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NIGHT VISION LABORATORY STATIC PERFORMANCE MODEL

FOR THERMA*L VIEWING SYSTEMS

I. INTRODUCTION ;

The Night Vision Laboratory (NVL) Thermal Performance Mode! is a computer
model to predict the static detection and recognition performance of electro-optical
; imaging systems which are sensitive in the 3-5um, and 8-14um wavelength regions of
i the electromagnetic spectrum: It was developed at NVL to aid in the evaluation and
; design of infrared systems for A1 my missions, encompassing surveillance and target
‘ acquisition systeins in missile, tank, airborne, and ait defense applications, This model
3 has been used by the Army tc evaluate contractor proposals for devices to fulfill field ;
!

!

[ .

requirements and to recotr -t 14 and give guidance to various commands and their
sontractors on future systex:: characteristics and configurations, Examples of calcu- i
lations from this model can be found in several papers presented at the IRIS Specialty
Group on Imaging.! ?

The model predictions are for detection and recogunition as a function of range
for a given target, aspect, and atmosphere. It is a static model since it considers target
acquisition in which the target is in the device field of view and its position is a priori
known to the observer. No search of the device ficld of view or a search field is
involved. ?

The mode! simulates mathematically the real-world target, atmosghere, device,
and observer; then it makes a calculation on the subjective detectability or recogniza-
bility of the target. The characterization of the target, background, atmosphere, device,
and observer is a straightforward mathematical analysis. The method of representing
the target and atmosphere and the equations for device MTF, NEAT, MRT, and MDT
are relatively simple. However, the subjective decision-making behavior must be
empirically derived from existing field and laboratory perception data.> * 5 ¢ This

! W. R. Lawson and J. A. Ratches, “Thermal Imaging Systems Models,” Proc of IRIS Specialty Group on Imaging,
. Nov. 1972 (Confidential).

2 J. Johnson and W, R, Lawson, “Performance Modeling Methods and Problems,” Proc of IRIS Specialty Group on x,
Imaging, Jan. 1974 (Confidential). 3

. 3 J. R, Moulton, et aL, A Search Performance Test on Groumd-Based Thermal Imaging and Pulse-Gated Intensifier
Night Vision Systems,” U.S. Army Electronics Command Regort 7028, June 1973 (Confidential).

4 J. Swistak, “Field Performance Evaluation of TINTS Night Sigi-t Systems,” U.S. Army Electronics Command
Report 7035, Jan, 1975 (Confidential),

5 J. Swistak, “Field Performance Evaluation of TOW Night Sight Systems,” U.S. Army Electronics Command
Report 7033, Jan, 1975 (Confidential),

6 Unpublished test report of airborne FLIR against ground targets by NVL in sumuaer 1973,

.

!
]




data ase then represents the validation for the model; and the agreement with this
data base, in turn, determines the reliability of the model.

The current computer modet used by NVL for performance predictions is de-
scribed in the following sections. The target, background, and atmosphere are con.
sidered together since they can be described rather casily after several simplifying
essumptions. The device and cyeball are represented together in the MTF, NE AT,
MRT, and MDT calculativns which are straightforward but extensive. If experimental
MTF, NE AT, and MDT wete available, performance could be obtained from them.

However, since the model is intended as a design aid, these quantities must be computed.

Finally, the recognition and detection models are described, followed by the substan-

tiating field data. The actual computer program and other doc imentations are found
in Appendices A through D.

II. TARGwT, BACKGROUND, AND ATMOSPHERE

One of the main problems in performance modelling is to otain an exact target
signature. The infrared (IR) signature f any target must be obtained by a ground-
truth team in the spectrat regions of interest. The problem is further complicated by
the fact that one target can have many different signatures under various operational
and environmental conditions. Besides the obvious case of caw ouflage, the differences
between a running vehicle and a cold target are more than different radiance levels.
“Hot spots™ may appear on the running target which present features to the observer
which can *‘cue” his detection or recognition. Wide distinctions among running vehicles
or stationary vehicles occur due to meteorological conditions. Hence, w natever the
target situation, thermographic data must be taken to document & field test or the
target situation must be exactly specified to make predictions.

In the computer model, we cannot casily describe all the complex target character-
istics corresponding to the real-world IR signature from execution ti..c considerations.
Therefore, we utilize only the overall general features of the target such as size and
average temperature difference from the background. The resulting predictions then
correspond to the results of a large ensemble of experiments. However, the resuits of
any specific experiment with its unique target signature will n-)t necessarily come close
to the predictions for the general ensemble.

The model target is a rectangle with a uniform temperature difference AT from
th> background. Since only a uniform target is input, the model approximates the
real target with varying credibility depending on the nature of the target cues. The
dimensions of the target rectangle are chosen such that the areas of the: real target and
the rectangle are equal. The smaller model dimension is taken equal fo the real target
critical dimension — usually the minimum dimension. In the examp'e of a side view
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of an America’, ‘umk, its minimum diniensicn is 2.7 m and that is chosen as the ree-
tangle height. The rectangle length is then whatever length gives an area equal to the
real-world object.

The temperature difference AT associated with the target is an area-weighted
average temperatuve difference across ti.e entire signature. If an object's thermograph

is divided into areas A, of average constant temperature T,, then the average target
temperature is defined as
2; AT

Tove - i
AV TSR (1)
1 A‘
The average temperature difference AT,y is then the difference between T, and
average background temperature T, ., l.e.,
AT pv6 = Tavg=Tuac - @
Alist of AT,y s and target dimer.sions from a typical field test is shown in Table 1.

Table 1. Average AT’s and Dimensions for Military Targets
in a Typical Summer Field Test

Target AT v (°C) Area (m x m)
Tank/Side 5.25 2.7 x5.25
Tank/Front 6.34 2.7 x 3.45
2%-Ton/Side 10.40 0.83 x 4.22
214.Ton/Front 8.25 2.03 x 1.67
APC/Side 4.67 1.8 x48
APC/Front 5.65 18 x2.09
Man 8.0 05 x1.5

The background temperature was specified by one temperature Ty, .. Thisis
obviously a simplification for all scenarios except that of an aircraft against  uniform
sky background. Hence, the predictions will predict field behavior only when back-
ground clutter does not have an effect on tne performance.

Power difference is « more fundamental quantity than temperature difference.
Therefore, AT, is converted to a power signal by using ““e Planck Radiation Law.
For a given temperature T, N N waits/cm? /sr/u are emitted according to

e AL "F‘;"‘; ‘
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_2%h e 3)
A A exp (he/AKT)-1

at wavelength A, Terms c, k, and h are the usual constants and ¢ ()) is the emissivity.
The target model, therefore, gives approximately the same total emitted power as
from the real target.

Atmospheric transmission is another major problem for modellers. In order to
specify an atmosphere completely, the aerosol must be uniquely defined which implies
knowledge of particle size and distribution. These last atmospheric parameters are
difficult to measure and, consequently, seldom carried out. In addition, a model based

m the exact Mie scattering theory would be too cumbersome and time consuming to
use in performance model applications. Therefore, several simplitying assumptions
must be made for a viable engineering model.

The atmosphere is assumed to be specified by three easily measurable parameters
which are readily understood bv field commanders. They are air temperature, relative
humidity, and visibility. Although these parameters do not uniquely characterize the
meteorological environment, it is assumed that the atmosphere can be iiroken up into
an absorption component, which is determined by the air temperature and relative
humidity, and a scattering component which is determined by the visibility. Trans.
mission is calculated separately for each component, and total transmission is the
product of the components.

One method to calculate the transmission through an absorbing atmosphere of
water vapor and carbon dioxide is given by

A = _57[8)-10G,, (RW)]?

AT T[S0 (07106, (RW)) “

where a (\) is a spectrally dependent constant for water vapor or carbon dioxide, R is
the range in kilometers, and

)

wo § 405107 +21x10°% (Typ +5) RH.  for H,0
1.0 fOI' COQ-

A list of & (A)’s is given in the computer model in Appendix C. T, i the air tempera-
ture in degruves Cer:tigrade and R.H. is the relative humidity in percent. fquation (4)
is a Lorentzian line shape fit to transmission data in the Geophysical Haudbnok.?

7 J. N. Howard, “Atmospheric Absorption,” S, L. Valley, Ed,, Air Force Cambridge Res. Lab., Cambridge, Mass.,
1968, Sec. 10.2. )
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The scattering part of the atniospheric model is a spectrally dependent Beer's
Law function. The transmission due to scattering is given by

T = ek, (6)

where & (A) is the scattering coefficient and R is the range in kilometers. We associate
a set of a(A)’s for various visibility ranges, where visibility range is found by

Ve = 3.912/a (5500 A), ?)

,: where V ., is the visibility range for 2 percent contrast an’ x (5500 A) is the attenua-

! tion coefficient at 5500 A. The relationship between a (\) and visibility range can be

: taken from data such as that presented by Barhydt® based on work by Dermendjian®
and Rensch.'® Table 2 shows a typical set of o's for the selected visibility ranges in
Figure 1.

Table 2. Scattering Coefficients as a Function of Wavelength for Several Visibilities
Visibility Range (km)

A45 98 28 1.0
Wavelength (1) Scattering Coefficients (km-1)
Clear Light Haze Heavy Haze Light Fog
3.0 0261 03 1.1 4.0
3.25 0223 0.26 1.2 4.0
3.5 0189 0.24 L3 4.0
4.0 014 0.20 14 4.0
4.25 0126 0.17 1.6 4.0
4.5 0109 0.16 1.8 4.0
5.0 .0088 0.15 2.0 4.0
8.0 0079 07 0.4 1.1
9.0 .0064 05 0.35 1.06
9.5 0058 045 0.33 1.03
10.0 0053 035 0.50 1.0
10.5 0048 034 0.26 0.96
11.0 0045 032 0.23 0.93
12.0 0038 03 0.20 0.90

H. Barhydt, “The Application of Infrared Technology for Aircraft Landing Aids,” presented at Air Transport t )
Assoc, Symposium on Visual Enhancement in Poor Weather ( All-Weather Operations Commitiee, 8 May 1969).

D. Diermendjian, *‘Scattering and Polarization Properties of Polydispersed Surpensions with Partial Absorption,”
Electroin.gnetic Scattering (Proc. Interdisciplinary Conference on Electromagnetie Scattering), ed. M. Kerker,
Pergamon Press, New York (1963), pp. 171-189,

D. d=nach, “‘Survey Report on Atmosnheric Scattering,” Ohio State University Electro-Science Laboratory,
Columbug, Ohio, May 1968, AD 831666.
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Figure |. Relationship between scattering coefficient and b
wavelength for several visibilities (taken from D, Renach). b
The total atmospheric transmission is then ; {\
b

T IOTAL = Tf X TAA " (8)
where TS and TA are given by equations (6) and (4).

For most calculations when the vicibility ranges are not too severe, a modified
version of the /it Force Cambridge Research Laboratory (AFCRL) model LOWTRAN
Il is used to cal- ulate transmission.!! It has betn modified to increase its execution
speed by removing the slant-range calculation z..d doing the transmission calculations
only over the infrared sp .ctral bend of interest. The only reservation in universal

11 R A. McClatchey, ot ak, “Uptical Properties of the Atmosphere,” D.D.C. No, AD 726-116, Air F irce
Cambridge Res, Lib., Cambridge, Mass, (1971),
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application of LOWTRAN H is that it does not handle very low visibilities corresponding
tc thick fogs. Work is presently being done at AFCRL to extend the range of appli-
cability of this model. Simple models for smoke, rain, and fog have been added to

the LOWTRAN subroutine in the model. These, ulong with further explanations of the
atmospheric models, will be found in a forthcoming report by Bergemann of NV,.12

HI. DEVICE AND KYEBALL

The performance model deseribed in this report predicts probability of recogni-
tion and detection based upon the predicted system: minimum resolvable temperature
(MRT) and minimum detectable temperature (MDT). 1t is the basic assumption of
this model that these quantities directly determiue field performance, These quantities
P _ are defined and derived in later sections and in Appendix A from the same signal-to-
‘ noise ratio expression.

In order to cale fate MRT and MDT, we need to first predict the signal-transfer
characteristics and noise characteristics of the device and eyeball. The signal transfer
is represented by the transfer function or approximately by the modulation transfer
function (MTF), The noise characteristics are specified by the noise equivalent temper-
ature difference (NE AT). The next sections describe the MTF and NE AT calculation,

A.  MTF. The signal out of a linear ¢lectronic processor is the convolution of
the spread function of the processor with the input signal. If the processor is made up
of several components, then each spread function must be convolved. This can be a
‘edious process. However, the output signal in frequency space is just the multiplica-
tion of the transform of the input signal and the transfer functions of the components,
The transfer functions are the fourier transforms of the component spread functions,
and the magnitude of the transfer function is the MTF.

Let us consider the breakdown of an infrared imaging system and eyeball
into its component parts as shown in Figure 2. The objective optics focus the signal
energy from the target which has been degraded by the atmosphere. A mechanical
scanner paints tho scene on the detector array. The phuton-sensitive detector trans-
duces the infrared signal into an electrical signal, and it is processed along with the
system noise by the electronics. The processed signal and noise are finally re-imaged
ou a screen by the display. The visual scene on the display is filtered by the observer’s
eyeball, and a decision is then made according to the task assigned. We shall now con-
sider the transfer characteristics for each of these component processes.

12 Unpublished report on Atmospheric Models by R. Bergemann of NVL,
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ATMOSPHERE DISPLAY

SCANNER
—_— ELECTRONICS : EYE
TARGET
OPTICS .
DETECTOR
COOLER

Figure 2. Block diagram of sensor/eyeball system components.

i. Optics. Asin most calculations by this model, there are options to the
method of MTF generation. If an exact MTT as a fiction of frequency is known, it
may be read into the model direc.ly;if not, ar. or:i*cal MTF is calculated from the
product of a diffraction-limited transfer func.ion «d a geometric-blur transfer func-
tion. The diffraction-limited MTF'? as a fun.ction of spatial frequency i (cycles/mr)
for optics with F-number F# and focal length € in micrometers and at wavelength A
in micrometers is giver: by

Hopr = % [cos™? (A) - A (1- A%)%], ©)
where
A = AF,f /% 10)

Cylindrical symmetry is assumed and equation (9) is used for the vertical direction
transfer characteristic also. A gaussian geometric blur is assumed of the form

Hypur= exp (-bf2). , (11)

The resultant optical MTF is then the product of the diffraction and geometric
components.

2. Detector. The detector has two effects which contribute to the system-

transfer characteristics. First, it acts as a spatial filter because of its finite size. Second,

it acts as a temporal filter because of its finite response time. The spatial and temporal
frequencies are related through the scan velocity v, by

13 g L. O'Neill, Introduction to Statistical Optics, Addison-Weley (1963), p. 84.
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f(Hz) = v (MR/SEC) f, (CY/MR). (12)
The detector spatial filtering in the horizontal or vertical direction is given by
Hppr () = sin (af _X) /(7 f_X), (13)

where X is the instantaneous field of view (IFOV) of the detector in that direction.

The IFOV is the angular subtense of the detector in the objective focal plane. The
detector temporal response contributes significantly to the horizontal spatial response
when the detectcr dwell time is very short as in serial processors. In this case, the

charge carric 3 in the detector material do not have enough time to fully react to the
scene changes irradiating an IFOV. The temporal transfer function for this phenomenon
is approximated by an RC roil-off:

H (f) = V1 +(f/f%)? )% 14
o (O = UL+ ), (14)
where f* is the 3-dB point in hertz of the detector response. Equation (14) becomes
- d %
H;)m (£ )=V[1+(vf /f*)?}",
using equation (12) to transform to spatial frequency space.

3. Electronics., Usually, the passband associated with the amplifiers is
very broadband compared to other system component filters. However, if there is a
non-negligible bandwidth in the electronics, it may be read as a model input or cal-
culated using an RC-circuit roll-off again in temporal frequency space,

Hgygor () = V1 +(8/1,)? 1%, (15)

where f_ 1s the 3-dB point on the RC filter. In the case where an electronic boost is
present in the system, such as an aperture correction, the boost MTF may be read as
an input; or a standard form'?® for the boost transfer function can be used given by

Hy (f) =1+ (K-1)/2 [1 - cos (mf/fy,x0)], (16)

where K and fy,,x determine the ampiitude and frequency of the boost. Equations
(15) and (16) can be transformed to spatial frequency space through use of equation
(12).

14 Discussions with various engineers at Hughes Aircraft Co.

S i ot

¢ eIt Ll

T TS




i
[
i
b
i

In a parallel scanning system which is electro-optically multiplexed, the

LED emitters and TV vidicon must be included in the system-transfer characteristics.
The LED filter function is

|
i
i
'
i
i
i
]
)

Hy gp (F,) = sin (nf, X)/(xf, X) (17)

in the two spatial directions, where x is the diode angular subtense in object space.
The vidicon MTF is read in as a system input, including any boosting in the camera.

