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CHAPTER I
INTRODUCTION

The use of infrared sensors fpr military applicétions has been pro-
ducing successful results for several yeérs. Civilian uses for infrared
sensors are now being rapidly explored and developed. The development
of the Eéchniques reqﬁired to detect and measure infrared radiation ex-
periencea a'gradual evolution, Barr (1) gives an account of the early
development of the infrared spectrum, Other references (2,3,4) also
review the military and civilian uses for infrared sensors. The appli-
cation of infrared sensing to the detection and surveillanée of forest
fires is one of these uses.

The U.S. Forest Service, since 1961, has been conducting a forest
fire detection research program at its Northern Forest Fire Laboratory,
Missoula, Montana. Hirsch (5,6) hasvdefined the extent of the fire de-
tection problems and described the general performance requirements for
operational fire detection systems. Wilson (7,8) has formulated the
performance requirements for an airborne infrared scanner; results ob-
" tained with a prototype sysfem are included. The infrared scanner pro-
duces a thermal map of the terrain under surveillance., The §bjective
of the fire detectioﬁ research prbgram has been the development of a
system‘capaﬁle of detecting both man-caused énd lightning-qaused fires
day or‘night'under all atmospheric conditions and in the wide variety

of fuel and topographic conditions.



This thesis describes the design and construction of an infrared
system to detect incipient forest fires., The system was built with the
primary objective of investigating the various parameters and problems
of forest fire detection, The system was built as simply as possible
and the systgmbperfOrménce would not be optimized,

The thesis reviews the characteristics of infrared radiation and
the basic radiation laws. Factorsvdetermining the received signal at
the aperture of an ;nfrared system are examined and discussed. Target
to background cbntrast, transmissién through the atmosphere, and detec_
tor pafameters all ﬁust be considered,

The infrared detection system which was designed and constructed
is a tripod-mounted, battery-powered, portable instrument, The spectral
pass band of the instrument, defined by the detector, is from 1 to 5u.
The detector is a lead selenide detector operating at 295°K. The main
components of the system are the optical system, the detector and chop-
per, the preamplifier, and the power supply. A meter readout is obtain-
ed by using a portable ac voltmeter connected to the output of the sys-
tem. The detection system can now be used as the basis for further
study of the problems of forest fire detection. The.objectives would be

to develop techniques other than airborne mapping techniques.



CHAPTER II
THEORETICAL DISCUSSION
Characteristics of Infrared Radiation

The region of the electromaghetic spectrum where infrared radiation
occurs is called the infrared spectrum., The unit of wavelength used in

the infrared spectrum is the micron y (1 micron = 1074

cm), The spect-
rum has a lower limit of 0.72 g and extends to approximately 1000 y as

shown in Figure 1. The wavelength A is related to the frequency v by
)\-:9-:—
v

where C is the velocity of light (C = 3 x 1010 cm/sec.)s The wavenumber
v! is the reciprocal of the anglength A . It is customary to use the
actual frequency v rather than the wave number v' in discussions of
blackbody radiation.

Any object whose temperature is above absolute zero radiates
energy with much'bf'if being radiated in the infféred spectrum.. The
emission is the result of_accelerating charges within fhe object. The
amount and spectral charactéristiés of the radiated infrared energy are
depeﬁdent upon tﬁe_absolute température of the object, its surface na-
ture or emissivity, and its surface area.

Electromagnetic radiatien may be classified by wavelength distri-
bution as band spectra, line spectra, or continuous spectra or some

combination of them. Band or line spectrum sources radiate strongly in
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Figure 1. Location of the Infrared Spectrum in the Electromagnetic Spectrum



some narrow spectral intervals but in other wavelength intervals do not
radiate at all, A plot of émission versus wavelength shows a series of
- emission bands or lines and the curve is discontinuous. Continuous
sources emit radiation over a broad and continuous band of wavelengths.
A plot of emission versus wavelength is a smooth curve usually having
only one maximum. - Each type:of spectral source has found extensive use
in basic reseérch. |

The thefmal emission of>solid5’is ve;y difficult tovexplain by the
use of eleCtroﬁagnétic theory;:_A thermodynamic approéch has been used
to explain the fhermal emission of solids.(9). Thebconcept of an ideal
radiator or ”blaékbpdy”, fundamental to an understanding of the princi-
ples 6f inffared'?adiatién, has evolved ffom'this approach., The ideal
radiator emits radiation over a broad and continuous band of wavelengths
and thﬁs is a continuous sourCe; The following sections reveiw the
basic radiation laws and the characteristics of the radiation for such
ideal radiators.‘ A discussion of the basic radiation laws and the
characteristics of the radiation is covered by several authors (9,10,11,
12,13). The symbols used to describe radiometric quéntities and their
units are found in Table I.

The concept of a ''blackbody" was postulated as an ideal absorber,
absorbing all radiation incident upon it, and .as an ideal radiator of
radiation, emitting all radiation at the maximum possible, at all tem-
peratures and for all wavelengths (13). Cavity-type blackbody sources,
as used in the laboratory, approach theyperfeét blackbodyf The black-
body is used as the standard for infrared work. The intensity of the
radiation from éuch a cavity is a function of temperature only, and the

radiation emitted approaches the blackbody continuous spectrum.



TABLE T

RADIOMETRIC QUANTITIES

Description

Units

s ——————————
e e it

- -
- -

————

Radiant energy - U

.per unit volume 3Jv-

Rate of transfer 23U
of radiant energy 3t

Radiant power per unit
area emitted from a

Radiant power per unit
area incident upon a

Radiant power per unit
solid angle from a

Radiant power per unit
solid angle per unit

Radiant power per unit
wavelength interval

Radiant emittance per

Symbol Name
A Area Projected area
Q- -Solid Angle
A Volume
U Radiant
‘energy
u Radiant
energy -
density
P Radiant -
Power
W _Radiant
emittance
surface
H Irradiance
surface
J Radiant
intensity
point source
N Radiance
projected area
Py Spectral
radiant
power
Wy Spectral
radiant

emittance

unit wavelength in-
terval ‘ '

/o
|~

{0/
B

3P

cos8AdN

%

2

cm

SY

cm

joule

joule cm

W cm'%u'l



Hy Speétral _

irradiance

A Spectral
radiant
intensity

Ny Spectral
radiance

TABLE I (Continued)

Irradiance per unit 3H w cm™? u'l
wavelength interval 3\

Radiant intensity per w sr-l u'l
unit wavelength in- €=

terval A\

Radiance per unit aN w sr™! cm'zp,-1

wavelength interval 3

(After reference 11)



The radiation effiéiency of a body is»described by its emissivity
e . Emissivity is the ratio of the rate 6f radiant energy emission
from a body, as a consequence of its temperature only, to the corfes-
ponding rate of emission from a blackbody at the same temperature (11).
The emissivity é of a blackbody is set equal to unity.v A substance
having a emissivity less than.unity'is termed a "graybody". The gray-
body radiate or absorb leSSvradiént'ehergy than a bléckbody would at the
samé temperature. -

