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To ‘reliably assess the detection performance of
marine radars against iceberg targets a realistic model of
the normalized radar cross section is required. Previous
regenrc; indicates that the radar cross section of an
icdberg is directly proportional to the area of an iccherg

® préjected onto s plane normal to the  radar beam and that

aspect and 'o\;erall shibe ave secendary” Ehcove, PRystéal
descriptions of the iceberg. !urfa'ce i.mliicgte that in the

ol X-band ’.and "Ku-’band frquliﬂ_Cy l';llle an 'iceber! can ":\‘“\

modelled as a target composed of a number of large (on the
i A :

wavelength scale) slightly rough (on thée waveléngth scale)

surfaces, Empirical fitting of Ku—band_ scatterometer data

(measured normalized— radar cross i tues)—t
¥ - . A - "
average incoherent . normalized radar cross section

_  .statistical model for a slightly rough surface employing a

Gaussian surface height correlation coefficient shows that,
such a- model is applicable to a slightly rough iceberg
surface. The model at 9.5°GHZ ,(‘horizontnl‘pnlnriznrion) is
" shown to give good agreement with independent’ measurements B
made by other re-ear'cn"'; after making some general :
assumptions. It predicts that Cverttean petadleitten, wiLy

§tve WihaT | RoFaIITEEY CeEoiE. SEELTGRAT VAIUEYS MIgNEE T 4

frequencies will give higher values for incidence angles

less than -about 50° from the vektical. Through the use of . ;

\ standard target modelling techniques this normalized radar
? o : g :
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cross sectional model can be applied in a practical manner
: . .

to provide a quantitativé asse

ment of the detection
Lapability of icebergs on current commercially available

marine radars.
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CHAPTER 1

. -THE PROBLEM N Y

. & & Wi

1.1 THE ICEBERG PHENOMENA '

. Icebergs are: formed by the calving of glaciers. The
primary ‘sources of fcebergs (85-parcent) off the sast comst’
;f Canada are' the/ West G;,eenllnd gluci‘eru.‘ The remaining
sources are the East Greenland glaciers (10 pel"‘cen[) and
“EHe 196 SREIES) F KES TOEENEEE NiEt ©f BINeineve, TeLaud
(Dinsmore, 1972). The predominant ofean currents between
the west coast of Greenland and the east coasts of the

ls . s
Ellesmere, Devon -and Baffin Islatids cause icebergs produced

on the West coast of Greenland to drift north ‘along ‘the
Greenland coast, west across Melville Bay ‘lnd then south
along the east coasts of the Ellesmere, Devon and Baffin
Islands. 'fhe Ellesmere Island' i.cebergs join th‘i‘a proéession,
at the’most. northern point. The East Greealand iceberges
round the southern tiphof Greenland uith_nome'driftiG
directly westward dcross ‘the Davis St;ai: and then .onh“
while the remainder drift north deteriorating rapidly in
the warm West Greenland current’ v 1

Dinsmore (1972) reports that approximately 15,000

icebergs are talved each year from the West Greenland

e .
glaciers. An aderage ofs about 1000 icébergs reach a

south as the Strait of Belle Isle while about 400 r




»

-
notthers partgof the Grand Banks. The actual number

reaching thése areas .can vary quite considerably.
S :

& Continuous melting resultd in eventual total
v
oy

¢ disintegration, with the maximum southern extent usually

being the southern Grand Banks region. The "iceberg season"
off Newfoundland usually extends from April to July, while
off ‘Labrador and further horth icebergs may be present on a

year round basis. &

: - e : .
7 ?‘cehergl range in size ‘from small insigniticant pieces

to sizes in nz{ﬂ{rdu of many mllllonu of tonnes, and :h@r 5

above vner portions: take on'u mulntude of shapes, with no
ong iceberg having exactly the same shape as another. Their
spesific gravicy (ayeraging becween 0.85 and 0.30 grams per

cubic centlmetre) results ia almu: ninety percent of their

mass "'being under water. The continuous melting and the

force of the winds, waves and currents cause them to become

117

unstable and roll unpredidtably. They can also calbe.

“unpredictably into two or more smaller icebergs.

1.2 "n:s THREAT

n\ T
7 GTatial ice is s very hard “materiais ctherefore
icebergs pose a significant environmental hazard .to sthe
Sivine tr-nnsonltlon. fiahing,'nnd offshore-- hydrocarbon
industries. A collision befween a vessel or an offshore
.‘pl_ltformh-lnd an iceberg cap result in severe damage being

¥ i . i :
sustained or even a sinking. As a result of th; increased

:‘ P oA ¥-? : ‘ .

i x ;-—
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hydrocarbon exploration in the Eastern Canadian Arctic, off
the coast of Labrador .and of f Newfoundland, marine traffic
and offshore drilling activity has increased conaiderably.
The 'probability of the installation of large offshore
Production platforms and the utilization of both giant
liquid natural gas carriers.and oil tankers highlights the
need for methods to reliably monitor iceberg locations and
stated that i:erbergs -pi:ned the/ most serious environmental

thrgat- to offshore drilling activity in the Labrador Sea,

‘while Blenkarn and Knapp (1975) considered 'them to he the

most dramatic  phenomena facing .drilling .activity on the

Grand Banks. : - -

1.3 CURRENT ICEBERG MONTTORING TECHNTQUES

In 1912 the "unsinkable" passenger liner,‘tl}e L )
Titanic", sank after colliding with an iceberg about 200
nautical miles northeast «of Newfoundland. ‘A conaiderable.
loss of life resulted. This catastrophy precipitatad in
the formation of the{lnten‘htianal Ice Patrol (1TP), dn
organization: operated by the United States Coast Guard

(USCGY. and tunded by a number of ¢ountries. The primary

* responslbility of the IIP &s to monitor and report to

mariners the locations- of the icebergs ':h.( ‘reqnant the
shipping lanes’ and - fishing areas off the east coast of
Newfoundland. They rely on aircraft and ship observations
for their information. The poor weather conditions which

-3- . -

¢

.
micro and macro drift trajectories. Indeed, Duval (1975)




frequent the area during the iceberg season makes this task
_ extremely difficult. The USCC has derived an iceberg
classification system which .-ll used by the IIP and adopted
by the World Meteorological Organization. The system is
based on the size and shape of the above water portion of i
the iceberg. Table | shows the classification system.
-

The nedd op caiibls Sighoard Tragking G Scebeiu :
under all weather d(.y or nig'h; conditions is evident. In '
1935 the French. liner "Nnrmn;ldie" was :ha‘firll cammerci;l 3
vessel to be equipped with a civil marine radar (Williams,
1979). Because of radar's almost all t;e-:her. day or night

detection capability, it was initially thought to be of

& considerible value in detecting and tracking icebergs.
However, a number of studies and numerous observations have
shown it to be less relilbl; than initially b'elie\{ed. The
current requirement. of highly reliable close tactical

Umowitorfug of lHeeberes mecesaitates tam accorate

\
quantitative evaluation of the utility of

arine radar. 2

e
1.4 RESEARCH OBJECTIVE

“This research was specifically concerned with' the

development of a realistic X-band normalized radar cros

section model for an iceberg surface. Specifically, the
frequency of interest was 9.5 Gigahertz (GHz) which- is

commonly used in commercial marime radars. There have been

a number of studies undertaken over the past forty years

-4
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TABLE 1 - ICEBERG SIZE/SHAPE CLASSIFICATION SYSTEM (Murray, 1969)

1. (a) Size (all types but tabular):
p . " S — SMALL — height less than 50 ft; length less
Lt than 200 ft.
M — MEDIUM — height 50-150 ft; length 200400
L—LARGE — height 150.255 t length 400700 1
VL — VERY LARGE — heighl greater than
ft3length greater than 7001
(b) Tabular bergs: =

\
S—SMALL — height 20 ft; length less than 300 I!.
M'e 'MEDIUM — height 2050 1t; length 300-700

L— LARGE luxll\l greater than 50 ft; length \

- nu 109
ter portion only. If the &
\ hzl(ht and Iam.h o a b«: e s I heerent 1ot chas
N sification, the larger size is used.
2.Type
. (-)BLOCKY (B) e Sluv precipitous ddshgiih
. (b) DRYDOCK rDK) Eroded such that 1 large /

. shaped slot is _formed, with twin columos or

Shlenmd“nlnmuurhlw close
() BOME (D) — Large smooth roéinded top. Solid-

@FIN LED (P) — Large central spire or
mid of one or more sires dominating thape
. massive than dome haped berf of similr dmen-

(e)TABUun (1) — Horizontal or flat-topped berg
‘,tmn;hx ratioof 5:1.
lnBEKG BIT — A mas of glacial ice smaller than
Zuwier; sboul the size of
. 2 uum Small berg or large growler is pre- g

ferred'
l.l)gggm—Ameuhuﬂuﬂuthlulnd

or is the remains of a berg. ‘A growler
hhas a beight of less than 8 ft and a length of less
than20ft.

ags




which examined both quantitacively and qualitatively the
detection of icebergs by marine radar. Although the factors

affecting the detection of a marine target from-a shipborne

marine radar are well known s key limitation in assessing

theif perfo nce is the lack of knowledge regarding the

radar cross section of an' iceberg. None of these studies

have involved the development of a general normalized radar

cross section model which' has been verified by measured
results and can be used to determine the total radar cross

section of an iceberg. \ ] “

Tie Teseiteh obyaetive Wede wis to develop Just such a
model. It involved a review of the principles of operation
of a marine radar and the factors -uec;in;‘ its
performance, a comprehensive review of the literature
describing the radar detection of icebergs, with the
extraction of relevant data, and “the development of a
X-bapd normalized radar cross section model for an iceberg.

Methods by which the model can be applied~were also

examined.




CHAPTER 2
MARINE RADAR a

2.1 INTRODUCTION

This chapter Cconcerns itself with "the basic
principles of dperation of a commercial marine radar.
A detailed discussion of the radar equation 'ia also
included. The effect of variows environmental ‘factors are

also described. ~
2.2 BASIC DESCRIPTION

Marine radar’ is an -active microwave remote v"““nu
diide, Stamterd woswereial vaars teanswit enersy in the
pulsed continuous wave radar mode. In this mode a short
burst of electromagnetic energy is transmitted (typically

I microsecond long or less) periodically. Thexpun.e‘

consists of a number of cycles of electromagnetic
7

energy-

at one frequency. The time delay between transmission of

the pulse and the return of the reflected-pulse/ from a
target is used to determine the range to the tarfget. Thg
characteristics of - the return signal (agplitude,

statistical variation, etc.) may provide some iphformation,

| \
regarding the target itself. The  pulse epetition
frequency (PRF) period or thh time peripd between

: o n

transmitted pulses determines _th

-7-
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unambiguous- range to which the radar can detect targets.
Most radars operate over a large number of range settings
(typically varying from around 0.25 up to 64 nautical
miles) with the PRF period fixed by the combination of the
maximum range setting and the . partidular pull‘e length

utilized. N

ic

Figure | shows a simplified view-of the b
radiation pattern. The vertical half power (or 3 decibel
(db)) beamvidth ( B) is usually about 15° to 20° wide to
.help compensate’ for .tha roll of the ship. The 3 :db
hor‘i:unlll beamwidth. determines the _azimuth rau‘olu;ion
.(r.) at any given range whereas the pulse length in units
of distance defines the range resolution (r;). The actual
tesoiution eeil sres oa the osean surface may e
lppraxin.ted._.in the case of marine radar, by the
rectangular area, r, r.} or by the equation:

vy P Rc’x tan (8/2) : (1)

where, R is the range,

c is the velocity of propagation of the’
electromagnetic waves, .
T is the pulse length, and,

"9 is the horizontal beamwidth.