" e st 1 i

4. Display. The display transfer function is the fourier transfor: .. of the
display spot size. In the case of an LED display, we use an MTF in both spatial di- 1
mensions similar to equation (17). For a CRT display, we assume a gaussian spot shape :
and, consequently, a gaussian transfer function. The exact form used is

Hepp () =exp (-af ?). (18)

e B e v b e

5. Stabilization. Airborne FLIR’s are operated on a stabilized platform
to damp out aircraft vibration. The vibration cannot, however, be entirely removed,
and it does degrade the image to the observer. We represent this vibration with an
MTF *‘destroyer,” or simply another MTF. This line of sight (LOS) stabilization MTF
can either be read as a model input or assumed to be gaussian and have the form

BT TNV P VST

Hy s (f,) = exp( "Pfxz)a (19) ;

.

where P 1s calculated from the variance of the vibration stabilization. .
6. Eyeball. The last system component is the observer’s eye. The form i

used for the eyeball transfer function is a simplified version of the forin found in work : t
done by Kornfeld and Lawsen.!3 The MTF has the form § -
HE

vy

Heyg (f,) = eTfx/M {20)

for the two spatial directions, where I is a light-level-dependent parameter and M is the
system magnification. Table 3 shows the dependence of T' on the logarithm of the

light level. The light level is determined by the average display brightness from the
scene. ) l ;

B. NEAT. The noise equivalent temperature difference (NE AT) of a system is
a measure of detector sensitivity. The NE AT used in this model is the peak signal-to-
rms noise NE AT for an electronic noise bandpass of

15 G, Kornfeld and W. R. Lawson, “Visual Perception Model,” J. Opt. Suc. Am. 61, 811 (1971).
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Table 3. T as a Function of Log Light Level for the Eyeball MTF

r Log (Light Level in fL)
81333 3
9598 2
1.0980 1
1.4650 0
1.8300 1
2.2773 2
£.7653 3
3.3347 4
3.9040 5
) 2 2
N Jf S (f) Hy por (0 Hy () H () df, (21)

o

where the detector noise power spectrum S(f) is a normalized noise power spectrum
from the detector (i.e., S(f) equals 1.0 at some measuring frequency f_) and Hgy ¢ (f)
and Hy (f) are defined in equations (15) and (16). Hy ) (f) is the measuring device
MTF. In an NE AT measurement, an electronic filter with 3.dB cut-off at % 1 hertz
is used, where 7 is the detector dwell time. Under these conditions Hg) . and Hy
are usually 1.0 and the Hy, filter is just equation (15) with f_ equal to %2 7. It S(f) is
known, then equation (21) is carried out exactly. However, if S(f) is white *hen
equation (21) reduces to '
_m _m 1
of, =5 4f =5 (§—> (22)

where Af_ is the electronic bandwidth. The inverse of the dwell time 7 is given by the
number of resolution elements per second, or

afF, nyve
_l_ - R YOVSC , (23)
T n Ax Ay ngc

where o and § are the horizontal and vertical ficlds of view (FOV), F is the frame
rate, ngyge 18 the oversean ratio, n is the number of detectors in parallel, Ax and Ay
are the IFOV’s in x and y, and ng. is the scan efficiency.

The NE AT for a detector-noise-limited system is given by

11
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4F2 (A f,)"

. . (24)
wA": T, Ta \/N—f D: '7; d\
AN

NE AT =

where F is the objective F-number, A is the detector area in square centimeters, 7,

is atmospheric transmission over the path the NE AT is measured, 7, is the optical
transmission, A\ is the spectral bandpasb, DY is the detector specific deiectivity, N is
the number of detectors in series, and n is the temperature derivative of the Planck
radiation (equation (3)). The N scries detcctors are assumed to have uniform D A
derivation is given in Appendix A. A shot-noise-limited system NE AT is given by

4F% (A )" sin (0/2)

(25)
rAy 7,17,V N / Dy * nl dx
“AN

NE AT =

where 0 is the cold shicld angle of the detector geometry and D: * is the shot-noise-
limited specific detectivity which is independent of detector field of view.

C. MRT. The minimum resolvable temperature difference (MRT) in the scaining
divection is defined as the minimum temperature differunce nceded to resolve a stand-
ard Your-bar pattern with 7:1 aspect ratio orien:ed vertical to the scan. MRT will be a
functicn of bar frequency. The MRT can be calcuiated once the NE AT and component
MTF’s have been computed, and its form is derived in Appendix A. In the scanning
direction, i.e., the bars oriented vertically, MRT is given by

%)
NE AT Lyvi Q@)
MRT(f,) = SNR 2 ,  (26)
4-\/ 14 I\!TPTOT(f ) 1 Af, Fp te novsc |
where
SNR = signal-to-noise ratio necessary to recognize the four-bar pattern,

MTF pop (f,) = Hopp * Hpgp *Hppr *Hgpper *Hp *Hpspray *Hgye * Hyos = Hp (£5).

Ay = vertical IFOV in mr.
v = detector scan velocity in mr per second.
f, = target frequency in cycles per mr.
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-~
Fp = frame rate per second ' |
Novsc = overscan ratio
te = eye integration time = .2 second E )
Q = f S(f,) Hy (F,) Hy ¢ ) Hpyp (F,) df,
S(t,) = r‘:oise. power spectrum out of detector ]
Hy (f,) = target filter function of bar-width w. %
i
Hy () = noise filter function from detector to display. :

An MRT in the vertical direction, e.g., bars parallel to the scan direction, can: be de-
fined and iz given by (Appendix B):

' 3
g T NEAT ayvi, QQ
MRT (f.) = SNR -, @7)
(ty) 4/TE MTF oo (f,) |41, Frigngyse

L T S S

where

MTFpop(f,)= Hopr * Hpgr * Hpspray * Heye * Hios = Hp(fy) t

o bt i 0 o s

target frequency in cycles per mr, ;

f =
’ : 4
7 2,0 app2 2 2 2 2 2 ' ;
Q0 = 3 f f S(E U, (EOHT (FOHE | L EOHTEOHG ()H ()M d3f i 1
- &0 [+] ;} . /‘:?
H: = target filter function of bar length L. = TW. ‘ _ g

This vertical MRT, in which sampling effects are averaged out, is on attempt to consider
the effects of vertical resolution on overall system performance. It is still a contro-
versial quantity and totally unvalidated. However, NVL is actively engaged in pursuing
this concept as a measure of system behavior.

Figure 3 illustrates tl e form of MRT. At each frequency f , there is a mini-
mum temperature difference AT, necessary to resolve the four bars. There is a fre-
quency fp at which the MRT becomes infinite (the MTF equals zero), and no amount
of signal will resolve the hurs. For a system with no ‘fr.gradation after the detector, fy
equals the reciprocal of the IFOV. Although bars c: n theoretically be resolved beyond

13




this : requency because of the wings ot the sinc function, practically it is a limit to sys-
tem resolution. Feal systems attain only 60 to 9G percent of this theoretical cutoff fy .
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Figure 3. Representative MRT curve.

D. MDT. The minimum detectable temperature (MDT) of a thermal device is
defined as the minimum temperature difference between a square (or circular) target
and the background necessary for an observer to perceive the source through the device.
MDT is then a function of target size and represents the threshold detection capability
of the system. It cun be derived from the same signal-to-noire expression as that used
to derive MRT. The result from Appendix A is

, %
MDT = NEgAT S Ayv .
Aq / H2 H2 g%t | Movsc Fptgdf,

(28)

- - ‘/‘
2 2 2 Y42
X [ _/ _/ S(f,) Hgreer Hpispray Hiye HT Hp d f]
-- Yo
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where ' }
A, = target area in square mi'liradians f

S' = threshold signal-to-noise ratio i

Hy - target transform = H, x Hy, g

' 3

H, = total device and eyeball MTF = MTF, .. ) i

3

Figure 4 illustrates the form of MDT as a functiun of reciprocal target size. ;

For any target size o in millir adians, there is.a AT, which is the ininimum temperature ’J

difference necessary for the target to be detected. There is no asymptote for MDT as : 1

there is for MRT since any size source can be detected if hot enough. An arbitrarily ’ ;

small target ~an bs detected if its signal strength is large enough to excite one IFOV,
i.e., a thermal device is capable of “‘star detection.” .
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IV. RECOGNITION

Recognition is a level of discrimination between specific objects in a class of
similar objects. The class of objects may be all vehicles of military interest. The speci-
fic objects are tank, APC, etc. The difficulty of the discrimination level varies with the
amount of detail needed to make a distinction between targets, which in turn is a func-
tion of the number of objects in the class and the similarity of the objects. In typical
Army surface-to-surface scenarios, the discrimination is usually between tank, APC,
2%-ton truck, jeep, and man in the front, side, or three-quarters aspect. Surface-to-air
recognition is between fixed wing and rotary aircraft. The Naval recognition task may
correspond to a warship or a cargo ship distinction.

. v The NVL model approach to recognition performance is based upon a concept

j originally proposed by johnson.!® This method assuin=s that target recognition prob-

? ¥ ' ability is a function of the num - of cycles of a “‘target equivalent” bar pattern which
: | - can be resolved across the ;ninincum target dimension; a “target equivalent” bar pattern
is one whose bars have a tempcrature difference equal to that of the target. In other
words, recognition probability is a function of WT f, where WT is the critical dimen-

: sion of the target and f  is the maximum frequency bar target equivalent bar pattern

' (having bar temperature equal to the target temperature) which can be resolved by an :
observer looking at the bars through the device. This method has been further de- 3
veloped in a more recent paper by Johnson and Lawson.!”

TITTIS T T

The probability of target recognition Py is given in general by 4

Py =f P(RECIN CYCLES) ¢ (N © VCLES) dN,

where P(RECIN CYCLES) is the probability of target recognition given N cycles are !
resolvable across the critical dimension discussed above a: d p (N Cycles) dN is the :
probability that the number of cycles which can be resolved is between N and N + dN,
In general, p (N) must be determined from probability versus signal-io-noise calcula-
tions. However, Johnson and Lawson!® have shown that there is no significant error

. introduced in Py if p (N) is replaced by the delta function 8 (N-N,), where N is the
number of cycles corresponding to the threshold frequency for the target temperature
difference. Thus, in practice, Py, is given by

16 ), Johnson, **Analysis of Image Forming Systems,” Proc. of Image Intensifier Symposium, 1958, pp. 249-273,

17 J. Johnson and W. R, Lawson, “Performance Modeling Methods and Problems,” Proe. of IRIS Specialty Group
on Imaging, Jan, 1974 (Confidential).

18 J. Johneen and W, R, Lawson, “Performance Modeling Methods and Problemns,” Proc. of IRIS Specially Group
on Imaging, Jan. 1974 (Confidential).




P, = P(RECIN, cycles).

The relationship between probability of recognition P(REC|N_ ) and number of

resolution cycles acrass a target is a fundamental relationship which must be determined

on the basis of existing ficld data. Investigation of experimental results shows that this

rclationship is also dependent on the azimuth angle of the target. For example, whereas

it might take three cycles across the side view of a vehicle for 50% probability of recog-
nition, it takes four cycles across the front view to recognize with the same level of
certainty. This variation with aspect is especially pronounced in tasks involving ship
and aircraft targets. The resolution needed to recognize the bow aspect of a ship is in
most cases many times greater than that needed for the beam aspect. Table 4 shows
the several relationships which arce prime candidates for this fundamental functional
dependence of recognition on resolvable cycles for Army terrestrial targets and most
side-view military targeis. The most correct relationship is probably somewhere be-
tween these two extremes. -

Table 4. Probability of Recognition as a Function of Number of Cycles Across
Target Critical Dimension for Army Vehicles

Prob o: Recog # of Cycles # of Cycles
1.0 12 9
95 8 6
.80 6 4.5
S0 4 3
.30 3 2.25
10 2 1.5
02 1 5
0 0 0

Th - methnd of determining resolution across a target to establish P(RECIN ) hus
been historically to use the herizontal or scanning direction resolution capability
against the targel minimum dimension which is usually vertical. This does not take
into account vertical resolation or the sampling effects in that direction. Frequently,
vertical resolution is noticeably » orse tharn the resolution in the scanning dircction,

and some account should be taken of it. Y/crk is presenily being cor-ucted to consider

il some sort of averaging mathod between the two directions is desirable (gves better
results). Consideraticns like these along with differences between field and laboratory
results and uncertainty in the true critical dimension create uncertainty in the exact
relationship between t2cognition probability and wumber of resolvable cycles.

The number of cycles across the targe: is obtained from the MRT curve. The

temperature difference AT wwilable 1t the sensor after attenuation by the atinosphere
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yields a resolvable frequency f, through the device MRT curve (see Figure 3;. The

4 resolvable frequency f_ is the highest frequency in cycles per milliradian of a four-bar

| pattern which can be »c-olved by the device for the given temperature difference at
the aperture. The number of cycles across the target is then f_ times the angular sub-
tense o of the target critical dimension in milliradians as previously indicated. Prob-
ability of rec.gnition is then directly relatable to number of cycles through 'Table 4.
The correctness of this approach to recognition modeliing is demonstrated in a follow-
ing section on validation (Section VI) with ficld data.

The recognition model is summed up in the diagrams in Figure 5. The target AT
is filtered by an atmosphere to give a AT at the sensor. The device MRT then gives the
resolvable frequency f_. Resolvahle ‘requency f_ times the angular subtense of the tar-
get in milliradians gives the numi.r of cycles across the critical dimension. The prob-
ability of recognition is obtained from the empirical relationship between Py and

i : number of cycle.. Since the target subiense and AT are functions of range, rerognition
probability is a function of range.

! | 8T tRansmissioN
| I &S5 v
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Figure 5. Diagram of Recognition Model.
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V. DETECTICN

Detection is a lower order discrimination than recognition. It is defined as the
designation of u point as potentially of military interest. A hot spot that is brighter
than other points in the scene is singled oat for closer serutiny when it is detected.
Object motion is another target cue for detection. Whatever the reason, detection
occurs when the observer’s attention is called to a particular point.

There are two kinds of deteetion situations with a thermal imaging system. One,
for terrestrial targets in a cluttered scene, is a low-order recognition task, The observer
needs a small amount of resolution capability in order to sec an edge or some internal
feature so that he can distinguish the target from other confusing obiccts in the scene
such as bushes and rocks. This kind of detection, for exampie, oceurs when an observer
is looking for a tunk o1 other vehicles in a woodland scene. The second kind of detee-
tion occurs when there is little or no clutter, and the target is just brighter than any-
thing else in the field of view. Such a situation vccurs in air defense scenarivs of air-
craft against a uniform sky background.

The ability to detect a target in a cluttered background requires a low-order recog-
nition capubility. A level of detail is needed to separate the target from the background
if the background clutter has a high degree of structure. As an example, in desert field
tests, with infrared imaging systems cacti have been confused for men because they
have the same approximate size and AT, Under this type of condition, a certain amount
of resolution is needed to aistinguish one object from another and to *“pull out” the
target. Field experience demonstrates that for general medium to low clutter approxi-
mately one-quarter the resolution is needed for detection as for recognition (3 to 4
cycles required). Table 5 gives such a relationship between detection probability and
number of cycles across the target critical dimension,

Table 5. Probability of Detection as a Function of Number of Cyeles
Across Ta.get Critical Dimension for Army Vebicles

Prob of Detection No. of Cyzles
1.0
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As already mentioned, there are Army missions in which wrue *hot spot™ or
“star” detection occurs with thermal deviees, An incoraing aireraft ageinst a uniform
sky background on an air defense perimeter is su-ii a case. If the target is hot enough
to activate one IFOV, although i* subtends an ang, . niuch smaller, it stands out as a
bright blur from the buckground. Under these conditions detction is: function of
signal-to-noise ratio and not cycles acress the target.

The signal-to-nuise ratio used for this “star” detection is calculated using the MDT
equation, Equation (25) ean be turned around to caleulate the signal-to-noise ratio S
of a target of size given by Hy and signal strength AT. Then

ATR) A r
g o TR Ay fu; HY d%f Ay (29)
NEAT  J Novsc FrigAf,

- - %
. 2 2 2 2 2 2
X / / S(fy) Hyueer Hpiseray Hgyg Hr Hp d° €
L o

S then varies with range R to the target.

The relationship between S and probability of detection must be empiiically
determined as in ihe caee of recognition and subjective resolution. There is not a large
data base of field data to determine this rele*ionship. However, for the present, a
function such as that determined by Rosel! ot al. from laboratory experiments can be
used.'® This relationship is shown in Table 6.

Table 6. Probability of Detection as a Function of Signal-to-Noise Ratio from Rosell

Probability of Detection Signal-to-Noise Ratio

1.0 5.5
9 4.1
8 3.7
N 3.3
.6 3.1
S5 28
4 2.5
3 2.3
2 2.0
A 1.5

0 0

19§ A. Rosell cnd R. H. Wilson, “‘Performance Synthesis of Electro-Optical Sensors,” AFAL-TR-74-104, Air
Force Avionics Laboratory, WPAFB, Ohio, April 1974, p. 17,
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The detection model is not as well validated as the recognition model since there
is a dearth of usable data, The best source of detection performance data is ait - ¢ne
tests. However, the target signatures — especially in-flight signatures — in these tests
arc poorly documenter, Since aircreft travel fast, observer reaction time plays a role
in detecticn range and, consequently, there are large error bars in this data. As new
data are gathered, however, the validation procedure will continue until the rnodel can
be used with a high degree of confidence.

VI. VALIDATION

The reliability of any performance model must rest in its validation. In this sec-
tion, we shall present the results of MRT measurements and four field tests in compari-
son to predictions as validation of this model. The MRT bench measurements wre
made at the Visionics Technical Area of the Night Vision Laboratory whict also con.
ducted the field tests, Three tests wers ground-to-ground tests ¢ "nducted at Warren
Grove, N.J.2° in summer 1671 and Aberdeen, Md., in winter and cummer 1973.3¢ 22
The fourth test was an airborne test in summer 1973 at Fort Polk, La,??

The two iests at Aberdeen, Md., included six systems from three different con-
tractors. The range of resolutions was 1/6 rar to 1 mr, and the systems were prototypes
for missile and tank-integrated systems. Table 7 is a list of unclassified and non-
proprietary system descriptors.

Table 7. Partial List of System Parameters for Missile and
Tank Systems Tested at Aberdeen, Md., in 1973

Spectral Region

System Application (pm) Scanner Detector  Contractor
A Missile 35 Parallel PbSe 1
B Missile 3.5 Parallel PbSe 1
C Missile 8-14 Serial HgCdTe 2
D Missile 8-14 Parallel HgCdTe 3
E Tank 8-14 Serial/ HgCdTe 2
Discoid
F Tank 8-14 Parallel HgCdTe 3

%0 }. R. Moulton, et al, “A Scarch Performance Test on Ground-Based, Thermal Imaging and Fulse-Gated Intensi-
fier Night Vision Systems,” U.S. Army Electronics Command Report 7028, June 1973 (Confidential).

21 J. Swistak, “Field Performance Evaluation of TINTS Night Sight Systems,” U.S, Amy Electronics Command
Report 7035, Jan. 1975 (Confidential).

