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FOREWORD

This comprehensive final report was prepared by CANPGLAR
Consultants Ltd. at the reguest of the funding agency, the
Fnvironmental Studies Revolving Funds, to bring together the
individual vreports prepared by several contractors.
Therefore, some degree of stylistic consistency has been
exchanged for completeness.

Several other documents relate to this study. First, a
non-technical summary is submitted by CANPOLAR under separate
cover., Secondiy, a preliminary report on the experiment was
prepared in August 1984, and is included in the Proceedings
of the Ninth Canadian Symposium on Remote Sensing, St.
John's, published by the Canadian Remote Sensing Society,
under the title "PDetection of Icebergs by Airborne Imaging
Radars." Thirdly, data from the experiment are archived at
the National Air Photo Laboratory, Otltawa; original imagery
has been refturned to the agencies which collected 1t.

Finally, it fis intended that a formal scientific paper
containing the results of this project will be submitted Lo a
refereed Journal in the neavr future.
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SUMMARY

lcebergs pose potential hazards bolh to oil development
and to shipping off Canada's East coast. Whereas in tLlhe
past, detection has been largely by visual or photographic
means, more recentiy, imaging radar has been used. Because
of the generally poovr visibility in the vegion and the
potentially large swath coverage of radar, radar is expected
to become a prime detection sensor for regional coverage.
Two majov types of radar arve 1n use: real aperture side~
looking airborne radar (SLAR) and synthetic aperture radar
{SAR).

This experiment, named BERGSEARCH "8&, was conducted
over the Grand Banks of Newfoundland in April 1984, to assess
the capabilities of modern, airborne, imaging radars in the
detection of idcebergs in open water. Gf particutay interest
were smalleyr pieces of ice, namely growlers and bergy bits.
0F the five radars assessed, three were SLARs and two werve
SARs.

Ten maior conclusions were reached in this study.

1. From the experiment the following estimates of average
detectability for dcebergs of various sizes were
detevmined, both in significant wave heights beliow 2.9
m, and with comparison to availabie surface and air-
photo information:

Growlers (<100 wm* arep) 10-50%
Bergy bits (100-300 m® areg) 60-80%
Small icebergs (300-2500 w~ areca) 85-100%
Medium and lavge icebergs 100%

These results ave from all vradars and at all aspect
angles combined. Therefore, optimum vresults would be
expected to be belier than these averages.

7. The repeatability of detecting confirmed targets from

pass Lo pass showed that target detectabiltity
(especially fov growlers) dncreased with repeated
passes., Two factors can affect single-pass
detectability:

- Small dcebergs were observed by suvrface
observers to have significant veriical bobbing
motion so that it is possible fovr a bergy bit
or growler to be substantially submerged ov
obscured by waves at any particular point in
time: and,

targets in ciose proximity to one another have
signatures that blend together,



3.

e
®

5.

6.

8.

lceberg detectability decreased with increasing sea
state, particularty for smaliler targets. However, this
experiment did not enccunter conditions above 4-m wave
height, and thus it is impossible to confirm how
detectabiiity might change for higher sea states. Higher
resolution systems appeared to be movre successful for
the detection of small targets as sea state increased,

L

which is in agreement with theory.

Ships, 1£‘e§3es"gsB and smaill floes of sea ice generally do
not display different vradar target signatures on either
SAR or SLAR andlog fﬂaqerya Occasionally Targer
fcebergs exibited distinctive shape information on SLAR
which was sufficient to make a positive and correct
identification. On SAR ali targets were smeared in
azimuth, No attempt was made in this study to
dﬁ;f%ﬁguish targets on the basis of vradiometric
information,

smaller targets appeared to be more visible and to be
more ea S;Ey interpreted for lTower-altitude SLAR passes.
smatler icebergs, bergy bits, and growlers are slightly
more likely to be detected Tooking in the crosswave
direction.

Typical ervors in positioning the aircrafti of up Lo 5
ki were found, which is probably inadequate for many

;
otffshore uppEfC&t?OﬁS and tor roid”**??‘ia ion of
“vao*sa Updating to known position references is
ifmpovrtant so that imagery can he used for tar get
VWFigivdulOi re-fdentification, and iceberg motion.

)
The agaiiub}iity of the satellite GiobaE Pa@*iionfnf
System {GPS) by the Tate 1980s should ail £\va¢ro this
probilem and will make possible vegistration of mult 'oie
passes of data.

The smaltlest ifceberg targets are Tess than a single
resolution cell in size fovr all the radars used, Hence,
output resolution of the pl tLer neads to be matched
carefully Lo the radar resclution.

Precipitation echoes were noted in 10-20% of the SLAR
passes, but in few of the SAR passes. The doppler shift

of rain itself appears to allow a SAR processor io
tTitter out rain echoes.

The dynamic range of scenes imaged is relatively nighn.

Therefore benefits are to be expecte€ through
operational use of digital data to overcome 017,1"ﬂ<ae

of the Timited grey Tevel available on f?l?, Limited
digital analysis carrvied out in this project showed that
iceberg targets could be separated from ocean clutter on
the basis of signal intensity 88% of the time with a 5%
false alarm in sea states of 2-4 m.
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(tw}

10.

des vagques dans une mer plus aq%t@ Notons toutefois
que fTes apparoi1“ a roso?ui p%us ¢levée repevaient
mieux les petites ciblies dans Ta plus forte houle
observee, ce qui confirme la théorie.

En qenara] Tes SLAR et SAR ne departagent pas les
signaux andiOgiques correspondant aux navires, Tcebergs
et petites banguises. lLes gros icebergs presentent
parfois des profiis SLAR assez distincts pour permettire
une fdeﬂtlfucat on corvecte. Toutes Tes images SAR
Eitaient défermées sur leur axe d'azimut. Nous n'avons
pas tente de distinguer les cibles par des mesuvres
radiométrigques.

mieux

lL.es vc]s de reconnaissance avec SLAR repéraien
basse

les petites cibles lorsqu'ils se déroulaient
attitude.

t
“
&

Les balayages radar perpend iculaires au train des vagues
%ep@raipnu mieux les petits icebergs, les fragments et
tes bhourguignons.

L'erveur habiLuoi?e de 5 km dans les releves de position
de 1'avion empBche probablement de confirmer 1'identite
des cipbles loys de survols ¥Gp0(“3r Fn effet, on ne
oeut reconnsitre rhaque cible et deriver sa trajectoire
sans se FL?OYP“ rédguligvrement & des points de repé?e
connus, Le systeme de posilionnement pax sateliite GPS
(“Global Positioning System®) qui sera disponible vevs
Ta fin de cetite décennie résoudra le prob iemﬂ

PO . E . . ~
Pl faudra re?ior a chague receplteur radar une un té de

dessin de v csolution ddentique parce que les signaux
renvoyes parv les plus petites masse< de giara oﬂuondrent
des variations inférieures a 1° unité de résotution du

détecteur.

Entre 10 et 20% des survotls SLAR ont capte des échos
provenant des précipitations at tmosphériques. Les SAR et
ont capte tres peu car i1 se pourrait gque T'effet
Doppler cuasé par les gouttes de piluie transmelte des
signaux gue le détecteur SAR puisse filirer.

Es

La gradation des signaux captés est relativement fine.
Pav consequent, nous voyoens des advantages a traiter les
intensitds numériquement pour pallier a Ta gamme 1] imitée
de tons de gvis disponibles anatogiquement suy pellicule
phoiogvaphaque Un essai de traitement numeérigue sur
quelques images & permis de distinguer tes icebergs des
sutres cihles dans 88% das cas, avec un taux dlevreur de

5

% dans des vagues entre 2 et 4 m de hauteur.
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I.1 INTRODUCTION

Prior to BERGSEARCH "84, a review of Titerature and
existing data sets was made. Although it may be incomplete,
it probably 1ists the major data sets that contain airborne
radar imagery of icebergs along with any kind of confirming
information. A number of agencies were contacted, including:
Atmospheric Envivonment Service (AES), International Ice
Patrol (1IP), Canada Centre for Remote Sensing (CCRS), Mobil
071 Canadag Petro-Canada, as well as SURSAT and SAR'77
project files, CCRS, and CISTI publication files.

This report summarizes literature and data sets
available in early 1984 regarding the detection of icebergs
using airborne imaging radar systems. Observations and
resutis obtained from major experiments are discussed. An
annotated bibTiography 1s presented, detailing the published
results of variocus authors who have conducted relevant
research using radar systems. The geographic tocation of
each experiment as well as the surface conditions are
constdered. The present location and formats of archived
data sets are also given where known.

Prevzaug experimenis vregarding the "maqing ot dcebergs
by airborne radav have usually been confined to the use of
one or two qy%LemSe Two major types of vradar are in use:
real aperture si ~looking airborne vadar (SLAR) and
synthetic aperhuve y@dar (SAR). The lTatter uses a cohevent
souvce and the motion of the platferm to obtain, with
significant data processing, uniform rescliution across a
swath., Both routire and special airbovrne v&conma? safnice
flights avre used to detect icebergs and to monitor their
movement. Usuaily, only a few icebergs have been imaged in
each case. Wheve the idcebergs have been imaged in open watey
conditions, there has u%uai%y been an absence of surfare
information; whevre verification exists, it often deals with
fcebergs in & sea-ice background. Much of this work has been
done in the Arctic and in the Labrador Sea. Research on the
Grand Banks has been confined maiﬂiy to AES and ILP SLARs.
Retatively few fceberg imaging missions arve documented for
SAR.

4



1.2 SLAR ICEBERG DATA

Po2.1 AVALLABILITY

Two AES SLAR data sets from 1981 and 1983 were matched
with air photos and measurements in Mobil €11 Canada's
possession. MWhile of interest, these data sets have a few
failings in that, of all the icebergs found in any given area
on the SLAR, only a few of the icebevrgs were actually
photographed, AlTthough the photos and SLAR imagery
correspond as to dates and sometimes to time of imaging, in
several cases photographed fcebergs of interest did not
appear because they were Tocated either:

- beyond the radar; or

- ynderneath the aivcraft in the area not covered by the
radar swaths; or

- in an area obscured on the imagery because of & turn.

T.2.2 DAYA SET 1

This data set consists of black-and-white afr-photos

obtained in 1981 on 9 Apri® and 8 May in the Strait of Beltle
Iste area and along the Labradovr Coast south of Hopedale.
Although move than 20 ifcebevgs of various sizes and shapes

t

re photographed, only 5 of those could be found on BES
fiight 4625 on the same date. This discrepancy results
solely from the vadavr coverage avea differing from that of
the photo reconnaissance Fiight., A1 of the photographed
fcebergs in the avea of SLAR coverage were found and were
measured,

=

Table I~1 compares iceberqg measuvements made from the
afr-phote and from the orfginal SLAR negative {APS-94D). The
raday tmagery scale for each of the fiights in the two data
sets was 1:1,000,000. At this scale a swath 100 km wide was
coveved on ecach side oF the aivrcraft. Maost of the ifcebergs
imaged were found in the move favourable centre portion of
the swath, The closest icebery imaged was at a depression
angle of about 99 at 28 km from nadir, whereas the farthest
iceberyg imaged was at 3.9% at 62.5 km from nadir. AIT1 of
these icebergs were Targe and, from the photographs, appeared
to be good reflectors from almost any angle because they
consisted of & number of Tacets with steep stopes {dry-dock
icebergs to »>50 m in height, some with pinnacles). The
icebergs were located in open water and although poor quality
of the fiimprevented an evaluation of sea state, a number of
waves were visible, Al7T1 of the iceberg returns weve quite
“sotid" and were veadily visible on the imagery.

It is intevesting to note that two of the icebergs (nos,
L and 2) were imaged twice at slightly different depression

10
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angles and distances from nadivr, The stight changes in
depression angle and aspect angle seem to have Titile
difference on target identification; however, the iceberyg
signatures are larger because of increased azimuthal cell
size resolution.

I.2.3 DATA SET 2

This data set consists of black-and~white and colour
aiv photos obtained in 1983 along the east coast of
Newfoundiand around the Hibernia avea on 11, 17, 19, and 31
Marchs 1, 12, and 19 April and 8 May {11 to 31 Mavch and 1
Aprit photos have not yet been analyzed). Of the 43 icebergs
photographed on 12 and 29 Apvil and on 8 May, only 17 were
found on the corresponding AES SLAR fidiaghts. This again is
mainly due to differences in areal coverages between tThe
photo reconnaissance fl1ight and the radar flight. There were
a large number of icebergs which were photographed but were
not imaged by the radar due to aircraft turns. Table [-2
contains aty photo and SLAR fceberg measurements for 12 and
29 April, and 8 May.

I.2.4 OBSERVATIONS
Based on an examination of the following data sources;

* Cape York, Greenland, February 1978 {X-band)

Melvyille Bay, Cape York, Greentand, 1980-1881 {¥-band)
firand Banks pre-1972 I1IP data {K-band)

Grand Banks pre-1975 1IP data {K-band, X~band)

Grand Banks pre-~1978 I11P data {({-band)
Newf§uﬂd§aﬁé/iabyada? Coast, April/May 1981 ALES data {X-
band

Newfoundland Coast and Hibevrnia., Mavrch-May 1983 AES data
{X-band)

S

A

"

the following observations are made:

w

SLAR systems (AN/APS5-94D; various agencies) typically use
film with a low dynamic range;

- SLAR imagery has fairiy shallow (<20°) depression angles
ocver much of the imagery;

- SLAR dmagery {(AN/APS-84D) is available on both sides of the
aircraftt at three different scales and coverages: (a)
1:250,000/25 km, (b) 1:500,000/50 km, {c) 1:1,000,000/100
km. The swath width/scale were found te have a profound
effect on the number of icebergs detected: a 40-50% drop
in detected icebergs possible between 25-km and 50-km
swaths covering the same area. The 100-km imagevry, which
was used moest often, does not seem to be of great use
beyond a range of 60 ov 70 km;

12



icebevg size and Type

arve not possible to discern and
fceberg measuvrements v
3

om the imagery must take into
11 size with range;

account the increasing ce
icebergs do exhibit LhdYoLL9¥l€ fc point target AR tmagery;
in the far range an ollip cal, or cigar-shaped, veturn 7s
produced in azimuth: tor ﬁe near range, the shape of the
return is more rouﬁded;

aspect anglte 1s especially important when tcebergs are
clustered. As vange increases, many closely-spaced ice-
bergs will give fewer individual returns because a greater
yumbey of the fcebergs will be taken up in filling a single
resolution cell;

dELQ(LdD iTity of icebevrgs appeavs to drop when the

depression angle is Tess than 3%

iceberg shadows and wakes can be of assistance in iceberyg
identitication:

ociated with the SLAR dis pidy
5, vaw correction, and time marks are
erg analysis;

some fealtures asso
such as range mark
helpful during iceb

the avesa undey vih the aivcoralt not ifmaged by vradar should
be covered by overtlapping T1ight Tines; and

atmospheric effects at X-band were noted,
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1.3 SAR ICEBERG DATA

1.3.1 AVAILABILITY

A review of the CV-580 SAR data sets showed that rela-
tively few missions had imaged icebergs. Those available are
summarized in Tabtle [-3.

1.3.2 OBSERVATIONS

- X-pand provided better iceberyg detection and definition
than L-band:

-~ HV polarization appeared superior to HH polarization for
iceberg detection because of its greater contrast, against
pack ice. This finding may be less fimportant for detection
of icebergs in open water;

- the detection of an iceberg depends on its contrast with
the survounding ice or water and although the iceberg may
not always be V‘% te, other indicators such as shadows,
iceberg wakes ce in the lee of icebergs, bob rings in the
fce around zuebevcsg and floe break-up avound large ovr
grounded icebergs mway be of help in identifying iceberyg
presence;

ib
i
;

« Tower depression angles {Tess than 89) appear to be move
favourable for dfceberg detection, because the ratio of
signal clutter incresses significantly;

icebergs can be hard to discriminate in pack ice wher
aurroundcd by broken floes, floe edges. and ridges;

~ ifcebevgs can also be difficult to find in high sea state
increased sea clutter;

- feceberg shape and aspect angle avre Tmportant for iceberg
detection because fcebergs Lfth steeper sides (tabular,
dry-dock and pinnacte) are ually easier to d@*ﬁc? than
those with smoother, Tess aﬁg?aé sides (domed fcebergs):

iceberg wmovewent, such as yawing and volling, can defocus
an iceberg's image;

- ,a@nerﬁﬁ can, in some cases, be reidentified over several
days using the higher resolution of the SAR system which
provides more detailed images than SLAR,

despite its higher resolution, SAR 15 not always able To

identify atl 1ca ergs without corroborating data;

P

From SAR imagery might be more
F hal resclution

-~ jeeberyg sizegs obtaiuned }
the Tow azimutha

{
relfable than SLAR becauss
in the Tatter;

=
J



digitat recording of SAR imagery is possible, which allows
computer-aided analysis and greater dynamic range;

discrimination between ships and icebergs might be possible
by using reflectivity and shape information;

a ship in motion often has a wake which makes jdentifica~
tion easier; and

fishing ships ave usuvally found in clusters in areas known

for fishing activity, which can make their identification a
Tittle easier.

16
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.4 ANNGTATED BiBLIOGRAPHY OF ICEBERG DETECTION

the following reports which ave relevant to SLAR and SAR

systems have been

reviewad.

Reference

Publication

Geographic

Year{sg)

date Tocations{s)

SLAR SCURCES
Super and Osmer (1875) Grand Banks various
Farmer (1972) Grand Banks various
Marthaler and Heighway (1978) Grand Banks 1976-78
Polar Research and Eng. {1982) Melville Bay 198081
SAR SOURCES
Ketchum {1977} Kennedy Channel 197h
Larson et al. {1878) Labrador 1977
Favrashar et al. {1880) Labradoy 1977
Ketchum and Farmer (1980} Batfin RBay 1974
Gray et al, {19820) West Greenland 1679
Gray {1980) Scott Inlet 1478

Eastern Arctic 1978
INTERTECH {1980 Lancaster Sound/

Davis Strait 1974
Kirby and Lowry (1980 Melviltle Bay 1979

Scott Inlet 1978

Cape York {SLAR) 1978
Lowry and Miller {19833 Lancaster Sound 1979
Livingstone et atl. {1983) Fastern Arctic 19749
Pearson et al {1980) Eastern Avrctic 1979




T.4.1 SLAR SOURCES

Repert: Super., A.D. and Oswmer, S.R. (1975}, "Remote Sensing
as it Applies to the International Ice Patrol." Report
by U.S. Coast Guard International Ice Patrol, Governors
Istand, New York.

Area: Grand Banks

Sensor{s): AN/APQL5 K-band SLAR, AN/DPD-2 Ku-band SLAR,
AN/APS-94C X-band SLAR

sea State/lceberg Coverage: Various sea states and ice
coverages

Iceberg Information: No imagery
Data Avaitability: USCG/IIP
Authors® Findings:

Maximum range of vadar contact is propevtional to the
L

4th root of the physical cross-sectional area o” fcebergs. A
statistical retation devived from 162 Dbxnrva ions shows that
growlers [above-water avea less than 1 % 6 m) usaalﬁy cannot
be detected by radar at ranges aveater than 4 naut. wmi.

Grand Banks and contiguous areas of the Novih Atlantic
extibit conditions of sub-normal radar propagation during the
; g months when fog and ice hazavds ave most pravalent.

Haves greater than 1 m in height might obscure a
dangerous gr rowler, even with expert use of anti-cliutter
5 foan fce tavget is not picked up beyvond the sea

‘n(?ﬁiwﬁiiﬁot bhe detected at all.

[—

fce iz not ?EQUPﬁLV sensitive.  The resgponse to 5~ and
L-bands 15 the same for ifce and and sea water.

fce typical of that iﬂi“mbérgq Oﬁ%ﬁm GFﬁﬁﬁghihnSﬁaSa
reflection coefficient of appro ?ma tely 0.33% and reflectis
radaer waves 60 x lTess than & 51@@% ship of equivalent crosse
section,

Fa 1957 an AN/APQSS (XA-1), K-band, veal aperture radar

fed bwtw%ah'ﬂis‘rwifgqp@ag avesult of poor electivic
>§~

reltiability.

In 1989 a modified AN/DPD-2, Ku-band, rot§~apévtar" SLAR
was used on vegultar patvrols and ffn 1970/71 to formulate a
Sygtam of target discrimination b@iWLﬁn ;Leb@?gs and othew
obje tgc This system vas also used in 1972-73, however it

WaS iy y olu andg was tevminated because of problems with

ard #Tiﬁ imagery hondi“.ga

Y
)
Sk



An AN/APS-94C was used for project lcewarn 1975, 11
used Edo-Western dry siiver negative i1lm. The system imaged
many targets including icebergs, whales, and debvris. The
system penetrated all weather excepnt heavy rain. Small dce-
bergs were consistently detected out to 48 km with a S/N
ratio of at least Z.

IiP switched to AN/APS 94-D in 1976,

Report: Farmer, L.D. (1972}). “lceberg Classification Using
Side Looking Airborno Radar." Report by United States
Coast Guard, Office of R@.eayah and Development, Applied
sciences Division, H.5. Coast Guard Headquartiers
Washington, D.C. 20681, 38 v,

W

Area{s) and Datels) of Study: Grand Banks/various years

Semsorisi: AN/DPD-2 Ku-band SAR (information appliicable to
K~ and ¥-band SLARs)

Sea Steteflceberg Coverage: Various

feeberg Information: Detection information - Imagery samplies
i r(part

Hate Avaitlability: Unknown

Author's Findings:

YVarious clues such as size, shape, shadow (when pre-
"@nﬁ} tone, texture, pattern, edge sharvpness, and wake
presence can be used to detevrmine the iddentity of tarcetis

(faoJergzjsh?pm) tmaged by SLAR,

~

size ~ altthough overall tee may vavy considevably with
each tavget, 7f the length-to-widith ratio exceesds
5:1 the object is usually a nhgp
if the height {calcutated from a shadow, 1f pre-
sent) exceeds 80 fi (24¢4 m) the object will
usually be an iceberg;
measuved dimensions of the targel musl be greater
than the resolution at the vrange to the target to
be @yqrr? cant.

]

the shape of tarvgets on SLAR imagery oftan
itndicates actual shape. The shape of icebergs on
SLAR dmagery is vepetitive and severa! basic shapes
are seen regularly {i.e., swaill dcebergs and
growlers ave wusually either civcular or oval
Wwhereas medium-to-targe dcebevrgs wusually have

Shape

<

ri'

b



- ships and boats usually have more uhiformly shaped
returns.

Shadows - sometimes cast by icebergs when survounded by ice
but not seen in open water conditions.

Tone - affected by the target material, incidence angile
and amount of time imaged. In relative terms metal
ships are generally brighter than wooden ships,
which in turn, are brighter than icebergs.

Texture~ icebergs usually have more texture resulting from
their generally multi-faceted surface (this is not
usually true for weathered dome~like bergs);

~ ships ave usually more uniformly shaped and con-
toured,

search Procedures

- areas of high and low tavrget probabitity can be
determined from past records and previous flights,
hence navrrowing seavch procedures (more appiicable
to IIP, but worth checking IIP records for other
radav flights). Although this narrows the avea to
be searched, the whole area imaged should be
guickly scanned.

System malfunctions and image distoritions are generally
caused by two main sources: afrcrafit/system and film
handling/processing (f.e., aircraft tuvrns cause gaps in the
imagery away from the turn and overtapping in the divection
of the turn). Other aircrafi/system problems are altitude
changes and equipment or antenna problems. leakage of Tight

during loading and improper or misadjusted settings can cause
film problems.

Report: Mavthaler, J.G. and Heighway, J.E. (1978). “Radar
I'mage Processing of Real Aperature SLAR Data for the
Detection and Identification of fceberg and Ship
Targets.® Proceedings of the Fifth Canadian Symposium
on Remote Sensing, Empress Hotel, Victoria, B.C. August
28-31, 1978. Edited by A. MacEwan. pp.482-505.

Area({s) and Dates of Study: OGrand Banks of Newfoundland,
1976/1977/1978

senseors: 1976/77 APS-94D SLAR with Icewarn specifications
{(Standard APS-94D) and modified APS5-94D (includes Radar
Image Processor [RIP]) in 1978.

Sea State/lceberg Coverage: Not mentioned

21



fceberg Information: Lonsists of author's analysis. No
rLAR/pm’ ?magery 15 prc%ented although many of the
author's data were verified either on the surface by

ship or from aivcraft visual observations ov photos.

Data Aveilability: Unknown. Inguiries as to data tocation
with the International lce Patrel (IIP) were
unsuccessful.

Buthors® Findings:

Test dindicated that adequate veliability in
stinguishing iceberg and ship targets could not be achieved
i

d
sotely by V§%ua1 examination of the standard SLAR imagery

i
0

Ship returns are expected Lo be greater than those of
iceberygs.

A 1977 stug / imaging & Coast Guavrd ship (56 m Tong)

stationed beside an iceberg of {@ﬂpaw abte size (60 m Tong by
30 wm wide) at vavious fncidence }gi and target aspect
angie total target ve “'é( ty should be one of

es showed that
majo? fnputs in the oy
311 The resyl 3
N b te am
notarget. signifi
rovide tavget di17
.

A E [ } 3

fj [ AR
fca-

‘}s target CE“
uqy aﬂbw&ﬁ that w
Pty can be sxpected
ficant Pﬂﬁﬂ‘utxJL differences sti’

ferentiation 1n a malority of ¢

T

ng The APS-840
iy detected &l
of sea state

A18Y0 study for fceberg dets
showed that small fcsbergs could

i
ranges of up to 50 km {no actus

k)

conditions were mﬁﬂtiaﬂed} At cted during the
study were verified visualtly fvﬁm a reconpaissance plane. Ho
false atarms oy misses were !Giﬁd on 17 ??%ghtgb Mo @&ii,ra

Lion was done to account for radar transmitier and veceiver
gain fluctuations or the E]?Q&Lﬁ of aircvaft roil on the

pattern of antenna yain.
Buthors' Conclusions:

SLAR has the capabi E'iy consistentiy to detect smail
”cobovg targets (sea state and iceberg size wevre not
mentioned., Altitude was wentioned as a maximum of 10,500 ¢
(3200 m) but this could vary betwesn t1ights and years so
depression angles could alse be variable for the data
presented).,

Target reflectivit
discrimination.

ies can be used as a means of tavget

2

Automatic tavget detection, Tlocation, and tracking arve
possible with the SLAR/RIP system {prcviouq to 1983, targets
had to be observed visually to be veriftied as fcebevrgs., In
1983 the TIP made the decision to ciass; fv probable targetls
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as dcebergs without the visual observations previously
required, although targets arve identified visually when
when possible, d

Report: Polar Research and Engineering (1982)., "Analysis of
AES SLAR Imagery For the Detection of Icebergs and Other
Ice Features." Report by D. Lapp fovr Dr. R.0. Ramseier,
Senior Research Scientist, Atmospheric Environment
Service, 365 Laurier Avenue West. D.S.S. Contract No.
G1SE.KM605-0-0615, March 31.

Avea{s) and Date{s) of Study: Melviile Bay, February 1980,
February 1981, Cape York, Greenland (box patterns flown)

Sensor{s): APS-84D (AES SLAR) X-band only, no photography
(25~ and 50-km scales)

Sea StatefIceberyg Loverage: lce-covered

fceberg Information: Depression Angle, Scale/Swath Mode,
Aspect Angle and other information on icebergs in ice

Data Availlability: Original negatives (SLAR) at lce
Ciimatology (AES), Ottawa

Avtheors' Findings:

Anatysis of the same piece of SLAR imagevry by three
individuals resulied in a variation in count of more than 100
icebergs out of & sample o¢f about 600 (no surface
verification was avaitabie but the point about variability
between analysts s useful).

Iceberyg signature {size and shape} was found to vavy
with range from the aircraftt and the aspect angle at which it
is viewed. The Tatter ts important because of the difference
between azimuth and range resolution.

lcebergs in the size range close to the sensovr resolu-
tion or smaller had signatures which fitled the resolution
cetl, giving an elliptical-shaped return, especially at far
range.

Radar shadow was a function of Tocation in the swath and
ot icebergs related to low or no-return areas.

At far ranges the radar shadow was not evident and could
not be relied upon as an interpretive key.

leMpRr N. Edwards, International Ice Patrol, pers. comm.
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There was a drop in detectability for depression angles
lTess than 39 (23% of the swath width).

More than 90% of the icebergs were found at depression
angles Tess than 209 (20°% covers 92.5% of the swath).

Rspect angle was found to be an essential parameter in
resoiving clusters of icebergs and icebergs in proximity to
other surface features. This resulted from the combining of
multiple icebergs into one signature as well as variations in
clutter rveturn and differences 1n azimuth and range
resolution.

Swath width and scale had a profound effect on iceberg
detectability. On avevage only 45% of the icebergs (not
verified on the surface) observed on the 25-km swath width
wevre Tound on the 50-km swath for the same area between two
images.

Back-scatter for sea ice drops off significantly at Tow
depression angles.

~

Additional information is given Tables -4, 1-5, 1-8,
and Figure [-2.
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TABLE [-4

Examples of Depression Angle Ranges vs Fraction of Swath Width

Depression Angle Range Fraction of Swath Width
2.4 -« 3.0 0.228
2.4 - 3.b 0.344
2.4 - 4.0 0.432
2.4 - 5.0 0.555
2.4 - 8.0 (.739
2.4 - 10,0 0.801
2.4 - 20.0 0.925

Source: After Polar Research and Fngineering (1982)
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TABLE I-5

Factors Affecting Tceberg Detection in Sea Ice

Parameter Pependent Censiderations
System Depressicon angle
characteristics Resclution

Frequency

Polarization

farget
characteristics

Operating
characteristics

Aspect angle
Scale of imagery

Iceberg size and shape

Numbers of bergs

Ridge orieptation and proximity to bergs
Rubble proximity to bergs

Proximity of bergs to ecach other

Microwave properties of surrounding sea ice
Location and proximity of shorelines, islands,
shoals

Location with respect to range

SLAR operator and image interpreter
Altitude

Bias and gain control levels
Sensitivity -~ time controls

SLAR film

Geographic location

SLAR reproduction processes
bguipment malfunciion

Length of the flight

source:  After Polar Research and Engineering (1982)



TABLE 1-6

Azimuthal Resolution vs Swath Width

Depression

Range (km) Azimuthal Resclution (m) Angle
100 ki

5 49.3 40.48

10 81.5 23.11

15 117.0 15.88

20 1h3.4 12.04

25 190.2 9.69

30 227.3 8.10

35 264.4 6.95

49 301.7 6.09

AL 339.0 542

50 376.4 4,88

hh 413.7 4,44

60 Ah1.1 4.07

65 488.5 3.76

/0 526.0 3.49

75 563.4 3.26

80 600.9 3.05

85 638.3 2.87

40 675.8 2.71
50 ki

b AG.7 23.11

10 76.7 12.04

15 113.6 8.10

20 150.9 6.09

25 188.2 4,88

30 225.6 4,07

35 263.0 3.49

40 300.4 3.05

45 337.9 2.71

50 376.3 204
25 ki

5 38.3 12.04

10 75.4 6.09

iz 8G.4 5.08

15 112.8 4.07

17 127.8 3.59

20 15G.2 3.0b

25 187.7 2.44

Source: After Polar Research and Engineering (1982)
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F.o4.2  SAR SOURCES

Repovit: Ketchum, Jr., R.D. (1977). "“An Evaluation of Side
Looking Radar Imagery of Sea Ice Features and Conditions
in the Lincoln Sea, Nares Strait, and Baffin Bay."
Geceanography Division, Naval Oceanographic Laboratory,
Navel Ocean Research and Development Activity (NORDA),
NSTL Station, Mississippi, 39529, NORDA Technical #Note
7.

Areal(s) amd Date of Study: Kennedy Channel, 7 May 1978

Sensors: Synthetic Aperture X-band radar, 5 naut mi swath
width (type/designation not mentioned) and Aerial
Photogranhy (B&WK)

sea StatefIceberg Coverage: No open water present, iceberg
surrounded by thick first-year ice exhibiting some
deformation

Feeberg Information: One iceberg 150 m by 75 m
Data Availability: Radar Image/Air-phote in report
Authors' Findings:
Most itcebergs found on the imagery were ﬁ@ﬂﬂt“b?ipia
Oﬁe in particulayr could not readily be fdentified on the
image even though the vadar shadow and ridged 1(@ bardeving

the iceberg were visiblie.

fgnals received from the ifceberg in quesiion were a
resuit of volume scattering from within the iceberg.

The iceberg radar signature can be Tess bright than that
of small multi-year floes.

High resolution atone will not achieve iceberyg detec-
tion.

(ROTE: L. Gray has commented that the SAR imagery was
probably obtained froma relatively high altitude and that
the depression anglies were not Tess than 100 [Gray 1980].)

Repovrt: Lavrson, R.H., Shucﬁmaﬂ» R.OA., RaWSOﬁﬁ R.F., and
Worstold, R.B., {(1978), “The use of 5AR Systems for
leebery Detection and Charvacterization Proceedings of

the Twelfth International Symposium on hemOLP sensing of
cnryvivonment V. 2, 20-26 Apvril 1978. Center for Remote
Sensing IHEOPmaliOﬂ and Analysis, anrvonmeﬂcQ% Research
Institute of Michigan, Ann Arbovr, Michigan, pp. 1127~

1148,
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Avea amd Date of Study: Labrador Sea, March 1978

Sepnsor: )ERIM A-channel, X-L band radar {later known as SAR-
580

Sea State/iceberg Coverage: Ice and some smatl open-water
areas; sweltl visible 1n idce

iceberg Information: Detection Information and lmagery
examples

Data Availability: C~CORE
Authors’ Findings:

Most of the work was done on one iceberg in loose,
unconsolidated, first-year pack ice. Calculated size 260 wm

Tong x 175 m wide x 70 m high, with a shadow present. (cean
swell was also present. X-band gave more information than L-

band {3 dvry-~dock portions of the iceberyg were v?sible)c A
second icabuyg We.s identified but with more difficulty as the
backscatter from the soa ice was greater.

Secondary methods to aid in fcebery detection in ridged and

ratited ice ave:

~ high reflectivity ice te the lee of the ’ceberg¢ L¥
grounded, the Tceberg could cause the deformation of filoes
passing around it

- presence of leads around an icebery.

y
gcccasion, sufficent iceberg ov ship d@tazé ig preseﬂt in an
image. Lineavr ship m\*€0r< result in shift of pos
focal position. Non-Tinear motions such as roilq pitch, or
vaw resuliting in unfocussed Twmag o% ave poessible 11 the
fcebergs ave rolling or pitching.

hép/fceb&rg c*ffer&nt?aif@ﬂ can be a problem. On
v

ot ov of

d be
ave

To maximize s"qnei to-clutter ratio, the radar shoul
operaicd at a tow angile Q[ depresston., Digital ?@LO?Q%
seful to allow the storage of a high dynamic range {much
greuber than film). Detection proha!%?%ty can he fOJni by
comparswg the effective s qmal»io noise ratio on the X-axis
t§ the detection pvobab'i ty value on the Yeaxis [(Figure I~
3},

i

Authors' Conclusions:
Using SAR it is possible to:
detect icebergs in a variety of sea ice clutier
conditions
« fdentify icebergs by shape characteristics;
- estimate size by using shadow information.

Secondary information 15 also of value in the detection
and ifdentification prorea:u
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Report® Pavashar, S., Stapleton, G., Worsteld, R., and O'Neil

R. (1980). "potential of SAR in Detecting and
Monitoring Jcebergs. Proceedings of the lgggerq
Dynamics Symposium. 4 and 5 June 7979, "5t. “John's,
NewFoundiand., GCold Regions Science and Technology, Voi.

i, Nos., 3 and 4, February, pp. 195-210.

Area and Date of Study: lLabrador Sea, March 1977
Sensor: FRIM SAR, X-1 band (4 channel)

Sea State/ Iceberg Coverage: lce covered

iceberg Information: 1 iceberg. 5AR images/ aiv photo

Bata Availability: C-CORE

Buthers' Finding:
Past idies have shown ifcebergs to be inconsistent

Gt

targets aﬁu rei@tiveiy noor veflectors of electromagnetic

energy. The detection of icebergs on raday imagery is depen

dent on the contrast between 1t and its suvroundings ef open
. :

water or sea lve. Lseaa c?uﬁtev increases with increasing w;na
speed and 15 a fuﬂa:*@n of cidence dﬁ;ékﬁ ?LLb Seg ice
ctutter has a targe dyﬂansa range of 30- gB and 153

dependont own dce type, salinity. surface roughnesgﬁ and
Leapomziuva

e SA 3 : collected from an altitude of 3000

wWith a depression angte of 309  The fceberg imaaed Was
surrounded by fce floes ranging from partially L@ﬂea Pidated

Lo Qﬁﬂbﬁiiﬂubﬁd< The estimated size of the iceberg. from the

radar imagery, was 260 wm torg., 175 W wide, and 70 wm high.

The detection of dcebergs fn open water 15 targely
dependent on pwevai%*na wind cenditions which determine the
“open water® clutter and angle of Incidence. Tcebaergs may be
difficult to detect at depression angles greater than 500 at
moderate {LJ m/s) wind speeds. The rvadar veturn from ships
is @@ﬁa?'“ y highev than from fcebergs and is mere of a clue
than shape

duthers"' Conclusions:

frafsmp@¥ar§?@ﬁ (HY) dmagery tends to present betley
i

ﬁOﬂLtd% betwoen the fdceberg and its suvvoeundings than
parallel-polarized (HH) imagery.

fﬁraiici

polarvization (HH) shou'td provide better discyi-
mination against

N&ﬁGT hecause of smaller clutter values.
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The range of depression angles should definitely be
cmaller than 500 $0 as to mnake use of shadow effects to and
minimize clutter.

