found on pages 8-14, 21-25, and 29-30.

(B) Outdoor Simulator of HCMM Satellite/Oil Spill System

An outdoor simulator (Fig. &) using two, one-metre diameter
PVC tanks to hold, respectively, water and oil-on-water, those
tanks being viewed by IR and visible sensors held aloft by means
of a gantry capable of rotation in the plane of the daytime
HCMM satellite passes, was designed by the P.I. and constructed
by his technical support team io test the capability of selected
instruments to discriminate between the water, and the oily,
surface. The tapks were filled with identical volumes of tap
water and a film of North Sea oil was introduced to one of them.

The oil was crude terminal oil from the Ekofisk platform of
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Norpipe Petroleum Ltd. (U.K.). It was noted that the only
difference between the terminal oil and the rig oil was that
the former had lost its high wlatile component. 1In the case
of an o0il spill in the sea this component would vaporise and
dissipate almost immediately; so the present experiments would
be relevant to the spill situation.

A support plate holding two, 35 mm cameras and an Eltek
I.R. sensor and chopper could be moved along the horizontal
arm of the gantry. The camera shutters were actuated remotely
by use of pneumatic lines. The tanks could be filled and
emptied, as required, using a water-suction pump.

In the first set of experiments, the surface and bulk
temperatures of eachof the liquid systems were monitored
directly using miniaturised Pt-resistance thermometer probes
supported by passing the leads through flexiple aluminium
tubing which was itself supported from the rims of the tanks.
Two temperature probes measured the surface layer (1 mm thick)
in each tank (one surface layer being of oil and the other of
water) and two probes measured the temperature of the under-
lying water at a depth of a few centimetres in each tank. The
actual temperatures at these four points were displayed sequen-
tially as four digits on a Farnell Instruments DRT 2 Unit, the
readout from a given probe being selected by means of a
Cropico, Ltd., low contact resistance switch. Experiments
commenced after both tanksful had been left long encugh to
ensure that a condition of mutual equality cf bulk water temp-
erature pertained. A real temperature difference of the order
of 1 degree was determined, the oil surface presenting the
higher temperature in daytime conditions.

Remote sensing tests were then run using the gantry sub-
system. One camera was loaded with panchromatic film, the other
with film sensitized to respond over the optical IR band 670-
880 nm. A phase sensitive detector, used to monitor the signal
from the IR sensor/chopper assembly, was housed in a nearby
laboratory.
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The gantry carrying the sensors was rotated in 15 degree
increments of elevation and, after each increment, IR readings
{measured in millivolts) were taken from the gauge of the PSD
and, at the same time, control photographs were secured using
remote control shutter release pneumatic lines. For each eleva-
tion of the gantry the tanks were observed in rapid sequence,
by sliding the sensor carriage along the horizontal track of
the gantry, in order to achieve equality, or near equality, of
environmental factors such as solar altitude and atmospheric
extinction.

These experiments tended to confirm those using PRT sensors,
in that the oil surface was generally warmer than the unpolluted
water surface (see Table l1). Moreover, it was noticed that,
whenever the wind over the tanks increiased (even in short gusts),
the PSD registered changes which indicated that the temperature
of the oil surface increased even more above that of the water

surface.

Table 1: Specimen of Qutdoor Simulator Results

o Readings on PSD/mV
Elevation/ Difference/mV
Sensor Sensor
above water above o0il
30 1.51 1.84 0.33
45 1.72 2.18 0.46
W 6o 1.47 2.07 0.60
75 1.20 1.80 0.60
90 0.97 1.64 0.67
75 0.90 1.67 0.77
60 l1.10 ¢ 2.11 1.0l
$E 45 1.42 2.65 1.23
30 1.89 2.95 1.06

Notes
Larger PSD readings correspond to higher temperatures.
The altitude of the Sun was 57° and the sky was cloud free.



i

(C) Indoor Simulator: Effects of Changes in the Ambient
Temperature and Humidity : 1

Because of the need to control the immediate environment
around the tanks a small-scale version of the simulator was
developed for use in the laboratory. Here, surface temperature
measurements were taken, using PRT's, at times of different
ambient (room) temperature and relative humidicy.

Specifically, the aim of the indoor simulation experiment
was to determine, for given environmental conditions, the sur-
face temperature of a given volume, v, of North Sea oil over~
lying a given volume, V of water and to compare the observed
temperature of the oil with that of a surface of uncontaminated
water of volume V + v (where V >> v). By conducting such an

experiment it is possible to assess the likely response of

the HCMM heat sensors to an o0il slick at sea.

Our earliest experiment in the laberatory made use of a
pyroelectric radiometer and phase-sensitive detector to com-
pare the heat flux deriving,‘respectively, from the surface of
a volume, V, of water, and a surface film of crude oil covering
a second volume V of water. The surface oil remained at a sen-
sibly higher temperature than that of the comparison water
surface.

In an attempt to discover the reasons for this difference
it was decided to examine the following hypotheses:-

Hl - The water-with-oil (System A) and water (System B) systems
were not in identical thermal situations in thermal
equilibrium;

H2 - System A alone was exhibiting a radiation balance regime
similar to a "greenhouse effect";

H3 - System B was being cooled, by evaporation, faster than
System A;

H4 - The surface temperature of System A dependea on the thick-

ness of the oil layer.

Accordingly, the equipment was improved (Fig. 9) in order
to (a) minimise differences in the initial thermal conditions of

each of the systems; and (b) introduce direct temperature read-
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out at a few selected points in, and above, each system.

Then the liquid systems were carefully re-established .s
follows. System A was prepared by measuring 2.8 litres af

tap water at room temperature and introducing it to a poly-
thene bowl. This water was covered (in the first instance)

by 400 cm3 of oil, at room temperature, to give an overall
depth of the fluids of 6 cm. System B was prepared by measur-~
ing 3.2 litres of tap water at room temperature and introducing
it to a polythene bowl which was virtually identical vo the
first, The oil of System A was crude terminal oil from the
Ekofisgk Field.

Each polythens bowl was embedded in a medium of PVC
packing chips contained in a thick-walled wooden box and the
boxes were placed in lateral contact. The bottoms and sides
of the bowls were thus effectively insulated from the surround-
ings; and the walls of the boxes rose well above the liquid
surfaces so as to minimise draughts and maintain similar
ambient coaditions above each system. A wooden gantry was
mounted over the top of the boxes in a position of symmetry
with respect to the two polythene bowls. Miniaturised Pt-
resistance temperature probes were supported by this gantry
and placed in strategic positions (the points 1 ... 9,
specified in Fig. 9). The temperatures at these stations
were monitored following the method (page 39) employed in the
case of the outdoor simulator.

In this and subsequent experiments, the equipment was
left to attain an equilibrium state before measurements were
commenced. It was found that an interval of one day was
normally sufficient for this purpose. 1In order to test B4,
the thickness of the oil layer. was changed several times over
the range v 1 mm to 1.9 cm.

Table 2 shows results of a representative run at sensibly
constant, and low, relative humidity (< 10%) but with varying
0il layer thickness.

Care was taken to ensure that the platinun resistance

thermometer elements could be held rigidly in tneir appropriate
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’ positions by enclosing the leads in soft aluminium tubing, ’
1 which was bent to the required shape in 8itu. Evaporated
E water in the water-only vessel was topped up at the start of an
.r experimental run. Equilibrium temperatures of each probe were
i measured sequentially, using the rotary switch which was fixed
} on the rigid wooden gantry along with the digital electronic
’ thermometer unit. During these experiments, the probes were
E left in positioun, only minor adjustments being made as required.
It is evideat from Table 2 that there is little change in
the difference between the oil layer surface temperature and that
; of the water surface. The acutal temperature difference is
about one Centigrade degree in all cases, the oil surface being
consistently the warmer.
The relative contributions oi E2 and H3 were assessed by
changing the ambient humidity using a temperature controlled
. . water bath in the closed labcratory. A whirling hygrometer was
used to measure the relative humidity of the air in the laboratory
for a range of equilibrium conditions. Relative humidities cover-
ing the range of from < lO8 to 65% were generated in this manner. }
] . Table 3 relates the results found when the relative humidity
‘ was varied at constant oil layer thickness. There is a notice-
able trend towards smaller surface temperature differences as
RH increases; and there is a tendency for the temperature differ~-
ence to level off at about 508 RH.

It will be noted that the difference between the surface
and the bulk temperutures of the water-only bath also decreases
with increasing RH, as does the temperature difference between
the bulk water-under-cil and bulk water (only) in their respective
baths.

In these experiments, the observational evidence suggests
that the main contribution reqponsible for the surface temper-
ature difference is the permitted evaporation of water at the
water-only bath surface, an effect which would be increasingly
important at low RH.

Increasing the oil-layer thickness has relatively little
effect in cases of thickness is excess of 1-2 mm. BHowever, it
is expected that, under calm conditions in the open sea, the sur-
face temperature of isolated aggregatcs of heavy crude oil would

be sensitive to thermal radiation balanc=.
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(D) Wind Tunnel: Effects of Wind Velocity and Temperature
In certain of the outdoor simulator experiments (V. 8upra)

it was observed that there was, at a givent instant, a corire-
lation between wind velocity and the tempexature of the ¢l
surface: as the wind velocity increased, sc did the temperature
of the oil. i
In order to investigate this effect, a low velocity wind
tunnel (Fig. 10) with a working section of aboutQ.074 mz was
adapted to our needs Dy removing part of the false floor and
lowering two, adjacent plastic trays intc the cavity in such
a way that their rims were level with those parts of the
false floor which were left, in 81, both immediately upstream,
and immediately downstream, of the trays. '
Four circular apertules were cut in the base of each of

tie plastic trays and each aperture was filled and sealed with

e

a rubber bung carrying the leads of a PRT probe which entered
one of the plastic trays (Fig. ll). The PRT leads were fed
through holes, drilled in the base of the wind tunnel and cor-
responding to the apertures in which the bungs were inserted,
to the 4-digit Farnell temperature recorder and channel
selector illustrated diagramatically in Fig. 9. Each tray was
filled to the brim with a measured volume (3.0 1) of tap water
and allowed to attain thermal equilibrium.

Two temperature sensor elements were arranged to lie just
in the upper 2 mm of liquid in each reservoir and two in the
bulk of the liquid (water) in each reservoir. These sensors
were offset “rom the longitudinal axis of the wind tunnel by
amounts which minimised the effect ¢of the presence of one probe
on the reading of another probe. A ninth temperature sensor
was used to measure air tewperature in the boundary layer
immediately downstream of the tanks (Fig. 1ll).

The fan of the wind tunnel was fed from the mains through
a Forster Voltage Regulator which was calibrated in terms of
wind speed using an ETA 3000 hot wire anemwmeter manufactured
by Airflow Developments Ltd. Wwind speeds of from 0.5 to
10 m s'l were generated just above the surfaces of the fluids
in the tankr:@ this range embraced the critical value of wind
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Fig. 11l Diagrammatic representation of cil slick simuletion

in the wind Tunnel, showing locations of the nine temperature
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speed at which a transition from laminar to turbulent flow
might be expected. 1In practice, the upper limit of wind speed
was 8 m s'l, since above this value the water tended to spill
over the leeward edge of its container.

A volume of 125 ml of water was removed from one of the
trays and the same volume of crude oil added, by pipette, in
order to produce an oil layer exactly 2.0 mm thick: this was
also the diameter of one of the cylindrical PRT sensors. For
pre-selected wind speeds (Figs. 12 and 13) the temperatures
measured by the nine sensors were then read at given time
intervals over a period long enough to determine the approach
of each of the two systems to equilibrium.

With the room temperature slightly higher than that of
the fluids, tests showed that thz cil surface gained heat
relative to the unpolluted water surface. This effect increased
with increase of wind velocity. The temperature of the air
in the wind tunnel relative to the temperature of the water was
then increased further, in an attempt to exaggerate the effect
already noted, by introducing an electric heater at the air
intake end of the tunnel. The general results of these tests,
considered to be simulating conditions similar to those apply-
ing to the North Sea in summer, are given in Table 4 and are
shown graphically in Fig. 12 (for a low wind speed) and Fig. 13
(for a higher wind speed).