22 1. Swistak, “Field Performance Evaluation of TOW Night Sight Systems,” U * Ay Elcctronics Command
Report 7033, Jan. 1975 (Confidential)

2 Unpublished test report of airborne FLIR against ground wrgets by NVI - amer 1973,
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The comparison of measured and predicted MTF’s for the four missile devices is
shown in Figure 6(a). The MTF predictions for systems A and B underline one of the
main problems in performance modelling of prototype systems. The MTF and MRT
predictions must be made on the basis of numerous systems engineering inputs all of
which are seldom known by contractor or government engineers. Especially in proto-
type systems, components are in a constant state of change or may not even be con-
structed at the time of the analysis. Consequently, sometimes obsolet. inputs are used
which have no relationship to the actual or reai-time components or they have to be
fabricated on a best-estimate basis. This establishing of system parameters turns out
to be the most difficult task for the systems modeller. Systems A and B are devices
which are not accurately specified.

Sys!cias C and D in Figure 6(a) plus E and F in Figure 6(b) show reasonable agree-
ment between predicted and measured MTF. Of these, system D shows the worst agree-
ment; since the measured performance is noticeably less than predicted for such a
straightforward quantity as MTF, the implication is that some system component is
rot performing up to specification and is causing a degradation.

The MRT calculations for these systems are found in Figures 7(a) and 7(b).
They were all calculated using the SNR in equation (26) equal 10 2.25. This value for
SNR appears to give the best overall agreement between predicted and laboratory
results,

Systems A and B in Figure 7(a) show some discrepancy in the resolution-limited
region due to the difference in predicted and measured MTF already mentioned. The
difference in the noise-limited region for System E in Figure 7(b) possibly implies some
unaccounted for noise source or processing which is being neglected in the analysis.

Recognition performance against the side view of tanks is shown in Figures 8(a)
and 8(b). All calculations were done with the 4 cycles equals 50 percent curve shown
in Table 4. The data points are shown by circles, and the tank systems ficld test has
error bars associated with each point. The tank was a hot-running signature under
highly transmissive atmospheres (clear, low relative humidity night). The agreement
in the tank test is excellent while predictions appear to be short in the missile test —
especially for Systems A and B in Figure 8(a). This was due to cues that were present
in this test. Tank drivers had comfort heaters on during this winter Lest causing obvious
hot spots on the targets. The trained observers were quick to pick +ip this cue and use
it as a recognition cue. This kind of ficld behavior underlines i need for a cucd-
target recognition model,

Performance of these six sysiems against front views of tanks is shown in Figures
9(a) and 9(b). The tank test again shows excellent agreement. The missile test results

o vk Ml

5
i



T T T T e

@ W3ISAS

%/}
0 S 0t

*STU23SAS O[ISSTW 10} S, T LI\ PaAnSeaus sa pajoipaiy “(e)g wandt g

(1

3 WIISAS
Y/}

0¢ 0¢ 61 01 05

T

/

031010344

8 W3ISAS

%}
01

T I L 1

CETTINE
d

GNSVIN

AN\

311034

50

N

01

¥ W3ISAS
%3

05’

/

31210344

»

1

QIYNSYIN

P aNNSYIN

v 150

31910344




MTF

MTF

1.0

0.5

PREDICTED

-~
MEASURED

/

50 10
f/fy

SYSTEM E

1.0
MEASURED

/

05 I

I 1

1.5

PREDICTED

2.0

50 1.0
t/ty

SYSTEM F

Figure 6(b). Predicted vs measured MTF s for tank systems.
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Figure 7(a). Predicted vs measured MRT s for missile systems.
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Figure 8(b). Recognition performance for tank systems vs tank side.
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show a steeper slope than the predicted slope for Systems C and D in Figure 9(a).

This was possibly caused by two different reasons. First, this was a method-of-limits
test. The target vehicles started at a constanl range and moved slowly toward the
observai‘on point until recognition was‘recorded. Hence, the performance as a function
of range must go to zero at the starting range, causing the slope to be stecper than
usual. Second, the targets approached the observers across a muddy field which tended
to degrade the IR signature due to splattered mud and water on the vehicles,

The only airborne test with results applicable to the NVL model validation was
conducted at Fort Polk, La.,in 1973. Previous tests have tended to be operational tests
not designed to acquire model validation data. A notable exception is the MAFLIR
test conducted at Patuxent River by the Air Force.2* The level of discrimination in
this test, however, was not high enough to be of use for our purposes.

Detection and recognition performances are shown in Figure 10 for the Fort Polk
test. The targets were operatioual vehicles in a clear atmesphere. The results plotted
by circles and X's are empirical recognition and detection data of tracked vehicles.
The predictions indicated by curves considered only a side-view tank with the four-
cycle criterion for recognition ai 50 percent and the Table 5 criterion for detection.,
Since the FLIR was mounted on a stabilized airframe platform, an LOS transfer func-
tion based on the stabilization of the gimbals was used. The agreement shown here is
considered very good.

The graph shown in Figure 11 is for a ground surveillance thermal system that
was tested at Warren Grove, N.J., in 1971, The target is an operational tank in the
side aspect. The circles representing the data points give good agreement with the
predicted curve.

The validation results shown in the figures represent an approximate accuracy ol
t 20% in range which is considered state-of-the-art for modelling. However, all these
results have been for optimum target and atmosphere, Degraded performance under
adverse {arget and atmospheric conditions has not been validated because of the lack
of field data for these conditions. Field performance against degraded targets and
atmospheres has been attempted by this laboratory; however, such targets and atmo-
spheres do not remain constant sufficiently long enough to obtain sufficient statistical
data on them. A target’s tracks can change temperature and a fog can roll in before
two observations through a device have been made.

Recognition and detection performance can be seriously impacted by adverse
target and atmospheric conditions. A passive target, a mud caked signature, a haze

24 D. C. Winter, “Infrared Image Test Prograra — Variable Analysis,” AFAL.TR-72.384, Air Force Avionics
Laboratory, WPAFB, Ohio, March 1973 (Confidential),
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Figuce 11. Recognition performance of ground surveillance system vs tank side.

_ with particle size that scatters IR radiation, or high relative humidity can cause signifi- .
! cant performance range reduction. These conditions can have a high probability of ;
ocuurring in such environments as those found in West Germany. An example of an :
| : atmospheric distribution is shown in Figure 12,2
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Figure 12. German righttime visibilities.

25 Unpublished report on environmental analysis by R. Bergeinann of Visionics Technical Area, NVL.
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VIi. CONCLUSIONS

The present NVL and AMC static performance model for detection and recogni-
tion has been documented in the preceding text. The aciual computer program is
found in Appendix C along with its operational use. The model is in a constant state
of evolution and refinement as new field data is incorporated into the validation data
bank and new systems concepts must be analyzed. The present approach to detection
uses a signal-to-noise ratio calculation based on MDT, and recognition utilizes the MRT
which is derivable from the same signal-to-noise ratio. This approach gives a unified
theory upon which detection and recognition are based. The relationships between
detection and signal-to-noise ratio and recognition and resolution are fundamental
and empirically derived functions. The accuracy of the present model is assumed to be
t 20% in range for recognition under favorable target and atmospheric conditions.

Work is presently being doae on several arcas of improvement needed in the model.

The detection model must be validated as must the degraded conditions for recogni-
tion. These depend entirely on the acquisition of new ficld results with statistically
valid data under these conditions as well as sufficient documentation of the target and
atmospheric parameters. In addition, a complex target model can be developed to
handle the more intricate target cues, ard a low-transmission atmospheric capability
for fogs, smoke, and dust can be added.

In the area of improved recognition models, we must include vertical resolution
and possibly sampling effects. This is presently in the conceptual stage only since it
is not yet fully understood how a vertical MRT should be measured and no data exist
with respect to vertical resolution. Coupled with a veriical-resolution capacity, a incre
scientific method must be developed to choose the critical target dimension instead of
minimum dimension. Further, the probability of recognition as a function of resolv-
able cycles must be amended with the variation of this function. with target aspect.

While these limitations are being addressed and solved to an acceptable degree,
the AMC static model must be incorporated into a gencral scarch model in order that
all Army target acquisition problems concerning thermal imaging can be analyzed.
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APPENDIX A 3
. J
NE AT, MRT, AND MDT DERIVATIONS '
E
; 1
: i
H
! i
;
- . - . . . 1
In this Appendix, derivations are giver of the noise equivalent temperature |
(NE AT), the minimum resolvable temperature (MRT), and the minimum detectable ]
: temperature (MDT). Complete and simplified expressions are given for each quantity; 1
| . . . « o . N 3 s ;
: P the complete expressions provide a basis for rigorous analyses while the simplified i
; expressions provide a means for obtai..ing reasonable estimates thru use of hand ‘%
! l calculations.
- 3
Neither the concepts nor the final relationships contained herein are new. The
NE AT derivaiion is similar to an analysis in Jamieson.A' The MRT and MDT deriva- p
tions are slightly different from others of which the author is aware. The techniques
employed to derive MRT and MDT are equally applicable (o the derivation of subjec-
| tive resolution relationships for intensifier and LLLTYV viewers,
i ‘
% ' Terminology :
; NEAT - Noise equivalent temperature i
MRT — Minimum resolvable temperature ;
4 :
j MDT — Minimum detectable temperature
oo . {
t - time F
. : g
) . L R L '
i i,(t) — an output signal i |
¢ . N . i
;_ i,(t) — an input signal j
1 { * - convolution ( ¥
i ! i
t h(t) — temporal response function ! 3
i
{ — frequency L
LN - tourier transform of i (1) i
“ * : 9 . J .
— fourier transtorni of |i(!) i
I ;
. iy ~ tran:zTer faiction (fourier transform of h(t))
"mL . . . . ko>
OTF — opticat transfer fanction
Al J. A Jamieson, et al., Infrared Physics and kngineering, McGraw-Hill, New York, 1963,
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MTF

BR(r)
5(f)

modulation transfer functioin
auto-correlation function

power spectrum

. ensemble average

time difference

RMS value of a random process
detector response function

a (voltage) signal

watts/micron on the detector

det=ctor detectivity

detector detectivity (no cold shielding)

focal length

optical transmission
temperature

radiance from source (target)
horizontai field of view
vertical field of view

eye integration time
overscan ratio

frame rate

number of detectors in series
nuimber of detectors in parallel
cold shield efficiency

picturc element delay time
scan efficiency

cold shield angle

an integral (equation 24)
spatial signal

area (signal)

a constant

watts/arca from display

distance between scan lines
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v ~ scan velocity

f, — frequency of MRT bar pattern

L — bar length in MRT Lar pattern

b — noise function along a line of the display

f, — spatial frequency (x or horizontal direction)
fy — spatial frequency (y or vertical direction)
S — a threshold signal-lo-noise ratio

qy — an integral (defined below equation (A45))
Py — an integral (defined below equation (A45))
Py — an integral (defined below equation (A45))
qa — an integral (defined below equation (A51))
PX A — an iategrai (defined below equation (AS1))
Py — an integral (defined below equation (A51))

Preliminaries:

Throughout this section, elementary concepts and analysis techniques employed
in electrical communication theory are used The necessary relationships are presented
below; the reader unfamiliar with these relationships could profitably read the first
three or four chapters of Wozencraft and Jacobs.*? (It is possible to derive NE AT,
MRT, etc. without employing these concepts: however, as with any process, employ-
ment of inproper tools to perform a task leads to clumsiness and inefficiency.)

An output signal from a linear system (circuit, optical device) isequal to the input
signal convolved with the responsc function of that system, i.e.,

i (t) = i(t) *h(t) = f L(tHh(t-t")at’ (AD)

where i (t), i;(t), and h(t) equal the output signal, the input signal, and the system
response function, respectively. The response function h(t) is simply the system out-
put for an input pulse approximating a Dirac deita function. If both sides of equation
(A1) are fourier transformed, the expression

I,(f) = L(HHE) (A2)

is obtained. Here I_(f), L{f), and H(f) are the fourier transforms of i_(t), ,(t), and h(t),

A2 J. W. Wozencraft and 1. M, Jacobs, Principles of Communication Engineering, Wiley, New York, 1965.




respectively. The quantity H(f) is referred to as the transfer function of the system.
The one-dimensional (spatial) version of H(f) (i.c., the fourier transform of the line
spread function) for an optical system corresponds to the system’s optical transfer
function (OTF) whose absolute value equals the modulation transfer function (MTF)
of the systems. In equation (AZ), the quantity H(f) is said to ““filter” the signal L(f).
Note that if a rignal is passed thru two systems in series the output from the first
system equals the input to the second; therefore, if i (t) is the input signal and h, (t)
and h, (t) are the response functions of the two systems, the output is given by

i, (1) = i(t) « hy(t) « hy(t). (A3)
Correspondingly, the transform of i (t) is given by

I, () = LOH OH (D). (A4)
Thus, the “two-system” response and transfer functions equal h;(t) » h,(t) and
H, (f)H (f), respectively; e.g., the OTF of a complex optical system equals the product

of the component OTF’s (ignoring component interactions).

A wide-sense stationary random process (e.g., noise in most clectro-optical view-
ers) can he characterized (in general, not fully) by its auto-correlation function

R(T) = R(t,t+7) = (n(t)n(t +7)) (A5)

where n(t) designates the random process and 7 represents a time difference. The
fourier transform of this function, called the power spectrum of the process, is given by

S(f) = f R(7) e~ 2T d7. (A6)

The brackets in equation (A5) ind: ...c an average over an ensemble of n(t) functions.

The output power spectrum o/ noise processes passed thru (filtered by) a linear system
is given by

S,(f) = S,(H)H?(f) (A7)

where S and S, are the output and input power spectra, respectively. An extremely
important relationship between the power spectrum and the variance (at a point) of
the random process is

o? = f S(f)df. (A8)

B
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Since engineers are reluciant to employ negative frequencies and since S(f) is an even
function of frequency, it is common practice to redefine the power spectrum such that

o? =Jf S(f)df (A9)

This latter power spectrum is just twice the one used in equation (A8); this power
spectrum is used for the temporal voltage noise and the corresponding (horizontal)
spatial noise since it is the one commonly employed by thermal viewer engineers. In
the vertical direction, however, the power spectrum in equation (A8) is used.

A matched filter is a filter whose response function is a delayed (shifted), time-
reversed (spatially reversed) version of the signal. Thus, if i(t) is the signal function,
the response function of the matched filter is proportional to i(t;- t). (In discussing
time functions, casualty becomes a problem; however, the discussion here will not be
complicated by this.) The matched filter is the filter which maximizes the signal-to-
noise ratio (signal being the magnitude of the output from the matched filter and noise
being the standard deviation of the noise fluctuations) at a time t, for the case that
the noise is additive (independent of the signal) and white (the power spectrum equals
a constant at all frequencies). Note that for the case of a symmetrical signal and for
t, equal to zero the matched filter has precisely the same shape as the signal. (In
general, the matched filter is the mirror image of the signal.) Also note that if

I(f) = f i(t)e 2mft g (A10)

then the frequency response of the matched filter is proportional to I*(f), i.e.,

H, () ~ f i(- e Pt dt = 1%(f). (All)

NE AT Derivation:

The noise equivalent temperature is defined as that input temperature difference
for a “large” target (a large target being one whose size it large relative to the system
response function) which is required to generate a signal (voltage amplitude) just pric:
to the display (or after the detector preamplifier) which is just equal tc the RMS noisc
(voltage) at that point, assuming that the filtering action of the electronics prior to the
measurement point corresponds to that of a *‘standard” filter. The ambiguities in
this NE AT definition provide at least part of the reason NE AT is viewed with dis-
favor in some circles; the precise point of measurement and the “standard” filter are
not necessarily identical from ons measurement to the next. A second reason NE AT
is viewed with disfavor is that it does not relate directly to the signal-to-noise ratios
which are fundamental for perception of targets on the device display; it is not a
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display signal-to-noise ratio and it is a point signal-to-noise rather than one “averaged”
over the target. Ne -ertheless, NEAT can be a useful indication of system sensitivity,

and (although not necessary) it can be used to simplify the MRT and MDT relations;
therefore, its derivation follows.

The detector plus its associated preamplifier is assumed to be a linear system with
a response function r(\,t) *hgy pop () where r(At) is the response function of the
detector in volts/watt and hy; p.q is the amplifier (and other circuitry) response func-
tion. Therefore, if the signal onto the detector equals A¢ (A) i(t) watts/micron, where
i(t) is a normalized time function, the response of (i.e., the signal from) the detector-
amplificr system is given by

v(t) = f Ao N) i(t) *r(AU)* hpy o (DA
° (A12)

= / e MM 1(f) gy gop () f A¢r(\f)dX df

where I(f), Hyy perp (), and r(Af) are the fourier transforms of i(t), hpy pop (1), and
r(A.L), respectively. Assume that r(X,f) (or r(A,t)) is separable into a frequency and a
wavelength dependent part; then

g T
r(\f) = r(\f,) f) (A13)

where ¢(A,[) # function of { since f, equals a constant and % # function of A
[4]

H

since r(A,f) is assumed to be separable (i.e., r(Af) = g(\) 2 (f)).

Equation (A12} giving the signal v. can now be simplified to
l 4 ;1 g g s p

v, = f 200 1() Hyy pen (0 :i(;‘:—)) df-/- Ap(N) T (A f,) dA

= i’(l)f Agr(\f,) dA

O

(Al4)

where i'(1) is defined in an obvious manner.

The RMS noise voltage corresponding to v (t) must now be determined. Let S(f)
cqual the power spectrum of the noise from the detector. Then the power spectrum
lw.yonzd the preamplifier (ie., system with transfer f\‘m(etiun H o gor () equals
S(f)Hy gor () and therefore the desired RMS noise is given by
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0 = f S(f)H’ELECT (F)df. (A15).