The Targe dynamic range of iceberg returns (30 dB) s
greater than that of present recording films (20 dB) and
digital radar data appears to be more desirable.

Report: Ketchum, dJr., R.D. and Farmer, D.L. (1980).
"Lastern Avctic SURSAT SAR Ice Experiment, Rad r
Signatures of Sea Ice Features." Section L2 din
Proceedings of the Tinatl SURSAT Ilce WOrkehops
Atmospheric Environment Service, Jlovonto, 23-2/ dJune
1980, Edited by R.0. Ramsetfayr aﬂd D.C. Lapp., February

1981, 38 p.

Brea and Rate of Study: Baffin Bay, April 1879

Semsovr{si: SAR 580 Synthetic Aperture Radar, X-L bands
(Steep mode) 4 channels

Sea State/lcebery Coverage: First-year ice cover

YAl

Teeberg Information: SAR imsgery and aiv photos of
fcebergs

several

Bete Availabiltity: Orviginal SAR images at NAPL Ofttawa. air
photos with authors and CORS

g D B

. g
5 4

=

m
et

or's Findings:

A wnumber of fcebergs weve identified tentatively because
af ihefv bright returns aﬁﬁ hap@hy AlT dcebergs werve not
fdentitied on all three available channels (XHH, XHY, LHH).

Internal scattering on Leband produces a Talse image,
making one ifceberg in paviticultar seem either longer Oor appear
as two fcebergs. The same iceberg is visible as only one on
Y-band. {Note: depression angles were nol mentioned).

Figures in the reporit show icebevrgs on corvesponding
aly photo/SAR images.

Bepovri: Gyay, L., GBudmansen, P., Overgaard, 5., Skou, N.,
and Sgndevgaard Pedersen, F., {1980). “West Greenland
Sea lce Expeviment, SURSAT leport No. 1." Section 5.6
in Proceedings of the Final SURSAT lce MWorkshop,
Atimnasphe “nvivonment rice, lovonto, 23-27 June
1980. Ldfted by R.O. Ram%er v oand D.C. Lapp., February
19881,

Area and Date of Study: West Greenland, March 1979

Sensovr: SAR-580 synthetic aperiture Radar, X-L band, steep
mode
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Sea State/Iceberg Coverage: Icebergs in sea ice

Iceberg Information: No particutar fcebergs/examples
mentioned/given

Data Availability: SAR imagery originals at NAPL, Ottawa
Authors® Findings:

It has been shown that the SLAR can detect icebergs in
sea jce bette? with smaller depression angltes (less than
about 89) than at larger values. Inspection of the SAR
?maaery %hows that the detection of icebergs is possible at

larger depression angles, however, there is ofien a small
contrast between the jceberg and the surrounding ice.

Othey work has shown that icebergs in the size range
from 10 to 100 m ave wmuch more difficult to detect reliably
from high resolution, steep mode S5AR imagery. The detection
of the largey icebergs depended on the abiti Ly of the inter-
preter to see and recognize the targel out line as being
characteristic of an iceberg vather the presence of back-
scatter contrast between the fcebevrg and the sea fce.

From a simple consideration of the s aﬁp and size of
i *hai the bac

‘mb@r‘sq and the Tac k« ccatter from the
suw”@unz ing sea ifce willt fall off with decre&%rlg depression
angle, one would expect éhk signal-to~-clutter ratio to
increase with decreasing depression angle for angles Tess
than 109 (Rawson et al. 1977 Gray et al 1979). The

invevse sin @ angular dependence of the Rayleigh roughness
criterion reinforoes the belief That at small depression
angles (8<50} the bright regi fons in a SAR or SLAR image will
covyespond move wf h the larger features {e.g., vridges,
icebergs, bevrgy bi L:) than would be che case at lavger
depression angles (8>109),

Report: Gray. L. (3%80) "hHepression Angle Study. SURSAT
R&p@ra No, 2% Section 5.7 in Proce 8 Fina
SURSAT Ice Wovkshop, Atmospheric E
Toronto, RJMf! duwe 1980, Edited by Rc . haﬁge1e§ éﬂd
D.C. Lapp, February 1881, 19 p.

Avess and Dates of Study: Scott Inlet, Baffin fstland,
September 1978 and the Eastern Avctic, April 1978

Semsors: SAR-GBD ¥-L bands with some reference to the AES
AS/APS-94D SLAR
Sea Stateflceberg Coverage: Calm open water and ice covered

Iceberg Information: No figures or imagery showing icebevrygs
were presented
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Bata Availability: SAR-B80 imagery at NAPL, Ottawa: Othevr
data at CCRS

futhors® Findings:

Detection of Ilcebergs in Opepn Water: Using SAR-580 X-L
imagery of icebergs on successive days (Scott Inlet), 1t was
demonstrated that low depress ioﬂ angles and HH polarization
appear to offer the besr signal~to-clutter ratio (SCR) for
SAR aircraft operati

detection of Icebergs in Sea lce: The average contrast
or SCR between icebergs and Lhe survounding sea ice can often
be quite small when vrelatively large depression angles ave
used.

Ueing the Technical University of D&nmark SlﬁR (K-hand)
imagery 1t 18 shown that SCR increases significantly for
depression angles less than about 89,

Hiscriminat zgﬁ_gf ships and Icebergs: By using a high
raesgliution zmaq system 1t may be possible to discriminate
on the basis of the shape of the pattern of bhvight returns
and shape and size the vraday shadows (if they arve
visibiel.

On average, 1% appears that ship returns are larger than
iceberg returns., Conseguently, 17 one had a high-resolution
system [tao egazm@uv Siz@}g the &E:@ﬂgtﬁ of the retuyrns pevy
nixel way ald tn the diservimination process.

Ships dn motion in open water have characteristic wakes
{(which icebergs do not) which ave often visible on radary
images. Ship wakes have been observed on SEASAT dmagery even
when tuv ship return was nol significantly above the average
sea cldtter background.

P

IF the radar {i.e., seavch radar) views the target for
some time, then the flucitusationsg in the ’WTG' sity of the
back-scatiered %QLU?%” (target fading or scintillation) wmay
differ chavaclteristically for ships and ?CPbG?g&

Report: BQT CH (1980). "Project-Bergmap." Report pre-
paymﬁ far Petro-Canada Inc,

Areas and Bate of Study: Lancaster Sound, Davis Strait area,
Octobey 1979

Sensov: SAR-580 synthetic aperture vadarv, A-band {wide
swath mode)

sea  Statef/lceberg Coverage: Pack ice and open water, some
waves brealking on iceberygs present
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Iceberg Information: Iceberg sightings from SAR imagery, SAR
images, no othey sensors

Availabilty: Original SAR imagery locations unknown (Petro-
Canada)

Authors® Findings:

[cebergs Tlarger than 20 m can be detected and
identified. Smaller icebergs may be detected but correct
identification in presence of sea ice can be difficult.
Large fcebergs showing shape and detail can be ifdentified
from day-to-day. Swall depression angles should be used to
maximize iceberg returns and to minimize sea and ice returns,
Depression angles should be kept constant over the entive
swath; this witl v@qu re operating aircraft at higher
altitudes., Under certain conditions icebevyg shadows could be
used to estimate ﬁceberg heights.

Re~identification of smallier dcebergs is improved with
the use of an fceberg drift model. (Note: the International
Ice Patrol uses an iceberg drift model which it finds useful.)

i

Authors' Comclusions:
leeberg detection and size measurement may be practical
using real-time, on~board computers (Figure I-4},

The probability of detection and correct identification
of Targe icebergs is about 100%. The probability of corvrect
identification begins to fall for icebergs of Tess than 20 m
and the probability of detection beginsg to fall for icebergs
of 10 m or tess. (Note: 1t was mentioned that the data from
the study was not epough to go on by itself and surface-
verified data could be of greater use.)

Detection performance of the vradar is genevally
independent of envivonmental conditions, with the exception
of sea state. Very high sea states will mask ficebergs
smaller than the waves, decreasing the detection of icebergs
under 20 m in size. (Note: some effects can be expected on
lTarger icebergs, such as wave smear in azimuth.)

Repovi: Kirby, M.E. and Lowry, R.T. (1980). “Tceberg
Detectability Problems Using SAR and SLAR Systems.”
Section 5.13 in Proceedings of the Final SURSAT 1

ce
Workshop, Atmospheric Environment Service, Toronto, 23-

27 June 1980. Edited by R.0. Ramseier and D.C. Lapp.
Februavy, 1981, 32 p.

Areas and Dates of Study: Cape York, Greenland, March 1979;
Scott Inlet, Baffin Bay, September 1978; and Cape York,
Greenland, February 1978
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h height

£ shadow
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ySa—s

aloulated
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@eametry showing how iceberg height can be ¢
from radar shadow.

ITceberg in the lee of Cape Byam Martin, Bylot Island, N.W.T.
Oct 5 197a.

Figure 1-4 (a)& (b). Determining icebery height from radar
shadow.
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Sensors: SAR-580 synthetic aperture radar, X-L bands (steep
mode) 4-channel, and 35-mm photography (oblique), and
AES APS-94 SLAR imagery and 35-mm photography {oblique).

Sea Stateflicebery Coverage: Ice-covered aveas in February
1678 and March 1979, mostly open water with Tittie fce
in September 1978

lceberg Information: Numerous SLAR, SAR, and 35-mm photo
examplies

Date Availability: Original SAR-580 imagery negatives are
at NAPL, Ottawa. Original SLAR negatives arve at Ice
Climatology, (AES) Ottawa, 35-mm photos with authors

Authors' Findings:

For fcebergs much Targer than the system vesolution,
tabulay and blocky icebergs houid be more detectable because
their steep sides act as excellent corner reflectors. Dyy-
dock and pinnacled fcebergs are generally more multi-faceted
than o%hoz fcebergs and should have a greater probability of
detec: tion., As their sides ave move vertically oriented they
woutd probably be b@t@@? detected at shaliower angles. Domed

cebergs are Lhe most difficult to detect because of theivr
wailwreaﬂdcd shape and Tow profilte., SAR-H80 imagery, HMavch
1979, collected at depression angles frow 309 1o 900 (steep
mode) on 4d-channels (XHH, XHV, LHH, and LHV}. indicates:

that X-band shows greater iceberg detail than L-band
(probably due to Tower L-band resolution and difference in
wavelength);

- tha% comparison of an obligue 35-mm photo and KHH/HY SAR
images shows that most of fhe bergy bits and of all the
icebergs have been imaged (altl in fast ice) although some
smaller icebergs would have been difficult to identify
without the photos: and

-~ that icebevry OTTGeL&tTOH rather than size can sometimes De
the more predominant factor affecting the detectability.

SAR imagery, September 1978, coltlected in open water at
very shallow depression angles (89), shows:

- tcebergs in pack fce ragmehts which have brigwtﬁegs
levels similar to thogg of the icebergs. In this case
spatial information allows the differentiation of the pack
and icebergs;

- icebevrgs imaged on one i!1ght could be identified on a

flight 2 days later {most of the icebergs were probably
grounded) ;
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-~ the ocean guite calm Tor both flights, with Tittle wave
action,

SLAR dimagery from Cape York, Greenland in February 1978
shows many fcebergs 1n fast and pack fce. The surrounding
jce creates problems such as:

high returns Trom ridges sometimes obscuring icebergs:

- high returns from other small features such as the fast-
ice edge or pieces of ice that act as corner reflectors:

the SLAR Tmagery was at fairly shaliow angles for many
aveas of the imagerys

~ the SLAR film has & Timited dynamic range (15 dB) so that
bright targets genevally saturate and bloom,

Authers® Conclusions:

lceberg detection at depression angles less than 200

could be difficutt in sea and fce backgrounds.

Greater dynamic vange (i.e.. 35 dB) is5 rvequired for
recording Tilms,

leebergs could not be classified according to size and
type with SLAR but could be with SAR {the authors have
acknowledged that theiy data sel may be Timited).

Cross~polarized, &-band imagery appeaved superior to
parallel-polavized imagery Tor dceberg detection because of
targer tonal separation beitween ifcebergs and sea ice (which

has also been noted by other authors).

Report: Lowry, R.T. and Miller, J. (1983). ‘'Iceberg Mapping
in Lancaster Sound with Synthetic Aperture Radar,"

section 5063 in the Proceedings of the 8th Canadian

Symposium on Remote Sensing, Montreal, 3<6 May 19873,

Fdited by K.P.B. Thomson and F. Bonn,

Avrea and Date of Study: Lancaster Sound, October 19879
semnsor: SAR-580 synthetic aperture radar, ¥~-band

Sea State/lcebevry Coverage: Icebergs in open water
Iceberg Information: SAR and limited afr photographs
Data Availability: same as Bergmap

Authors® Conclusions:
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The probability of detection and correct identiivication
of large icebergs is about 100%. The probability of correct
identification begins to decrease for ficebergs of less than
20 m, and the probability of detection begins to decrease Tor
icebergs of 10 m or less.

A quantitative assessment of how these two probabilities
vary, either jointly or separately, with variation in iceberg
sjze, cannot be made with the data currently in hand.
Tdeally, reliable suvrface-vevrified data are reguired for this
task., Radar data, processed to degraded vesolution, would be
useful in this regard.

The detection pevformance of the vradar is genevally
independent of envivonmental conditions, with the exception
of sea state, Very high ses states will mask icebergs that
are not lTarger than waves. Thus, the performance at less
than 20 m would be reduced further by high seas.

Large dcebergs can be re-identified on subsequent days
by their complex shape, in spite of vrotation under the
conditions observed., Good surface information is veguived 1o
guantify the reliabiiity of the ve-identification with SAR
data, as a funciion of iceberg size, sea state, and radar
rescliution,

An analysis of the data seems to show that the Targest
water-tine dimension of Jdcebergs 13 exponentially
distributed. The family of icebergs tested 15 not lavge
enough to place high confidence in this hypothesis. I it
can be proved valid, this theory will be useful fTovr
estimating the number of small idcebergs not identified, and
pevhaps, for estimating the number of extreme-sized Tcebergs.

£
i

Feport: Livingstone, L.E., Hawkins, R.K., Gray, A.L.
Drapier Arsenault, L., Okamoto, K., Wilkinson, T.L., and
Pearson, D. (1983}, “The CCRS/SURSAT Active-Passive
Experiment 1878-1980: The Microwave Signatuvres of Sea
Ice:." Data Acguisition Division, Canada Centre for
Remote Sensing, Depaviment of Enevrgy, Mines and
Resources, Ottawa, Canada, dJdune 1983,

Areas and Dates of Study: Etastern Arctic, Aprii 1879

Sensor: SAR-580 X-L band (4 channel)

Sea Stateflceberg Coverage: Pack ice; ice covered

Feeberg Information: Many icebergs on SAR imagery,
scatterometer, radiometer, vertical and side-Tooking air
photos

Data Avatlability: SAR imagery at NAPL, others at CCRS
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Authors' Findings:

Of fTive dcebergs visible in air photography of the
sensor line, only two clearly showed on the SAR imagery and
completely filled the scatterometer beam. Data are
summarized in Table I1.7. Both icebergs had dimensions of
greatey Than 200 m in azimuth and were imaged at incidence
angies neay 50°9. For one of the fcebergs, back-scattering
coefticients measured by scattervometer yielded an iceberg-to-
background ice cross-polarized contrast of 10.2 dB and a
tike-polarized contrast of 9.5 dB, at 559 dincidence angle.

A mavrginally detectable ifceberg was also profiled by the
scatterometer. The dimension in azimuth was greater than
100 m and was viewed by the SAR at a 509 incidence angle.
The minimum cross-polarized iceberg~to-background contrast
was 2 dB at 459 angle of incidence. HH-polarized data are
unavailable,

Undetectable and marginally detectable icebergs were
imaged at incidence angles of 50Y to 609 their azimuth
dimensions weve 25-100 m.

Seven icebergs located in visually uniform, shore-fast,
first-year dce in Melville Bay were also imaged; the presence
of cracks and cemented floes was dindicated by the
scatterometer trace. Figure I-5 displays the iceberg-to-
background contrast for these icebergs.

Overali., cross-polarized back-scattering coefficient
contrasts are Z-4 dB lTarger than Tike-polarized contrasts.
Yariations of incidence angle in the range of 159 to 600 do
not enhance contrast; diceberg back-scattering cross-sections
vary with angle in the same manner as smooth first-year jce
oveyr this incidence angle range. Icebergs with Towest back-
scattering coefficients were either weathered, domed, orv
titted tabular fcebergs imaged from the side having the
smallest slope.

Report: Pearson, D,, Livingstone, C.E., Hawkins, R.K., Gray,
AcL., Drapier Arsenault, L., Wilkinson, T.L., and
Okamoto, K., (1980). "Radar Detection of Sea fce Ridges
and lcebergs in Frozen Oceans at Incidence Angles from

0% ¢o 909." Section 5.12 in Proceedings of the Final

SURSAT Ice Workshop, Atmospheric Envivonment Service,

Toronto, 23-27 Juvne 1980. FEdited by R.0. Ramseier and
D.C. Ltapp, February, 1981. 12 pp.

Areas and Dates of Study: Beaufort Sea, Fastern Arctic,
March-April 1679

sensors: Scatterometer (13.3 GHz) and SAR (X-band)

fceberg Information: SAR imagery, scatterometer imagery, RC-
10 photos
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Data Availability:
Authors® Findings:

lcebergs occurring in a sea-ice background were imaged
by SAR and scatterometer, and were also photographed.
Numerous icebergs occurred on the photos, but only five were
covered by the scattevometer; of these five, the S5AR
identified only two owing to the steep depression angle. The
others were not distinguishable from the background sea-ice.
Both imaged icebergs were >200 m in along-track dimension and
were imaged at incidence angles of ~50°% The remaining three
icebergs not visible on the imagery were also imaged at a 5009
incidence angle., but had along-track dimensions of 256~125 m.

Authors' Conclusions:

Radars operating with incidence angles of 16450 ape not
suitabie for fceberg detection. Incidence angles of 0-65Y
give poor detectability, especially for TJcebergs in a
background of broken first-year fice.

leebergs which were poorly detectable or urdetectablie by
SAR had along-trvack dimensions beltween 25 and 125 m and were
viewed at an incidence angle of 7H0Y,

Because a 10-15 dB target-io-background contrvast 18
needed Tor an identification accuracy of 90%, many icebergs
and bergy bits larger than the SAR resolution cell will not

he detected in steep depression angles by SAR.
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I1.1 SURFACE INFORMATION

[(r.1.1 INTRODUCTION

In accovdance with the Canadian 011 and Gas Lands
Administration ESRF update, Yolume I (1) dated 16 Sepiember
1983, F.G. Bercha and Associates Limited submitted a document
dated 12 October 1983, outlining their mopos&? for
participation in the study titled: Asse ssmeﬂ of Airborne
Imaging Radars for the Detection of Icebergs,

F.G. Bercha and Associates Ltd. were tasked with the
onduct of the Phase [l: Data Collection portion of the
study, which encompassed pam$1c€pat"0ﬂ in the design of Lhﬁ
data acguisition program, co-ordination of the operational
acquisition of raday data, camadeﬂatéen and participai O ?ﬂ
the acquisition of surface data; processing, initial
interpretation, and distvibution of data.

Phase I1 of the study can now be consideved complete.
Minutes of meetings conducted through-out the study have
received wide civculation and an interim progress report was
submitted with sach "application for payment.”

This final veport provides a summary of activities
carried out during tne conduct of the study, presents &

Tisting of data acguired and fncludes a compliete surface
chservations report enclosed as Appendix C.

[1.31.2 PLANNING MEETINGS

At a preliminary meeting in Qttawaan 1 Becember 1883 to
define the objectives of the prog am and arrange a tentative
schedule 05 evants, the part ticipants were the ESRF Program

A

DFficer, the ESRF Scientific Adviser and principals of F.G.
Bercha and Asscoiates L‘%m‘?ted°

AT1 pavrticipants were invited to attend an operations
meeting in Guhawa on 10 Jdanuary 1984, During the meeting &
genera i ev“r few Qf alt phases of the study was presented snd
a tentative opevrations plan was drafted. Minutes of the
meeting weve prepaved and forwavded T 11 attendees.

o
r;>§:

ATl participants were invited to attend dﬂvahtf

operations meeting in Ottawa on 22 February 13584, Ei
participants were Invited fo attend, Thc meelting was b?i: ed

o ail &hp&CLw of the pending data-acquisition phase of the

“de inct uc"ﬁg sources of ice and weather data., aircraft
onera fons, surface information procedures, communications
chanﬁnisg and reporting procedures. Detailed minutes of the
meeting wevre prepared and forwarded to all attendees,



A series of meetings were convened with a number of
other agencies to ensure the provision of weather
information, dce information, aircraft flying controfl,

etecommunications eaquipment, office equipment and supplies,
office and operations room accommodation, and accommodation
for participants in Gander, Newfoundland.

I1.1.3 DOCUMENT PREPARATION

surface Truth Manual A Suvface Truth Manual was

prepared Lo assist personnel in the coellection and reporting
of surface data.

Surface Truth Log A Surface Truth Log was designed and
circulated to various applicable agencies. On vreceipt of
approval, the log was produced on watevrproof paper, in pad
form, Tor operational use.

OUpevations Manual An opervations mdau.i detailing all
aspects of the Oper:iiOHaE data-acguisition pha;o of the
project was designed and forwarded to a?s participants, tha
manual contat fned the names, addvagsngg and E@E}phﬂﬂ{ numbers

i1 participants and agencies invelved in the study;
ined QVUL¢GHYQJ to be followed durin ﬁﬁe pwewf?ighta
ght, and post- tght periods: and Tis 1 the veguired
distributions of da'& and documents.,

Pr.h. 4 CHRONOLOGY OF DATA COLLECTION

27 March 1984

- Weather briefing wequxwemeﬂts finalized.

- Design of weaiher briefing packages for the Ops room
and Alvcrew finalized.

~ Use of Depth of Transport Board Roowm for weather and
ops briefing c@ﬂzzvmed

- Aevrodrome and airvcraft control procedures Tinalized.

- Communications procedures Tinalized.

- Qpevations room organized,

28 March 1984
-~ Gander aitrport closed due to a snow storm.

30 March 1984
~ AR Qarticipaiﬁs notified that the program would
proceed effective 1 April 1984.

1 April 1984
- ATT participants arrived at Gander.
~ The CCRS €V-580 flew one mission.
A full briefing was heitd in the Orange voom of the
Sinbad's Motel. The briefing included:
{a) Introduction of participants.
{bY An outline of program aCtIV[ ties.
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(¢) Communications procedures.
(d) Air control procedures
(e) Flight parameters.

2 April 1984

Weather briefing in hangar at 0730.

Target co-ordinates were provided to crews,

ATT aircraft flew.

Gperations plotted flight tracks provided by crews,
compared coverage with known surface data and checked
flight logs.

De~briefing was held at 2000 in Sinbad's Motel.

Medium sea~state Tlights are considered compiete.

Weather briefing in the hangar at 0730.

Target co-ordinates weve provided to crews.

ATt aircraft flew, but vreturned late in the evening.
Operations plotted fiight tracks provided by crews,
compared coverage with known surface data and checked
flight Togs.

April 1984
April 1984

i

1

No flying due to the absence of the reguired se
Plets of date acquired on 2 and 3 April were u
De-~briefing held at 2000 hrs in Sinbad's Motel.

Ops arvea for Oper avsumﬁ Flight provided to crews, to
permit planning of flight Tines.

Low ca—shalc flights considered compiete.

io1es4

Apri

Weather briefing in the hangar at 0730,
(pevat san% flight data reviewed.
Adrevatt flew, and on tanding, commenced theiv plot of
icebergsu
Opevrations assembled surface data available,
Data received from crews at 2000 duving de-briefing.
Operations synthesized data from ALS and 1IP to
produce an operations ice map and message for fax
transmission teo Mobil in St. dohn's.
Fax transmitted at 0115 Apvil &.
CF MAR perfewm@{ an interpretation en their own data
in St. John's and passed maps plus applicable data to
Husky-Bow VYaliey.
The Inteva aiveraft returned to base unservil Gdb
atteyr aobtaining U““ cover of the opevation a.cah
They c&u%d net perform interpretation on gulick-~tock
ddta avaitable from the S5TAR-1 system.

0

- A arqet of Opportunity™ avea was given Lo craws who
wished to fly en & Apritl.
Aprii 1884

Official day off from proqram flying.
Major de-briefing held at ?JOO to discuss progress Lo
date and to show Tax resul

oo

ing from opevational flights,



~ briefing for last research flight.

/o April 1984

- Weather briefing at 1130 at high sea-states not
expected until evening.

- Individual de~-briefings cavrried out with aircraft
crews, as they arvived late from flight.
High sea~state flights considered complete,.

Les)

April 1984
- Final flight data received
- {perations voom closed at 1200.

NOTE: 1. Data vreceipt master log attached as Appendix A.
2. Data received i1s tisted in Appendix B.

11.1.5 POST-OPERATION EVENTS
16-26 April 1984

- Annotation of 35-mm surface data negatives carvied
out,

27 Aoril 1984
- 3h-mm negative delivered for printing.

30 April 1984
Prints of 3be-mm negative received and passed to
CANPOLAR.

9 May 1384

< Annotation of 15 rolls of SLAR negative imagery was
completed and passed to the National Aiv Photo Libravy
Reproduction Centre (NAPL/RC) for cleaning and the
production of transpavencies.

Transpavrencies of SLAR fimagery werve picked up by
CANPOLAR at NAPL/RC. Inspection revealed that the
quality of reproduction was poor,

CANPOLAR commenced interpretation of the inferior
guality transparencies.

Negatives were veturned to NAPL/RC for further
nroduction.

L dune 1984

26 June 1984

STAR negatives recefved and forwarded to NAPL/RC for
transparency production.

12 July 1984
for transpavency production.
1 September 1984

- Final transparencies of SLAR data were received from
NAPL/RC,
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APPENDIX A

BERG BFEARCH 84 March April
MASTER DATA LOG . . )
MASTER N el 29 130300 1 12 13 14 |5 {6 |7
SLAR IMAGERY
- ARS = - e - X X - X - X
- LIP - - = - - X ;4 - X X X
- OF MAR ~- - - - = X P4 - b4 - X
~ CCRS -~ Quick Look - ? - - ? ? ? - - - -
- Transparency - ? o - ? ? ? o e r o
-~ STAR 1 - Quick Look - - - - - ? ? - ? = ?
- Transparency - - o o - ? ? - ? B 7
AERIAL PHOTOGRAPHS
- Atlantic - - . - - W - - % w0 .
- Qther
GROUND TRUTH DATA
- 35 mm photographs - - - X X X X X X X X
~ Colouwr polarolds - - - e b4 X e pd X X X
- Other - - -
CTHER REMOTE SENSING D[\'E‘J‘:
- CCRS Scatterometer - o = - - 7 - - s -
- CPF MAR Video Tape - - - o - - - ?
- Other - Atlantic Radar - - b4 - Z X -~
-~ CCRES SAR
TRANGTT
(Quick Look) - (2)) - - ¥OR(3INK(3)] -~ - -
- STAR 1 TRANSIT
(Quick Look) - o = - - X - - - -
FLIGHT LINE MARS
~ AES = e N BT IO S 075 ) I B S B ¢
~ ITP - - S S R B O G P IVANEE AN
- CF MAR - SN ST NS S I G B¢ S S D
~ CCRS - F EIE T GO I S S
- STAR 1 - R T R € 6| D G B G I O D G F A O

% = Data in hand @
£ = Not plotted

= DNata not received

Data not obtained
on this day




BERG SEARCH 84
MASTER DATA LOG

March

April

31

3 4

[
(%31

GROUND TRUTH MAPS

- Mobil Tce Recce
(Atlantic Alrways) = - o - - - e X X -
~ Others - - - - X X X - - - -
OPERATIONS MAPS
~ AES Sl S T S N I RS IS G S
- TIP i O N T T T T G B,V
~ CF MAR - - S B B N R B N GN VR
- STAR 1 SO T B BT IR B S B G B
MLSCELLANEQUS MAP%
- Mobkil Ice Recce - - - - - - - X - -
= Nordco Report = - - - - - o X - - -
~ IIP Theoretical Flight
Lines . - - pe - - - -
----- Rig Location Base Map - - X - - - - -

WEATHER DATA
- St. Johntlsg
- Gandern
Polaris V

OCEAN DATA
- St. John's
Gander
- Polaris Vv

LCE MAPS

w S, Johnts

SHIP REPORTS

- Fisheries
- Coast Guard

>
e
B

X

"

Evy

hS

»
N

p:4

b4 b4 )4
% e X

od PO

¥ = Data in hand
£ = Not plotted

not received
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Data not obtained
on this day




BERG SEARCH 84 March Apyril
A Nk aYi Iyl "‘ g .
MASTER DATA LOG e 2903003101 1213 |l4ls |6 |7
DA‘E‘_Z}MLOGS
Flight Logs Plotted by OPS
Room
- ARS - - o - - = b - X e X
-~ TIP - - - - o X X - X X X
- CF MAR - e o - - . X o X e X
— CCRS - — o X X X — - - e
-~ STAR 1 - - - - v X X bt )4 X X
Aerial Photo Logs
- Atlantic o - - o - - - - X X o
Ieeberg Position Logs
- AES . o - - " % % - AR A
- TIP s - e s o X & - A At AN
- CF MAR - T T T VAN VAN A~ LA
- CCRS e X - - X X b4 s s - s
-~ STAR 1 - . - S VN AN VAN BV AN AN VAN
Flight Logs Provided hy
Alrocrews
-~ ARS o - - p:4 A - p4 - ®
- TIP -~ - - e - X e - X X
CF OMAR e - e = b4 A - X - X
- CCRE - X p:4 s - - o -
- GPAR L e - h4 X 4 ; X
Migcellaneous
- Mobil Spector Radlio - - X - - - -
- Tcoeberg Ops Megssages
o Mobil e - - - - pe o
- TPax Transmission Ry = - - b4 X 3 X z h:4 X
- Mobil Weather Forecasts - - - e p:4 p:4 X b4 h: pis h4
- Mobil Tce Recge
Status Reports - - X P4 X X X A -
¥ = Data in hand ? = Data not received -~ Data not obtained
b = on this day

Not plotted

5
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APPENDIX B

DATA RECEIVED

SLAR IMAGERY

ARS - April 2 Roll #Al ESREF Flight #1
April 3 Roll #A2 ESRI Flight #2
April 5 Roll #A3 RESRF Flight #3 (Ops Ft)
April 7 Roll #Ad ESRF Flight #4

LIP - April 2 Ro11l #1 ESRF Flight #1
April 3 Roll #2 ESRF Flight #2
April 3 Roll #3 BESRF Plight #2
April 3 Roll #4 BSRE Flight #2
April 5 Roll #5 BSRE Flight #3 {(Ops Tt)
April 6 rRoll #6 BSRE Targets of Opportunit
April 7 Roll 7 ESRF Flight #4

CF MAR - April 2 Roll #M1 ESRE Flight #1
April 3 RoLl #M2 ESRF Flight #2
April 5 Roll #M3 ESRF Flight #3 (Ops Fi)
April 7 Roll M4 BSRI FPlight #4

CCRS o -~ only transit data provided

~ guick look and transparency will take some
pime to receive
-~ transit data may have reflectors appearing

STAR 1 - - only one piliece of transit data
-~ Intera would not hand over guick 1look
data -~ seems it is reguired for processing
transparencies
- transparencies will not be avaialable for
gome time
- Tntera will only turn them over o CANFOLAR

AERIAL PHOTOGRAPHS

Atlantic Alirways -~ Log Sheets

April 2 30 Exposures RolLl #M8401-03
April 5 144 Bxposures Roll #MB40G2-~03
Apyril 6 162 Ezposures Roll #MB8403~03

Others - No aerial imagery reported by other aircraft.

GROUND TRUTH DATA

35 mm photographs - all black and whites
- taken on MV Polaris V

Polaroids -~ mostly colour, with a few black and
white images taken on MV Polaris V



OTHER REMOTE SENSING DATA

CCRES Scattercneter ~ No info presently available to
determine when flown,although flight
logs indicate scat data obtalned April 3.

CFF MAR Video Tape - some obligue video data cbtained before
darkness during the Ops Flight
- release will be necessary £from Husky-
Bow Valley

Other - it is not known if other sensocrs were
operated by participants, except for the
Atlantic Radar Altimeter which can be
used to:

1} determine height of icebergs, and

2y  digitized photos which can be used to
give 1 m contours of bergs.

- output of radar altimeter appears on alr
photographs

- digitization of photos must be requested
through Monil and can only be done for

those bergs with stereo palr photos.

FLIGHT LINE MAPS

~ Flight maps were plotted in the field when possible,
- AES ops maps are also available.

- CCRS maps for pre-period flights and ESRF Flight #2
not available.

= LIP flight maps for Target of Opportunity and ESRF Flight #4
were not plotted.

GROUND TRUTH MAPS

- Mobil Ice Recce’s (visual and photo)
- Others - miscellaneous reports

OPERATIONS MAPS

- AES and IIP were plotted immnediately after flight and used
to construct & master which was famed to Mobil St. John's
att 0115 hrs on April 6.

- STAR L data was recaived too late to faxn. It 4id not have new
data that warranted further operatioconal analysis.



- OF MAR downlinked data to rigs during flights and did a
plot for Husky-Bow Valley operations in St. John's.

MISCELLANEOUS MAPS

- These maps were plotted in the field to assist with day
to day operations.

WEATHER DATA

-~ Data from St. John's and Gander is as complete as possible.
OCEAN DATA
~ Pata from St. John's and Gander is as complete as possible.

ICE MAPS

~ Received from Coast Guard in St. John's.

SHIP REPORTS

~ Tn folders containing weather and ccean data.
DATA LOGS
~ Flight logs plotted by the Operations Room
- These were done to transiate a/c logs into a standard
fForm to facilitate the plotting of £light line maps
and the location of bhargs.
- Aerial Photo Logs
- These give positions of the photographed ifcebhergs.,
- Teeberg Position Logg
~ Phese are being plotted by CANPOLAR.
- Position logs completed in the field are included.

- Tlight Logs Provided by Alrcrews

~ These are the flight legs as presented to Ops Room with
£ilm.
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NOTL:

APPENDIX C

ASSESSMENT OF ATRBORNE IMAGING RADARS
FOR THE DETECTION OF ICEBERGS
PHASE I1: DATA COLLECTION

SURFACE OQBSERVATIONS REPORT

Appendix "A" - 3 hour Manmar observation is
nolt included with this report. Enguiries for
tnis information should be directed Lo:

Jim Dempsey (Technical Manager)
Cobrocky Seatech (Nfld.) Ltd.
.0, Box 2278, Station "CY

St, John's, Newfoundland

ALC bBED

bh



Genexal Considerationg for Interpreters

The methodology of data acquisition during the ESRF
Airborne Radar Program is presented below. In addition,
obgervations made of the ice conditions, berg characteristics
and limitations of the data are outlined. Supplementary
information generated by other ongoing programs is also
itemized with indication as to personnel responsible listed
at the end of this section. Finally, all data sheets recorded
ipitially, are held by F.G. Bercha and Asgssocliates Limited and
any query or question concerning these data will gladly bhe
answered by 8. Digby at the Ottawa office or S; Martindale
in Calgary.

ALL measurements, observations and photographs, with the
exception of jcebergs "seen but not visited® and vazious
growlers, were made fLrom the starboard side of the ship, and
either the bridge or helideck which stands 7.3 m (24%) above
&

aa level.

Contents
L. Details of eguipment utilized onboard

I
2. Official nomenclature

by

3. Considerations when assessing radary veliability
4. Sources of information '

5, Activity sumnary



1. DETALILS OF EQUIPMENT ONBOARD
a) Navigation
An integrated display system, the JLZ#SQ Color SATLON
was installed, providing satellite derived data, using the
JLE 3800 satellite system, and shore based LORAN-C (INA 760)
and display video gscreen (NWU 50 A Color Plotter). The
gatellite system was updated only when the satellite was
overhead and therefore was subject to sudden changes on update,
The LORAN-C was poor = being beyond its capabilities (distance
offshore) . It recorded positions up to 87%s 79°E in error.
h) Cameras
Pentax MG 35 mm*with Pentax Diglital Data M Back.
Vivitar 70-210 mm £ 4.5 Macro focusing zoom lens.

rPolaroid BE-100 8pecial lend camera b/2 FL = (112 mm.

i

Polaroid Sonar One step colouyw FL,o= L1116 wmm,

¢y Laser Rangefinder Optech

The laser was found to be inoperative on icebergs as
for the most part no rebturn was received. This was possibly
due to icing. Confidence in the few yveadings obtained fLrom
the laser was not high encugh to justify employment of it.
An optical rangefinder was ubllized. Results also appeared
to be subiect to gross error pogsaibly due toe the height of
#he helideck from the water line or the roll of the ship.
For distances » 0.1 nm the shipfs radar was used o recond
distances, but with bergs L 0.1 nm, estimates by eve were
made. All estimates were discussed with the Captain. Where
the optiecal rangefinder was used, height, width, and length
measurements are designated on the data forms as DC (Dubrocky
Calculated) . Where the ship’s radar and weasurements Lrom

2

photographs were made, they were designated SC (Self Calculated).