In order to investigate the physical consequences of the
flow cver the taﬂks of air that was colder than the fluids they
contained - an experimental system that might find a close
parallel in winter conditions in the North Sea - methods of cool=-
ing the air before it reached the tanks in the wind tunnel were
first considered. The use of a pack of ice blocks held before
the entry effuser of the tunnel in a bag of wire netting was
found to be unsatisfactory, experimentally, because of the need
for a high replenishment rate of ice. Finally, one submersible
heating element was used in each of the tanks (the heaters being
identical) in order to raise the temperature of the fluids
above that of the 2air, at room temperature, passing through the

tunnel. The degree of heating was controlled by means of a
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Table 4:

Wind Tunnel Results:

"Summer" Conditions

Wwind velocity Time after Water surface | Oil surface Tunnel
m s~1l oil spillage temp/C temp/C air
temp/C
Anm
l.0 10 13.28 13.35 15.2
20 13.30 13.56 15.2
30 13.36 13.69 15.6
40 13.40 "13.80 15.4
50 13.41 13.97 15.5
1 00 13.46 14.05 15.5
12 13.55 14.21 15.4
140 13.63 14.35 15.5
2 00 13.70 14.55 15.5
2 2 13.77 14.60 15.5
2 40 13.79 14.70 15.5
3 0 13.80 14.75 15.5
3 3 13.81 14.87 15.5
4 00 13.80 14.90 15.5
4 30 13.83 14.92 15.5
5 00 13.78 15.00 15.5
S 3 13.79 15.01 15.5
6.0 10 12.79 13.19 15.4
20 12.83 13.52 15.5
30 12.84 13.75 15.5
40 12.90 13.93 15.5
50 12.90 14.10 15.5
1 00 12.88 14.23 15.5
12 13.00 14.49 15.5
1 40 13.03 14.61 15.5
2 00 13.12 14.79 15.5
2 2 13.16 14.80 15.5
2 40 13.20 14.90 15.5
3 00 13.20 14.93 15.5
3 3 13.29 15.03 15.6
4 00 13.30 15.07 15.5
4 30 13.32 15.08 15.5
S 00 13.31 i5.10 15.5
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submerged thermostat. Readings of the PRT outputs were taken,
as before, except that the records kept related to the tempera-
tures pertaining after convective motions resulting from the
heat sources in the tanks had dissipated. Thus, all the read:.:.3s
used to generate the final results were taken, each time, some
10 minutes after the heaters had been switched off.
Qualitatively, the results for "winter" conditions were
similar to those for "summer" conditions (Figs. 12 and 13): the
©il layer gained heat relative to the surface layer of water,
and the difference between these surface temperatures increased
with the wind speed over the range 1 to 8 m s :. It would
appear that energy was being transferred from the air to the

fluids by the mechanism of viscous dissipation in the fluids.
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2-16/Fl-11

METHODOLOGY USED IN PERFORMING THE INVESTIGATION

(A) Processing of Satellite Imagery

HCMM transparencies and QL prints and, in the development
of the video processing equipment, imagery from NOAA S,

LANDSAT and TIROS N were scanned visually, sorted and catalogued
hoth manually and on magnetic tape, after coding, for insertion
on the PET data file. The coding included information on cloud
cover as well as on picture frame identification and date.

The useful imagery was then subject to semi-quantitative
synoptic viewing in order to search for anomalies in marine
areas. If defined in terms of apparent grey-level differences
between different parts of the marine area in any given image,
there were anomalies on most images, seen more readily in

false colour. However, the general form, extent and location
of most of these ancmalies provided a means of judging them as
phenomena (such as marine thermal fronts and estuarine deposits
or pollutants) other than the effects (thermal and visible)
expected of oil slicks. In those cases when these types of
general criteria failed, the ancmaly in question was enlarged
using the microscope/TV camera system and processed quantita-
tively. Fig. 14 shows the scheme for the handling of all data.

All images which corresponded to dates (-1 day and + 2
days) of reported oil spills were located in the tape file of
picture data and were extracted for examination using colour
video slicing, videodensitometiic profiling and picture digiti-
sation analysis.

The Lannion QL prints covered a larger range of latitude
than the NASA transparencies and provided relatively rapid
means of assessing, visually, the usefulness of a given pass
of the HCMM satellite in regard to the sea areas around the
U.K. The NASA transparencies‘proved best for false colour
synopses and for detailed regional work of a more guantitative
nature. Of the transparencies, the D thermal IR images proved

to be the most useful, particularly the positive transparencies.
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(B) Mapping from Satellite Imagery

Computer routines for the preparation of maps of oil
slicks from geographical data such as the map co-ordinates of
recognisable coastline features on a HCMM image were prepared
by R.J. Fryer. Full details of these routines are given in
Appendix A.
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(C) Recovery and Use of Sea Truth

A survey of sources of sea truth was made by the P.I. who
concluded that, although there were a number of special organi-
sations willing to provide a variety of data relating to limited
sea areas, the most generally useful data would derive from the
Meteorological Office (Department METO l2c) at Bracknell,
England. These data may be split into (a) Ice Chart five-day
means (which, tests have shown, are more numerous than all other
data); (b) data from ships using Code FM2l-V; (c) bathymetric
data (Code FM63-V) and (d) British Light Vessels data. The
data provided range through parameters such as sea surface
temperature, cloud amount and type, weather, visibility, surface
wind speed and direction, and wave height and frequency. Sea
surface temperatures and other sea surface data for four test
locations, each corresponging to a specific date and time, were
ordered through METO l2c.

In the first area, (Fig. 15) surface temperatures, measured
in 8itu, were found to correlate well with the BCMM thermal
infra-red brightness data even though the temperatures were
five-day means. In Fig. 15, the temperature increases through
dark grey to light grey. Specifically, & densitometric profile
{(Fig. 16) along the marked traverse shows a good correlation
with the specified Ice Chart. temperatures.' Bowever, the Ice
Chart data fail to show the prominent and persistent Islay Front
feature shown here as a sharp boundary which extends northwards
from the N. Ireland coast; and the degree of correlation between
the reported sea truth temperatures and the thermal contours of
the satellite imagery is poor. The area contained only one SHEIP
temperature measurement centring on 12Z (midday) of 1978 June 1.

The second area (the southern Shetlands, Fig. 17) was
examined for traced of pollution around the coast where there
is a concentration of shipping and cil terminal activity. The
spindle-shaped cool feature was, however, identified as cloud.

Limiting the sea truth to the time of satel!ite overpass
would have virtually eliminated the input of surface data into

the investigation. A compromise was reached in which sea truth
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Fig. 16 Densitometric profile showing the thermal IR
brightness variation in the ECOMM image shown in Fig. 15.
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Fig. 17 Test area showing the S. Shetlanc Islands (H'MM DIR

lmage of 1976, May 10; A-A379-115).




data were extracted over an arbitrary six-hour time interval
centring on the time of the acquisition of BCMM imagery by
satellite. Even then, the area contained no surface tempera-
ture data over the six-hour time interval centring on 122
of 1978 May 10. .

In Figs. 18 and 19 the grey level coding is the reverse
of that specified for Figs. 16 and 17. The region demarcated
in Fig. 18 by a black rectangular boundary (a marine area off

Stavanger, Norway) is shown (Fig. 20) in the uncorrected, digitised

display on the PET screen. (The same display is seen recalled
from disk-file in Fig. 7). 1In this demonstration of the technique,
the effects of raster lines are evident in both images. Some
discrepancies are evident in the two images, which were prepared
on different occasions. Particular care was taken to minimise
camera shading and uneven illumination while preparing the
digitised image, but the effects of image raster lines are

clearly seen in the absence of correction.

The area shown in Fig. 18 contained only two SHIP tempera-
tures centring on 122 of 1978 May 28.

The image of Fig. 18 was taken during the period of the
“"Eleni V" spill on 1978 May 30; but the picture is dominated
by the presence of raster lines present in the original harxd
copy. This area (Dover Strait arnd River Thames) contained
eight British Light Vessel (BLV) temperature measurements and
three SHIP temperature measurements, all centring on 002
(midnight) of 1978 May 30.

Most of our total area of investigation is without BLV
data, which concentrate in the Dover Strait - Thames estuary
area and provide temperatures to the nearest whole degree.

This may be compared with the one-tenth of one degree tempera-
ture data reported on the SHIP’coding (rut the significance, and
usefulness, of this degree of precision is questionable). None
of the four test areas contained any BATHY temperatures.

The Ice Chart five day mean temperatvres are deduced from
the cbservations made from a stated number of ships within a
given square of side one geccentric degree: the sides of thne

square run parallel, and perpendicular, to parallels of latitude.
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Fig. 18 Test area showing the North Sea tc the west of

Norway (HCMM DIR image of 1978, May 28; A-AOO 12-12360-2) .
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19 Test area showing the Dover Strait and River

Thames

(HCMM DIR image of 1978, May 30; A-ACO’4-13110-2).
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Correlations of all the sea surface te erature raw data with

" the Sea Ice Chart five day mean tempe: tures is mostly goed

even though the raw data in question refer to the central six-
hours of the five day period. In the case of each of the four
test areas it is impossible to draw reliable isotherms through

the six-hour temperature data. An attempt to construct meaningful

isotherms through the relatively densely clustering sea truth
points in the area defined by Fig. 19, may, however, be made.
Whereas the Sea Ice Charts are based on BLV and SEIP
observations of temperature, the Coastal Ice Charts include
additional data such as that received from Icelandic vessels.
We conclude that the best sea truth base on which to put the
HCMM imagery is that provided by the Coastal Ice Charts, even

though they provide only five day means. Data other than temp-

eratures (for example, wind and wave data, visibility, and so

on) would still have to originate in ELV reports (not available

in most areas) and in sparsely distributed SEIP reports.
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(D) Data on 0il Spills

Information on oil spills received from the Department of
Trade, London, commonly includes the estimated location of the
oil and the length of the slick. The principal input derives
from U.K. Coastgquards; some data derive from ships and rigs.

All data for the period of interest (the calendar years 1978

and 1979) were studied. We also searched the appropriate "Oil

Spill Intelligence Reports" published at Boston, Mass.
The most significant of the spill data were abstracted on

a card index and the longest spills, or those having the greatest

size, were isolated as a basis for searching for anomalies on

any corresponding HOMM imagery. It is clear from Fig. 21 that

by far the majority of the reported spills were of minor extent.

Of the 69 longest cil spills sighted in offshore regions of

the U.K. in 1978 and 1979 only a score were in areas which

corresponded to imagery acquired for the dates (-1 4, +2 d) in

No major oil slicks were reported by the Department

question.
of Trade in the same period and in the area of investigation.
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‘ (E) Computer Simulation of the Thermal Regime of an Oil Slick

; By developing PET microcomputer routines ror the simulation
of heat balance regimes in oil slicks, D. Telfer was able to
predict that the surface temperature of a slick would increase
sharply as the wind over the slick changed its characteristics
from thcae of laminar flow to those of turbulent flow. This
i result was verified experimentally (see Figs. 12 and 13).
' The model represented in Fig. 22 is of an infinite, flat
sheet. Forced convective heat transfer between the ambient air
and the relatively stationary oil surface layers is most effec-
tive under conditions of non-laminar airflow. This occurs at
wind-speeds in excess of v 4 m/s. At these speeds, the tempeza-
ture of the oil surface would be expected to follow that of the
air more closely than would the temperature of the water, which
has the greater thermal conductivity.

This is exemplified in the following two dummy runs involving
steady states in which the wind speed is held constant but the
air flow is first laminar and then turbulent.