Combining equations (A14) and (A15), the signal-to-noise beyond the presmplifier
is given by -
0 /' Apr\,f,) dx

giN=Y - o

o ( fS(f) HL o (f)df)'/’

Equation (A16) yields the NE AT once the various variables are recast into more
useful forms, the 8/N is set equal to 1 (note that the NE AT definition can be recast to

(A16)

“that temperature difference such that S/N =1"), and i'(t) is set equal to 1. The quantity

i'(t) can be set equal to 1 because the signal is measured (determined) at approximately
the midpoint of an extended (large) signal; if i(t) = 1 at its midpoint then i'(t) will also
equal one since the signal is of much greater duration than the response function of the
detector-amplifier system as assumed.

To recast the variables, first note that the detector detectivity D: is given by

* ) = Ayt

L) = —- (A17)
’ (S(i, )%

D

where A, equals the area of the detector.A? (Those familiar with the expression
x (g AT)"
NEP

k4

where Af s the bandwidth and NEP is noisc-equivalent power, should note the fellow-

ing heuristic derivation:

Apr

=

( f S(f)df )
Aor(f,)

(S(f,) Af,)%

Detector sigral-to-noise ratio (S/N),, =

For a small bandwidth around f, (§/N),, =

(S(f,) Af, )
i(f) -

Now, NEP = A¢ for (S/N)D = 1; thercfore, NEF =

Ad J. A, Jamicson, et al., Infrared Physics and Engineering, McGraw.Hill, New York, 1963.
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A% (f,)
and, therefore, D* = —— 2~ Q.E.D.
(SN

Solving equation (A17) for r and inserting into equation (A16), the signal-to-noise ratio
is given by -

_[ Ag, Dy (N
SIN= 2 (A18)

S 2 Y
( Ad §%fi- ) H ELECT df)

where i'(t) has been set equal to 1. Next, note that for a simple imaging system

TA, oL,
Ag, = a7 M ) 3T AT (A19)
where  n_(\) = the optical efficiency of the viewer
F = the f/number
T = temperature
Ly = watts/cm?/steradian/micron from the source.

Finally, using equation (A19) for A¢, and defining Af, by

U df, (A20)

8(F,) m ECT

equation (A18) hecomes

T A% AT'[ N (7\) a*r DY () dA
$/N = . (A21)
412 (AF, )%

The AT in equation (A21) is the desired NE AT provided the 8/N is set equal to 1 and
provided the bandwidth equals the appropriate reference bandwidth.

The bandwidth to which NE AT is commonly referenced is given by

Af, =a/2 € =
HFOV) (VFOV) F,, n,,v¢
a [( . )A( . ) Fy ovzac] (A22)
2 2n, x4y ng

P RN
* T A A

AT a2 i oot i i =

bt AR L Dbt L a7




where HFOV = device horizontal field of view (mr)

VFOV = device vertical field of view (mr)

Fu = frame rate

Nyyse = ovverscan ratio for the device

n, = number of detectors in paraliel

Ax = horizontal detector size (inr)

Ay = vertical detector size (mr)

Mg = seun efficiency (fraction of time spent in actually scanning the field).

The initial form for Af, in equation (A22) is obtained from equation (A20), first, by i
setting the power spectrum ratio equal to L (i.e.. ignoring any low frequency 1/f compo-

nent and high frequency roll off) and, second, by equating H:‘,LECT to 1/(1 + (£/1,)%)
corresponding to an exponential response function tor the electronic circuitry. The ‘
expression for f is simply derived by sctting f equal to % 7, where 7}, is the delay
time for a picture element of size A x Ay (cssentially the time the detector element '
spends on each picture element). The % 1) corresponds to

f SIN(mf7y) 21"
EETT N

0

which is the bandwidth associated with a rect function of duration ™-

[T

The use of the “standard” bandwidth given in equation (A22) in place of the
bandwidth ~iven in equation (A20) yields the NE AT values commonly used. Recog-
nize, however, that the bandwidth given by equation (A20) is the true system noise
bandwi. it 4ad, there " e, a measurement of the S/N will yield the value given by
eqraiion (A21) weiig, .nis bandwidth (assuming H ) poq includes any filtering by the
meas:. ;tiy device); the S/N calculated using the “standard” bandwidth of equation
(A22) would be measured only if Hy pop in equation (A20) were so adjusted (e.g.. by
the measuring device) so as to make the true bandwidth of cquation (A20) equal to
the “standard”™ bandwidth of equation (A22).

The S/N (and the NE AT) obtained from equation (A21) is that for a single de-
tector; this S/N is appropiiate for parallel scanning thermal viewers; however, for dis-
coid systems, the S/N obtaine? ’ v summing the signals and noises from the number of
detectors in seris ‘s wiore ueci:ia  in this latter case, a reasonable approximation to
the S/N is the S/N given in cquation (A21) divided by (ns)” where n_ equals the number
of detectors in series (assuming uniform D*s). In general, blind application of equa-
tion (A21) (as well as the MRT and MDT equations) to unconventional systems can
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lead to difficultics and incorrect conclusions; this problem is usually easily circumvented
by simple adjustments to the equation which can be made by anyone having a decent
understanding of the material presented herein. (More often than not, one only needs
to recogpize the tact that the noise variances add directly.)

Prior to summarizing the results, several additional expressions and definitions are
useful, First, D: is given by

D* = L= g% n D* (2F A23
x " sng/2  Ma Tes ot ) (AZ9)
where D:* is D: for no cold shielding and 100% quantum efficicncy

Ny = quantum efficiency

Mg = the cold shield efficiency

6
Second, the quantity W is defined by

the cold shield angle.

T, DR Q) AL
W =f ® D@ Ol (A24)
§ M) pray) O

where A =‘thc wavelength for maximum D;:) ()\?. For hand calculations, Hudson
.8 2

notes that f —2 equals 5.2 x 10 while —2 @ equals 7.4 x 108 A these
32 aT 8 9 T
quantities are obviously useful approximations to W.

To suinmarize, then, the NE AT usng equation (A24) is given by

4F? (Af, )"
NEAT = — . (A25)
mA; n, D () W

where equations (A22), (A23), and (A24) provide uscful expressions for Af, D;:, (\),

and W. Also, note that A, can be expressed in terme of focal length and nominal system
resolution in milliradians, i.e.,

A::' = (focal length) (resolution in mr)/(1000). (A26)

A4 R, D. Hudson, Jr.. Infrared System Engineering, Wiley, New York, 1969,
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(If we included atmospheric tran: wission over the short path length in the NE AT labo-
tatory experiment, then (A24) becomes

f' 2,0 2,0 DE ) 3L,
L Me(y) m,() DE Q) 9T

and (A25) becomes

4¥? At
NEAT = .

% * '
mAY 1, ()0, () D ()W

MRT and MDT Derivations:

Basic Concepts: The minimum resolvable temperature (MRT) of a system is de-
fined as the temperature difference relative to a background which the bars of a bar
pattern must possess in order for a human obwerver to detect the individual bars when
viewing the pattern thru the system. The minimum detectable temperature (MDT) is
the temperature difference a square object must possess in order to be detectable.
Obviously, the MRT is a function of the bar pattern spatial frequency whiie the MDT
is a function of the object size,

Historically, the MRT bar pattern has been a 4-bar pattern whose bars had lengths
equal to 7 times their width; also, the pattern has been oriented such that the bars are
perpendicular to the detector scan direction. The derivation presented here assumes
that both the pattern and the orientation covrespond to these historical precedents,
The derivation also assumes that there is no sampling in the direction (horizontal) along
which the detectors are scanned. This latter assumption is not valid for all systems;
specifically, the signals from the detectors of a parallel scanning system are sometimes
multiplexed in a manner whiich provides a sampling effect in the scan direction. This
sampling can introduce noise fold-over and signal aliasing effects; however, if the system
is well designed these effects will not be severe and the equations derived herein can be
applied to thesc systems.

The basic hypothesis underlying the theory of MRT and MDT is that visual thresh-
olds correspond to a critical value of *“matched filter” signal-to-noise ratios; i.e., the
ratio formed from the maximum amplitude of the target and the RMS value of the
noise obtained by passing the signal (target) and noise which are actually observed by
an individua!l thru a filter matched to the observed signal. (Note that the sig::~! and
noise are not actually puysically filtered by a matched filter; it is just hypothesized
that the relevant signal-to-noise ratio for perceptual purpcses is the signal-to-noise ratio
obtained assuming that the signal and noise are filtered by the matched filter.) Thus,
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if the viewed object is characterized by the spatial function i(x,y), the signal will be
proportional to i(x,y) # i(-x,-y) for x and y equal to zero which equals

f1= (o1, )d2 f

; where I(f, ,fy) is the transform of i(x,y). Correspoadingly, the noise will be proportion- ‘
ul to I

% i
( fS(fx,f‘l_) 2 (f,,f,) d* f

. where S(f, f ) is the power spectrum of the observed noise. (Throughout this section, l ;
: P : the quantity 1_(x.y) representing the undegraded target will be normalized such that |
: its maximum value is 1 while the (matched) filter corresponding to this quantity, {
H;_ (tyfy), will be normalized such that H (0,0)=1 Thus, for a uniform target,

L, f) = AT"iO (L)
where A equals the area of the target.)

k Although the determination of MDT is straightforward using the above hypothesis, :.
? an extension is required to determine MRT, i.e., the perception threshold for a periodic i
pattern. Specifically, the nature of the matched filter (and the signai) must be estab- :
; lished for the (potentially) infinite periodic pattern. The assumption is made that the !
| filter in the periodic direction is a rect function whose width is equal to the width of ;!
the bar while in the otl.er direction the filter is simply the device degraded rect function »
corresponding to the length of the Lar. (Note that a degraded periodic pattern retains
its periodicity with unchanged spatial frequency.) Furthermore, the *‘signal” is assumed
to be the difference between the “signal energy” coming thru the filter centered over
the bar and a filter centered over the neighboring trough. (Note that in some sense
this corresponds to taking the signal for an aperiodic pattern as the difference between
the “signal energy” passed thru the matched filter centered over the target and the
| “energy” passed thru a filter centered over the background.) With these assumptions,
calculation of the MRT becoines very straightforward.

! In the above, the implication is made that the object and noise observed ase the
object and noise existing on the device display. More fundamentally, they are the
object and noise projected on the retira of the eye or, still better, the object and noise
interpreted by the observer, i.e., after degradation by the retina ard nervous system.
Given a transfer function for the eye, an effective power spectrum for the internal
noise in the eye, and a knowledge of the actual extent of eyc signal (and noise) summa-.
tion, it is possible to extend the calculations to the retina and beyond. This extension
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will not be pursued here; rather, the assumption will be made that the eye transfer
function and noise do not significantly alter the signal-to-noise ratio calculated using
the displayed guantities. (In actual calculations, however, an eyeball term is included.)

A fow comments concerning the (matched) filter formulation are possibly useful.
The, matched filter can be thought of as a window over which the signal and neise
‘“energies” are summed to formulate a signal-to-noise ratio. This summation is similar
to that performed by Rose in formulating S/N ratios which correlate with Blackwell’s
visual thresholds;% in Rose’s case, MTF type degradations were not considered and,
consequently, the matched filter was just the target itself. Thus, a matched filter signal
and noise are just slightly suphisticated versions of a signal and noise summed over the
target; the matched filter procedure merely provides a consistent technique for handling
degraded (blurred) targets. An equivalent (but, to this author’s thinking, more cumber-
some) formulation uses the total signal energy as the signal (i.e., sums all the signal
energy) and then sums the noise over a equivalent target area which is larger than the
original target as a result of MTF degradations.

The Derivations: The MRT and MDT equations can now be formulated rather
easily, the only complication being that introduced by sampling.

In order to perform a reasonably rigorous derivation, a consistent set of units must
be used. Let k be defined such that k AT equals the watts emitted by a display element
(spot, etc.) for a large target with a temperature difference AT. Then, the signal energy
per unit area from the display for a single frame will be equal to

M(xy) = XETIY) (A27)
Ay, v
where Ay, = the distance between scan lines = Ay/n gygc
v = the scan velocity of the display element
i(x,y) = the spatial distribution function of the degraded target.

The quantity i(x,y) will equal (ignoring sampling effects, a procedure completely legiti-
mate only if Ay, is very small) the ccnvolution of the original target with the system
response function, i.e.,

i(xy) = ig(xy) * hy (xy) (A28)

AS Albert Rose, “‘The Sensitivity Performance of the Human Eye cn an Absolute Scale,” J. Opt, Soc. Am. 35, 196
(1948).
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or, taking transforms,

I, f,) = L(f,, 1)) Hy(f,,f),
where iy, is the target distribution and hy, is the system response function. (Note that
for constant i(x,y) the formulation above will yield a uniform display brightness; thus,

this formulation usus an average display radiance across scan lines.)

'The aperiodic matched filter signal, using equation (A27), is given by

Signal = MAX [Z;‘; i(x,y)*hm] (A29)
_ kAT
o f I, 0,) H,, d*f,

where i end H_ arc, respectively, the real space and the frequency space representa-
tions of the matched filter. (Note that “MAX" refers to the maximum value of conolu-
tion over x and y.) Asindicated previously, H, is simply the normalized version of
Kf,.f,) (the degraded target); therefore, the signal for the aperiodic target is

kAT d
(SIGNAL), = £&T Ay f H2 (f,.,9 Hy? @21, (A30)
1 ~on

where A, is the area and H is the transfer function corresponding to the undegraded
target,

The periodic matched Jlilter signal, using equation (A27) is given by

SIGNAL = MAX[ZYAI i(x,y)*hm] (A31)
i

kAT .
~ MIN [A)’i\’ l(X,)f) M hm ] ’
where i(x,y) is the degraded bar pattern and h s the undegraded rect function hori-
zontally and the degraded rect function vertically. The quantity i (x,y) is approximated
(wrizontally) by the first harmonic of the square wave; therefore, since the amplitude
of this harmonic is 4/ times the amplitude of the square wave,
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i = square wave with } , =
Wxy) [ < amplitade .5 ) )] * by (xy)

A (A32)

= M'[‘F(fo); (5)sin 2rf x)i (y) +.5,
where {_ is the frequency of the bar pattern and i (y) is the degraded vertical rect
function corresponding to the length of the bar. (The fact that i(x,y) will be negative
whure MTF (f ) equals approximately unity is an unimportant consequence of using
the first harmonic approximation.) Substitution of i(x,y) from equation (A32) into
equation (A31) yields (evaluating the horizontal integrals in real space and the vertical
integrals in frequency space):

Ko
p ok 4 o [
(SIGNAL), = - MTF(,) 2 AT f sin (2nf_ x) (2f, ) dx
(2]

Y

(A33)
xf Iy Hy dfy.

In equation (A33), the factor 2f in the first integral comes about because the horizontal
filter (rect function) of width %[ has an amplitude of 2f under the normalization
convention that H(f, ) = 1 for f, = 0. Since the first integral in equation (A33) equals
2/mand since I, equals L H, Hy,, where Hp, is th transfer function of the device in

the y direction and L is the length of the bars, equation (A33) can be simplified to

. r 2 2
(SIGNAL), = K;‘i‘v— MTF(,) 1-?2- AT f iy, Hy df, . (A34)
| R UNDEGRADED |
- 2 e e e e e L
| :
|
DEGRADED o
—= =N N X - BAR PATTERN o
N MATCHED FILTER B 41
SIGNAL-— = i = —>= — -  DEGRADED BAR T
PATTERN
HORIZONTAL FILTERING
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The noise expressions for MRT and MDT must now be determined; this requires
establishing the power spectrum of the noise displayed to the observer. The function
describing the noise on the display is given by

n(x,y) = Z bi(x) 6 (y-yi) * hd (y) =
' (A35)
Z b;(x) hd (y-y;)

where h,(y) is the impulse response of the display in the y direction and b (x) is the

fun-tion describing the horizontal noise function along the ith scan line. The form .f
equation (A34) arises as an obvious result of the sampled nature of the thermal image
which consists of independent scan lines; the convolution is merely a manifestation of

the fact thai each line is “spread out” by the display clement. The autocorrelation of
the ncise is given by

n(xy) nix', y') >
(I T, 9y 6 by -y by -3 ) (A36)
i
= Z Z < by(x) bj(x') ) hy (v - yy) hy ' - Yj)'
i

Assumir.g that  b,(x)> equals zero, note that < b,(x) bj(x') > will equal zero unless
i =jsince b, and by are, otherwise, independent random processes. Thus

R(xx'yy") & < n(xy) n(x'y"}> =

(A37)
Z < by(x) by(x") > hy (y-y) hy (y'-yi).

Now  b,(x) b,(x') > is independent of i since all lines are (supposedly) the same and,
therefore,

R(xx'yy’) = Cb(x) b(x') > Lhg (v -y) hg (¢'-y).  (A37)
1
Approximating the summation by an integral, we have

R(xx'yy') =< b(x) b(x) > ﬁ f hy(y -y;) by (7' -y,) dy,

b b(x)> £
- _%’%_Mf‘ld(i,)l:d(wp)dp A R(XY)

(A39)
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where Y =y -y’ and X = x - x'. ({(b(x) b(x")) is assumed to he a function only of
x = x' which is true if the random process is wide-scnse stationary.)