~

Where estimates by eve are used 5E {Self Estimate) is used. ALL
5% numbers were the result of at least twoe people’s judgement.
The sstimate of mase ig based on the 3 dimensions of the berg

and thus isg subject to the above vestraints, calculated thus.
3

MASS m” = I % w o x L ox 3,
ALl wave and atwmospheric data was taken using the MANMAR scheme.
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2. OFFLCIAL NOMENCLATURE
Although the MANICE document clearly outlines a schéme
of classification for icebergs, several alternate systems ave
in use in the Grand Banks area, Newfoundland. As icebergs
and assoclated features (bergy bits and growlers) have pre-
dominantly different characteristics to those found off the
coast of Labrador, some of the accepted nomenclature from
the MOBIL/NORCOR Ice Management Program was incorporated into
the ESRF classification to provide a more comprehensive
approach. The iceberg sizing however was taken from ARES MANICE.
a} Toeberg sizes
L. Growler (GG) <L m in freeboard height
2. Bergy Bit (BR) L5 m height
3. S8Swmall Berg (SB) 5-10 m height
4. Medium Berg (MB) 10-30 m height
5. Largse Berg (LR 30 m height
by Iceberg type
L. Growler (GGG) as above
Z, Bergy Bit (8) as above
3. Tabular (TAB) predominantly flat topped
4 Pinnacled (PNC} rises to one or more sharp peaks
5. Domed or Sphervical (SPH) rounded
6. Wedge (WDG) +ilted flat berg
7. Drydock (DDKR) berg which had partially or wholly
broken through to form a shallow 'canal’ or *dock!®
with two distinct above water sectionsg
8. Weathered (WETH) berg with highly dissected and
eroded surface so that a ‘skeleton’' remains of the
more resistant or wassive ice only. These gave the
appearance of cauwliflowers or karstic scenary at times.
¢}y  lceberg conditions
feceberg conditions include the state of the ice itself,
the weathering process and accoretion recorded.
i)  Ice characteristics - hergs were observed to have

saeveral distinctive properties that may or may not
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ii)

affect the radar return. Most ilce displayed a

record LF its formation, and therefore events in

the glacial history of the ice were evident. ‘

Types:

- dirt bands - indicated on each surface truth log
sheet, have been observed to rumn
horizontally, vertically and to-be
involuted. '

- plue ice bands - formed probably by refreezing of
glacier ilce do not form wore or less
resistant ice on a regular basis,
but have been observed to ‘etch out’
on some bergs,

- gleavages -~ observed on most bevgs when the spray
etched serac patterns, were probably
formed by former crevassing events.

Weathering etched out the wealker ilce and displayed
many resulbing forms., Erosion is also included

in this section as the transport of Hs0 in solid or
Liguid form is difficult to determine in some cases.
Mechanlical weathering ilg evident, in fact predo-
minant,. in the zone of max-min wave helght, while
gpray etching ig more predominant in higher areas.
Cauliflower weathering - intensive wesatheving of
cleavages which results in skeletal ica‘proﬁruw
berences often rounded by accretion Or erosion.
These often extended from a digtinctive wave cut
platform.

Karstic formation - where the cleavages were oviented

in 90° planes the ice formed dirt and gryvke like

ice pavemnaents.
Rnobbly ice - formed when the c¢leavage system was
more open and erogion generated rounded balls forned
one on top of another, giving the appearance of

tree galls.
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141} Accretion of ice was observed on the Ffirst few
days, but stmospheric conditions for the later
flights were not conducive to icing. Several
ice forms were noted:
pebbled surface - where rounded cleay ice formed
on & glacier ice surface, with uniform overall
nature lclceles -~ many overhangs supported extensive
icicle arrays. ‘
Rime, surficial icing and frosting were also
observed. The large crystals of the glacier jce
were distinct from any subsequent iclng.
J. CONSIDERATIONS WHEN ASSESSING RADAR RELIARILITY
It became very evident early on in the ground truth program
that a simplistic approach to iceberg movement and weathering
may affect the acouracy of the analysis. Therefore the
following characteristics were noted when observed to provide a
better concept of ground variables throughout the flights.
a)  ROLL/TIP - Many icebergs, particularly those of any areal
extent were affected by swel Large bergs, however, often

Roll

1.
showed Little tendency fo tilt. ng was observed in all

sizes of hergs, and could be very subtle, yebt dramatic. The

berg that the ship ‘stood off® on 3rd April was recorded as a

dry drock, but Lt repeatedly rolled at least 90° ayound one

axis on a frequent basis. The berg was observed to roll at least
16 times and presented very different surface characteristics

fon its side’ (domed) as opposed to ‘uprightt (dry dock). In
addition the berg rotated.

k)  ROTATION - Particularly with bergs that presented a very
sharp face in one aspect alone, rotation is very important.
Rotations both clockwise and anticlockwise were observed, of
magnitudes in excess of 90 in 20 minutes. Multi-face recordings
may record 2 or 5 faces of the box in such cases.

o) BOBBING was observed in many bergs, but seenmed critical to
radar detection in the growler/bergy bit/small berg classes.
Bergs that bobhed appeared to have a conical, rounded shape.

Often a domed beryg was observed to bob in the swell from 0 -~ twice
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its average height. Many were wave washed at the low of their
pericodicity.
d) WAVE WASHED bergs, particularly growlers and bergy bits
that were very weathered, were wave covered except for 2 or 3
protruberences. These often were extremely angular and
therefore were good encugh radar targets.
4., SOURCES OF INFORMATION

For each day of overflights, all sources of information
are listed which includes material collected indepedently of
overflights. A summary of this information and contact pexn-

gonnel is listed ags follows:s

L. TYPE: MANMAR - A selected ship's meteorological log (AES).

FORMAT ¢ A report mads every three hours. Ses attachement

CONTACT:  Jim Dempsey (Technical Manager)
Dobrocky Seatech {(NELld.) Ltd.

PL.0. Box 2274

Station *C°

St.. Jobn's, Newfoundland ALC 6E6

Tel: {709) d64-~2981

TYPE :

Tce Report
FORMAT : A rveport made every three hours. See Attachment
CONTACT: Jim Dempsey, Dobrocky Seatech (address above) .
Gee MANMAR contact address.
. TYRPE: Racord of Communicatlons
FORMAT ¢ Notes on File.
CONTACT: Jim Dempesey {as for MANMAR) .
4, TYPE: Ship's Log

B

B.

FORMAT Brief (62 sentence) statement of day's activities.

CONTACT: CARINO Company Ltd.
P.O. Box 6146, BEast Post Office
St., John's, Newfoundiand ALC 5X8
Tel: (709) 753-5359
5. TYRE: Ship's Location at Sea

PORMAT ¢ Every three hours the ship's location is relayed

j8 7]

to Mobil in St. John's.
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CONTACT

6. TYPE:
FORMAT s

CONTACT :
7. TYPE:

FORMAT ¢

CONTACT =

g. TYPE:
CONTACT ¢

J. Benoit

Mobil 0il Canada Lid.

Atlantic Place {(Box 62)

215 Water Street

8t. John's, Newfoundland ALC 609

Trip reports

Reports will be prepared by J. Dempsey, and
D. Nazarenko (Mobhil rep. from Calgary office).
J. Benoit (see above for address).

Video tape of selected events

video tape/release subject to Mobil approval.
R.H. Lanziner, President

1874 Spicer Road

N. Vancouver, B.C. V7H 1AZ

Tel: (604) 929-7961

Wave Rider

J. Benolt {To our understanding, analysis of

this data hasg been cornitracted out.)

5.  ACTIVITY SUMMARY

April 1 - SBun

e

Apiil e Mor

April 3 -~ Tues

April 4 - Wed

Apyil 5 - Thurs
April & - Fri
April 7 - Sat

~ Ground truthed bergs

- Stood away from bery during overflights
= Stoed away from berg during overfliglits
= Ground truthed bergs

« Stood by tipping berg during overflights
~ Revigited 2 bergs of Aprii 3 '

~ Profiling program - Dobrocky Seatech

- Ground truthed lavge number of bergs

- Ground truthed many bergs

« Htood by bergy bit throughout day of overflights.

/2



Sunday Activity Log 1 April 1984

1100 - Az yef no instructions as to where the study
area is but will ground truth bergs seen
evening of 3lst. Assuming Convair will fly.

1240-1636 w Ground truthed 2 bergs and 2 growlers.

1500 - Contacted Mobil base to obtain information
onn ESRF prograi.

le20 ~ Massage that Convair is flying and to move
back from bergs.

L9LS -~ Wavaerider deployed for 2 hours.

2130 - Steaming towards 47° 00'wn, 47° 00'W.

2400 w Call from J. Benoit -~ all planes will be

Flying commencing 0900 W8T 2 April.
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Sources of Information
Included

APPENDICES

£

A 3 hy Manmar weather obhservations

B - Berg data sheets

C Rerg location charted {(D. Nazarenko, J. Dempsey)
D Ship location from M. vessel ilce report

H

i

PR NG

APPENDIX D

Ships location taken from Mobil ilce report.

W fed e

GMT Spead  (km) /Heading N W

G000 - 479 gLzt 479 13,0
0345 05/350 47 0.49" 47° 58.5°
0545 06/287 47% 14.5¢ 46° a2.2¢
0845 06/163 479 1%, 3¢ 479 0.1
1145 10/097 47° 555 479 11,2
1445 10/094 46" 55 .04 479 54,4
1745 - 46° 49.4¢ 46° 48.7
2045 - 46° 46.7° 46° 498"
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Monday

L1600 %

1530 #

1400-2123

1918

activity Log 2 April 1984

- Standing by for instructions on where o

locate during overflights. Call not received,

AES Electra overhead. Personnel will relay
concernsg re: communication.

Stood ¢ nm N from berg during day (¢ 221).
Waverider obtained data.
J. Benoit called with information on herg

locations and instructions re positioning of
ship.



Sources of Information

ingluded

APPENDICES
A - 3 hr Manmay observations
B - hourly summary of weather/environmental data
C - gummary of ships location from M. ice reports

- Mobil ice reports

- Bergs location - see Appendix C for 1 Apxil

« Photog of sea state

APPENDIN C

e

Goon
0245
0600
Q900
1145
1515
1745
2045
2345

«15 min

Ships position from ice $UIMNALY .

Speed km/Hdg

G0/ s
02/330
01L/335
05/316
01/296
02/330
0L/225
01L/157
00 /sexs

questionable gilven
waverider deployment
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N

45.LF
43.5°
44 .27
45,07
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41..5°
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46
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0000
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000
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5G.
54,
57.
w17

58

G3.
08.
1L.
10.
16.

{} ¥
i?
8 ¥

.-71,
55}

Zﬁ
99
2&



78

B/07 841 06 (W QDZ [S°0+ 57T~ 001 LTy ves N g7y L M T°0 8060¢

A/QF 841 00T W 00T G0+ 07T~ 080 LT | D88 4 MANN S° g o988 7 | MNN 10 00571
“ARTUTOTA UT sTTRnbs lpur moUs ‘HUTsweISUI PUTM |- ATpidpx HUTLUPUDL Z9YlrESM 20087

a/pt g 00T W 002 [ 5°G6~ 71— 792 TT 998 % M 53°0 o851 AN 1707 00871
bu™/0] 074 05 |w 00§ |§70- jBT0-| 6ST | €T |o9s 9| mun | 90 | 088 T |mum | 1°D 00LT
Aol 240 06 1w o002 [LT0- 0°T~1 ¥I0 37 | 098 9 | MNN 8°0 088 T I MNM | I°0 0097

m/gl Z4 00Tiw 9%T L LT¢ 100- ¥91 2T | 998 ¢ MN 0°1 0@ T M 1°¢ 0O0ST

: BAGL T4 00T 08T 1 0°T (170 01 81 | 988 3 PN 7° % o858 7 MN 2°0 00%T
a/00 7240 00T (W 00T 10°T €70~ 09t 8T | 298 3 HNN 072 o®s ¢ AN 770 00eT

B0 BT PBINOSGO (50 (1°0- 081 57 0021

i siiely! fiidt % ubiey ¥YE XYY yitd (Peedz (PpOTIBg| NIIC 3ubisgipoiieg NI TQ pﬂmﬂmm KR!
82T | BTAL DDOTD TOEB, BUTH EEAEM AAEDLOODG ESATN AXBWiIdd SWIL

$867 T134¥ Z
BRB0 TRRUSHUDITAUN/IBU1EsM MMMﬁQm

g XICNE4dLY



Tuesday Activity Log 3 April 1984

3945 - Started ground truth on bergs specified to be in
area of 47° Q0'N, 460 457 as indicated by J.
Benoit in phone conversation of previous evening.
only 3 of 4 bergs said to be in area were found.
Gave position of lst berg visited to J. Benolt
in phone patch made at that time. Ground truthed
3 berge and group of 3 growlers.

1300 - On_location standing by berg A-3 position
46° 55.58'N, 46° 48.43'W. Standing by 500 m
from iceberg. Berg tipped through %07 to present
two very different profiles at intervals throughout
the day.

1410 - Line to waverider caught in gtarboard bow thruster.
(Waverider deployved over starboard.)

1910 - Waverider taken outb.
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Sources of Information

Included
APPENDICES
A - 3 hr Manmar weathery observations
B - Hourly weather/environmental data
- Video tape of rolling berg A-3 during standby
~ Mobil ice report made every 3 hrs by J. Dempsey
C ~ Summary of ships course from ilce reports
D - Notes on rolling berg

Barg data sheets -~ 3 bergs + growler group
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APPENDIX C

Summary of ships position from lce reports.
840403

% Speaed {(km) /Hdg N W
0000~15 rain - 463 42.2° 47§ 16.2°
0245 05/038 460 50.1" 472 02.1°
0545 0%/020 467 04.5" 467 48.9°
0845 02/240 477 58.2° 467 45.7"
1145 10/005 460 58.9° 467 49.8°
1445 00 /3% 460 54.5° 467 50.3°
1745 00 /w3t 46; 53.0° 460 51.9"
2045 00 /%% 460 50.8° 467 50.97
2345 00 /%% 46% ag.ov 46° 51.0¢
GA~04~-04
0245 00 /xx @62 45.9° 462 52,1
D545 00 /%xx 46° 44.5¢ 469 B1L.9¢



APPENDIX D

Berg A-3 ~ Notes

Berg A-3 which the ship stood by tipped through 30° at
various intervals throughout the cbservation period. A
record of the behaviour exists on 35 mm glides and on
video tape.

Rell 2 - Frame 13 - Roll 4 Frame 22 35 mm

A few events during the standby period were also noted as follows:

1336 - Growlers broke off berg during roll

1354 - Ships radar turned off

1401 - PTransponder {X-band) turned on but was possibly
not working

1342 - Berg rolled '

1436 - Two rolls in rapid succession

E
Berg appears to take L0-15 minutes to change
positlons

1453 ~ Rolled 4 times in succession
1a0a ~ RBerg movement raduced
1645 w Berg tipping again
~ During rolling, no ice breakup occurred
1704 - Sharp gide pointing west
L9310 - Waverider taken out

2107 - Berg achively rolling and TuEning
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Wednesday Aotivity Log 4 April 1984

0830 & - Revisited berg A-3 which we stoocd by during
overflights the previous day. Searched for
and found C-3 for re-documentation.

L1315 % ~ Message from J. Benoit to dedicate day to profiling.
The rest of the day was spent obtaining an under-
water profile of C-3.

2L45 % - Course set for tomorrow's overflight area as
defined by conversation of this morning.

1130-23145% ~ Ship by berg C~3.
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Sources of Information
Included

APPENDICES

i

A .
B

3 hr Mapmar observations

Berg data reports

Mobil ice report - J. Dempsey

C - Summary of ships course taken from Mobil ice reports

i

H

§4-04~04

Summary of ships movements from Moblil ice report.

GMT Spead/Hdg N W

0000~15 min 00/ wsx 467 48.0° 460 51.0°
0245 00/ xxx @6@ 45.9° 460 52.L1°
0545 00 /s 46Q 44,57 460 51.9°
0845 00 /s 466 43.6° 460 52.8°
1245 00 /s 466 2,37 470 ga.3°t
1545 00/ wxs 460 49 .57 460 54,7
1745 00 /xux 460 47.8°¢ @6@ 54.,7¢
2045 Q0 /s 460 47 .,7° 460 57.2°
2345 Q0 /wsw 467 49.6° 477 18.4°
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Thursday Activity Log Co5th April 1984

1005 %  ~ Ground truthing commenced at 1005 % in the area
specified by J. Benoit the previous day.

Areas 462 507, 472 30N
48° 00w, 49° go'w

As requested, as many bergs as possible were ground
truthed with a reduced information package. Time,
position, length, width, height of bergs were
requested as were hourly seastate and meteorological
observations.

—t

ik

(oY)

(%)

et
1

Requested by J. Benoit to alter course to northezn
edge of box and concentrate on small bergs, bhergy
bitg and growleys.

1700 B - Worked along ice adge in northern section, ground
truthed bergs south of southern most streamer of
pack,  Ship loing up.

Total number of bergs documented - 36.

S e o N o . . g e s s I
Lo50 % - Streamer location at 477 16.31°N, 487 04.03%W.
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Saurces of Information

Included
APPENDICES
A - 3 hr Manmar weather observations
B -~ 1 hr reduced meteorological and oceanographic parameters
- Yideo tape of Berg G-5 and ice edge (H. Lanziner)
- Map of ice edge -~ Jim Dempsey (Debrocky)
- Mobil ice report made every 3 hrs by J. Dempsey
- Ships course is indicated by bergs visited
C - Summary of ships course taken from lece reports
D - Berg summary

Data sheets on 36 bergs
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APPENDIX C

Ships positions extracted from Mobil ice report.

§4-04-05

Time % Speed (km) /Heading N W
0000~15 5 5

min 05/275 467 49.6" 479 18.4°
0245 07/005 467 49.1° 47 38.0"
0545 06/339 470 13.7° 472 36.7"
0845 08/275 470 2L.1° 479 51.9°
1145 09/160 47° 16.6° 47° 48.8"
1445 - o o

1745 - 47 10.8" 487 11.8°
2045 07/320 477 24.0° 487 14.5°
2445 05/182 479 19,7° 48° 19.7¢
84-04-06

G245 03/245 473 07.2° éag 35.8°
0545 03/270 479 07.4¢ 48% 36,9
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477
477
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477
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4.70
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47°
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e
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&
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G

s D
0 =3 oo 30 3
CCo0QQO0COC

oS
oo =3

17.3°
54.5°
17.37
54.57
16.7"7
48.1°
14.8°
46.3"
i4.4°
45.4°
08.4°
40.9°
04.9°
38.9°
04.6°
46.6°
12.03"

G1.03F

12.8"
60.0°
13.1°
567"
13.2°
58,2°
13.0°
58.1°
14.5¢
09.6°
18.3°
1L.5¢
16,8°
11.9°
17.4°
12.0¢
18.6°7
12.3°
18.8°
12.3°
18.9°
12,3
19.5°
12.0¢
19.7¢
12.1°
19.8°
12.0¢
20.0°
11.3"
20.2°
10.5°
20.5¢
06.2°

Summaxy

ping

Sph/Tab

B hit

DDR

Pinacle

Wedge

DR
Dinacle/Polar
Duke

B bit/towed by
W. Sealhunter
DD

2 growlens

3 growlars

B oIritv

B bhit

B it

Med berg

B bit
Growlew

Tab

Growler

B hit

2 B bits bum-
together
Wedge
Growler
Smwall bergs
two?

Sph

DDK

90

472

108

66
54

EAY

25

21

60

37

70

74

(8]

5 April 1984
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BB

cc

Dp

BE

BE

GG

HH

LT

47
48
47
48
47
48
47
48
47°
48
47
48
47
48
47
48
47
48

20.8"7
06.5°
22.4°
12.7¢
22.9°
13.3°
23.3°
13.6°7
24.0°
14.5°
24.3°7
16.8°
24.8°7
15.8°
24.8°
15.8

25.6¢
le.3°¢

B bit
Growler
DDX
Growlerx

2 growlers
20 growlers
Weathered
DD

Growlers

91

253
40

20

30

10

8w
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Friday  Activity Log bth April 1984

- Instructiong from J. Benolt the previous evening
o limit the study area to the northern section of

S5th aApril box as defined by 477 L0'N. Ground truth
o concentrate on sunall bergs, bergy bits and growlers.

e Made an effort not to get distracted by bergs to the
north edge so as to cover as much of the box as
pogsible. Bergs not as closely spaced as on Sth.
Initially very few bergs were sighted.

1740 Call from J. Benoit to call off present ground truth
g0 as to position ourselves for tomorrow's f£light
gilven lmpending storwm and poor wvisibility. Storm did
not materialize as predicted. Stationed initially
by bergy bits at nightfall. Drifted away overnight.
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Sources of Information

Inciuded
APPENDICES
A - 3 hr Manmar weather observations
B = 1 hr summary of weather and ocean parameters
-~ Video tape of bobbing berg M-6 (H. Lanzierx)
« Mobil ice report made every 3 hours -~ J. Dempsey
C - Summary ©f ships course taken from M. ilce report
D - Ships course as indicated by bergs visited

-~ Berg summary
- Bergs observed by ships radar at 1943%
= Data sheets on 20 icebergs

i
§
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APPENDIX C

84-04-06
GMT speed kmn/Hdg N W
0000 (-.0015)  05/182 479 19.7° 480 19.7°
0245 03/245 470 07.2° 487 25.8°
0545 03/270 479 07.4" 48" 36.9°

0845

1145 482 08.9° 483 14,4
1445 05/180 477 03.9" 470 54.9°
1745 10/360 46, 55.1° 487 01.9°
2045 472 05.3° 472 51.4°
2445 01/180 47° 50.01° 47° 55 2¢
84-04-07

0245 00 /%3 472 07.2" 473 54,6 °
0545 00 /33ex 479 07.9¢ 479 54.2¢



APPENDIXN D

M

N

o

L
~ 0 w1~
cooo0QCo

E= e
oo ~3 oo

BB
~3 L0 =2

48

sy
~
Qoo QL.

I N )
~3 0 -3
o C o

s

W e
R ]
ST oG

4

3

7

o

R~y
-3

4

3w

.
i bt
o000 0CC0

ERY
~i

B N
wEow o w3 ~E
o

47

&}

o

e
~d

L e
L

47
46
47
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08.8°
2L.5°
L1.2°
17.9°7
Gg.0L°
16.1°
as.0"
1.3
10.5°
10.6°
10.57
10.6
07.6¢
06.8°
g6.07
04.,0°
05.8°¢
59.5°
06.6"
58.7°
06.5°¢
56.9°
06.4°
50.3°
G4.1°
56.8°
04.4°
55.8°
04.2°
55.2°
01.6°
51.7°¢
06.9°
5L.7¢
0L.3°
53.3¢
58.2°
53.7°
57,24°
54.19

Sumnary
« W
8 bit 14 7
DDK 70 L
WEDGE 46 42
B bit 34 26
TAR 75 -
2/ GROW L 1
1 2
GROW 2 1
TAR 43 25
Waathoerad 28 L9
sph 35 27
GROW 3 C 2
BB 7 5
aph 12 5
{The bobbing berg)
GROW 2.5 2
B it 20 12
Wadge 30 L5
Wedge 35 30
sph 30 20
DDR gmall
sph 60 51

* Correction on yegterday's information.
I-5 location is 477 12.03

48% 01.03.
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Saturday Activity Log April 7

L100% - Selected location by iceberg (bergy bits).
Position 47 07.23'8, 47° 45.67°W
As per instructions, the position referenced to
the bergy bit was maintained throughout the day and
the waverider was deployed. The relationship between
the berg, ship and waverider varied due to the con-
gtraints of keeping the mooring rope extended.

1545~ Waverider deployed (Buoy # 245). Ship standing by
approzimately 300-500 m frow bergy bit.

1930 =~ Ship at 47° 09.81L'N, 47
Winds 85 30, seas 5«8 F+.

2300 - Waverider taken in and ship moved from bergy bit due

to vigibility/weather conditions and safety
considerations.
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Sources of Information

Included
APPENDICES
A - 3 hour Manmar weather observations
B = Weather and ship position at hourly information

« Mobil ice report made every 3 hours - J. Dempsey

C - Summary of ships position from M ice report

D - Diagrams of ships position

B = Berg information for target (A7)

¥ = Photos of radar gcreen (35 mm) + locatiopnal information.
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APPENDIX C Ships position from Mebil Ice Report

§4~04-07
D000~0.15 hr 47 50.0° 479 55 2:¢
0245 471% 07,21 473 54.6°
0545 422 07.9° 477 54,2
0845 470 09.4" 470 5L.4°
1145 472 07.2v 479 45 7¢
1445 472 07.8" 478 44,9°¢
1745 470 08,2° 47, 45.1°
2045 477 10.6° 470 44.9"
2345 01/180 47 10.8¢ 477 44 2
84-04-08

0245 01/180 57° a7.3¢ 479 45,1
0545 00/ 479 g4 8¢ a7 46,0

1019
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BERGSEARCH "84

SECTION 11 CHAPTER 2

STAR-1 BATA COLLECTION

INTERA Technclogies Ltd.

Calgary., Alberia

105






11.2 STAR-1 DATA COLLECTION

11.2.) INTRODUCTION

The primary missicn for INTERA in Bergsearch "84 was to
assess the capability of the STAR-1 system fo detect
icebergs in open water under various environmental conditions
and parametric variations.

The STAR-1 system fis 1NFFRA'5 name for its state-of-~the~
avrt, operationally ovriented, aitvrborne SAR {synthetic
aper ture radar). Relevant pavameters of the system ave shown
in Table I1.1. There was pavticular interest in the use of
STAR-1 for iceberg detection because of its high-resolution
capabiiity combined with a reasonably wide swath,

The STAR-1 data collection component of the program was
comprised of three pha%e : planrning and mobilization; data
olTection; and repor ﬂg The efements of each of these are
summarized below.

Planning and Mobilization Phase

fogistical planning for STAR-1 and
Interface Uiih gther members of
pa(LE(iuaL fon In two  Ottawa pianni

~ Assistance in developing the oveval
Internall v funded test filights fo
x?@la p{un¢
Assembiy and ftest of a transcription facility to enabie
digital date to be transferved from on-boavrd, high-density
digital tapes to Sbaﬂfaxu computer-compatible tapes.

- Prepavaticon of intevim report.

he fietd p@rtﬂ%n@?
he wrog@v* tuding
1 meetings.
experimental plan.
mulate the experimental
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TABLE T1-1

Specificaticns of STAR-1 System

System Parameter Betailed Specification

Nominal operating altitude {C,000 m (33,000 ft)

Wave length X-band

Polarization HH

Viewing direction Left ar right

sensitivity Better than -30 dB approximately
accross the swath

Processing Real-time digital

Recording Full band-width recording of

tmage data on High Density
Digital Recorder at 1.4 MBPS

Bownlink Full band-width downlink to
ground receiveyr statlon with
display and tape recorder.
Range 350 km at 10,000 m
altitude

Display 0 High resolution laser beam
recovrder aboard aiveraft
recording on heat processed

paper
0 High resolution wet chemically
processed display on ground
High Resolution Wide Swath
Swath width 23 46 km
Range resolution 6 m iZzm
Azimuth resolution O m & m
Number of looks per pixel 7 7/
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Data Collection Phase

- Mobilization of STAR-1 aircraft from the Beaufort Sea to

Gander Nfld.,

headquarters of the field

Reporting

the operational

activities,

Mobilization

Gander.

Daily STAR-1 data collection missions conducted from 2~7

April 1985 incliusive. These missions incorporated the

fotlowing:

- Wave detection flights as well as the primary iceberg
detection mission., The former were part of another LESRF
project in which INTERA was sub-contracted.

Both 'Research' and ‘Operational' ficeberg deftection
mission flights,

- The four reseavch
patterns over a swatll

of additional personnel from Calgary to

flights involved repetitive flight

(25 x 25 km) targelt area to test

the effect of various radar and envivonmental pavameters
on iceberg detectability.

- The two operational flights
to simutate operational surved
Real-time icaberg counting exercises
fornal flights.
teseavch mission profiles that
factors affecting fceberg detectability

* spatial resolution

* depression angie

* upwind, downwind and cross-wind detectabitity

* pepestability of deteciion

End of mission gvey corner

for potential calibration purposes.

‘Quick Look' fdmagery in real-time plus recovding

nigh density digital tapes Tor later playback,

Daiiy briefing and debriefing sessions,

Dewmobitization of STAR-1 and personned.

Prepavation of dinterim vepovi.

weve flown ovey lavge areas
Tlance missions,
during the operat-
the

bhe

epnabled
to

following
studied:

4

flights reflectors at Gander

onto

Phase:

- Provigion of imagery including:

ital
{ie.

{

rom HODT {High Density Dig
es

v negative transpavenct

i3

- Tyranscyiption of data
Tapes) onto high-qualt
hardcopy fmagery).

- fAnnotation of imagery.
« Dissemination of fTlight Togs and other
information to CANPOLAR Consuttants Ltd.

- Participation in preparatory data analysis meeting.

s
i
%

supporting

Provision of selected CCTs (computer-compatibie tapes)
fncltuding:

- Transcription from HDDTs onto CCTs of setected data.
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Dissemination of CCTs along wit
to CANPOLAR Consultants Lid.
- Limited analysis of

th supporting information
for digital analysis.
data for puvpose of contributing to

the BFRGSEARCH

‘84 workshops,

- Participation in the interim {St. John's) and fTinal
(Toronto) BERGSEARCH '84 workshops.
- Prepavation of final report,

Organization of the Final
The prime object
= t0 produce a comprehens

data co?! tion
to provi d@ supplemental
for any follow-on analy
this wfi? include the 1
forms, the relationship
SpPCix ¢ experimental
information,.

i
¢
The report
summarized in
incorpora the
i and Phase
descripiion
raporting nhac

described in

of
S, as
paya gvr

&
we
of

sultants,

0l was pe

nalysis
a 1

Eoly PLANNING

Planning

ta Qttawa
ing mGG‘
meetin
whevreas
mission

Two trips
stics plann
The first
manager
manasger,

Togl
1984,
grogeaf
nroject
nilot.

i
g

A meeting and several
wWwith Dy, Hossiter of
optimunm 0Apor7m@ﬂ”a3
the participants
subseguent iy adopted

plan
The rea
for th

alsop
at Ga

Discussions wers
eflector depioyment

tives of
ive description of

were undertakoﬁ by TNTERA
reguirementss

LE ahovea,

bhe

srformed

CANPOLAR
within

Report

this renort are
the
in order
and

information
rsis of the data. Iﬁ
ocating of the data,
of the parvticular f%

oblectives and oth

which

tion of
In szo
reports dealid
final veporit and
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the supplemental
ahavaa

grganiza

interim
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data
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and

was part of the
analtysis Tor
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reflector size, deployment pattern, and their effect on
radiometric calibration and detevmination of vadar
resolution.

During the course of the planning exercise it became
apparent that the original flight profiles planned for STAR-1
would be difficult to achieve owing to the transit distance
from base to target avea, coupled with the Targe amount of
on-site flying required to achieve project objectives. The
original flight plan involved STAR-1 flying the complete
mission at high altitude (30,000-33,000 ft) to reduce
turbulence and to consevrve fuel. Look-angle variation was to
be achieved through use of an offset box pattern. To reduce
on-site flying time during this part of the missfon . ¥t was
necessary to establish whether a combined high/medium
altitude profile would be satisfactory. To this end, &
special purpose flight was made at INTERA's expense over the
Beaufort Sea winter ice regime to test the following:

- possible defocussing or other negative factors caused by
increased turbulence encountered at lower altitude;

- the increased fuel consumption at this altitude; and
the necessity for gain changes ov antenna pointing angte
changes at tower altitudes.

As a vesult of these tests 1t was determined that the
high/medium altitude combination was viable, and the experi-
ment flight profile plans were changed accordingly, with
operating altitudes of 18,000-192,000 ft fipcorporated in
addition to the altitudes of 30.000-33,000 ft altitudes
already planned.

Despite the improvement in on-site flying time offered
by the change in flight plan, it was considered necessary, at
lTeast during the early research flights, to plan for two
flights per mission day. To accomplish this, and especially
in view of the long transit flight from Inuvik to Gander that
immediately preceded it, a second flight crew was planned
into the scheduie.

Transcription Faciltity

A transcription facility enabling the HDDT's (High
Density Digital Tapes) which ave recorded on the afrcraft ~

typically 7 hours imagery per tape - to be transcribed onto
ordinary CCT's (Computer Compatible Tapes) was assembled and
successfully tested, These tapes can then be used fovr

computer-based image analysis or other digital manipulations.
The CCT's have a capacity of about 4 minutes, or 30 km, per
tape.

The transcription facility includes a combination of a
HDDT tape drive, a 1.4 m byte downlink bottom end, and a
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RIDS-C station. High resolution images of STAR-1 imagery
were successfully transcribed onto CCT and displayed on the
RIDS video screen in colour and in black and white format.
At present this Timited MIDAS facility has the abiiity to
scrolt through imagery.

The CCT format, while suitable for RIDS, is not
‘friendly' for general computer users., INTERA will be re-
writing the CCTs that are to be forwarded to CANPOLAR to make
them more easily used by non-software specialists.

The bulk of the deliverable to be presented to CANPOLAR
will be in the form of negative transparencies. A second Edo
Western hardcopy unit has recently been purchased and tested
by INTERA and will smooth the logistics of preparing these
products.

Calibration

Following the decision to place corner reflector pat-
terns at the Gandey site it was decided that a separate
calibration test at Tuktoyaktuk would be redundant.

Pho2.3  PHASE 20 DATA COLLECTION (INTERIM REPORT)
Logistics and Operations

fhe STAR-1 data collection program was carried out
during the six~day peviod 2-7 Apvril 1984, & total of 67.4
hours fT1light time was Togged of which 40.0 hours was mission
related, the remainder being spent in transit from Inuvik to
Gander to jnuvit. Eight flights were made during these six
mission days.

The aitrcraft was fervied from Inuvik to Gander by one
crew (pitot + radar operator) and met there by a second crew.
Two researchmissions were flown on each of the next two days
utilizing both crews., Owing to a change in schedule over the
following three days (a single 'wave' mission fTollowed by two
single operational missions), it was possible to release the
second crew by mid-week. Apart from the aircraft crew, the
plTane was accompanied by either the mission scientist or
project manager on each flight.

Throughout the period the airvcraft and radar performed
Flawlessly with the exception of an intermittent HF radio
that caused some inconvenience but no loss of flying time,
apd a cooling fan failure which produced a thermal shutdown
of certain radar equipment, causing the first operations
mission 1o be shortened by about one hour.

The afrcraft was hangered and thus experienced no 1ift-
of ¥ delays or expense caused by freezing rain (until the
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final night prior to transit when a bad weather fTorecast
caused us erroneously to park the aircraft outside where it
collected 0.5 cm of icel.

When doublte missions were flown, the aircraft tanded in
St. John's for refuelling., permitting total flight times of
10.5 hours.

An extra flying day, beyond the terms of contract, was
arvanged in the field and approved by the ESRF administration
authority in order To take advantage 0of a rising sea state
condition at the end of the project. This day 1s inciuded
within the flying houy statistics described above.

Technical

Recording and Display. The modus operandi for STAR-1 during
the project was 1o obtain real-time information aboavrd the
atrcyraft on the VISOR system which produces a positive print
on dry silver papeyr, while simultaneously vecording the full
data set on high-density digital tape (HDDVT). The VISOR
product s essentially wsed for guick Took purposes. as 7is
guality is inferior to the wet chewical franspavency product
that 1s obtained from the Edo Western system. During
"noymal” opevations the data would be downlinked to the Edo
esteyrn ground station and the product would appear in rveal
time. However, for this experiment the ground station was
not available and the metnod of achieving higher guality

o

5

products was to play the HDDT back through the ground stiation
subseguent to the mission,

Pl

Thus, only VISOR guick ltook images weve available in the
field. This proved adequate and was used abeoard the aivcraflt
to confirm repeatability of detection and on one cccasion
when a lTow lTevel visual inspection of targetis was made, 11
served as a "map" with which specific visval sitings could bhe
corvelated.

At the time of writing this rveport, the HDDTs have been
run through the Edo Western system once. ATl data is present
and the guality appears excellent. Another pass wiil be made
te covrrect a scale ervovr which occurved on the first pass,

and it will be the tatter product that is forwarded to
CANPOLAR for analysis.

Research Flight Objective. The three prime objectives were
to assess, as a Tunction of sea states

repeatability of target detection for constant aspecti angle;
Took angle, aspect angle and wave direction impact on
detection; and

- resoltution and display scale detection dependence.
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Flight profiles were flown to accomplish these objec-
tives. In particular, a very good set of statistics will be
available concerning repeatability from the last of the three
research ffights when a large number of dcebergs and growiers
were within the target area that was verified on the ground.

Uﬂrev unately the sea states were not as high as desired
duving this period so that nature prevented all objectives
from being achieved. Preliminary scrutiny suggestis that sea
state was not a very significant factor in the detection
process during this project.