Absorption, reflection, and transmission are the processes that
account for all'incideﬁﬁ'radiation on-an iject. The above terms must

be equal to unity:
cy+'p+'r=l

where the absorptance & is the ratio of the radiant energy absorbed by
a body to the energy incident upon it. The radiant reflectance p is the
ratio of the radiant energy reflected by a body to the energy incident
upon it., The radiant transmiftancef'is'the ratio of the radiant energy
transmitted through a body to the energy incident upon it. . For an
opaque material (7 = 0) the expression is

o 4—p’= 1
then

where ¢ is the emissivity. The conditions characterized by a blackbody,
a perfect absorber, are
o = 1 e = 1 p = 0 T = 0.
Kirchoff's law states that»the ratio of the radiant emittance W of

any reél body to.the‘radiant‘émittance of a blackbody is given by



W
a = Wb

where ¢ is the absorptance. For a blackbody @ = 1, and thus

@ = ¢
and

The abdve relation gives an expression for the radiant emittance for any
source that is not a blackbody.

Planck's law represents the complete spectral distributién for a
b1ackbody. ‘Plandk showed that it was necessary to assume that energy
occﬁrs'only in discreté units of hv and that the energy of a quantum
of radiation i;

.E = hyv

h

o : -27 '
where h is Planck's constant (h = 6.62 x 10 erg sec)., Planck's law

states that the;épectral radiant emittance Wy of a b1aCkbody at wave-
length A and at absolute temperature T is given by

o Gt
W = —% (e = 1)

-1

>

where C1 = 3,74 x 10-'12 watt cm

[N

-2

= 3.74 x 10% watts u4 cm © and

C, = 1.438 cm °K = 1.438 x 10% u°K.

The last values given for the constants are for use when the wavelength
is expressed in p . The spectral radiant emittance W) is expressed in
watts cm™2 u'l of wavelength interval, The spectral radiant emittance

versus wavelength plotted for a blackbody at various absolute tempera=

tures is shown in Figure 2, A derivation of Planck's law can be obtained
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by considering the number of possible modes of oscillétion for electro-
magnetic waves inside a cavity together with the average energy of each
mode (10).

Integrating the Planck equation over all wavelengths yields the

Stefan-Boltzmann law

J‘oo
W = o-wl dx
W = ch4

where 0 is the Stefan-Boltzmann const#nt (o0 = 5.67 x 10"12w cm-z(oK)q4).
W is the total radiant emittance (w cm'z) emitted by each square centi-
meter'of surfacé area of a perfect blackbody at absolute temperature T
(°r). The‘expression of the Stgfan—Boltzmann law for sources that are

not a true blackbody is

where e is the emissivity,
" The Wien’DisplaCement.law can be obtained from Planck's law by
differentiating Planck's equation and setting the derivative equal to

zero. The result obtained is

A T = constant = 2897°9M (°k).

Knowing the absolute temperature T of a blackbody, the Wein Displacement
law tells where the peak of the radiation curve falls and the wavelength
at which the maximum emittance occurs. A plot of the Wien Displaceﬁent
law is shown in Figure 2,

The four basic radiation laws, Kirchoff's law, Planck's law,

Stefan-Boltzmann law and Wein Displacement law have been reviewed.
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Blackbody slide rules, using the basic radiation laws as the basis of
their construction, have been built for rapid calculations of radiomet-
ric quantities. ‘Qne such rule is the General Electric Radiation Calcu-
lator GEN-15C and is available from the General Electric Company. Ap-
plication of the basic laws to a particular source require knowledge of
the shape of the source, the surface area, and its temperature and
emissivity.

A spherical source emits uniformly . into 4 steradians, whereas an
emitting plané sprface is'chéracterized by a cosine disﬁribution.' This
cqsine‘distributioﬁ'is known §s Lambert's law of cosines. A cavity-type
~ blackbody source emits rédiation from its‘aparture according to Lambert's
law and-is referred to as Lambertain source (11)f The Lambertian sur-
face has é cbnétant radiance N which is the same in all directions.

The radiant emittance W of a Lambertian surface is given by
W = {_:’J‘Ncosedﬂ

where P is the radiant power, A is the area, and Q is the solid angle.
The radiance N is defined as

- _a%
cos 83 A

The differential solid angle defined in Figure 3 is

aQ = r2 sin 6 de dg .

2

r

When the radiance of a surfacé at a point is N = N(e,¢), the radiant
emittance W at that point is

W = ” N(8,p) cos § sin § d@ dg
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and the integration is carried out over the solid angle containing the
radiation beam. If the beam is a perpendicular inverted circular cone

of half angle ¢,

2 oy
W = J;-J; N(9,¢) cos @ sing d8 dep.

For a Lambertian surface N is constant and

W = 21N Idcos 6 sing§ d§ = sin%y.
. Yo
The radiant emittance from a Lambertian surface into a hemisphere

(¢ = @) is
2
W = o N,

_ Kruse, McGlauchlin, and McQuistan (9) have a discussion of emitting and
absorbing characteristics cf_surfaces.‘ Radiaticn emitted from real
bodies can seldom Be describcd or approximated by‘LamBert's cosine law.
It is also difficult to charactefize_a rcal bedy by a single temperature

and a simple area factor.,
Infrared:System>Considerations

The.épplicatioc of infrared detection to the problem of reconnais-
sance and surveillance is of pérticular interest. An infrared system
which depends upon the direct radiation from the target for detection
is referred‘to cs a passive infrared system. An active infrared system
uses an artificial source to illuminate the target and the system de-
tects the reradiated infrared energy. This discussion is concerned with
the problems associated with a passive system. The primary objective of

the system is the detection of a target against varying backgrounds



15

through an intervening atmosphere.

Thévdesign of an infrared system for reconnaissance and surveil-
iance depends on maﬁyvpérameters but some are basic., The detection of
the target ultimately”depends on the contrast between the source radia-
tion and the backgfound radiatipn. Tﬁebnaﬁure of the target, its char-
actéristic radiatiéné émissivity, reflectivity, and range must be known.
Background radiétiqh is emitted by ééVéral sources and the nature of the
radiétion is impofﬁant. The radiation emitted by the target and its
background must pass through the atmosphere before it enters the in-
frared system, This may be a long passage through the earth's atmos-~
phere, and the modificatian of the target and background radiation by
absorption or scattering processes in the atmosphere must be taken into
account, Consideration of these factors will indicate the specific
wavelength region between which optimum system detectivity>can be

achieved.