Alr Parameters

wind vel 3 m/s
RI fixed at 200 w/m2

Reynolds No., Re (air) = 1.2 x 10°
Prandtl No., Pr (air) =0.71
4/5 1/3
Nusselt No., Nu = 0.037 x Re x Pr (Turbulent flow)

Nu = 0.332 x Reh x Prh (Laminar flow)

Thermal Conductivity of air KA = 2.57 x 1072 W/n X
Convective loss = Nu x KA x (TS - TA) W/m2

Radrative Parameters of Oil

Absorptivity, AB = 0.5
’ Rate of energy input at surface QR = AB x RI = 100 w/m2
Emissivity, EM = 0.5
Radiative loss RL = EM x SB x TS4 W/m2
where SB = Stefan-Boltzmann Const = $.67 x 10"8 w/m2 K4

Nett input at surface @ = QR - RL - CL w/m2
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Conductivity Parameters

a) 0il
Thermal conductivity KO = 0.138 W/m X
Q= KO x (TS - TL)/XO NYnz
where XO = oil layer thickness (m)

b) Water
XW = 0.6
Q = 0.6 x (TZ = TW)/XW w/m2
where XW is the "surface water layer" thickness

Overall transfer coefficient U (S -+ B) = Q/(TS - W)

Thermal resistance TR = 1/U = XO/KO + XW/XW
Surface temperature TS = Q/U + TW X

Interfacial temperature TI = (TS -~ TW)/B + TW K
where B = 1 + {XO x KW/ (XW x X0)}

Let XO = 0.1 m and XW = 1 m; then B = 1.4348

Results

Laminar Flow, 3 m/s

Putting TW = 283 and
TA = 288, then
TS = 279.44 and
TI = 280.52

Turbulent Flow, 3 m/s

Putzing TW = 283 and
TA = 288, then
TS = 286.50 and
TI = 285.45

It is seen that the oil surface temperature follows that
of the ambient air more closely in the case of turbulent flow
than in the case of laminar flow. This conclusion was also con-
firmed ip our wind tunnel experiments (see Figs. 12 and 13).
Clearly it is important to know the prevailing weather conditions

in the case of a real event.
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2-16/F1-12 RESULTS OF SEARCH FOR THERMAL ANOMALIES IN BCMM IMAGERY

(A) Synoptic Search for 0Oil Slicks

Transparencies representing the thermal IR response of the
HCMM imaging system were keyed geographically to known coastlines,
using both the visible channel transparencies and the lLannion QL
positive prints. All the "useful” imagery remaining in the
inventory aftar the rejection of (a) poor frames (too noisy,
too claudy, too small a marine area), (b) frames which showed
major oceanic thermal fronts and associated thermal structure
of a major and regular nature, and (c) frames which, inter alia,
displayed reqularly recurring estuarine and littoral thermal
features, was subject to SFP analysis..

No residual anocmalies were found which could reascnably be
interpreted as relating tc oil pollution.
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(B) Tests of HCMM Thermal IR Bard as a Means of Detecting U.K.
Power Stations

Because of a negative result derived from the synoptic
examination of ‘ the imagery, it was decided to assess the capa-
bility of the BCMM imagery to detect heat sources in fixed
localities. The thermal effects of centres of population are
well known and were clearly in evidence in the ECMM IR imagery.
It was desirable, however, to choose prchbable heat centres of
swall areal extent, in the tests, in order to move closer to
the case of a small oil slick. Accordingly, it was decided to
inspect the appropriate imagery fur thermal waste from power
stations.

Using data supplied by the Central Electricity Generating
Board and by the South Scotland Electricity Board, 23 power
stations with a generating capacity of 3 1000 MW and five
power stations with a capacity of 3 2000 MW were located on
1:50000 Ordnance Survey Maps (lst and 2nd Series). The computer
£iling system was used to recall all igagery covering the 28
areas in question. Finally, every image which was noth
cloud free and of good quality in the region immediately
around each map position was viewed in false colour and
scanned sequentially, using the videodensitometer, so as to
cover every patch under investigation.

The results showed that:

The station with the highest generating capacity (2400 MW),
Long Annet (Firtn cf Forth) was undetectable. Evidently this
station was not delivering any detectable thermal pollution in
late May ard early June 1978. Likewise, Cockenzie was undetect-
able on the same dates.

Kingsworth and Tilbury stations were both detectable; whereas
West Thurrock proved to be indistinguishable from the urban back-
ground.

Hinkley Point and Aberthaw stations, both on the SW coast
and removed from conurbations, were both detectabie. A videc-
densitometric profile acorss Hinkley Point power station is

reproduced in Fig. 23. Fawley and Pembroke were indistinguishable

73

.
PP VR - —




;

AIDINIH

Fig. 23 Videodensitometric Profile acrcss the centre of the
thermal anomaly (open arrcw head) gererated by lcsses from
the Hinkley Pcint Power Station, England. Losses frem 2
second power staticr may be detected in the cpen, sguare tox.

(EQW™ image DIR/344, cf 1978, Jun. 1ll; A-AQQ4€-131340-2).
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from their principally industrial surroundings. Didcot, which
is inland, was located with difficulty. A similar situation
- and result - pertained in the case of Midlands power stations.

Although on the coast, Inverkip (Firth of Clyde) was
undetectable.

In conclusion, some of the stations showed cl«arly discer-
nible thermal losses; others, surrounded by a variety of thermal
backgrounds, provided inconclusive evidence ¢f thermal losses;
while yet others were certainly invisible in the thermal IR
channel of HCMM. Those stations in the latter categery included
Long Annet, which offered the highest potentiai energy output.
The efficiency ratings will differ between power stations. 1In
addition, at a given time of HCMM overpass, any station may be
working at less than maxioum power output. Tre range of zasults
cbtained was thought to be readily explicable in terms of these

variables.
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(C) Search for Reported Oil Slicks

A speically compiled card index of all oil spills reported
in the calendar years 1978 and 1979 (see page 64) was used to
'sort those 79 category A spills, reported as being of one mile
or more in lengts, from the remaining 52 category B spills,
each of which was less than one mile in liength.

For each category A event the computer filing system was
used to recall all imagery corresponding to the date of spill.
In case the spill was reported late, imagery corresponding to
the day before the sighting was also extracted from the data
bank; and the imagery for at least the uwo days following the
date of report of spill was brought out for examination in case
the first changes were "clouded out" and the spill persisted
beyond that timt All these images were inspected visually for
relavant coverage and for apparent freedom, or comparative
freedom, from cloud in the area in question. Eight images
(Table 5) survived these restrictions and each was scrutinised
for any anomaly which could have been the result of an oil
spill. Since the reported locations of the spills were poorly
defined (the only description offered being that given in Table 5)
scaling from maps was sufficient to pinpoint the centre of an
area of somewhat arbitrary size that was then examined ir false
colour. Six of the areas were in fact covered by patchy
cloud. The remaining two areas, identified in Table 5,are
depicted in Figs. 24 and 25.

Even high-resolution videodensitometric scans failed to
show ary anocmaly in any of these areas. The Peterhead report
related to a spill that might have been little mcre than a mile
in length; and the spill might have suffered dispersal a day
or so later, when the areaz was recorded by HCMM. Probably,the
Lizard Point report also related to a short spill: and the area
in questiocn was viewed some four days <fter the event. The
arez ~f the reportedly long spill "to the south of Plymouth"
was viewed approximately three days after the event.

Wich these negative results, we procecded to examine cate-
gory B events in precisely the same manner. However, after
rejecting images which were not free from cloud in the area in
question, in each of the 52 cases, no images remained for further

examination.
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Table 5: Imagery Used in Search for Reported

0.1 Spill Events

HCMM Image and Date

A-A0050-13120-2,
*A-A0116-13330-2,
A-A0168-13060-2,

"A=A0174-13170-2,

A-AO169-13240-2,
! A-AC180-02270-2,

A-A0287-13200-2,
) A-A0287-02190-3,

i *A-A0356-13030-2,

- e amm s ! Ll T

DIR/145, 15/06/78
DIR/029, 20/08/78
DIR/Ol0, 11/10/78
DIR/192, 17/10/78
DIR/189, 12/10/78
NIR/O76, 23/10/78

DIR/170,

NIR/020, 07/02/79

DIR/430, 17/04/79

Event location, Length, and Date

50 miles NE Peterhead, > 1 mile, 14/06/78
28 miles E Lizard Point, > 1 mile, 16/08&/78
Amlwch, > 1 mile, 10/10/78

Amlwch, V. supra

St. Brides Bay, > 1 mile, 12/10/78

12 miles NW Scilly, > 1 mile, 19/10/78

2 mile x 200 yards, lk mile NE Belfast
Lough, 07/02/79

S of Plymouth, several miles, 14/04/79

L ]
* Apparently completely free of cloud in relevant area.
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Fig. 24 Lizard Point Spill Location

of 1978, Aug. 20; A-AOl16-13330-2).

(BCMM 1mage DIR/C29,
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Fic. 25 Flymouth Spill Location

1979, Apr.
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A full report on the Amlwch (Table 5) spill reached us
thrxough the offices of the Marine Science Laboratories,

Anglesey. At 3 p.m. on 10th October 1978 the forecastle look=-
out on the Shell Tanker "Litiopa" observed a spray of oil dis-
charging from a hose at Amlwch Marine Terminal, Anglesey. The
discharge was arrested but the slick, which was then moving
eastwards under the influence of the flood tide, extended scme
1 km from east to west and some 200 m from north to south.

Estimates of the amount of oil spilled varied from 20 tons
to 200 tons. The position and configuration of the slick changed
over the following twelve days until thcre were no visible traces
of it remaining in the area.

The extra detail containe. in this report encouraged us to
search for later, clear imagery of Amlwch, the HCMM imagery of
1lth October (Table 5) having been rejected because of cloud.

An attempt was made to correlate the image patterns of the
appropriate marine areas in ECMM and NOAR 5 scenes with the
report of the slick. The linear resolution {(about 1 km) and
signal/noise ratios of the NOAA 5 image - a positive print
representing the scene on 1978, October 17 - were deemed insuf-
ficient for a detailed, intensive study of the area.

In oxder to improve discrimination between adjacent image
areas our only suitable HCMM transparency - which also showed
a 1978, October 17 scene - was, first, suitably masked.

Pixels were identified readily in the enlarged print of

Anglesey (Fig. 26) taken from that transparency. The masked
portion of the transparency (DIR) was mounted on the microscope
stage and that part of the image which lay within the white
rectangle (arrowed, in Fig. 2§ was examined using the CCTV

camera in position above the x10 eyepiece. With an objective
magnifying x4, the enlargement was more than sufficient to resclve
the individual pixels. |

The false colour rendering of the smaller area in which the
slick was reported was digitised and corrected for shading and
illumination errors (Fig. Z7a).

Clearly, a region coeler than its surrounding sea area is
observed about 2 km NW of Puffin Island (Fig. 27a and b). The

observed effect is attributable to a temperature difference
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b. Definition of area represented in a.




estimated to be about 1 K. 7The spatial extent of the cocl
patch is estimated, from Fig. 27a, and from the corresponding
false colour image, to be at least 2 km in the E-W direction
and 1 km from N to S. The presence of some cloud (Fig. 26) =~
and some reported fog - in the area does not, however, lead cone
to an unambiguwous interpretation in this case. Indeed, even
the extent of the cloud which partially covers Puffin Island

is difficult to assess because of the inherent limits of spatial
resolution provided by the imagery.
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2-16/F1l-13

SIGNIFICANT RESULTS DRAWN FROM PROJECT

(A) Comment on the Video Processor

The image processing technigues developed at Lancaster
are well adapted to the rapid exploration of large areas, and
to the ioslation and study of local areas, which exhibit small
temperature differences between themselves and their surroundings.
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{(B) Results drawn from the Simulators

The thermal behaviour of a layer of North Sea oil
covering water has been ccmpared with that of a similar
Jolume of uncontaminated water held under identical environ-
mental conditions using outdoor and indoor simulators, includ-
ing a wind tunnel. These experiments showed that, for oil
layer thickness in excess of hetween 1 mm or 2 mm and 2 cm,
there wag little dependence of oil surface temperature on the
thickness of the oil layer; and that the surface temperature
of the oil was consistently higher than that of the water sur-
face. Under windless conditions and ambient temperature of
about 10C, the oil in the ocutside simulator achieved a temper-
atuwre of 0.2 to 0.5 K higher than the water surface. As the
ambient temperature climbed past 20C, the oil (in the indoor
simulator) assumed a 1.0 K positive temperature increment
relative to the water at low values of the relative humidity,
and that temperature difference decreased towards zero as the
relative humidity was increased towards 100%.

Computer simulation showed that the temperature of a layer
cf oil on water closely followed the temperature of the ambient
air under conditions of turbulent air flow. 1In the field the
air flow might be expected to become turbulent at wind speeds
of & 4 m s}, The results of our wind tunnel experiments were
consistent with these predictions. As the air speed increased
from zero, the temperature differential between the oil layer
and the water surface also increased, for a given air temperature
and huridity.

Under "still air" conditions, the water only system clearly
cooled by evaporation more than the system with the oil layer.
As the humidity increased, the rate of evaporative cooling
decreased. As the wind speed increased, more energy was trans-
ferred from the air motion to the fluid systems and there¢ was
more frictional dissipation of energy in the ocil-layer thin in
the surface layer of water in the'water only"system.