11.2.4 PHASE 3: REPORTING

Fotlowi ing the completion of the data collection phase of
the program, the HBDTs (high-density digital tapes) on which
the digital data were recorded during the STAR-1 flight were
returned to INTERA's Calgary office for playback. The
guiclk~-look hardcopy obtained in tha f"@?ﬁ and the Tlight Togs
weve retained to aid in the image-identification and
annotation process. the transcription process produced twe
types of product:

- havd copy images in the Torm of high guality negative
zrangpaveﬂ‘EPS Gf about 200 mm w%d*h; and

= computer~-compatible tapes (CCTs) of selected scenes far
digital di&p?dy ard analysis,

A brief summary of the salient features of cach of the
three data recording systems is provided in the following
saction,

Characteristics of the Recording Syst

Ihe High-density Digital _Fig__g_____mwﬁ.g system. The STAR-1
downlink system takes the digiti a radar video. annotation,
and  timing data and serializes it for on-board recordi ing and
cwaﬂgmzsq o1, Awide-band instrumentation recorder, the
SABRE 1 is agod to record this serial dates streawm in real

time W§Lh sufficient capac1Ly to reaguire only occ&“"aﬁa? tape
changes. The tapes used on this recorder ave referved to as
high-density digital tapes (HDDT), and have a typical
capacity of avound 1.3 gigabytes of imagery. Fourteen tracks
are used to record the serial data on a one-inch wide tape,
with each track tTypically holding 30 minutes worth of
imagery. The imagery is recorded in the form of successive
scan lines composed of 4096 eight-bit pixels per Tine. The
same type 0of recordey that is used in the aircraft is used
for the purposes of veplaying this data on the ground, and
transcribing it 1into a computer-compatible format.
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fhe Computer Compatible Tape Formats. Although the HDDT
format is ideally suited fovr real-time vrecording on the
atrcratt, 1t 1s not a format that lends itself to being
easily read by a standard half-inch computer tape drive. A
tape Transcripition facility was developed 10 read the data
from the HDDT and to record il on a computer~compatible tape
(cCTy, A typical half-inch wide CCT can held about 40
megabytes on a 2400-Ffoot reel. The 4096 pixels per tine ave
recorded on the CCT in blocks of four Tines each, with each
tape holding about 2000 blocks. This gives & imagery capacity
of avound 3£ megabytes pevr CCT. For the purpose of
simplifying data analysis, these data were converted from
four tines per block to one Tine pev block, An 80-byte ASCILI
header record was added at the stavt of each tape to provide
information about the contents of the tape. The title
'"BERGSEARCH "84, foiiowcdin:theEﬁRF #, LINE &, HDDT #, and
DATE was stored in this record.

The Hard Copy Qutput Device. A tibre optic plotter
manufactured by SDO Corporation Western Division (Model 590

(s

Servies) is cuvrently used to produce transparent T1lm and dry
sitver paper hara copy output, The SAR image scan l[ines arve
displayed on & cat hod@ vray tube and transferred 1o
photographic film via a fibre optic bundle. The size of the
Oﬁt’caif%bw@ﬂaﬁa'Wu*ﬂaturweffﬂm‘?ﬁhnmediumusedgiv&ga
minimum across-track pi %@; stze of 0.127 mm for the dry
s;Ever film and 0.0635 mm for the transpavent film. The EDD
is catibrated to nroduce an image which 135 186 mm across,

corresponding to a nowina I scale of 1:125,000 Tor hi m
resolution, Tull-widith imaging. This yvields an image of iﬁéﬂ
acroggmtraak pixels with the dry silver paper, and 2928

pixels with the transpavent Tilm. The nomina! ground swath
width is 24,622 km, so the across-track resolution of the dry
stlver paper i1s about 16 & m per pixei, whereas the

&

transparent Tilm gives 8.4 m per pixel.
Image Geametvry

Siant Range Correction., The vreal-time processor aboard the
aircrafi produces an image that is correcied for slant range

distovrtion. That is, the +dmage 18 presented in a
rectiiinearly correct, ground swath format. Sev"ation% HEgeli
absolute accuracy can be introduced at the filn ;Y cessing
stage causing streitch oy compressien in the along-track ov
cross=track images. The ervors for these data are tess than
1% and 3% vespectively, and in the case of the cross-track

compression was persistent throughout The data set.

0 [ The inney edge of the image swath 1s offset from the
aircraft radar position. The flight Togs show the "Range
Delay" which is ﬁf@qr“nm@d intoe the on-beoavd computer to
provide this offset. As the range deiay is provided in units
of slant range {km) it mu&i be ¢oy @rtoa by the usual
trigonometric method to obtain the offs in terms of ground
range. That 15
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Ground Range Offset = [(Range - {Aircraft
/d?
Alt Tuude)

For exampie on 7 April, the majority of the mission was flown
at an altitude of 27,000 ft (8.2 km) with a range delay set
as 23 km., The offset in terms of ground range was therefore
21.4 km,

The Tocation of the swath and the tavrgets within it can
then be obtained from the aifrcrafi co-ordinates which are
recovded at beginning and end of Tine and at intermediate
points for Tong lines.

scale. The majority of the Tines flown ave displayed on a
scale of 1:125,000 corvesponding te the high-resolution mode,
(full- width) d?ﬂpiay This corrvesponds to nominal swath
width 25 km (actual ground swath is 24.6 km). A few lines
weve flown in the wide swath (full-width) mode corresponding
to 12-m vather than &6-m range resolution and a scale of
1:125,000.

Pt is also gpossible oiex?r@n?ca??y to enlarge the dig-
played image by selecting for display eithev 1/2 ov 1/4 of
the swath width. Tth in h%g}~r@s0 ution mode {1/2 width) a
scale of 1:62,500 1s produced wheveas high vesolution {1/4
width} produces a $Ca?o of ; '325Gm The tattey scale was

used over the covrney refieciors

A list showing dates, Tine numbers, and scale 135 shown 1n

Navigation

Pesiti@nfﬂg of the aircraft is achieved by Inevrtial
Navigation System [INS). Juah INS systems typically drift at
@ Yu%@ of about 1 nautical mile per hour. When flying for

v
y

pro%aﬂgvo pevtedﬁ over the safe target avea this produced no
ﬂi&iyffaa! difficulty, as the target patterns could easily be
registered against each other

As part of the Wave Detection experiment, the STAR-1 was
Flown daily past the drill rig Eega Yenture which appearved in
the imagery. Checking against the known co-ordinates of the
West Ventuve, canfirmed an INS vate of drift of about one
nautical mile per hour.

Production and Annotation of Transparencies

The HDDTs were played back through the Fdo Western
disptay system. A second pass was pevrformed to correct a
significant scaling evror that had occurred on the fivrst
pass.
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[magery Scales for STAR-1 Lines

TABLE 1

[-2

Date Flight Lines Nominal Scale
April 2 1 -9 1:125,000
April 2 ya -6, 8-10 1:125,000
| 1:125,000
April 3 I 72, b8 1:250,000
34 1:125,000
April 3 7 2-11, 13 1:125,000
April & I 13 1:250,000
4-6 1: 62,500
April 6 | -5, 7, 8 1:125,000
10 1: 31,250
Aprili 7 1 3-16 1:125,000
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Annctation. Flight Tlogs recorded the relevant information
for each "line" flown including tine number, event marks
recorded on the image, time, aircraft co-ordinates and other
flight parameters, look direction, radar parameters, HDDT
track and footage. and operator comments,

Because nearty 90 lTines were flown % was necessary ©o
perform doubte checking procedures to ensure that the Tines
were corvectly labelled, This was done by checking the event
marker codes against the Togs and also by chuck?ng the
imagery itself against the quick-look imagery which was
annotated 1n the field.

Each Tine was hand annotated with date, Tine number,
flight direction, look direction, and start and end of Tine
markers,

these strips were cut into convenient Eomqthm and were
forwarded to CANPOLAR Consultants Ltd. for analysis. Addi«~
tional annotation was added to the images by CANPOLAR at that
stage.

Grey scale. An attempi was made to opilimize the gain and
f o the display system such that smail targets or sea
spikes would be visible above the background, while trying at
the same time to prevent bright targets from saturating the
film, The Tatter would have the effect of masking structure
on bright or multinle tavgebs.
”ho resul tant transparencies u@{ of guite
& zLy I the analysis, iU was possible with
a sca E@d nye piece to measure tavget widths of Tess than 10
m. This is the 7§ﬂita€f9ﬁ imposed by the ffim when diplaved
at a scate of 1:1725,000, The system resolution 1 6 m and
can be better used with digital imagery or enlargements.

Apn example of a typical scene {(Figure I1I1-1) dis a
reproduction of & contact print made from the negative
transparency. The annotation referved to is not shown on

this figure.

Production of Computer-Compatible Tapes
A small selection of computermcompatible tapes were

producad for purpos&s of digital deiy&lbo The formatl and
retated information has &iready been described.

The following €LT's were forwarded to CANPOLAR
Consultants Ltd.
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Figure 11-1. Example of STAR-1 'imag}",‘,
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N Line Date

pumbery number
iz 9 07 April 1984
124 g 07 April 1984
16 i0 07 April 1984

The analysis performed on the digital data from Tine 9 is
described in Section 111, Chapter 7.

Other CCT's were produced for purposes of the wave
detection experiment. These did not, howeveyr, include ice-
berg targets.

Additional sets of tapes are being prepaved for post-
ESRF data analysis purposes. These include:

Line Date
number

G Apeil 2

5 April 3

1 Apvil &

4 April 5

g, 13, 15 April 7
16, 19

Relationship of bLines Flown to Project Objectives

Because of the large volume of data coilected by STAR-1
it is helpful to categorize the Tines flown in a pictorial
manner, with respect to the objectives of the project - in
particular with respect to the Tines flown on the 'research
days'. This is done in Figures 11-2 to 11-9 which ¥follow,

fach picture shows the approximate orientation of the
Fiight Vine(s) with vespect te the target area. Accompanying

text summarizes the objectives of the set of lines flown and
the reltevant parameters.

Hesults

As stated earlier, data coltlection, not analysis, was

INTERA's Ffupction in this praoject. However, In order to

contribute effectively at the BERGSEARCH '84 wovkshop in St
i

John's L was necessary to perform a small amount of
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RESEARCH FLIGHT

t. Repeatablilty Tests
High Resolution (full wid+th)

Lines 1, 2, 3, 4, 3, 6, 7, 8.and 9
Scaie 1:125 000

Wave Imaging
High Resolution (full wid+h)

i.ines 10 and 11
Scale 1:125 000

Figure 11-2,
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Mission profiles, 2 April 1984, Fiight #1.




RESEARCH FLIGHT

b. Aspect Angle Tests

Lines 1~4

High Resolution (Full Width)
High Attitude

Scate 1:125 000

7. Resclution Test

lLines 5, 6, 7 {compare with lines 1-4)
Wide Swath (Hailf Width) - 1st Half
High Altitude

Scale 1:12% 000

Note: Box moved spproximately 5 miles
Toward WolW.

5. Look Angle Test (High Alt. vs. Low Alv.)
[Lines 8, @, 10 {(compare with lines 5, O, 7}
Wide Swath (Half Widih) - fst nalf
Low Altitude
Scale 1:12% 000
Note: [Hox moved approximately 5 milles
Toward WSW.
4. Corner Reflectors {(Gander) %N

Line 1]

High Resolution (Futl Swath)
High Altitude

Scale 1:125 000

Figure 11-3. Mission profifes, 2 April 1984, Flight #2.



RESEARCH FLIGHT §$§

. Repeatability Tests
High Resolution (Full Width)
Lines 3 and 4
Scale 1:125 000 %>

2. Repeatability Tests %
Wide Swath (Full WIidth) N

; 6.8

Lines 3, 6, 7, and

Scale 1:12% 000

3. Wave Imaging

Lines 10 and 11

High Resolution (Full Widih) %
) R
Scale 1:125% 000

Figure 1I-4. Mission profiles, 3 Aprii 1984, Flight #1.



RESEARCH FLIGHT

1. Box Turns
Wide swath (1/2 wid+h) 1st 1/7
High altitude: 10 km
Lines 2, 3 and 4
Aspect angle and resclution tests
Scale 1:125 000

Z. Box Turnsg
(particulars as abovae)
Wide swath (1/2 width) 2nd 1/2
Lines 2, 6 and 7
Aspect angle and resolution tests
Scale 1:125 000

5. Resolutlion Tests

High resolution (full widih)
Lines 8, 9 and 10

These lines are comparable o
lines 5, 6 ang 7

Scale 1:125 000

Z »
é $ETTET
o
e A
&
S 7
W
b
AP
5

Figure II-5. Mission profiles, 3 April 1984, Flight #2.
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4 April 1984

RESEARCH FLIGHT %%

Repeatabil ity tests
Wide swath {(full widih)

Lines 1, 2, 3, 4 and 5
Scale 1:250 000

5 April 1984

OPERATIONS FLIGHT ?&g
i
1. Wide swath (full width) ~ fst 1/2 ’
Lines 1, 2 and > 5

Scale 1:250 000

7. High Resclution {(1/2 width) - 2nd 1/2

Lines 4, % and &
Scale 1:62 500 ?
B

g

Figure 11-6. Mission profiltes, 4 and 5 April 1984,
125




OPERATIONS FLIGHT

Lines 1, 2, 5, 4, 5 and 7
(Flown 2, 3, 4, 3, 7, 1)

Alt tines are high resolution (full width)
except reflector pass (high resclution [(1/41)

Line 10: Reflectors (3 look, high resotution,
{1 /4 swath width)

Figure 1I-7. Mission profiles, 6 April 1984.



RESEARCH FLIGHT

. Asmect Angle Tests
High resolution {(full widlh)

Lines 3, 4 and 5
Scale 1:125 000

2. Repeatability Tests
High Resotution (full widinh)

Lines &6, 7, 8, 2, 10, 11 and 12
Scale 10125 000

Thase lines are comparabie 1o lLine 4.

Raesotution Test
Wide swath (1/2 widih) ist /2

-
h

e

Line 13
Scale 1:125 000

Look Angle: Near edge 20°
Far edge 107

]

This line is comparable to Lina 17.

Figure 11-8. Mission profites, 7 April 1984,

1ec/

I

g%@




4. Look Angle Tests
Wide swath (172 width) Znd 1/2 B

Line 14
Scale 1:125 000

Look angles: Near edge 10°
Far edge 6.7°

This line is comparable 1o Line 13.

7

Resciution Test Looking Upwind, f
Apsect Angle Test and Look Angle Repeat i

Line 19
Wide swath (1/2 width) = 2nd 1/2
Loock Angies: Near edge 10°

Far edge 677

This tine ls comparable ta line 3
(resolution), tine 14 @spect), and 3
fine 16 {repeat). gg}? .
-
6. Line 16 1?
B

Wide swath (1/2 width)
Repeat of line 15,

——
,-»»"’"M
i =
it

’,AW&

Figure 11-9. Mission profiles, 7 April 1984 (continued).



analysis. The results of this analysis were presaented at
that workshop and at a poster session ¢of the Canadian Remote
Sensing Symposium which accompanied the workshop. An expan-
sion of that analysis was presented at the final BERGSEARCH
‘84 meeting in Toronto and is summarized here.

3 1 en. Perhaps the most important guestion to be
ed ?s the reliability ovr probability of correctly
detecting fic¢ berg targets of a given size range In given sea-
state conditions. Some measure of this can be obtained by
flying repetitive lines over the same target avea and
examining the vepeatability of detection of individual
targets from one line to the next. At th same time, given
adegquate resolution, estimates of the sizes of the targets
can be divectly measured from the imagery

The mission flown on 7 April 1984 was excellent for this
purpose as there were some 100 oy move 1dcebergs of size
rang ing from growlevrs to small dcebergs in a target area
abou 25 x 25 km. Moveover, ihore was sweil and wave action
with combined ampiitude of 2-4 m at the time.

:ﬁg Analysis, A box was drawn on the images such as to
include mﬂ%L of the targeils in the avrea, but to exclude the
pdtk ice and itg adjacomt areas wheve bits of gac¥ fce and
tceberyg targets had toughed off and were drifiing together.
fhis ts shown in F%guwa Pi-10 below., Each of the tavrgets was

umbered onr one of the Tines and an attempt made to re-
identity each of these targﬁts on each of the other six
fines

S’mpT, statistical counts could then be used to deter-
mine the variabitity of detection., In paviicular, by re-
ié@maz'yrﬂg gach tavrget from Tine to lTine {as oppogwi to
comparing the total numbers of each sampie) 1t ensures that
both disappearving and re-appearing or newly appearing Largets

are accounted for, Moreovey, given the Time peviod over
which the seven lines were flown (about 70 wminutes) it
ensuves that spurf01 sea-spikes are not included among the

‘nersistent’ target

Each of the targat% Was measured in the cross-track
divection to provide a ~dimansional size dndication. The
targets wevre then put into three bins accovding to this size
classification. The bin sizes wevre <10 m, 10-20 m, and >20 m
Results. A total of 81 targets were fdentified within the
box on Tine #9. Re-identificalion was achieved on the other
Tines as Tollows:

#= AT1T 81 targets weve re-~identified on five of the seven
Tines {i.e., 100% re-identificati om)

# 80 of 81 targets weve re-identified on six e¢f the seven
Tines {i.e., 96% rewfdeﬁtif?catianﬁ



Figure 11-10. identification of targets, 7 April 1984,
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¥ 78 of 81 targets weve re~identified on all seven of the
lTines (i.e.. 96% vre-identification).

These 81 targets were distributed in size as follows:

Number Type Size Percentage
29 Growlers (<10 m size) 36%
39 Bergy Bits (10 m - 20 m) 48%
13 Small Bergs and
lTarger targets (>20 m) 16%
Total 31 100%

Note: the above assigaments of type are based upon
measuvement of the width in the range divection, with neo
surface verification.

Azimuthal Smear. The relatively Tine resolution achieved by
SAR is agii@ved in the range or cross-track divection by

pulse compression techniques whereas in the %z?ﬂuﬁhaT oy
atong-track dirvection, it ?S schieved thr ugh processing of
the Doppler spectrum of the target return, The Do;r.o:

spectrum 1s usually a vesult of the aircvaft motion with
respect to a statiovwary tavget. Motion of the tearget causes
an additional Doppler component, In the case of a moving
target such as an icebevrg in open watev with waves and
swell, the motion causes the image of the tavget to be
elongated oy sweaved in the azimuthal divection {(see Figure
1i-1). The range divection is unaffected,

The same phenomenon is produced by the breaking waves

h are responsible for "sea spikes.® It appears however,
the smearing is relatively greater for sea spikes. This
ans thaa the enevgy 15 spread over move pixels than for the
fcebergs. The net rvesult of this phenomenon 15 that sea
spikes appear to be preferentially suppressed compaved to f{he
icebergs.

Thus the azimuthal smear appears to be a mixed blessing.
On the negative side, the azimuthal smear causes:

-~ potential ovevlapping of fargets in the azimuthal divection
(no effect in the range direction); and
inabitity to estimate farget size in azimuthal direction.
On the positive side, the azimuthal smeayr causes:

preferential suppression of the sea clutter spikes
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compared to iceberg returns; and

- accenivation of the target appearance on the imagery.

Avchiving of Datas

A copy of all imagery annotated and analysed by CANPOLAR
will be archived with the National Air Photo Laboratory
(NAPL) in Ottawa. Flight logs will accompany the fmagery.

The originals of this imaqaiy w {11 be returned to INTERA
and avchived in-house. Additi Ply, all HDDTs will be
retained by INTERA in-house aioﬁg with the flight Togs.

CCTs alveady presented to the CANPOLAR analysis team
I be retained by Mr. E. Wedler until his analysis program
completed, at which time they will be returned to INTERA

will
S
for archiving.

i1.2.56  SUMMARY

The 5TAR-1 data collection component of the ESRF study
"Assessment of Afrborne Radavs for the Detection of lcebergs®
Wa s gucﬁeggfuiéy completed a5 described heve. ‘hﬁ TRTERA
program was conducted in Lthree phaszes: Planning and
Mﬂhéf;x‘;”“ﬂ; Bata follection; and Reporiing.

the highlight of the prograx
povrtion from £-7 April 1984 duvring
missions with 40 Tlying hours being
Fiown in transit to and from the oper
Newtfoundla ﬁé ﬂuw%nq these miss
opevatonal Tlight profiles were {lown.
‘research’ prakzros, summarized 1 documant, were
achieved, as were the opevational profil

The imagevy, rvecorded digitally own magnetic tape aboard
the aircrafi was subseguently veplayved onto high-quality
segative iransparencies, “}ﬂi¥0 for guatity, annoiated,

% A } 3 .

Thed Ly
and forwarded to the CANPOLAR teawm for analvsis,
numbey ofF fi%ghi tines were altso transcribed from the hig
éwﬂd' ty digi tapes onto computermaompdt??i9 tapes and weres

Forwarded to Qﬁ POLAR fTor digitat image analysis.

The results of brief ana?y%ia performed by INTERA on the
rap&at wility of detection of dceberg targets are presented
T this decument. They indi caL€ a very high repeatabiiity of
detection in Z2-4 w waves and swell Tor targets of estimated
size down to 10 m (i.e., growlers).

To factlitate ﬂvrthew aﬂ&iysﬁﬂg this documeni contains
supporting 1a?gvmau ion concerning the oquzgn@ﬂn used, data
formats, quality control procedures, and archiving.
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[1.3 WAVES RECORDED IN THE FLEMISH PASS

IT.3.1 INTRODUCTION

During April 1984, Dobrocky Seatech was involved with
the collection of ground verification data for the FESRF
lceberg Detection Trials Project in the Flemish Pass area.
Specifically, Dobrocky personnel were required to Taunch and
recover a Datawell waverider and to vrecord wave data during
the ESRF over-flight. Four wave data records were recovered
from four different locations in the Flemish Pass area
(Figure II.11). The waverider buoy at each location was not
moored to the bottom but was tethered to the survey vessel
Polaris V for ease of deployment. The WAREP receiver was
operated on continuous mode during buoy deployment.
Information on the buoy deployments is given in Table [I1-3.

I1.3.2 A SUMMARY GF DATA COLLECTION AND PROCESSING

The wave records recoveved from each of the fouvr
Tocations were processed by MEDS] in Ottawa and the wave datsa
are presented in this report. The waverider recording
station onr board the Polaris V was designated Station No. 245

Data products accompanying this report include:

Lo Table of vroot mean squarve wave height (metres) tabuiaava
by wave peviod in seconds for all four stations {(Table
il

-4 ) .

2, Ten pages of graphs o
versus Trequency in b
12 to 11-21).

f sp
z

ectral density of waves ?ﬁmz/Hz
for all

) four stations {Figures TI-

Graph of a wave chavacteristic height in metres versus
time in days for all four records {Figure 1I1-22).

[

4. Percentage exceedance ;I ot of significant and maximum
wave height for fTour stations together (Figure 11-23}).

b. Percentage occurrence histogram of wave peak period in
seconds for four stations taken together (Figure [1-24).

6. Plot of significant wave hefght in metres versus peak
period in seconds for fTour stations together {Figure I1l-
25).

Note that data products 1 and 2 are tabulated by data
records which inciude a8 side and tape number as recovrded in
the on-board WAREP. The table of root mean sauare wave
hetght in metres tabulated by wave period in seconds matches
data tape vecords Lo hours and days recorded.

1 Marine Environmental Data Sevrvice, Government of Canada,
Department of Fisheries and Qceans.
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Data products 3 through 6 were generated by using all four
wave records from all four sites of deployment.

11.3.3 SPECTRUM DIAGRAM: A SHORT DESCRIPTION

The spectrum diagram shows the variance spectral density
of the water surface elevation as a function of frequency.
The densities are computed at about 60 discrete values of
frequency between 0.05 and 0.5 Hz using the Cooley-Tukey fast
fourier transform algorithm. FEach 20-minute wave record fis
broken up into several blocks of 1024 data points. The
number of such blocks will be determined by the digital
sampling frequency. The final value at each freguency is the
average of the densities at the frequency aver all the
blocks.

I'f corrections were vequired for either instrument

respom e ov, in the case of a pressure cell, for the

ttenvation of the pressure fluctuations with depth they will
have been applied to the spectrum.

The wunits of wvariance spectral density are feet {or
metres) squaved pev hertz and the units of frequency are
hertz.  The wave recovd can be identified by the record-side-
tape number and the station numbey annotated in the upper
right-hand corner, The time of recording and other pertinent
?ﬁfarmatian must come Trom accompanying documentation. The
abbrevi a tons SWH and PEAK PER 1f they appear ave followed by

the g

s

stgn f!budt wave height in feet and the peak period in
seconds.  The peak period is the fnverse of the freguency at
which The maximum spectral density occurred. The significant
orv characteristic wave height 15 Tour timaes the squavre root

of the area under the specirum.
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Waverider Deployment Information, 1984

TABLE 11-3

Date of Time of Position of Charted Water
Deployment Recorded Deployment Depth in
Wave [ata Deployment Area
(GMT) (m)
April |1 1857-2037 46°491 24" "N 1177
46()48I 4‘?“1“\,
April 2 17002040 46245 24N 639
A7911 115"
April 3 13401840 A6°E51 00N 1183
A48T 42" W
April 7 1600-2240 47907 " 46"N 184

A704B 24
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I11.1 INTROBUCTION

ITT.1.1 BACKGROUND

Icebergs pose potential hazards both to o0il exploration
and production and to shipping off Canada's East coast. Both
routine and special reconnaissance flights are used to detect
icebergs and To monitor their movement. In the past,
detection has been largely by visual or photographic means:
more recently, fmaging radar has been used. Because of the
generally poor visibility in the region, and the potentially
ltarge swath coverage of radar. radar is expected to become @
prime detection sensor for regional coverage., However, the
effectiveness of this technique has still to he evaluated
quantitatively (see Section I of this study for a review of
previous work).

Two major types of radar are in use: real aperture
side~ Tooking airborne vadar (SLAR) and synthetic aperiure
radar (SAR), The lTatter uses a coherent source and the
motion of the platform to obtain, with significant data
processing., uniform resolution across o swath.

This experiment, which has been named BERGSEARCH '84,
was conducted in April 1984 to assess the capabilities of
five wmodern, airborne, imaging radars in the detection of
tcebergs in open water. OF particular interest were smaller
pieces of dce, growlers and bergy bits. The Worid
Meteorological Organization (WMO) iceberg size classification
is given in Table [1i-1, OF the five radars, three were SLARS
ahd two were SARs.

TABLE 111-1

WMO Iceberg Size Classification

Name Length (m) Area {(m?) Height (m)
Growler <10 <100 <1
Bergy bit 10- 20 160-300 1-5
small iceberg 20- 50

Medium ijceberg 50-100

Large iceberyg 100-200

Very large iceberg <200

NOTE: other classifications may vary stightty.



I111.1.2 OBJECTIVES
Data were collected to assess:

o target detectability as a function of:
. target size
. look angle with respect to wind., waves
. depression angle
. S5ea state/wind speed; and

- statistics of target fluctuations from pass to pass.

Typically each aircraft flew a box configuration around
the target area with the radar looking toward the inside of
the box. A ship conducting surface verification measurement
was stationed within the target area. Three Tines of the box
were ovrthogonal to gach other, whevreas the fourth was at a
459 obtigue angle, with the box oriented 1n a regular pattern
to the prevailing wind., To separvate effects of depression
arngle and resolution cell size, the SLAR's used two altitudes
and two-FT?qht Tine offsets; the SARs used two swath widths
and two offsets, To calculate target fluctuations, each
atrcraft made several ddentical passes.

Pil.1.3 EXPERIMENT OPERATIONS

The base of opevations was Tocated in Gander,
Newtfoundland, with the target avea over the Grand Bank,
Ope &a*iaﬂai 39g stics and offshore surface verification was
coovdinated by F.G. Bercha and Associates Lid. !t tﬁo and of
the expe*%m@mﬁg the colliected data were passed To a team
assembted by CANPOLAR Consultants Litd,, which wds responsibie
for interpretation and evaluation of imagery.

The location of aveas imaged varied from day to day,

depending on ifcebevrg occurrences. For all flights, surface
data cotlection and target verification weve provided by F.&.
Bevcha personnel on board M.V, Polaris ¥V which was on

charter to the Hibernia group. The data shipbased activities
are summarized fn Tebie 111-2, and the fmi?awzﬁg information
was obtained:

Visual aiy photographs of vevrified fcebergs were
obtained using an Zeiss RMK AlL/23 cameva from a Beech
Beechcvaltt King Aty aivcraft on chavter to Mobil 011 {see
Table 1I1I-2).

. data sheets on icebergs
. hourly ice reports
. hourly weather and sea state during overfiight
. Ethree houvrly MANMAQ weather and sea state on 24-hour basis
. Waverider buoy deployment at selected times
video coverage of two icebergs and ice edge
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TABLE 11i-2

Information obtained by the M V  Polaris V
during BERGSEARCH '84

Date Shipbased Activities

April 1 Four icebergs visited - ship stood back
from icebergs during flight

Aprit 2 One idceberg visited - ship stood back from
tceberg during flight

April 3 Three icebergs visited - ship stood
tipping iceberg

April 4 Two dcebergs from 3rd revisited - no
overflights

April b 38 icebergs visited - by this date, pack
had released jcebergs

April 6 19 icebergs visited - emphasis on growiers
and bergy-hits

April 7 Stood by bergy-bit during overflight and
monitored surrcunding icebergs - day of
maximum seastate
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Radar Aircraft

Five aircraft equiped with imaging radar participated:
a Lonvair 580 operated by the Canada Centre for Remote
Sensing (CCRS}, supporting a multichannel SAR: a Lockheed
Electra operated by the Atmospheric Environment Service
(AES), using a Motorola AN/APS 94E SLAR:; a Lockheed HC-130
operated by the International Ice Patrol (IIP), using a
modified Motorola AN/APS-135 SLAMMR; a Cessna Conguest
operated by intera Technologies Ltd., using the STAR-1 SAR:
and a Grumman G-1 Gulfstream, operated by Marine Aerial
Remote Sensing (MARS) Ltd., using a modified Motorola AN/APS-
94D SLAR. Details of each radar system are summarized in
Tabte [II-3.

Data Collection

Data collection occurred mainlty during the period of
2-7 April, 1884 however, the CVY-580 also Flew missions on
March 29 and April 1. The number of passes performed by each
aivrcraft over the target avea 1s given in Table [11-4;
environmental conditions are summarized in Table [11.6,

Un Aprit b crews flew an operational mission to simulate
routine iceberg reconnaissance in support of offshore
activity., During this flight, crews chose their own search
parameters, AU the end of its wission., each crew prepared a
chart showing the plotted positions of ilmaged icebergs and
radar targets; this chart was delivered to the Bergsearch ‘84
operations room whence it was transmitted by fax to Mobil for
broadcast to offshore operations.

By the time of 1{ts concliusion, the experiment had
yielded a total of 288 passes for all target areas, A1T1 SLAR
data were vecorded in negative Transparency format: SAR data
were recorded on positive veal-time plotters and on digital
tape.

surface data consisted of detailed weather and wave
togs, {see Table II1-5) waverider buoy data. suvface
photographs, and written descriptions of all icebergs
verified from the ship. Black-and-white aiv photographs of 23
cw tformat from 500-1000 ft, altitude were taken as weather
permitied. Surface data were recovded by position and by
time to facilitate cross~veferencing of verified icebergs
with their Tocation on radar imagery. ATl data were copied
and distributed to members of the CANPOLAR team for analysig,
with the exception of CV-580 SAR data which were digitally
processed and ave desribed in Section 111.8.

this report describes the analysis performed on the data

sets by the CANPOLAR Team for each day of data collection. A
summary of the analysis is given in Section I11.10 and in a

158



Characteristics of Radars Participating in BERGSEARCH 84

TABLE I11-3

Aircraft AES [ip INTERA CCRS MARS Ltd.
Affiliation Electra HC-130 Conguest CV-580 G-1
Name of radar Motorola Motorola AN/ STAR-1 SAR Multi- Motorola
AN/APS-94E  APS-135 channel AN/APS-94D
{ SLAMMR ) SAR
Gperating freq X X X X b
band (Cor L)
Polarization HH vy HH HY, HH HH
VH, WV
Transmit peak Ak 200 N/A N/A bh - 85
power (kw)
Azimuth (.h° 0.5° 71 2. tm 0.45°
resolution
Range 30m 30m 6, 12m 1.5m 30m
resolution
Depression 2v - A45° 1.5% ~ 4h° 8o - 35° 29 - §0° <19 - 45°
angle range
Swath widths 25, B0 25, A0 25, 50 k6, 22 km 25, B0
100 ki 100, 150 km 100 km
Left/right L+ R Lo+ R Loor R Loor R L+ R
looking
Number of N/A N/A 7 1 N/A
looks
Output Negatlive Negative Positive Positive Negative
film film papers; paper film
(9", digital {wot
digital tape process)
tape
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ESRF Bergsearch 84 Number of Passes for fach Aircraft
not Including Transits and Radar Reflector Passes

TABLE T11-4

Date CY-580 MARS STAR- 1 AES 1P Total
03/29 7 7
04401 8 8
04402 9 12 22 16 17 76
04703 16 17 16 14 25 a8
04/04 7 7
o4/05 8 6 6 29
04 /06 10 13
06407 8 20 15 17 60
TOTALS a0 45 a1 51 71 268

d "operational" flight



TABLE T11-5

Fnvivonmental Conditions During Bergsearch '84

Sitgniticant i Windspeed b Cloud
Date Wavel{m) (knots) Coverage 7 (%)

Mar 79 3,0 - not avallable not available

fon

- 25 94

Lo

o
ey
e
o

Apy
Apy 2 3.0 - 3.5 11 - 19 G0
Apr 3 2.6 - 3.0 2 -4 10
Apr b i.h - 2.5 13 - 25 70
Apy 6 PO - 1Uh 6 - 15 20

Apr 7/ 2.0 - 4.0 20 - 30 95

¢ from West Venture waverider buoy

b .
{

rom Polaris Y
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separate Summary Report (see Foreword).

I1T.1.4 JCEBERG NOMENCLATURE IN BERGSEARCH'S84

The nomenclature of dicebevrg identification 1s
unforturatetly non-uniform:

- on raday imagery icebergs are plain-numbered
sequentially;

the King Air photo reconnaissance pilane identified
fcebergs with a "B" prefix {for "“iceberg"),
followed by a sequential three digit number (e.g.,
BO12): and

Polaris ¥ identification was a letter in order of
observation en a particular day, followed by the
date number. If the ifceberg was identifiable from
a previous day's obsevrvation, the next date number
was Jjust added on., For examplie, B-1-2 would be the
second fceberg seen on April 1, seen again on Aprit
o

F

5

Furthermovre, duving data lysis, previousty unlabelled
ov unreferenced iTcebergs were given arbitrary letlier oy
umbey Tabeis such as 0, 7, ov T/10 to be vreferenced fn the
associated text.
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[11.2 ANALYSIS OF APRIL 2 IMAGERY

This was considered to be a reseavrch day for all air-
craft, and it was the first formal day of data acquisition
during the experiment. On this day the STAR-1, AES, IIP and
MARS (and CCRS) aivceraft flew a series of flight Tines in a
regular patiern which viewed the target area from four
different aspect angles. Flight Tines wevre flown in somewhat
of & box pattern with three of the Tines or&hugcr al LO gach
other while the fourth one was oriented at 459, The inten-
tion was to 'ﬂaqe the target area in a regular r,iabWOﬂship
to the prevailing wind and wave patterns so as to determine
their effect on detectability., A typical series of flight
Tines flown by the MARS aircraftt are shown in Figuvre 1111,

The target site ?0{ Polaris ¥V on this day was Tocated at
46Y46,.0'N and 47°%01.1'W. The planned orientations of the
aircratt were 340, 070, 205 and 250 degvrees To true north.
This being the first day of *he expeyfment duving which all
aupnc’ es weve involved, some difficuliies were encounteved in

coara inating the Tocvations of the airborne crews with the

tocation of the surface-truthing team. Conseguentiy, The
EQﬂﬁan ¥ NdQ not found at the initial coovdinates which the
crews were given during the pre- fiigii briefing., This caused
some mvoh_¢m¢ in the poesitioning of filight Tines.

[11.2.1 AVAILABLE SURFACE IRFORMATION

Two matin tay gat weve imaged on April £, the M.V,
Eﬁwiijﬁ Y oand a medium-sized dry-dock feeberg named A-1-2
{(also called Mobil 2321)., A-1-2 was estimated to be about 27
m high and ranged between 60 and S0 m in above-watevr
diameter. This Tcebevg was fivst found on ﬂﬂ?ﬁ“ Loand was
observed between 1240 and 1335 GMT. Tt was vevisited by the
ship on Apvril 2 avound 1030 GMT. Later on in ,he day, at
1730 GMT, the dceberg was pi otographed by the King Alr
aircraft, The documented positions for A-1-2 and Pglaris E
for Apvil 1 and 2 ave plotted in Figure I1I-Z.

Figure [11-3 shows several polaroid photographs of
fcebeyrg A-1-2 taken on April 1 and 2. It consisted of two
pinnactes at apprex?mat&iy right anglies to each other and the
uppeyr surface was smooih. It was observed to be caltving
numerous gnowiers during the observation pevriods. “ﬁgare
P11-4 shows polaroids of two of the growlers created on Apy
| which were about 3x2 m® in plan and G.5 wm 1in h@igh{b %are
Lhan 50 grawiers were created within the half-hour
observation period on April 1, and more than 30 growlers were
observed around the icebevg between 1030 and 1600 GMT on
April 2. It is Tikely that such growlers were being created
occasionally throughout these days. It is also probablie that
many of them melted away within a few hours, although this
has not been documented.
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Figure [11-3. Iceberg A-1-2 ground verification photos.
a) April 1 1300 GMT Look 1;
by April 1 1300 &MT Look 3:
¢y April 2 1030 GMT Looking SE 300 m from ship.
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The aiv photagraphs of iceberg A-1-2 were taken at the
time closest to when the area was being imaged by AES, I[IP,
and STAR-“ Table II11-6 summarizes the times of ground
verification activity, air photography of the area, and the
tmaging times Tor the various aircraft.