Background and Target Radiation

Background fadiation originates from natural sources which are of
a terrestrial or_celestial-nature. Terrain baﬁkground is due to all
natural features of the terréin;rtrees, fogks,‘sand, e#rth and water.
The terrain background may a1$o inc1ude man-made objects such as build-
ings. A sﬁfvey‘of the unclassified litefaturé on terrain backgrounds
is given By reference (14). The spectral characteristics of background
radia;ion dépend on the absblﬁte temperature of the terrain, and the
tefrain charactefistics as»&gséfibéd by the emiésivity and the reflec-
tivity. Sky béckéround;'the backgroﬁnd for all directions of view above

the horizon, is formed by the atmosphere of the earth and by the sun,
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moon, planets and stars beyond the atmosphere. Knowledge of the spect-
ral distribution of the terrain or sky backgrounds is required to optim-
ize the target-to-background contrast.

The spectral radian@é Ny of terrain is &etermined by emissivity,
r@flectivity9»temp@rature of the terrain, and the effect of the inter-
- vening atmos@here; 'Referénce (11) contains values for the above para-
meters. A mean temperature of épproximaéely 300 %K may be used as the
mean temperature-for.terréstrial surfaces. The surféce temperature of
the earth will depend upon the incident»sol&r fadiation,.the nature‘of
the terrain and the.local weafhér conditions. Using the absolute tem-
perature~of 300K, Ehé'Wein'Displaceﬁént’law places the peak of the

radiation curve near 10p . This is the wavelength xmax’ or the wave-

-

length at which the terrain emits its maximum radiation. The reflect-
ance values fof natural objects, at wavelengths shorter than 3 , range
from 0.03 for bare ground or ocean to 0.95 for fresh snow. Kruse, Mc-
Glauchlin, and McQuistan {(9) suggest that for approximate calculations
regarding the general level of background radiatien, terrain can be
assumed to be a gray body having emissivity of 0,35, The temperatufe of
the terrain would be the temperature taken fram a thermometer located in
the terrain. |

Measurements of the spectral.radiance of nearby terrain (up to
several hundred feet) show that if closeiy approximates a blackbody
curve for the temperature of the terrain (1l1), When the temberature is
300°K, the peak éf the blackbody curve is at 10 @, A radiation slide
rule calqulation indicates that less than 0.2% of this energy is radia-
ted below 4 .

Radiation from terrain is the sum of the reflected sky radiation
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plus the radiation emitted by a blackbody at the terrain temperature.
The veflected sky radiation eccurs below 4 and is from scattered or
diffusely reflected sunlight. The daytime spectra of objects at ambient
temperature show a minima around 3 to 4 j . Measurements of the infra-
red spectral radiance from various objects and surfaces have been made
(11).  In the 10 p region the speétral»radiance of tefrain follows
changes in temperature, Near sundown the radiance falls rapidly and
then slower during the night. After sunrise it rises to a maximum
shortly after noon. Below 3 B , the scattered radiation from the sun
is dominant during ﬁhe daytime. After sundown there is no infrared
radiation from this source,

The‘effectvof tﬁe étmosphere on the radiation from distant terrain
has also béen noted (11). The atmosphere absorbs radiation at certain
waveléngths (discuséed in the next section) and the radiation from dis-
* tant térrain:ié altefea at these wavélengths._ The: resulting spectral
radiaﬁcé measﬁreménté dd notbfit>a single blackbody curve. At wave-
1eﬁgths where abéorp#ion tékgsiplace‘the oBsérved radiance approximétes
a blackbody curve_wﬁich has the'same_absoluﬁe teﬁperature as the nearby
terrain. At wavelengths where absorpti§ﬁ does'not take place the ob-
served radianceﬂfits aﬁblagkbody curve whicﬁ has the same absolute tem~-
peraturé as the diﬁtéﬁt terrain., The effect of atmospheric absorption
on the design of infrared systems is illustrated by this example,

Sky background radiation is caused by the scatﬁering of the solar
radiation and by the thermal emission of radiation from the molecules in
the atmosphere. The scattered radiation being scattered from the mole-
cules, particles and water droplets in the atmosphere is particularly

affected by cloud distribution. The solar scattering region is the
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region of the spectrﬁm below 34, and the thermal emission region beyond
44, Solar scattering can be represented by reflection from a sunlit
cloud. An upper.limit of sky radiance assumes that all the sun's radia-
tion is uniformly scattered toward the earth so the sky has a uniform
brightness, Under this condition the radiance occurs at 0.5 pu. A plot
of the spectral irradiance for the sun's rays is given in Figure 2. The
figure also shows the spectral distribution of the sun observed through
the atmosphefe as approximated by a blackbody at 5800°K. The thermal

emission region can be represented by a 300°K blackbody (6).

Infrared Transmission Through the Atmosphgre.

'Infréred.radiation‘transmitted through the earth's atmosphere is
attenuated at cerﬁain wavelengths and the effect on the performance of
an infrared éystém musf be considered. The radiation is attenuafed be-
cause of ébsorbtibnfduevtﬁzthe é#ééé 6f the'atmqsphefe. Radiation may
also be scéttered by pérticles SQSpended in ;he-batﬁ through the atmos-
phere. |

Infrared radiation can benetrate smoke and atmospheric haze more
effectively than visib1e 1igﬁt>becaﬁse of its longer wavelength rela-
tive to the particle size in the scattered haze, Transmission of in-
frared through fog and clouds is little bettér than visible light for
water vapor particle size renders them opaque. The optical properties
of the atmosphere, the theory of molecular absorption, and the theory of
scattering by the atmosphere (Rayleigh scattering and Mie scattering)
are discussed by Kruse, McGlauchlin and McQuistan (9). The gases pre-
sent in the étmosphere in the greatest abundance are nitrogen, oxygen,

water vapor, carbon dioxide, methane, nitrous oxide, carbon monoxide,
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and ozone. ‘Thg gases oxygen and nitrogen are the gases with the highest
concenfrétion, 5ﬁt they d6 not exhibit any molecular absorption bands,
The most important gases at sea levei and up to 40,000 ft, which have
absorption bands are w&ter vapor and carbon dioxide., Water vapor has
absorption bands at 1.1 @, 1.38u, 1.87u, 2,7y and 64 . Carbon dioxide
bands are located at 2.7p, 4.3 and 14.5p (9). The atmospherié¢ trans-
mission curves up to 5.5 y are shown in Figure 4 and Figure 5 (10)._ The
figures show the water.vapor and carbon dioxide absorption bands. Thé
atmosphere is essentially opaque to infrared radiation in these absorp-
tion bands, The transmission curves also show regions of relatively
high tfansmission between the absorption bands, These regions are re-
ferred to as "étmospherié windows," The spectral limits are 1,5-1.8u,
2-2.,6p, 34,2 p, 4.5-5.3 p., and 8-14 y . The term "afmospheric
window" is a qualitative term;for the windows will broaden or narrow as
a functién_of altitude,‘barometric pressure; and the concentration of
water Qapor and carbon dioxide in the.atmssphéfe.' Traﬁsmissioﬁ'through
the'winddws ié cdrrespondingly affected. The consideration given these
regionS'of étmosphéric transmission greatly affect the.Spéctral require-

ments of components used in infrared systems.