Thus unbroken oil slicks thicker than 1 or 2 mm wouid, at
sea, appear slightly warmer than the surrounding water ever if

the oil were spilled at the same temperature as that of the water.
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The relationship batween the temperature differential of

such an oil spill and the surrounding sea, on the one hand, and
the wind velocity, on the other hand, would not be linear.
Increasing the surface wind velocity into the non-laminar flow
regime would lead to break-up of the slick and, in practice,
the resulting temperatures would be difficult to predict. At
the edges of a spill, or in the case of a spill that, with time,
had largely dispersed laterally, the oil might spread to become
a film of thickness less than our experimental minimum of 1 mm.
It is possible that the cool area we discovered some seven days
after the Anglesey spill represented one such case. Oil spills
with warm central regions and cool edges, relative to their
marine surroundings, were illustrated by Parker and Cormack
{Ref. 1). It is also evident that tii: emulsification processes
described by the same authors would lead to the necessity, in
practice, to modify the ideal boundary results relating to

temperature regimes in the experiments described here.
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(C) Comments on Sea Truth

On a synoptic scale, the principle source of sea truth
lay in the Department METO l2c¢ of the Meteorclogical Office at
Bracknell, England. The number of sea surface points at which
data have been measured within the bounds of an area recorded
in an HCMM image is small., The number reduces even further when
parameters such as wind vector are required as well as tempera-
ture. On the other hand, when tight control of measured sea
surface temperatures was available, the data were found to
pertain to too small an area too close to the coast to be of
any use in the calibration of HOMM images.

Oceanic thermal fronts tend to be rather stable features
of the seas around the U.K. Hence, in producing a synoptic
temperature map, it is realistic to assemble temperatures
measured at different points over a time interval of several
days and use them to construct maps of isotherms. Even with
an integration time of five days, local isotherms (as opposed
to synoptic cnes) are not necessarily reliable., With clear
skies, calibrated BCMM thermal IR imagery would greatly improve
our capability of producing iscthermal charts of sea surfaces
on a given date and at a given time. On a completely clear
day or night the BCMM thermal channel provides a much better
picture.of the distribution of sea surface thermal ancmalies
than that crovided by all the in 81ty measurements in the seas

around the U.K.
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(D) Comments on BCMM Images

The best HCMM imagery from NASA virtually attained the
predicted resoclution. Drop-cuts (principally pixels, rarely
whole lines) were uinimal, particularly in the more recent
data. By comparison, drop-cuts appeared to be more numerous
on the hard copy, QL imagery received from Lannion.

Raster lines proved troublesome on several occasions. The
rastar lines, which are present in the original transparencies,
can be an important limiting factor in the image interpretation.
Spurious herring-bone patterns commonly appeare¢d in the IR
imagery. These patterns, found on many occasicns, were found
to have a wavelength of the order of a few pixels and were
generally accompanied by & grainy texture in addition to the
spurious intensity modulations of the raster lines. This last
mentinned defect was a consistent faature of the IR imagery.

The temperature resolution of the BECMM system, as investi-
gated using our video processcr, appeared to be adequate.
Calibration using sea truth or ground truth proved impossible
because of either ingsufficient spacial rusclution or scarcity

of reliable gsea surface temperatures.
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2-16/Fl=14 CONCLUSIONS AND RECOMMENDATIONS

(A) Characteristics of Oil Sgills in the Thermal Infra-red

There was nc major oil spill or slick in the seas around
the U.X. in the calendar years 1978/1979; nor was there one
in the year 1980 up to the time of the present report. Aall
except possibly one of the longer minor spills reported to us
were invisible to HCMM because of cloud, and the shortax spills
reported were undetectible because of image noise or lack of
sufficient resclving puwer of the detectora carried by the
Explorer-A satellite.

A discharge of crude cil to t.ie north of Anglesey on
10th Octobar 1978 was reporteld to be changing its form, appear-
ance and location cver the next twelve days. Generally speaking,
the area covered Ly the oil increased following the date of
spillage, even though the spraying of dispersant commen~ed on
the date of spill. On llth and 12th October two separate
slicks were reported (sizes "3 miles x 2 miles" and "lj miles x
1 mile" on llth October) but were not seen on HCMM inages
11/10/78 DIR frame Ql0O, A-AOl68-13060-2 and 12/10/78 DIR frame
189 (A-A0l169-12240-2), which were apparently cloud free in the
area, possibly because of strong raster lines, and possibly
because the oil had responded well the the dispersant and was
breaking up. leaving a clear sheen between cil patches.

Nevertheless, a report for 17th Octcber, 1970, described a

P colourless sheen, partly cover ed with brown mousse, measurina
"4 tc 5 miles" x "4 mile"” in area; and it was on a HOMM image
taken on 17th October (DIR frame 192, A-AQl74-13170-2 ) thatwe
measured an aromalous cool patch measuring at least <o x lkm (see

page 50). The sea had been rough pricr to thiu ck:aervation,
and some fog had been reported, but the position and area of
the patch cocrresponded closel§ to those in tne report of the
develcpment of the spill. We now corclude that the HCMM image
of 17th October possibly did reveal the presence of oil.

Now the expsrimental wcrk with simclators showed clearly

H_ 1
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that crude cil spills thicker than 1 or 2 mm were measurably

warmer that tae surrounding water, under still air cunditions,
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and even warmer than that under windy conditions (with surface
air speed up to at least 8 m s~}). It was reasoaned that these
circumstances arose because of the preferred evaporative cocol-
ing of the water surface and because of the preferred transfer
of kinetic energy from the overflowing air to the oil surface
by the mechanism c¥ viscous dissipation of energy. Uniform
£films of oil much thinner than 1 mm were difficult to sustain
outside, in a windy situation, and,in the laboratory work, the
finite size of the PRT sensors dictated 2 minimal thickness,

of the layer to be measured, of 1 to 2 mm. Bowever, it 1is clear
that, for thin films of oil, or for areas of patchy oil, the
effects of both of the aforementioned mechanisms would be
reduced in magnitude: the evapordtive losses in the oily film,
or oil-water emulsion layer, or brown mousse and water area)
would be greater, generally, than in the case of a uniformly
thick layer of oil; and the mean amount of thermal energy gener-
ated in a "thin" slick by means of the viscous dissipation
mechanism - and in a system of moussz rafts which, judging from
our experiments, would tend to behave rather rigidly and

simply to move by translation and bob up and down in the water
rather than to shear internally - would be less than in the
case of a fresh, thick spill of oil.

Estimates of the amount of oil discharged in the Anglesey
event spanned the range 20 to 100 tons. Spread over an area
equivalent to a few resolution elements of HCMM image this
would provide an oil layer of equivalent thickness < (0.1 mm
to .01l mm). An oil layer of this thickness would certainly be
closer to assuming the temperature of the underlyins water than
would the oil forming the thicker layers examined in our
experiments. A

Airborne, thermal IR images (Ref. 2) of the major Ekofisk
slick (April, 1977) showed that the thinner, bounding regions
of a slick may appear cooler than the sea bounding the slick,
whereas the thicker, central regions may appear the warmer. 1In
this case, the spilt oil had, initially, a high intrinsic
temperature (v 80 C), and the apparently cooler peripheral areas
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of the spill were reported to be of an oil-water emulsion

A 10 um thick only. The peripheral areas of the spill appeared
cooler than the uncontaminated sea because the emissivity of
the oil was less than that of the water. However, the wind
speed was v 10 m s~ and this would have made a contribution

to the observed temperature differences. Thermal and side-
rainr airborne measurements of controlled spills of crude oil
in the North Sea were reported by Parker and Cormack (Ref. 1).
The warmer centre and cooler edges, relative to the surrounding
sea water, appeared to persist in this imagery even though the
oil which was spilled was not reported to be at a high tempera-
ture. Indeed, the authors explained the effect in terms of
solar heating: the oil had a lower thermal conductivity than
the water, so the surfaces of the thicker layers of oil became
warmer than either the water, or the thinner oil/water emulsion,
surfaces. Omnce again, our work indicates that wind speed,

reported by Parker and Cormack as 6 to 8 m s1

in one controlled
test and 3 to 5 m s - in another, is a factor to observe when
considering the thermal regime of an oil slick. Parker and
Cormack's adoption of a thickness of 1 mm of oil beneath surfaces
registering a higher temperature than that of the sea, and a
thickness of 0.1 mm of oil beneath surfaces apparently colder
than the sea is consistent with our observations and computatiosns;
but we showed that a temperature difference of v 2 K between

a "thick" oil surface and a water surface in the same environment

could be attained in the absence of solar radiation.
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(B) Detection and Monitoring of Oil Spills |

It is clear from the foregoing analysis that an oil spill
at sea may appear warmer (if the oil is thick) or cooler (if
the oil is thin) than the surrounding water. A fairly fresh
spill will be thick in the central parts and thin in the
peripheral parts. The emulsification process will start as soon

et A L

as the oil makes contact with the water and the surface proper-
ties of a £film of oil spilled on water will change accordingly.
Because of the motion of the water, a thin film of oil soon
breaks into rafts and disperses with the emulsification process
in opéxation. A thick layer of oil takes a longer time to mat
and form mousse. In our experiments, mousse left in an outdoor
tank for two months became fairly rigid and resisted internal
shearing and flexing as a result of wind and water motion. With

EwTTVTESRY Y Y W

the sun shining on the experiment, the surface of the old mousse
became warmer than the water. Hence the apparent temperature
of an 0ld slick (which has not been dispersed by the action of
heavy seas) in which monsse features prominently would be
dependent on the ratio of t".he integral area of mousse rafts to
the total area of inter-raft water; and the temperature, read
as a mean, would probably be above the temperature of the
surrounding water under daytime conditions and below the

R I TP R R e

temperature of the surrounding water at night. In this case, :
the effect of thermal dissipation in the cil by wind energy would f'
be ineffective in raising the temperature of each mousse raft. v
Because of these thermal characteristics of oil spills,
it would seem to be possible, in principle, to distinguish them.
in the thermal IR, from other pollutants. 1In practice, this
method would require monitoring of a sea area at daily intervals
rather than detection on one occasion alone.
Any single thermal IR image may show an anomaly as a
result of an oil spill, fog, cloud, shallow sediments, pollutants
_— other than oil, localised sea surface changes because of the
| presence, below, of fish, and so on. Pollutant dumping grounds
and the location of shallow sediments are perhaps well known.
Fog tends to recur in littoral strips and patches and would

appear to be cool. 1Isolated patches of thin cloud were, we
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found, the most troublesome features in our search for oil
patches. BHowever, because they occur at positive altitudes
relative to the sea surface features, clouds could be identified
and separated from oil patches, in principle, using stexee-
imagery.

However, surface winds commonly split an oil spill into
severil parts and draw out each part into an elongated feature
with its major axis pointing sub-parallel to the wind ditrection.
This itself is a diagnostic characteristic of an oil spill of
sufficient volume. In our investigation of sea truth, we
found surface wind vectors to be particularly unreliable for
the purposes of composing a synoptic map of wind flow. The
quoted directions sometimes changed abruptly between adjacent
stations; and the velocities which were qusted sometimes varied
non-systematically between stations. What may be needed for
the construction of meaningful surface wind maps is a network
of instrumented buoys; but, in the meantime, synoptic weather
maps and oil slick morphology can be helpful in determining
wind direction if not surface wind velocity.

Ideally, an oceanic network of buoys carrying instruments
tc monitor, at least, air and water temperature, surface wind
velocity, waves and solar radiation flux received - all at a
given co-ordinate fix and time - might be established over an
area large enough to be many times the resolving capability of
any future oil detection satellite. These buoys would transmit
the sea truth to the satellite, or elsewhere, for correlation
with the imagery of the same area acquired by the satellite.
Coupled with either the monitoring of an (artificial) slick in
the area or with more sophisticated and extensive analytical
or experimental work than that described here on the thermal
regime of oil slicks, such co;relations might be used as a
basis for the interpretation of marine data collected by a future
satellite. The ARGOS system (Ref. 3) offers the potential of
collecting and providing the sea truch.