Figure 1 also shows the resolution cell geometry. -
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'de:ac:ing a :urg‘é:. If the clutter level

> 2 i

i ermechn;icnil} rotating the (transmitting/receiving)
antenna or elec!ronic‘llly rotating the beam at a can!l’.nnlt'
speed ‘(usually around 20 to 30 revolutions per minute)
while transmitting and receiving energy,-a 360° view
around a ship is obtained. Usually a number of PRF periods
are exceeded before the antenna turns through 6 so :h;t
the azimuth resolution is maintained. The returned energy
is typically displayed on_ a cathode ray tube, commonly
called a plan-position indicator (PPI) display. The PPI
shows the returns from targets in polar co-ordinates.

..Hn;{ dakine wagars operars with careier Frewnedeies’

and

((reqhenc%’within the transmitted pulse) in the
x-band wegbone of _the electromagnetié spervruns Yraniiy
they employ frequencies -around 3 (s-deﬁ) n;d 9.5 (X-band)
Gz, having: wavelensths iaround 10 snd 5.5 centimetres,
respectively. Horizontal polarization is usually utilized,

although circular polarization is also employed to provide

improved performance when precipitation is present.

The ability to.detect. a target by radar is governed
by the .signalsto-clutter or the signal-to-noise ratio.
Clutter is the unwanted signal r‘e[urn:d from the area
ardund a target, while noise i‘%normnlly system noise
generated withih the radar. When the clutter is greater
than‘lhe system noise level it is the limiting factor in

sufficiently

hixhﬂu‘t]rgel may*go undetected. For marine radar, clutter

-10-




WUl B8 £66 Fetuth: Biow teled suilice o pikelnitabions
System noise is the Alimiting detection factor in the
absence of clul(er: In a standard radar receiver a
signal-to-noise ratio of 10 db is typically required to
provide a 50 percent probability of detection for a given
'[ﬂ‘rgat.

2.3 THE RADAR TRANSMISSTON EQUATION
e | u

| s

The radar trangmission equation for a marine radar

system in which the same antedna is used for both
transulsaion’ and ceception Way bel predested In the form

(see, for example, Skolnik, (1970)):

2 4
; P P G’ U)\ i (2)
(am )
where, P is Xhe received signal pover, v 7

P, iw_tht transmitted signal power,
G is the power gain of the antenna,

0 is the target radar cross section, ~

Y X is the associated wavelength of the radar
frequency, )
F is the pattern propa;azlon factor,
?l the antenna-to- urge: dn:-nce or nnge, ;nd,
. L is a summation: of I:he system anc.l atmospheric

loss factors.




P and F[ are usually given in units of watts, while
R, and X are normally in units of metres, yards or feet.
The radar cross section, g , can have units . of square
metres, square yards, or square feet. The remaining terms
are dimensionless. 2

The following subsections provide a more detailed
description of the terms utilized—in equation 2.

e

{2.3.1 Transmitted and Received Power

)
The transmitted and received power can be defined a
number of ways; for example, peak or average power may be

used. The primary consideration is that the same form ‘be

used for both Pr and P_. Peak transmitter power is
normally used in the description of a particular radar
system, and its value can easily range from 10 to 100

kilowatts.

2.3.2 Antenna Power G

N

The antenna powek gain may be defined as the ratio of
maximum radiation inten;izy from an_‘antenna to the
radistion intensity from an isotropic source (10/”1“.)
with the same pover input (Skolnik, 1980).. The power gain
is related to the di.reé:ionqlity of' the antenna. The power

gains of marine radar antennas are typically around 30 db

2~

relative to an isotropic source.

. -12-— . 3
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2.3,3 Radar Target Cross Section
-~

e

The radar target cross section has units of area and
may be definéd as "the.area intercepting that amount of

radiated power

Which, when scattered isotropically,
e

o i "
produces an ech& equal to that received from the ohject
(Long, 1975). The radar cross section is a complicated
function of the dielectric properties of the target at the
particular Erequency, its genmetr#e angle of incidence
and its surface conditions. In addition, it can depend on
the particular polarization transmitted.

The normalized radar cross section, or backscatter
coeficient, O, is the radar cross section per unit ares
of target irradiated surface and has a dimensionless co-
herent” (bg- specular) and incoherent ”component. The
coherent compopent is that obtained if the surface is
smooth and _amplitude and phase can be calculated fairly
accurately mathematically. The 'incoherent component rises
because of the presence of roughness. Tts phase and

amplitude are random and statistical modelling is, usually

required to predict its value (see, for example, Rarrick

(1970)).

L =13- 8




2.3.4 Pattern Propagastion Factor 16 .
N
The pattern propagation factor may.be defined as the
ratio of the electromagnetic field strength at a point in
free space above a surface to that ‘which would have been
present if free space propagation applied in the absence
of the surface and the point was in the radiated pattern
maximum (Skolnik, 1970). Propagation over, a smooth earth
.(or sea) results in refle;(ion of both the tr;nsmiued’ and
target reflected energy from the surface. The surface
reflected energy causes destructive and constructive

inter ference at the target and the antenna., Figure 2(a)

iflustrates the geometry involved for a smooth £lat earth’

case and 2(b) demonstrates the variation in the
) propi!lti'ﬂn factor with range for a point target above a
smooth flat earth. Figure 3 shows an alternate way of
demonstrating the effect of the pattern propagation
fac illustrating that the antenna pattern is broken
in a lobe structure. The expression shown in the figure
gives the'angle in radians which the lowest lobe makes
with the sur face when the.radiated energy is transmitted
horizontally over -the surface. The expression also shows
that for the same .eluvn:iuw the height of the lowest lobe
is inversely proporqionLl to frequency. Thus, higher

frequency systems (X-band opposed to S-band) in this

-m}-cio\ should be able to detect low lying targets

better.




lmfl'":l 1..

(b) TYPICAL PATTERN PROPAGATION INTERFERENCL PATTERN FOK A
INT TARGET ASOVE A SHOOTH SURFAC!

O

FIGURE 2 - GEOMETRY CAUSING PATTERN PROPI\&A"I'ION JNTERFEREN!‘;E
AND TYPICAL INTERFERENCE PATTERN
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4 =Wave Length
h,=Antenna Height

FIGURE 3 - RESULTANT EFFECT OF PATTERN PROPAGATION FACTOR ON

ANTENNA PATTERN &

\ S
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The ocean surface is seldom perfectly smooth and thel
reflection off its surface (both forward and backward)'is
oiften considevably Teduced. ALY mur‘ine"ts'rze(s are
usually vertically (and horizontally) extensive in their
dimensions, resultidg in an ‘averaging effect on the

.
pattern propagation fdctor. For these.two reasons
researchers often ignore this factor by, setting its value
to 1. Its effect however does show up in the received:

signal ofpoccasion as illbstrated in Figure 4.

‘Fﬂc[ﬂl’i-‘\
N

The losses include both slysl:em losses and those
caused by the-intervening atmosphere. If the measurement
of the received and transmitted powers are not made at the
antenna u\e_n/);-e system losses will include waveguide,
antenna, and “uplexer losses, These usually vary with each
particular installation but Cin, be NeAwiERd oY GHIEVLEE.,
For -:anninﬁ radars an. antenna pattern lgss Escto‘ must

the

also be included. 'l::|e atmospheric loss is caused by
absorption of energy by the gas molecules. Normal
itmosplieric Iovs is veiy wall GVEF the ‘wanks OF oparation
of a marine radar (around 20 kilometres). Thé pr:uence,of
fog and precipitation (rain, snowy et}.). depending on its
concentration and type, can cause considerable

attenuation.

-17-
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2.4 OTHER FACTORS AFFECTING DETECTION PERFORMANCE

2.4.1 Refraction

RéEeaction ©n the besdleg ©F Ehe EaOEE fA¥N TP UBE
earth's *atmosphere. The vertical index of refractioh
depends on the temperature, pressure and water vapor
content of the atmosphere. Refraction may cause the radar
horizon to be extended ‘or ‘reduced. Figure 5 illustrates
these effects. Under standard atmospheric conditions the
earth's radius seems to be effectively increased to 4/3
times the actual physical value (curve A, Figure 5) as far
as radar ranges are collvcern.ed. This factor is raﬁur:ed to

be between.6/5 and 4/3 in Arctic climates (Skolnik, 1980).

1f the index of refraction were to increase rather
vivan deeranse wich aleituds then subrefracrion «wiil occur
(curve B, Figure 5). .This copdition results in the radar
being bent excessively upward, shortening the range of

surface target detection.

Superrefraction occurs when the index of refraction
decreases excessively with height causing the horizontal
radar rays to propagate par:llel to the enr:h'; curvature
(not shows in the Figure). This results in ag infinite
horizon distance (Blake, 1980). Such a ray is said to be

“trapped".
PP s
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VARIATIONS ON RADAR RAY PATHS (A - Normal; |

« % B - Subrefraction; C and D - Ducting) |

{ ’ (Budinger, 1960)
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Ducting occirs when the rays are -bent downward with .a
greater crvature than that of the earth's surface (curv\as
C and D, Figure 5). So called "evaporation duéi." exist
over the ocean surface almost all the time, and in the
North Atlantic the median value of the duct thickness is
10 metres in the summer and 30 metres in the winter
(skolnik, 1980). The occurrence of surface ducts will
it minave, rocipes e Wiew te Have rather increased
ranges of detection beyond the radar horizon through’ the
method ‘uf pn’)pagar_iun, and .bécause the spreading of the
cadisted “eperzy will pecds predoninately only in the
horizontal direction (the R term in Equation z‘unl’ have a

second as opposed to fourth' power). TIf the tadsw da
located above the duct it may ::n detect :argeturwi[hin
the duct (such as growlers or bergy bits). The range
information may be rather inncc;urat_e for targets detected
within a duct because of the propagation method. Also,
when operating within a duct sea clutter will be t:liuplnyed
out to a much greater rlnga’becubse the attenuation caused
by spreading will be reduced. )

e

2.4.2 Diffraction ’ : £

Diffraction causes radar rays to bend around thel

earth's surface just as light bends around corners. Thigy
phenomena:’is f':eqluency'uuitivz and inéreases With
increasing wavelength. The .result is an extensidn of the
radar horizon, although at standard marine radar

-21-




frequencies the increase is small. Because of diffraction
S-band is often”mistakenly thought to be preferable over

X-band radar. i

/

2.4.3 Sea Clutter ) =a

The radar teturn -from the sea surface is called ses
clutter. Its level and extent is dependent on the sea
stats. Nathanson (1969) undertook a detailed-tabulation of
sea clutter levels over a 'range of sea states, grazing
angles (angles with respect to the horizontal) and
R fuque'..ciu for both horizontal and vertical polarization.
The tabulation showed that the average normalized radar

cross section of the sea surface inecr

d with grazing
angle, sea state and frequency. The normalized cross
section let‘ll to be greatest in the upwind direction
(Long, 41975). Because the clutter is distributed over the
surface, the average radar cross section per resolution
cell is the product of the resolution cell area and the
normalized radar—cross section at that plrticu.llr range
Cor, alternately, grazing angle). ,Ln:"-cuul radar cross
section will vary widely, and detection of a target in
clutter is highly dependent on the fluctuation statistics

the

*of the clutter and the target signal, as well a

overall amplitudes of the two. §



2.4.4 Weather Clutter ¢

. The presence of meteorological particles resulting

from fog, rain, snow or hail_can cause a clutter problem

,as well. 1In . general, lower frequency radars are not
susceptible to these particles but these weather echoes
can be qyite ‘strogg at the highér frequencies (for
example, at X-band (requ:ncie‘n). This type of clu’l:er can
’Lmlsk a target just as sea clutter does. Unlii(e- sea
‘clutter, which starts at zero range and extends out almost

omnidirectional '‘from the radar antenna, to a range

determined by the sea state, weather clutter cdn occur in
.

small localized portions of the drea of coverage or it _

might cover the entire coverage area. Weather clutter is
generally somewhat different from sea cdutter in. its
statistical characteristics. Also, as it is a volumetric

phenomena its radar cro

section is determined _by
utilizing the volumetric resolution cell size at -the

particular range of interest. C s

Y .