The power spectrum of the noise is just the fourier transform of R(X,Y),i.e.,
i [ 2ni 1
8(f, . f,) :f Cb(x) b(x") D> e2rifX gx Ayo Hy(f, ) HY (£)). (A40)

Now b(x) corresponds to the “voltage™ noise function which is transformed from a
“voltage™ to a one-dimensional radiant energy function by the display elements; there-
fore, the fourier transform of { b(x) b(x') > equals the “voltage” noise power spectrum
orovided the units are properly transformed from “voltage™ and “voltage” space to
radiant energy and display space. (This conversion, itemized below, is based upon the
implicit assumption that voltage is linearly related to radiant encrgy.) As discussed prior
to equation (A15), the “voltage™ noise power spectrum equals

: 2
S(f) HELECT (f)

or

f
(constant) S§£(f_o)) H::LECT f)-

In the second expression above, the constant obviously equals S(f,) if the units of this
expression are the same as those of the first expression (e.g., (volts) (second)); since the
signal is givea in terms of temperature units, the noise must also be and, therefore,

the value of the constant is desired which references the power spectrum to temperature
units, i.e., (temperature difference) (second). To establish the value of this constant,
note that the NE AT equals the temperature difference such that tize S/N ratio (voltage
S/N ratio prior to the display) equals 1; therefore, if the signal, referenced to tempera-
fure units, is simply AT, then NE AT equals the AT such that AT/o =1 where 01s the
RMS noise in appropriate units. Thus, the NE AT equals o, and since

02 = f (Constﬂllt) gﬁ.(:L) H ELECT df = (COnStﬂnt) A fn
o [+

where equation (A20) has been used, the constant is given by

constant =

NE AT?
A

n
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(The quantity NE AT2?/Af, can be expressed in terms of detector sensitivity and device
parameters using equation (A25). Note that although the above discussion uses the truc
NEAT and Af_, i.c., not the standardized ones, the last equation is valid regardless of
which Af s used provided the Af in the denominator is the same as the Af_ used
to calculate the NE AT.) Consequently, the voltage noise power spectrum referenced

to temperature units equals

m2
NEAT? S() 2
Af, S(f,)  ELECT

New, converting from temperature to radiant cnergy thru use of the correspondence
(see reasoning prior to cquation (A27),

NEAT <> KNEAT
A\

(cnergy/cm),
using the relation {valid since { = v{ )

ﬂQ 2 S(f,) 2

S(f,)  FLECT () = v S(,,)  ELECT (fy)

where S(f, ) = S(v ), ete., and, using the fact that the fourier transform of < b(x) b(x") >
corresponds to the voltage power spectrum, the relation

NEAT? 1 S(f,) 2
V2 AT S(f,) ELECT

n

f Cb(x) b(x) D> e2miX gx = k? (f,) (A41)

is obtained (assuming that the display transfer function equals 1). A careful examina-
tion of equation (A40) shows that the units are (energy)?/em which are those desired
of the one-dimensional *“‘display” power spectrum. Combining equations (A41) and
(A40) and including the display transfer function, H, (f, ), the desired (two-dimensional)
noise power spectrum is given by

2 NE 2 S
S(E 1 k2 NEAT (f,)

= HE
xly) AyvAf

S( ro . ) ELECT

HY (1) (A42)

(The critical step in the derivation of S(f_, fy) is cquation (A39) where the sampling
characteristic of the display is in a sense approximoated away. Strictly speaking, the
sampled noise process cannot be characterized by a power spectrum.)
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Given the power spectium S(f_, f ), the (matched, filtered) noises required to
establish MRT and MDT are easily determined. As previously indicated, the matched
filter for the MRT calculation is

Hy (f,) Hy (£,) Hp (£,

where Hy , H, , and HD are the transfer functions corresponding to the width of the
bar, the length of the bar, and the system impulse function in the y direction, respec-
tively. Therefore, the MRT noise is given by

(Noise)

? () ) "
(fyilzﬁéffz _/ / () HE per () Hy (6, 8,) HE, (6,) H () HY (£, ) df df)

(A43)
The filter for the MDT is
H, (fxfy) H, (fxfy)

where Hy and H, are the target and device transfer functions; therefore, the MDT noise
is

(Noise)a =

S(f #
k2 NEAT? f f (fy) n H, HY HY df, df, ) . (A44)
AylAf v S(f,,) LECT

The ratio of the signal given in equation (A34) and the noise given in equation (A43)
yields the fundamental signal-to-noise ratio for periodic patterns for a single frame.

The MRT is simply the AT found by summing the signal and noise over the frames in
an eye integration time and setting the signal-to-noise ratio equal to a threshold value 8.
Thus, the MRT is giwn by (from equations (A34) and (A43)):

Ay v—S
NEAT? /‘/ () ,
MRT = HiHG HE HD df, df,
; ElFLT d
MTF (f, )I,f 212 ar, [AY.Aan S(f,,)

T 17 & NEAT Ayv f./ ) ]y’
WL N L J ] (Ad5)
PRtE] + MTF(T,) L/ i ar [I‘RtE i, J

LD
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where F is the frame rate of the system and tg, is the eye integration time. Similarly,
the MDT is given by (using equations (A30) and A44)):

' Ay, S(f,) 1
NEAT § iV
T = f df 4
MD = (FRtEAf f/ S(f ) ELECT d TH'Dd ) (A46)

2432 12
AT] HY H? d?f

The somewhat formidable equation (A45) can be expressed in a much more useful
form thru use of the following definitions and relations:

2 2
q, A Lf 2 12 df,

P LA
H N o0

| 2 2 2
| p, A zwf s Hippcr Hi () H, d,

2 2 g2 :

p, AL f H Hj HY (f,) df, j
L = 57?- (assuming bar length eguals 7 times its width) :
_

W = T |

Employing these last relations, the MRT reduces to

2 PAT Ay. v "
Mrr=2 __S5 __ NEAT (———_' 21, p, ) . (A47)

8 MTF(f,) q, Ftg OF, 7

This expression is further simplificd by noting that q and p, will equal approximately
1 for essentially all applications since the bar length will almost always be large com-
pared to the system response function (for any reasonable f ) in the y direction; there-
fore, the MRT is finally given by

! 2 @ Ay, v % x
MRT = T SNEAT fo ( yl ) (A48) ; },\')

414"  MTF(f,) \ Fytp Af, p,

which is the recommended equation for calculating MRT. (This last approximate expres-
sion can be arrived at by a somewhat simpler argument which is perhaps useful. Calcu-
! late the one-dimensional matched filter signal and noise for a single scan line assuming
that the bar length is greater than the height of a scan line. This calculation, as easily




seen from the above analysis, yields a signal

(Signal)p = %T—‘ M'I‘F(foh) ﬂ—82 AT energyv/cm

and a noise 0
.. _{ x*NEAT? S(,) ., 2o o
(Noist), = ( At v / 5T HY, pop (COHEOHG (f, )df,
. Q *

Since the *“matched” filtering in the y direction corresponds to summing the signal and
noise over the length of a ber, since signuls add directly and noises add quadradically,
and since the bar extencs over (L/Ay,) independent lines, the desired MRT signal-to-
noise ratio is given by

L KAT prir y 8
- MTF@E) = AT

‘ Sy, = 0
| P L k*NEAT? g
Ayi Afnv [ X

which directly yields the MRT given in equation (A48).)

Unfortunately, each individual concerned with MRT has his own favorite form
for the MRT equation derived by using different definitions and different approxima-
tions than those used above. For example, a quantity (; is used by some individuals
where

Q =p,f,;

others approximate the integrals such as

f Hl’ H; df

2 o2 %
fL fD

o

f;+f

2 |
D

d

where

H? df

—ty
-
i
\’

L
an
H; df ; etc.




To the author’s knowledge, however, all the expressions follow directly from equation g
{A45) using the appropriate definitions and approximations. (In one instance, an equa- Py
tion is used which is derived on the assumption that the “matched fiiice” for the bar
patiern is a square whose side is equal to the width of the bar. Even in this case, the
final equation reduces to equation (A48) except for a different constant.)

The use of equation (A48) requires establishing the values of & and tj ; agzin, un- P
fortunately, universal values for these constants do not exist. The values recommended §
at this time are ;

§ = 2.25, |
= 2 (A49)

tg

Several appro ximations and facts are useful for using equation (A48) to make
quick calculations. First, from equation (A22) (and the material following (A22))

where A x is the detector width. Also Ay, is given by

Ay Co
Novsc o4

i

Ay,

where Ay is the detector height and 7y . is the overscan rauo. Finally, p will equal
approximately ! for small f while for any f_ a respectable approximation, assuming :
S(f, )/S(f, ) equals 1, is i

A bt L

) 1 5 l
T (4 (Ax) + )R (A50) I

Px

Therefore, a useful form of equation (A48) for hand calculations is

R L

NE AT § % -, ‘
MRT= .666—— 2 ( 2+ _Ax4y <4f’ @x2+1)" (A1) I 4
MTF(f,) T fovscFrte © [

where the last factor can be set equal to a 1 for many values of f .
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The MDT given in equation (A46) can be simplified to

MDT =

§'NEAT [ &%V L, #
qa Fptg Af, 2W2 "xATyA

thru use of the definitions

Ag fu’u d*f

q, ~

Pxa = 2W/ S(f ) Hiscr Ha Wy Hp df,
= 2 2

Pyp = W.j Hy HyHY af

(A52)

where Hy, is the transfer fu~ ction corresponding to the side of the test square. Approxi-
mations to q, , p, , , and p,, can be formulated similar to those used to simplify the

MRT; these will not be pursued here.
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APPENDIX B

VERTICAL MRT

If sampling effects are assumc to be negligible, then a vertical MTF und MRT
can be defined and an expression for them derived. A system’s performance can then
be a function of some combination of horizontal and vertical MRT. As an example,
the MRT’s in the two directions can be assumed to form an average MRT whose value is

MRT, = [MRT? (f,) + MRT? (,)]*/ V2.

Then, this MRT will directly give performance from an experimental relationship such
as shown in Table 4 in the main section.

A vertical MRT (f, ) similar to the horizontal MRT (f, ) can be derived in the same
manner utilized in Appendix A. The only difference is that the target bar pattern is
now oriented with the long di.uension parallel to the scan direction. Then returning to
equation (A32) of Appendix A, we get

i(xy) = MTF(f, )‘;‘; (5) sin (27, y)i, (X)+ 5, (B1)
where i, (x) is the degraded rect function in the x direction. Equation (A33) becomes
1 gy
~ — k r 4 r .
(SIGNAL), = K)T.V MTF(f,,) - AT f sin (2mf, y) (2, ) dy (B2)
0

X / 1M df,,

where now [ =L, ”L(fx) Hp, (f,) . Hence, the signal for the case of horizontal bars is

. _ k \ 8 ] 2 . 2
(SIGNAL), = - MTF(L,,) = AT l./ H2 (F,) B2 (F,) df,. (B3)
1 - o0

In deriving the noise power spectrum, we still get the result

ANEAT2 S() .
KZNE A () HE (), (B4)

S(f. L) =
(e ly) AyvAaf, S(f,) = FLECT

since the target plays no roll in the noise at this point. The matched filter for the
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horizontal case is
Hy (€, H, (£, )H (£,)-

Hence, the noise is
_ [ K®*NEAT? 2 2
(NOTSE), = [A VA, f f S(T,,) ) HeerHa(To fy) By () H GOHG )

B5
X d’f] . ®3)

Taking the ratio of equation (B3) to (B5), integrating over f.ames, and solving for
MRT yields

MRT( ) = -—
() ] Ay, b6 v \ Fptg
MTF(f,) L f H H df,

x 2 2 2 2 e
f / S¢E L) Wy gor () Hy (8, fy) Hy (£)) H ()

%

72 g
byvg § NE AT? ( 1 ) |
(B6)

x W} (f,) df df

Defining the quantities

g.= L f HY u? df
TSy,
1,_0[ S HY cop H3 HY HY df,

- H 2 2
py—‘.’.\‘.[ H W2 df, i

where I, = = and W = L then equation (B6) becomes
2fo 2fo i

§  NEAT [ Ayy . o -
MRT(, ) = T E4 [__y_'__ 24 pxpy] . (8Y) .

il

Py

R T e S S

8 MTF(f,) &




Asin Appendix A, g, approaches 1, however p_ will not asymptote as fast as before
because of the additional elecironic filtering HéLE cp- Putting this in a form which
appears in the main section, we get

2 Vt .
MRT(f,)= ~—§& NEAT Snvhy ¥R (88)
4 {12 MTF(f,) Fptg Af,
where
QO = fy px py ™ 'y

S(f,)
—_ 7 X 2 2 2 . 2
o, ./ ./ S(F,) HE, por GO ) () G () HE (F)

x df, Hv’, (f,) H () df,
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APPENDIX C

COMPUTER PROGRAM

PROGRAM FLOW CHART
|

Din o WA 7 AR e e

=
o
=
[~
SIS

YES

N, VES !

NO ;

DEVIGE : ;
CALCULATIONS

& TARGET,
PERFORMANCE ‘
CALCULATIONS ‘

1

W
:
:
q
1
N
i
A
i
-
,

ouTPUT

NO

s
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SUBROUTINE FLOW CHART

MAINPG

DAYTA
|
INIT

NEWINP—EXIT

CQos

ALINEY

ALINEY

SJN

31N
EXP

INEY

OPFIC
GEBLUR—EXP
ALINEY —XNOISE < DETEC
EXP~— DWP ALINEY NO ALINEY——-BJ
QTFE  SIN ALOG10——BUDWT cos CAMRA—ALINEY
ALINEY—BAwT cgs XRING s e AMIN1 EM&TF———SIN
ALOG10 OTFE ALJNEY ALINEY  DSPLY
cc!s EXP— PLANK ALOG STABLE ~——n
QTFE Q%FE ALSGIR EYLBAL——ALINEY EXP
ALINEY—XRING ———MDT, AJAN X1
ALOG  ALINEY—ATMCRL EXP
ALOGLO ALOG QTFE QT:FE
ATAN AJOGIO

|
EXP EXF
QTFE

SIN——SINC

S I|NC ——SIN
MDTSNR--ALINEY  AMAX1
XRI NG‘AI"INEY

DFAULT ALOG

EXP

QﬁFE

SINU——SIN

R AP VS

I PECRC SRR

PO SR RRN




nonnn

8400

REAL lOTAU
REAL IRTRAN
DIMENSION AFCRL(161)

DIMENSION FURD(20)
DIMENSION DDTL(30) ¢ XDR(S0) « XPR{50) 1 XFRU(5Q)
DIMENSION YDRISO)s YPR(50)+YFRW(SO)
OIMENSIUN XMTF(20) s YMTFL20) +FFFF{20)
DIMENSIUN XXMRT(20)+YYMRT(20)FFT(20)
DIMENSION XXMTF(.20) s YYMIFL20) .

OIMENSION PROC1C) s XNUM(10)

DIMENSIUN QQu(20).QQQQ(20)

DIMENSION SOME(S50)+DRTX(S50) +DRTY(S0)
UIMENSIIN ELANX(20) otLANY(20)
DIMENSION SIGMAU(9D)WAVE(9)+IRTRAN(161)
DIMENSION TRTRAN(161) . C—— e

DIMENSION CUTPUT(10) +XINPUT(10)
DIMENSION RAND(161)

DIMENSIUN UOSTARC10)+ XLMBA(10)
LUIMENSION RSPX{l61)
DIMENSIUN
DIMENSIUN H{3)

XMXM{20) e YMYM(20)

OIMENSION XNMBL .0)

D IMENS ION BETAL 10)

DIMENSIUN FQQi10)sFQ(10)

DIMENSION XD(LO0)sVDCL0} o XE(L10Q) eXB(L10O)

DIMENSION X2C10)oYOLL0) o XTVCL10) o ¥YTV(10) 4 XML(10)YML(10)

DIMENSION XAXRT(20Q) . YYYRY(20) .. . _

DIMENSION WFOV(20)+RT45(20) +ELANAS(20)
DIMENSLION X43T3150) « X45PI(S0) o X45T4(50) 2 X45P4(50)
DIMENSLION TSE(S50).5SE(S50)

DIMENS LON RINPUT(10)

DIMENSION ROSL(L10).OSNC10)

COMMON/NAMLES 7 AW

LWeFLLQ)aSE100 o XNET oDELTAXARELYAY 2 EXETMoFR A HEOY 5

IVFIV eRMAGe KN ¢ XNSCy OVERSC+BRITE ¢ SRTAD sOXSC o TAsTO s ANGLE o MOM¢ RSTAR,
2XLAMB s FNUMBs FOC o XK s RMAXF o XY o XYL o FMAX s XSIGLSa YSIGLS o XAsYAaKKK e

IIOTAU. VEL ¢ RELECT
¢t SMMON 7SPCATM/WAVE s SIGMA
TOMMONZNAMES/ZIKOUNT « XMAG+FSTARFELECT o FMAXF

LUMM G S NAMELZXDR 2DDT o TSE 2 SSE 2 SUME «XFREADHIKJDETEM JFETJXXXRY

CUOMMUN/, ? "YEJFJIFLAGe JPRINTODTTyDETEMP +DPEAKFACT « IDELTR IDEL X

LIRDAX s IRUDIN IRHAX s IRMINe LUPO sQUTPUT s XHTAR XINPUT o XLT ARu Lo FLG

COMMONZNAMEBR / XXMRT 23,24

COMMUN /BLUR/ZABLUR '
COMMUN/NAMEG6/ZDXDR{S5D) 2DDBTL(50) DORTX(50)
CALL INLT(IAFLG)

IKOUNT=0
CONY INUE
IKIUNT=IKQUNT ¢
CALL

EWAVE LY WAVE2y ISTATE » SNR I PRINT o XNMR S JOYER)

NEWINR(FQeXOs YO XD e YD e XBoXE o X TV oY TY o XML FQQy RUTOFF ¢
1F0sDOSTAR G XLMBAJRHAIRTMPsRVIS:TBACY PROIXNUMBETA Y ML o

SAVNET=XNET
IF{Z23¢EQe1e0eANDOZA:EQs1¢0) CALL MRTINPL{RYIS?
IKANGE+AIRTMP » RHJWAVELo WAVEZ2 o IPRINT oI UKo
2ISTATEIAFCRL ¢PROANYMe TBAC o XNMB s BETA L[ o KK)
IFCZ3eEQe1eDeANDZA4EWL!+0) GO YO 8025
IFC IKQUNT « 01 o LaAND» JFLAG 2EQe Q). GO _TO 8007