During the present exercise, the limitations of the HCMM
system have been clarified. The angular resolution offered by

the HOMM system needs to be reduced by a factor of several units
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if a satellite surveillance system in the thermal IR is to be
used to search for spills of small quantities of oil. This
might be achieved through the use of IR radiometers of greater
aperture. Most of the spills we investigated were of the oxder
of one pixel in size; and the problems associated with the
evaluation of small sized events have been exemplified in the
case of the Amlwch oil spill. In many cases, the existence of
raster lines in the original images provided major imperfections
which far outweighed those introduced by electronic shading and
illunination effects in our video-processing equipment. Better
contrast stretching, applied particularly to the positive IR
transparenceis showing marine areas would have been of agsist-
ance in our densitometric anpalyses and subsequent interpretations.
Indeed, in our case, the HCMM system was working on the edge of
the expectancy threshold for pollutant detection. Thus a larger
radiometer system producing images of improved guality might pro- ‘
fitably be used for oil slick detection work. The provisos are
that (a) one would require satellite overpass at a daily rate
and (b) the marine area selected for viewing would be one, norm-
ally, largely free of cloud. ‘
The synoptic search for oil slicks might be automated

P

through the use of a flicker technique: map correct data from

successive images of the sawe scene would be strobed to a com-

puter programmed to compare the photometric brightness of cor~
responding image elements secured on successive days. A null
method of flickering out regular parts of a scene might be
emploved so as to highlight theanomalies and pin their forms
and locations. Clouds might be identified if, instead of pre-
paring one image, the satellite transmitted a sterec pair of

images, per pass.
However, in many areas of the world there is commonly a high
Eroportion of cloud cover (certainly this is so in the North

Can ma

Eurcpean sea areas); and such an imaging system would best be
accompanied by a large, microwave radiometer system. The desired
results might be achievedonly when facilities are available to
Place much larger microwave radiometric installations in orbit than
are inuse currently. In thisway, detection and full monitoringof oil
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slicks in chosen areas would become a realistic possibility

and would dispense with the need for aircraft surveillance.

The same, multisatellite system could be used also, for example,
to study naturally occurring marine thermal features and to
provide cloud and sea surface reports and forecasts for ships.
All these measurements might well be correlated with radar

observations of the sea surface.

95

e ——— ———



e A

(C) Computer Compatible Tapes

The first get of tapes delivered to us had not been
prepared in the physical format which we had requested (they
were written at 800 bits per inch instead of 1600 bits per
inch). we sent one of the tapes to Manchester to be read on
a more flexible deck; but the tape was found to be unreadable
due to parity failures.

The replacement CCT's - ordered on 25th June, 1980 - are
encoded in a mixture of ASCII, binary and octal code systems,
all using 8 bit words. At Lancaster we have ready access to
an ICL mainframe computer which, like all ICL machines, uses
6 bit words. Thus, to read a non-ICL tape it is essential to
re-block the information as it is read from the tape; and 3
conversion table must be supplied. Our User Services
Department has standard system macros to read tapes in all
"foreign" codes (ASCII, BCD, EBCDIC, etc.), but only if the
entire tape is in the same code. Thus we are forced to read
the tape several times, each read cycle retrieving part of the
tape contents. We then have to merge the correctly translated
parts of the files, created by the reading runs, into a single,
valid file. Since there is not an exact word-to-word
correspondence between the original tape and the files produced
by reading, this operation is, in itself, non-trivial. To
date, Dr. Wilson has been able to read the ASCII parts of the
tapes perfectly but has not yet read the pure binary sections:
these are the most important sections since they contain the
numerical data in the frames.

It would be of great value if, in future, data products
of this sort were supplied in a single encoding system, to
minimise the translation problems.
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2-16/F1-17 APPENDIX A

HOMM - Map Plotting Programmes.

This note describes in some detail the six subroutines
associated with the display of digitised geographical data.
It does not describe the method of deriving geographical data
from an examinatiou of HCMM images, a procedure which will be
discussed in a future note. ’

Of the six subroutines one (@TLN) {s an escential
preliminary to the use of the three other plotter comtrol
toutines (DRSCN, C@AST and GRDTH). The remaining two routives
are called by the sbove four for the computation of various
paramsters. MERC is required by all four; EDGPT only by DRSCN
and CJAST. Following a call to @TLN, calls to DRSCN, CJAST and
GRDTH may be made in sny order.

DRSCN, CJAST and GRDTH all read data, which govern pen
movemants, referred to by means of card numbers. These numbers
form part of the labels at the extreme right of every line.

Card input data are desirable since the input to DRSCN and GRDTH
vill vary from plot to plot. However, the subroutine CJAST plots
& stylised coastline by reference to a standard data bank. It

is assumed that a list of geographical coordinates representing
successive points along the coastlines of interest will be stored
in a computer file; end that the file will be ATTACHed at com~
pilation time and accessed by an appropriate change in the READ
instruction in CJAST.

Individual subroutines are described below. Positions within
each subroutine are referred to by means of card numbers.
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Subroutine @TLN

This subroutine is an essential preliminary to the use
of any of the other mapping subroutines. It calls standard
ploctting subroutines and MERC (q.v.). A mep outline is drawm
in all cases; a latitude/longitude grid is drawn only in

Tesponse to a specific request for such.
The operation of the subroutine is (c.f.listing):

Cards 1 to 258. Entry and notes; definition of variables;
CAOWN definition of useful variables.
Cards 260 and 270. Initislisation of essential variables used

subsequently by other plotting subroutes.
Cards 280 to 320. Drawing of map outline.

Caxd 330. fooi:ionin; of plottar pen st the geometrical map
centre and definition of this point as the origin for subsequent
plotter operations.

Card 340. Decision point governing generation, or otherwise, of
a latitude/longitude grid.

Cards 350 to 356. RETURN and comment cards.

Cards 360 to 400. Defines the cartesian coordinates, relative to
zero 1- '‘itude and longitude, of the geographical point which is
placed at the geometrical map centre. These coordinates are
later used to adjust other cartesian coordinates expressed
relative to zero latitude and longitude to a system having origin

in the map centre.




Cards 410 to 480 and 520, Computation of x coordinates of

successive parallels of longitude. Cards 460 and 470 ensure
that only parailels licing within the map boundaries are
considerad.

Cards 490 and 300. Drawing of computed f irallel across the
extent of the map.

Card 510. Labelling of parallel of longitude just drawn with
its degree valus to one decimal place.

Card 330 to 60U and 640. Computaiion of y coordinates of succ-

essive parallels of latitude. Cards $S90 and 600 ensure that
only paral.iels lieing within the map boundaries are comsidered.

Cards 610 snd 620. Drawing of computed parallel across the i

extent of the map.

Card 630. Labelling of parallel of latitude just drawn with its

degree value to cue decimal place. '

Note. In order to prevent a plotter error being flagged

it is best if argument YLEN dbe <€ 70.0. XYLEN may take any value,
though it must be ensured that clearance for the use of the
necessary paper has been obtained by an appropriate call to PAPER in

the main programme.
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ALAM,BET = LATITUDE AND LONGITUNE (DPEREES) OF AmIn ORIGIN,
GRIN LINES ARG PLATTED OnLY FCX VALUES Q8 THESE,
MAD SCALE
INTERVAL BETWFEN 421D LINFS (DEGREES),
HALS MAD WIDTH
nALRY HALF AP MELIGHY
44 FLACG VARTAGLE COVERNING DPAUTING OF GRID oo Jy 5,0 NO
SRID, JJ. 68,1 CAusSES ARTD,
CPOSXA,CPASY « CARTESIAN %aP COORDINATES OF (CLAT,CLON)
EXPRESSED RELATIVE TO 28xA (ATITUNE AND LONGITUDE
yOUT,YOUT = TEMPORARY VARTABLES OHTPUT BY 'wenl’, .

2CALE
3ty
WALER

OLFLON = LONGITUDE INTERVAL (DECREES) CORRESPANNING TA HaLFx
BETL o LONGITUDE OF WEST MAP EOGE (NEGREES)

QETR = LONGITUOE OF FAST MAP FDAE (DEAPEERS)

(134 e LOMGITUDE OF CANDIDATE GPIN LINE TO pE INSEQTEN

TENP « X<COOROINATE OF PARALLFEL OF LONGITUNE TN BF INSESTED

LATE® YCOORDINATE OF PanaliEL OF LATITUDE T0 aF
tNgreTED
TENPY o VARTIADLE ENMAALING SEPARNATION OF LAREL F20M MAp ENGE
ALANMR «  RADTAN CQUIVALENY OF AlaM

R, 4. FavER 6/3/7?7

COMuMON P1,CONE,CPOSX,CPOSY
ese THIS INTTIAL SECTION DRAWS THE MaP OUTLINE ese

NALBY s XLEN/2.0
HALSY & YLEN/2,0
CALL PLAOT(2,0,2.0,°%)
CALL PLOT(XLEN,0,0,2)
CALL PLOT(XLEN,YLEN,?)
CALL PLOT(N,0,YLEN,D)
CALL PLOT(0,040,0,2)
CALL PLAT(WALFY  WALPY, =Y
16¢4J.6F.,4) 6O 10 2

1 fETuan

ese THE RENAINIER OF THE SURRAUTINE GOySONS THE ARALING OF THE
LATITUDE/LONGITUOF Ga1D see

2 CLATN & CLATeCONS

oTLw
oTLw
ovLw
[LAZE ]
TN
orTLN
QTN
or v
orLy
oT v
ATLS
[ A4 Q ]
AN ]
ovLn
QTN
AR}
oT(N
AT
aTLN
0TV
NN
arv
LAAN ]
[ANR ]
oTLy
orLw
ASY ]
AT
orTLN
aAtLN
2Ty
QTN
[} BN
AT
OTL™
oT N
oLV
OT v
[ 2SN}
oT v
LAEK
DASRL
orLN
arwN
oTLy
[ 2 4]
arye
LAY
oL
[ 3 Y}
TN
CTLN
ATy
neYywy
AR
3 4

167
EAY |
PAC
27¢
20
A X3
e
t1¢
V¢
LER
A\ T3
Ty
ey
L LW
vl
AL TS
lsi0

e S ]
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147
148
149
120
121
122
1283
124
123
126
127
128
129
130
131
132
133
134
138
134
137
138
139
149
149
1462
143
164
148
146
147

R e A
bt v

CLONR = CLONCCONF

CALL MERC(CLATR,CLONR,XOUT -YOUT)
CPasx = XOUTeSCALE

CPOSY = YONTeSCALE

OIRLON = (MALFX/SCALE)/CONF
SETL & CLON = DIPLON

BETR = CLON o OIFLON

BET = BET - DIV

SEY » RET o+ OIV
1F(RET LT BETL) GO 7O 3
IF(ueY, GT RETRY) GO TO

TEMp » (RET = CLON)#CONFoSCALE
CALL PLOT(TEMP,=HALFY,Y)

CALL PLOTCTEMP Nt *,2)

CALL NymBER(TF“ WFY,0.35,887.,45,0:1)
60 r0 3

TEMDY = HALEX ¢ 0,9

ALAN 8 ALAM = D1V

ALAM = ALAM & DTV

ALANR s ALAMe(ONF

CALL MERC(ALAMR,0,0,X0UT,Y0OUT)
TENMp 8 YOUT#SCALE = CPOSY
IE(TEMP, LT, «NALFY) GO TO §
TF(TEMP _GT HALFY) GO TO 6

CALL PLOT(=MALFX,TEMP,S)

CALL PLOT(HALFX,TEMP,2)

CALL NUMBER(CTEMPY,TEMP,0.35,ALAM,0,0,1)
60 10 §

CALL PLOT(D,0,0,0.3)

60 rv0 1

END

T

ATLN
TN
arTLN
AR
OGN
OTLN
OTL™
oTLN
ariw
QTN
QTN
QTLN
arT
orTLN
oM
QTN
OTLN
TN
orLN
QTN
oTLN
AR
oTLN
AR
oOTLN
AR
OTLN
aTLw
NTLN
OtV
LR

370
b 1.0
390
400
«10
«20
430
440
450
460
470
480
490
500
$10
520
5390

840 °

RS0
$40
870
580
$90
600
610
420
620
ALO
4S50
660
670

FZ 222222 R TR A T I R R Yl I e A R 2 2RI I I YR LI I Y Y T Y P T Y P XSS Y X Y
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Subroutine DRSCN.

This subroutine locates the map positions of successive
points along a digitised scan and joins these by straight lines.
Should a scan be partially beyond the map boundary the subroutine
uses EDGPT (q.v.) to determine the point at which the scan

crosses the boundary and terminates the map drawing at that point.

.M Should two successive map positions lie bevond the
map boundafy, but in such a manner t“at if they were joined by
a straight line a portion of that line would lie within the map
beundary, the portion of line within the map boundary will not
be drawn. Thus occasionally a segment of a scan will be omitted.
This situation will in general occur near map corners and with

coarsely digitised scans.