2.5 DISCUSSION

The .foregoing chapter shows that the detectability
of a target by marine radar is dependent on a variety of

system parameters and

onmental factors. All of these
. w3 -
factors can and have been mathematically defined in “some

manner. The only critical unknown factor as Ear

icebergs are concerned is the radar cross section. In

. =23-



order to truly asses the performance of a given marine
radar system for the detection of icebergs, a model of’the

normalized radar cross section then must first be derived.

This can then be used to calculate the return from a given

iceberg model.
f
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CHAPTER 3
S

A REVIEW OF MARINE RADAR STUDIES OF ICEBERG DETECTION
3.1 INTRODUCTION

A number of significant studies have been undertaken

over the last forty years regarding thé asséssment of

iceberg detectability on marime radar. This _chapter
reviews the published research to date noting the

pertinent results,

3.2 UNITED STATES COAST GUARD STUDIES

3.2.1 1945-46 Program

The first known major study of the: detection of

icebergs by shipborne marine #radar appears to have been

en by the IIP in 1945 and' 1946. The \dlcu was

under
:oll‘ec/{ed in the Grand Banks region., The original
techfiical repores of this work are apparently no longer
available (Hammond, 1982). Fortunately a detailed abridged
report of the work, prepared by Budinger (1959), is still
available. . o

The study employed both X- and S-band radar to

measure actual signal return levels from icebergs a
function of range and aspect and fo record the maximum

-25- '~
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range of d‘etzctinn. Except for one particular test
horizontal polarization was employed. Photogiaphs of the
qic:bzrgc wel:e taken u;d, among others, measurements of the
projected ,physical cross sectional area normal to the
radar beam were made. Extensive and detailed
meteorological and sea state measurements were also
undertaken. .ln particular, measurements of vertical
temperature and humidity profiles were made for the first
»forr_y feet of atmosphere above the sea surface to
characterize Che” atmospheric propagation conditions.
Finally, measuyrements of the signal. levels df the sea
clutter return and the maximum range to vhick it could be
FeTectad vere soapaied’ With the es sewre awd wind

.
conditions.

o .
- .
Iceberg radar cross sections were calculated from the
1946 data but &' mix-up in the wavelengths provided
erroneous results (Budinger, 1959 and Williams, 1979). No

allowance was made for waveguide losses and a lack of

knowledge regarding exact antenna gains and aperturé a

alao introduced errors in the results (Williams, 1979). An

unexplained 15 to 17 db gain advantage of the S-band over

_the X-band system also “adds some confision (Budinger,

1959). Despite these sources of error some valuable
,result’s were obtained from these atudies. These are
discussed in the following paragraphs.’

\ '




The wixizes cange of defection For simost: Wil ithe
{EEbEEEY (ERLL WAL GNSEE Gf ENG WINEARSE €5 OWe wadis
horizon, although, both radars had very high peak
transmitted powers. It was suggested that one reason this

occured was the low reflectifity of the icebergs. Figure 6

T shows the relationship found between the projected target

area and the maximum range of detection for both
frequencies. For both frequencies the range is ‘shown to
be, in general, directly proportional to around, the fourth
root of\lthe projected physical cross-sectional area. The

scatter in the points was said to be attributable to

changes’ in meteordlogical (propagation) .conditions, the

difference in the proficiencies of the various operators,
variations in the surface conditions of the icebargs and
ewale disleneede propeaties, @nd VEEVARG Wem ;;nditiuna,
which affected the rdll of the ship. (only .the X-band
system was stablized).

Figure 7 shows examples of the signal strength curves
obtained. Although the afsolute values are unusable the
relative variation with range shows some important
characteristics. There was considerable fluctuation in the
signal levels but they do{in generals follow the 1/R" (R
being  range) curve and exhibit the typical 1/R% co 1/8°
Eeanwiticn wone, both of whieh ave p;edicslble by theory
(pattern proplgu[gn factor effect) and often observed for
ship targets. The transition zone, however, did occur at
a much shorter , range than that predicted for normal

-27-
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FIGURE 7 - EXAMPLES OF SIGNAL STRENGTH VERSUS RANGE CURVES
N (CBTAINED IN yscG 1945/46 PROGRAM (Budinger, 1959))




-

propagation conditions. The range at which the zone

occured® also did not seem to vary consistently in

it should have.

proportion to the height of the target

A tou?ui-on vas made between the signal return
from 3 ship an® an icebers. It was concluded from this and
otherqblervllh“\l_th-z iceberg 1\:: is a . poor radar
reflector. No quamtitative results v’re’given.

) ’ : & )
. / : ’

JThe effect of target aspect onjsignal return was also

B
investigated but no relationship w established. It was
: % . )

concluded that although different aspects may give rise to
widely varying signal strengths it appeared that

urements made from the moving ship resulted in the -

: % - "
s variations being random and unpredictable.

s 4
Comparisons between sea return and various ice

targets indicated that the presence of clutter in high sed

L states may be the limiting- factor in the detection of
small ice targets within the clutter region. The S-band
s, system seemed to pr’nvide improveddetection capability in
sea clutter. Vertical polarization was tested to detegmime
f0 G ABUIE GESAIE Innchved Ustedtion: ovaw Horlronbal
L polarization in sea clutter. No difference vas detected.

Detailed observations ~of ' the ne:eorol;;icll

~— conditions, correlated with target detection measurements,

indicated that subnormal radar propagation conditions (and

PO | e K © -30-




attendant reduced ranges of detection) exist in times of
poor visibility (fog) on the Grund Banks. This "is a

condition which is prevalent in that area.

3.2.2 1959 USCG Program
3

During r.'hhe‘ iceberg season. off Newfoundland in 1959

p the IIP Lauhched another major study of the detection of . 2
icebergs by X-band (horizontal poln'i:.non)_mu'a &adar

(Budinger, 1960). e eadir Wit Solluction techniguas

used -were very limila‘r to those employed in the 1945/46

program. Again the meteorological conditions in the Grand

Banks region were closely monitored and measurements B,

s¢a clutter levels made. A theoretical detetmination of

= the reflection coefficient of icebergs was dndervaicen mnd

' compared wiz‘}: a value derived from the data collgcted.
« Attempts were also made to correlal‘:e the variations in thy

i received signal levels with'the pattern propngn_ion

factor .\nd’ the il;nospheric conditions.

N
.

FiYure 8 shows the resul¥ant relationship between the

actual physical iceberg cross ™ Sectional area normal to the

radar and the haximum range of detection. The index of

correlation is 0.81 and the standard deviation is + 5,600

v (y‘ ds. The high value of the standard deviation is”
3 : .- :

atbributed to the use of data from’ a wide variety of

sources.' These included a large number of data samples

obtained fhom merchant .vessels and even some ~from the

. - T By .




’

(0961 ‘128u1png) 6S61 NI DISA AY QINIVIEO
SV vaav T9NO1103S SSO¥D, 0ILOICO¥d SASHIA FONVE NO11D313A WAWIXVA = 8 JWNO1d

1334 3¥VNOS NI NOILDIS SSOMD TVWHON
o1 - O '

T mTT T 1T N T T

TTT

T

kaNvarouuvd uanio ©
54iNg T04ivd 301 @

T T

TN

T
|

TITTT

LI

°
SOUVA 40 SONVSNOHL NI 3ONVH

T

or

L |

TMITTT

@ A



: e

1945-46 program. Budinger cautions that thé relationship
might not be valid for growlers and that the range of
detection for these may be less than that suggested by the

figure.

A =study of the signal fluctuatiops from a single
‘iceberg. at a constant range was undertaken. Over a four
hour periodx:he signal fluctuated by almost 10 decibels

{(db) and had a mean deviation of 1.9 db.

J

Budinger, .using the theory that the average ‘tadar
cross section of an aggregate of simple shapes in random
orientation is one half the total physical cross sectional
“apéia, atteapted to derive @ reflection coefficient From
his measurements. He observed that in the process of
waltin, The suELuce 6L &n iceber; takes on a pocked like
@ conorphology which could be wodaiied by an aggregate of
concave and convex curved surfaces having diameters
greater than the X-band wavelength. Unfortunately an
apparent mix-up in the calculations invalidates this work.
Hammond (1982) suggested that this is a mix-up in
vavelength as with the 1945-46 calculations, but the
-publicatiog clearly states that only an X-band system was
used in this work. Theoretical derivations by Budinger
showed that the reflection coefficient of an iceberg with
a water. covered surface is o.;:' while a_dry iceberg has a

’
value of about 0.26.

-33- %
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A comparison was made between the refiectivity of
ships and icebergs of equivalent sizes. The results
indicated that icebergs are 59 to 62.5 times less

reflective than ships. 4

. .
The effect of iceberg aspect on detectability was

also examined. Again,-as in the previous vro;;ram! no Eirm
quantitative relationship was established. .
. N
An analysis of sed return; bOEH theorstical @ad Erom
actual measuremenzs,»'indicuteé that growlers could be
masked by sea clutter. This work also showed that
theore:icxll; the refle:ziun coefficieat of ice and sea
water is virtually. independent of frequency and that the
relection coafficilent of fee is three times lasw than that
of sea ulte'r.”ﬂudinger reports that the t;eque*cv'
inependence was confirmed by the 1945-46 studies. Because
of the eapid ddirease with Taeidenes jangle Cup: wo; wbaut
60°) of the vertical polarization reflection coefficient
fortice vertical polarization was considered ‘inferior to
horizontal polarization for iceberg detectipn. .
-
© After an analysis” of the propagation conditions it
was concluded that ‘subnormal (subrefraction) propagation
" conditions .prevailed in "the Gpand Banks region,
particularly during the spring when icebergs and fog
‘dominate. The results. indicated, however, that no

frequency preference exists at sHort ranges. The

-34- . N




attenuation in fog was considered insignificant when

compared to other factors.
A comparison was made between theoretical fading and
maximum ydetection range predictions #ad those which
actually occurred on a particular iceherg. The correlation
between the actual and theorétical results was poor.

Budinger finally concluded with a warning that radar,

although an aid, cannot be relied .upon' ‘to detect ice
A}

hazards in the North Atlantic. 2
3 4
3.3 DECCA RADAR COMPANY RESEARCH | .9
- - . <
- ~ ° -

3.3.1 Perry's 1952 Study i

. 7

The first reported Decca Radar Company research into g

the detection of icebBrgs by marine radar was undertaken %
> 4

in the summer of 1952 (Perry, 1953). The study “wa

. conducted while Perry,-an employee of Decca, travelled by
ship on a return vogage from England to Port Churchill,

J : ’
Canada, through the Hudson Strait. During the passage /

Perry kept an extensive log describing the detecti of
variety of ice targets on the ship's radar under o i
range of weather and sea conditions. Where possible
“‘datailed iceberg size and shape data were also recorded.

No quantitative signal level measurements were made and

owly qualitative assessments,of the signal strengths on - »

35—
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the’ radar ‘screen were reported. Maximum detection ranges

were logged.

- Perry concluded that the detection ranges of

icebergs were quite similar to those from land of about

“the same height. He also found that-on all the icebergs,
5 {

at every aspect there was some geometric feature that gave
a‘substantial return. He (e}t that there were just as many
facets on an iceberg as. would be found on the face of a
cliff. nn.’uy', he concluded’ that the ‘orientation of
the wind direction relstive to the location of a ship's’
radar and ‘an iceberg has no EEE6EE Guviths quality of the
écho received as far’as it affects the,atmospheric
propaéuion conditions. He noted that, based on the sea

§ W -~
and air temperature measurements made, conditions for

subrefraction never existed.

