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ABSTRACT
-
XN
The present work describes measurements of iR
N
E background radiance . To provide background radiance
e
o values for the development of the AN / SAR - 8 (IRSTD)
>,
system, the radiance of clouds and buildings was
measured using the AGA Thermovisinn 780 . The

measurement values given in Isotherm Units ( photon
flux equivalent ) were translated into radiance values
(H/cnzlr) + The emissivity of the different objects
was also computed for the 8~-14 um window assuming
that their emissivity in the 3-5.6 ym band is close

to that of a blackbody . The a&average radiance of

4 2 . ’

clouds was found to be 3.302 X 10 W/ cm“sr in the

3-5.6 um window and 3.544 X 10° 0 W/cm®sr in the 8-14 um

window . The corresponding values for buildings were

q 3

3.587 X 10 H/c.zsr and 4.552 X 10 W/cnzsr respectively.
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i I. INTRODUCTION

& An important element in Naval Warfare Defence is
ﬁ the development of a surveillance system capable of
monitoring the appearance and progress of any potential

o threat. The infrared (IR) spectral region shows good

promise for passive detection sesystems able to detect a
variety of targets at different naltitudes. Such a system

is the Infrared Search and Target Designation (IRSTD)

“
Y
vy
‘I
-
e
)
s
te
-
e
-
A
w

System (AN/ SAR-8) currently in engineering development.

T
s

@

In szupport of the development of such a sasystem, it

r

is necessavy to fully specify and understand the IR

Pl
14
LN

P ™
.

el

radiance from the earth - atmosphere scene within a
given field~of-view (FOV}. Detecting a target by its .
radiation requires that not only the target intensity but
also the spectral and spatial structure of the background
be fully understood.

Important inputs to the design of successful
detection systems 2are recorded magnitudes and variations
in the radiance from various scenes. This information
will help in developing data proceasing algorithms to
distinguish radiation signatures of clouds and other
surfaces from those of the target.

In the context of this THESIS , data on cloud and

background radiance were collected and analyzed for the

10
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purpose of later development of algorithus that will aid
the AN/SAR-8 to ignore false targets generated by
background , atmospheric or non atmospheric, IR radiation.

These data were collected using the " AGA 1780
Thernovision”, a liquid nitrogen cooled thermographic device
able to detect IR radiation inmn the Middle IR, called
hereafter Short Wave - SW (3-5.6 micrometers) , and in the
Far IR , called hereafter Long Wave - LW (8-14 microxetmsrs).

The present work consists of eight chapters following
the introduction . The first chapter describes the
problenm and the expected output of the work. In
the second chapter 8 theoretical overview is
presented , along with data from the literature , of
clouds and different backgrounds. The third chapter
describes bow the LOWTRAN propagation / radiance code
was used to give transmittance of the atmosphere under
the wvarious circumstances of the measurements. The
fourth chapter liats the capabilities of the AGA
squipment and the wmode of operation used . The fifth
chapter describes how the AGA was calibrated
empirically . In the sixth chapter the method which was
actually used is presented bgath mnathematically and
analytically . In the seventh chapter meamsured cloud and
background signatures are listed, analyzed and presented

as final results. The last chapter consists of the

11
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conclusions that the results le=ad to and suggestions

for possible improvements and future work in the area.

¢ o e W U

The resulta obtained are not expe.ted to have

i e

ALY

gignificant quantitative importance . due to the
wide variety of possible background radiators and
nateorological conditions , but it is hoped that they

will provide a starting point for further work on

the subject.
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II. BACKGROUND TO0_ PROBLEM

A. GENKRAL

All objects im our environment , eithar cold or hot,
radiate IR energy detectable by the Ilsrn'ny-te-.

The IRSTD , as mentioned before , should be capable of
determining whether anm observed IR source is (1) an airplane/
missile , or {(2) an unwanted source such as clouds, birds,

or shore features.