Figure I1I-6 shows one of the air photographs of A-1-2
taken from an altitude of 989 feet (301 m). Growlers are
evident avround the iceberg as indicated by the arrows,
Figure I1II-7 shows the main iceberg and associated growlers
which were identified on the photograph. A total of 24
growlers were found amongst the three images. Table II11-7
summarizes the range and beavring of these growlers from the
fceberg with respect To true novth., Tt was evident that many
aof the growlers were being washed over by waves or were
bobbing to the point where they would mainly disappear below
the watey suvface. Their disappearance and reappearance was
in the ovdey of seconds, because the time between photos was
2-3 seconds and many of the growlers were seen on one or two
of the three photogranhs., The significant wave height at this
time was 3.5 m with a peal period of 15.17 seconds. The
aerial extent of the photographs avound A-1-2 15 about a
3060 m radius This translates to a very small avea at the
normal scales of the radar fmages: e.g., at 1:250,000 scale
{(typicatl Tov SLA?) this represents only 1.2 mm on the
originail fimagery.

Thevre 1s Timited size %ﬁformatfan on the growlers for
Aprit 2, although the air @haﬁaqraﬁhg %di dLQ a3 typfcai size
range of 3 om oovr Tess in the immediate vi ity of iceberg A
1«2, Two growliers (named Bwi and C-1) gpawned fv m Ael-?
measured by the Polarvis V team on April 1 were 3x2 m* and 2x2
m2 respectively, and had freeboavds of about 0.5 m.

Unfortunately the surface data were coilected several
fours before any aircvrati dmaged the arvea, If the positions
of the ship and the air photography are accurate, there was
considevable net drift of the iceberg between 1030 and 1730
GMT. This discrepancy is the main timitation to the surface
verified data because 4t 15 not known exactly how many
growlers were created and distribufed around the imaged
jceberyg during the time data were ing acquired by the four
aircyraftt.

Wind, wave, and temperature information collected by
Polaris ¥V on April ¥ ave summarized in Table I11-8. 0On this
day'YEEVWTﬁdF weve extremely vawrab1e in divection (from 014°

hTOJgﬁ 3609 } on an hou»]y basis through the time of data
acquisition. Wave divrection was much less variable and the

sea state was moderate
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TABLE TII-6

Data Acquisition Times for Iceberg Ground Data
and Radar Imagery

Date Type Time (GMT) Targels

Apr 1 Polaris V - Ground 1240-1636 A-1-2, D-1 icebergs;
Verification Team B-1, £~1 growlers

Apr 2 Polaris V - Ground 1030-1100 A-1-2
Verification Team
King Alr-Zeiss 1723-1728 Polaris V + A-1-2
RMK A 15/23
Aiy Photography
AES SLAR 1548-1848 Polaris V 4+ A-1-2
[1P SLAR 16271846 Polaris V + A-1-2
STAR-1 SAR - Flight 1 1614-1720 Polaris V + A-1-2

- Flight | 20382359 Polaris V + A-1~2

MARS SLAR 22450059 Polaris V + A-1-2
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TABLE I11-7

Growler Range and Bearing Trom A-1-2
1728 GMT, 2 April 1984

Growler No. Range (m) Bearing {°T)

1 169 353
181 016

3 181 020
4 258 035
5 193 042
6 85 007
7 229 055
8 195 055
9 219 065
1o 122 065
11 132 265
12 20 268
13 32 065
14 57 068
15 97 080
16 130 074
17 130 082
18 55 092
19 122 096
20 75 118
21 136 122
22 193 111
23 193 167
24 35 227
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[11.2.2 STAR-1 SAR

Two sets of flights were conducted on April 2. The
first flight consisted of a sevries of repeatability passes
flown so that imaging of the target area was cross-wind and
cross-wave., The second set of passes was flown in a C-shaped
box pattern around Polaris V and A-1-2. Tables I11-9 and

I11-10 summarize the flight Tine particulars and general
comments on the imagery,

Large Target Detection

Polaris V and A-1-2 were detected and imaged from every
aspect when the swath widtih covered the avea in which the
argets were located. However, their signatures differed
consfd@rab!y even between the repeatability Tines for flight
1. The pinnacles on icebevrg A-1-2 were not seen on any of
the Tines because of smearing of the siganature in azimuth.
Foer Tiight 1 lines the pinnacies of the iceberg were oriented

away Trom the radar as shown on Figuvre 111-7. A typical
signature for both tTargets is seen in Figuve [1i1-8 Trom
fhight 1, line 6, which shows the fceberg to have a bell
shape away from the radar Took-divection wheveas Polaris V is
an extended cigay shape. The idceberg has white 3LFQ&RS
extending in azimuilh fTrom the wmain body of the sigrature
which probably are created from iceberg moﬁiaﬁh uﬂd the

muitiple numbeyr of Tooks used in the processing.

L

tThe shape of each targel was fTound to vary widely
between Tines and also hetwecﬂ the two targets. Table I11-11
summarizes the shape finformation compaved to the T1Took

i
dzr@fbwaﬂ Two aowc?u fons can be dvawn From the teble,

I, Considerable differences exist in signature shape between
repeatabséity Tines, Tor which all vraday pavameters had
been kept constant.

2. Signature diffevences of Polaris Y and A-1-2 permit
neither to be distinguished Trom the @Lher on the basis
of the imagevry alone. This would apply also to

reidentification of the same targets.

The large target signatures also saturated the film (as a
result of processing) and their edges were biuvred, probably
the vresult of wave action and bobbing.

Smatl Target Detection

smaller targets weve found on all the STAR-1 lines which
were dimaged Toolki fng cross-wave. Most of these targets were
found in the vicinity of A-1-2 and were presumed to be
growlers. 0On 1ine 6 a total of 19 targets wevre classified as
probabie growlers and an additional four weve suspected
around A-1-2. Their identification was based on their
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TABLE 1Ti-11

Signature Shape vs Pass on STAR-1 Imagery, 2 April 1984

Flight and 1.00K
Line Number Direction POLARIS ¥ A-1-2
1-4 070R Long and narrow NI
i-5 a70L Narrow cigarshape Bellshape away
from A/C
1-6 070R Cigarshape R?élshape Ltowards
-7 a70L Circular with azimuth Long, cligarshape
streaks
1-8 070R Circular with star- Circular target
shaped signature with white streaks
in azimuth
1-9 070L Circular with azimuth Stmilar to Polaris V
streaks except more ploomed
and azimuth streaks
are longer
-2 340R NI Flattened in
azimuth direction
23 070R i 1
2-4 i6OR Bellshape towards NT
ASC
Alt above Tines high altitude, narrow swath.
72-5 340R Filattened ellipse NI
2~5 070R Flattened eilipse, Bellshape away

diffuse edges

2-5 and Z2-6 are high alfitude, wide swath.

from A/C

2-8 340R N1

729 070R Cigarshane,
stretched in azimuth

with spikes

Fusiform shape,
diffuse edges

Somewhat bellshape
away Trom A/C

2-10 1606R Star-shaped signature

Lines 2-8 to 2-10 are lTow altitude, wide swath.

NI

aNT = Not imaged because not within image swath or line was ended before

target was imaged.
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relative brightness to the ocean background and a white
streak signature in the azimuth direction.

When the area around the iceberg was imaged upwave or
downwave these smaller targets were no Tonger visible. 1In
these cases the wave patterns became visible, giving sea
clutter with comparable returns to the growlers. Any
azimuthal streaks appeared to be part of the wave pattern,
In cross-wave images the wave pattern was not evident and
the general background was more subdued, which allowed the
smaller growler targets to be identified with more
confidence.

The Timited data provide some indication of the effect
of resolution on the detectability of the smaller targets.
Line 3 which was flown at high altitude, high resolution {(6x6
mg)g detected 19 targets around A-1-2 which were identified
with a high degree of confidence, plus an additional 4
targets elsewhere in the imagery. and 4 more suspected
targets. Six targets plus two more suspecgted ones avround A-
1-2 were found on Tine 9, flown at 6x12 m% radar resotution,
ATthough the size and exact number of targets is not known,
the increased vesolution apparently resulted in a threefold
increase in targets, from 6 to 19, in the closest comparisen
in time which could be identified with confidence,

epeatability Lines

The repeatability lines from ¥1ight 1 were anatysed for
small target identification in the common imaged arvea around
Polaris VY and A-1-2. the results arve summarized in
Table T11-12, The vaviability between flight Tines probably
results from the wave action and bobbing of the growlars
which makes them "disappear" at the time of imaging.

The targets in the vicinity of A-1-2 were compared
between flight Tines in an effort to determine how many could
be seen on most, 1f not all, of the lines, Figure I11-9 shows
the distribution of targets and number of passes that were
seen out of the total of five.

A total of 36 different targets were identified in the

vicinity of A-1-2 with a frequency as follows:
. identified on all b passes -~ 4
. identified on all 4 passes - 4
. tdentified on all 3 passes - 3
. tdentified on all 2 passes - 4
tdentified on 1 pass - 2.

Most of the targets identified on morve than one line
were identified by their position relative to A-1-2 rather
than by their signature on the imagery. There was greater
confidence in the interpretation when the target was seen
more thanr once.
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TABLE 111-12

Flight 1 Repeatabitity Small Target Analysis
STAR-1, 2 April 1984

Highly Probable Suspected Total
Line Targets Targets Targets

5 16 10 26
6 a1 / 28
7 15 4 i9
8 14 12 26

4 ig 17 30
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Figure 1171-9. Growler comparison, STAR-1 tmagery, light 1 1ines
5-8, 2 April 1984,
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The fact that repeating lines seem to reveal more new
small targets than reconfivm old ones suggests that detection
of the entire growiar popuiation is umTzke?y no matter how
many Tines ave flown, 1n part a result of:

. the bobbing, wave action, and movement of growlers
causing thewm to disappear occasionally,

. the calving and obtating of growlers between Tines.

. the incovrect discrimination of growlers from sea clute
ter.

Other Findings

The imagery from flight 2 *ﬂeéiccﬂ“aiﬁscibright white
target near Polaris V which 1s of an unknown OYTQTHO The
target has a diffuse stgnat ure and 1s Tocated about 500 m teo
the NE of the ship. Discussions with the Polaris V personnel

indicated there was no iceberg LGTQGL or ship at that

istance duving the time of acguisition, nor was the
waverider buoy deployed that far awayv. HNone of the other
project aircraft were in the area at the time (2135 EMT) 50
ne other imagery was available to ddentify this target,
neithey weve there any ground data
Imagery from flight 2 Tine 8 showed & linear ocean
patlern within the swath., The two subsecuent passes did not
itmage the area in which the feature was ie;uT@d This pat-
tern was seen on many of Lhe MARS T1ight Tines {(see Figure
Tir-14}. The VTinear pattern 1s thou ghﬁ to be an

ece&negrapﬁ%c featuve. perhaps caused by tempevature
variations or upwelling.

2.3 AES SLAR

The flight T%ﬂe particutars for the AES SLAR ave sum-
marized in Table 1I1I1-13. éha alrcratt flew at two different
altitudes and gvnev“ Ily used the 25 km swaah width setting.

Parts of several Tines were Tlown at 50 km to mage Polaris g
and the A-1-2 fceberg. Line 9 was not amaiyged hecause the
aivcraft was climbing to the higher a]b1eudeg and Tines 14 to
16 also were not analysed because of altimeter drift noted in

the logs.

twWwo general observations can be made with regards to the
imagery:

L. Stretching. shortening, and elongation of the fmagery;
2. Dfscrepaﬂsy in target positions between lTines and between

the imagery and positions noted by the ship and the King
Afr aircraft
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The shortening or elongation results in part, from INS
drift, but it is suspected that the image processor may not
have been advancing the film at a uniform rate. The
discrepancy in target positions is illustrated in Figure III-
10. The position of A~-1-2 as determined by its location on
the imagery between passes 6 and 8 differs by about 20 km
even though the passes were flown only 15 minutes apart.
Most of the other passes showed A-1-2 to be Tocated between
these two extremes. The discrepancy between target positions
and tlight line locations was not significant Tfor the
purposes of the April 2 analysis because there were only two
Targe targets to be tracked and their relative positions did
net change wuch between 1ines.

The appearance of clutter on the imagery was more
subdued for the higher altitude Tines (5,000 ft vs. 10,000
ft). This change did not seem to affect detection of targer
targets because they were readily apparent on the fmagery and
both contrasted well to the background at both altitudes.
Results for the targets versus look direction are summarized
in Table II1[-14.

lLarge Target Detection

Both Polaris V and A-1-2 wevre evident on the imagery to
the unaided eye whenever the swath covered the area in which
these targets wevre Yocated. On certain passes onie or both
targets weve not detected because they were located in the
bl1ind zone underneath the aireraft, or the aircraft turned
before the tarvget was imaged.

Table IT1-16 summarizes the signature shape and tone by
Tine number compared to lTook divection and wind direction,
I'n general these targets were small to medium in size on the
image and tones ranged from Tight grey to white. Both were
fainter and streiched move in azimuth at the farthar ranges.
Both of these factors are related to the decreasing azimuthal
resolution with range.

The pinnacles for iceberg A-1-2 weve evident on the
imagery for lines 3 and 7, which were flown at the same
altitude and aspect angle (687N look direction). The target
was located in the near third of the range. The pinnacles
could be seen with aid of an eyepiece as right-angle spurs,
indicated by an indentation and shadow within the centre of
the signature of A~1-2, No shape information for A-1-7 was
evident for flight 1ines at the same aspect but at the higher
altitude.

It was not possible to differentiate Polaris V from A-1i-
2 on the basis of the imagery alone, except for those lines
in which the shape of the iceberg could be seen.
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TABLE 11])-14

AES SLAR, 2 April 1984

ook Tarqet Other Line P B C
Direction ) D No. Precsence Size Tone Comments

Upwind - Pelaris Vo 72 X -
03 ATSETTT 2 p MY W
- Waves 2 P - G Faint, discontinious
- Polaris ¥ 6 X - -
21 L 6 f? SE W/LG
- Waves 6 Pariia?l - G Faint in farther range
Polaris ¥ 11 X - -
A-1-2 i1 P 5 W
o - . _MBYVES 1 A ol -
ETERT G TV . Y
1 IV A 4 P S LG Fainter than Polaris v
p » ) ae RSN
e w
7 f B b Shape seen

ariial - D4

Trosswind 25 BNy
(900) 20 AT
- Waves 7
Polarisy 10 ¥ : -
43 TR 1 % Sh b
Haves Yoo Partiad e o DG
X

i . : -
3 P 5 b Shane seen
3
}

Crosswind ™ -
(459) 05

{

- Waves Pariial - DG
27 Polari
29 A 17
o Waves b A
55 Potaris V12 P 5 i

s ) y i i

Crosswind 01 Pojaric Vv 7 i oy 7 —

{variable} 0 ASTVE 1
- Waves | - -
il Polaris ¥ 5 P 5 LG Tmaged at 50-km swath
~ Waves 5 P - l.
58 PolarisV 13 P S W
&0 Awied i3 i 5 H
- Waves 13 A - -

P 5 LG fmaged at HO0-lan swath

8 p S I

DM wedium W o~ White
S - Small G - Grey
- Llliptical LG - Light grey
DG - Dark grey

é P~ Present
A~ Absent
X o« Not in swath
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TABLE 111-15

Large Target Signature vs Flhight Line
AES, SLAR, 2 Apri] 1984

Line Number

ook Direction

Poiaris v

A2

1 Variable, 209~2§6R Ligar-shaped dash Cigarshape dash
{Crosswind, variable) Light grey Light grey
At far range
2 350R N1 Cigarshape with some
(Upwind) indication of pinnacies
Light grey
3 6&9 ' 1§} Rounded with smat)
{Crosswind, 450) protrusions resembling
pinnacies
White, somewhat blurred
4 204R Strong white tone Light grey, fainter than
(Downwind ) etongated in azimuth Polaris V, elliptical shape,
at far range,
5 254R Imaged at S50-km swath NI
(Crosswind, varighle) Very faint, circular
shape, light grey
G 34GR MY Disc elongated in azimuth,
{(Upwind) off white tone.
7 68R o Circular shape Spurs from pinnacles
(Crosswind, 90%) Not very bright and has evident, white tone
white tone,
R 206R Thin dash-like appearance Larger, stronger returp
{Crosswing, 450) Weak return imaged at than Polaris V. No evidenio
50-km scate of spurs, elliptical shape,
white tone
q - - -
10 346R NT Flattened eilipse
(Crosswind, 900} Strong white return
11 G6R Ni Circular, strong white
(Upwind) return
12 200R Elongated in azimuth NI
{Crosswind, 459) Strong, white return
13 251R Flattened ellipse, sirong Stronagey return than Polaris
{Crosswind, variable) white return Larager than ship in ranae,
same lenath in azimuth and
same in shape
14-16 ATl these Tines had altimeter drifting.
NOTE: - Lines 1-8 filown at 5,000 7{: lines 10-16 flown at 10,000 .
NI = not imaged
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Figure I1I-11 shows the two targets as imaged on line 7.
Target 24 was itdentified as A-1-2 and shows two spurs in the
signature which probably ave the right- &1gi d pinnacles
Target RJ is Egi§ﬁi§ V which has a civcular shape. Based on
the positions of these targets and the time the data was
aCQUTPGd Lompared to the ground truth positions, it would
appear Thalt ltine 7 was flown about 5 km east of fts pos?tion
as determined by the INS. Targets 22 and 23 were identified
as an iceberg and ship respectively, but were not targets
used for this analysis. Target 26 is unknown as there was is
hoe positive visual identification.

smatl Target Detection

Assessing the SLAR for small targ@tg on this day proved
difficult because of the sparse surface information 0n tha
growlers areund A-1-2 at the Lime the imagery was acquired.
A comparison between the growlers from the air photography
and the imagery showed thatnawe<ﬂf€hatawgets could 56%99#
on the latter., This is not surprising given the resolution
of the SLAR, the swall size {3 m and tess) of these grawibrsg
and their bobbing motion at the scale of the image, A &x
enlargement of the imagery avound the ifcabevg failed o show
apny of the targets,

Later Tines on the SLAR did veveal two fargets which

cons 1sfeﬁ%3y appe&%@d on the fmagery and which wevre not
Tdentified from the Polaris V. Figure [11-12 shows the
position of these two targets, found aa Tines 10 to 12, and
mapped In their locations based on the INS coovrdinates.

These tavgets appeaved after 1740 LHT, it s suspected that
Ehey are growlers which may have calved off A-1-2 around that
time They weve not seen on earltier Tines although the
"mdgﬁry should have covered these aveas. A conflicting
piece of evidence is that these targets were located from the

suspectead source iceberg,
These targets weve not detected on [1P pas 10 which

Plew by the aves avound 1752 GMT. HNo other aircrafi were
fmaging in the area at the time.

Flew the target area at nearly the same time as the

£ ./ Jetails of the flight lines are contained in 1& te
I1l-186, Lines wevre T1own a% two altitudes {4gGGG ft and
8,000 ft) in a mostly triangular patiern avound the target

There was no perceptible elongation or shortening of the
imagery, which seemed to match the expected Tength based on
[HS coovdinates and the scale. P@“haa@ the most beneficial
feature of the fﬁagery was the imprinted latitude/longitude
grid which greatly speeded up Lne analysis. Therve was also
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increased confidence in the identification of the targets on
different Tines despite varying signatures on the imagery.
The lines facilitated a movre accuraite relative sosition for
each target.

Figure 111-13  shows the mapped positions of Polaris ¥
and A-1-2 according to the imagery and compared to positions
of ship and iceberg estab?"'hgd by the Po}ar V and aivy
photography teams. If the Tocations are @cc then the
targe dceberg undevwent a Gmplex notionu Mhdx is move
Tikely is that sowe ov all of *PG Tines should be adjusted
slightly with respect to theivr position and orientation. The
PIP personnel poted that there was drift in the INS during
each of the Tines. As with AES, these differences in position
did not affect the April 2 analysis: however, if more targetls
were present this would create wmuch more difficulty in
re@o?viﬂq apd locating them without any fixed-point
reference.

Reeuf?“ for target identification versus look direction
are summarized in Table [1I-17.
Large Target Detection

Theve was no difficultty
targets in the study area when Wwa“w aotazen the areas i
whfch they werve located. Aspect angle Ths r@?atéju%nz
to prevailling wind and wave irect ." rn o did not atfeo:
dCEFf(nﬁ}Eftya I't was nox poza?bée to ditferentiate botween
the two targets on the basis of theiy

fganatures on the
tmagery alone, fference batwesn
the two in tone

2 [}

identifying the two lavge
g s

was no censistent diff

S1Ee, except when ane was fmaged at far
£
E sy

H
range where 1t was elongated in azimuth and faint in tone,

The shape of the ) Y signature was consistent

regardiess of aspect angle, pw@aciﬂq a5 a flattened ellipse,

Certain aspects did show shape information A-l-2 tory this
3

was improved at the lower aii?tudac

There was a radar whadow behind the iceberg oy on one
ass (tine 7), when there was enough sea ciutter to coentrast
i the dead zone behind the target.

smatl Target Detection

Because the number of qrowie?s in the vicinity of A-i-?
was not Konown, 1t ds difficult to assess their det tectabiiity
using this radar system, However, th smaltier growlers known
to be avound A-1-2 from the air pkof0g§a§hs woere not evident
on the imagery. ihe sea aiua ey wWas such that fainter
targets would not have sufficient Laﬂfrﬁst for easy detection
and 1t would require an enlargement and ciose scrutiny to
make ddentification cevtain, No growlers could be
ﬁ?ﬁ*fﬁﬁ:i“h@d and identified on any of the passes with any
confidence. The two targets fTound on the higher altitude AFS
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TABLE T11-17
[IP SLAR, 2 April 1984

Look Target Other Line Presence @ Size”  Tone© Comments
Direction D , D Ne
Upwind 23 Polaris V 3 p S G
Crosswave 47 A-1-7 3 P S LG Shape (spurs seen)
- Kaves 3 P - G 45 1o flight track
33 Polaris ¥ 9 P St W
34 A-1-2 9 P 5 4 Twin signature
- Waves 9 P - L-D&
51 Polaris V 14 P S i
52 A-1-2 14 p M LG Extreme range
- Haves 14 p - G
44 Polaris V 16 P 5 W
46 A-1-2 16 p M W Shape {spurs seen)
_______ - Haves 16 A - -
Downwind 27 Polaris V 7 P 5 LG
Crosswave - Avlw? Vi X - -
- Waves 2 A - -
4z Polaris V. 13 P S W
- A-1-2 13 X -
- Waves 13 A - -
a4 Polaris V. 15 P i W
43 A2 15 p 4 W Shadow inside signature
L - _MWaves i5 A o -
Crossyind 2TA Polaris V i s M i
UpwWave - A2 i X - -
- Waves 1 P - G
26 Polaris ¥ 5 P SE LG
25 Awi-2 5 p SE LG
- Waves 5 p - DG
30 Polaris ¥ 7 P S/ LG
24 A-1wg 7 P - LG Shape evident, radar
- Waves 7 P - Dg shadow seen.
35 Polaris V 1y P St 1.G
h0 A-1-2 10 P 5 i
- Haves 10 A -~ -
Crosswing 41 Polaris ¥ 12 P 5 W
upwWave 40 P 12 p S LG
- Waves 12 A - -
Crosswingd 24 #2007 4 & S W
downwave Yaves 4 p - nG
27 Polaris V 6 P S LG
28 Rz 6 p S LG Twinnina
- Waves ) P - D&
37 Polaris v. 11 P 8 W
36 AT-27T 11 p M [
B Haves il P o L-D&
Ip . Present TM e Medium YW White
A - Absent S - Small G - Grey
X - Not in swatn E - Eiliptical LG -~ Light Grey

DG - Dark Grey
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SLAR, Tines 10 to 12, after 1740 could not be found on the
corresponding 11P flight lTines flown at higher altitude.

rr.2.5 MARS SLAR

The flight Tine particulars for the MARS SLAR are sum-
marized in Table I11-18. The aircraft flew much later in the
day., which resulted in a greater etapsed time since any
surtvace information had been collected. The sortie began
shortily before the end of the second flight of STAR-1.

Minor shoriening and elongation of the resulting imagery
was found for most of the lines. Any perceived difference
was within the error estimates of the aircraft navagation
system,

Two general observations were found from the analysis:

1. The imagery was noticeably darker than that of the other
SLARs, with the background passes having a “salt-and-
pepper” texture,

2. The presence of & Tinear ocean feature on most of the
tines.

This Tatter feature appeared as a line extending over
L7 km and could have been caused by currents or temperature
ditferences in the water, resulting in upwelling, This
feature s shown in Figure 111-14, which also shows Potaris V¥
and iceberg A-1-2. This feature was a useful reference point
for determining the relative positions of Flight Tines and
targets,

Using this feature and line 1 as references, flight
Pines were vrelocated as shown in Figure [11-15. This assumed
the tinear feature did not move with time. 1% can be seen
that the evrors ave within those typical for INS-based
positions. The position of A-1-2 seems to be close to that
found by the other aircraft several hours eariier. it
appears the iceberg was oscillating somewhat which was found
by the other aivcraft. There is a discrepancy between the
positions of the ship as reported by Polaris V and the
positions estimated from the imagery. Probably both are in

erray but it 1s impossible to veconcile the differences.

o

abte I11-19 summarizes the analysis of verified targets
took direction. There were several other targetis on
the 1imagery which were not found on data from eariier

VEersus
i
flights. The identity of these targets is unknown.
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TABLE PII-19

MARS SLAR, 2 April 1984

1.OOK TARGET OTHER Linke PRESENCE © sizeb Tong© COMMENTS

DIRECTION o 1D N

Upwind 02 Polaris
Upwave at 03 A-T-2
400

1 P M L Waves from N, wind

1 ME b varying 280 to 310
- Waves 1 P -
14 Polaris 5 P M
15 five 5 p M b Evidence of shape from spurs
- Waves b Partial - DG Evident on farther south ranass
13 10 5
16 7 b
T6A 8 5
27 Polaris 9 P
28 [ e g
- Waves g P - ne Subdued

29 26,2317, 9 p 5 i Tdentified from other lines

13

: : e .
Dovinwave 0% I
at 459 Waves

% AlT matched to Tine 3 tavagets

¥ - -
f SE i
A -
P 5 G Nori-verifled target
P 5 G Hon-verified target
i S/ ! Norn-verified target
B S W
& M i

Q7
08
10 -
24 Pols
27 A=

L Led Ll Lo L

1S

S e e e g LAY

- Waves Partial - - Left side mainly
21 16 P M 4
i 23 17,13 & 5 w

f SE W

P i b fvidence of shape from spurs

i -

¥ -

P ¥ W fvidence of shape, shadow in
sianature.

D& 2ight side mainly

it

S
Bt YT
S W
P DG
3 - it
P Sl U
Pariial - DG-B
P oSE LM

1
17 A2
-~ Waves

™3
e g

e
oo

- Polaris
25 N

~ry

Partial
P

- Haves

26 23,117,132
Crosswind —06A Polari
Crosswave 06
at 45°

ey
[e b o)

HEEe0)
PN

[ Oy O G 0 PO P
B=
o

e . Present DR Medium “H - W
A - Absent g - Small b Grey
¥ o~ MOt in swalh £ . Filinptical LG~ Light Grey
' LG - lark Lrey
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Large Target Detection

The SLAR was able to detect the Polaris V and A-1-2 from
all aspects, except for lines which énded hefore the target
was imaged or when i1 was Jocated underneath the aircraft in
the blind zone. As with the other SLARs, the ship was dis-
tinguishabie from the iceberg only when the shape of the
Tatter could be perceived, usually in the nearer ranges wheare

resclution was better,
Small Target Detection

The salt-and-pepper texture of the background gave rise
to many returns which Tooked similar to point targets. Some
of these may have been wave crests whereas others may have
been small floes ov growlers. Small, bright returns
identified around A-1-2 have point-target signatures similar

te other parts of the imagery in which there were no

tdentified ice targets. Because the number of growlers and
bergy bits was not known with any certainty, 1t is difficult

¥

to Judge small target detection sotely on the imagery of this
day. It is suspected, however, that if similayr texture was
Tound on other days corvect interpretation may be difficuit.

JO0



11,3, ANALYSTS OF APRIL 3 IMAGERY

This day was the second reseavch day for atl aircraft
except the CV 580. The target area was to the west of the one
selected for April 2. There were move icebergs, bergy bits
and growlers in the avea, some of which had been photographed
from the King Air on the previous day. The patterns of
flight lines were similar to April 2, in that fthree to four
different aspect angles were flown. The passes ¢f this day
wevre oriented more or less northe-south and east-west to
produce images orthogonal and parallel to the main wave and
wind vregime.

The STAR-1, AES, and I1IP aircraft flew the target area
at nearly the same lime at staggered altitudes. MARS and the
second flight of STAR-1 were conducted severat hours later.
The imagi ﬂg times of the respective series of passes and the
corresponding ground verification activity became important
in foillowing the movement of the icebergs, ice strings,
bergy bits, and growlers which were present in the avea. The
times at which surface information, atr photography, and
image acquisitions velevant to the April 3 data set were
collected ave summarized in Table 111-70. The King Air
photographs noted in fthe table are those which could possibiy
have moved into the image swaths foyr this day,

The guantity of data collaected on this day and time

is diid not aliow for an exhsustive examination of

ali &(MQG

1
all passes and Most of the tavrgetls wevre not
af¥€a§§y nhotogvraphed ov visited by the surface teanm and were
of Timited fntevest to this study., Since nrfnufclw of passes

ts

made by each aivrcratit was much Targevr Than '"d been
an%iv%p&ted originaliy, a limited number were exami ined, The

g

analysis concentrated on two small areas for which ground
data and phetographs were available of Polaris ¥V, A-3, and
BOOB.

PIP. 3.8 AVATILABLE SURFACE INFORMATION

The speciftied target avres qrvcm to the teawm aboavd
Potaris V was Tocated near 47900'N, 459455, where some

icebergs had been observed on ove}féfghts Tate in the
previous day.

Several of the ifcebergs which had been photographed from
<

the air on April 2 were visited on the April 3 by Po i_" EIr

The po&itiOH“ of these iceberas, hased on the air phot ogr ﬂph

fogs of '5¢d Y positions together with other surface-

verified ebevgs, are 1llustrated in Figuve I11-16 (which
2 £

covers the @ef;od from Anpril 2 to 4), Two of the icebergs,
A-3 and C-3, were revisited u} Polaris V on the April 4 and
their positicns also are plotted. [L was possible to track
their geneval dirvection and vates of movement ovevr the fwo-
day period. This allowed reasonabie projections of where
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TABLE 11120

Data Acquisition Times for Iceberg Surface Data and Radar Imagery

Date Type Time (GMT)

Targets

April &2 King-Air-RCIC 1859-1920
Alr photography

Aprit 3 Polaris V team 0620-2345

AES SLAR obtigue 1A14-1423
OWQeUuYafﬁf

AES SLAR 1AG2- 1707

1P SLAR 14291818

STAR-1 SAR 1511~1638
Flight 1

Flight 2 2102-2322
MARS SLAR 2114-2335

April 4 Polaris V Team 0918

BOOS* (B-3)
BOO6
B0OO7
BOOS
BOCY  (C-3)

A-3 0926-1010
13002345

Standing off

A-3 about 500 m

B3 1035-1110

(BOOE)

£33 1150-1226

{(B0OY)

-3 1257-1301

{growler)

BOOB + adjacen
Tce string

Polaris ¥ + A-3
BOOBTce stving

‘P‘ aris \f - A
BODB+Tce sir Hg
Polaris ¥V + A-3
[T Tine) Boog +
jce styring

Polaris ¥ + A-3

A-3-8& {berg A-3
revisited on
Apyil 4)

C-3-4 (berg £-3
revisited on
April 4)

* King Aiy nomenclature
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47004 46500 4640W 4630

BCO& (1916

April 2)
a o in BOGS (1920
BOO7{1803 April 2} april 4)
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& BO06 {1901 Apr 1/2)

. . M Approximate
8005 %(1’79} ' Nocation BOOS
v L lduring mage
acquisition

@

!/
4

f‘

A

ATA0R . g@rCﬁ%(

///’ / /ﬁ? A-3 (0930 Apii
P 4

i

// @,/ 03 (1300 April

0 a3 {1300 April

1445 (april 24 g7 A3 (1332)
Bla (1026 Aprit 3 eé;'Jg
o

/ \
CAad B9 Apyil A . .
egf’a 3.4 {1159 Aprid .s\ﬁg 45 (hprit 2)

|

1 2345 (April 2}

/

1150 April 2)
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S

P

635 (April 2)
1745 {(Aprit\ 7}

460N

/

€y A-3-4 (0916 April 4)

@ POLARLS ¥ POSITIONS

€D BERG POSITIONS

Figure 111~16. Polaris V and iceberg positions, 2-4 April 1084,
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other idceberg targets, either verified by Polaris V or
photographed from the air, might be located during the {imes
of image acquisition., It is interesting to note that the
drift rates for icebergs B-3 (BOGH nomenclatire on April 2)
and C-3 (B00Y nomenclature on April 2), between the times
noted on April 2 and 3, closely match the estimates made by
the surface team on the latter day.

In geneval the icebergs weremoving in a south to south-
esterty direction at a rate of 0.5 m/sec, or about
1.8 km/hour. tcebergs BOO5, BO0O8, and BOOY {(Apvril 2
nomenclature) had moved into the main imaging arvea overnight,
whereas B0O0O6 and BO07 appeared to have moved more westerTy
than sovther1y and weye not within the target area {assuming
a simitar drift rate).

The characieristics of surface-verified icebergs and
those photographed from the air are summarized in Table 100
21, iceberg A-3 was visited by Polaris V but was not
photographed from Lhe air on April 2, even though it should
have been in ine vicinity of the other fcebergs. One growler
from A-3 was documented in detail at about 1300 &MT (D-3, see
Figure I11-16) and other growlers weve observed avound A-3,
although their distribution with time was not noted., Two
views of A-3 are shown in Figures I11-17 and 111-18, and
Figure 111-19 shows a photograph of growler D-3.

Polaris V¥ and Iceberg A-3

During the time of imagery acquisition Polaris V was
tocated between 300 and 500 w to the novth of AT and driftied
along with it between 1300 and ﬁ?ﬁ GMT. Notes on esvents
refating to the Polaris V and the iceberg arve summarized in
Table 111~22, F:yr significant @V&ﬂis were recovded in the
surface log during the period.

i. iceberg A-3 undevwent a number 9f rolls at various
times duvring the day presenting different Targo Crogs-
ctions to the radars. There wevre also considerable
bobbing and rotating motions,.

2. The volling action broke off growlers on move than one
occasion; however, the vesulting history of their move-
ment in relation to the socurce iceberg was not
documented, nov ds 1t known whether all grewier Lr@ tion
events were recovrded in terms of time and numbe

3. The ship deployed a waverider buay which was ftethered up
to 200 wm away from the ship on its stavboard side, This
buoy was 73 cm in diameter and had a& 2m high whip
antenna. On April 3 it broadcast continually LhroughOUL
Tts deployment at 27 MHz. Figure I111-20 shows the
waverider just after 1t was released from Polaris V.
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TABLE T1(-21

Characteristics of Surface Verified and Air Photographed Icebergs
and Growlers 2-4 April, 1984

Iceberg/growler Description Dimensions Size
identification {m) class
A-3 {Surface data only) Drydock icebery, smooth BOxA3x22 M
on Tower slopes, servated
on higher slopes:
Repeatedly rolled and
rotated throughout day.
R-3 (BOOG from King Aiv)  Hedge iceberg. angular A6x36x10 S M
upper surface with deep (surface
crevasses through its data}
fengtn.
Tceberg was rotating. 46155

£-3 {BOOY from King Afr)

D-3 {Surface data only)

BO08 {Air photography
onty)

BO06 {Air photography
only)

B0OO7 (Aiv photography
only)

Spherical dfceberg,

smooth Tower slopes with
subanguiar servated upper
surface.

Growier spawned {rom berg
A-3.

Additionally 3 growlers
about same size and <20
small growlers aiso noted
to NNE of A-3 at surface
data time (13006MT7}).

Tabular iceberg, hourglass
shape with small hole in
centre,

Drydock with smooth
surface, L-shaped with
broken edges on one side.

Spherical berg with
cracked surface.

{air photo)

RRFYLrY S5-H
{surface

data)

45xh8

{aty photo)

Axd.bubl? i
2064x152 Vi

(aivr photo)

36x128 L

48x46 M
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TABLE 111-22

Synopsis of Events Relating to Iceberyg A-3, 3 April 1984

Time (GMT)

Observation

1300

1320
1336
1342
1354

1403

1915

2107

Polaris V off A-3. Creation of a growler D-3 and surface

verification of it. Surface verification of iceberg A-3.
Three growiers about the same size and >20 smaiier growlers to
the NNE of Polaris V.

Waverider buoy is deployed.

Growlers broke off iceberg during roll.

Teceberg volied.

Ship's vadar turned off.

Jransponder (X-band} turned on but was possibly not working.

AL

Tceberg rol ted twice in vapid succesion. It takes 10-15
minutes to change positions.

Teeberg volled 4 times in rapid succession,

Leebeyyg dyift reduced.