Perry ~ also 'made some very pertinent general
observations regarding the minimum or shortest detection
range of a variety of targetg. The minimum detection range
of l‘lnd ifté having hummocks and ridges was found to be &
miles. Growlers and floebergs had a detection® range in
proportion to their size with the minimum detection range

being 2 to 3 miles in a caly gga. Heavy swells or a rough

sea was

ibly cause excessive clutter and

prevent detection of a growler or floeberg large endugh to

cause a disaster.

+ o-36-




3.3.2 Research by Williams e

-
In 1973 Williams published the results of a study on
the detectiow of growlers by radar. The effects of varying

a number of radar system parameters were examined.

Results of ‘measurements comparing a hig‘h resolution
(0.8° horizontal beamwidth) with a low resolution (2.0°:
horizontal beamvidth) X-band radar system using horizoneal/
polaization shoved EHar The Lowed cesoletion Wet was
better for detection in high sea states under s’trun“é wind
conditions, while the high resolution set provided’ longer
range detection of growlers in pack icé under -lower sea
states and calmer wind tondition' In the high sea clutter
conditions the low resolution set provided a much higher

o .

signal-to-clutter ratio. Williams stated that becsuse the

high resolution set was—Eheoretically superior’ these '

results give the first evidence of the bréakdown of sea
ey
clutter backscatter theory for very small resolution cell

sizes.

The test results also !ugge/ﬂted that i.?'r growler
det‘eclion a multi-frequency radar system yy be 'mare
effective than a single highly aaphil;icnted single
frequency radar; It was also pointed out that
theoreticalfy a S-band system does not radiate sufficient
energy ciole enough to the sea surface 'to allow reliable
detection of grovlers, even at short ranges (as was

37-
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explained in.Section 2.3.4).

Williams.in 1979 published a historical review of ice

S .
detection at sea by radar. Using data from the 1945-46 IIP
k)

work -he showed that the S-band radar system appeared to
provide improved gmuler detection over an X-band system

in high sea states (high clutter levels). Wide beamwidths

ru’e‘z\emuoyea in both systems. Williams Q979 alun\ -~

developed a theoretical model of ghe radar crosy section
uf. a growler. In dev!lonin‘grhis model he’mnde use of the
theory that the median cross ?Ectianal values of
irrebular “shaped objects can be approximated by their
physical cross sectional area projected opto a plafie
orthogonal to a line joining the radar apd the target. He
noted that the peak value occurs infrequently. A

spherically shaped model was used to, approximate the

groyler as it wa calculated to give the (lowest radar
c/;’,. section. !
o L

Using & peak value of 1 square metre or O dbsm
(decihela\r‘elltiva to one square metre) for the model and
reporting from earlier work on marine targets Williams
stated that the peak radar cross section would exceed the
mean by 10 decibels while the mean would exceed the median
by another 10 decibels. Taking the reflectionm coefficient
fnto account Williams concluded that -20 dbsm (median

‘o employ for the cross

N
value) is a more appropriate value
section of a growler. Using this model he also determined

®  -38-



-
that a small iceberg will exhibit a radar cross section

between 0 (median value) and 10 db (peak value), »
.
Finally, Williams concluded that in order to detect
growiers oit to) raiges of 1 té 5 eeuticel wilew aaveril
raddrs and poverfill anri=sea wlutter processing is
' «

required.

\
3.4 _BRITISH MINISTRY OF TRANSPORT STUDY

A
During the summer of 1952 .the British Ministry of
p .
Transpork.'in co-operation with Tramsport Canada and the
National “esearch Council of Canada conducted a field
program on a Canadian icebreaker :b.Qu'e‘:z data on the
radar detection of sea ice and icebergs using an X-band
system employing ‘horizontal polarization (Le Page and
Hiluefnhes 19593 The dave www collected along the
Labrador coast in the Hudson Strait and in Hudson Bay. The
work included the measurement of the.physical dimensions
>of the ice encountered, obtaining photographs of the
iceberg shapes, meteorological. measurements and

measurements of the signal Btrength of target echoes.

-

A number of pertinent results were obtained. -

Initially, the authors reported that the measured vertical

temperature profiles indicated that the conditions for

subrefraction never existed. Ocfasionally temperature

measurements did indicate that superrefraction conditions

Tl A-%- )

%, ¢,
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might have existed. It was found that except for foggy or

misty days every ice target was seen visually before it
was detected on the radar.”Subsequent calculations of the _
. modified refractive index obtained when tempfrature and
humidity data were considered adequate did show, however,
that subrefractive conditions existed approximately 75
percent of the time. The magnitude of the sub-refraction
was such that its effect would only be significant beyond
about 3 mila "'l‘h- possibility that- certain wind
duecnons re]_u:iva to the location -of ice.bzrg and :ae
.mp might create sub-refractive conditions vai exeptasd

and found to be unsubstantiated by the data.

L4
1

The average maximum detection range for growlers vas
found to be 5000 to 6000 yards. Under rough seas (high
clutter "levels gut to 3000 to 4000 yards) four growlers,
seen visually, could not-be detect.ed, although they passed

Neross ta the ohip. AL tisd vosndad surfores wed av Teask
one was of sufficient size to inflict damage.

Large icebergs usually gave good strong .echoes and
were detected out to 20 aifes. Wich the exception of the
four growlers not dateeted'lll the ice formations that

were sighted and approached within 2 miles of the ship

were det‘czad on the radar.
< .
A plot of projected target area versus the range of
detection n which the signal-to-noise ratio was 20 dB®

4“"'
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(Figure 9) .hu}g\d a definite relationship between the two.
A least squares fit indicated a 3.2 power law relationship

) 2*2 44, Ehe projected area).

existed between them ((Range
A comparison with the theorerival .detection range of an
equivaiaar aised 56E4L sonsTe Anatearad e e 180 €9
70 times more reflective than the icebergs. It was noted
that mediun and large icebergs having sheer sides provided

greater detection ranges than those with smooth rounded

surfaces.
\ PR -
iy .
3.5 NATIONAL RESEARCH COUNCIL OF CANADA STUDIES
~

Duri\n‘g the years 1953 mv 1957 the. Nat ional R:u:lrch
Council (NRC) of Canada carried out, ._un an annual n{ﬁ-,
an ext:nuiv'e invest'igation of ice detection by nirine
radar (Hood, 1953, 1954, 1955, 1956, and 1958). The data
coll Tectiton ‘togle p'l‘ar:‘e during the shipping season in the
Hudson Strait - Hudsop Bay region,. Both sea ice and
iceberg targets .were investigated. Data was collbceed
through reports submitted by marine traffic equipped with
commercial radars and transiting the area of interest. The
information obtained included descriptions of the radar
systems onboard the vessels, max@gum rafges ‘oi detection
for various ice targefs, measurements of the sea cluue‘.l.'
extent on the' PPI gdisplay, observations of the
detectability of targets in clutter, and measureménts of
the shapes and physical dimensions of targets, where
possible. Although no frequency information vas provided

¥ ~41-
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it is assumed that most of the radars were X-band, as
standard commercial radars usually operate at l\lil/’"
/
frequency. It is also, assumed that the, polarization-:was \\,\
huriz‘ontal. No quantitative signal level data was
/ collected. The physical cross sections for the targets
. ')ue derived by estimation from photographs and drawings!

These were called the radar cross-sections in these

reports.

DY

’ Figure 10 shows the relutionship found between the’ <
maximun detection range and the estimated radar cross

5 : ~

i .. sectional area which was given 7in the summary .report
. !

(Hood, 1958). The solid line is the locus of the fourth .
; . A

-/ power curve. . ; R ~

The scatter in the data is attributed to the many
~ - sources using radar systems having differing perfprmance
specifications and the requirement{ of having to estimate - *
the cross section. It was stated that the detection range é
v * . ~ -8
did fall within theoretical expectations. Growlers - were

given particular attention. in the ‘afudy. Of 54 growlers %

- ’ L reported only 22 were detected by radar. All of those
o i Ber wiTivegaids e Elmties veuton e 18 catw it
gion or in calm water.

- \“‘:m{ ¢ £

In 'several, cases radar contact with growlers was reported

to have been’lost “hen they entered the clutter and none
y 2 N

vere .reported as being detected ip clutter.

5 ' . . .
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YE ivak (feund ERRE dnoEatBun propagation conditions did
oseut fu iehe aved Bf SEveRtigaEIeR. TN VAEIALTGRE: aws
however, not considered sufficient to have any signigicant
effect nn:\i!e\rlnxel of detdction involved., It was also
reported that r):;evidence was found to support the theory
thas radar ranges would be reduced considerably by .pockets

of cold air 'in the lee®of ad ice field.

n
. ~

The ingévidual annual reports contained some
important observations. Examining Figure 10 it is seen
ﬂ\u there’ appears to be a saturating trend in the data

-
points - in the "largé icebergs" area. Hood (1956)
suggested ;:hnt this was due to the radar horizon being
reached and these icebergs are only detected when they
were within the radar horizon. Being partially below the
horizon they exhibited_the sizes of smaller icebergs which
were detectgd only at much shorter ranges. Figure- 10 also
shows very wide sc,r,u’?’n/:\ the "floes and growlers" area.

It was also stated in the 1956 report that this is because
* -~

- the detection is occuring in sea clutter and that this

type of detection analysis does not apply for these small

targets (Budinger (1960) also suggested this).

-
3.6 OTHER STUDIES

~

Wylie (1968) discuased the detection of icebergs and
growlers by radar in some detail. Although he provided no
‘teferences for his: information it is believed that his

y -45-
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information was derived &o- the results of ""eb
v

researchers. He attributed the variability of the radar

echo from lltls icebergs to smooth flat faces which may or

may not be oricnge;i correct]y “towards the radar, depending

on the particular aspect. It was suggested that

sub-refraction ‘and smooth siSping sides Uere the reason
2 .

that icebarn.&}_\nn: detected at ranges that would be

expected, Di pplll‘i}g echoes were thought to be caused by

either movement of the ship or rotation of the iceberg

x

turn presented a ;;oor aspect to the radar). It
‘was also stated that icebergs on the Grand Banks were 60
times less réflective than ships of equivalent Venoing
areas (a possible reference to the work of Budinger
(1960)). A detection range varying from 3 to 15 nautical
miles was given for icebérgs. Wylie also stated that
SEovIEEs ek [josE caEgets becaise: of [Lheir wire wad
shape. He noted that they are seldom d’ete:ted at morge than
4 nautical miles with 3 nautical miles being the expected

id tg be almost

maximum. Echoes from growlers were
impossible to detect when in a region of strong sea
clutter, possibly b-uu_g‘ the growlers themselves are
Al

moved by the se } it was suggested that waves over 4

fast i helght mey render & growler undetectable,
N , A ]

Iw 1973 the Communications Research Cen:re\c.n;d.)
undertook a study involving the collection of 'X-band
(horizontal polarization) marine radar data on icebergs
and Lewis, 1973).

for the Maritime Command (Cro

- LR T !
RERRY \ )



Quantitative data was collected while the ship was in
transit between Halifax, Nova Scotia and Resoluce Bay,
HoKtHWERE Teeeiteries. Wada® Eeoes Wedblans Mers
calculated. Unfortunately, the only document published in
the open literature did not provide agy iceberg physical
‘size information corresponding to the cross sections
derived. Data were recorded from 18 iceberg targets
ranging in ¥ike Ciom largs Ifcebecgd ¥o proviéyms The
maximum rahge at which growlers could be detected was 4 to
§ GEGETERL BLYES. UAE TEeVerE, VNOEE FIeREst dppreden £6
the ship was 14 nautical miles, vas said to have a shape
and smooth surface which might have caused it be a very

weak and intermittent target.