The operation of the subroutine is (c.f.listing):
Cards ] to 90. Entry and notes, definition of variables; CMe®WN
definition of useful variables.
Cards 100 and 110. Initialisation of A and B to zero.
Card 120. Set flag to indicate that, on entry, a scan is
commencing.
Card 130. Read radian latitude and longitude of supplied point.
Card 140. Radian latitude cannot exceed 2 /2. Values outside
this range may be used as flags, therefore. ALAT)S.O is used

to indicate that no more scans are to be drawn, and causes




immediate RETURN.

Card 150. 5.0 > ALAT > 4.0 indicates that the current scan
is completed, but tha:Annra are to follow. A loop back

to card 120 resets the routine,therefore.

Cards 160 to 180. Compute map posifion corresponding to the
supplied geographical p@sition. |

Cards lgg‘and 200. Determine whether the supplied point
lies within or beyond the map boundary. If beyond, control
passes to label 10 (card 210); if not, control passes to label 6
(card 280).

Cards 210 to 270. The point under consideration may be the
first of a scan. If so IF=2 and control is passed from card

210 to label & (card 240); here IF is set to 1 to indicate

.that the point lies beyond the map boundary and A and B are

initialised to the current values of X@UT and Y@UT; control
then passes back to label 2 (card 130).

1f the point under consideration is not the first of a scan

IF records the status of the previous point considered. IFsl
indicates that the last point also lay beyond the map boundary,
control passes directly to label 5 (card 250) therefore; the
contents of A and B are replaced by X@UT and YSUT; control
again goes back to label 2 (card 130).

IF=3 indicates that the previous point lay within the map

boundary and therefore a line must be drawn, control passes




to label 3 (card 220) where the position at which the

scan crosses the edge is computed.

Card 230 drawvs a line from the current pen position (which

will be at the map position of the previous point) to

the point on the edge. IF,A and B are then adjusted and control
passed back to label 2 (card 130),

‘Cards 280 to 350 and 375-377. A decision point similar to

label 10, though at this point it is known that the current
point lies within the map boundary.

IFe2 (point first of scan) transfers control to label & (card 370)
vhere the pen is moved (pen up) to lie over the map positionm,
IF is set to 3 for future use» and ccntrol passes back to label
2 via label S as before and for the same reasons.

IP=3 (last point also within map boundary) moves the pen (down)
from its current position to the position of the current map
point and leaves it there; IF is set to 3 and comntrol goes
back to label 2 as before.

IP=l, (last point lay beyond map boundary) transfers gontrol
to label 7 (card 290) where the point at which the scan enters
the boundary is computed; the pen is then transferred to this
point (up) by card 300 and subsequently to the current map
position (dowm) by card 310. '
Control returns to label 2 as before.

Cards 360 and 370, Control arrives here by transfer from card
140 (q.v,) The pen is first returned (up) to the geometrical
map centre, and control is then RETURNed to the calling progranm.

Cards 380 and 390. F@RMAT and EMD.
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PRIt e a et ettt ettt etttetttetetetotttneetedtttttstotencettattstteteteRostetts
BLISTING 0F §xCO08,STOREEF(1/) PRODUCED ON 29JuN?7 AT 14,33,35
SOUTPUT BY L ISTFILE IN *1XCOB.MOP* ON 30JUN?7 AT 14,851,300 USING 1133

]
DOCUMENT STOREF @ i

148 SURRQUTINE DRSCN(SCALE. NALFX,HALFY) pasN 1 :

149 ¢ oasny 10
450 C THIS ROUTINE PLOTS DIGITISED SCANS ON A PREPREPARED BASEvAP BY nesn 20
169 C JOIMING SUCCESSIVE MAP POSITIONS BY STRAIGNT LINES, THE MOVEMENT OF DRSN 21
162 C THE PEN 1S SOLEY MITHIN THE MAP BOUNDARIES, THE ROUTINE ASSUMES oasNn 2?2
953 C THAT ON ENTRY THE PEN 1S ZEROED ON THE GENMETRICAL MAP CENTRS, aasN 23
184 C oesw 30
188 C VARIABLEG AND AQGUMENTS === Oag¥ &0
1¢6 C SCALE = MAP SCALE DISN A1
15?7 ¢ NALFXY = HALF MAP WIDTH nasN 42
158 ¢ NALEY « HALF MAP MHEIGHT : 0esN 42
1490 ¢ A e STORAGE VARIABLE $0Q X COORDINATE OF LAST PNINT DOSN  &e
140 C [} @ STORAGE VARIABLE $0P Y COORDINATE OF LAST POINT nasN A4S
149 C 1F w FLAG FOR POSITION QF LAST POINTY DASN L4
142 € I1F 8 3 IMPLIES LAST POINT LAY MUITHIN MaP BOUNDARY DASN 47
163 € 1F = 1 IMPLIES LAST POINT LAY OUTSIOE MAP ROUNDARY DOSN 4B
144 € 1F 2 2 IMPLIES CURRENT POINT 1S FIRST NE A SCaAN DRSN 49
268 C ALAT,ALON = RADIAN LATITUDE AND LONGITUNE OF SUPPLIED POINT pesN SO
166 ¢ XOUT,YOUT « CARTESIAN MAP COORDINATES NF SUPPLIEDN POINTY pRSN 51 !
147 C RELATIVE TO GEOMETRICAL MAP CENTRE NASN +51 :
148 C XEDG,YEDG = CARTESIAN MAP COORDINATES NF A POINT ON THE nosSK 52
149 € INTERSECTION OF A STRAIGHT LINE JOINING SNUCCESSIVF LEE 3 I i
170 C POINTS NN EITHER SIDE OF A MAP BOUNNARY WITH THAT ORSN 8¢ :
171 € BOUNDARY DASN 5% s
172 ¢ CENX,CENY = CARTESIAN MAP COORDINATES OF GEOMETQICAL MAP DRSN &7
173 ¢ CENTRE RELATIVE TO 2ERO LAT, ZERO LONG, pesy 58 i
176 ¢ DREN  AQ  §
178 ¢ R, I . FRYER 3/3177 pasn 70 ;
176 C . pesn RO |
177 COMMON P1,CONF,CENX,CENY HOSN 90 !
178 A s 0,0 pogN 100 §
179 > = 0,0 pesy 110
180 1 1F s 2 DRSN 12( :
141 2 READ(S,100) ALAT,ALON pRSN 13
182 1BCALAT GE.5,0) GO TO © 0oSN 140
183 1S CALAY GE,4,0) GO TO 19 pasn 1850
1A4 CALL MERC(ALAT,ALON,XONT,YOUT) DPSN 140
1R XOUT & XOUTeSCALE = CENX nasN 417G
186 YOUY 8 YOUTeSCALE = CEMY DOSN 1p0
187 TF(ABS(XOUT) . GT NALPX) 60 10 10 NoSN 160
188 TE(ABS(YOUT) ,LE, MALFY) GO TO & pegN 200
149 10 60 Y0 (S.4,3) 1IF nasN 21¢
100 3 CALL EDGPT(MALFX,HALFY,XOUY,YOUT,A,8,XE0G,YEDG) 028N 220
1014 CALL PLOT(XEDG,YEDG.S) oesSN 230
102 'y 1F = 14 0PN 240
103 $ A a X0UY : . nasN 25¢
194 8 = YOUTY . DOSN DAl
10% GO0 v0 2 nesN 27¢
196 é 60 Y0 (7,8,11) 1If naSN ey
107 7  CALL BOGPT(AALFX WALEY,XAUT,YOUT,A,8,XEDG,YEDG) 0Rey 24¢
108 CALL PLOT(XEDG,YEDG, ) nesw Xo(
199 CALL PLOT(XOUT,YDUT,2) nRSY t1¢
200 1F s 3 nPSN q¢
201 60 10 ¢ Doy 20
2n2 8 CALL PLOT(XOUT,YOUT,3) nogv gt
213 1¢ s 3 DASY 340
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204
208
206
207
208
209
210
211

?""..Q"."‘.Q'Qi.'i.‘Q""Q."Qt"‘t"!Q".Qﬂ...tﬂ'.‘t."."i....’Q (AL I 2T XTI 22 2

9
11

100

€0 v0 S

CALL PLOT(0.000.043)
RETHURN

CALL PrOT(XOUT,YOUTY,2)
1 ¢« 3

40 vo0 3

FORMAT(2¢9 . 4)
END
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Subroutine C@AST

This subroutine is essentially identical to DRSCN (q.v.)
Tvwo modifications only have been made. Firastly the routine
expects to receive the geographical coordinates of scan points
expressed in degrees rather than radisns. Cards 145 and 146
make the conversion degrees to radians to allow MERC to be used.

Secondly, a flag IFLAG is added to the argument list.
IFLAG zero will cause the scan to be plotted as a broken line
so that it can be distinguished from scans plotted by DRSCN.

Appropriate branch points have been inserted to allow for this

option and should be self explanatory.

N.B. The choice of a broken scan will greatly increase

processing time. This option should therefore be used circum

spectly.
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SLISTING OF 1uCO08, STOREE(Y/) PROUUCED AN 20JUNPT AT 16,33,35

SOUTPUT BV LITFILE In *1NCOB . M0P* ON 30JUNT? AT 12,.01.10 utlné I3V

o0CUNgNT

242
243
214
. 248
214
247
248
219
2?0
221
222
223
224
223
226
a27?
220
229
230
31
%2
233
PAL)
218
214
2%?
2%8
N
240
241
242
243
244
248
249
247
248
249
2%0
Y
292
253
294
288
296
287
288
2%9
240
281
o 242
243
264
a3
246
247

OO ADIIAOOOAD OO OO DNAOKOOOHOOND

SURQOUTINE COASTCSCALE, HALEX,NALEY,IFL46)

THES ROUTINE PLNATS DPIGITISED SCANS QN A PREPREPARFD QASEvAP AY
JOINING SUCCESSIVE MAP POSITIONS BY STRAJANT LINES, THE MOVEWENT OF
THE PEN 1S SOLEY WITNIN THE MAP BOUNDARIES, THE ROUTINE ASSuUMES
THAT ON gNTRY THE PEN IS ZEROED ON THE GEOMETRICAL “AP CENTRE,

THIS ROUTINE 1S BASTICALLY SIMUILAR TO DARSK (A,Vv, ) BXCEPT THATY IT
EXPECTS sUPPLIED COOROINATES 1IN DEGREES, AND WAS AN GATION TO BLOT
SCANS AS SROKEN L1INES,

VARTABLES AND ARGUNERNTS cwe

SCALE = MAP SCALE
MALSY o NALF mAD WIDTN
HALEY = NALE MAP NEIGNT
A e STORAGE VARLIABLE #0R X COORDINATE OF LAST POINY
[ o STOPAGE VARIAALE B0® Y cONEPINATE OF LAST POINTY
e ® FLAG SOR POSITION OF LAST POIWY
1F & 3 [MPLIES LAST POINT LAY WITNIN NMaP BOUNDARY
15 & | (MPLIES (AST DOTNT LAY OUTSINE wad M0N4NAPY
1F = 2 IMPLIES CURRENT pOINT (S FIAST 0F 4 SCaN
ALAT,ALON « DECREE (ATITUDE AND |NANARITUNE OF SUBOLIFD pOLNT
XOUT,YOUT = CARTESIAN MaP COORDINATES OF SUPBLIED PATNT
RELATIVE T0 GEOMETRICAL MAP CENTRF
XBOG,YEDG = CARTESIAN MAP COOROINATES OF A POINT ON THg
INTERSECTION OF A STRAIANT LINE JOINING SUCPESSTVE
POINTS ON EITHER SIDE OF A MAP AQUNDARY WITW THal
a0UNDARY
CENX,CENY = CARTESIAN MaAD COORDINATES OF GEOmETRICAL Mad

CENTRE RELATIVE TO ZERO LAT, ZER0 LONG,
TRLAG = FLAC GOVERNING CHOLICE OF SOLID Om QROKEN Liwe
(FLAG 2ER0 « SOLID LIvwe
TFLAG = 1 « SRNKEN LINE
1FLAGY « 1FLAS pLUS ONE

R 16077

CONNON 1 ,CONF,CENX,CENY

1PLAGY o JFLAG o 1

A s 0,0

= 0,0

1F o 2

BEap(3,100) ALAT, ALON

TFCALAT . 62,100,0) GO to ©

TPCALAY €E,90,0) GO TO 1

ALAT » aLaTecOdus

ALON ® LLONeCONF .