Infrared Detectors -

The deﬁeCtiqn of infrared radiation may be accomplished by any one
of three basic interactions of the radiation with the surface of a semi-
conductor. The three forms of interactjion all give rise to photoeffects
and éan be referred to as the external photoeffect, the internal photo-
effect and the thermal effect,

The external.photoeffect is more commonly called the photoelectric
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effect. It occurs when the incident photon intexacts with the material
with an energy greater than the threshold energy or the minimum energy
required to free an electron from the material. The intermnal photo-
effect occurs when a photon having energy greater than a minimum re-
quired by the material interacts Qith the material to produce a free
electron, a free hole, or both. Internal photoeffects include photo-
conductivity, photovoltaic effect, and photoelectromagnetic effect, De-
tectors based upon either.the external or internal photoeffects are
called photodetectors.

The thermal effecf results from the interaction of radiation with
the material, heating the material as the energy is absorbed, causing
a temperéture rise in the material.  The resistivity of the material
ié a‘function of the tempefature° Measuriné a change in the resistivity
results in detection of the radiatiqn.

bThe detectioﬁ mechéniémévfhﬁS éiéésify‘déteétdrs éccording to two
types; thérmal detectors and‘pﬁotOQetegtors; Thermal détectors have
responsive eleméntsvsensitive to chénges in temperéture due to changes
in incident power, They respond equélly well to radiant energy of all
wavelengths, or have a fl;t response,  The reéponse time, however, is
measured in milliseconds. Examples of thermal detectors are metal and
thermistor bolometers, thermocouples, and Golay cells (9)., Photodetec-
tors have responsive elements whi;h are sensitivie to fluctuations in
the number of incident photons. Photodetectors are responsive only over
a certain spectral region, responding only to those photons of suffic-
iently short wavelengths. Their response is also proportional to the
rate at which-photons are absorbed at a given wavelength. Assuming

equal amounts of incident power at any particular wavelength, the re-
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sponse usually decreases as the wavelength decreases below the wave-
length Ac corresponding to minimum energy. The resp@nsé time of photo=~
detectors is measured in microseconds.

Photodetectors are classified according to the effect used to de-
tect the fluctuations in incident photons. The common types are photo-
voltaic detectors, photoconductive detectors and photoelectromagnetic
detectors, Any chgnge in the photon flux incident upon a2 photovoltaic
detector reéults in fluétuations in the volfage generated by the detec-
tor. The photovoltéic detector has the :advantage that it requires no
bias voltage. Photoelectromagnetic detectors place the responsive ele-~
ment- in a magnetic field, Photoné absérbéd‘at the surface of the ele-
ment generate charge carriers which diffuse into the bulk and are seper-
ated by the maghetic field, vThié separation of charge produces an out-
put voltage which fluctuates accordihg to the fluctuations in the number
of incident photdﬁS, 'No bias voltage is required, Any change in the
number of photons incident uﬁon.a photoconductive detector results in
fluctuations in the number of free charge carriers in the semiconductive
material. The electrical conductivity of the responsive element is in-
versely proportional to the photon flux. ‘Detection of the radiation is
accomplished by monitoring the changes in the conductivity,

The detection mechanisms of infrared detectors are discussed
throughly by reference (9) and reference (10). Reference (9) is most
complete, presenting a discussion of the mathematical theory of the most
important infrared detection mechanisms. The sources ofvdetector noise,
thermal noise,»l/f noise, generation recombination noise, and shot noise
are covered, The ideal photon detector or ”Blip" detector has no in-

ternally generated noise and is capable of counting every photon of
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wavelength shorter than the cutoff anelength Ac which reaches the de-
tector. The photon noise limit of the "Blip" detector is discussed by

referénce 9).

Detector Parameters

The‘selecfio@ of an inffared_detectdr must ‘be based upon parameters
that adequately désbribe the detectors general characteristics and the
nature'of'ité feéponse to radiation. The parameters uséd must also
allow coméérisdn of the'performance éf a particular detector to detec-
tors of different types;‘ A definitive report setting the standards for
infrared.defeétiOn'ﬁeasurements and the parameters for describing their
performanée is“éivén‘byfreference (16)., The standard report on a parti-
cular detector includes a description of a detector, the conditions of
measurement, a diagram of fhe input circuit to the preamplifier, and the
data on the test results, Data on commercially available infrared de-
tectors of all types is given by reference (11).

Various parameters must be specified in order to describe the per-
formance of detectors, These parameters”iﬁclude such things as the re-
sponsive area, modulation frequency, spectral character of the radiant
power, bias voltage level, and the electrical bandwidth of the measuring
equipment, Figures of merit have been defined which take into account
these parameters and allow two independent measurements of a detector's
performance to be compared., "The figures of merit are responsivity R,
noise equivalent power NEP, normalized detectivity, and time constant T,
These are the figﬁréS'of merit most commonly used; a complete list of
detector parameters are defined and placed in a table by reference (11).

The responsivity R is defined as the ratio of the rms signal vol-
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tage Vs at the fundamental radiation signal frequency to the rms radia-

tion signal power Ps at the same frequency. The ratio is

R = VYS; IMS  yolts rms/watts rms.
Ps, rms
The responsivity of a particular detector is governed by the ﬁarameteré
such as the speétrﬁm of the incident radiation, the frequency f used to
chop the radiation, the operating temperatufe of the detector, and the
bias voltage B.‘ The fesponsivity written as a function of these para-

meters is
R = R(b, £f,1)

»where“X»dendtes’the spectral debendence.

The hoise'équiyalent power NEP is defined as the minimum rms value
'of the'fundamehtai fréquenéy ﬁomponent of thé radiant signal power Pg
falling on,tﬁe detectbr which will give‘rise to an rms signal voltage

Vs equal’to'the*r@s.noise voltage Vn from the detector, NEP 1is

_NEP = Ps,rms (Vs,rms/er,rx'ns)"1 watt
or

NEP = Vn,rms/R,

NEP is a function of the various operating parameters of the cell. The
signal voltage Vs varies with the bias voltage, chopping frequenéy, and
responsive area. The noise Qoltage Vn varies with the bias, chopping
frequency, responsive area, and electrical bandwidth. The radiant sig-
nal power Ps varies withvwavelength and responsive area., A blackbody
source of ab301ute_temperétufe:SOook is the standard used in test med-

surements. The results of the test express NEP as
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NEP (500°K, 840,15).

The 840 refers to the chopping frequency f and the 15 refers to a 15 Hz
bandpass.