During the years 1979 -and 1980 Petro-Canada
Exploration Limited, with the support of a number of other
companies and the Canadian Government ('rr'.n.por:
Development Centre), launched a major study into the
development of l.uhiphorne fntegrated ice hazard detection

,
system '(Jonasson et al, 1981 and Miller, 1982). The
program involved lnlzxtenlive‘ theoretical evaluation of

4. s " "
radar, sonar, and infrared detection systemdi an-extensive

market survey; and a three month field program in which
all the sensors were tested. A radar system which employed
height, frequency, polarization and resolution divar‘-i:y"
was utilized! Only. samples of the data have been.released
to date. Figure 11 shows a plot of an iceberg X-band radar

o] "
cross section versus range derived from the data

Ql Kl -41- ) .




RADAR CROSS SECTION
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collected. %

Other than the size classification no other
information was provided. Table 2 shows a summary of the
detection capabilities obtained. utilizing the entire
system.

¢ N . -
. Pearson (1983) presented detection results obtained

drill ship during Petro-Canada's exploratory

from

“drillifg operations in the Labrador Sea and these are'y

1 shown in, Table 3. The lengths provided are the maximum
waterline lengths. There is a slight error in the -
classificatiof of the icebergs according to the Lengehs -

provided: The medium i:ah’erg should actually be classed as

a large iceberg and T iceberg should be classed as
IS
‘medium. ‘.

Finally, Benedict and Hall (1979) undertook a lar
study to that done by Petro-Canada, but stopped nhn(ﬁf a
field program. The work was undirtaken Eor Transport

e Canada and an evaluation of dar, sonar, infrared @nd low.
light level television

(1 Decca Radar Company p\

publicution in k979 (deu:.ribed .earlier) was a resulf of . .

stems was made (Williams of the

cipated in the study and his

thu work). The study examined in ‘detail the atmospheric
and sea stgte effects on' marine rada¥. The smphlnll wal

- placed on growlers and ‘:he .same spherjical model as

.
developed by Willisms (1979) was used. In 1981 Lewisggnd
. -49- .




~
TABLE 2 -

1982)

DETECTION RANGES FOR VARIOUS ICE TARGETS .AS OBSERVED
BY PETROCANADA (Miller,

MINIMUM RANGE

MAXIMUM RANGE

TARGET
. (nautical miles) (nautical miles)
GRPWLER AND ICEFLOES 5 12
SMALL JCEBERGS
(930 %) 23 5 -
-
MEDIUM 1CEBERGS 2
(930 - 5574 u) 5 8
LARGE 1CEBERGS
L (5574 - 16,583 M%) 12 12
(M - Metres)
. \] y
. \
v . - : . LINE 3
. 5
\ -50- :
.
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TABLE 3 - MAXIMUM RANGES OF DETECTION ACHIEVED FROM A
DRILLSHIP IN THE LABRADOR SEA (PEARSON, 1983)

TARGET . DETECTION RANGE
X (kitbgetres)
T T "
y . N
LARGE BERG 17 - 47
: (2154)
- MEDIUM ‘BERG : 15, - 28 3
(150M) : \
" sMALL BERG 9 - 15
(100M)
Ty N "BERGY BIT 1-5
% (1oM) ~ . N
GROWLER - 1 -3
(5H)

(number in brackets is waterline length in metres)




Benedict summarized the work of Ih‘e Transport Canads
' \
study, noting that theoretically the jnstantaneous radar

cross section of a growler can vary by as much as 40 db.

3.7 DISCUSSION £
- - ‘//{‘ -
Almost dll the research to date was undertaken using
\) X-band radars and horizontal polarization. The results
o -)- show. some definite trends and characteristics in the
detection of icebergs by marine radar. These concern the
range of detection versus target size, the effect of
aspect and shape, and the detection of growlers.
Figure 12 provides a summary of the range versus
F projected area curves obtained by the vu"io‘us researchers.
The USCG 1945-46 results were included by Budinger (1960)
‘in his 1959 results. The results of the Petro-Canada work
is superimposed on the data as well. One half of the areas’
for each class (based on maximum length and height)
supplied by Miller (1982) were used, with the small
iceberg class assumed to covér the whole projected area
range for that class and hence extended to do so. Table 1
was used to determine heights for Pearson's (1983) data by

interpolation within the maximum length and height

dimensions given for h class using the waterline length

provided. Again, one half the areas obtained were utilized
{ in the figure. This reduction to one half. the \e- was

._/—/)“7 3
employed because in~—éxamples given by Budinger (1960) and

~52- '
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FIGURE 12 - SUMMARY OF X-BAND DETECTION (lIAPABILHIES
OBTAINED THROUGH VARIOUS STUDIES .

4 ) L I 1
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MEEi CINS GRE K93S NG FEENAL PrETAEESE wiww avNEeRed
about one half of the rectangular area defined by the
maximum length .and height of the icebergs. jhese curves
shou that there is a definite yrelltionuhip between the
rangs of dersccion snd tie projected ‘arawiof the iceberg:
The rel-:ion.h),{ can be® described by the equation (which

was used in Hood's studies and by Budinger):

P ﬂ& (3

LN
where, R is the range;
K is a+constant dependent .on :the radar system
performance characteristics; and,

i ~
A is the physical projected area of the iceberg

normal- to the radar.

The equation shows that the radar cgasd section is
directly proportional to the projected area.

r

Scatter in the individual data sets can be easily
éxplained by the use of radars having differing K values,
variations in propagation conditions, the pattern
propagation factor, etc. The K factor however indicates
the performance level of the radar. Note that the k factor
of the USCG 1959 military radar system outperformed all

the radars used by Hood and Petro-Canada's: radag syscems

except for the Aarger icebergs. This -indicates that

commercial radars have still not acKieved the performance
5
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capabilities of military radars in use 20 years ago.

The studies were unable to demonstrate (except
theoretically) any relationship between the aspect and
deﬁccann:y of an iceberg. This suggests that the aspect
o the shapa of fhe iceberg directed towards the radar emay
not be a primary factor. Rather the actual projected area
is more important. Examples presented of ice‘herge having
smooth slopi’n{g\. sides giving weak returns i‘ndicute that
thers is some-incidence angle dependence for the Tadag

< -
cross wsection.

Two independent studies provided similar results on
the reflectivity of icebergs (Le Page and Milwright, 1953
.and Budinger, 1960). They suggest that icebergs are around
60 times less reflective than ships or spherical metal

targets.

Limited tests comparing two frequencies indicated
phat S-band radars gave improved detection capability in
sea clutter..Both horizontal and vertical polarizations
gave the same results in clu‘ttu'. All the studies show
that the primary factor limiting the detection of growlers.

isPthe presence of sea clutter. Sea clutter signal return,

"
levels may not be the only cause of) detection problems.
The height of the waves may be high enough.to physically

obscure the growler as well,

=§5-",




Finally, .mm;.n theoretical values for the radar
cross section (Williams, '1979) and the reflection
coefficient (Ibid. and Budinger, 1960) of an iceberg were
derived, neither have been verified by the data collected.
The lack of a known normalized radar cross section model

et qof marine radars for

seriously inhibits the

the detection of icebergs.




CHAPTER &

DERIVATION OF A !ORHAL(Z!D RADAR CROSS SECTION MODEL

4.1 INTRODUCTION
?ho:ognpmi sketches and descriptions by a number of
researchers (see for ple, Perry 1953 and BudioRers

1960) show. that = acroscale (diménsions Very 'much

larger than a .microwave wavelength) icebergs can have
surfaces ranging from very smooth flat or gently curving

types to those :on-?.ung of many facets (each also much™
-

larger n\an a microwvave u.velenuh) having a cliff lxk:
appearance, and any combination in between. Also, as
pointed out by Budinger (1960) the overall shape and

acs woEpholGey of leebaree wseles widely Peom oee to
nothyr with no two being exacely alike. The 'auiv.:ion"af
the- fxact radar cross section for an individual iceberg
‘would then be extremely difficult and ieu\un\{ll on a

general scale. Therefore it would seem more productive to
< [

derive a normalized radar cross-section model for one of
. the relatively smooth areas of an iceberg and urili’u it
along with physical iceperg models to determipe expected

v v

N <
, radar cross sections. J ~ #

determination of

The approach taken here is then|t

a suitable norgalized. radar cro ction model of a
: . .
planar surface which is essentially the washed and croded

L. =57- <




/ ) 5
. relatively smooth surface of a piece of glacial ice.- This
is, considered typical of the facets of the surfaces of

icebergs found in the Northwes

2 ( ~

IDENTIFICATION OF AN APPLICABLE THEORETICAL MODEL

-Attamtic.

i \ . 4
Budinger (l96$) was the' only researcher found
. providing detailéd information on the microscale features

Of an iceberg surfacef As pointéd ‘out in Chapter 3 he

s described ‘the microstructure {af7an ‘aggregate. of concave

and convex  surfaces. "(t-vl- also -u;gu:ea that the Aff
spheres,” of which' the individual concave or ‘convex shapes
vould form 3 porrinn, could easity have du-ueu gren

“ § than 3.2 centimetres (an x-b.uu‘\g:enen;:n). Although no
TR indications vese given as to the overall-versicald

roughness, it can bey

umed (not unrealistically) much

« less than zhis value. Therefore the surface could be .
described, on the microscale, as a smoothly rolling, type .

. P with vertical excursions being small on a wavelength
R sl e
* scale. . t 0 . .

- [ = L ‘e .’.‘—\ £

a .
% (197%) and Long™(1975) described™and showed n

examples of a -':;:ii:ie-l model for deriving tWe average

’. ineohuenx backscatter (lvenne incuh:unz no‘nlllzed

radar cros

section). The model is baséd on an original '
n;omu -uh“.uul treatiept "of scattering f3rmulated -

by uu (1951, as reported by Barrick, 1970, and Long,

1975): Paak (nsy) _ekpanded on this work to compute the

et . -58- %




S =2

average normalized radar cross section \{pcrled by
.

Bareick, 1970, and Lomg, “8975). The model uses a

perturbation technique as opposed to the physical~.optics
approach (Barrick, 1970)., Although the model///\un

i ¢ -
originally developed for nonmagnetic homogeneous material

it was expanded by Barrick and Peake (1967, as repotted by
)

|
Long, 1974) for applications lofm.torinuhnving any value
¢ | A

of relative permeability.
The model proposed expresses thé surface or the

scatfering target as an extended roughened .plane with the

-+ excursions from the mean ‘slope bei:\ﬁ described

mathematically as a random process (Axline -and Mater,
1974) . 1t requires that the surface height'r‘u(ghneul
spavial MiroeeresLarion Eunerion be xiown, For the susface:
~The normalized correlation function or Yhe correlation
coefficient (autocorrelarion function divfded by the m‘eln
square height) i’ ".c:u.n; used in the mathematical

formulation. A term similar to the Fresnel zone reflection

coefficiet is also employed.

In absolute terms the model does not necessarily give
%
-correct v{luel. but on a re\-tive basis the variation of
Y
the average incoherent normalized radar cross section with:
A - [
incidence angle, frequency and polarization fitted
extremely well with' actudl megsurements for natural
«
surfaces. Both Barrick (1970) agd Long (1975) also stated
» 4 i » e
that a strong specular backscatter comppnyu: should
e

=59~ s
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theoretically be added to the model at near vertical
incidence angles. This Jould cause & substantial increase

in the norlnli.ze& radar cross section at these angles.

However, based ‘on results presentéd by .Barrick (1970) for-
an asphalt surface at -an X-band frequency the incohereat .
scatterihg component model, on a relative basis, followed '
the shape of- the messured data curve quite well even at 2 =
near vertical /incidence angles.
0. ,To determine whether the model u applicable here, at, = =
- 3 t lheo(e’zicllly, the restrictions on the model must be
compared with a physical description of the surface. One
general criterion for the applicability of this.type of . .
€ w6del e that the eveeall surfecs srea (M) be veiy Iarie
Y el e the square of :'ne;uuun.:h (A), or A2 ¢
&= . Ao Ae Xband fekquencles Chapproninately 8.0 centimetas) o /
this criterion is assumed to be easily met. TWe -°
restrictions on the slightly rough surface statistifal ’
. model as described by Barrick (1970) are:
’ .
1) %h < 1.0 € :
) ~2) \as/ax, 3s/ay ¢ 1.0 . . '
\ LM <(aspEn? > - asient s N !