MRT CALCULATYION
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XS AL

ol

SR AT R SR T,

il LK L

XW=dAVEL~-0s1 . I,
I W= IFIXC(WAVER-WAVE 1 )/0.1)¢1
RMAG=2.Q¢XMAW. .. _._ .. __
X2Z=SNR® 3. 141597207 chO“O.S)‘S.I‘ISQIZ.O
CUTUFF=0 «999%RUTOFF ——— — - —
IOTAU‘HFOV‘VFQV‘(l7-5‘.2)‘FR/‘N/DELTAX/DELTAY/XNSC‘DVERSC
VEL=LELTAXE®LJTAU . . I [
RSTAR=FS3VTAR/VEL
RELECT=FELEC T/YEL e e e
RMAXS=FMAXF/VEL
DO 101 KLK=1,+8 e e e e
101 HIKLK)I=10.0%¢F(KLK)/VEL
CALL DEV ICEC XMTE s YMTF o XKXMTF s YYMTF oEFFF s X MXMeY MYM,FURD FQeXDs¥0e XDy
BYDs XByXE ¢ XTV YTV XML ¢ YML +FQQ)
L AFf ANET «EQ2Q«0) CALL XNOISEAFO.CUTOFF +DOSTARXLMBALDPEAKSXBFQOQ)
XXNE T=XNET
CALL BOWT(FO-DELTAF 4CUTOFF « XA,FQQ) U,
XL=1/DELTAX/20,
XCYFF=CUTOFF /VEL e e
FT=2040
Y=FREEYETM . . .
DD 102 KK=1420
FT=F T+XL . - C e
TARF=FT
"GRUNT=1e/2e7TARF e
RUNT =7+ ®GRUNT
LCALL. XRINGEXCTIFF o XXMIF aF URD 220 aH o BaGRUNY o)1 s ANS222]) 00)
CALL XRINGIXCTFF ¢ XXMTF ¢FURD o 204H ¢B8sRUNT o1 s ANRe2+140)
CALL XRING(OQsYYMTF oFURD$22sHsBsGIUNT 12 sANT 42410}
W=ANS/2e90
QQ=ANR‘ANT/2.0‘RUN]’ e e
QAR (KK)=
QQQQIKK)~QQ .- . e et -
CALL ALINEVY{ XXXX¢ F"thF.FFFFOZO)
CALL AL INEY(YYYY FT2YMTF oFFFF 220} e e
IF{XXXX o€EQe0e0) XMRT=1¢0E+06
IF(XXXX sEQe0+0) GO YO 46066 e
XMRT=XZEXNET/XXXX®{DE. TAYSVE L *F T.Q/DEL‘AF/FR/EVETM/OVERSC..‘O.5
IF(XMRT ubTe0a Q) XMRT=KK®L 2 QOE¢Q0 .
IF(VelTeleO) XMRYIZXMRTEVES0aS
4650 CONT INUE A . C e e e
IF(YYYY eENeQe0} YMRT=],0E+0®
IF(YYYYeEQeQeO) GO TU 4667 ..
YMRTsXZEXNLT/ZYYYYS(DE TAYSVEL®F T SQU/DELTAF/FRS EYE"‘/OVE "C)“Oos
IFCYMRY ol T 0aQa0) YMRT=Kn%le QOE®Q6
IF(VelLT ¢1e0) YMHTZYMRTEVES0,5
4667 CONTINUE R e em m e
XXMRT (KK)=XMRT
YYMRT(KK )=YMRT ’ - e e
FFT(KK)=FT
102 CONTINWE ... . . . e e e
IF(JPRIN"EOoO)GO ‘I'O 8008
IF (IAFLG «EQe 1)IWRITE(G.7000) [ -
7000 FORMAT( 34( /) +5H "'oolOXol’NTHMDL QUTPUT D‘TAQ//)
WRITE(Os711) [T e e
711 FORMAT(L1H] + LAMFILTERED NO!SE)
RRITE(Gs 7T12M(FFTL1)0:CAA(1)20Q0Q1))s1l=8 202
712 FORNAY(LH o LIXsAHFREQeIXo1HQ IQXOZHQQII(El‘-3051503051503’,
8008 CONVYINUE N e e e
00 600 KK=1,20
AXXRT{KK)=XXMRT(KK) I ———
XXMRI’(KK)=KKN9T(KK)‘(JQSIFFY(KK)/ToOOFFY(ZO’)l‘JOOQS
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- CXYYRULAKK ISYYHRTIKK )
YYMRTIIKK)IZVYVMRTIKK)IS( 3 S5/FFT(KK)/Z7?70%FF T(20) ) %%0.+5

—  RYISSIKK )= XXMRTCKK) $¥2+ YYMRT{KK)LE22) $$0.5

} 600 CONTINUE
IF(JPRINTWEQs0)GO TO BOOY9 ;
LF(IAFLG «EQe 1IWRITE(6.47000) ;

- WRITE(64322) 3
322 FORMAT(1H1 +40HPREDICTED MINIMUM RESULVAGLE TEMPERATURE)

MRITEL 6223 LFETLL DA XXXRTC UL aYYYRTLL DI AXXMRTI(L) s YYMRT (1 }aRT4SUL)0 !

B=1,20)
323 FORMAT( 4Xs 4HFREG s TXe5HX MRT« 7X+5HY MRT a7 X s SiHXLMRT ¢ 7X 0 SHYLMRT ]

Le7Xs SHOSMRTe 779 (1Xs6( IPEFe 3 43X) V)
3009 CONTIMNUE

XLAM= Xw
DO 6013 I1J=l.Lw

XLAM=XLAM+0a 1
CALL ALINEY{(ZZZZyXLAMJDUSTAR XLMIALLIO]} !
IF(ZZZZel.Te0e0) ZZ22Z=0.0 3
08013 RSPX{LIII=SZLZL . 2
BURR=QUTPUTL 1)
00 6003 I=1,10
DRYX=XINPUT(L)
IF(ORYX+sEQeQe0) BURR=0QUTPUTI(1)
6003 CONT INUE
20 0008 KK=1 all
6005 RAND(KK) =140
DO 6007 KK=}),41C
T3227.0 ¢ XiNPUT(KK)
XAP=0Qe¢0Q
IF{XINPUT(KK)<EQeQa0) GO TO 6007
e GALL PLANK (Y 34276002 XXP s RANU S RSPX)
$007 RINPUT(KK)}=XXP
FREE=2T«0Q+XNET
CALL PLANK(FREE 22709 XPOXsRANDsRSPX)
DO 800 LON=1,20 ,
T4=2T7 0+ X XMRT(LON)
e 152272 Q¢ YYMR T (LON)
XTOL=0e0
IFUXXMRTILON) «E£Qe0e0) GU TU 891
CALL PLANK(T4,27.00¢ XTOL ¢ RAND R SPX)
801 ELANX(LON)=XTOL
YIOL=0.0
SAECYYMRT(LOND +€EQ2000) GO TO 89Q0 .
CALL PLANK(TS54127+00 YTUL 1RAND +H5PX) :
: 800 ELANY(LON)=YTOL '
i DO 8888 JKJ=1,20
: 88688 ELANAS(JIKJIDIZL{ELANXC 0. .J) S E2+ELANY( JIKJ)) 652 ) 28045
! CALL MODT( XMKMsYMYMoFFFF o XCTFF oH s SNRoDELT AL )
K oS
Y WFOV SCALED NRT
[

<
! SR
[+ CONVERT DELTA T ON O/0 TO DELTA POWER
| c
; c
; c CONVERT MRT TO POWER
: c
; S
i
.
£

g

R W O A S

eloanidles. .

R LY

DO 7119 J=1,20
7119 WFOVIJI=SFFTLJD/ZFACY
8007 CONTINUE




G

[a Nl al sl o]

XkH=0e 0l 8RH

RANGE DO LQUP FOR RECOGNITION

DO 1066 [JK=1,LUPU et m e e e e ———
AK=0

TTAR=TUBAC+DETEMP .. ... . .. ..
VU 500 [I=IIMINLIRMAXIVDELTR
KK=KK+ 1} . e ——— —————
RANGE=11/1000.0

XR=RANGE®100040 e e e e
D0 2 JI=1leiw

2 IRTRANC(JIJII=140

CALL ATMCRL(RVISIRANGE +AIRTMP, XRH o WAVEL s WAVEZ » IPRINT o [ JK o 15T ATCo
1LAFCRL»LAFLG)

DO 5300 mISS=1eLW

S300 IRTRAN(MISS)=AFCRL(MLISS)*iRTRANIMISS)

CALL UTFE(Qel+IRTRANITRTRAN oL W) V
TRANSSTRTRAN(LN)/( WANE2~- 4AVEL) . .

CALL HLANK(TTAR,» TBAC.SUFER I RTRANRSPX)
ODT(KK)=TRANS

OETE=DLETEMP®# TRANS
TLENGS4 6 0% Xr{ TARZRANGE . e e cmm——
TLENG= XL TAK/RANGE
UDETE=DETE®{ TLENG/ 7« O*FETIL20)) 2805
SUPER=SUPER®LTLENG/70¢FFT(20)) %5%0.5
XOR (KK} =RANGE
X=~4RY FJdR DELIA T AND DELTA P
CALL ALINEY(FRWsDETEFF T2 XXMRT ¢20) et e —
CALL ALINEY{ ROGER/» SUPER¢FF T +ELANX,20)
XANUM=XHTAR®SFRU/ZRANGE . -
XXNIM=XHTARSRUGER/RANGE
CALL AL INEY(PROB: XXNUM ¢ PRO « XNUM210) e
CALL ALINEY(PUWIPRU s XXNIMePRO s XNUM,10)
IF{PRIJ.LT040) PirOB=000 e i e
IF(POWPROLT«0.0) POWPRO=C.00
XPU(KK)=PR(0S
LDRIX(KK }=PUWPRO
DUORTX(KK )=DRTKIKK) e e e e am s ——
CALL ALINEYIPRUB ¢ XXNUMsPRO+XNMB ¢10)
CALL ALINEY{FPOWPRO s XANIMPRO ¢ XNMiE} 210 ) e e e s
IF(PROUV.LT40e0) PROB=0.00
LFIPOWPRO LT aUeD)) POMPRO=0.00
SUME (KK ) =PROB
X~RWCKK }=POwPRU . e e e
Y=MRT FIR DELYA T AND OciTA P
CALL ALINEY(FRUE+JDETE +FFT»YYMRT,20) e e e
CALL ALINEY(ROY,SUPER oFF ToeELANY 420)
KANUM= XHTARSFRW/RANGE
KXN2M= XHTARSRUY/RANGE
CALL ALINEY(PHOD ¢ XANUMPROs XNUM,10)
CALL ALINCY(SOWPRO ¢ XXN2M¢PROs XNUMs10)
IF(POWPRUL LT« 0e0) POWPRUZ=V400
IF(PRUB.LT«0+2) PROB=0.00
IF(SUWPROLT0eC) SOWPRUZQ4CO e i
YRPR{KK )=PROI
DRTY(KK)=SOaPRU
CALL ALINEY{PRUDs XXNUMPRD«s XNMAs10)
CALL ALINEY(PUWPFO ¢ XXNZM e PRO s XNMB ¢10)
IF(PRUB¢LT«0+0) PROB=0.00

e ottt s
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IF(PUWPROWL.T+0+40) POWPRD=0.C0
YOR (KK )=PRO3
YERWIKK )=PUWPR]
4 45=-JEGREE MIT FIR DELTA T ANL DELTA P
CALL ALINEY(FRWIDETE +FFTsRTE5420)
CALL AL ENEY(ROGER» SUPER oFF ToELANGD 420)
XXNUMS XHTARTFRE/RANGE
XXNLIM= XHTARSRIGER /KANGE
CALL ALINEYIPROD ¢ XXNUMPRO ¢ XNUM10)
CALL. AL INEY(POWPRO 4 XXNI1MePROs XNUMy) Q)
IF(PROI LT e0e0) PRUB=0600
IF(POWPRO«LT ¢0s0) POWPRO=040C0
XaST 4( KK )=PROU
X432 4(KK )=POwPRO
CALL ALINEY(PROIJy XXNUM+sPRO ¢ XNMIE 91 0)
CALL AL INEY(POWPKD ¢ XXNIMPROXNMB 010)
IF{PRUB ¢1.Te0+0) PROB=0400
[F(PUWPRO.LT +040) POWPRO=0,00
X459V (KK )=PRUD
X45P 3( KK )=FOWPRO
OXDR (KK )=XDR{KK)
LDDDT(KK)=DOT(KK)
500 CINTINUVE
LF{JPRINTIERIIGO TO 8011
IF (IAFLG Qs L)WRITL(6+7000)
WRITE( O, 325)DETEMP
329 FORMAT({ 1H] «2IHRECUGNLTION PERFURMANCL”
128 TARGET DELTA TEMPERATURE [SeF10e2s13H DEGREES <)
WRITE(b»327)
327 FOURMATU(1IH ¢33MTEMPERATURE VDEPENUDANY PERF ORMANCE)
CRITE(6¢326)(XDORUIDaDUOTIL) s XPRUID) ¢ YPRUILI)D ¢ XAST4 (1) e13]14KK)
326 FORMAT(IH SHRANGE +6X s GHATM TRANS o1 X ol IHXCUONSERVAT IVE, 1X9 1 3HYC
LUNSERVATLVEs 1 Xe LAHASCONSERVATIVE/Z /(1 X osFHu2eF12e20F12¢262F1442))
IF (LAFLG eoNEes 1)GO TO 200C
WRITE(64+,7C00)
WRITE(649325)0ETEMP
WRITE(L,327)
2300 4RITE(O:I77TIIXUR(I I +ODTUL) 9SOMECL) oYORUE) o XaSTI(L)el=]14KK)
377 FURMAT(L1H o9HRANGL 96X IHATM TRANS 42X oL IHXOPTIMIST ICe4X o) LHYUPTY LMIS
ITICIs X 12HAOOPTIMISTIC//(1XeFSa2sF12e2eF12e2,F15e24F17e2))
IF (IAFLG o2Qe 1IWRITE(Hs7000)
WHITE(OGs325)DE TEMP
WRITE(6,820)
820 FORMAT(LIH +27THPUWER DEPENDANT PERFUORMANCE)
MRITE(60326) (XDOR(IDsDODOTIIDIsDRTXLL) ¢ORTYLIDeX4SPG L)yl =1 KK}
IF (LAFLG «NEe 1)GO TO 2001
WRITE(6.7000)
WRITE(0s325)Dk TeMP
wRITE(6,820)
2001 WRITE(OGs3T7I(XOR(L)4ODTULI ) o AFRWEL ) s YFRW(L) oXaHPI(L)e[=1:KK)
8011 CONTINYE

DETECT ION

11=0
DO 506% JK=2[RDINGIRDAXIOELX
Li=i1+¢)

RANGE=JK,1CUu0 0
XR=RANGE*#1000.0
LU 00bbL KLM=] LW
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- 6066 IATRANIXLNI=E] O

CALL ATMCRLIRVIS:RANGE+AIRTMP ¢ XRH ¢ WAVE]L JWAVE2 ¢ IPRINT s 1 Ko ISTATE
— —LAECRLLIAFLG) ——e [,

00 5790 MISS=]l.Lw

8790 IRTRAN(MISS)SAFCRL(MISS) $IRTRANI(MISS)
CALL QTFE( Q1 sIRTRANCTRTRAN L W)
TRANS=YRTRAN(LW)/( WAVE2~9AVEL)
DOT( 11)aTRANS

_—CALL PLANK(TTIAR.TBACPONER IRIRANSRSPX)
DEVEZDETEMP® TRANS
_TLENG=XL TAR/RANGE .

: DETEXDETES( TLENG/ 7. 0%FFT(20) ) ¢%0,5

.. - PONER=PONERS( TLENG/7:0%FF T(20)) #%0.5
XOR( I )=RANGE

£ X MRY FOR DELTA T AND DELTA P __
CALL AL INEY(FRW.DETE +FF T+ XXMRT+20)
CALL AL INEY({ ROGERsPOWER sFFT ¢ELANX $20)
XANUMS XHTAR®FRW/RANGE
KXN1M=XHTAR®ROGER/RANGE
CALL ALINEY{PROB¢XXNUMsPRO +BETA,10)

—_— _CALL ALINEY(POWPRO s XXNAMaPRO +BETAL10) ..
IF(PROB4LT+0.0) PROB=0.00
IF(PONPROLT0e0) POWPRO=0,0Q0
XPR( 1L )=PROB
DRTX( 11)=POWPRO

[ Y-MRY FOR DELTA T AND DELTA P

e CALL AL INEY{FRWDETYEFFTaYYMRY 220D . ...
CALL ALINEVIROY.POWER ¢FF T4ELANY 420)
XXNUM= XHTARSFRY/RANGE
XXN2M= XHTAR®ROY/RANGE
CALL AL INEY(PROB« XXNUM,PRO +HBETA.10)
CALL AL INEY( SOWPRO ¢ XXN2M ,PRO ¢BETA+10)

e LF(PROKL. T20,0) PROB=E0LO0 _ ... . __.._ .__
IF(SOWPROLT+0.0) SOWPRO=000
YPR( 11)=PROB
ORTY (11 ¥y=SOWPRO

c A5~MRT FOR DELTA T AND DELTA P
CALL ALINEYCFRWsODETE +FFT+RT45+20)

—  CALL ALINEY(HOGERPOWERFFETELANGS220) .
XXNUME XHTARSERW/RANGE
XXN ILM=XHTAR® ROGER/RANGE
CALL ALINEY(PROBsXXNUM:PRO +BETA,10)
CALL AL INEY(POWPRO s XXNIM,PRO +BETA10)
IF(PROBeLT«040) PROB=0,00

——— JE(PONPARN L Ta040) PONPRO=0400
X45Ta(L1)=PROB

... X45P 4({ 1 | )2POWPRO

c WFOV X-MRT FOR DELTA T AND DELTA P
CALL ALINEY(FRWIDETE +wF OV XXMRT 420)
CALL AL INEVY(ROGERPOWER ¢ WFOV+ELANX+20)

—— KANUM= XHTARSFRYW/RANGE . — NS,
XXN IMsXHTARSROGER ; RANGE
CALL AL INEY(PROD+XXNUMIPRO ¢BETA+10)
CALL ALINEY({POWPRO ¢ XXNIM+PRO «“ETA+10)
IF(PROBLT+0,0) PROB=0.00
IF(POUPROLT0sC) POWPROZ0,00