It must be rememberedrthat NEP cannot be used to compafe different
detectors unless the vaiue of NEP is adjusted to account for possible
differences in the responsive areas or the differences which might exist
in the measurement.brocedure. A figufe of merit has been defined which
does eliminate the problem of area and bandwidth dependence. The term
commonly used for the comparison of detectors is the normalized detec~

tivity-D*. The normalized detectivity D 1is given by

D = ﬁé;ﬁ%%%lig em (Hz)l/2 watt~l

o R "
In order to designate the ‘test conditions, D is written as

/2 /\EP O ,E0E)

1/2

"D’"""‘ *o . .(A 'A‘f)l

D* (500°K, 840) = (A A f)/“/NEP (500°K, 840, 15)

where 840 is the chopping frequency f and 15 is the 15Hz bandpass,

The time constant is a measure of the speed of response of a de-
tector. The time constant indicates what range of frequency in the
fluctuation of signal radiation power the responsive element can follow.,
The responsivity can be measured as a function of relative response ver-
sus frequency. This is accomplished by varying the chopping rate of the
chopper. The detector time constant is estimated from this curve. The
time constant T is

T = l/2nwf,

where f. is tHe.chopping frequency at which the responsivity has fallen



to 0.707 of its maximum value,

System Sensitivity

The selection‘of a detector for an infrared system will depend on
thevfunction of tﬁé system, if the function of the system is to obtain
a radiometric measuremenf of a source, the detector must cover the range
of expected radiation with a minimum variatidn in spectral sensitivity.
Thermal detectors with theif.flat respoﬁse aré used to make radiometric
measurémenté. If the function of the system isbsimply the detection of
the source or tafgét, a detector is selected on the basis of its re-
sponse over the spectral region in which the best possible source-to=-
background contrast can be obtained. Photoconductive or photo&oltaic
detectors possessing high values of D* over a limited spectrallregion
are generally used. The high values of D* usually requife cooling of
the responsive element. The term sensitivity has reference to the sig-
nal to noise ratio of the infrared éystem. The signal due to the tar-
get radiation must exceed thé signal due to the backgfound radiation by
an amount which is equal to, br greater than, the detector or system
noise. The detector is selected according to the function of the system
and is the main factor determining the sensitivity of the infrared sys-
tem,

A géneral approach to the calculation of the sensitivity of an in-
frared system will be outlined, Larmore describes a range equation for
passive infrared-deQices (17)f Other range equations and detection
criteria aré discussed in references (11,12,18,19). The determination
of the maximum range of'an_ihfrared system requires a detailed analysis

of the spectral radiance propertiés of the targef, the absorption in the
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intervening atmosphere, and the response of the detector, These factors
have all been previously discussed. A range equation containing these
factors has been formulated, but its solution is not a simple task.
At the aperture of the infrared system, located at a distance R
from the source, the spectral irradiance Hj is
J .
Hy = A_Ta)
R2

where J) is the spectral radiant intensity of the source, and Ta(k) is

the spectral transmittance of the intervening atmosphere between the
target and system aperture. Some real sources can be approximated by
the Lambert cosinevlaw. This assumeé the source radiateé from a flat
surface and is close to 5 blackbody. The spectral radiant intensity Jj

in the direction of the normal to the radiating surface is
Jy = NKA

where A is the projection of the target area and Nj 1is the spectral
radiance., Using the result for the spectral radiance of a Lambertian

surface derived earlier for this case,

1
Ny = =W
and
. 1.
Jl = ;_wx A

Now the spectral irradiance at the aperture is

- WMoarT
Hl = "L A a(h) .

R
W, 1is the spectral emittance of the target as given by the spectral

emittance of a blackbody at an absolute temperature of T° Kelvin modi-
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fied by the emissivity ¢ of the target.

The spectral transmission factor T,(X), determined by the optics of

the system, is given by

o) = A tg.

A is the effective aperture area in cm?

o , and t, is the transmission of

the optical system, To(l) varies between zero and one.

In order to allow for the wavelength dependent response character-
istics of the detector, the relative spectral response of the detector
T(\) is used. The effective radiation at wavelength A falling on the

detector becomes_
S, = HpToA)Z Q)

The total signal power available to the detection system is

s = J"“'wl ATo) TaQ)z O) d
o m R?

The detection of a target with signal éower S depends upon the sig-
nal to noise ratio S/N which can be tolerated and the value of the noise
N introducted into the system by the background radiation, the electron-

ics, or the detector itself. The signal to noise ratio is

S - _8_
N — NE

NEP

where NEP was defined as

1/2
_ (AdAfE)C .
. NEP = S

Thus, S/N can be written as
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This equation can be solved directly for the range R only for special

cases where the atmospheric transmittance T,(A) is independent of R.

To(A) is independent of‘R only at higher altitudes.

special case the range is

pem——

L

™ NEP S/N

‘ ]
I om0 T AT () dh

—_—

For this

1/2

At altitudes where’Ta(l) is a function of path length R, graphical or

numerical methods must be used..

solutiOn'method.
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Reference (14) discusses this graphical



CHAPTER III
INFRARED SYSTEM DESIGN AND CONSTRUCTION
Preliminary Design Considerations

The choice of components for an infrared system is determined by
the function of the instrument and the kind of information desired. A
passive infrared system was discussed as having its primary objective
the detection of a target against varying backgrounds through an inter-
vening atmosphere. In order to construct such a system, all the factors
discussed in the 1ast chapter must be considered.

The prbblem_prpﬁosed was to build an infrared system capable of
detecting small fires in ofder’to study the problems of fire detection.
The infrared system was built under the assumption that the materials
used woula be inexpensive .and readily available.‘ The instrument must
be rugged enough to be takep into the field and have its own power sup-
ply. The construction of the system would provide information on forest
fire detection problems Aﬁd ﬁhrough its conétruction‘the,author would
gain an ﬁnderstanding of infrared systems,

The Basic function of the proposed infrared system would be the
detection of a small fire against a forest background. A search capa-
bility would be required to‘the extent that the system could be aimed
in the general direction of the target and detection would occur. The
field of view of the instrument was to be as large as cost and mater-

ials would permit, Sensitivity ¢f the instrument would be governed by

31
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the components selected. The particular detector selécted and the opti-
cal system used are the most critical factors determining semsitivity.,
The spectral characteristics of the target, the background, and the at-
mospheric tranémission dictate the selectidn of the detector,

Wilson (8) discuséed the spectral criteria required for the detec-
tion of forést firés-by infrared systems. Glowing, burning fuels assoc-
iated with_applications in forest fire‘surveillance ciosely approximate
the ideal blackbody radiation curves (Figuré 2). The limits of 600°K to
1000°K are the absolute temperature limits used to define glowing and
burning fuels, Simulated fifé tafgets‘described by Wilson and Noste (7),
consist of a 14 inch diameter buéket filled with 10 pdunds of charcoal,
The temperatufes of the'burning charcoal measured with a thermocouple,
ranged from 700°F to 1190°F (643°K to 913°K) and averaged 892°F (750°K).
The radiometer measurement of 895°F (752°K) agreed closely, The source
emission was found to be stéady between one-halfbhoﬁr and 5 hours after
ignition. The radiant energy from this source was measured as a func-
tion of the vertical angle referenced to the normal to the source., The
energy distribution showed the source closely approximates a Lambertian
source.