. N
: +'where, k is 27/, the free space waye numbet:
S

n square "T‘i'" of the surface

- h is the root m
.

" s
s =5
A is the radar viavelength;

. roughness;

i \ -60- " B




.
S is the mean square surface height roughness (< §

2
(x,9)> = 12 (<> means average)) and,
N ;
x,y are orthogonal directions on a plane through the
mean height of the planar rough surface.
The first restriction is that the surface roughméss
height must 'be small. The second requires that thé surface
slopes be relatively small. And thg” third restriction

signifies that the roughness must be isotropic.

4.3  PHYSICAL APPLICABILITY OF THE MODEL

, This section compares the descriptien,)i the glacial
surface under consideration with the physical restrictions

on the model. The following discussions are based on

“Comparisons with K-band radar ‘vavelengths. From Budinger'
(1960) de:criz’:on of the surface microstructure (Section
4.2) the overall vertical roughness could be assumed to be,
mich léss than 3.2 centimetres. In othe® words the surface
Sin B dgauNel Ee Wave yereiehl ewcutitons VACLatslng, the
firat restriction, thaf _is, kh ¢ 1.0.

Barrick (1970) stated that a natural surface that is
moothl.y’ curving and has roughness radii of c‘urvltn;‘ef
large compared to the radar frequency limit will satisfy
_the second restriction that the “surface slopes be

rel

vely smajl. Budinger's description of the: surface
& .
having & . goncave and' convex structure ¥ould seem to

., -61-
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indicate that this restriction is also satis

It is intuitively obvious that the surface roughness .

is isotropic. Thus, the &hird restriction is considered.
_satisfied. <

- . /

It is concluded then, that the surface wunder "

conslisation. W b Wil 5 Weet EN® PRYGEEL
restrictions imposed in order to enable utilization of the ¥
incoherent lca:terin‘g model proposed here.

Barrick (1970) gave two variations of the w6del. One
ve‘tr}sio'n“u-es _a Gaussian form of the surface height
p= . correlationcoefficient while the other employs an

. .
- exponential*form. Mathematically these are:

“ote - e -k ¢ ) : *

. - D .
.
o= i
for the Caussian form, and,

ple) & e Tlel/%

for the exponential form, where r is a measure "of the' A
-eparllion bejween any two points.on the surface, and § \is

v
. the correlation Nength. The correlation lengeh Ts wsually

. L the upuuion distance at which “the lutocorr.elltlnn'

" function reduces to e”! of zh‘\vllue of r = 0 (see, for .

example, Axline and Mater, 1974).°~
2 . e LI
'. ' @ . 55 "3 -62- " .
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Barrick (197"0) also stated that surfaces having a
“

Gaussian surface height correlation coefficient are

smoothly curving ith derivatives at all points, while

those possessing an exponential form are jagged and have
many vertical fagets. The Gaussian version, based on the
glacial surface microstructure

desciiptiod, seems to be

4

o » :
MATHEMATICAL DESCRIPTION OF THE KGD\EL

applicable here.

4.4

Uging a Gaussian height correlation coefficient the

. 5 .
‘mathemat Jcal equations providing the average incoherent O

for vegfical (V) .and horizontal -(K) polarization are
'(Blrr' %, 1970): - 3 -
o | e [0 e’ +--sr n] e (ur-l)l 2
. ‘ ‘ g
. 3
i [ &, cos @ anfe u - sin? o] 2 I
. 42,2 4 ) '
e . x 4 K 12 2% cos” (0 ) exp(~k? 2% s ) *
® L3
¥ "
. | o [ dn®e s b ] wt (er-nl2
Joy = ; ®
1.2, v
s 5 [urcoss-ir € b, -nine] ) ’
, x4 1% 02 12 cos® (8) exp(-k? 27 a1n0 ) :
’ ~ G : : ]
% .
where k,h, ald { are Qi before,
" v -
. 6is the incidence angle in degrees with respect to

the vertical;

U is the rélative permeability of the surface and,

-63=" .,
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Eqis the relative permittivity pf the surface.
R
Ice, being a non-magnetic material, has a
permeability of one. It has been"'inund that pure ice has a
diglectri® constant _ (real part of the complex
permittivity) of 3.17 + 0.7 for frequencies greater than 1
MHZ (Evans, 1965). An investigation of the dielectric
properties’ of glacial ice (RENOTEC Applicatians Inc.,
1982) showed that a value of 3.2 seems appropriate for
glacial ice at 120 ,MHz. Loss z/lngent (ratio of the
imaginary part, to the real part of the :complex
permictivicy) values have been reported to be 7 X 107
-5

» 1979) and 5 X 10 ~-(Benedict lnd‘"lll, 1979) at

(Willi

. ! i
frequencies #round 10 GHz. Using a value of 3.2 for the
real part, the losé tangent corfesponds to values ranging
from 1.6 X 107 to 2.24 X 1073 for rhe imaginary part. The
values are vewy small ang are considered negligible for
calculation purposes. Using values of 3.2 for ¢ _ and 1 for
u_ equations (6) and (7) can now be written for glacial

®
ice ‘in the form: .

4.84 sin%0 + 7.04

[3.2 cost wA.2-s1n26] 2

®

N 02 4% cos® @) exp® P i)

6=




. . s
- < ?
o 2
L % m
.
w
§25 4
x 41¢ 0% £ cos® (@) exp(-k? 42 sin%0)
. -
£ . . %
4.5 DISCUSSION ,
A model has been proposed for the determination of = ¢°
for an eroded and washed relatively smooth plamar glacial
surface. Even though a mathematical formulation has been
derived it is' not possible to apply the model without
access to suitable measured data. The followipg chapter
deals with :hi-'-y}cr. ) ‘
‘:' -
’ -
y
H » 0
~




CHAPTER 5

VERIFICATION OF THE MODEL

~

i -
5.1 !ETRODUCT!DN

~ . &
The lack of, information regarding the actual
roughness parameters, for the glacial: surface under

consideration makes it impossible to apply the_  model

= . practically. One way to overcome this “problem is to
.
empirically fit the model to actual measured normalized
L ) i
radar cross sectional values. There have geen, however,.no
‘ 3
suitable data found 'in the marine radar research studies
undertaken to.date. <
- Another source of data thn:’l:ln be yeed are airborne
scatterdmeter results.” The following sections provideé, a
description of these data and deal with the empirical
fitting of the model £o the results.
A <
- ~o~ -
5.2 DESCRIPTION OF THE DATA ) f
.
- °
£~ Gray et al (1981) and Gray (1983a) presented O data
52
& from a number of icpbergs obtained usifig an” airborne

K -band (13.3 GHz) radar scatterometer.YThe data were,
collected in April of 1980 from a number of icebergs which
wvere situated in frozen sea ice in Mefville Bay. Figure 13

summarizes ‘thd results. They show a 10 to 15 decibel

- : -66-
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ariation at any incidence angle from the vertical over

Mhe range of measured angles. This agrees well with the
. eluceiieions iobtulned by veisardhers’ maing marlae radare
: .

(see Chapter 3).
N

' -
Unfortunately there are a number of shortcomings in
this data set which preclude it from being used\‘to verify

the model. There was no information collected regarding

the actual local in effjce angle on- the surface of the

icebergs. 1In fact, the one author of the group who
actually selected the data points chose the maximum value
b Rp— iceberg gt.every incidence angle (Gray, 1983b).
L Also, there vas no information regarding a' déscription of !
the surface of the icebaig. However, the same author
agrees that the icebergs, being essentially in winter
conditions in frozen sea ice, would not have washed and
eroded surfaces representative of those for which the

A}
theoretical model would be applicable. Finally, because

S

the shape of the iceberg v\u\ not provded i:’ is unknpwn

whether the hn:l area resolved was flat and equivalént

to that of.the lcatteron‘leter foot print or areal resolution

cell (20 metres % 20 netrel)."l'hiu would create errors in

the actull jeleulation of a’. i

4 In 1978 normalized radar cross sectional data for
icebergs were collected using the same scatterometer

o
Pigure 14 shows the resultant ¢ for

§ (Gru‘y et al, 1979

*

two icebergs at rious incidence angles. The data were
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FIGUREL4 - NORMALIZED RADAR CROSS SECTION FOR TWO ICEBERGS
s OBTAINED USING A 13.3 GHZ SCATTEROMETER
(VV-vertical polarization, HH-horizontal polar-
ization) (Gray et al, 1979)
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obtained in September — open water conditions Off

affin 1Island. The large‘x icebé’rg was tabular like in
appearance in that its \lp/per -yriue was flat, at least on.
the macroscale. Although, Gray (1983b) suggests that it
was probably not a tabular iceberg in accordance with the

WMO classification system. The smaller iceberg was of an
3 *

irregular shape and was cladsified as being pinnacled. The

curves shown ILU

sea surface mormalized cross section can be greater than,

monstrate that the amplitude of the

‘equal to, or less cthan that of an iceberg, depending on

the sea state and the incidencé angle.

The uncertainty regarding the exact incidence angle

‘and the actual surface geometry Pf the smaller iceberg

makes it practicilly impossible to use 'this data. However,

the surface of the larger iceberg/was relatively flat and
indicated by Gray (1983b) to be .slightly rnug? and .wnahe.d
so that it would represent a curfuce’ for which the model
"would apply. Also, the scattérometer footprint was mach
smaller than the surface area, assuring an accurate
measurément. of 'U’ga. .

g

The incidencé angle data shown in Figure 14 vere
calculated by obtaining 0, over ten degree inmtervals,
averaging the values and labelling the resuljant value
with the average incidence angle within the given
interval, Therefore, it is assumed cthat the normalized
afess: maction Aetw Fox his Foeburg mre sdequars or i
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purpose of empirically fitting the model.

5.3 RESULTS : %
- . 5 .
g .
Figuggr 15 is a plot of O, versus incidence angle for
: B @
the larger iceberg. The points were derived from Figure
A6t3). The data ehown in Figute ¢S are for™ vertical
polarization at 13.3. GHz (2.25 Centimetre wavelength) and:
the model ig hn: .pplxel to this d-u diréctly.
. - <

2 i we =
‘

- 4 @ ° .
The parameters k; h and L in equations (8) and (9) .

are>*unknown. However h only effects the amplitude, which

is already known from £ye

a, and only the product, kb,

is required. Therefore,

curve can bc empirically fitted

to the data’ hy zr;-l and error using different values o|

{ and fitting the curve shape to thu b/ the data
(Detailed cdlculations .are’ pro'ide.d in the Appendix).
Tollowiss this proceduce it was: found Ehat a valae:ob & =
2.1 gave a good curve fit to, the data as shown in Figure
16. A Chi-squire test confirms the goodness of fit’ (ace

~ .

Appendix). ' » .