——SOME( L1 )=PRQB — e e e
XFRW (I )=POWPRO
C ... WEDV Y-MRT FOR DELTA T AND DELTA P

CALL ALINEY(FRWJOETE+WFOV.YYMRT +20)
— . .-CALL ALINEY(ROY POMER ,wFOV ELANY 1 20)
XXNUM= XHTAR®FRW/RANGE

ot o e D e
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e e REN2MEXHTARBROVY/RANGE
CALL ALINEY(PROB¢ XXNUMPRO +8BETAL10)
—  CALL ALINEY(SONPRO.2 XKN2M.PRQ sBETA.1Q)
IF(PROB.LTe0.0) PROB=0O.0C
AF(SQUWPROLT e 0e0) SOWPRO=Q.09
YOR( 1 1)=PROB
YFRW{ L1 )=S0OWPRO
C WFOV WITH AS—-DEGREE MRT FOR DELTA T ANL DELTA P
~CALL ALINEY(FRUWSDETEMFOVaRT45420Q)
CALL ALINEY(ROGERsPOWERIWFOVELANAS,,20)
XXNUM=XHT AR®FRE/RANGE
XXNLIMIXHTARSROGER /Z/RANGE
CCGALL ALINEY(PROB e XXNUMPRO ,BETAL10)
CALL ALINEY(POWPRO ¢ XXNIM:PRD HETA,10)
e 1F(PROL LT 200) PROB=0,00
IF(POWPROI.Te04¢0) POWPRO=0.00
XASTIH L[ )=PROD
X45P 3(11 )=PQWPRO
- .. .CALL MDVSNR{ XMXMp YMYMoFFFF s XCTFF sHoDEWTAF s RANGE s TRANS ¢ SPROB s XXNET

1+08)
——___ROSD(LI)=SPRQS. ___ _._ _ .
DSN( 11)=DS
[ S
c OETECTION WITH SUGNAL-TO-NO{ SE
C
ATT=XLTARSXH TAR
—— _R2=RANGE®®2 . .
TO=DETEMPSTRANS

ARC= {ATT/DEL TAX/DELTAY/R2¢1,)%%0.5
TARC®=(ATT/DEL TAX/DEL TAY/ZR2/FACT/FACT®1.) 420,55
BARCaDELTAXSDELTAYSR2/ATTH+] .
TEBARC=DELTAXSOEL VAVSFACTSFACTSR2/ATTY 414
———— TEFR=EYETMSFR . .. .. -
IF(TEFRLYTel100) TEFR=I.0
. TSECRL)}=TD/XXNET/BARCH*ARCOTEFR*®0 .5
SSE( LI )STO/XXNEY/TEBARCSTARCETEFR#%$0,.5
6005 CONT INVE
VF(JPRINT.EQ.0)GO TO 8012
e AF (KAFLG +EQe L)WRITE(G7000) .. . . _ . . .-
WRITEL6,9020 JOETEMP
.-2020 FORMAT(LIH1+22H0ETYECTION BASED ON MDT/IH +27HTARGET DELTA TEMPERATU
IRE [S+F10e2,11H OEGREES Cr/)
v MRLATE( 62 9021 MMXDRE L) DDV L) osDSNUI) sROSCI L) 4114k 1)
9021 FORMATLIBX:SHRANGE ¢ 6 Xs GHATM FRANS +5Xs3IHS/Ne5X ¢ L IHPROJABILETY//
e M (AKX ESe2,2F 2303 . - . .
IF U JAFLG «EQe 1 DIWRITEIS6,7000) ’
——— MRITE( 6 9999 ) OE TENP
9999 FORMAT(IMLI+21HCETECTION PERF ORMANCE/
1 28H TARGET DELTA TEMPERATURE [S5+F1042013%
WRITE(6+9900)
memmum_mm_msﬁzun TEMPERATURE DEPENUVENT PERFURMAN
1CE) i
e MRITE(6:9098) (XOR(IDIeDOTUL D) o XPRUT) v YPRUL) oXKASTA(E)si=l4l}) :
1

DEGREES C)

IF C(IAFLG «NEe« 1)GD TO 2002
. __MRITE(6.7000) .. ,.
WRETE( G, 9999 IDE TEMNP !
e WBLTE(629903) .. ... . "
9900 FORMAT(LIH o1 6HNFOV PERFORMANGE )
2002 WBITELG.9899) (XDR(L ) DDOTCI) «DRTYX(L) «ORTY (L) oX4SPa(LdoI=1s1E)
IF ( IAFLG +EQ¢ L )WRITE(6,7000)
..... MRITE(6s9999 )DE TENP
WRITE(649797) !

69

1

ST et S P




'{)

9797 FORMAT( LR 31 O0HWFQOV PERFURKMANCE/ZJ3aH TEMPFRATURE OEPENDENT PERFORMAN

tCt)

WRITE(6e9898) (XORCILIIWDT(L) oSOUMECL) o YOR(L ) e X40T3(1)al=1411)

IF (IAFILG oNEe« 1)G0 YO 2303

WRITE(O,7000)

VAITE( e Y999 )DE TEMP

WRITE(6,49902)
9902 FORMAT(LIH o1l 6HWFOV PERFORMANCE )
20C3 wRITE(OGe9899) (XORCLIDDT(L) o XFRWCL) e YFRWLL) 0 K45P3 (1) ol=1sl1)
VI8 FURMAT(IH ¢+ SHRANGE ¢ 6 Xs 9HATM TRANS ¢6X o 7THX DET TH0X ¢ THY DET Te0Xs8HG

15 DET 1//(1XeFDe2¢F 156246 3F1 3¢2))
P399 FORMMAT(LH J27HPUWER UEPENDENT PEKFUORMANCL/

1 1H 2SHRANGE 16 XeIHATM TKANS ,0X ¢ 7HX LLT PI6X s 7HY DET PsORsbBHG

19 DEY PZZ{LIXeFS5e 2¢F15e2¢3F1 342))
8012 CUNTINVE

DETEMASDE TEMP4UDTT
1066 CUNT INVUE
802 CONTINUL

IF(JIPREINT oEWO)ICALL DFAULY (FFFF oXMXMo[]l okK)

IFLJGLVERsLUuel) GU TO 8017

XNE T=SAVNET

Gu Tu 840¢C
8017 CUNT INUE

5102

END

B8LOCK CATA
DIMENSION XINFUT(I0) +OUTPUT(10)

CUMMON/NAMES / JFL GG a.
llRDAx.lRDlNolRMAX-tRﬂlN.LUP0.0UTPUT.KHTARoKINPUY.XL"R.IAVLC
CUMMON/NAMES /I KOUNT o XMAG o FSTAR JFELECT »DUMB
COMNON/NANEQ/UXI.DLU.F(IO’oS(IO)oXNET.DELTAXcDELTAVoEVET‘.FQoN’C‘O
IVFIV oRMAG s XN ¢ XNSC ¢ NVERSC 2 BRI TE s SRIADLDISC « TAo T 0o ANGLE L MOMo AST ARe
2XLAMB o FNUMBFOC o XK s FMAXF ¢ XY ¢ XYL oFMAX ¢ XSIGLSoVYSIGLS s XAg VA KKK e

JIUTAUYEL \BELECT . —

COMMON/BLURZ ABLUR

DATA
DATA
1
DATA
DATA
DAYA
DATA
DATA
DATA
DATA
DAYA
DATA
END

HFUV/ 600/ VFOVZ4007sTD/70a0T57 oFNUMBL L0204 o FL LIS oo
ANGLE 7600/ eSRTADZ e 003096/ sDI1SC/Z160/ XN/ 640/ s DELTAK/ 286/ 0
DELTAYZ0.860/.MOM/Z0/ +F STAR/10000000.0/:DPEAK/EeBL

FR/Z15e0/79 XNSC/0e 76/ s0OVERSC/ 1007

FELEGIZ 020720 XK/QaQl o FMAXF/Qa0/

KAKZ707sBRITE/S50e07sXY704007¢XYLZ70.007 eXA/Ce1689/7:YA/06168%/
FACT/240/4EYETM/0e2/ 2 XSIGLS70207 YSLIGLS/0.0/
XMAG/44807¢ XNET/0¢0/

ALTARZS5 025/ ¢ KHTARZ2 7/ DETEMP/114a 170 UP0ZL1 /s RBOTT/0.04 . .
IRMINZS500/4 IRMAX/5000/7¢IROIN/Z1000/+IRDAX/Z10000/
LINPUTZO0aNalal02a0s300:400s50006a022,0010a0020a0¢
OQUTPUT/Z280e1010002¢0034004,095:0:¢3¢6,0/7
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SULRUUTINE INITUIAFLOG)
Cx
e THIS SUURUUTINE INITIATES THL E/70e IT DETERMINES IF
Ce THE JUB 13 TO Bt RUN IN AN INTERACTIVE Jk BATCH MUDL
C* AND PRINTS A BANNER WHICH IDENTIFIES THE PROGRAM
(e ] US ING APPHRUFRIATE SCREEN/ZCARRIAGE CONTRUL .
Cx
Ce THE VALUE OF LTAFLG IS CHANGED TJ REFLECT The
Cx RESULT JF THE INTERACTIVE/ZBATCH DECISIUN AS FOLLUWS?

cs
cx 1Al L= INTERACTIVE JU3.

Ce IAFLG=1 BATCH JOG. :
Ce 3

C# THIS SUHRJUTINE IS NECESSARILY SYSTEM DEPENDE NT.
Cx THERE ARE Twld VERSIONS - ONE +FOR THE CODMOG600

Cx AND INE FUOR THr [10dM360/744.

C¥x

C» THIS IS THE COC6E00 VERSIUNe [T RelLltS ON THE
Cx SETVYING OF SENSE SwITCHM i TO MAKE THE BATCH/

Ce INTERACTIVE OuClSION AS FOLLUWSS

c*x :
C» SSWl=UN INTERAGYIVE JOR. :
cs SW1=UFF BATCH JOB. ;
C* 4
cs SENSE SWITCH | MAY Bt SET BY USE OF THE SCOPE 4,2 i
Ce CUMMAND 3
33 SWlTCHa ) i
G CARL SHOULU d9E TAKEN TO USE THLS COMMAND UNLY i
ce ONCE PER SIGNUN AS REPEATED USLE RESETS SWITCH 1. i
Ce# THE CURKENT STATUS UOF SWITCH | MAY ALWAYS U& %
o FOUND VIA THE CUMMAND 3
Cca ASSETS 4
Ce THIS wILL RETURN THE STATUS OF ALL SWITCHES wHICH .
ce ARE CURRENTLY #0N&, A
ce )
ce CAcL SSWTCH( 1 LAFLG) i
c IF{LAFLG «EQ+1)GU TO 10 g
Ce BATCHe SKIP YO NEW PAGEs PRINT BANNERs AND RETURNS *
WRITE(6,1000) .

1000 FORMATCIHI«106Xs 25HNVL THERMAL SYSTEM MUDEL i
LIGHABATCHS 12/35/T44777) i

ce INTERACTIVES CONNECT INPUT AND UUTPUT, SUPPRe5S HAGL FULL %
cs WAIT, CLEAR SCHEENs PRINT SANNER, AND RETURNS. ;
C®10 CALL CONNEC(SLINFUT,0) o
Ce CALL CONNEC(BLUUTRUT,.0) § 1
[ wWRITE{Gs1010) : i
C1010 FORMAT(1HG) 5
C WRITE(641020) K
C1020 FONMAT(SH %] 9,4 13Xs 25HNVL THERMAL SYSTEM MODLL K|
C 122H0 INTERAGCTIVE) 12/05774,47) ‘§

RETURN 1
END .




e
Lan.

Cos
L£as.

(< 1]

NAME

- T S—— Y

Cve

EQ e XD+ ¥ e XD YD+ XB o XE e ATV VYTV XML +FQQACUTOFF,

—SUBROUT-ENE—MENLNRLE
IP0IDOSTAR MLMBARHIAIRTNP ¢RVIS e TBAC+PRO ¢ XNUM, BET A, YML

QVER) . ..

"GLOSSARY OF INPUT VARIABLES

——— e G b e e R - — -

GROUP ODESCRIPTION

CAs
Cee
Lo

AGL UR

SYST

ceo
Lae

AIRTNG

ENVI

SIZE OF OPYICS BLUR CIRCLE (MRADe)

AIR TEMPERATURE (DEGRELS C)—-OMITTED IF SIGMA AND WAVE ARE
~—\MSEQ . .

Ceos

Coe

LA AETA. __EDC) NUMRER OF CYCLES ACROSS TARGEY FOR 4-CYCLE DETECe CRITEKION

LRA._ANGLE _DEIR

COLD SHIELO ANGLE (DEGREES)

e

i Kt

cos ~-~CORRE SPONDS TO PRO :
CAR e —— = i
€8¢ BRITE DISP AVERAGE DISPLAY BRIGHTNESS (FT.~LAMBERTS) -
LA i e :
Ce® CUTOPFF ELEC LOWER CUTOFF FREQ. OF ELECTRONICS 1
Son o . |
€68 DOSYAR OSTD O# OF DETECTOR (108M(10) (CM.HZ##,S)PER WATT )=~ IN NORMAL-
LA 126D FORM DEMAX =1.0-~CORRESPONDS VO XLMBA :
Coe

L8 OOXY . TARG __ EARGEY .DELTA. T INCREMENT SIZE (0«0 IiF LUPDz1.0) )
Cos :_
LA . _DELTAX DEYR __1FOV. X-OIRECTION ATV RETECTOR (MRAD) i
Cos 4
LoA __DELTAY DEYR 1OV Y-OIRECTIION AT DETECIQR (NRAD) 4-
coe ».
LA OEYEMD TYARG . TARGET DELYA. .Y (DEGREES C) '.
Ces 4
Lhs.._DISC OFTR . NUMAER (F DETECTORS IN SERIES (MINIMUME].0) {
P 3
LAa  DPEAK _OFYI2 PEAK D& OF DETECTOR (10%2(10)). ‘;
P A
CAN _ _EYEYM _EYER _FYE IMYEGRATIOM TIME -~ CURRENTLY DEFINED AS 0«2 (SECa) b
[ ] ;
Laa F 20002 NPSFE NGISE PONEKR SPECTRA FREQa. (LOG HZe)~--CORRESPONDS TO S i
Coe E
LO8 _ PACT  FCIR RATID OF NFOV/ZAFOV. FREQ. .AXIS--CURRENTLY DEFINED AS 2.0 5
Coe .

Laa _ FRBCY ELEC  2-DA POINY ON ELECTR. BANDPASSs ASSUMING RC RULLOFF 1
(- !

)

LAk ___FMAK . DETYR . 1/DELTAX OR A/DELTAY» WHICHEVER IS GREATER (CALCULATED) | i
coe b
L£AR __FMANEF____ELEC FREQ. OF ANY ELECTRe APERIURE CORRECTION (KHZe)-~(LEAVE {0
(< 1] BLANK TO [GNORE)--CORRESPONDS TO XK '
- = SO, - N
oo NS aPTY F=NUMBER OF OBJECTIVE LENS SYSTEM

Cee () ELEC UPPER CUTOFF FREQe USED AS NORMALIZATION PUINT FORr POwWEK

Lha SPECIRA (S(FC)ele0)~=f KHZa)

&he NANE GROUP DESCRIPTION
oo

Las FOC 2 0OPF¥L  FOCAL LENGTH OF DBRJECVIVE LENS SYSTEM (INCHES)
(-1}




(% 3
Cex
Cew
Cen
Cr &
Ck&
Chs
Cax
Cen
Chw
Cex
Cex
Ces
Chu
Caw
Cex
Ckw
Cek
Chx
Cex
Cee
Cex
Cxs
cex
Cew
Cxx
Cex
Cux
Caw
Ce ¥
Cew
Can
Cen
Cks
Ckn
Ceatk
Cex
Cow
Counr
Cer
C#x
Cex
Cex
CEe
Ce*
Cet

c*s

ces
Can

Cke

Cex
Cén
Can
cae
Cee

Cex
Cks

FR
FSTAR
HF OV
LOEL TR
10tL X
IkUAX
IRDIN
IRMA X
IRMIN

LSTATE

JHPRINT

KKK

LuUrQ

MUM

auTRUuT

UVER SC
PRU

RH

NAMLE

RVIS

SIGMA

SNR

i

T T O

- [
~
FCMR FREQe (CYCe/MRAD.) ~~CORRESPONDS TO XOeYOoXTVVTV XML G VML
FLHZ FREQe (1C%#(7)HZ))}--CURRESPONDS TO XD+ YDe REs . & MB_. .. .. .
SCAN FRAME RATE UF SCANNER (FRAMES/SECeY
DeTe 3-DB POINT UN DETECTOR RESPONSE RULLOFF (1088 (B8)HZa)
ar1l HORI 2ONTAL FIGLD OF VIEW (DEGREES) -
RANG KANGE INCREMENTS FOR RECOGe DATA (CALQULATEDR)
RANG RANGE INCHEMENTS FOR UETEC. DATA (CALCULATED)
RANG MAXIMUM DETECe RANGE REQUIRED (METERS) . Ce e
RANG MINIMUM DETECe RANGE REAUIRED (METERS)
RANG MAXIMUM RECOGe RANGE REQUIRED (METERS)
RANG MINIMUM RECQGe RANGE REQUIRED (METERS) o .
ENVL ATMUSPHERIC CONOITION FLAG=~1.032F0G W/ 1 KMe YISei Je0=2
FOG W/ 200 Me VISe; 4,0=F0G W/ 60 Me VISei; S5.0=_ IGHT
RAIN W/ 12 KMo VISe; 50=M0Ds RAIN W/ 6 KMy V1Sel 740a
HEAVY RAIN W/ 2 KMe ViSe} B40=VERY HEAVY RAIN W/ 500 M.
ViSe; 30,0=BEER'S LAW SCATTERING: 90,0=BLER'S LAW. ALIEN.
——— PRINT UPTION ==
DisP TYPE OF DISPLAY-=0,0=CRT wITH GAUSSIAN SPOT SIZ2E} 1.0=LED
wITH SIN X/X SPOT SIZE: 2.0=NO DISPLAY
T ARG NUMHBER OF ITERATIONS OF TARGET DELVA T
DL TR SYSTEM NQISE LIMITATION-=0.0=DETECTUR NOISE LIMITED {D»
MUST INCLUOE COLD SHIELD); 1.0=SHOT NOISE (BLIP) LIMITED :
240=WHITE NOLSE APPROX1MAY 1 ON j
1 ";
DYRC DISPLAY BRIGHTNESS CURVE (FTe LAMBERTS)=-=CORRESPe TO XINPUT ﬂ
: M
SCAN OVERSCAN RATIO : iy
H o
FORP PROHBe ARRAY FROM FIELD DATA FUR RZCOG«-=CORRESP. TO XNU ;
& XNMB e