The mean temperature of the target is 750°K, with lower and upper
limits of 600°K and 1000°K respectively.. Accalculation using the Wien

Displacement will give the wavelength xma at which the maximum radia-

X

tion will occur. The mean temperature of .7530°K has kma at 3.85p .

X
The lower and upper temperatﬁre limits of 600°K and 1000°K have Aax
occuring at 4,80 pand 2.89 p. Glowing and burning fuels emit their

maximum radiation between 3p and 5y .

The effeét of background radiation superimposed upon the source
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radiation is the introduction of unwanted noise into the infrared sys-
tem, The soufces of background radiation were discussed earlier. The
temperature of terrain was said to have a mean temperature of 300°K and
a maximum radiant energy is emitted near 10p. The emissivity of ter-
rain was takeﬁ to be 0.35., The spectral radiance of terrain results
from thermal emission from the terrain and radiation reflected from the
ground as well as scattered and emitted radiation coming from the atmos-
phere. The important result is that daytime objects at ambient tempera-
ture show a spectral radiance minima around 3-4p.

The spectral distribution of terrain during the day may be repre-
sented by the solar scattering region occuring below 3y with a peak
around 0.5, a minimum in the spectral radiance around 3-4§, and the
thermal emission from terrain resulting in a peak in the spectral rad-
iance near 10 p. After sundown there is no longer interference from
the sun due to scattering of its radiation in the region below 3 . The
thermal radiation from the terrain follows changes in the terrain tem~
perature, and thé radiatibn from the 10 4 region is reduced after sun-
down. |

The speétral transmission of the atmosphere must now be considered.
- The atmospheric windows were defined, and the absorption of radiation by
water vapor and carbon diokide'was discussed. These atmospheric win-
dows exist at 1.5-1,8.;,‘2.0-2.6 p,~3.0-4.2'p,'4.5-5.3;;, and 8,0-14.0
p. The most prominent absorption bands are the 2.7‘p region of both
water vapor and carbon dioxide and the 4.3 i carbon dioxide band.

The target to background contrast should be best between 3 j and
5u o Glowing and burning fuels emit their maximum radiation near

these limits and the background radiation from terrain has a spectral
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radiance minimum around 3-4 p . The atmospheric windows to be consid-
ered would be 2.0-2,6 y , 3.0-4.2 p,and 4.5-5.3 . The window at 8.0
14.0 coﬁld be used for fire detection, but thermal emission of terrain
is present and detectors for this spectral region requires extensive
cooling to temperatures less than SOOK. The effects of the solar
scattering below 3y eliminates the window at 2.0-2.6 p and also affects
the window at 3,0-4.2 p . Daytime oﬁeration favors the window at 4.5-
5.3 4 with the window at 3.0-4,2 p useable. For nighttime operation all
three windows are useable. The spectral region for forest fire surveil-

lance is the region from 3.0-6.0 p .
Selection -of the Infrared Detector

An infrared system for forest fire surveillance has as its primary
function the detection of the target, The spectral region of operation
is limited to the region from.3.0 to 6,0p . Infrared detectors having
high D* values over this spectral region are generally photoconductive
or photovqltaic detectors._ The high D* Qaiues are usually obtained by
cooling the responsivébelement., The proposed detection system is to be
a field operating unit.v>Cooling the detector by liquid nitrogén is not
easily accomplished in the»fieLAQ Only those photoconductive or photo-
voltaic detectbrs qapable of operation at 295 °K were éonsidered.

Infrared detector$ operation at 295 °K are given in Table II. The
table lists only the detectors operating at 295 °K that possess the
highest p* values and also cover a portion of the spectral region from
3.0 to 6.0 b . The detectors are the lead sulfide (PbS) detector, the
lead selenide (PbSe) detector, and the indium arsenide (InAs) detector.

The PbSe detector was chosen as the detector having the best per-
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INFRARED DETECTORS .OPERATING AT 295 °k

Lead Sulfide

" Lead Seléﬁide E

-Indium Arsenide

Detector PbS -PbSe InAs
Operational Mode Photoconductive Photoconductive Photovoltaic
Wavelength Band 1 to 3,5 lto5p -1 to 4
D*(\, m, £) 8 x 1010 1 x 10° 2 x 107

o |

(em (Hpy)?/watt) -~ £ = 780 f = 780 f = 450
Time Constant

(microsec) 100 to 500 <2 <2
Resistance per

Square (ohm) 2 meg <10 meg 25
Cost $49.00 $49,00 1$175.00
Manufacturer Santa Barbara Santa Barbara

Research Center

Research Center

Texas Instruments
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formance characteristics at 295K because of its spectral response from
1-5w. The PbS detector for 295°K operation has a higher D¥ than either
PbSe or InAé, but its spectral response is limited to 3.5p . The ef~
fects of the solaf irradiance dominate the region below 3. The PbS
detector also has a larger time constant than the otheré. The InAs has
a spectral response out to 4i, but it has a low impedance that requires
the detector to be transformer coupled to the preamplifier. Transformer
coupling is in general very sensitive to magnetic fields present when
the detector must be placed next to chopper motors. A severe shielding
problem may exist. Transformers used for this application arebspecially
constructed; one such trangformer is the Triad G-4 transformer. InAs
does have the advantage that it does not require a bias circuit. Maxi-
mum detectivity of the InAs detector is achieved by cooling the detector
to 1960K by use of a Peltier cooler, In the peak response region of
InAs (3.3u.), the short time constants, and high detectivity of cooled
InAs detectors offer decided adﬁantages over'cooléd or uncooled PbS de-
tectors. The cost of the InAs detector is considerably higher than
PbSe. The PbSe detector was choseﬁ because of its épectral response
from 1-5y, iﬁs impedance ié such thét’it_can be coupied directly into

a high impedance preamplifief, it.ha$ a relatiQeiy high D*, it has a

short time constant, and its cost is low.
System Components

This section describes the c¢omponents actually used in the con-
struction of the detection system, The system is illustrated by the
block diagram shown in Figure 6, The incoming radiation is collected

by the optical system and reflected onto the chopper which modulates
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the radiation falling on the depector. The fluctuzting voltage from the
detector's lead resistor is placed across the input to the low noise
preamplifier. The square @av& output of the preamplifier is analyzed

by an average responding rms ac voltmeter. A signal level is always
present from background radiation while the system is in operation.
Radiation from the target is detected when the ac voltmeter responds to
a signal abbve the background rédiationjlével; The épectral response
curve for the PbSe detector is shown in Figufe 7. Johnson, Cozine, and
Mclean (20) have described the PbSe detector performanée for 256%K to
373°K. The PbSe detector is é photoconductive detector and requires a
bias voltagé»for its‘operation. A method for the determination of the
optimum bias for a particuiar photoconductive detector is described by
reference (11)., The optimum bias Eb for a particular detector is
usually supplied by the manufacturer (See Appendix A). The bias circuit
for the PbSe detector is shown in Figure 8, The bias circuit consists
of the 1 megohm load résistor Ry, the PbSebdetector.Rc and the bias
battery. A change in the conductivity of the PbSe detector will be de-
tected as a change in the voltage across the load resistor Rl when the
fixed bias Eb is applied across the detector R. and the load resistor
Rl.