3

Teeberg tipping agaln but during voll no ice break up. i.e.,
grovwler creation occurvred.

Sharp side pointing west.

Waverider Tine caught in bow thruster. A small boat was
deploysd from Polaris V to assist in freeing the Tine, The
boat was in the water between half and three-guarters of an
hour betore 1t was brought back on to the Polaris V.

Waverider was rvecovered.

fceberyg was actively volling and turning.
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4, No attempt was made to keep either the Polaris ¥ orfented
with respect to north, or the iceberg, or the ‘waverider
buoy. The resutt was that the buoy 1ine became caught in

the bow thruster on move than one occasion.

5. 0On one occasion when the buoy line was cau%ht a small
boat was deployed to assist in freeing it. This boat
was 5.5 m long and 2 m wide. If the time of deployment
was correct then the boat was in the water only during
the last few Tines flown by TIP.

Iceberg BOO8 and Ice Siring

Although Polaris V and A~3 were the primary targets,
there was considerab information on another iceberg which
was not visited by Pglgrig ¥V but which was photographed by
the King Air airecvraft on April 2. Figure [I11-21 shows the
aiy photo of BOOB (King Air nomenclature) which was a very
Targe, tabular iceberg. Fortunately, during the AES flight
this fceberg was photographed from the Electra on two
auccessive Tines (3 and 4), which are shown in Figures 111-22

and 111-23%, The estimated positions of the aivcraft at the
time of the two photographs (1414 and 1423 GMTY place BOO8 in

15
e

the position indfcated in Figure 111-16. The obligue
photographs show that there was an fce string adjacent to
BOOB with & S(&LLG?i'g of small floes, bergy bits, and

growlers avound the string.

Figure [11-24 shows a sketch of the iceberg, fice string.
and 17 individual l&YQQL% distinguished on Lh@ obiique photo-
graphs, together with an accompahying nomenclature which was
uvad for the purposeg of analysis. The size category of the
fndividual targets also fis 5howﬂ using the WMC nomenclature
These sizes were estimated from the oblique photographs,
which compared the smaller targets to the larger BO08 tabular
iceberg. The smaller targets were classified into three size
categories as follows:

growler (&) - <10 wm longest side
bergy bit (BB) - 1D-20 m Tongest side
small iceberg {(SB) - 20-50 m longest side.

Fxact dimensions could not be calculated; however, the
comparison probably yielded the size class to which each
target belonged.

These targets were traced over the next 1 1/2 hours on
imagery of AES, IIP, and Star~1. The results ave discussed
under each respective subsection. Beyond this point in time
the relative positions of the fce string, the fdentified
smaller targets, and B0O08 had changed enough that confidence
in the reidentification of the findividual targetis was
drastically reduced.

1Jn Dempsey. Bobrocky Seatech, personal communication
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Figure 111-21. Air photo of iceberg BO0O8, 2 April 1984
(scale 1:250,000).
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Figure T11-24. Sketch and nomenciature for B0O8,

17 targets (based on distribution at 1413 &MT)
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Envivonmental Information

Table I11-23 summarizes the hourly weather and wave data
cotlected on Polaris V for April 3. In general, winds were
very 1ight starting from a mostly northwestef1y direction,
shifting to the west until 2100, when they swung back to the
horthwest. Waves were particularly light and were quite
variable in divection during the day. These very light wind
and wave conditions are an important factor ©to consider in

reviewing the results.

IT1.3.2 STAR-1 SAR

Analysis of Star-1l imagery centred on the flight 1 Tines
for which more surface data were available. The first
flight consisted of a numbeyr of repeatability Tines which
were flown in a north-south orientation imaging from west
toward the target area. The relevant flight particulars for
each pass arve summarized in TabIe 11124, In general all the
lines ended north of the position of Polaris V and A-3, with
the exception of pass 5. No targets were found on either
pass 4 or 6, suggesting the target avrea was missed, perhaps
through an tmproper range deltay setting or an evvor in the
flight track., Useful imagery covering some of the surface
truth aveas was found for passes 5, 7, and 8 A171 Tines were
flown along the same Tongitude Tine at the same altitude,
range delay and swath setting. Generally speaking, the radar
was imaging downwind and downwave,

The dark background contrasted well wilh the point
targets, which appeared as white specks streaked in azimuthb
Larger targets had a central cove either civcular or
el Tiptical in shape, with the accompanying azimuthal streaks.
A comparison of targets between repoa”ahiiity Tines showed
theve was INS drift of a similar 1agﬂ1 tude to other days,
The plotting of targets on a base map clearly showed similar
patterns between passes but in different Tocations., There is
no "exactly" known reference point so the precise variations
cannot be estimated.

The analysis of these targets shows that there were many
smaller~sized targets which were not seen on parvticular
Tines. Table I11-25 summarizes targets on each pava which
were and weve not identified as well as those which were not
itmaged. Lines 5, 7, and 8 had a larger common area and 50
the total number of comparable targets was higher. The
targets weve identified primarily on the basis of pattern,
especially the smaller ones. Large targets, such as B0OS,
were easily identified by their characteristic.
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TABLE 111-25

Target Identification STAR-1, 3 April 1984

PASS 2 PASS 3 BASS b PASS 7 PASS 8
a7 - 64 76 _ 82
48 - 63 75 83
49 53 121 157 150
50 52 62 74 84
90 97 120 73 149
91 96 NS 136 148
- 51 56 68 89
- 92 NS NS 139
- 93 110 126 NS
- 94 111 127 NS
- 95 112 128 147
NS 98 NS NS NS
- - 57 69 88
- - 58 133 142
- - 59 70 87
- - 60 71 86
- - 61 72 84
- - ah - an
- NS 108 NS -
- NS 109 - NS
. . 113 NS NS
. NS 14 129 140
- . 115 NS NS
. - 116 130 NS
. - 117 131 147
- . 118 NS 146
- - 119 NS NS
NS . 122 NS NS
- . 123 NS 155
- . 124 NS 157
- - - 77 81
- - NS 125 NS
. - NS 132 NS
- - NS 134 144
- - NS 135 145
- - - 138 153
- - - NS 151
- - NS NS 152
- - NS NS ibg
- - NS NS 1b6
- - NS NS 158

- - - NS NS 159
NOT SEEN/ > ; ? 7
TOTAL TARGETS 2/8 3/13 | 10/39 15/40 11/41

- = Not Imaged
NS = Not Seen

The stated number under each pass denoles target
identification on imagery.
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The one pass that did image Polaris ¥V standing off the
iceberg was pass 5, shown in Figure III-25. Polaris V and A-
3 were imaged in the extreme near range {(targets 55 and 54,
respectively) which roughly corresponds To their noted
position at that time (1548 GMT). Additional targets were
detected 600-700 wm north of the ship. Targets are also
evident about 2 km to the east of Polaris V and A-3. No
surface information was collected on these targels, but
oblique photographs taken from AES NDZ show a total of five
icebergs shaped in a "U" pattern extending eastwards from
close to the location of Polaris V and A-3.

fceberg BO08 and lce String

Three passes {6, 7, and 8) imaged the very large
iceberg, BOO8, and adjacent ice string. In all fhree passes
the iceberg and string were clearly identifiable on the basis
of their shape. Both features saturated the imagery.
However, for point tavrgets in close proximity to either of
these features, diffeventiation between them was a problem.
The diceberg and string targets had seome streaking Tn azimuth
as did the smaller targets. In many cases the signatures
biended together into one so that they could no longer be
separated and individually resolved.

An analysis of the 17 targets identified from the
obligue photography of the ltarge iceberg and stving is shown

in Table [11-26. The vesults show that 50% of the bergy bit
targets (10-20 m) were detected and 33% of the growlers (<10

m} could be identified. These numbers ave vrelated to the
azimuthal smearing and blending of the signatures of some of
these targetis. Cltearlty this smearing reduces tUhe

possibility of sepavating targets in close proximity to one
another.

It appears that the smearing and blending of closely

spaced fceberg signatures was the principle factor 1in
reducing the detection ratios.
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Figure 111-25. STAR-1 SAR, flight 1 pass 3, 3 April 1984
(scale 1:250,000}.
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TABLE [11-26

STAR-1 SAR Target Analysis, Flight 1

Target Size Pass Numbera
Number Category 5 7
i S8 P P
d BB P P
3 8B A ?
4 1B P P
B BB A A
b G P P
7 G P
8 B3 A A
9 B3 A A
10 B3 P P
t 813 ¢ P
12 SB P P
13 BB A
14 G A A
15 G A A
16 G A A
17 G A A
TOTALS  Small Berg P -2 2 4
(S8) A-0 O 0
Bergy Bit P -4 5 9
(BB) A-5H 4 9
Growler P11 2 3
() A~ 5 4 9

ap - Present
A - Absent
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[T1.3.3 AES SLAR

several passes that imaged the two sets of verified
targets were obtained between 1402 and 1707 GMT. in general,
the 1dmage background was grey to dark grey, and very uniform
in tone regardless of aspect angle. This was the result of
the light wind and wave regime throughout the Titght., With
the exception of Tines 12 and 13, no ocean background clutter
was observed. As a result, smaller, fainter targets were
more evident. They had enough contrast with the background
to warrvant further investigation with an eyepiece %to confirm
their iddentification.

The flight Tine particulars and gereral comments on the
imagery are summarized fin Table [I11-27. The reproduced
imagery had specks on 1t, and although most of these false
targets were obvious, socme had to be resolved with an
eyepiece.,

Polaris V and Iceberg A-3

Polaris ¥V was positioned to the north of A-3 during the
flight period which permitted identification of the two
targets. However, the sTight difference in the size and
hape of their signatures would have bheen insufficent to
differentiate them on that basis ajone. It was apparent from
its location vrelative to A-3 that Polaris ¥V was located in a
NE-to~N¥ ovientation with respect to the fceberg, at a
stance measured between 375 and 500 m, which agrees with

P’

;
urtace intormation reporis.

&

78

£

g
5

A very small, bright target {(discussed Tater as the
"mystery target" was detected near the Polaris V on passes 8

ard 14, which were at 1519 and 1706 6MT vespectively. Two
additional small targets were detected east of Polaris V and
A-3 on on passes & and 10. Line 8 recorded one of the
targets, whereas neither appeared on Tine 14. These targets
were too far away to be observed from the Polaris V, but they
may have been growlers calved earlier from A-3. Table 111-28
Tists the depression angles and resolution cell sizes in
which Polaris V and A-3 were detected. In general the angles

were quite Targe and the resolution cell was larger than the
targets, except for pass 14, Im either case the Tower
depression angle had no effect on detectability of either
target. The Tack of shape in the signature resulted from the
targer vesolution cell size which the targets enltarged to
f111. The improved resolution on pass 14 was insufficient to
indicate any shape for either target.

BOOB and Ice String

It was possible to track the relative movement of B0OOS
and the ice string adjacent to it from 1413G6KMT through to
16H66GMT. The oblique photographs taken at 1413GMT and
14236MT were matched to the respective Tines, and 1t was
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AES SLAR Flight Line Particulars, 3 April 1984

TABLE

H1-¢7

Pass Ho. Al Lude Heading Start Finish Comments
(ft) A=) (GMT) (GHY }

1 10,000 270 1353 1356 Polaris and A-3 in blind zone under
sircraft, BOO8 not imaged. Imagery
dirty with specks in reproduction,

4 16,000 605 1402 1405 Polaris and A-3 not imaged as line
started north of their position.

BOOS outside of range.

3 10,000 080 1410 1415 Pelaris and A-3 beyond range. BOCE
imaged. (blique photography of
BOO8 obtained at 14137,

4 10,000 226 1420 1427 i.ine compieted before Polaris and
A-3 imaged. BOOS imaged + oblique
photography (at 14237) obiained.

5 160,000 270 1436 1439 Pelaris and A-3 imaged on right side,
BOOL beyond vrange.

6 10,000 358 1444 1449 Poeleris and A-3 itmaged on right side,
BODE beyond range.

7 10,000 40 1455 1603 Polaris and A-3 beyond range. BOOS
imagad on vight side.

8 1, 000 228 1508 1519 Polaris, A-3 and BOOB {maged on right
side.

9 10,000 226 1538 1541 Line completed before Polaris and A-3
imaged. BO08 imaged o right side.

1 10,000 220 15465 TR07 Polaris, A-3 and BOOB a1 dmaged on
' right side,
11 5,000 340 1627 1637 Line stavted aiter Polaris and A-3
! passed and BOOB beyond range.
5 090 1637 1647 Polaris and A-3 beyond range. BOCS
i ><000 imaged on right. More sea clutter
evident in background.
13 5,000 228 1661 1658 lL.ine completed pefore Polaris and
' A-3 imaged. BO0B imagéd on right.
Wigher sea clutier on right side of
of imagery, virtually none on the left.
14 5,000 270 1703 1207 8008 not imaged. Polpris and A-3

on right side. Sea clutier now re-
duced to zevo, background is davk
grey.
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possible to track the 17 selected targets through to 1600GMT.
After this time the string became more U~shaped and the
individual targets adjacent to it could no lTonger be tracked.
By 1600GMT, five new targets were observed to the NE of BOOS
which were quite possibly growlers or bergy bits. They were
of the same size and fnteﬁsity as the other smalleyr bergy bit
and growler targets within and adjacent to, the string, A
lTarger target was found to the NE of BOOB by 16436MT, which
was probably a small iceberg which had calved and moved away.
these targets were detected on subseguent passes during which
BOO8 was imaged.

A comparison of the targets showed that small ice-~-floes
could not be differentiated from the iceberg targets on the
imagery, Oblique photographs show the targets to the west of
the string to be of the growler and bergy bit size range, but
these may have been small floes.

B00O8 was cleaviy identifiable on the imagevry by its
hourg?as shape and some shadows within the target. The ice
tring had a Tai ﬂCﬂ“s more diffused signature which did not
how any individual targets d!ti? it. Table [11-29
summarizeg the depwessfaﬁ angle and azimuthal rvesolution cell
of the iceberg and the string. BO08 was 8 to 30 times larger
than the resolution cell.

The vresults of the analysis of the presence or absence
of the 17 targets 15 shown in Table I11-30. Swall ifceberg
targels were detected 100% of the time, bevgy bits 50%, and
growlers undey 10 w could not be seen at all. The growlers
are an ovrdeyr of magnitude smaller than the azimuth resolu-
tion,

i

[.3.04  TIPp SLAR

A total of 13 passes out of the 25 flown on this day
were analysed in conjunction with surface “arqatsﬂ The image
background was uniformly grey to dark grey in the neav range,
and there was a noticeable dropoff to almost black in the far
range of both sides. On three of the passes {2, 5, and 8),
the background on the vright side had a cloud-1ike iextur@ and
contained some fuzzy specular vetuvrns, These did not extend
over the entive pass, and 1t was thus concluded tha* the
returns weve from local rain cellis. Their cfraat on small
target detectability could not be established gquantitatively,

but smaller targets did not contrast as well as in other
passes,

Flight Tine particulars for the analysed lines are con-

tained in Table I1i~31. The reproduced imagery reguired an
eyepiece to resolve dust from real targets.
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TABLE 111-28

Depression Angle and Azimuth Cell Size for Detected Polaris V
and A-3 on AES SLAR, 3 April 1984

2 2

Polaris V {1200 m™) A~3 {3440 m™)
Pass Depress&on o Depresséon 5
Angie () Cell Size (m™)  Angle (7) Cell Size (m™)
5 225 1992 23.9 1965
6 14.2 3261 1401 3288
8 12.5 3726 12.0 3861
10 13.2 3510 13.7 3375
14 22.1 1014 22.1 1014
TABLE 111-29
Depression Angle and Azimuth Cell Size for Detected BOO8
and lce String, AES SLAR, 3 April 1984
e .
BOOS (42786 m™) lce String
Pass Depressjon 0 Depresséon 5
Angle {7) Cell Size (m™) Angle () Cell Size (m™)
3 20.6 2193 21.8 20568
A 29.6 1452 30.1 1419
7 12.7 3645 11.9 3915
8 14.3 3240 14.8 3105
g 15.3 3000 15.8 2904
10 15.8 2904 6.4 2802
12 5.5 4254 5.5 4254
13 8.7 5379 8.7 h379
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ALS SLAR Target Analysis, 3 April 1984

TABLE I11-30

A - Absent

224

Target Size Pass Number®
Number Category 3 A 7 9 g 10
1 SB P P P p P P
2 BB A A A P P P
3 88 A A P A P p
A BB P A P A A A
5 BB A A A A A A
o G A A A A A A
7 G A A A A A A
a8 BR A A A P P A
9 BB P p P P p P
10 BB A A A P P A
11 BB P A P P p P
12 SB P P P P P P
13 8B P P A P P A
14 G A A A A A A
15 G A A A A A A
16 G A A A A A A
17 & A A A A A A
Totals Total
gaggqniceberg P 2 2 2 2 2 Fa 12
(SB) A 0 0 0 0 0 0 0
Bergy Bits
{(BB) P 4 2 4 6 7 4 27
A 5 7 5 3 Z 5 27
Growlers P 0 ¢ 0 0 { Y 0
(G) A~ § 6 6 6 & 6 6
4P - pPresent



PP Flight Line Perticulars,

TABLE

1i1-31

PAp

1984

Pass o, Altituge Heading Start Frinish Comments
RY) (GMT} (GHY )

Z 4,000 090 1438 1443 Palaris and A-3 imaged on right,
HJackaround on right Yocks Tike (louds.
Drap-gff 1n background to black on
outer half of wmagery on both sides.

K 4,000 30 1446 1451 15 and A-3 beyorrd range.  BOOE
maged on right.,  Orop-off n background
on right side outer half 1o black,
Imagery very dirty.

4 4,000 176 1408 1454 Pularys and A-3 imaged on right, BOGE
beyond range.  fmagery very dirty,

5 4,000 1504 151z Potaras and A-3 wmaged on lefv.  BOGE
on right swde.  Cloud-tike backgroung
on right side, Fall-off 1 plack
background on cuter nalf of both sides.

7 4 000 180 516 1621 Polarys and A3 maged on Tefl sige.
et side govk. Raght side has some
wave patterns, bot these are blurred
and Tuzzy.

i3 4,000 360 1493 1530 Pularys snd A-3 on deft. Best on
right side.  Cloud-Tike backyround on
right side cspecially in near range
Line,

1Y 4,000 6y 1543 1540 Polaris and A-3 on deft, BOOB on rignt.
Cloud-tike background on right side

wagery, Both sides have background
becopang black for cuter half of
Pl ey

1 LIRS inh ThL 1565 IR R |

RN TR EE A B B T PR
as with other passes.

13 §,000 260 1621 T Zh Polaras and A-3 on left, B00E not

Background has become dark,

I 8,060 30 1630 1641 I cand A-3 on lefo. BOO& on righy.
Some specuiar returns from waves
especiatly on left imagery,

it 2,000 185 1643 1647 Polaras and A-3 on Jeft.  BOOE beyond
range.  Background 14 dark grey.

17 &,000 045 1653 1658 Folaris and A-3 on left, BOUB not
waged,  Background s derk grey with

riy ovean background,

18 2,000 040 1he 1742 Polariy and A-3 on left, BOOE beyond

225

Tange,

) Dark grey Dackground with no
detail.




Polaris V and Iceberg A-3

Both targets were visible as bright white targets
against the subdued background. The range of depression
angies and resolution cetl sizes for relevant passes are
summarized in Table I111-32. In general, they were imaged in
near-to mid-range at depression ang?es between 7.2 and 23.0
degrees. No noticeable effect of increasing depression angle
was found for either target. The vesolution cell did appear
to affect the signature of A-3 in terms of shape information.
Passes 2, 4, 7, 11, 13, 16, and 17 showed some shape to the
A-3 signature, enough to identify it as being an iceberg. If
the cell size was about 75% or less than the sizeof the
%geberg the signature had shape, with one exception (pass
5).

The sighature of Polaris V remafned almost the same for
all the passes regardless of depression angle or resolution
cell. No fdentifying shape characteristic could be found on

any of the passes.

[d

Asmall target was detected onmany of the 1P passes a
hoth a?titude% The target appeared as a distinct but fai
white sigrature located between Polaris ¥V and A-3 at a
measured distan

7

o
s

it
-

ce of about 50 wm, The target was seen on
passes 7, 8, 11, 13. 16, 17, and 19 but was not se en on
passes 4, b, 10, and 16, Aspect angle may have some effect
here as 4, 5, and 10 imaged the tavgets from flight Tines on
the esasy, looking west. This tavgel was investigated 1n more
detail and is vreported later under the heading "mystery”
target.

Some additional small targets were obsevrved to The east
of Polaris V and A-3, but no surface information was
available., It 135 believed these ave the same two targets
appeaving in some of the AES passes. Two targets were
obsevved about 75 m west of A-3 on Tine 13. The next two
passes {(1ines 15 and 16) did not show the targets while
passes 17 and 19 showed a small target about 75 m to the sast
of A-3. There 15 no record of these possible gr&wiers coming
oft A-3 noy their subsequent history. These passes occurred
between 1623 and 1719GMT,

BOOB and lce String

the targe iceberg and ice string weve imaged on six
passes between 1440 and 1640 GMT, These matched closely to
the AES tmaging times, so i1 was possible to analyse four of
the lines to 1547GMT for the detection of the 17 targets
tdentified around the fce string, The results are summarized
in Table [11-23 for presence and absence of targets, There
was a 100% detection of small iceberg targets and a 66%
detection fovr bergy bits. The detection of growlers was not
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TABLE 1I1-32

Depression Angle and Cell Size
for Polaris ¥V, A-3 and BO08 on IIP SLAR, 3 April 1984

Palaris V(1200 m?) A-3 (3840 n?) BO0S (42,768 1)
PASS  DEPRESSION CELL DEPRESSTON CELL DEPRESSION CELL
ANGLE (©) SIZE (m2) ANGLE (O) SIZE (m2) ANGLE (O) SIZFE (m?)
2 15.2 1260 18.0 1065 3.7 5073
3 - ~ - - 7.7 2451
4 18.0 1065 18.0 1065 - -
5 7.9 2385 8.0 2352 3.7 5073
7 11.0 1719 10.8 1762
8 7.2 2619 7.4 2553 3.8 007
10 7.2 2619 7.5 5037 3.6 5208
i1 7.4 2553 8.4 2253 - -
13 16.0 7388 15.2 2517
15 9.5 3969 9.5 3969 6.4 5310
16 23.0 1686 22.1 1749 - -
17 11.5 3306 12.0 3174 - -
19 13.4 2844 13.7 27718 - -
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TABLE T11-33

1IP SLAR Targel Analysis, 3 April 1984

Target Size Pass Number?
Number Category 3 5 8 0
i SB P P P P
2 B P P P P
3 BB P P A P
4 BB P P P P
5 BB A p A p
6 G A A A A
7 G A A A A
8 BB P A A A
4 BB A P P A
10 BB p p P A
it BB P P P A
12 SB P P P P
13 BR A A P P
14 G A A A A
5 & A A P A
16 G A A A A
17 G A A A A
fotals omall Total
fceberg P Z 2 2 Vi 8
(SB) A 0 0 0 0 0
Bergy Bit P~ 6 7 ) 5 24
(B3) A 3 ? 3 4 12
Growler - 4] 0 ] G 1
(G) A 6 0 5 6 73
¢ p - present
A - Absent
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much better thanm AES. With the exception of line 3, all the
targets were imaged from the same aSDECL angle and hdd nearty
the same depression angle aﬂa cell size reTaL:onshipsﬁ Line
3, which had similar statistics, imaged the Largt ts at a
greater depression angle (7;7O versus 3.6-3.89) but with
about one-half the resolution cell size. These Timited data
suggest that within the ranges of these variables there was
not much effect on the detection of bhergy bit targets.

BOO8 was nearly an order of magnitude larger than the
resolution cell so its shape and signature allowed its fiden-
tification.

ITT.3.5 MARS SLAR

MARS flew the area about 3 1/2 hours after the
completion of the AES mission. The flight particulars for
interpreted tines are shown in Table II1-34. As with the
other aircratt, two altitudes and four aspect angles weve
flown in a regular box pattern. The imaged background was
dark grey with no texture or detail within Tt. The imagery
Tooked more similar to AES and I1P than that of April 2.
Presumably this 1s because of the near absence of waves or
winds, which continued to diminish after the eartier Tlights.

The pattern of T1ight Tines was such that Polaris ¥V and
A-3 were imaged on every pass, wheveas BUO0B was seen on onty
ane of the lines. It was impossible to determine the
distribution of targets avound the latter iceberg as theve

were no photographs or surface data available.

Polaris ¥ and A-3

The ship was stil11 to the north of A-3 about 500 m away
during the mission. The only observation of note fram the
surface data tog was that the fceberg was arTéveiy rolling
snd turping at 2107GMT, Just bﬂ ore the mis SEOH sfav?ed
There is no record of any growlers calving of ¥ the iceberyg a
that time.

Both Pelavis ¥V and A-3 appeared as medium-white tTai rgets
on all passes. Table I11I-3% shows the depression anglies and
cell sizes for each target. The retatively targe depression
angle and range of cell sizes do not appear to have affected
icebaryg detectability.

No signature differences between ggimmiﬁ Vo oand A-3 were

Y

found on any of the passes and their rela tive sizes were
almost always the same. These tavgets filled onty one or LwWo
cell sizes which was insuffient to show shape.
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TABLE 111-35

Depression Angle and Cell Size for Polaris V and A-3
on MARS SLAR, 3 April 1584

Polaris V {1200 %) A3 (3440 1)
Pass Depression  Cell 5 Depression Cell,
Angle (¢) Size (M%) Angle (°) Size ()
2 18.3 2682 19.0 2568
3 271 1740 28.6 1632
4 21.0 2304 22.0 2186
b 17.4 2826 i8.8 2604
G 10.2 4878 10.5 4752
7 17.0 4140 2.8 3888
3 9.8 5100 10.2 4920
9 B.5 5802 8.9 4752
10 1.5 2625 7.7 2084
T 31.8 1170 345 1088
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Over the course of the mission A-3 may well have been
calving bergy bits and even growlers. The first pass 2 shows
two small targets located between 750 and 1000 m from Polaris

V and A-3. The progression of these targets and others trom
Tine to line are listed below:

2115 GMT  Line 2: Two small targets 750-1000 m east of
Polaris V and A-3.

2123 GMT Line 3: Same two targets as pass 2 plus a third to
the ENE of Polaris V about 2 km away.

2138 GMT Line 4: Same two targets as in pass 2 but there
are now two tarvgets at position noted in
pass 3.

2147 GMT Line 5: Same as 4 with slightly different pattern.

2155 GMT lLine 6: Same as 4 with a new target beiween
Polaris ¥V and A-3.

2203 GMT Line 7: Same as 5, new target not seen.

2212 GMT Line 8: Same as 7 except now there are four
discrete targets in place of two ENF of
Polaris V. More point targets to the south

and wnovrth of area.

2222 GMT  Line 9: Targets to the east not seen. More point
targets to the west and east,

2231 GMT  Line 10: (Lowevr altitude) Many more small point
targets in between, and avound, Polaris V
and A-3. They are smaller on the imagery
than previous passes probably because of

the smaltler cell sizes.

2239 GMT Line 11: No targets between Polaris V and A-3,

Similar target distributions to that seen
o Tine 10.

A considerabie difference was noticed in the imagery
collected at the lower altitude. There were many more point
tavrgets around the ship and fceberg which wevre not seen on
the higher altitude passes. It is5 not clear whether these
targets had always been there or whether significant calving
had occurved between passes 9 and 10, which were 9 minutes
apart. Another cause may have been an increase in sea
clutter. Without ground data at this time on the specifics
of possible calving and movement it is difficult to draw
definite conclusions. However, the significantly increased
number of small point targets for alil the lower altitude
passes suggests that more small targeis were detected at the
tower altitudes than at the higher altitudes.
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111.4 ANALYSIS OF APRIL 5 IMAGERY

The four aircraft flew an operational type of mission
over a given test aread hbounded by 46°40'N, 47930'uW, 47°30'N,
and 49°00'W {Figure 111-26). Lach team chose their flight
pattern, swath width, and altitude from experience gained in
the previous research missions. A far greater number of
icebergs had entered the test area compared to the flights on
02 and 03 April, but They were not uniformly distributed; the
south and southwest areas were ice free whereas the north and
northeast had numerous icebergs {of all stzes up to more than
200 m tength) and plumes of sea-ice filoes. The fimagery
collected is summarized in Table [18-36.

For this preliminary study two to four passes by each
aircraft were examined careful ly. usually at 1:250,000 scate,
for direct comparison of target detectability. Much effort
was required to be satisfied that the targets documented by
low-level photography and surface vessel vigits were
identified in the fimagery. The difficulty arose as a vesult
of the time differences and velative motion of the icebergs.
AES, I1IP, and STAR-1 flew 5.5 hours before the air
photography, whereas MARS Flew #~4 hours after, The Polaris V

e

crew wovrked long hours but tts best documentation ofT
targots was cavried out Setween the flights; these targets
weve ip close proximity and differential movemant of the
pieces 1s evident, making reidentification difficult from

I{: Sl
£ tt.

pass to pass as well as from aivcraft To aircral

T17.4.1 AVAILABLE SURFACE INFORMATION
ft photographed 22 icebergs, LWo sea-
, and three vessels between 1737
[-26).

The King Afr aircraft
ice plumes, three oil rigs
anid 1812 GMT (see Figure 1l

The Polaris V visited and documented 36 targets, none of
which weve photographed by the air-photo aircraft, from 1005
to 2114 GMT. These locations are showi in Figure [11-206 Dy
alphabetical fidentification, abbreviated from the Polaris V

identifier which included the date, €.g.. A-5 or J-b.

The targets from both sources ave listed in Table I111-37
with a brief description and dimensions (by measuring length
and width from the air photographs ov taken from the Polaris
V data sheets).

The hourly wind and wave data collected by the ship show
a changeable wind vegime and a lagging trend in the wave
divrection during the overflight period. Table 111-38 1s re-
produced from the surface log sheets. Often the wind and wave
directions were 40-50Y different, and occasionally 80°
different. Because the aircraft flew their lines in cardinal
directions, the velationship of radar took direction to wave
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TABLE T1I1-36
Imagery for 5 April 1984

Pass  Altitude Heading Swath Start  Finish  General Comments
no (FT) (o) width a (KM) (6MT) {GMT)
STAR-1
1 29,000 180 50 1410 1422 Used for study.
2 29,000 360 50 1429 1444 Used for study.
3 29,000 180 50 1453 1503 Equipment problems.
4 29,000 360 "2 1522 1538
5 29,000 180 "12 1522 1601
6 29,000 360 "2 1615 1632
1P
1 8,000 082 25 1318 1333 Used for study.
2 8,000 274 25 1337 1353 Used for study.
3 8,000 080 25 1358 1409 tsed for study.
4 8,000 275 25 1418 1432
5 8,000 080 25 1436 1450
6 8,000 275 25 1453 1510
7 8,000 080 50 1516 1530
8 3,000 354 50 1531 1533
9 8,000 277 50 1536 1627
AES
1 3,000 08¢ 25 1407 1421 Used for study.
2 9,000 277 25 1429 1447 Used for study.
3 9,000 080 25 1456 1510 Used for study.
4 9,000 278 50 1518 1535
b 9,000 080 100 1551 1605 Target area very small.
6 9,000 354 100 1614 1628 Target area very small,
MARS
H 12,600 683 25% 2028 2047 Used for study.
Ocean bright in left swath.
2 12,000 281 2h* 20h2 2111 Used for study.
3 12,000 085 2h* 2116 2135 Used for study.
Geean bright in Teft swath.
4 12,000 280 25% 2140 2159
5 6,000 086 25% 2208 2225
6 6,000 276 2h¥ 2231 2245 Ocean bright in right swath.
7 16,000 081 25+ 2257 2316
8 16,000 280 254 2320 2339
a:
* Plus delay of 5 km
+ Plus delay of 10 km
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TABLE 11137

Targets Photographed and Visited on 5 April 1984

Target 1D Type Size{m) Size Class

a
1 Tabular, blocky, steep sides, smooth 205x93 VL
la troding dry-dock, irregular 32x25 S
2 Eroding breached dry-dock 20x19 S
2a Bergy bit 10x7 VS
3 Three pinnacles, irregular 34x18 S
4 Pinnacled block, triangular 90x55 M/1
5 Eroded block, pinnacles A6x45 S
6 Eroding dry-dock, rough surface 37x24 S
7 Growler, rounded 7x4 VS
/& Growler, two parts above water bx3 VS
7b Growler x4 ¥S
8 Drydock, serrated., eroding 96x78 M/L
9 Drydock, blocky hOx35 M/S
10 Btock, part smooth, gulties 54x% 30 i
11 Pinnacled, 2 parts A9x48 S/M
12 Tabular, serrated surface 52x42 i
13 Elongated dry~dock, pinnacled 120x61 L
14 Block, pinnaciad box4l M
15 Pinnacled, 2 parts, smaller is blocky 191x175 i

16 2 parts, large smooth long dome,
small pinnacle, in sea ice 120x73 L

17 2 parts, under tow. Large, long
servated dome, small pinpacie. See H. 77x38 i
18 Under tow. Irregular breached block. 317 5

A Tabular/spherical, serrated edges,

smooth top A2x21x7 5
B Bergy bit VS
¢ Drydock, 3 parts, pinnacied 168x60x35 L
] Pinnacled and dome section 66x37x20 M
E Wedge, smooth, triangular 54x42x%16 M
F Drydock, wedge/dome 70x70x25 M
i Pinnacle with slight dry-dock 74x74x24 M
H Bergy bit, tabular. May be 17 Tater X2.5 VS
H Brydock. 3 growlers to NE 23x17 %8 S
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TABLE 111-37: continued

arget ID

Type

Sizelm)

S5ize Class

d

D n DO o= =

I

2 growiers

Group of 3 growlers; dimensions of
one not given.

Bergy bit, servated, between sea ice
Textured, serrated

Growter, bobbing

Pinnacted, Targe

Bergy bit

Growler, bobbing

Tabutay

Growler, rough

Pinnscled, rough, 2 peaks

2 bergy bits ciose together

Wedge, eroded, sharp surfaces
Bargy bit '

Bevay bit,

Bergy bit

Drydock, smooth top, incised sides
Growler, weathere
2 growlers

20 growlers

Multiple dry-dock, serrated
Dryvdock, smooth surface
Many growlers in sea ice

Ax 2x.h
1.5x 1Ix.b
4y 3x.8
1.5x 1x.5
1hx10x2
30x20x3
Ax 3x.b

hx dxg.h
3 3xl
GhHx x1v
2ul. b, 7h
1hx 7x2
TIxiine

8x bx?
30x20x 10
TthetOxd
2hor Tl
I8x10x5
2hx Guxh
f 4yl
Ix Ix.5
Ix.5x1.5
33x2Ux10

I 3x.3

Ia 2x,
Ix 3.

26x20x4
A0x30x20
Zx 2x.7

VS
VS
Vs

!

VS
V5

[N

V5
Vs

\/
V5
S
¥
Y5
Y5
Vs

VS

a

Approximate classification: VS

i

H

-
H

growler and bergy bit
smail Tceberg

smatl-madium icebery
- medium-large jceberg

VI - large-very Targe icebery
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direction was not usually perpendicular or parallel, and
could vary during the mission.

rrro4.2  5TAR-1 SAR

Altl the STAR-1 lines were flown at 29,000 ft. on
Tongitudes from 49°20'W to 48°20'W between 1410 aﬂd 1632 GMT.
Passes 1 to 3 were planned to image all of the test area, but
equipment problems during pass 3 resultted in no data for the
northeast guadrant. These passes were on a 50-km swath width
at 1:250,000 scale, passes 4 to 6 repeat pass 1 and part of
pass 2 with a 12-km swath at 1:62,500 scale.

A tabulation of targets detected is given in Table III-
39. The depression angle effect seems to be minocy as the
targets looked almost fdentical at the far range of pass 1
and near range of pass 2.

At 1:250,000 the SAR detected all the fceberg targets
lTarger than bergy bits {such as iceberg 2). For the medium
and larger icebergs the size of the tavrget was roughly pro-
povtional to the tavget size, although the return did not
often vretlect the iceberg shape; fTew vetuvns were L- oy T-
shaped ov double. Typically the returns approached veal
scale in range but were elongated on iath sides in azimuth,
sometimes with a central brighter "core" indicating iceberg
dimension, The contvrast beifween ice, saeherg39 vessels, and
the ocean background was very good,. None of the bvight
returns appeaved to be wave spikes.

2

er 20 m across the Geﬁ@ctabi?fay

3 om=

For targets swma
varied, Target Nwi(
{1
T

)

i

¥ ) was imaged in pass 2 {target 58)

X7 m‘) was not anpeavent; of the bevgy
bits (310 m Teﬁgth} ve out of six weve detected whereas the
arowlers (<10 w Tength) were detectable in 5 out of 12 cases.
It 48 clear from the Eﬁliiim V notes that several of the
growlers weve bobbing and could, fin effect, aimost be
submerged some of the time. In addition, relative to the
radar velwpoint growlers and bergy bits may be hidden
"“behind” waves.

f\,"“?‘”

i
4
whevreas tavget Za ¢
‘3
H

These small targets have a brightness and “crispness" so¢
that they ave, on the whole, distinguishable from the floes.
However, the vassei tn the scene do not have a recognizably
different sighature from the fcebevgs. The drilling vigs
have a Tavrge bright return which is sufficiently diffevent
from icebergs and ships: sometimes the anchoving buoys are
detectable in & recognisable pattern avound them.