There are aeversl atmospheric and terrain conditions
affecting the translation of emitted radiation into
meaningful signal. Two of the most important fuctors are the
atmospheric background and the atmospheric absorption.

Atmospheric background consists mainly of clouds, rain,
snow, clear sky etc. Terrestrial background consisis of
land, mountains, hills, cities, buildings etc.

Here we will deal with cloud and building

signaturea. The radiance of a selection of msuch sources was

measured using the "AGA 780" system.
The equipment used im designed to provide the
Ltemperature of an object if its emissivity is known

or vice versa. An empirical calibration of the "AGA

780" along with the application of some simple ;Ef
ot

mathematical formulae was needed in order to obtain r&}
radiance measurements. Pt
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The rcecond factor mentioned esbove , the atmospheric
absorption, has been dealt with by using the LOWTRAN code for
vropagation of IR radiation. Specifically the LOCWTRAN 6
computer program was used to provide attenuation factors

under different atmospheric conditions.

B. BFFRCTS OF BACKGHOUND CLUTTER IN INAGING

Background clutter is an important factor
limiting the porformance of thermal imaging equipment .
Clutter enission from clouds , birds and terrestrial

objects generates a senser response which nay either

mask the signal from & target or appear as a

felse target

It is impossible to predict how large spatinlly
or how intense a clutter signal from background would
be. Background clutter may coneist of either emission
or sacattering from smwall objects (eg. birds) as  well
as from larga objects (eg. clouds) [Ref. 1] .

Targets and clutter will be sensed by an
imaging system as having a small temperature
difference from the background, AT. This temperature
difference can be expressed as radiation contrast C_ ,

R
as described by Lloyd ([Ref. 2].

cg = —-T-—-R- (11-1)
"T + "B
"T = target radiant emittance ( W/n2 )
14
T e L e L e e L e




k
s‘.
\
5 W. = background radiant emittamce ( H/uz )
)
i If the total radiant emittance W(T) is
wr) = ¢ 1t (Stefan’s law) (II-2) , then
: M(T) 3
------- = 4¢ 7 (11-3)
"
) or, AW(T) = 4 « T ar (1I-4)
. W, -~ W
i Now cp = S S (I1-1)
) Yr * ¥y
: Yor W= W) =1 (1I-5)
5 M(T)
. and W, = W(T+ AT) = W(T) +----- AT (1I-8)
- an(T)
- Cp = - - (1I1-7)
i 2W(T) + AW(T)
: 4o 13 ar
i ze1?+ae1dar
! 2 AT
. 2 e or, Py
“ T + 2 AT Y
n:-. Ca ."r
A 2 AT 0
- Cp = —m—-—- , for small AT. (II-B) ReRM
1y T A
), Wﬂl
l;\ .-'ﬂ-..
Y For typical scenes AT is of order 1°K so this _».}A.:
-:i: “I"\ . N
o approximation may be justified. &N-‘;
4 (i
._, C. BACEKGROUND SUPPRESSION SCHEMES r;w;';{"
o ANy
. A filtering system ( subtraction scheme ) will be ’r’lﬁtﬁ?
N A
., e
N needed to suppress the background signal. This conld E{&:}“:
9 -..
- VA
- 15 R
h-\.‘-
4
R
TR 3 T T T T B T b T e S e S




be an automatic background supprossion system that

ey 7 Al ool

will sense thke average buackground asignal and ocubtract

| it.
;i A problem could arise here when the temperature
ﬁ of the target aund its background ars nearly the
p. same ( zero contrast ). This will happen twice each
ﬂ day .