“ CIEN “ 3 Y

. o
this dafa. The resultant value® of &, the correlarion
length js 0.75 and it was indicated hy Gr.y (1983k) that

this was a renunub‘h cnrral-uon lonlm. It now r

zp gx:upnlnu dovn zo x band inquanch
a
polarization. - 4 ° - - 8
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Examipation of equations' (6) and “(7) shows that for
both horigontal and vertical polavizations at sercical
pigTdaies ERE  OF oEluew &ve eRnalL. Kiui, at vertical
inzidence the only difference caused by frequency is the K
factor, which is known for both frequegcies (2,79 at 13.3

L. GHi and- 1,96 at ;9.5 GHz (3.2 centimetre wavelength)
- X-band frequéncy). The L value is independent of frequency"

" and has already been determined. Therefore the ki value at

9_.5 CGHz is 1,48, The value, h, is still ulﬂznovn, but is
also independent "of frequency and does not requife
determination. . -
v 7 o™

‘' To per(orm_(h:‘lc(ull ex:rupcllti’nn it is -only
. ~negessary, to determine’ the value at vertical incidence

» (0°) and derive the remainder of,the d° values relative to
* 4 VIiI} ‘\bolh

this. The difference between the k
frequencies is .12 decibels {10 log k* (at 13.3

10 tog &* (ar 9.5 GHE)) with the 9.5 GHz Qalue beimg

lower. Thus, the first value for 9.5 GHz at 0° is 6,12

decibels down from thac at 13.3 GHz. Ignoring the h factor

% (sctting it ‘equal ‘to ope) the remainder of thé curve is
@& c._lcuuced"nn:ive to this first value. Figure 17 shovs
5 v the resultant Mwes for both horizontal .and vertical
- pollrivl\t’ion. The detailed calculations are given in :ye’
Appxndixﬁ. . » #
v N ]
. ” v ;




Y

LY

NO}dALlZm RADAR CROSS SECTION (db)

}

-
~

VERTICAL POLARIZATION

-20 = N T . P
¥ Py
4
T TS /
-30 HORIZONTAL POLARIZATION N

T L T T T U
10 20 30 40 50 60 70 80 90(

” * INCIDENCE ANGLF, FROM THE VERTICAL (DECR!.ZES)

s ¥ -

" FIGURE 17 - APPLICATION OF SLIGHTLY ROUGH “SURFACE MODEL TO AN
ICEBERG S‘JRFACB AT 9.5 GHZ THROUGH EXTRAPOLATION
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5.4 DISCUSSION
=
By empirical hlling td a limited data set and
- :
extrdpolation down to the frequency of .interest a model
_has been derived. It is mow necgssary to examine. the
]

valid

basic 3ssumptions it “is possible to *check the model
against some limited data. .
’

5 =
q - “

Crispin  and Siegel (1968) stated that for complex
targets iA which the components contributing to the radar

cross section can be said to add incoherently (that is,

the phases of the compdnent cross-sections are undo-lx'

+
. dinribnled) then m{-veug: total cross uc:il:\n of the
(-r;u can be estimated by u-ply addind the lnpl\lu\(el of

the cross -ectinn- from the v-rloul_‘:olponentrr. lu

.tebergs can in generall'be classified as a complex target
_this methodology should e appilcebly, o thess: ms iwells
Alternagely, on the average an iceberg face
:on-ideud to be composed of a number of flc!ll
wide r:\q‘of surface ar

random like chn-c‘oriui:-. It shouid ba possible then to

Q'nppruhnu the average %cubarg face by one surface having

"a single slope and arda which is the averagd.of those. for

all the facets., The ridar cross section would then be the

value for this singl€ face. As was shown in Chapter 3 tpe

radar cross ction of an iceberg is dirgctly proportional
& T -

-76~ A .
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i *Vlhe model. This is extremely difficuly because
of th ck ot suitable 'data. However, by making gome

s and nrhnutlon- possessing ,




r .
to the projected area. Thergfore, the o value for, thé¥
face .would Be the value for :\e surface having the slope
obtained thtough the avergging process. To determine the
average g* value for icebergs it is necessary to obtain an
. .- . s

estimate of the average slope of an iceberg face. \'

1. b

-r.l;\u is shovs length and height brlngel for the
-vlri.oul"ui:u of ic'ehny‘. Using these values it is®*
possible to obtain sone. idea of the range of slopes
possible. The limits (uiih the exception of tabular
icebersm) are found to be ac leagt 4.6 metres high by
51,9 wetrss 160z (aedium Loeberg? to 7.1 matres bigh by .
,171.9 mecres long (large iceberg). These correspond to
average overall ‘slopes which could Tange from about 70 to
33°. Pogg tabular icebergs the slgpes of the sides will
-ppiTaa:tL 90°, Therefore ite is reasonable to expect marine
atae Anetdenes Wigles fungliy eon clows te oY to et
90°, Considaring the® randon nature of the icebery sygpe it
shodli aTss be reasonabie to aeadne tliae vhe avarase Blope
would be around 45°% From the model (Figure 16) this
predicts an av¥rage d value of abdut -18.5 decibels. \

: A

> On the basis of the data coll\ctsd by Le Page and

Miluright (1953). ehey determined that the X=band

(horisontal pol‘iixntion) radar return from an iceberg vas

on the avegage 60 to times les's ‘than that of an

. L

equivalent sized metal sphere. The normalized radar cro

section of a latge perfectly conducting metal sphere
H ke

»

i -717- ! ‘




L ] ) : ' 4
’ (having a radius much greater than the wavelength) is 1.0.
“Making use of the result that the radar cross section of
an icebers is directly proportional to its area then from |
this comparison the average Oy value for an iceberg’is _
"‘between 1/60 and 1/70 or -17.8 decibels to -18.5 decibeld.
Thede values agree extremely well with the average vilue

P

{- .
of -18.5 - -decibels derived from the model using an

estimated average slope of 45°, . « -
« L4
i s P,
’ ™ Le Page -and Milwright? (1953) also found that the

“‘actual values ranged’ Erom about 400 to 30 times less than

that of a metal sphere, or, alternately, they had

values ranging from -26 decibels to =15 decibels. Using

. Jthe model this raWge corresponds to slopes varying from
just over 30° to slightly over 60° the mid-range value of

which dis slightly over 45°.
po s )
. | ]

- Budinger (1960) determined from two” measurements at

¢ . . . .
* .« “x%band “(horizoncal polarization) that icebergs were N

{ between 62.5 land 59 times less reflective than equipalént .
¥ .eized (projectdd ares) ship targets. The latter vilus vas
obtained when that l.hip was stern on :.u the” radar.
. Assuning that the stern can be approximated by a” large

L GEEAISPRATETEHE THENS! VOREE GaR Be GUEA HEFE aE VIER tha
"t'.d wp  observationd of Le Page and Wilyright to give s Ot value
' of 1/59 or =17.7 decibels. Again this value agrees quite

well with%the value derived from the model for an average

situation




o
- The data presented by Miller (1981),for an X-band
'y ~
. gadar (horizontal polarization) and shown in- Figure 12
gives another opportunity, to compare the model with

measured data. No dimensional information was fillgovided but

the iceberg was classed as mf)ﬁum blocky, and, from the &

figure, it was detected out to the maximum range for its

class (s% Table 2). This ‘indicates that it was in the

waximow size cangs for this ‘class. The area of the side of
< the, iqeberg, estimated roughly by multiplying the maximum

he"ighxnd lengeh dimensions together (150 fyet (45.7
&{tres) and 400 feet (121.9 metres), respectively, Erom
Table 1), is ssvn‘f.q...u metres or 37.5 dbsm (decibels
rélative to one square metre). This class of iceberg is
characterized by .::ep precipitous -“{ua, the slopes of ~
" which would probably ve, Canalde ALY EEeIEAE ENaW BV L
B ,nver;gevkiorv-luc. Assuming as before that the face of the.

xcn’bug‘:-n be repn-enué by qne large 'slightly rough

surface applicable to the model, and also lllumlng a slope

between 60° ang 90° (corresponding to incidence angles o

30 and 0%, respectively), Ojf values of wbout ff:o/

decibels would be obtained (Figure 17). Combining thesc

with "the surface area estimate gives a range of cross
section values for the iceberg of 23.5 to 26.5 decibels
relative to ofe square metre. From Figure 11 i is seen

that the bulk of the values cgange from about 24 to 30 »

decibels relative to one square metre. ccnnﬂdlrlng.ghq

. -pproxin-‘:konq-ihu estimates would seem to fit the . "

»,‘/ .

sured values very well. "

~ =79~ - o £, .=
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A number of researchers have reported or observed
£10@Racions in the ordes of 10 decibels or greater in the'
return pover from an fCeberg at a given range. The model

Lindicates that a & 15° variation around 45° will give

abayt & 10.5 decibel variation in O . It is reasonable to

expect that the combined variations cnuled by the roll OF
a ship and the iceberg, along with the slow rotation of an

icebérg (changing the aspect) could cause a~variation

.equivalent to this. In other vords the predicted

i Ll
variations of O, wi¥h incidence angle agrees reasgnably

well with fluctuarions in actual measurements.

Figure 12 showed that the“haximum r{pge of detection
and, in turn, the radar cross section of an. iceberg is in
general directly proportional to the to:al projected area.

This suggests that overall shape (domed, pinnacled,
el )

blockys etc.) is a secondary hunr, although

geometrically it will have some effect on the total

~ . -
ppbﬁc:ea area. This would help explain why direéct

observations uuii unable to establish any relationship

betwéen the radar return and aspect. The model and the

physical ‘description of -an iceberg, surface (on the,

macroscale) * p:onded‘ indau:a-, ‘that the return from_ an

ic’bu; will be dcpcndent qn-!hc hmldunca angles to tha

’v-rloul facets ‘nnd Q\u toul areas 'oi the hu'livuu-l

up :h- '(.lurflcc. This . also” (h-n is in

Mly the do-innn: factor, ¥

lcn-rll um. n.un 12 and suggests thae

e



Prom Figire 18 it 1s seen that the wodel predicis
that, at least for frequencied® betwegn 9.5 and 13.3 GHz,
P radeeanen Witk frequEESy BVEE EhG JEEJOEIty of the
incidence anales. Tt also predicts EhaE wereieal
polariztion w1l whve wigwee g vglues over most of the

~Incidence angle ravge as well’ wé;.e'\:eé, RSy —
that sea return increases with frequency anf is usually
higher for vertical polarization (at least at low to
moderate sea states). Therefore, in a situation whgre
clutter limit's detectiond the ;dvnntuge of using a higher

polatization. may be negated.

frequency or venic-‘
Budinger (1960) indicated that from actual measurements no
improvement was- found in *detection of an iceberg .in
clutter u:ing‘{:’ertic-l polarization. llniérlun‘lely there
' appears to be no data available to check the actual
frequency or polarization variations given in the model.
Tt is noted however that for horizontal polarirzation and
angles beyond 50° there is 4 eroks oyers Alsoy ay B5°
Glarueained warifan um the viope of the avevaxe Goehers)
there is only .lighngavgr 2 deéibels in-the difference

-
at the two frequencies., This would suggest that on the
"

. average only a slight increase might be expegted in o' by

increasing the frequency within the range examined.
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CHAPTER 6 .

-CONCLUSIONS

k _ ,
- {

_The need for a _Auantitative assessment of .the

detecllbxllty of u:ebergl on marine radar has been clearly
- demonstrated. A review bf the facrors .affecting the
detection of by :;:gf:. by marine radar shows that the one
unknown factor whigh severely limits the ability to
undertake such an asjessment is the radar cross section of
< 'an iceberg. .

Pa yrenenrch studies—(wiph results available in the
public domain) on n.; assessment of marine rBdar have
either not .dd‘relszd' the pm’n'm of determining the radar
cross section or have been unable to gerive values

. verified by attual melluremer‘ltl "he‘ exception to this are

gaty  released” for ‘one iceberg from one otherwise

/\/./cunfi\dentxnl seddy (unl\{ 1982). ) '

-~ ™ 3
’ - -
A-:omprehen-ive're\viuv of the research to date does
¥ . . $ .
: provide . some important insights- into the problems & :
x reglrdxng iceberg detection. The presence of sea clutter
. lavarely limits the defectability of icebergs, especially . B
3 ‘e
grovlers, gnd bergy bits at short ranges. In general . .

= icebergs

re poor radar rafhc:ou 3"‘“ cross sections

. on the -var. dn the order "’a’f 60,{{-. lcu than uul




L

spheres projecting an equivalent sized area normal to the
radar. e

-

The.range of detection of an iceberg is shown to be

sectional - area

dependent on projected physical cros

e s ~
which is in turn directly proportional 'to the range raised

to the forth power. Considerable spread exists in the
data, however. Comparison of detection ranges for various.
radar systems indichtes that ocommercial marine ‘radsrs in
operation today have' -not achievéd the d:(action

capabilities of military marf¥e radars in operation ‘24

years n;), at least far as maximum 1etec(ion range is
< ;
concerned. Finally, researchers were unable to establish
any relationship between aspect and iceberg detr:ability.
From physical descriptions it has been shown that the
7] . R

average iceberg can be ddacribed as a very complex target.