The load resistor R, is a wire wound resistor or special low noise

1
resistor which is selected to match the dark resisténce of the detector.
A mismatch between the detector impedance and the load impedance is
tolerable. The load resistor used for the detector listed in Appendix
A is a 1 megohm resistor. The dark resistance of the cell is 3 megohms.

In order to permit use of an ac amplification system, the radiation

falling on the PbSe detector is modulated by means of a chopper blade



D*.(x, 800) cxm(cpsl)l L

D* (Ap. 1) cm(cpa)l/ 2 patt!

B e .
Ph@@
Detecior Temperaters J00°K
: Orp *
.T@ 300 L.@‘
Theoretical Limi —> - - ® - 30 usec
ﬂ R ~3 MY/ equars
11§ -~ ‘
o r A a z
X - A 16"% em® to m@ €m
L - ’ fov 180° '
- Ve - l
- / L N Rl -m! volt rms
/ » ‘ max ‘wan rms
10 ' Operating mode: photoconductive
Ix10r Limiting notse: 1/f noise .
9 N Typical Detector - ' Manufacturers: Eastman Kodak Co.
2x10" P : L '
10°
8
10 i i 1
1 H 3 4 1)
Wavelength (1)
1019
L
-
109 - .
o Lt 3 b it 2.t L . ktan) IR RIS L1 g gty
10 w: . 10° 10! 10
Chopping Frequency (cps)
Figure 7. Spectral Response Curve for PbSe Detec~

Santa Barbara Research Centa

tor (After Reference 11),

39



| . | I0KR
o I0KQ |

PbSe| |R. s ATuf | [l OuTPUT

' . ' N 1 Warps
L —— 2N2498 | |
—FE ' Ol uyf
e _ |
T 2 |5 uf Janeses

- : & B

BIAS CIRCUIT PREAMPLIFIER CIRCUIT

Figure 8, Detector Bias Circuit and Preamplifier Circuit

Of



to produce a fluctuating voltage signal whose amplitude is related to
the intensity of the incident radiation. |

The PbSe detector is mounted in & shielded enclosure and the chop-
per is placed immediately in front to modulate the incident radiation.

The PbSe detector responsive e1ement>is a film chemically deposited
upon a quartz substrate.. The detector parameters for the particular
PbSe detector used in the detection system are listéd on the detector
data sheet given. in Appendix A, It is a 2mm x 2mm deﬁector operating
_at 295°K. The D*‘valﬁes have been measured at an optimum chopping fre-
qﬁency of,840 H;, ‘The éhqpper'motor used in the detector system uses
.a ten blade chogpér to chop the incoming radiation at 900 Hz. The chop-
per mdtor'operates from a 12 v‘batte:yﬂand draws 0,18 amp. The PbSe
detector and its bias circﬁitvhaQe;been described. “The optimuﬁ»bias
voltage Eb for the detectqr is Ido v and 1is supplied by a bias battery.
The cuffent in ;he bias éircuit is 25 microamp. The dark resistance of
tﬁe detector 1is 3.0_mégohmé} '

The preamplifier used in the detection system is a low noise, high
input impedance amplifier. The amplifier uses a field effect transistor
(FET) for the input stage. The term'”noiée figure” is used to describe
the noisiness of a device. The 2N2498 FET transistor is éapable of a
low noise figure of less than 3db. The FET provides the low noise fig-
ure in the low-frequency region {less than 1OKHZ), and allows low noise
bdesigns for source impedances inﬁo the megohm region. - The circuit dia-
gram of the preamplifier built for the detection system is shown in
Figure 8. The amplifier has a fixed gain of 100 and an input impedance
of 10 megohms., vThe power supply is a 22% volt battery and the current

drain is 2 milliamps. The preamplifier must take the detector signal



level in the order of microvolts {See Appandix A for Signal Level) and
transmit this signal over a cable to the ac voltmeter. The primary
objective is to produce a preamplifier thai matches the impedance of the
detector and has a lower noise level than the detector. The noise level
of the détectpr‘is then the primary source of noise in the system.

Coﬁstruction of theISystem demanded that all electronic components
‘be carefully ;Hieldéd to prevent_the introdﬁctiqn of noise into the
detector signal by'stray fields. ‘The preamblifier, the detector and the
detector bias supply all fequired shielding, Shielded cable was used
for all conhéctiohs,bétweén the.various components ofvthe system. The
deteétor biéé circﬁitvisfshown in Figure 8. Other components can be
seen in Figure 9.

The'preliminary appraisal of mirror systems for use in a fire de-
tection system considered reflecting optical systems. Such a8 system
could be a simple spherical mirror or a compound reflecting optical sys-
tem (Figure 6). The focal point of a spherical mirror lies in front of
the mirror's reflecting surface. The photpdetectors that were consid-
ered generally require that the incident radiation be modulated by a
chopper., It is difficult at best to 1oca£e the photodetector and chop-
per motor at the focal point of a spherical mirror. A compound reflect-
ing system or folded system locates the focal point Qf the mirror sysﬁem
behind the primary mirror. In this case, the photodetector and chop-
per motor can be conveniently located behind the primary mirror.

Two folded systems were of interest, the Cassegrainian system, and
the Grégorian teieSCOpe.‘ Thé CésSegrainian system uses a parabolic re-
flector for its priﬁéry mirror and a»hyéerbolic reflector for its

secondary mirror. The Gregorian telescope consists of a parabolic pri-



Figure 9.

Infrared System Assembly
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mary mirror end an elliptical secondary mirrver. Mirrors fer infrared
instrumentation are generally net commercially available but are custem
designed for each particular applicatien. Investigation as t@IEEe cost
of such systems placed the starting price at $1500. This type of sys=
tem was thus beyond the budget of the project.