Hudmsou [Ref. 3} gives Y very good example

showing that last point. A truck is parked in an
open field so0 that an infrared system can view it .
Observations are mzde over a period of 24 hours and
variations are found in the contrast between the
vehicle and its background . In the afternoon the
truck has beeys heated enough by the sun to be
warner than the background ,giving a positive contrast,
During the eariy evening hours the vehicle , because
of its large thermal caepacity , cools more slowly than
the background and the contrast ias even greater ( more
positive ) . At night the truck cools more rapidly ,
passes the point of equal tumperature to the
background and the contrast passes through zero to
become negative. As the psun rises again the background

warmns more rapidly than the fruck and the contrast

becomes more negative . Later 1in the morving the
heating of the sun will be sufficient to cause a

period of zero contrast and then a positive omne. That

16
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. shows thkat * for many targets and background
! : combinations , there are two intervals in any 24-hour
3 period during which the target cannot be detected
i becaure there is insufficient radiation contrast
! between it and itas background " .

There are no good methods of eliminating this
effect ; the best thing to do would be to wait until

. the period of “washout™ passes.

D. CLUTYER SUPPRESSION SCHEMES
Lﬁ Assuming that targets and clutter will have
K different temperature from the background and that the

background suppression is successful , the problem of

; eliminating clutter still remains.

| Several unwanted signals that will have asmall AT
Ef above the background will be present . These nignals
h can be from birds , clouds , buildinga etc. . They
Ej will all appear as threshhold crossings exactly am =&
Ez target could appear.

&j To avoid confusion caused by these signals
E;‘ several methods can be used . The use of each one
5; will depend on the task that the syatem will
2 perform ( early warning, detection , tracking etc. ) and

on the kind of clutter expected ( small or large ,

intense or not ).

17
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o
Eg One method could be the use of a rotating
a reticle » 1in the equipment’s image plane .‘ to
W achieve space filtering . This method is described by
:‘:‘ Hudson [Ref. 3] and can be used for discrimination
| of small targets against large clutter 1like clouds in

ﬁf seeker or tracker systums.

%% Other nmethods will be dependent mainly on the
i size of the target to be detected .

Eﬁ For example for a small target we could divide
Ei the scan electronically into small windows (each one
Eﬁ being equal in dimension to one Instantaneous field-of-
;¥ view ) and test it the target appears in more than

@3 two neighbbouring windowa. In figure 2.1 asignals A and
,: B will be classified as targets and signal ¢ will be
classified as clutter and discarded. This scheme will
not be effective against small false targets such
as  birds .

For large targets (og. ships) a useful logic

method could be to check 1f the target appears in

three out of four successive windows. In figure 2.2

signals A and B will be classified as targets but .’35:::';{:
SR

signal ¢ will be classified as clutter. This system [“t
RV

may perhnps not detect a small target (however , a ,.,,T,g
h‘.:n'.:-'f.'

missile may be detacted since its booster im heating Rl
o

the air surrounding the exhaust gas , and will give &:-f-*}-j
:\'-"." .

a large target ). ey
"":‘:'L"-\.
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2.2 Clutter suppression scheme for
that will detect large targets.
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Other possible mathods could be software analysis
of the movement of the taf‘atn (eliminating for example
all signals not showing any movement at the risk of
discarding =hips that will be statiomary) , or analysis
of signature patterns and statistical comparison with
knowu signatures ( although this might be very
difficult due to the wide variety of zlutter

signatures ).

E. CONCLUSION

What is obvious from the above is that it will
be useful to kunow what euount of thermal radiation
is emitted by different kinds of cliutter like clouds,
buildings etc. . The purpose of this THESIS is to
provide and analyze thermal radiation values from such

clutter.

21

o

T

AP RARA S




T R AL L ST R,

RrEetAh 4 M A

T e
b

-
v‘,
.
.

=

I1I, CLOUDS , BACKGROUNDS AND THEIR SIGNIATURES

a'w T

A. CLOUDS

Clouds are one of the main causes of undesirable IR
radiation . Cloud cover in most of the regionas of the world
is a condition that exists about one half of the time. Figure
3.1 shows the frequency of overcast skies (curve 1) and
the total frequnncy of overcast and partly cloudy skias
(curve 2) along the 20°* W Meridian, as a function of

Latitude [Ref 5].
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Fig. 3.1 : Latitude and dependence of frequencies of
various kinds of weather along the 20° W
meridian. (1) frequency of overcast skies
(8-10 on a 10 fold scale for cloudiness)

(2) frequency of overcast and partly
cloudy (3-7) skies . Region above curve 2
characterizes frequency of clear skies.[Ref.5]

22

PLLLAP

s B 2L
LI S
L’f«f R

g

L 4

.