CALL MEPCCALAT,ALON, XOUT,YOYUT)

XOUTY & XNUTeSCALE = CBwYX

YOUY & YOUTeSCALF - CEVY

1RCARS(XOUT) €Y NALFY) 40 TO 10

1B CABSCYOUT) LB MALBY) GO TO ¢

10 GO Y0 (8,4.3) I

3 CALL EDAPT(MALBX, ,NALFY, XOUT,YOUTY A, 8,XEDG,YEDG)
60 0 (1%,14) tELARY

18 CALL pLOT(XEDG,YED06,2)

~N -
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cnar 1
LA LR
pesn 20
nagN  2¢
RSy 22
oecn 2%
oesy %0
ener vy
cnsr 30
¢ney S
cnst 38
pasN 40
neSN 49
nesvy 42
hegw 43
[ AL LYY
nesN 45
NOCN 44
nass 4?7
fegw LA
pesSN 49
casT 8o
LLL TR
hetw o519
LEAT N ¥
hokn 8%
nesv 54
pesn  §%
pesy &7
oesy  SA
CuST Al
cnsY o1
CAST a2
CNST ot
cAST 49
¢ager 20

ap
[T 1L I
¢nsT 98
pegN 400
Pagw 190
pesw 12¢
CARY 130
¢1eT 13¢
(LIS AR IY.
0T 148
CNST 140
neey 160
peen 120
pesSV RN
ety top
neSy 200
higN 240
oesw 220
cnsT 278
oY 230




248
249
270
F34]
a2
a3
274
27
276
F 344
278
27
280
a
282
283
bL1Y
r{l
286
287
248
289
290
291
292
203
204
298

-lb
A O

17

18
19

9

11
20

21
22

100

40 10 &
CALL BROKENCXEDG,YEDG, 1)
IF o ¢

A s XOUY

B = YOUTY

40 10 2

60 0 (7,8.%1) 1

CALL COGPTCHALPR , MALPY, XOUT YOUT A ,8,XRDG,YEDG)
CALL PLOT(XEDG,YEDA,3)
60 TO0 (47,18) tRLAAY
CALL PLOT(XOUT,YNUT,2)
60 10 10

CALL BRONEN(XOUT YOUT,1)
1t 2 3

60 t0 §

CALL PLOTCXOUT,YOUT,3)
15 =« 3

€0 70 8

CALL PLOTCO,0,0,0,3)
RETURN

G0 0 (20,21) 1FLAGY
CALL PLOT(XOUT,YOUT,2)

é0 o 22

CALL BROKEN(XOUT,YOUT, 1)
1f » 3

60 10 8

FORMAT(2F9.4)

ENd

cnst
cosr
poasw
(Y E1]
nagu
peagw
(Y IL]
paswy
1A 1]
cosY
cnstY
()l 3 1
cnsY
cosy
sagwm
oegw
111
oregwN
0RSN
pesN
cosY
(421 24
cnsY
cos?
cnsY
DRSN
(151
besw

25
23¢
240
2%60
240
270
280
290
mo
3412
312
318
314
Sia
320
b3 14
140
31%0
&0
179
372
37X
178
174
578
b a4
AL
399

PPN REOE UL ENPNE NP RGEOP RPN RPN RIS P CIE RS RN G PR FC SRR ER NP RCOROERECRVRARECROIEIRESRAS
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Sub GRD

This subroutine takes the geographical coordinates
(expressed in degrees) of a point on the Earth's surfacs,
converts these to radians, and uses MERC (q.v.) to convert
to map coordinates. .At the position on the map so indicated
a symbol (selected from a range of fifteen possibles) is
drem sod a lebel up to eight characters in length inserted
to its right. Aa arbitrary number of such insertions and
annotations may be made.

The operation of the subroutine is (c.f. listing):

Cards ) to 150. Entry and notes; definition of variables:
COMMIN definition of useful variables.

Card 170. Reading of input data from a card (punched 2F10 .4,
12, A8),

Card 180. 'End of Data' trap. ISYM is normally used to indicate
the symbol to be plotted and lies in the range zero to fourteen
inclusive. Negative ISYM is thersfore used as a flag to cause
an immediate return to the calling programme.

Cards 190 and 200. Conversion of supplied latitude and longitude
to radians. The conversion factor CONF must be computed and
placed in second place in CAMMIN by the main programme before
calling this subroutine.

Cards 210 to 230. Computation of cartesian coordinates of the

map point corresponding to the supplied geographical coordinates

ll2

o ‘Twi
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telative to the geometrical map centre as origin. SCALE is
i.n:rc;duudunnmtofcmm‘ CENX and CENY will ;
already have been computed and placed in the third and fourth ’
places of CANN by a pravious call to #TLN.

Cards 233 and 236. Tests to determine whether the computed
) coordinates 1ie beyond the sap boundary. If so no attempt
is made to annotata the map: instead,the next imput card is

resad ‘imodhnly.

Card 2400. The symbol is dram, the choice is made from the

set illustrated below.

08 fXOTREY

. Q |
X2 | o
g- 11 12 1|3 14 s

Card 250. The annotation is inserted.

Card 260. A skip is made back to label 1 so that a new dats

card nsy be read.

Card 270 sand 280. Return sequence. The pen is mcved (up) back
to the geometrical map centre before RETURN is executed.
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P90000000000¢0000000000 000000000800 0000 000000000000 N00000000 000000 NPRCRRCRECIENRGORREREY
HULSTING 0F 1 4CO8,3TOREE(1/) PROBYUCED ON 20JUNT? AT 16,33,38

SOUTPUT BY LISTEILE o *1XCO8.mC2° On 3UJUNT? AT 12,00,22 uSInG 1YY

ooCUMenT $T0Res

348 SUAROUTINE GROTH(CLAT,CLON,SCALE, NALPX HALEY) entTH 1
350 ¢ ¢ntTn 10
340 C THLIS ROUTINE PLOTS GROUND TRUTH DATA POSEITIONS AND VALUES ON & ¢oTH 20
349 C PRE-PAEPARED BASE MAP eATH 24
342 ¢ ¢rYn %o
3AS C VARIABLES AND ARCGUNENTS eea anTn 40
344 € CLAT.CLON @ LATITUDE aND LONGITUDE OF GEOMETAICAL MaP CENTRE aNTH 48
343 ¢ (otantes), enTH 46
344 € CENX,CENY o CARTESIAN MaAP COOROINATES OF GEONMETRICAL ™AD ¢nTu 40
a7 ¢ CENTRE RELATIVE YO 2BR0 LAT, 28RO LNNG, (1.3 T L
348 C sCALE =« MAp sCALE (LI L 1)
349 € HALEY o NALS MAP ViDTH (L3S |
370 € WALPY o WALF MAP NEQGNTY Nt  Ag
377 € ALAT ALO® = LATITUDE AND LONGIYWOF OF SROUND TRiTS DATA POIAT GHT™ 70
372 ¢ 2I8ITION (ENTERED AS OEGRELS AUY (MmgalaveLy énTH 74
373 ¢ SOMVERTED TO RAMNTANY) entn 72
37 ¢ 1SYM o  NTEGER (O LE. ISYM, LE.14) CONTROLING SYWQOL ORAVY, GhT™  no
379 € TSYM NEGATIVE INDICATES END OF GAOUND TRUTHN pATa enTH 81
376 € SALABEL(2) « LABEL TO RE ADNED TO Map YO LOEMTIFY QAOUND TERYTH GNTH GO
377 € DATA, MAXTMUNM O EfgnTY SVYMROLS ¢nTH O
378 € XOUT,YOUT o CARTESTIAN MAP COORDINATES OF GROUND TRUTH 0AaTA eNTH 400
3”9 € POINTY EPTH 10}
380 € CONF o CONVERSION FACTOR OEGREES TN RADIANS GATu 110
f ¢ 40T 130
382 ¢ R,J.Faven $/3/77 EPTH 1Y
a3 C 6rTN 440
384 C GRTH 14p
3AS COwmMON P1,CONF,CENY,CERY EPTA qAr
376 1 REAN(S,100) ALAT ALON,TSYM ALABEL énrn $7¢
n? TFCIsYN, LT,0) 60 YO 2 . ePtH 4x)
Jag ALAY ® ALATeCONS (LA LR KT
p L1 ALON ® ALONOCONS enYN 200
3o0 CALL MERCCALAT,ALON,XOUT,YAUT) 6ntu 215
3o XOHTY @ XOUTeSCALF = CENKX GoTH 22¢
302 YOUT = YOUTeSCALE = CEWY ¢nTw 230
3oy TECARNSC(XOUTY) ET HALFX) 6O TO ¢ GATH 2%g
h LTS 16 CABS(YOUT) ST HALSY) ¢N TO 4 GoTH 2Y
3o CALL SYMBOL(XOUT,YOUT,0,2,18YM,0,0,1) ENTH P40
3oy CALL SYNROL(999,0,000,0,0,14,ALA08¢L e0,0,8) entw <o
Jo7 €0 10 ¢ ¢nTH éc
308 2 CAL poT(n.0.0.0,3) erew Z7¢
3% RETHIN dnTN 240
400 100  FORMAT(2510,4,12, AD) GnTu 28:
400 tud ¢hrw 3o

,0'..0............‘............".00..'..'.0'?.."...‘...'....'..Q........."O00.00'000
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ub rou MERC.

This subroutine takes the geographical coordinates (A, /3 )
of a point on the Earths surface, and from them generates the carte-
sisn coordinates (x, y) of an equivalent map point on a Mercatoer
projection.

The geographical coordinates guat be supplied in radians.
The cartesien coordinates may be regarded as being ruulmod in
any convenient units of lengcth. Both coordinate pairs are expected,
or generated, referred Co zaro latitude, zero longitude as origin.

The basic equations ara*:

x =R, /3 (1)

y =R, 1n (sacA+ tan ) ) (2)

vhere \*® latitude (assumed > 0.0)
/3- longi tude
R = radius of the terrestrial globe at the scale of the map.

FYor the purposes of this subroutine R is defined to be
unity in the units of x and y, {.e. the true scale of the map
must be established by multiplying the (x,y) delivered by a
constant defined elsevhere.

The operation cf the subroutine is (c.f.listing): .
Cards 1 to 83. ‘ntry and uotes; ‘definition of variables.

Card 90. COMMN definition for delivery of value of ¥ .

Cards 100 to 130 and 160 to 190. These sections effectively

apply equation (1) for the computation of x. It is so arranged

that, no matter vhat the magnitide of the delivered longitude, p

x will lie in the range <X . The subroutine may tnerefore
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only be applied with extrems caution to the preparation of maps
vhers the meridian /5-313’ lies w.2hin the boundary. Por /3 -« 2V
beyond the map boundary no difficulcy should de c:pcriu;co‘d.
Cards 140 and 145. These apply equation (2) for the
computation of y from A . Since for equation (2) to be
semningful A% 0,0 card 140 effectively uses {A| , while card
145 sets y negative if A is negative.

Cards 150 and 200 RETURN and END,

* Steers, J.A., An Introduction to the Study of Map
Projections, 14th Edn., p.146. University of London Press, 1963.
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#LISTING OF (xCO8,.STOREF(1/)
SOUTPUT BY LISTFILE IN ¢yXCO8.MOP® ON 3O0JUNTT AT 11,352,13 uSluG 33

STOREs

SUBROUTINE MERCC(PLAT,PLON,XOUT,YOUT)

. PRODUCED ON 20JUN?? AT 14,33.3%5

THIS ROUTINE COMPUTES THE CARTESIAN COORDINATES, ON A MERCATOR

PROJECTION, OF SUPPLIED GEGGRAPMICAL POINTS,
SPHERE 1S TAKEN TO BE UNITY,

VARTABLES AND ARGUMENTS eve
OLAT o LATITUDE OF TNE SUPPLIED POINT (RADIANS)
PLON o LONGEITHDE OF THE SUPELLIED PIINT (RADTANS)

XOUT » X COOROINATYE OF OUTPNHY
YOUT « Y COORDINATE OF OUTPUT

PLONY « TEMPORARY VARIABLE

NOTE THAT 1T 1S ARRANGED THAT «Pt LE XOUT LE,P!