At a scale of 1:62,500 scale the SAR imagery shows
returns from indi dudé waves in a subdued, elongated
pattern. but the contrast between target and ocean 1s reduced
enough that it is not possible always to differentiate waves
from growlers, For instance, the fce fragment 2a could be
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TABLE I11-39

STAR-1 Target Analysis for & April 1984

Look Target Other Pres-
Direction ID b Pass ence Size Tone Comments
a b C d
Downwave 46 1 P VS G Comment for all passes: waves
cross-wind 42 8 MB 1 P M/E W not imaged; smallest ice
e 43 1 P S L& vreturn brighter than brightest
44 9 MB 1 P S W wave.
45 10 SB 1 P S/E W Incidence angle effect, berg at
46 11 SB 1 P S/E W far range in pass 1, near range
62 12 MB 1 X in pass 2.
Downwave 76 2 p Vs W
cross-wind 75 8 MB 2 p S W
74 9 BB pd P S/E W
70 10 MB 2 p S/E W
69 é P S H
63 11 SB 2 p S/E W
62 12 MB 2 P S
Downwave I 1 VeE 1 P L W Resolution effect with bergs of
cross-wind 2 la SB 1 P YS W known dimension, pass 1 using
4 2 5B 1 P S W wide swath, pass 4 at high
113 sSB 1 P S LG resolution.
Downwave 43 1 4 P Vi W
cross-wing 92 ia 4 POVS/E M
94 2 4 P VS/E M
95 3 4 P 5 M
Downwave 3 1 P M W Resolution effect with unknown
cross-wind 5 1 p S LG bergys, passes as above.
6 1 P MW
/ 1 P S M
8 1 p MW
9 1 P VS W
10 i p MW
12 1 P MW
13 i P S W
(103) 1 A
Downwave 96 4 P EW
cross-wind 100 4 p M/E W
101 4 P SE W
102 4 P S W
105 4 p S/E W

continued. ..
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TABLE I1i-3%: continued

Look Target Other Preg-
Direction I D Pass ence Size Tone Comments
a b C d
(9) 4 A
99 4 P M/E W
97 4 P Moou
96 4 P S/E W
103 4 PVS/E LG
Downwave 59 M SB Z P Mo W lLarge/Small targets verified by
cross-wind 58 N & 2 P VS LG Polaris V.
206 L BBB 2 P Vs L& 206 could be L.
67 O LB 2 P LR
73 R BH Z P LW
86 1T BB 2 P S M
88 X BB Z P Vs M
191 Y BB 2 P Vs W
ies v SB z PooM/S {
88 7 BB 2 P MW
96 W BB @ P ¥S
192 U BO{2; 2 b ¥S W
197 CCsB 2 P MW
194 - 2 POoVS/E LG
Bownwind 60 14 g M P Mo W Other Mobii bergs.
cross-wave 61 13 £ Lh P f b
98 15 2 VLB P Vi W
a - ddentitier on Mobil photography G- P - present
{numbers) or Polaris ¥V data A - absent
{letters) ¥ - not in pass
¢ -~ V5 - very swall d - G - grey e ~ Looking 080, waves 270,
S e smatl LG - Tight grey wind 316
M - medium W -~ white

L - large
VL - very large
E ~ elongated
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southwest of target 94 (small idceberg 2) on pass 4, but there
are three brighter returns theve. None may be 2a if the
growler was bobbing beneath the waves at that time,

This scale of imagery appears to be imaging more of the
small targets (but these were not surface-verified), and the
larger targets also are differentiated better. Target 93
(iceberg 1) shows a return with double indentation, for
example, and the target size estimate can be made more
readily, as given in Table II11-40.

TABLE I1I-40

Target Size Estimate from STAR-1 Pass 4

Iceberg Size (m?) Target Radar image Range
no. no. size azim. (m?
1 205x93 93 240 120
la 32x25 92 44 19
2 30x19 94 50 25
3 34x18 845 35 31

Resolution

An arvea of pass 1 wide-swath imagery with numerous
targets (mostly icebergs with two small sea-ice plumes) was
flown Tess than two hours later on pass 5 with high-resodu~
tion configuration. None of the icebergs were visited by the
Polaris YV or by the air-photo aivrcrafit, so target size is
unknown, but by comparison with other known targets there
were about six fcebevrgs of small and medium size, and about

2b bergy bits and growlers.

In the 12 x 9 kmn? area there were 29 targets detected on
pass 1, with a resolution celd of 6 x 12 m=, and 34 targets
detected on pass 5 with a resolution cell of 6 x 6 mée,
Twenty-five of the targets are detected in both pass 1 and
pass b,

Iir.a.3 AES SLAR

AES flew five lines in the Tongitudinal direction at
9,000 ft altitude; passes 1 to 3 weve at 1:250,000 with
2h-km swath width, pass 4 at 1:500,000 with 5CG-km swath
width, and pass 5 at 1:1,000,000 with 100-km swath width., The
last pass, 6. was Tlown south to north at 1:1,000,000 (100-km
swath) and covers much of the test avea with the left swath.
The mission lasted from 1407 to 1629 GMT,
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Passes 1 to 3 with a 25-km swath width were the best
quality of imagery wheveas the Tater AES passes at 50-km and
LOO~km swath widths do not show the small tavgets, or even
some of the medium-sized icebevrgs (see alse the comments on
1P 100-km swath imagery on 06 April). Table 111-41
documents the targets identified in passes 2 and 3.

Pass 1 covered the southern part of the test area only
and its background tone is subdued. The right-looking swath
covers the drillting rigs and other vessels., with the former
identifiable as the larger returns. There are several small,
crescent-shaped avtifacts in the lTeft swath, and only a few
other faint targets, such as fjceberg 18 and the M.V,

Nordentor., which look similar. Some targets ave not
detectable, such as dcebergs 17 and G-5., and the vessel
Wimpey Sea Hunter. Pass 2 covevred the central area of sur-
face-verified didcebergs, most of which weve detected,
although the elongation of scale along-track is such that
care must be taken in cross-veferencing the icebergs,
especiatly those moving differentially. This was less of a
probiem in pass 3, although 1ts imagery also was stretched;
this pass covered the central and northern areas. The grey-
tone range is better on pass 3 also, so that more tarvgets ave
visible without magnification, and with the use of a
magnifier many of the small arnd very small Targets were
detected (e.g. eight returns in the northern cluster of
targets verifed from Polaris V).

Pl 4.4 TIP SLAR

The misston was flown between 1317 and 1623 GHMT
{starting somewhat eavlier than STAR-1), with all passes at
8,000 ft altitude. Passes 1 to 6 display a 2h-km swath at a
scale of 1:250,000 whereas pass 8 was flown at this scale
from scuth 1o north.

The most useful +dimagery for the study was flown in
passes 1 to 3. 7, and 9, which show the pertinent aveas of
known icebevrgs. The Tater 5H0-km swath fwages show only the
medium and largevr icebevrgs, so just the first three passes
were documented, shown in Table 111-42, The I1IP
identification for the targets is cross-referenced to both
the STAR-1 and surface-~verified iceberg identifiers.

Passes 1 to 3 show most of the identifiable targets
targer than 30 w, atthough detection is difficult close to
nadir where the imagery i1s affected by along-track banding,
possibly caused by the antenna beam pattern. There 1s
reasonable contrast between ocean background and ice targetls,
Targets in the 20-30mclass are not as refiably detected, as
the returns are very smati, and many would be missed ovr would
be assumed to be pieces of sea ice. A magnifying glass and
tong scrutiny fs reguired, even when a target location is
known from ctheyr sources. For example, with a very careful
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TABLE 111-41
AES Target Analysis for 5 April 1984

Look Target  Other Pres~
Direction ID I Pass ence Size Tone Swath Comments
a b
Cross- ~ 40 2 X R Ground-verified bergs
wave = 42 8 2 X R seen also on STAR-1
upwind - 43 9 2 X R
- 44 10 2 X R
1 45 z P VS/E LG R Fuzzy
e 46 11 2 P S LG R
3 62 12 2 p S LG R Fuzzy
4 61 13 2 p M W R Double return
6 60 14 2 p S L& R
17 59 M 2 P M ] R Double return-Polaris V
16 202 L 2 P S t R at berg.
7 67 0 2 P LE LG R
- 58 N 2 A R
waves P Most apparent on R.
swath from & km range
to far range.
Cross- 33 iz 3 P 5 LG R Some of above opposite
wayve 34 13 3 P M W R wind/wave,
downwind 36 o3 S W R
47 59 M3 p L i R Double return
44 b8 N3 VS LG R
48 206 L3 p Vs L& R Double return, may be 2
growlers, L and K
45 ug 15 3 p L. W L On edge of sea ice.
39 73 R 3 P M G L.
37 86 T 3 P S G L
38 9¢ W 3 P VS G L
a6 191 Y 3 P VS G L
a1 192 U 3 P VS & L
4 193 vV 3 P S LG L
- 195 2 3 A L. In sea-ice plume
A5 197 CC 3 P S L
waves Much Tess apparent than
pass 2. Overall image
tone Tess dynamic,
small bergs hard to see
without magnifier.
m 13 X Other Icebergs
- 95 3 3 A
25 25 4 3 P M/E LG
26 26 5 3 p 5 W Near sea-ice
e 28 7 3 P ¥S G
28 42 8 3 P MooLG
29 44 g 3 P 5 W
a - ldentifier on Star-1 imagery. Note: Other footnotes as in
b - ldentifier is surface-truthed data. Table 111-37.
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TABLE 111-42
IIP Target Analysis for & April 1984

Look  Target Other Pass Prese
Divection D b ence  Sire Tone Swath Comments
a L

Surface/Star-1 Truthed

Bergs
Cross- 1 Lol 1 P L W/G R Trianglar with
wave - 2 1 A R shadow
Downwind - 3 1 p R
3 25 4 1 p § [ R Shadow
5 26 5 1 p S LG R
207 40 1 p Vs G R
7 42 8 i p L i R Shadow
g 43 9 1 P i W R
8 44 10 1 p E/M W R
“ 46 11 1 ¥ R
28 73 R 1 P L/E 54 R Shadow
19 88 ¥ i p M i R
20 181 ¥ i P Ve G R
21 9z U i p Vs G R
¥ i P S W R
23 i P ¥s & B Faint
24 86 1 1 P S/ G R
2001483 1 p M W R
2 194 1 p Y5 & R Very faint
35 95 7 i P M i R Shadow
27 197 ¢cC 1 p 5 LG R
6{) 898 15 i p Yl W R Double, shadow
Crosg~ 137 45 2 p Vs i L
WAYE 136 46 11 i p Vs i L
Downwind 135 G2 12 2 p 5 i i
133 61 13 & P M W L. Leshape return
132 60 14 2 p VS LG L
129 57 é P S LG L
. 58 N 2 A L.
126 58 M P P S W L
128 206 L @ P S LG L
130 67 0 ¢ p ) LG .
131 73 R 2 P M LG L.
Cross~ 185 88 2 j S & R Pale, near nadir
wave - 90 M 2 h{ At nadir, not imaged
Downwind - 192 a X In altitude gap
- 183y 2 )4 " "
- 194 2 )4 i, “
- 191 ¥ 2 X " i
- 86 T g X " #
195 2 2 % i #
- 187 ¢¢ b X ! i
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TABLE 111-42: continued

Look Target Other Preg-
Direction 1D 1D Pass ence Size Tone Swath Comments
Cross- le1 45 3 - P VS & L
wave 162 42 8 3 P M G L Double return
upwingd 163 44 10 3 p S G L
164 46 11 3 P S LG L
167 62 12 3 P VS LG L
174 61 13 3 P M b L
175 60 14 3 P S W L
185 57 3 P VS G L
= 58 N 3 A L
185 59 M 3 P 5 W L Smaller than expected
le5 43 9 3 P ) W L
- 206 L 3 A L In sea-ice plume
wi o670 3 P S W L
76 73 R 3 P L W L Biffuse edge with shadow
79 86 T 3 p S LG L
178 88 X 3 P M & L Diffuse
81 90 W 3 p ¥s G L
- 191 ¥ 3 A .
182 182 U 3 P VS G L
183 193 v 3 P 5 W L
180 197 ¢©C 3 P M G L. Very diffuse
184 195 7 3 P M LG L
Mobil/Polaris Vigited
Bergs to bast of Above
Cross- 200 98 15 2 P Vi i R Double, shadow
wave 201 6 2 P Y. W R Double, shadow
downwind
Aross- - g2 A L In sea-ice plume?
wave 124 c 2 P L f L
Upw T nd 122 n 2 p M G L
121 E 2 P S LG L.
118 Foo2 P VL/E ] L £ targets, ship & iceberg
= 98 15 3 A L. Just beyond Tar range
205 16 3 VL/E W L Double
- A3 L In sea-ice plume
262 c 3 M i L. Double
203 D3 S G {
204 E03 S LG L
Crogs- 207 Fooo3 1 LG R ship by med.-iceberg, crisp
WaYES 208 & 3 M W R Shadow, cvrisp
downwind 206 Fol 3 5 W R Cyisp

NB: none on pass 1,4,5,6

a - ddentifier on STAR-1 imagery.
b o~ ddentifier in surface-truthed data.
Note: Other footnotes as for Table [11-37.



search on passes 1 and 3, eight and six smatler tavrgetls.
respectively, can be determined in the novihern cluster.

[Ti.4.5 MARS SLAR

ATT the MARS flight Tines ran along Tatitude tines,
with four passes at 12,000 ft, two passes at 6,000 ft, and
two passes at 16,000 ft altitude, all with 25-km swath width
at 1:250,000 scale. The later mission time (2013 to 2340
GMT) makes it move difficult to confirm small targets viewed
hy the othey aivcratt, because many bnrgy bits and growlers,
and even larger icebergs, had moved differentiaily, to the
extent that patterns were not recognizable in some areas.
The data on target detection on passes 1 to 3 are given in
Table 111-43.

The MARS SLAR imagery has a guite different appearance
to that of the AES and I1IF radars; it is black and white
rather than vavied gray %OHCB The ocean/ice greyv-tone con-
trast 1s greater at all altitudes, with ?&Sufttﬂg better
detection of targets. Thc exceptions occur when the ocean
surface is bvighter: such as the Tar range (20-25 km) in
most of the 12,000 Ft imagevy., or the Teft swaths of passes
Tand 3 and vight swath of pass 6. These wevre flown at two
dxf grent a%ﬁitudﬂ*s but all three had upwave {and cross-
Wiad} radar Took-divection. The move marked wave returns
which result fend wa be confused with small tavgel veturns,

AlTtnough many of ihe Ev'hﬂrn *arg@ts are bright and
"evisp,t the sea dce is corvespondingly move wall defined, so
that even medium to Tavge §L&bé¥g near oy within sea~ice
plumes become Tost, probably to a similay extent as on the
other SLAR and SAR ifmagevry. The very smaltl tavgets may not
be separated from isolated floes and patches of sea Tce.

IT1.4.6 EVALUATION OF POST-FLIGHT MAPS

The post-flight operational maps prepaved by each aiv-
cratt were evaluated., The objective was pot to compare the
ability of each radar and crew, bul to assess the range of
vaviability in intevrpretation in a typical setting. However,
different crews had differing resources avaitable Tovr pre-
paraticn of their maps. For exampte, the AES crew had other
opevational commitments unrelated to this project and the
STAR-1 team did not have as many personnel.

t

-

Table 111-44 gives a shovrt compavison of the targets
Tocated on the maps drawn after the opevationalt fiight, The
estimated "real® number of targets used in this analysis is &
best guess from Mobil photegraphs, Polaris V surface visits,
and estimates of iceberg motion. it shows that problems

rise when an avea includes many small targets, when targets
vo%acaaa differentially with time, when the scale of imagery
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TABLE 111-43

MARS Target Analysis for 5 April, 1984

Look Target Other Pres-
Direction ID ID Pass ence Size Tone Swath Comments
a b
Verified Bergs also
on Star~1
Upwave 600 11 1 P L W L
Cross- 601 2h 4 1 p M B L
wind
flownwave 01 472 8 1 p 5 W R
Cross= 0z 45 10 1 P 5 i R
wind 03 46 11 1 P M W R
04 43 1 P S i R
05 44 9 1 p S W R
06 62 17 1 p M W R
07 61 13 i p L. W R
10 60 14 1 p M I R
o 58 N 1 A R
15 57 i p S L&/F R
9 206 L 1 b M L& R
20 58 M 1 p L. W 1,
WaVES p L Most visible in left
swath, all range
waves A R Less visible in right
swath far range, none
in near
Upwave 229 1 1 2 PoVL W/G R Double, half fuzzy
Cross- 228 la 1a 2 P S/E G R
wWind 219 25 4 2 P L/E W F
218 26 5 Z P M/E LG R
216 42 8 Z P i R
217a 29 7 2 Poooys G R
214 43 9 P P8 W R
217 76 P P s LG R
213 44 e poos i R
215 45 10 2 P S LG R
- 46 11 b X in altitude gap
- 62 12 P4 X ¥ i
- 61 13 2 X H !
63 14 P X . #
o 57 N 2 X H "
- 59 M 2 X H i
- 206 L e % : o
177 58 2 ps i L
waves p Visible in far half of
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TABLE 111-43: continued

Look Target Other Pres-
Birection D in Pass ence Size Tone Swath Comments
a b
Large Bergs to East
Visited by Mobil/Polaris V
Howave 170 98 15 2 P Vi W R Bright, crisp
Cross- - A2 X In altitude gap
wind - c 2 X o “
- %} 2 X i It
" E ? x i HI
112 Foo2 P L [ L
92 G 7 p L U L
Downwave = 88 15 1 bt R In altitude gap
Cross~ 22 A P Vi i R May not be A
windg 24 C 1 P L. i R
25 D 1 p M 1 R
26 £ 1 P S G R Near sea ice, tess
crisp
F § % R Beyond range
G. ] x R 1] 13
Upwave 7233 a5 10 3 FoooM/E W I
Cross- 234 46 11 3 B 5 2 L
wind 235 aa 9 3 P OM/E S L
236 67 3 P M i I
237 g1 1% 3 p M o L
240 60 14 3 2 5 W L
250 58 3 P ¥S LG L
- K7 N3 A {.  Shape information
2od Eg M 3 % M W L.
263 206 L 3 p M il L
- 58 15 3 { L
270 A3 p i [ L
2tz c 3 p L W I
273 D3 P M |5 I Next to sea ice which
is fuzzier
274 E3 P S i I
276 F 3 1 M i I Almost a double fTeature.
Waves p L Most visible in left
swath, far half of
range
Waves A R Almost absent, minor
fiecks in favr half of
range

a - didentifier on STAR-1 imagery.
b - ddentifier in surface-truthed data
Note: Other footnotes as in Table 111-39

249



is not true, and that vessels cannot be distinguished
reliably from icebergs.

STAR-

The STAR~1 map of targets drawn after the mission on 5
April is an interesting mixture. Good accuracy was obtained
in locating most icebergs, ships, and rigs, and in estimating
the size of the medium and 1arger Tcebergs. A few exceptions
included underestimating the size of rceberg I (100 m instead
of 200 wm); questioning iceberg 4; missing iceberg M. One
ship next to iceberg 18 was 1deﬂt1{:ed as anotheyr iceberg.
Many small and very small targets were identified in the
north western area. The northern clusters of targets
verified from Polaris V are not well mapped. Only two of the
three lavger returns are called icebergs, whereas all the
very small returns must have been assumed {0 be sea ice.

AES SLAR

Because AES performed fewey passes in total, and fewer
using a 25-km swath, the total target count on theiv post-
Flight map is lower in number than the other aircraft. Some
very small targets (growlers and bergy bits) were misseda a

few spurious targets appear, two iceberygs were mis-identified
as vessels, a few targets { both icebergs and vessels ) weve
absent. Im addition, the along-track stretch yielded

tmprecise locations Tor the targets.
TP SLAR

In the 1IP map some of the small and medium icebergs

and some sea-ice patches, are shown as growlers? probab y
because of the small return size. I'n addition, several
single targets are shown as a cluster of two or three
fcebergs as a result of drift with time, so an overestimate
would be made in total ta"gets present. In the northern
cluster of targets verified from Eﬁiéiiz Vs only two returns
are shown on the map, these are evident in passes 1, 3, and 9
but with a very caveful search on passes 1 and 3, eight and
six smaller targets, respectively., can be determined in the
northern cluster,

£

MARS SLAR

The MARS DGSL”:I1Q§L target map shows confirmed target
as tcebergs or ships and unconfirmed as radar targets, Tf
)

tatter in the majority, The number and location is quriﬁ
good, although there are smaill and very small targets missing
in those areas where suvrface data existed. Since the targets
were drawn for each §zneg the total ?“Ygﬂﬁ number is too
high, and interpretation is needed to concliude which targets
are duplicated and which targets were @d? but seen on only
one pass.
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TABLE 11i-44

Comparison of Number of Targets Given on Post-Operation Flight Maps
For 5 April 1984

Fstimated No.

Area of Targets STAR-1  IIP AES MARS
Northwestern group 34 37 21 10 14
(many small targets)

Central Icebergs 10 7 11 5 21/13+
Northern cluster “12 3 2 X 7
(Polaris ¥V S to Y)

Far north cluster >30 N1 3 bt 6

(Polaris V BB to II)

Early Polaris targets

No. of vessels

7 4 %
A 13/6+ 10 8/ 6+

i
=
st

NI - not on imagery.

¥ - within area with comment “numerous very simall tabular icebergs or
mutti-year Tloes.”

- Tocation not positively identitied due to time/dritt change.

. first number is total targets shown including repeats on several
passes, second number 15 probable target number without repeats.

-+ %

TABLE 111-45

Detectability of Small Targets in the Novrthern Cluster
on 5 April 1984

Swath Total Small Very Smali
Source Pass Width Targets Targets Targets
(km)

STAR-1
1P

25
25
2b
50
50
25
50
50
50
25
25
25
25

[

AES

MARS

T DN e (D e OO0 S D OO0 =

s
IO WSO CSoO O B O

2h1



ITT.4.7 TARGET MOVEMENT

An attempt was made to document the target movement over
a number of hours on 5 April data. [t was apparent early in
the study that large drift rates were involved over a few
hours and differential movement of targets was observed
between quite close targets, which added to the probiems of
positively identifying the surface verified targets and of
relocating these targets on the following days.

Figure I11-27 was derived over a 6-houv time period
using STAR-1 SAR and MARS SLAR imagery. Many icebergs were
moving at 0.75 to 1.0 km/hour on 5 Aprii, with the fastest
target {probably a berg% bit) travelling at 1.46 km/hour.
There 15 as much as 122° difference in the directions of
movement of targels within the area, and the directions even
for icebergs close together differ by 30 to 509,

I11.4.8 SUMMARY

Detectability of Targets

T lceberg targets and discrimination
s appearved to be achieved at 1:250,000
hi

s discrimination was pavticularly
small (20-50 m) and very small

Optimal mapp'ﬂg 0
from sea ice and ssel
scatle (?HIU swath) T
apparent tor the detection of
(<20 m) targeasu

For AES and TIP the imagevry is clearest at a range of §
« 20 km on this dmagery; MARS SLAR was less range dependent,
but small Tavrgets were somewhat Tess certain to be identified
at close range, where they had a less distinct appearvance and
look movre like sea-ice floes. AES and 1IP flew at the same
altitude throughout, but the MARS mission indicated that
12,000 1 altitude 135 to be preferved to 16,000 fi.for that
radary system. Insufficient surface-verified targets were
present to detevmine if 6,000 ft was better than 12,000 ft
altitude.

Fo? an area of small targets verified by the Polaris V
near 47°20'N and  48%1p ¥, the number of reiturns detected by
the various radavs on various passes s summarized in Table

1145 The surface group may not have documented all the
ice p ieces in the areas, and these may have dyifted
differentially over the mission time peviod, but from 1740 to
1900 GHMT the _ﬁ_ faris V¥ v?agtad two smaii icebergs, four bergy
bits, and three grow?e?f in this avea. It %hould be noted

that some IIP and AES passes cocurred at dif rent swath
widths, and the MARS passes were at two ﬁitftaueo“
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I11.5 ANALYSIS QF APRIL 6 IMAGERY

Only data from STAR-1 and 1IP are available for this day
because no formal experimental missions were planned.
However, as good surface and airborne photo data were
avaitable, the imagery collected were analysed for iceberg
detectability. As on April 3, winds and waves weve calm.

ITr.5.1 AVAILABLE SURFACE INFORMATION

Data were collected by the Rglg£i§ YV and King Air air-
cratt on 20 and 50 targets., respectively, with a number of
targets {about ?2) observed by bOLh (Figure I11-28). In
addition, a few icebergs had been photographed also on b
April so that movement information is available; the icebergs
had moved southeast from 5 April , and moved eastwards during
& April. Envivronmental data are summarized in Table I11-46,

Iivh.2 STAR-1 SAR

Most of the STAR-1 imagery covers an avea to the north
of the reseavrch area with suvface information, or to Lhe
south east, where there weve no ice targets. The exception
is pass 4, Tlown from sauth to novth with a 25 kn swath width

at 1900 GMT. Tho eastern~centrai part of the pass covers the
western arvea visited by Lﬁe Polaris V and photographed by the
Mobi1l aircrafi. The targets are 1isted in Table [11-47.

TABLE 1:11~47
lcebergs Detected on Pass 4 of STAR-1 Imagery

Adr POLARIS V SAR
STAR-1 KING AIR photo POLARTS dimension size
D no. Size () noe. estimates {(m) estimate
59 BO1D 125x63 - L
60 BOO3 47 %35 L6 46x4?x/ S
61 BOOZ 48x25 o M
62 BDO1 Gix87 B-6& iOx?x?O L
- - - A-6 PAx7x? VS
63 - - - - M

ATT the confirmed targets ave visible in the imagery, with
target size related to actual target size. shape infor~
mation is present Tor the Targer tavgets (59 and 62), while
bergy bit {A-6) is visible as a point target. Target 63 was
not confirmed by surface ov photographic data.
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Ifl1.5.3 T1IP SLAR

IIP was flying an operational mission and imaged the area
with one 100-km swath at about 1800 GMT. On this display the
targets are very small and, in this case, have very 1ittle
contrast to the ocean background. Three attempts were made
with a strong magnifier to find the targets identified by the
ITP crew in their post-flight analysis, and to locate the
surface-characterized icebergs. Tablie II11-48 shows the
targets fdentified, and Table I11-49 summarizes these by size
category.

It can be seen that only one target Tess than 45 m
(Tength) was detected, whereas targets with Tength greater
than 50 m were all detected. Small icebergs of 45-50 m
fength were detected on about half the occasions.
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TABLE T11-48

L1IP Imagery, 6 April 1984

Mobil POLARIS V¥ Size Presence
ID D Length Width on IIP imagery
{m) (m) ‘ a
) B-6 91 87 P
3 {6 47 35 P
4 E-6 133 63 P
5/12 48 32 A
6/11 D-6 46 27 A
7 45 30 A
8 53 44 P
9 61 40 p?
10 125 63 P
13 80 72 p
14749 82 71 P
15747 d=6 50 40 p
16/50 I8 82 62 f
17 46 44 p
20 89 61 14
21 129 135 p
23 279 83 P
24 36 34 A
25 85 53 p
26 116 110 P
27 172 95 P
28 57 34 P
29 87 a4 P
30 105 61 P
41 T-6 64 45 p
42 5-0 54 33 P
“ Poi. 62 10 P
= P~6 30 13 A
- Q-6 35 30 A
43 R-6 25 22 A
44 0~6 31 18 P
45 M6 s 18 A
46 H-67 69 33 p

a - 12,000 fr. alt.
100 km swath
Left swath only, displayed at 2 gain settings.
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171.6 ANALYSIS OF APRIL 7 IMAGERY

the aircraft flew reseavrch-oriented wmissions on
7 April, typically flying a crossed-box pattern at different
altitudes, repeating lines for a repeatability test and, in
the case of STAR~-1, changing the resolution cell size. The
ftight parameters are given in Table I[1I-50.

I11.6.1 AVAILABLE SURFACE INFGRMATION

Surface data were limited to one ltocation adjacent to
the Polaris V hence deLaiTed target detectability tests were

carvied out only on these few documented growlers and bergy
bits.

The King Air photo reconnaissance plane did not fly a
mission on 7 Apvil, and it was not possible to re-identify
any of Hmz?cebargc photographed on 6 April as targets on the
imagery of 7 April.

The Polaris V was positioned next to a growler by 1100

GMT. and maintained station at 300~500 m from it, drifiting
neay the Ldrge ., With a waverider buoy deployed. This drift
began at A7°07.2'N and 47945.7'W st 1145 GMT and continued
until 2345 GMT at A7910.8'N  and 47°%44.2"W. A typical
caﬂ fguration of ship and targets is shown in Figure 111.29,

The wind and waves during this periocd arve summarized In
Table 11151, taken from the surface data EPQGY{E The wind
aﬁd primary wave directions agree within 10-30%, but the
of the iceberg and Polaris V¥V were gen0ga§ly at right

L

R
angiea to this the wind and waves weve from south-east and
the drift was to north-east. Drift on the previous day had
be@ﬁ roughly to the east,

The PO?@LES V did not measure many targets in detail on
7 April. The closest growler, designated A-7, was documented
and a sevies of diagrams show its position relative to the
vessel and the waverider buoy about every 30 minutes, Other
nearby targets also occur in the diagrams from time to time,
and occasionally in the surface photography. These arve sum-
marized in Table IIl-52. The Poiaris V personnel described
their opevation:

“Diagrams drawn during the period of overflights
were intended to provide a vrecord of the position
of the ship, the target and the waverider. Other
icebergs and growlers noted weve incidental.,

During this pew’ed the ship moved s0 as to keep the
waverider on a stack rope but extended sufficiently

that the rope shoqu not become entangled in the
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TABLE 111-50

Imagery for 7 April 1984

Pass Altitude Heading Swath Start End
No. (Ft.) {Deg. } Width (km)  (GMT} {GMT)} General Comments
STAR-1
1
2
3 27000 070 25 1922 1924  Passes 3-5, aspect
4 27000 329 25 1931 1935 angle test, 3 views
5 27000 241 25 1943 1947
& 27000 150 25 1958 2000  Passes 6-12,
7 27000 328 2b 2009 2012 vrepeatabiiity test,
8 27000 148 25 2018 2021 eguivalent to pass 4
9 27000 330 25 2028 2031
10 27000 149 25 2038 2041
11 27000 329 25 2048 2081
12 27000 149 25 2057 7101
13 27060 329 2h 2108 2310 Resolution test; wide
swath neav half, compare
Wwith pass 12
14 27000 149 25 2118 2123 Look-angle test; wide
swath far nalt, compare
with pass 13
15 27000 243 25 2132 £139
16 27000 062 25 2145 2148
AES
1 16060 058 25 1502 1807
z 16000 160 25 1912 1916
3 10000 237 25 1922 1929
4 10000 010 25 1832 1937
b 100600 067 25 1942 1945
6 10000 161 25 1949 1854
7 10000 239 2h 1959 2009
8 10000 014 25 2013 2019
9 10000 012 25 2040 2048
10 10000 011 25 2106 2114
11 10000 012 25 2131 2139
12 5000 070 25 2147 2150
13 5000 166 25 2155 2201
14 5000 236 25 2207 2215
16 5000 015 25 2222 2228
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TABLE 111-50 continued

Pass Altitude Heading Swath Start End
No. (Ft.) {Deg.) Width {(km)  (GMT)  (GMT) General Comments
MARS
3 12000 050 25% 0228+ 0231
4 12600 137 25 0241 0244
5 12000 224 25 0250 0257
6 12000 355 25 0302 0305
7 12000 052 25 0310 0313
8 12000 137 25 0316 0321
9 12000 226 25 0325 0333
10 12000 351 25 0337 0341
Iip
i 8000 068 25 1740 1745
2 8000 235 25 1748 1755
3 8000 319 25 1806 1811
4 8000 185 25 1813 1820
5 8000 068 25 1823 1829
) 8000 237 25 1835 1845
7 8000 315 25 1857 1904
8 8000 1G5 2h 1906 1915
g 8000 317 25 1924 1930
10 8000 160 2h 1935 1047
il 8000 317 25 1947 1953
12 8060 159 25 1957 2004
13 8000 317 25 2008 2015
14 5000 160 25 2019 2031
15 4000 070 Z5 2042 2048
16 4000 239 25 2051 2058
16a 4000 112 25 2101 2107
17 £000 193 25 2118 2126
* w AlT with & ki delay
+ - 8 April GMT, 7 April local time.
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Figure 111-29, Typical configuration of targets during missions
of STAR-1, ITP, and AES near 47° 10'N ang 470 40'W. 7 April 1984.
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TABLE T1]-52

Targets Seen From Polaris V On 7 April 1984

Target  Polaris V Size Time First Photo
1D Description (m) Seen
7 Target A-7, Sx4x3 1600 Polaroid 1-5
bergy bit print 12-19,20,
8 Small iceberg 8 1600
9 Low, small 7 1600
jceberg
T/10 Dome iceberg est. 50 L., 1632 13~11
ih H
13 7 growlers est. <3L,1 H 1630

past ship

12 Growler betwaen
ship and wave
rider est, <1 H 1641
i3 Bergy bit est. 1-2 H 1645
0/14 Tabular, very est. 100 L, 1710 13-11
large iceberg 20 H
15 1733
16 Growler est. <3 H 1805
s/ L7 Very large est. 120 L, 2000 13-18
iceberyg 25 H
18 Berg, £ peaks, est, large 2130

may be dry-dock
Y large 2036 13-18
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bow thrusters, consequently the ship's heading and
position was constantly changing.'

I1T.6.2 TARGET DETECTABILITY

Each pass of STAR~1, AES, and IIP that covered the ares
around the Polaris V was examined to determine which targets
were detected. In addition to the verified targets (see
Tabte I11-52) seven other targets were found consistently,
plus the Polaris V itself. Five small targets were seen on
some passes, but not on others, and of these only three (7,8,
and 9) have known size. Examining Table 11I-53 gives the
following estimates of the detectability of the three

verified targets 7, 8, and 9.

For all radars:

Total, all directions

H

61 present 46
- 72 absent 54%

Upwind - 6 present 31%
-~ 13 absent 69%
Crogss-wind -« 31 present 52%
~ 29 absent 48%
Obligue-wind - b present 25%
- 18 absent 75%
Downwind - 19 present h87%
~ 14 absent 42%

Target 7 was classed as a growler here even though its
estimated hefght would classify it as & bergy bit. J and N
were unveriftied targets but were seen consistentiy. They
weve probably a berqgy bit and a small iceberg, respeciively,
Judging from ftarget size comparison with other known
features,

The MARS data were not included in this analysis because
the f1ight occurved much Tater and the targets had moved
differentialiy; 1t was not even posgible to identify Polaris
YV with certainty.

111.6.3 TARGET MOVEMENT

Drift rates were examined using STAR-1 imagery over a 2-
hour period, as shown in Figure [11-30. The fastest iceberyg
was moving at 2.87 km/houv, and many were travelling at 2.0
to Z.b km/hour., The divectional variations were greater than
on April 5; there seem to be some eddies involved. Close
icebergs diverged by about 609, whereas distant icebergs
across the area showed up to 180 © differences in movement
direction.
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Detection OFf Very Small Targets on /7 April 1584

TABLE T11-53

Look
DMrection

Radar

Pass

Ko,

Presence of Target®

Q

o

J

Downwind

Upwiad

dbtigue
upwind

Cross-wind

from East
{ross-wing
from West

o
g . present

STAR-

P

ALS

STAR-

Lip

AES

ALS

Pt

1P

Iy

1

- absent
v o- ddentification/location of

F o fuzzy edge 1o target

target wncertein
very small or faint target

§ .

P

prE

p
A

B

g/
13

A

Py

&
A
A

P/E
A

P75

P/E

elongated in azimuth dirveciion

26/



s

s

&

s

[
ot

fla

R T

Eeamior ?&:m@

268

GO

1984,



I11.6.4 TARGET REPEATABILITY

The objective of this investigation was to examine the
repeatability of radar targets from pass to pass., The inves-
tigation was similar to that of an interpreter working in an
operational situation, 1i.e., without aid of surface informa-
tion.

Two approaches were taken. First., a box region was
selected and a freguency count was performed for target
occurvence within this region on each pass foy a given radar.
For each radar, fluctuations in Trequency were described
according to the category of look, i.e., upwind, downwind, ovr
cross-wind., FEach box selected for each radar was unique in
geographical location and was chosen s0 as tomake use of the
maximum number of passes for that radavr. Secondly, a region
was chosen whichall radars had covered on one pass gachs for
this single pass a comparison was made between radars on the
basis of number of targets imaged. Examples of imagery from
each of the four radars covering a similar area and as close
in time as possible are shown in Figures 1711-31 to II1-34.

A compiicating factor 1w performing a gross frequency
count from pass to pass is the presence of sea clutter which,
on any given pass, might produce false targets which do not
repeat on other passes. To investigate this phenomenon, 20
targets were chosen for each radar. Each target was then
checked for i1%s recurrence from pass to pass on the radarv in
guestion.