The optical system used in the infrared detection system is pictur-
ed in Figure 9, and in Figure 6. the system is shown schematically, The
optical systeﬁ consists ofvg 6%" spherical primary mirror and a 1‘1/8”
spherical secondary mirror. The primary mirror has a focal length of
4" and the seécondary mirror has a focal length of 5/8"., The first-sur-
face mirrqrs have a high-reflecting coating of vacuum~-deposited aluminum,
Durable,vthin evaporated aluminum coatings have a reflectance of more
than 95% between 2 and iO u(ll). |

‘The mirforé,usedbin the opﬁicél system are arranged to form an
afocal system, ' An afocal;éyétem'has its ‘object and image at infinity
and thus ﬁas no fécéi'lengtb. An afocal_systeﬁFCOmposed of two com~-
ponents is so arranged that the imége of the.first camponent, which is
the object for the second, lies exactly at ﬁhé first focal point of the
second Componeﬁt and_ié thus reimagea at infiniﬁy. The incoming radia-
tion is ndﬁlfecused ontd'fhe detéctor. .The optical system was used
because it was on hand in the laboratory. It was realized that it
would be far from ideal.

The completéd infrared detection system is shown mounted on a tri-
pod in Figure 10, The detection system is housed in a plastic cylinder.
The interior of the cylinder was sprayed with flat‘black paint to mini-
mize reflections inside the system, The ac voltmeter: is also shown in

the picture with its own. power supply. The other battery is the 12 volt
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Figure 10. Picture of Operational Infrared System



supply for the chopper motor.
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CHAPTER IV
SUMMARY AND CONCLUSIONS

The primary objective of this thesis was to design and construct
an infrared system to detect incipient forest firés. The infrared Sys=
tem was fiéld teéted using a small fire as a target. Target to back-
ground measuréments were made during the day and during the night,

From the field test was géined an appreciation for the discrimination of
a target against various backgrounds; Background radiation possesses a
difficult discrimination problem for infrared equipment., The primary
cbjective was to investigate the various parameters and problems of

fire detection and not neéessarilyroptimize the performance of the in-
frared system constructed.

The target used in the field test consisted of five logs, 4" in
diameter and 2 feet long, stacked to form a small fire., The target was
observed in daylight shortly before sundown while the effects of solar
interference could be observed, and the target was observed at night
whénbthe background radiation would be due primarily to the terrain.

The tafget was observed at various distances by ;he infrared system,
and the results of the fiéld test afe presented in Table III,

The effects of solar'fadiation were easily. observed during the day-
light operation‘of the system, At 30 feet from the target when the tar-
get fills the field of view of tﬁe system, the target was easily dis-

criminated against the background, and the effect of solar interference

47



TABLE I1I

FIELD TEST DATA

' Daylight Observation

Location of Terrain Sky
System Target Bagkground Background
30 ft. Shade 0.70 v 0.25 v 0.45 v
70 ft. Shade 0.60 v 0.20 v 0.50 v
100 ft, Direct Sun 0.60 v 0.50 v 0.50 v
Nigh% Obéervation
Location of Terrainb Sky
System Target Background Background
30 ft. 0.70 v ‘30 mv 35 mv
70 ft, 0.25 v 30 mv
150 ft. 37 mv | 24 mv
200 ft, 26 mv ; 17 mv
225 ft. 25 mv | 15 mv
250 ft.

28 mv ' 25 mv




49

was not eobserved. When the detection system was at L0O0 feet the effect
of the solar radiation was readily ebserved. The sky background is
primarily caused by the scattering and the reflection of solar radiation
by the atmosphere and particles in the atmosphere. The signal level of
the sky background was 0.5 volts, With the detection system located in
the shade, the background signal level of the terrain was 0.2 volts,
When the detection system was located in direct sunlight thetsignal
level was 0,5 volts, Thus, when the system is located in direct sun-
light, the effects df solar'interference predominate the radiation from
the terrain, Most of the radiation from the target ocecurs in the 3y to
6y region, but the problem of diécriminating the target from daylight
background radiation and its fluétuations is a serious one for the in-
fraréd detection system, The‘background'radiation can be greatly reduc-
ed By optically‘filteringvdut»all réceived radiation below 3y. The
effect of fhe optical filters on fhé:radiation fluxfentering the system
is taken into account by the transmission factor To which was discussed
earlier,

Night observation of-thé tafget resulted 'in increased range in the
detection éystem. “At night the backgrduﬁd radiation that was due to
Solér radiation during the day is no longer present, Only the back-
ground radiation due to the thermal -emission of the atmosphere and ter-
rain is present, The signal level of the night background was about 25
millivolts, A lower background radiation level than was present for
daytime observation results in-a better signal to noise ratio and a
corresponding increase in the range of the system.

The night the field test was conducted the sky was clear and a

quarter-moon was present, The radiant energy received from the moon is



solar radiation that has been medified by reflection from the lunar sur-
face znd absorption by the intervening atwmospheres. The effect of moan-
light was noted by observing the moonlight reflected from the trees.

The background level from the moonlit trees was 35 millivelts. The
background level from the other background was 25 millivolts. The sky
background in this instance is new due primarily to scattered moonlight,
The sky background signal level was 35 millivolts., Moonlight introduces
another source of background radiation which the target must be discrim~
inated against,

This simple system does provide an understanding of the forest
fire detection problem.  Field test results provided an appreciation
for the discrimination of the target againét terrain and sky backgrounds.
The design phase provided expérience on equipment design and compenent
1ayouta _The problems experienced during QOnstruction were problems of
shielding andvéomponent placement.

The ﬁefformanée of_tHis‘system could be greatly improved by incor-
porating into it one of the other foldéd optical systems discussed
previously. The optical System‘used was far from ideai, The other com-
ponents, the detector, and the preamplifier were.carefully selected,

and the results that were obtained were due to these selections.
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APPENDIX A

DATA SHEET FOR PbSe DETECTOR

SANTA BARBARA ‘RESE'ARCH CENTER

o A Subsidiary of Hughes Alreroft Company
75 COROMAR DRIVE . GOLETA, CALIFORNIA
TELEPHONE: 968.3311

14 March 1968

W/A 5298
P.0. No. 05449

OKLAHOMA STATE UNIVERSITY
Stillwater
- Oklahoma

Re: PbSe Style 10A IR Detector, 2 mm X 2 mm
’ Element Size o .

TEST CONDITIONS

Blackbody Temperature: 500°K

Blackbody Flux Density: 8.05 x 10°% watt/cm?
Chopping Frequency: ‘840 Hz

Noise Bandwidth: 15 Hz

Bias Voltage: ' 100 volts

Load Resistance: 1.0 megohm

Detector Temperature: 295%

TEST RESULTS

RMS CALCULATED Blackbody
Detector Impedance Noise Signal D*(SOO?K,840) D¥* (Am, 840) Responsivity
No. (megohms)  (uV) w©v) cm Hz?/watt cm Hz% fwatt (volt/watt)
5298-1 3.0 1.7 290 4.1 x 108 4.1x 100 9.0 x 10
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