FLAG TO INDICATE WHETHER PLON HAD TO BE ADJUSTED YO PLACE XOUT MITHIN
IN SOME CIRCHMSTANCES,
PLONSP MAY PRONUCE 000 EFFECTS WHERE SUCCESSIVE SCAN POINTS LIE aN
OPPOSITE SINES OF THIS MERIDIAN,

THESE LINITS,

~ -

CIMmMON Pt
PLONY = OLON

TF(PLONY,GY.PI) 6D TO 3
TF(PLONY LT, =P1) GO TO &

X0ur = pLONY

THEREFOP,

R.J BRYER

THE RADIUS OF THE 8asIC

. THERE 1S w0

USE OF VERC MnEaAR

2/317?

YOUY = ALOGC(1,0 & SINCABS(PLAT)))/COS(PLATY)

TF(PLAT,LT.0.0) YOUY = «yOuyrt

RETURN

PLONY = PLONT = P
60 70 ¢

PLONY = PLONY ¢ B3
GO0 10 2

END
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MFaf
MERC
mERC
“ERC
MERC
MERC
MERC
MERC
MERC
MERC
MERC
ueQ e
vERc
MERC
MERC
MEQC
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MERC
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MEQL
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MEQC
MERC
MERC
MFEpC
MERC
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21
22
30
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41
42
43
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61
62
63
64
70
Ko
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130
140
145
150
140
170
180
190
200
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Subroutine EDGPT

This subroutine determines the point on a map edge at
which the line joining two successive scan~digitisation positions
would cross that edge. One of the positions ig assumed to be
within the map boundary and the other outside it.

The subroutine computes the coordinates of the intersections
between the line (produced if necessary) which joins the positions,
and each of the edges (considered infinitely long) taken separately.
It then selects the coordinates of that point which both lies
between the positions and is not on an edge produced (see diagram).

The operation of the subroutine is (c.f.listing): .

Cards 1 to 210. Entry and notes; definition of variables.

Card 220. Sets up three arrays, each length 4. X and Y will hold
the cartesian coordinates of the four candidate intersections.
IHOLD is used for housekeeping during the testing of the four
candidates.

Cards 230 and 240. Initialisation of IH@LD to zero in all elements.

Cards 245 and 250. Computes the difference in the horizontal
coordinates of the two supplied map points. In order to prevent
a possible overflow at card 256 the value of DELX is tested, and,
if it is very small, is fixed at a finite value.

dard'zzz: Computes the differanée in the vertical coordinates
of the two supplied map points.

Card 256. Computes the gradient of the line joining the two

supplied map points.
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Card 260 to 330. Computes the coordinates of the four candidate

intersections and stores them in X(i) and Y(i), i from one to four.
Cards 340 to 370. A loop to test each of the candidate inter- !
sections as to whether or not it lies between the two supplied

map points. Only the horizontal coordinates are required. The

2o

test parameter will be negative only for intersections lying

between the supplied points and, since one poirt lies on and one

off the map, no more than two such intersections can exist

(c.f. diagram). If TEST is found to be negative or zero (point at
edge) for any candidate intersection IHOLD(i), for appropriate i,
is set to one. ‘

Cards 380 to 460. Final selection of the desired‘ intersection.

A pseudo DJ loop is used. Card 40Q causes a skip of the test

routine if it has already been shown that the candidate inter-
section does not lie between the supplied points. Cards 410

and 420 initialise the output arguments with the coordinates of

a candidate intersection in anticipation of a positive result.

Cards 430 and 440 test whether the candidate under examination

lies more than 0.0l mm outside the map boundary in either dimension.
If so,it is known to be on an edge produced and hence not the

desired intersection; the loop is repeated,therefore. If not,

then it is taken to be the desired intersection and a RETURN executed

at card 450. On the second pass through cards 430 and 440 their
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presence is superfluous.

Card 460 closes the loop.

‘Card 600. End.

Note that cards 430 and 440 may cause erroneous output under
certain conditions: 1f the line joining the two supplied points i
lies both very nearly parallel to, and 'very close to, an edge

then it is possible that,on a first pass through 430 and 440 ,

an intersection which lies on an edge produced but less than

0.01 mm from a cormer will be passed and returned on the desired

intersections. Since, under these conditions, the second
candidate intersection, which will lie on the map boundary and ;
can be at any distance from a corner, is not tested the output

may be greatly in error. Such erronecus output should, due

e s e A e e

to the very special circumstances required, be extremely infrequent

however.
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BLISTING OF 1xCO8,RTOREFCY/) PRODUCED AN 20JUN?T7 AT 16,.33,38

SOUTPUT BY LISTFILE In *1XCOB.MOP' ON SOJUNZ? AT 11,319,354 USING 133

doCumMenT

296
97
208
299
300
301

302
3n3
p.1L7Y
3as8
304
307
ng
3609
310
311

342
313
314
318
316
317
318
349
320
321

322
323
324
328
326
327
328
329
330
331

3%2
333
3N
338
3%4
3y?
3
319
340
349
342
343
Jid
348
346
347
348
349
350
351

OO0 OODON

SYORES

SURROUTINE EDGPT(HALEX, HALEY XOUT,YOUT,A,8,XEDG, YEDG)

THIS ROUTINE COMPUTES THE CARTESIAN COORDINATES OF A POINT ON THE
INTERSECTION OF A STRALIGHY LINE JOINING SUCCESSIVE POINTS ON FITHER
SIOE OF A MAP BOUNDARY VETy TuAT BOUNDARY

VARIABLES AND ARGUMENTS we=

HALFY = WHALF MAP NIDTH

MALEY o NALR MAP HEIGHT

TOUT « X COORODINMATE OF CURRENT pOINT

YOUT < Y COORDINATE Of CURPENT pninT

A ® X COORDINATE NF LAST POINT

' « Y COORDINATE OF LAST POINT

XEDEG,YENG = QUTPUY

GPAN = GRADIENT OF THE LINE JOTININGE (XOUT,YQUT) TO (A,8)

XC&),Y(4) o STORAGE ARRAYS FOR THE CARTESIAN CONRODINATES OF
CANDIDATE EDGE POINTS

TNOLDCA) = STORAGE ARRAY FOR RECOMDING RESULTS OF APPLICATION
OF FACTOR 'TEST®,

TESYT « FACTOR APPLIED TO DETFRMINE WHETHER A CANDIDATE FOGF
POINT LIES BETWEEN THE CURRENT AND LAST POINTS,
TEST NEGATIVE INOICATES YES, POSITIVE NO,

1 o BOOK . KEFPING VARIABLE,

DELX,OELY = TEMPORARY VARTABLES

NOTE THAT IN P INCIPLF THE ROUTINE MAY NELIVER AN ERROINEOUS OUTPHY
(ITMPLYING THAT THE EDGEPQINT 1S VERY NEAR A CORNER) UNDER CFRTYAIN
SPECIAL CONDITIONS, THIS SHOULD BE EXTREMELY INFREQUENT WOWEVER, SEE
MANUAL FOR DETALLS,

R.JFRYER 413177

DIMENSTON X(&),Y(4),IN0LD(4)
00 1 ls1,4
1 IHoLnCI) = 0
DELX & XOUT = A
TPCARSENELX) ,LT,0,000001) DELXL = 0,000001
DELY & YOUT = A
TPCABSCOELY) . LT,0,000001) HELY = 0,000004

GRAD = DELY/DELX

cX(1) ® NALFX .
Y(1) 8 GRADC(MALEX = A) ¢ A
X(2) & eMALFY

Y(2) = 8 = GRADe(HALEX » A)
X(T) 8 A ¢ (NALPY = 8)/4RAD
Y(3) 3 MALPY

XCL) 3 A = (MALFY ¢ Q) /GRAD

Y(4) ® «HALFY
00 2 1=:1,4
TESY = (X(1) = A)e(X(1) = xOUT)
TRCTEST. LE.O. 03 1NHOLD(I) & 9
2 CONTUINUE
1 =0
3 1 1 414
TRCINOLA(T) ,LE,N) 6O TO &
) XENDG s % (1)
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gnor
enet
gner
gnpt
gneT
1134
eopT
gnor
EnpTY
EheT
goeY
enpT
Eney
enpY
EnpY
eneY
gEnPY
ENPT
greT
EnpT
EnpT
gnpTY
EnpT
gnpr
ENPY
EnpT
Eney
EnPY
enpY
EnpTY
EnoT
EnPY
EnpY
goor
gneT
EooT
[ 3104
gner
Ener
gEroT
gooT
eneT
gopY
gnot
(1124
[ 14
[ 1124
E0pT
[ 2:0-R4
EDPT
EDoT
EppY
EDPT
EdDT
[ 31-24

10
20
24
22
3¢
A0
80
66
T0
8o
90
100
110
120
130
131
140
14
1490
151
142
140
145
170
140
181
182
1R}
190
200
210
220
2%0
240
245
250
253
2%4
256
240
270
¢80
290
300
X190
320
30
X0
x50
Xé&0
37
I~
o0
Xl
410
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352
383
34
348
346
387

YEoe « v(I)

TRCARS(X€0G) .Sy . (HALFY & 0,009)) 40 10 &
TPCABSCYRDE) QT (NALBY ¢ 0,001)) G0 YO &

RETURN
GO v0 (%:3.3.6) 1!
(11

gnpt
gney
gnot
Enot
gneyY
[ 1LY 24

429
430
440
450
460
00
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DIAGRAM

Intarsection 13 is the only one of the four candidates

which both lies between P, and Pz and is not on an edge
produced. I‘ is between Pl and Pz but lies on an edge
produced. 12 is not on an edge produced, buc does not lia

batween Pl and Pz. 13 is therefcre selecied.

123

NP



T Y TV T gaeov T

2-16/r1-18

T rTEEEEe T i g i At it d i T T T T ———————

INDEX

A additive viewer 23

aim of investigation (iv)

Amlwch 77, 80, 94

Anglesvy 80-82, 89, 9

anomaliss, thermal (vii); and see ‘'oil spills'
Appendix A 99

area of investigation (v)

ARGOS (vii), 93

camera shading 10

cartography 6, 57, 99-123

clouds (vii), 94

Compo-2 additive viewer 23

computer compatible tapes 96
computer programs (vi), 30, 69-71, 85
conclusions (iv), 89-96

data handling 25, 26
densitometric profile &0, 74
digital display 65

Dover Strait 64

Ekofisk 20, 37
"Eleni V" 62

filtering, optical 23
flicker technique (vii), 94
floppy disk 29

BOMM  (iv), 29, 88

heat from power stations 73-75 .
Binkley Pocint 74

history, technical 6-34
humidity 41-46, 85

Ice Charts 58

IDP 3000 Processor 10, 20
illustrations' list 3

imagery, satellite 55-57, 77, 78
Islay Front 59
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LANDSAT 24, S5

Lannion 32, 61, 97

laser 23

launch date of HCMM Explorer 27
Lizard Point 77, 78

mapping 6, 57, 99-123

methods of investigation 9, 55-71, 1ll-13, 22, 37-54
microcomputer (vi)

modelling: see 'oil spills' and 'simulators'

NOAA 20, 55, 80
Norpipe Petroleum 39, 97
Norway 30, 63

objectives (iv)
oil spills/slicks (vi), 33, 67-71, 76-83, 89-95
optical filtering 23

PAL-encoder 21

personnel 6 i
pixels 81, 82 ;
Plessey 20 é
Plymouth 77, 79 :
povwer stations 73-75
processing of images 23, 55
Puffin Island 80-83

radar 95
recommendations 89-96
references 98
results 84-88

satellite imugery 55-57, 77, 88

sea temperatures (vii) and see 'sea truth\
sea truth 18, 19, 29, 32, 58-66, 87
gsearch for thermal anomalies 72-83
Shetland Islands 61

simulators 28, 37-54, 85

spills, oil (vi), 33, 67-71, 76-83, 89-95

125




Dt A

bl aniub gl

-y

stereometry (vii), 94
summary of recommendations (vii)
systens used 15-54

tables, list 5

technical history 6-34

temperature measurements (vii), 37-54

test imagery 27

thermal ancmalies (vii); see also ‘oil spills'

thickness of oil 89-91; see also ‘computer programs'
and 'simulators’

TIROS N 55
tl.‘ul‘-h, aea 18' 19. 29' 32‘ 58-66' 87

video processing 9, 35, 36, 84
videodensitometry 23, 60, 74, 76

' wavebands (iv)

wind tunnel 34, 47-54, 85
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