Pty g
2

a3, P

5t
1) x"
’




|-

B s T o e

el

]
:

Clouds may be classified into three major categories
according to the height at which they eccur.
(1) High level clouds.
(ii) Middle level clouds.
(1ii) Low~level clouds.
The following table shows those categories, the type of
clouds in each and typical heights at which they occur.

Cloud Type of Altitude at which they
level Clouds occur at Midlatitunde.
(Avg. ull seasuns)

Cirrus

High Cirrocumulus 5§ - 13 km
Cirrostratus

Middle Altocumulius 2 -7 km

Low Stratocumnlus Earth’'s surface
Stratus to 2 km

- o o o St St (S S e o A B S S A M oy g e e Pt e St Mt WS il s SR {004 St el WS o W WA O 7 SAOY LN B ST A e S S s |

Figures 3.2 and 3.3 both from [Ref. 6] show
spectral radiance from two types of cloudas , Cumulus and
Cirrus respectively.

Discussion of the particular behavior of each category
is beyond the task of this THESIS but in general we can state
that the clouds perform three things of interest in the
present context:

(i) They reflect radiation originating from

terrestrial objects.
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Yigure 3.2 : The spectral
of a dark cumulus cloud . [Ref. 6]
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with cirrus clouds at several angles

of elevation.
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R (ii) Thay scatter solar radiation strongly , and

i ' (iii) They emit IR radiation due to their

- own temperature.

E ) Figure 3.4 (Ref. 10] shows how sclar thermal

i radiation components reach the surface of the earth and

& then how they are reemitted back. There we see that of

ﬁ the incoming thermal radiation , 3% is absorbed by

i clouds and 20X is reflected by clouds back to space. {
L On the other hand emission by clouds is responaible ggﬁ?
ii for 26% of the outgoing radiation te space. &Eﬁ;
, 1. Reflection of IR Radiation by Clouds R
%E Clouds reflect IR radiation from terrestrial objects. EEE?
g; Typically the reflectance of a middle layer cloud ranges from R}ﬁg

0.7 to 0.1 in the spectral range 0.2 to 4 pm (fig.
3.5 ) [Ref. 6].

The reflectance of a clcud increases with the clcoud
thickness, and with decreasing mean free path of a light ray.
It also varies with the sgolar zenith angle (fig. 3.6)
[Ref. 6].

2. Scattering of IR Radiation by Clouds

The scattering proceas is the process by which

particles absorb emnergy from an incident electromagnetic

wave , from some direction , and reradiate that energy into
AN
the total so0lid angle centered at the particle. Scat- &ﬂf
r-h‘ -:t"l
tering is a function of particle size, density and &:ﬂ
e -'.\., -
refractive index and also wavelength of incident light. ™
Y 3
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tmmnenes Clovds, Data are directional reflectance of a micdle laver cloud.
ssesvsces Winer Snow and lce. Data are directional rgn-euuo of dry snow,
seeseencrses Symmer Jca. Data are directional reflectance of summer Arctic ice.

o= s e =foll and Rocks. Data represent the average value of the bidirectional
refleciance, o, (459, 0, 0, D), of giavel, wct clay, dry clsy,
tuff bedrock, and sandy loam.

—— e Yegntatich. Dats represent the average value of directional refjectance
' of many types o vepstution (from thin ERIM Lita Fita),

Figure 3.5 : Spectral diffuse reflectance of Earth-—
atmosphere constituenis. [Ref. 6]
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Figure 3.6 ' : The variation in reflectance

as a
paramster

for different solar zenith angles.

The cloud thickness is b ~aud the
mean free path of a light .y im

L . [Ref. 8]
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