Those frequenting the Northwest Azl.nuc and expected to

“be encéuntered by offshore platforms and marine tratfic

are shown to have washed and eroded surfaces. On the
microscale the .urflce'il slightly rough and smoothly
rolling. A .‘l}gnzly, rough surface statistical model for
the nvanga Kncoherann normalized radar ¢ross section

using o Gaussian form of the surface shaight correlation

coainchnt vu -h?vn to be applicable to the -urhu on a

phy,i .Hnlud data

1 h.tf’\‘u-(ng luph‘ic\ltlinl to

set at lJ.J oHz (-h-hornu nuuro- ter d over a. latge

relatively !lu (cnvcr; -nrhu) -nd -nupohdu to

- [ K

AN ) = .

N




(increased "sea ,state returny increased II;D!phel‘[
. {
3

GHZ ‘this model his beew adopted to deteramine the
-

normalized radaf cross section of a slightly rough washed
3 FopRR

dnd eroded glacial (iceberg) surface. The validity of the

model has been verified usiog some general allu-pllonl’.nd
.

eo-puuonn with* lndlpenden[ ob.erv-non-. made by other

rglelrcl\:rl. i - . .

The modél predicts that virtical polarization will
ive higher normalized radar crostiqecsionsl values while
higher freguencies will give hight% values only for
incidence angles (from theg enic.li less than about 50°

It has yet to be determined whether other fattor

bn, etc.) will negate the bencofit of us

verticwl polarization and higher frequemcies in marine
2 :

radars.

R f'\

It has been shown that the -average iceberg
d‘euri'bed n. a very co-plell target,  as puch, ir vould‘ bhe
extr:-;ly difficult to lpply the model iceurllulv to
lndiv:d\lll l:-blrul to determine an T-rillte’ul the radar
cross ueuan.]nuuu gt the wide v"l.nu hetwauq -
individual icebergs ‘this vogtd 'he .:uhn lu:ilu, it the

Boal vas to 'Jetermine estimates of the cross ‘nectiolfa nl

,icebargs in ganarsb. The 'mpdel can however be appdi

~ : . . S
icebers models. Héving. characteriged. ghe surface on;'the
. - " .

microdcale and provided a model it is nacessary only to

chatactaciie’the overall icebers shape’ on che macroecale




add utilize standard modelling techniques to derive the
total -radag croes sectional value. For example,Barrick

(1970) describesa method for determining the radar cross

5 i o o 5 o s
vsection for ‘a slightly rough spherical syrface. This<same

technique could Be applied to obtain an Sstimate of the

i N i .
sradar cross section for an iceberg presenting a spherical

Like ‘surface to a radar. To obtain a r(ndu( eross dectPonal
-4 N
valse® fog dn- 1ceberg presenting a vertigal face (for

exnmple,'a\mndel of B !uhnlar of pblocky 1ceberg) to-a

¥ e
radar the ar 3 “of the suria:e cosld woubined wifh ‘the

e
appropriate o‘ vulue £rom Figure 18. The < value to be
used would depend on, in this case, the horizontal

orientatiog of the iceberg face with respect to the radar.

Values of  for complex shape models can be obtained

using the methodology described by Crispin and Siegel
(1968) andygivén in Section 5.4. - ;
d .
N\ & . [ %
)
«In summation, a model has ‘been derived for the
~ v

namau:ea\r:du cross section of a slightly rough glac\nl
surface. - The nod\l can be appriad an a.practical bnn-.;m
estimate radar cross sectignal TG 68 iceberg models.
‘This information can be employed to pro/vide a reallstiec

estimate of the iceberg detection performance of

. individual marine radar configurations.

-86- .
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APPENDIX

%

CALCULATIONS REGARDING EMPIRICAL

FITTING

OF MODEL TO 13.3 GHZ DATA'}ID
EXTRAPOLATION.
TO 9.5 cHZ
“
>
Loa .
f



Ao

EMPIRICAL FITTING OF THE MODEL TO 13.3 GHz DATA
: ® = {

The applicable -average incoherent normalized radar

_cross sectional model equations are:

| 4484 s1ae + 7.04

(A1)

respectively,

H denote vertical and horizontal polarization,
k' = 21/A. , the free space wave number,
" A is the radar frequency wavelength,

_.h is thet root mean square surface height

roughness, g
@ is the correlation length, and, \

0. is- the angle of incidence with respect to the

_ vertical.

It.has been stated that although- the model did not

fit measured data well in absolute ‘terms it did acturately

predict the. variations with incidence angle, frequency.and

= % -91- B




/ - . -
polarization on a relative basis. Therefore, the initial
objective here is. to determine the model parameters which i

result 'in the curve that best fits the-measured data. ©
AP  Examination of equations (Al) and (A2) shows that h .
and £ are the only two unknown factors. The parameter, h, ’
however, only effects/the overall amplitade and does not
_affect whe shape: of ¥helourve; Therefore e can Be mer o
“a value of 170 Tﬁe‘parumeter f.,.effects both amplitude
A and shape. Howéver, in actuality a value for the’ factor,

kf, needs onlly to be determined.

Column (Z)Ioi_l:hle Al provides the measured values
obtained for the various incidence angles (column (1)) at 7
F3.3 GHz (2.25 centimetre wavelength) using vertical
L polarization. After initial trial and error calculations
Tusing equation Al it vas found that ki values ranging: from .
w3 2.0/ €6 2.2 provided cutves Ehat clogely matched the shape
. . of the measured data variation ui:h‘incidence angle

(Pigure Al). Uging ‘the 8.0° measured value (-5.0'db) as a -+ _
pivot point (t’h“abi‘s, the model value at the correspondipg «*
. angle 7;;;; set equal to this value and all.other values ~
" ware detevmined and adjusted relative to this point), the
viliias akoun: fi Ealinns (30, (5D, @Rd €1) Vers daterafned
. for kL values of 2.0, 2.1 and 2.2, respectively.

. <
y ; 3

Y
To determine which éurve was ,the best fit the sum of

the absolute values of the differences between the actual
—02-
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model value ‘at each angle were obtained (residuals) for
i each k¢ value and are shown in the bottom of Table Al. The
kR value of 2.1 gave the smallest value and is therefore
waid s Ele the shape of the data variation best.

x §
Having selected the curve using kf = 2.1 as the best

shape fit it is necessary to fit theYcurve absolutely to

the data. This was accomplished first by obtaining the sum

of the excursions in column (). A net excursion of 0.5 db

/
/as!ume'd.te have' a net

was obtained. The -best fit

excursion value of 0 db. By s Ai:inz each value by 6.1 ab
it was found that this was aghieved. The model values for

the best fit curve (k@ = 2 /) are shown in Table A2.

- //

To determine the goodness of the fit a Chisquare
test was performed. )'/;b_le A3 shows the results of the'
calzglatfons jto: detornine bhe chireguare valve of Mils
Using 5 degrees af/iree'd,am and a 5% level of significance,

the actual chi-square value for 95% confidence level is

1.07 (from s[/[tin:ical tables). Therefore the curve is
/ . v
shown to be a/very good fit to the data.
7

/

A.2 bETEEHINATION OF VALUES FOR HORIZONTAL POLARTZATION

o

Fauations (A1) and (A2) are equal at 0° incidence.

Tne/efou in order to determine values for horizontal

larization it s Only necessary to utilize equation (A2)
‘and ad just the values obtained for each angle relative to

i L9 - .



FOR

TABLE A2 - NORMALIZED RADAR CROSS SECTION VALD!S DERIVED
13.3 GHz USING VERTICAL POLARIZATION AND
OBTAINED BY EMPIRICALLY FITTING MODEL TO CURVE

DESCRIBED BY MEASURED DATA

. lIacidence Angle

(Degreés) T & (Decibels)
:
0.0 s6.6
8.0 -4.9
10,0 .t ~5.1 -
14.4 -5.6
2040 )
24.9 =
30.0
34.9 -10.0
40,0 - -11.7
'
- bb,9 ~13.3
q 50.0 -15.3 + 7
A .
13 §3.3 -17.5
60.0 |
70.0
80.0




TABLE A3 - CALCULATION OF CHI—SQUARE VALIJI: FOR GOODNESS

OF FIT TEST
- > 5
He éeured Model x-y)“1y
lue (db) Value (db)
-4.9 0.002'
2 -5.6 0.064
=7.5 =7.4 ., 0.001
-11.0 -10.0 0.100 ¢y
-14.0 ' 13,4 0.027
-16.3 —17,:5 0.082
ﬂ\
CHI-SQUARE VALUE 0.276
»
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By the value of -4.6 db obtained for 0° and shown in Table

. N
i ‘. A2. The results are tabylafed in Table A4.

In Section A.l a value of k£ = 2.1 was found to

provide a reananlb; fi; of the model ,to the measured
. . d-:‘n.‘The wave number, k, is known and equal to
2.?‘3/:eutimetre. Theratora; Eha valus ofif Eah be WeFives
and is fqfnd to be"'gqu.} to 0.752 centimetres. This value

N is independint of frequency. It is now possible to deriv

! a Q' value at 9.5 GHz (3.2 centimeires). The wave number
_at this Erequency is 1.963/centimetre, resuTEing in a k{ )
Val‘ue of‘ 1.48. -

)L The only difference in Equation (A1) and (A2)
resulting from a change in frequency at 0° incidepce is
the change caused by the k” term which is 60.81 for 13.3
M ands 1466 for %5 GHz. The effective change in

decibels is 10 log (14.86/60.81) = -6.13 dh.‘ Therefore the
\. ., 9.5 GHz value 'at-0° incidence is. just 6.13 db lower than

that of ka.: GHz or -10.7 db (using the 0° value in Table
- L .

- A2). Usidg this value the same technique as was employed
? - " ~

in Section A-2 can be applied with equation (A1) to

detefmine- vnl'uu for 9.5 GHz (vertical polarization).
: .

These are tabulated Tablle A5. Horizontal polarization

, valigs ‘can be de:eidined using the same technique as

98-




TABLE A4 - NORMALIZED RADAR CROSS SECTIONAL VALUES AT 13.3
GHz (HORIZONTAL POLARIZATION) DERIVED FROM THE

- MODEL ¢
Angle of Incidence
| (Degrees) O, (pecibels)
0 -4.6
10 /. -5.3
- 20 i
30 -10.6,
.40 -14.8 5
S C-17.2
50 -_!9.9
) 60 -25.8 :
70 “33.8
" 80 -44.6
'
5 .
, -99-




TABLE A5 - NORMALIZED RADAR CROSS SECTIONAL VALUES
DERIVED FOR_.9.5 GHz (VERTICAL POLARIZATION) BY

EXTRAPOLATION DOWN FROM 13.3 GHz
“MODEL
Angle of Incidence
(Degrees) (Decibels)
o
] -10.7
10 -10.9
20 Ak
w0 L -12.4
40 -13.8
45 -14.7
50 -15.7
~60 . “18.4
70 -22.4
80 -30.4
'

N -100-

USING

THE




employed in Section A.2 for that polarization and Table A6

provides these results.

=101~
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TABLE A6 - NORMALIZED RADAR CROSS SECTIONAL VALUES AT 9.5
GHz (HORIZONTAL POLARIZATION) DERIVED FROM THE

A MODEL
L Angle of Incidence § o
(Degrees) O, (pecibels)
.
0 N -10.7
10 -11.1
20 ! v -12.4°
30 N -14.2
‘40 . *-16.9
45 * . -18.5” .
) 50 -20.3
60 -24.7 o
~ 70 -30.7
80 -41.4
7
]
\
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