3

Pass-to-Pass Targel Fluctuation

Because of the lavge numbevr of icebergs encountered on

April 7, identification of a single small target from pass to
pass was difficult; aggravating factors included the presence
of sea clutter as well as diffevential drifi between ice-
bergs. Considering also the temporal tag between aivcraft
passes, the net effect from pass to pass was & redistribution

of about 40-60 targets within an avea of imagery which could
ne as small as 6.5 cm square. Afrcraft position evvors
further compiicated matters., Therefore, for each radar pass
examined on April 7, control was established by dencting
specific icebergs as "control® tavgeis; these ficebergs gave
strong veturns and recurred on all passes with about the same
refative spatial position. A poiygon was drawn around these
icebergs; these control targets were sefected in a pattern
such that their layout resembled this geometvry. O0n
subseguent passes the ficebergs were reidentified and the boX
drawn around them; a count was then made of the number of
targets occurving within the box for each pass. The results
are given by radar and Took direction with respect to the
wind in Table I[1I1~54.

For most radars, the number of targets decreases when
the system is Tooking upwind. Hence, Took divection relative
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TABLE T11-54

Repeatability of Targets by Look Divection

Afrcraft Iip STAR-1 AES MARS

Time (GMT) 1748-2051 1922-2145 19072222 02220351

Apryoa’wate
Box Size {km) 350 270 140 260

Wave Hit. {m) .51 0.5-1 0.5-1m 1.0

Predominant
Swell Hi. (m) 22,5 225 EVR.

on
&
iyl

Wi 5)LD 1 & Div, 28 knots 28 knots 28 knots 30 knots
{(UTrue) @ 150 @ 150 g 150 @ 130

Upwingd

No. of Z 41 3 ¢
No. of T 3i-52 56 £8-2% fa-80
L{P‘*wa”

No. “? 3 7 g P
N, i ﬂ@ bh-62 5850 iR b

Downwind
Mo, of Passes i 1 - i
Ro. of Targets 47 86 - 86

Fote: Region imaged 15 unigue to each vadav.
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to wind p)obabio will be one of the factors in determining
the number of targets detected. This effect could result from
greatey obscuration of small icebergs by waves when Tooking
upwind., However, the effect of sea cluiter must also be
considered. Table [11-54 dicates that typical fluctuation
from pass to pass {cross-wind) is about 5-10%.

For comparison between aivrcraft on this date, a common
area of about 140 kmZ was located on one pass from each
radar. For STAR-1 and MARS this common area was located
within the same box used to analyse target fluctuation
between passes; on the AES and IIP imagery it constituted a
zone lying ouvtside this box.

Comparison of the number of targets found is given 1n
Table I1I-55. Al1 radavrs were Tooking at an angTe of 1-10°
deviation from the wind direction (i.e., Tooking downwindj.
Numbeyr of targets detected on the imagery ranged from 32 to
h9: however, the flight times were not identical.

Reidentification of Targets Frow Pass to Pasgs

Targetﬁ were selected {rom the same box regions used for
gach radar; tawg@ﬁg tess than 0.4 wmm 1 size {(range
divection) were @ual?y chosen., For sach pass, the seleacted
target was measu ed in the range dirvection: 1ts position with
raspect 1o nei ghbaur?ﬂg targets was rveidentified for all
subseguent passes. The onty target confivrmed on the suvrface
was o growley neav Polaris V measuring 8 x 4 MEZ which was
detected on several passes of @abh radayr. The ftarget was
detected on all passes of STAR~1 {8), MARS {8), and on AES
{4). Orn 1IP dimagevry, the target could not be found on three
passes of five.

PIT 6.5 YMYSTERY® TARGET

An attempt was made to Tocate a "mystery" target which
was seen on some vadar imagery neavr Polavis V., but not
observed by the suvrface teawm. This targel was not seen on
STAR~1 or MARS imagery fov 2«3 April: neither was 11 seen I1IP
imagery for 2 April. For 2 April it was seen on one pass of
AES imagery. On April 3 11 was seen on imagery from 1 pass
of ALES, and 17 passes of [IP, and 4 passes by CCRS.
Qcourvences of this tavget by nass avre summarized in Tabtle
Lil-5%6.

As  the target appeared during cross~wind, upwind, and
downwind passes, wind divection does not appear to be a
factoru A pofmt to note is tha* the time of occurvence on IIP

imagery COEHC des with the time duvring which the waverider
buoy was deployed frem ﬁglgmmg V. Although STAR-1 alsc was
"Tying at this time, the target was not seen on its imagery.
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TABLE I11-55

Gross Target Counts For Common 140 KmZ Area

Aircraft STAR~1 MARS TipP AES
Time (GMT) 2145 0325 2045 2212
Sea Clutter

On Imagery  Moderate Moderate Stight Heavy
Pass No. 16 9 i5 14
Altitude (ft) 27.000 12,000 4,000 5,000
No. of

Targets 59 38 32 53
Div. {9} 153 130 150 150
Look From

Azimuth/Div. L/332 R/316 /340 R/327

Look Relative
To Wind Dir.8 19 69R 1001, 390
(i.e. Downwind)

Swath Width

{km) 25 25 25 25
l.ocation

In Swath MNear Fay Mear Far
& . Yeft

R~ right
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TABLE TI1-56

Occurrences of "Mystery" Target

Look Dir. Target HDG &
Heading Dist From
Radar Pass Date  Time Aircraft Wind Dir To Wind HBG Polaris
(z) HDG (9)(0) (9) (9) Dist(m)
AES TURN APR 3 1400 o - -
AES 15 APR 2 1839 - - -
IiP TURN APR 3 1768 - - o o 81
LipP 20 APR 3 1757 176 250 109R 177 108
I'ip 19a APR 3 1718 87 230 37R 87 81
Iip 11 APR 3 16kY 180 258 102K 180 K4
Tip 25 ARPR 3 1816 355 250 750 3h5 81
iip ThRNa APR 3 - o - s
1Ip 20 APR 3 1727 308 230 1020 308 134
1iP TURNE APR 3 1745 - - - - 134
1P 174 APR 3 1653 38 23 170 038 81
1ip 18 APR 3 1706 267 230 1431 267 161
Tip 1z APR 3 igl4 40 268 361 443 27
TIp 14 APR 3 1624 267 258 1710 267 108
1ip 14 APR 3 1637 87 230 37R 87 81
1Ip 15 APR 3 1637 307 230 1030 307 i6l
[1p gb APR 3 1533 179 320 A9R 179
g 8¢ APR 3 1524 5 320 1361
1P 7d APR 3 1519 175 320 35R 175 27
CORS 5 APR 3 NTO S
CCRS 8 APR 3 WTOE
LCRS 11 APR 3 W T0 E
CCRS 12 APR 3 N TO S

&fearby iceberg also has similar target with same relative distance and
range as has mystery target from Polaris V.

BTarget merged with ship target in near range; a single target emerges with 2
fine dark Tine demarking the separation between target and ship.

CTarget behind berg next to ship, but not behind ship.

94 second target at 7007, range 27 wm from Polaris V.
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Investigation of IIP imagery also indicated that the
target always appeared "up azimuth®™ +rom the ship and always
at an azimuth angle relative to the ship which was equivalent
to the aircraft heading. Unfortunately, the ship was always
imaged in the left swath on IIP, so no comparison could be
made between Teft and right images. Because the target
appeared on most of the passes by [IP, and always later in
time relative to the return from Polaris V, it is thought
that for the IIP imaging, this return might be an artifact of
the radar. The average distance of the target from Polaris V
as a function of range position is as follows:

Range position Passes Average distance of

FAR 1 161
MID 10 104
NEAR 4 54

suggesting that the target is possibly an artifact of the
antenra beam pattern. This would not explain the occurrence

for other vadars, especially CCRS. For the AES imagery a
target was seen next to Polaris V on two passes as detailed
for 3 April. It is still possible that this target might

have been the waverider buoy because it only appeared on two
passes and did not exhibit a regularity in fits position
relative to Polaris V as in the case for I[IP. Also, two
passes, one each by AES and IIP, coincided ocver the ship at
the same *Time {(I1519GMT). When the two passes were
supevimposed so that iceberg A-1-2 and the ship were properly
oriented with respect to true North, the mystery target seen
by AES did not coincide with the position of the mystery
target seen by I1IP, nor did i1t exhibit a relationship to
azimuth as on IIP. When it was seen on another pass, the
target had changed its position relative to Polaris Vi the
azimuthal heading was the same for both passes.
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Pit.7 ANALYSIS OF STAR-1 DIGITAL DATA, 7 APRIL

This study examined STAR-1 digital radar imagery to
assist in determining the detectability of discrete targets
{suspected idcebergs) in an open ocean environment.
Lxamination involved describing target and ocean (background)
pixel grey~-tevel statistics and spatial propert 1e59
illustrating various enhancements for target-background dis
crimination, and evaluating optioens for image display on
target detectability. Analysis was performed using an ARIES
11 digital image-analysis system. Only a single data set
from a singlte flight was available for analysis.

1I1.7.1 DATA

Three STAR-1 SAR 8-bit Computer Compatible tapes were
rovided by Intera Technologies Ltd, including data for
asses 12 and 12a from 7 April 1984 (Bergseavrch Line 9), Two
f the CCTs covered the study area. "Windows" were extracted
or detailed study (Figure I11-35). The guality of STAR-1
AR digital dates appears excellent, Less than 0.5% dropped
G ines occur in the datd which span and fully use the
avaliable B-bit, 256 grey-tevel range. A gain change occurs
Lothe stavi of the CCT, on ESRF Line 12.

[I1.7.2 TECHNIQUES AND PROCEDURES

ARIES 1T tasks wevre wused; in paviicular, spectral and

i

ial enhancements were applied for di s<rff tnation between
fn
i

o]

5
E.Q C‘r

o

=

5
T and ocean. Image display opt“a s were used for tests
on the effects on target detectabi %“tga Pixel dump and
trafning area tasks were used to exitract grey-level
information over both ocean and targets (suspected fcebergs).
Suwﬁacc data nave not been verified, because they were
noet compiled at the time of analysis. The work and results
pe rtain to visually observable targets on the high-resolution
video monitor, Tabei?ed for this study as suspected icebergs.
Digital data provided were previ ous!y resampied such Lha%
pixel surface dimensions arve on the ovder of about 4-5 m,
this information was not essential to conduct the study since
results are presented on a pixel basis, without units, This
information was not essential to conduct the study as resultis
are presented on a pixel basis, without units.

L B. Mercer, 1984 personal communication

278



BOL
B2
BO3
BG4
BOYG
BGG
BOY
BOG
Bo9
Bio
Bl
B2

2105
O
A6
fos
HOS
AL
£l

Figure 111-3b.

BOF

BO5 -

Bl

B2

Digital

ESRFE LINE 12

ESRF LINE I2A

SURBSTENMNE

Lirme

"windows"

LHFA-LE294
ZECO~2600
EA[O-2TI0
28303150
JBQG-IHQ0
29002100
TLOGQ—~7400
&TH0~F0G50
FTOO~HO00
HEOOG~&E300
AZHO-4050
JYQO-LHZGC

150~ 4830
LQGO~1300
LT~ 343
Z%- 329
4T0G- T3
175 47%
TGO~ 800

LOCATIONG G

extracted
CCT ESRF 12A, for detailed study.

ling G

BOG
- BOZ
- 803

BO4

BOY

BIO

=
z
&
o
on]

CETe

E26-1026
26002900
ILE30-5950
ITBO-3830

180~ 490

13988

BGG- 1100

100~ £0C
Z2000~-2300
2B00-~F10¢
1280135350

18506~ &30

TS~ 973

FTE-L27S

LEA7S-1B7E
ZEO0~2BGQ
T753~167%

178~ 478

13989

from CCT ESRF 12 and



IT1.7.3 RADAR IMAGE AND TARGET CHARACTERISTICS

Reliable detection of targets requires that they differ
from their background in a consistent, predictable fashion.
To expltore fully enhancement techn1qu999 an uﬁderstandlﬂq of
target and background image properties 1is eded.

Ocean Background

A first task was to look at changes in grey level over

Op@ﬂ water areas along ESRF Flight Line no. 9, both in the

?ong track {different vecording time) direction and in the

ahge direction. Figure [I1-36 illustrates these changes.

Each point on the curve of this figure represents the average

grey Tevel for 100 X 100 pixel windows, that is averages for
about 10,000 data values per window.

Stgnificant changes in grey-level fintensity occur
between ESRF Lines 12 and 12a (see Figure 111-36). This
change may reauTt,from drift in the radav system or from
changing suvface conditions along the f1ight 1@ne¢ Further-
more, %?Gﬂi£26“%f changes in gr@ymiew boin LN Tty occur

§ e ¥
SSRE Line 12a. Eiﬁ itariy, this

EY R S f E {"
1

Cross he indqa swath fovr ar
may indicate fnsivument 5 ﬂawé T Ty to
represent changing surface noany case, altonge

track and across-track greye £ ave real and must
be considavred in ”ﬁ&g@ enhancement f@r L&EQLL discrimination,
especially 1T ocean and target grey E&v&z“ hecome move alike,
Closer examination of Figure [11-36 shows increased graey

wd
tevel varistion isn mid-swath for both a?uag~u?a:k positions,
possibly revealing antenna beam patiern effects,

Q_

These results suggest a need to evelop enhancements
sensitive to geometric position within a zirgi tine, once
these along-track and across-~track grey- "@‘ 1 zhdngnq are
uﬁd@“staed and guantified. ARIES 11 tasks ,ha were
avaitable did not allow fovr application of positione ﬂsfﬁ?ve
&ﬁh&l&&m&ﬂhka Furthermore, the imagery was not shrdﬁifé@d to
eliminate vange or along-track changes 1dn this study.
Another difficulty foreseen in these grey-level changes is 1n
the absolute compavison of multiple data sets. Corrections
to the data are Tikely preveguisites.

Fa

A next step toward understanding ocean background infor-
mation was the extraction of subscenes throughout the flight
Tine, and the calculation of the mean grey level and grey

tevel variation for each subscene. Figuve [111-37 shows a
plot vretating mean and standard deviation of subscene qrey
tevels, Further examination of tThe subscenes allowed
grouping of the points in the p?of into broad classes;
namely, subscenes containi ng only discrete targets such as
eaeberg 5, subscenes containing extended and discrete targets
stch as ifcestrips, strings and pieces, ubgcenes over Tand
areas covered by snow, and onre subscene with a gain change.
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The result was unexpected but useful in that it raised the
guestion whether this grouping was possibly appiicable to
other fiights.

Discrete Targets

Grey-Tevel profiles, or cross-sections, were measured at
the mide-azimuth point of 11 discrete targets, (Figure II1-
38). Grey levels weye recorded over the adjacent open ocean,
across the target, and over the adjacenl oc ean on the
opposite side of the target. Profiles were Taken at a
representative mid-azimuth section in the acrosswtwacks or
range, divection., HNormalized grey level on Figure I11-38
indicates that a?] arey levels measured were divided by 7h5,
the maximum aval Eab!@ grey tevel. Novrmalized tavget range
dimension indicates that the pixel dimension in the ?mﬂgé
dirvection was taken as unity. In this way all targets could

E R

be betitey compared visually on the one figure.

Data for the tarvgets selected indicat a maviked
ditference J@CUCO“ adjacent ocean profi !02 &nd target
profil ‘ 8 ¢ grey E@V&% 1 fer rost mean sguavre

S iation. Stat :icaiiys adjacent ooean
i

inct based on {nnSﬁ measures. The data
{ cross-saections average about BO gray
Tevels move than adjacent open ocean, have a grey-iavel HMNS
about 100 moeve than adjacent open ocean, and have a grey-
sviation about 40 more than adliscent open

tevel standavrd dey

u § -~ 11038 also shows that profiles change vapidly
& et pegr range and fav range edges. A further
discriminator for tavgets, then, can be grey ievel sepavation

:>
from the ocean background or grey tevel variation and the
wapéd tonal change across the boundavy between ocean and
rget. A spatfai filter using these propeviies could help
enhance and detect discrate targets.

Probability Distributions

Pixel gumps of grey-level values over aveas of open
ocean and over selected tavrgets were collected to examine
more closely the sample population charvacteristics between
ocean and target grey levels, (Figure [11-39}.

It s seen that open ocean and target pixels appeay
distinct though with some overlap in grey levels be Tow 100,
Fi guwe 111-39 provided a measure of target probability of
detection and probabitity of false atavrm, (Figure | “IlwéD) Was
based on sampling 739 open-ocean pixels and 984 target pixels.

Hsing a selected grey level threshold value both
probabitity of target detection and false alarm can be deters
mined. However, this result is based on data from one flight
oniy. Furthey wovrk 1s vreguired to compare vesults under
different flight and surface conditions,
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zoh



[11.8 CCRS PRELIMINARY ANALYSIS, APRIL 1

Data were col lected by CCRS on 29 March and on 1, 2 and
3 April using the CV-580 multti-channel SAR. Because the
optical recorder was not available, all data were collected
on digital tape, which severely restricted the amount of
data that could be collected.e. These data were not
digitally processed until late in the BERGSEARCH program, and
therefore only a preliminary analysis of April 1 data is
available. The Convair was the only aircraft which flew on
that date.

111.8.1 AVAILABLE SURFACE INFORMATION

Polaris V was stationed at approximately 460 49'N,
46949™W, during the overflight. A small iceberg, D-1, and a
very large iceberg, B003, as well as iwo growlers were
ohsevrved by the surface team. Characteristics of the two
Jarger fcebergs are as folilows:

fceberg Dimensions (m) Type Comments
BOO3 248 x 140 x 35 Tabular -
D=1 35 x 30 x 19 Drydock Unstables bobbing

and votating

Significant wave height varied between 3.5 and 4.0 m
during the time of the overpass, and a waverider buoy was
deployed which gave characteristic wave height of 4.0 to
4.5 m. Wind speed varied between & and 25 knots from the
southwest.

{11.8.2 CV-580 SAR DATA
¥ and C-band, HH data were vrecorded on this day on three
passes at different Took angles with respect to wind. The
incidence angles were relatively steep, about 459 to 609,
Data from the three passes are given in Figures I11-40

through (II1-43. From this data set, five preliminary
conciusions were reached by Dr. L. Gray of CCRS.
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a) Growlers or bergy bits would not be detected reliably
with the SAR-580 at these steep incidence angles and
these conditions of wind and sea state, with either the X
or C~ band channels.

b} High sea state clearly broadens the distribution of ocean
back~scatter. Consequently, detectability models based
on an average back-scatter due to wind speed must also
include the variation in modulation of the backscatter
dug To waves.

c) For moderate winds but high sea state the swell direction
appears to be more important than wind direction.

d) The azimuthal smear, which is common to SAR imagery of
icebergs appears greater with higher sea state.

e) In this data set, X-band SAR imagery appears to detect
icebergs movre clearly than does C-band imagery. This
conclusion may differ from those of other investigators,
such as the Eurepean Space Agency.

It is expected that further work on these and other
data collected during the project will be undertaken. in
particular, the effects of azimuthal swmear is of great
interest to the probiem of using SAR for detecting fcebergs.
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[11.9 CONSIDERATICGNS OF DEPRESSION ANGLE

The product of two Tndependent factors determines the
average vreceived clutter from a rough ocean for a given
radar: the radar cross~section of the ocean at a particular
viewing geometry, and the illuminated area. For SLARs, both
the geometry {depression angle)} and the resolution cell size
change across a radar swath.

Several models have been developed Tor estimating the
ocean ciutter; e.g., by Sittrop (1977) for near grazing
angtes, and by Chan and Fung (1977) for intermediate angles.
Examples of the vradar cross-section for hovrizontal {HH)
pelarization are shown 1in Figure I111-44 for these two
empirical modeis. At high wind speeds the wodels do not
merge well, possibly because of the Tack of data in the
original data sets.

To estimate the effect of SLAR viewing geometry on ocean
clutter, the Chan and Fung model was used for various slant
ranges and altitudes., The results are shown in Figures 111~
45 to 111-48 for wind speeds from 5-40 kﬂ{)tss viewed
cross-wind, The detvrimental effect of fncreasing alttitude
and far vrange can be seen. bse of Sittrop's model

ta

{applicable at far vanges) would accentuate the trend shown

In additiaﬂ to the clutter estimates. the target

strengith of i1ce altso decreases with decreasing depression
aro?e {(Onstott et al. 1979}, ATLuough icebergs do noi neces-
sarily show a flat ha%zyonbai surface to the vadar, the trend

will be to Tower radar signatures fovr far ranges.

Therefore, to detect icebergs best, SLARs should be
flown at qeﬁcrai'ﬁy'iower altitudes. At a given altitude,
there 1s an opt imum range for detection; typically ]0 30 k.
Of course, the altitude will be constrained by opevrational
factors., such as turbulence and aiy traffic control.

For SARs, only the ocean and ijce raday cross-sections are
ve?evaﬂt Therefore SARs can fly at higher altitudes and
took with a viewd ﬁg angle well offset from nadir to reduce
the depr05310n angle, This offset could have another
advantage in increasing the integration time of the SAR looks
and hence increasing the probabiiity of detecting a bobbing
iceberyg.
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111,10 RESULTS

The main results from each analysis are brought together
here, particularlty to estimate iceberg detectibility as a
function of the parameters described eariier. These results
were presented at a small technical workshop held in Toronto
on 28 November 1984, and the results of that discussion have
also been incorporated here.

Icebergs that were observed during the BERGSEARCH "84
experiment were categorized according to WMO fceberg size
clasgification (see Table III-1). ATl data presented in
diagrams and tables of this section conform to that standard.

PEL.10.Y  TARGET DETECTABILITY BY ICEBERG SIZE

The number of targets detected by iceberg class, for
each radar except MARS, during flights on Apvril 3, 5, and 7
is shown in Figuvre I11-49, Figure [11-49 shows that all
radars (AES, TIP, and STAR~1) were 06-100% effective in
detection of surface-truthed tavrgets of the medium size
cltass. For the small size class, STAR~1 had a 100% success
rate, whereas 1IP and ALS detected 96% and 85%, respectively.
in the bevgy bit class, STAR~-1 detected 81% of the verified
targets, whereas I1IP and AES detected 71% and 58%,
respectivetly. Foyr the growler class, 1P detected 9%, AES
17%, and STAR-1 49%,

Pata presented in Figure 11149 ave also tabulated in
Table 111-57; percentages ave caltculated as & vatio of the
number of targets known to be in the area from surface
measurements compared to the number of targets appearing on
the imagery. Table I11-58 also shows the pervcentage of
targets detected by the MARS aircraft for April 5. Because
the data fTrom the MARS aircrafi cover only one day the
results are not divectly comparablte to results obtained by
the other atrcrafi during three days of data collection.

PTE.10.8  TARGEY DETECTABILITY BY SEA STATE

Figure 111I-50 shows targel defeclability for bergy bits
as a function of sea state, Tovr each radar except MARS fov
bergy bits, Figure III1-51 shows detectability for growlevrs;
there were insufficient data for some days. Table 111568
gives the numbey of targels detecied compared with the number
of surface-checked icebergs fovr each radar and sea state,
Atthough the results are sparse for some sets of parameters,
in geneval detectability decreased measurably as sea state
increased.
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I.10.3 TARGET DETECTABILITY BY ASPECT ANGLE

Figure I11-52 shows the target detectability fTor bergy
bits as & function of radar aspect angle on April 7.
Although there are variations from radar to radar, the
general trend is that detectability 1s best when the radar is
looking cross-wind, is moderately good when ltooking downwind,
and is worst when Tooking upwind., Table I1I-59 summarizes
detectability data by aspect angle for the various iceberyg
size classes.

[TI,10.4 TARGET DETECTABILITY BY RADAR

Figure 111-53 shows the detectability of targets by
size class for SAR (STAR-1)} and SLAR systems {(AES, IIP, and
MARS). For the medium icebergs and larger, the performance of
both types of radar 1s about 100%, under the conditions
encountered. However, as iceberg size decreased, the
relative performance of the higher-resolution SAR improved
over that of SLAR. Table I1i-60 shows the ratio of targetls
detected to the number actually known to be present for each
size class and radar type.

L1006 TARGET DETECTABILITY BY ALTITUDE

Figure I11-54 shows target detectabitity by size class
as a function of rvadar alititude for 1IP and AES SLARs. In
general, detectability of targets in the bergy bit and small-
tceberg classes increased as altitude decreased., However
the detectabé%iiy of growlers does not appear to be greatl)
affected by attitude. Perhaps detection of growlers ig mor
dependent upown other factors. Table I11-61 compares m
aumber of targets imaged with the number known to be present

F?”Dl\u

I1.10.6  TARGET DETECTABILITY VS, RADAR RESOLUTION

Figure I111-55% shows the percentage of icebergs detected
as a fTunction of the ratio of icebevryg avea to radav
resolution celdl size for SLAR and SAR, If resolution cell
size Were the only factor in determining detectability., then
the percentage of tavrgets detected @hatfd increase
monotonically as a Tunciion of the X-axis variable., Cleavly
other factors, such as sea clutter, are affecting
detectability. Henge radar reaoiua fon 13 not the sole Tactor
controtling the detectability of small targets.
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PIT.10G.7  TARGET REPEATABILITY

Table [11-62 summarizes repeatability of detection of
17 verified targets {(two small icebergs, nine bergy bits, six
growlevrs) on April 3.

As can be seen, each radar detected more fargets by
flying repeated passes. Not suprisingly, the growlers were
seen less often on all passes. The limited results shown in
Table 111-62 suggest that two or three passes DPOVide
significantly greater detectability than a $1ng!e pas
although flying more than three passes probably does not ddd
stgnificantly,

1I1.10.8 PRECIPITATION EFFECTS

table [11-63 tists the number of passes that comta1wea
clutter atiributed %o precipitation echoes. Imagevry frowm the
SLAR systems showed that 10-20% of passes contained some
clutter ativibuted to precipitation. Because the aireraft
were Flying at different times. it is not possible directly
to compare individual radars. For the SAR system however,
ratn clutter was present on only 2% of the ;*su s. It appears
that the doppler ;h4fz ot rain enables the SAR processor to

“tlter out rain echoes.

Gpﬂ?d jonal results using SLARs in this region suggest
t the high percentage of precipitation clutter given here
15 EﬂOMJZQUSS perhaps because Tocal storms co-~incided with

!

the experiment flight times.

TE1,10.9 PLOTTER RESOLUTION

Table 1I11-64 shows a comparisoen of the vadar
resolutions at various scales to the standard plotter
r@toéut?OF For a 25-km swath, the plotters are reasonably
well matched to the radar resolutio % although the smallest
target is Tess than 0.1 mm fn size. Howeverg for 50~  and
100-km swaths, the “ad&v r@S@Iua ion is finev than the plotter
resotution, so that information is lost during plotting.

1

In geneval, the smali-format (10-cm) di splay is not
tTdeal +dor detection of small targets. S i igni f?baﬂ'
opevrationg] ’npvovemcr* could be achieved by usiﬁg rger
plotters, especially for the wider radar swaths



TABLE 11i-672

Out Of 17 ¥hich Were

Targets
On 3 April

Number 0OF

Repeaied Passes

Passes
Three

Number of
Four

Five

One

None

9
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TABLE 111-63

Precipitation detected

Number of passes Number of passes Pevrcent
Alrcraft examined with clutter precipitation

MARS 38 8 21
AES 60 14 23
Iip 70 7 10
STAR-1 b8 1 Va
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TABLE I11-64

Plotter and Radar Resolution

(a} Motorola SLAR;, 10-cm image display

Swath (km) 25 50 100
Radar range resolution (m) 30 30 a0
Range pixel size (mm) 0.12 0.06 0.03
Approximate radar azimuth

resolution {(m) 20-275 A% 450 90-900
Azimuth pixel size {mm) ¢.08-0.90 (0.09-0.80 0.08-0.90

Note: plotter resolution approximately .07 ma {?)

{h) STAR-1 SAR; 20-cm image display

Swath {km) 25 50
Radar range resolution (m) 6 12
Range pixel size {mm) 0.06 0.06
Radar azimuth resclution (m) 6 6
Azimuth pixel size (mm) 0.06 0.03

Note: plotter resoluticn approximately 0.07 mm
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{I11.11 CONCLUSIOQONS

A technical review of the results presented here was
presented at Atwospheric Environment Service in Downsview,
Ontario, on 28 November 1984, during which meeting the
following general conclusions were reached.

It is possibie that the detectability of growlers and
bergy bits given heve are somewhat pessimistic, because they
are averages over the entire week. It was felt that results
colliected on the final days were enhanced by the experience
gained during the initial days of the experiment. Hence, 1in
an opevational situation the results might be better on
average. Also, the Timited number of verified targets {less
than 50 total) needs to be considered.

The major Timitation of the experiment was the low sea
states encountered. Further work should be carried out to
evaluate airborne radar systems during higher sea states than
those encountered during BERGSEARCH ‘84,

ATy photography should be used as often as possible in
conjunction with airborne radar operations. The use of ai
"

photos is very effective in verifying the existence o
tavrgets detected by the radars and, thevefore., acts a
standavd against which to evaluate the performance of rada

upder given envivonmental conditions,

o g

¥

As Global Positioning System (GPS) will not be available
until the tate 1980s ov early 1990s, an interim measure is
needed o ensure accurate positioning offshore. A possible
sotution might to be moor a set of veflecting buoys at a
known positiorn on the Grand Banks. The buoys should be
arvanged 1n a distinct pattern which would be recognized
unambiguousty on radar Jimagery. When imaged, the difference
between the known position of the buoys and the computed
position of the aircraft would give an indication of aircraft
INS drift.

I't is important that efforts be made to determine the
number of repeat passes needed to be made over a given arvea
to ensure detectability. This is crucial for missions far
from Tand when it becomes necessary to minimize the number of
repeat passes to maximize the areal coverage.
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IT 1.1 DETECTABILITY

bstimates of avevage detectability for dcebergs of
varjous sizes in significant wave heights below 2.9 m,
based on comparison to avajlable surface and air-photo
information for April 3, 5, and 7, are Tisted according
to size category:

Growlers {<100 me are } 10~ 50%
Bergy bits (100-300 m“ aren) 60~ 80%
Small icebergs (300-2500 m“ area) 85-100%
Medium and large icebergs 100%

These vresults are fromall radars and at all aspect
angles combined. Optimum results are expected to be
better than these averages.

The repeatability of detecting confirmed targets from
pass to pass showed that target detectability (especially
for growlers} increased with vrepeated passes. Two
factors can affect single-pass detectability.

a) Small dcebergs were observed by surface observers Lo
have significant vertical bobbing motion. It is
possible to have a bergy bit or growler substantially
submerged orv obscured by waves at any pavticuilar
point in time. Radavrs that average over a period of
movre than a few seconds are expected to overcome this
problem.

b) Targets in close proximity to one another have
signatures that blend together.

lceberg detectability decreased with increasing sea
state, particularly for smaller targets. However, this
experiment did not encountey conditions above 4-m wave
height, and thus it is not possibie to confirm how
detectability will change for higher sea states. Higher
resolution systems appeared to be more successful for
detection of small targets as sea state increased, which
is in agreement with theory.

Ships, icebergs, and small floes of sea ice generally do
not display different radar target sfgnatures on either
SAR oy SLAR analog imagery. Occasionally Targer
icebergs exibited distinctive shape information on SLAR
which was sufficient to make a positive and correct
identification. On SAR all targets were smeaved in
azimuth, No attempt was made in this study to
distinguish targets on the basis of vradiometric
information,

Smaller targets appeared to be more visible and more
easily interpreted for lower-altitude SLAR passes.
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LA1.2 ASPECT ANGLE

Detectability of medium size and larger icebergs was not
affected by aspect angle for the wave regimes encountered
during the experiment.

Smaller icebergs, bergy bits, and growlers are slightly
more Tikely to be detected Tooking in the cross-wave
direction. This is due to decreased sea suvrface return
and a lower tikelihood of targets being obscured by
Waves.

For SAR, wave signatures in the upwave or downwave
direction closely matched the azimuthal smearing of
iceberg targets so that the lTatter could not be
distinguished readily. The azimuthal smearing of targets
looking cross-wave gave a signature which was perpen-
dicular to the wave patterns seen on the imagery, thus
making them move visible,

SAL03 RESOLUTION

In Tow wave regimes, detectability of smaller targets
does not appeavr to improve greatly with higher

reselution., Heowever, in moderate sea states a higher
resotution detected more smaller tarvgets {especially
viewed cross-wave). It 1s postulated that the

differences would be even wore apparent for higher wave
regimes.

The better vesolution of SAR has Timits in detecting
individual targets in close proximity to one another
because the azimuthal smear signatures blend together.

il.4  IMAGERY INTERPRETATION

Typical aircraft positioning ervors of up to 5§ km were
found, which is probably inadequate Tor many offshore
applications and for refdentification of targets.
Updating te known position references is important so
that imagery can be used for ftarget verification, re-
identification, and iceberg motion. The availability of
the satellite Global Positioning System by the Tate 1980s
should alleviate this problem and will make possibie
registration of muitiple passes of data.

Automatic Tatitude and Tongitude gridiines on imagery was
very useful and speeded up data analysis.

The smallest iceberg targets are Tess than a single
resofution cell in size for all the radars used. Hence,
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carefully to the radar resclution, For example, a Z2b~km
swath displayed over 10 cmof filmgives only 0.12 mm pevr
30 m range increment, a size which can be missed easily
without magnification or which can be confused with dust
particlies. Interpretation of smaller, more subtle
targets reguired the aid of an eyepiece for all SLAR
passes and for SAR passes in higher wave regimes,

Precipitation echoes were noted in 10-20% of the SLAR
passes, but in few of the SAR passes. The doppley shift
of rain itseif appears to allow a SAR processor to filter
out rain echoes.

The dynamic range of scenes imaged is relatively high.
Therefore benefits are to be expected through operational
use of digital data to overcome deficiencies of the
Timited grey level availablie on film. Limited digital
analysis carried out in this project showed that iceberg
targets could be separated from ocean clutter on the
basis of signatl intensity 88% of the time witha b% false
alarm in 2- to 4-m sea states.
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IT1.12 RECOMMENDATIONS

12.1 OPERATING PROCEDURES

Flight Tines using SAR or SLAR should be flown to a given
wave direction so that targets are imaged cross-wave,

Repeated coverage is required to increase the probability
of detection of growlers and bergy bits, especially if
they are bobbing.

SLARs should be flown at the JTowest altitudes consistent
with operational constraints, ’nciud?ﬂg turbulence and
swath width, to¢ reduce sea clutter and to maximize
resolution.

The most accurate havigatiOﬂ system available should be
empiayod and navigation updates should be made to known

ferences off Shereo Conversion to the GTlobal
?ositéoﬂing System is recommended when available., Moored
reference vradar tavgets wmight be useful.

[t i3 important to match the output plotter resoluti
carefully to the radar resolution and to present the Fwim
in a format Targe enocugh for interpretation. A larger

scate of ?ﬁagmry would facilitate easier, less time-
consuming analysis,

The addition of Tatitude and Tongitude grid Tines on
imagery would be very desivable,

Imagevry should be handled with the greatest of care to
minimize dust specks and dirt pavticles which can be
confused with real targets.

f@w an iceb&' Jurveyg post-flight analysis would invaolve
ing addi éﬁia information souvces not Tikely to be
ava%%abic on board the alrcraft, such as:

previous ice and iceberg charts:

- comparison to kaown ice and iceberg regime;
- comparison to veported fceberg sighiings by ships
annd shore stations;

- compavison to reporited ship positions to eliminate
these as iceberg targets; and

- comparison to accurate chavts of shoals and Tand
references to eliminate the former as targets.

During a survey it is probable that all or some of these

additional sources will not be available. Such a post-

flight analysis should be performed by different
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personnel who are very famiiiar with the iceberg regime,
who avre monitoring, collecting, and piotting ship and
iceberg sighting information, and who are experts in the
appropriate analysis of radar imagery for icebergs. The
situation would be somewhat analtogous to an ice
technician and an ice forecaster, except in this case the
equivalent would be imagery analysis technician and
regional iceberg analyst.

12.2 FURTHER ANALYSIS OF DATA SET

More digital scenes need to be analysed to generate more
statistical data on target identification in an ocean
backgreumd A similar analysis should be performed on
passes with known targets established from ground data
In particular, the differentiation of ships from 1ceb@rgs
using digital techniques should be done to determine
whether such differentiations avre possibie on the basis
of the imagery alone. Calibration should be made using
the radar reflector data.

AddT ional CORS CV-580 data shouid be incorporated into

this data set, pariticulariy to examine the effects of SAR
azimuthal swmear, C-band iwmagery, and cross-polavized
achoes.

203 FURTHER EXPERIMENTAL WORK

Data need to be collected in higher sea states and wind

COﬂd?LiOﬂ% than were encountered ?n this experiment,
surface nd atr-photo information 15 essential,
paraicuéariy at the exact time of vradar passes and

documenting smaller targets carefully.

Trials should be undertaken with SAR using singie and
multi~look passes over & known set of targets 1o
investigaie means of reducing azimuthal smear for targetis
in close proximity to one another.

The experiment used SLARs at theiy optimum setiings and
swalth width. Howevey, i1 these sensors ave to be used in
regional surveys a 2Zb-kim swath width requires twice the
number of flight lTines of a 50-km swath. Additional
experiments should be performed with SLAR using 25- and
50-km swath settings over a known set of targets to
determine exactly what is Tost in going to the larger
swath width.

A theoretical and obsevvational study should be
undertaken on the distribution and duvration of growlers
and bevrgy bits calving off lavrger ficebergs in the
Hibernia area. Such a study might determine how far away
growlers travel from a source jfceberg and their survival
time undevr various environmental conditions. The
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motivation here is to determine a radius from the jceberg
of possible growler targets, recognizing that targer
icebergs are more readily detectable using airborne
radar.
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