ENVI

STAT
OR TOTL

SN4J

RELATIVE RUMIODLTY (X, ——~OMITTED OR =040 IF SIGMA AND WAVE
ARE USED

DESCRIPTION

VISIBILITY RANGE (KM )-~OMITTED IF SIGMA AND WAVE ARE UfED

NULSE POWER SPECTRA POWER (108%(-9) VeHZe®%,5)--CORRLSPONDS
T0 F

ATMOSPHERIC SCATTERING OR TRANSMISSION COEFFICIENTS—~
CORRE SPUKDS TO WAVE

SIGNAL TO NOISE RATIO TO RECOG. 4-BAR PATTERN-—CURRENTLY
DEF INED FRUM EXPERIMENTAL WORK AS 2+23
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Cex
Cen
ces
(4 3
(¢ X
Cawn
Can
Cen
cen
[ 1]
Can
Cew
Ces
Cax
Che
Cex
Cen
Cew
Chw
Cen
Cea
Can
Cex
Cen
Cex
Ces
Cex
Ckn
Cen
Cau
Cxn
41
(4.3
Cex
Cxw

Cus

Cen

Ces

[ 1]

Chx

Cen

Cre

Ces

Cex

Cee

Cas

C#e

Cex

SRTAL
Ta
TeAC
To
VEUV

WAVE

WAVE ]
WAVE 2
XA
Xt

xu

XE
XHTAKR
XINPUT

K
XLAMB

XL MDA
XLTAR

NAME

-

XMAG

XM

DETR
TRAN
TRAN
ar Tl
*LAN

ATEw

oPIL
ue Tl
biIsk
BMTF

LRUX

=M TF
TARG
DTV

eLEC
anTl

osSTL
TARG

GROUR

SYST

LSSX

DETECTOR 512t (10%*%(=3) (INes)=-=SQUAHRE ROUT OF AREA
ATMOSPHERIC TRANSMISS]ION==CURRENTLY DEFINED AS 0495
BACKGROUND TEMPERATURE (OEGREES C)

AVERAGE QPTICAL THRANSMISSIUN OF DEVICE

VERTICAL FlELY OF VIEW (DEGREES)

WAVELENGTH FOR ATMOSPHERIC ATTENUATIUN COEFFLCLENTS
(MICRONS)~=CORRESPUNDS TO SIGMA

SEGINNING DETECTOR WAVELENGTH (MICRONS)
ENDING DETECTUR WAVELENGTH (MICRONS)
X=DIMENSION UF LEDL IN DISPLAY (MRAD)
300ST MTF—=—CORRESPONDS TU faQQ

DETECTOR ROLLOFF MTF IN X=UIRECTION IF NUT NORMAL RC
ROLLOFF~=COHRRESPONDS TO FuQ

ELECTRe MTF-~ CORRESPUNLS TO FQQ
TARGET wlDTH (METERS)
DISPLAY diIGATNESS CURVE DLLTA T INPUT

AMPL I TUDE UF ANY ELECTRe AMERTURE CORRECTION (LEAVE BLANK
TO EIGNORE)-~CORRESPONDS TO FMAXH

WAVELENGTH USED TO CALCULATL DIFFRACTION-LIMITED OPTICAL
MTF (MICROMETERS)~—-USUALLY TAKEN AS AVEes BAND WAVELENGTH

WAVELENGTHS FUR D*==CURRESPUNDS TO DOSTAR
TARGEY LENGTH (METERS)

QESCRIPTION

SYSTEM MAGNIF ICATION

MTF OF LINE-=OF«SIGHT STABILIZATION IN X~DIRECT IUN=-CORRESP o
TQ fFaQ

NUMUER OF DETECTURS IN PARALLEL (MINIMUMZz140)
Nt DELTA ¥-==IF =040y THEN PHUGHAM CALCULATES NE DELTA T

NUMBER UF CYCLES ACROSS TAFGET FUOR 3-CYCLE RECUGe CKRIEITERIUN
-=CORRE SPONDS TU PRO

SCAN EFFICIENCY IN X~ AND Y-DIRECTIONS-=PRUDUCT UF X & Y

NUMHER OF CYCLES ACROSS YTARGET FUR 4-CYCLE RECOGe CRITERJIUN
~=CORRE sPONDS TO PRO

MTF OF OPTICS IN X=DIRECTIUN (OeV IF DIFFRACTION=LIMITED)
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Con

Cas
Cas
ces
[ ] ]
Cea

Cen
Lo
Ces
NAJX
Ces

Cee
Ces
Cee
ces
4 1]

Cse
Ces
css
Coe
Cea»
Lot
Cee
(S 1)
coe
Cae
cee

Ces
car
Ce
can
Cen
Lo
coe
[JIT]
cen
Les
Ces
L8
Cer
Cox

Lan _  YIV

LCae  XSIGLS. STAB

XTV YMTX
MRIL

MRT2
NRT3

xy ELEC
XYL, ELEC
YA oLsp

Yo DROY

vl LSSY

Y0 MTOY

YSIGLS STABR

. REAL. NAMI
DIMENSION T(10)

==CORRE SPUNDS TO FQ

EXPa CONSTANT TQ GIVE GAUSSIAN FORM TO VIBRATION MTF--
E2(PL) 622 (SIGMA X) %82 wHERE SIGMA X IS 5TDe DEVe UF
VIBRATION SPECTRUM [N X-DIRECTIUN

MTF OF VIOICON [N X=DIRECT[ON--CORKRESPUNDS 10 Fu

MEASURED VALUES OF MRT o TO JE INPUT
ON 2 CARDS IN VvALUES OF MRI®),L,001

X-DIMENSION OF LED IN EU MULTIPLEXET (MRAD)
Y=OIMENSIOMN OF LED IN EO MULTIPLEXER (MRAD)
Y=-DIMENSION OF LEeO IN DISPLAY (MRAD)

DEVECTOR ROLLOFF MTF IN Y-DIRECTIUN IF NUT NORMAL KC
ROLLOFF=-CORRESPUNUS TO FuQ

MTF OF LINE-OF~SIGHT STABILIZATION IN Y~DIRECTIUN==CORRESP .
TO FQ

MYF OF OPTICS IN Y-DIRECTIUN (720 IF OIFFRACTION-LIMITED)
~=CORRESPONDS TO FQ

EXPe CUNSTANTY TO GIVE GAUSSIAN FURM TUO VIBRATION MTF--
=2(Pl)*$22(SIGMA Y) %*«2 wHERE SIGMA Y IS STD. DLV UF
VIBRATION SPECTRUM IN Y-DIRECTION

e MMYY. MIF _OF MIDICON IN Y=DIRECTION-=CORRESPONDS YU Fu

~RIMENSLON PROLLIQ) 2 XNUMLLO) 2 XNMB(10) +BETAL(LID)
DIMENSION FQQ(L10).FQL(10)
DEINENSION XD 10)4YD(10) 4 XE(10)4XB(10)
DIMENSION XO(L10)oYOUIO) o XTVIL10)oYTVILIO) oXML{1D)sYMLELO)
-DIMENSION DDSTAR(10).XLMBA(10)
DIMERSION S3(10)¢S8L10)+F3L10)FBL10)
—DIMENSION DS3410)DSALL0)2XLMBAI(L0) +XLMBAB(10D)
OIMENSION QUTPUT(10) + XINPUT(10)
DIMENSION WAVEI(9) +MAVES(9) s WAVE (D) « SIGMAL(Y)

DIMENSION R{63)

_RAMENSLION DPROC 10D +DXNUMCLIO0) qDIETA(LO) ¢DFQQA{10)sUXOLLCIsDYD(L0)
JOREC 10)eOXB( 20)+OFQEL10) ¢OXO(L0) sLYILLO0) oDXTV(IO) 2 OYTVLIO0) s DXML(10Q)
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20 DYML( 10)+OXNMBL 10)
DIMENSION XXMRT(20)
CUOMMUN/ NAMEA/JFLAG o JPHINYADUTTADETEMP JOPEALSFACY » INELTRION Xo
1IRUA X EIRDENG IRMAX s IRMINeLUPO sOUTPUT +XHTARXINPUT ¢ XLT ARy I AFLG
COMMONZNAMES/Z/DXW ¢OLWeFL 10)aSC10) o XNETSDELTAXSDELTAY, EYET M ERMEDM.,
ALVFIVsZMAGe KN XNSC s OVERSC +BRITE +SRTAD+OISCoTA+TO e ANGLEIMOM: ZSTAR,
2XLAMI s FNUMBsFOC o XK ¢ ZMAXF o XY 0 XYL oFMAX o XSIGLSeYSIGLS o XA YAKKK,
JI0TVAUsVEL ZELECT
COMMON /S5PCATM/WAYE 2SIGMA .
COMMON/BL UR/ZABLUR
COMMON/NAMES/ZIKOUNT o XMAG oF STARSFELECT oFMAXF e e
COMMON/NAME L /XOR ¢ DUT o TSE ¢ SSE + SOME o XFRW sORTX s DETEMoFFT ¢ XXXRT
COMMUN/NAMEG/ XXMRT ¢ 23024 C
Z1=2040
22=0.0
23=0.0
Z24=04,0
IFCIKOUNTGT«1)GO TO 1000

CEERRARAXE SR RER R EE AL RNRE S ER RS A EE R NSRS S ERCRERR EL PR AN AR RS SRS R LS RARD 2
CRESERR AR REE RS AR RREEREFEF PR L LRSS R RS RN S RE R AP XA RS RE RO LR RS RS SRR SRS S RAG S SN

C

Comeransnssnsnenssssrsens OATA NOT [N DATA BLOCK JRDAYTA esssessssssses

C

CRHERNERERE RS REAE AL RS EE S S SR ERAER R R RS SR A SRR R EREREER S U E R R AL EEE R RS E C O REE S
CHERSR SRR N KSR AEREE R AR USRI S SENEE RS R R LA RS R R R AR AR SR EE RS A E SRS S SRES B REN S

Cex
Cks
Ce®

Cew
Ces
Cex

DATA RZAHPOR Ly SHOAND s QHOPT] yAHDE TR AHDET2 ¢ ANSCAN+AHELECs 4 MHD ISP,
14HSTAI 2 AHSNAH s AUFCTRAAHEYED s AHSYSY oMt o4H =~ .8H 4H o
2AHF IR 2s 4H s AHFLHZ » AHDROX s AHOROY ¢4 HEMTF ¢ SHEMTF o 4 HF CMR » 4 HMT OX o
JAHMTOY ¢ AHVMT X, AHVYMT Y 4HL SSX 1 4HL SSY s OHNPSF s 4HNPSP o AHDSTL « 4HDSTDs
44HD30T s AHOBRC JAHFRC Iy 4HF RCA s AHFDRP o 4HFDCL 4 4H oM o &H .
S4H o &H v AH SOHENVI s AHTRANQAHSCAT s 4HATEW ¢ 4 HT ARG SHPANGa
64HTITL o &H o AH SAHMRTI ¢ AHMRT2 ¢ AHMRT 1 ¢ 4HIGNR s AHDONE ¢ 8HENDS »
T74HSHOW s SHLUARQ s AHSAVEL4HGO. _14HFIX 7.

DETECTION ¢+ RECOGNITION PROBADBILITIES.

DATA UBETA/12e5956003¢002¢Q0510¢501¢00e75065902%540407.. ..
DATA DPRO/ 104100010040 954:804650¢-304¢10900240a0/

VDATA DXNUM/Z65000220002122048222600024204320,200212020s07
DATA DXNMB/ 3745015060090 006600865¢36002¢250165+675¢040/

DEFAUL T INPUTS FUR 'UNIVERSAL' SYSTEMS
DATA S3/706820132¢7416000Ts120400:3%14042%0,0/
DATA F3/1e031e30200020723000800.5402640,280a07
DATA DS3/7e230e380051e580e7306780088¢2%1e04¢0257
DATA XLMBA37 1601016502601 205030003¢5046004e5150025257
DATA WAVEJ3IZ 3000302503650+ 4¢004.25044500540/
DATA DPEAK3/3,0/s XLAMBI /4407
DATA 58/32¢0:160e004004202504%1,0,2%0.07
DATA FB8/0000190Q0020023¢Q0:303240025202600022%0207
DATA D58/063000¢8490e68600e9201¢0010801¢040e9¢0478400424/7
DATA XLMBAB/ 7518200865096 009¢5050e03510e5¢110,12:0413007
DATA WAVES/680099¢041060¢01:,0+12e0913e60014,0/
DATA OPHAKB/ 1,473 XLAMBA/11.0/ L.
DATA DFUQ/00040e01¢0e1400210e340e500e6¢0e7010,10.07
UATA DXQ/|0%] 4,07
DATA DYD/10%1.0/
LDATA DXE/Z10%1.0/
DATA OXB/Z10%1.,0/
DATA DFA700031¢002¢09360030508405455;5¢0:500:7.07
DATA OXQ/10%1.,0/

76

o s oo

T e hiitan B it Ao Sk el

SSRIERIEN

PR SO

e mh i

VLT PSS WO



LDATA OYU/Z10%).0/
DATA DXTV/Z10%1.0/
DATA LYTV/10%x1.0/
VATA DAML/Z1U%R1e0/
DATA DYML/Z10%1.0/
DU 950 [=1,10
PRI 1)=DPROC(CT)
XNME( I )=0XNME( T )
XNUM( I )=DXNUM{T)
BETA(II=UBETAC(L)
FQal 1)=DrQa(l)
X1 )=DXDCL)
YOoUl)=uvD(])
XECI)=0uXE( 1)
xdt1)=0x8¢ 1)
FQtl)=DoFa()
xQ(l)=0KULI)
Yo(l)=0vY0(1I)
XYV 1)=0XTV(1)
YIv(I1)=DYTV(1)
XML I)=DxML( 1)
YM_( I)Y=DYML( D)
950 CONT INUE
T3AC=1240
AIRTMWP=154.0
RH=45,99
IPRINT=0
[STATE=O
RVIS=2340
TAZ0 495
DPEARSUPEAKI
XL AMB=XLAMB 3
VU Jold J=1e 10
2(JI=53(J)
LOSTAR( J)I=DS 3L J)
XLMOA{J)=XLMEBAZS D)
613 FLII=F3LI)
wAVE({1)=R{5])
DO 2511 J=1,7
2511 WAVE(J+2)=wAVEI(J)
WAVE 27500
WAVE 1=3e0
ASLUR= D40
FO0~ 1000040
CUTOFF=10.0
SNR=22.2D
CHa%
CEw
[ 2]
100C CUNT INVE
IFCLAFLG «NCe 1)GU TO 10
Cw INPUT INTLRACTIVILY.
20 wRITE(6.1020)

PRIOGRAM

READS FOHMAT

INPUTY

CARD

1020 FURMAT(952H ENTER ASHUWD FOR USAGE INSTRUCTION QU CONTROL CARD »

11IHGAG Il L ) )
REAV(S5e 1030 NAMLy JFLAG JPRINT
1030 FURMAT(AG,,211)
GO Ty &0
\C REAV(3y1010INAMY s JFLAGsJPRAINT
1010 FURMAT(AG,6Xel1leUXsI L)
40 IF(NAMIstuer(1)IGO TU 20C0C
IF{NAMI«EQer{1BIIGO TU 300C

Al T s et

o i




Css
Céx CALCULATED INPUTS
Cee
DIAM=FOC/FNUMB
FMAX=140/DELTAX
IF(DCLTAXGTDELTAY)FMAX=1.0/DEL TAY
IDELTR=( IRMAX—~IRMIN) /9
[DEL X=( IRDAX~IRDIN) /9
— - IFANAM1_ oE£QaR(G1)eDReNAM]1 EUR(G2)}) GU TU 3000
WRITE(6:5910)
5910 FORMAV(L1Xs 7IHERROR HAS BEEN MADE ON INPUT CARD-DUES NOT CONFoRM TO
1 PROPER CONVENTION//)
CALL EXIT
Ces
Cex INPUTS WITH F10e3 FORMAT (FQR1)
Cea
2000 CONTINUE
IFUIAFLG.EQ+1)WRITEL 6:5922)
5922 FORMATU(12HENEXT INPUT:)
READ(502010)TLoT24( V(L) oI=1,47)
- &£010 FORMAT(A4:2XaA437F104¢3)
IF(LAFLGeNE.1)GU TU 2002
IF(YT 1eEQeR(62))60 TO 1000
00 2004 1=2,10
IF(TLI.EQR(1)DIGO TO 2014
2004 CON/{INUE
————D0 2006 I=12:13
IFIT1.EQR(ILI)IGU TU 2014
2006 COUNT INUE
DO 2008 I=48,54
IF{T 1k «R(ID)IGO TU 2014
2008 COUNT INUE
—— - . D0 2012 1=57:59
IF(T1.EJRII}IGO TU 2014
2012 CONTINUVE
WRITE(645920)
GO Ta 2000
2014 WRITE(6,5921)
. 5921 FORMAT{2HE >).
Sl READF(T)
2002 .:(T )eEQeR(3I)IGO TU 2025
IF(T 1.EQsR( 2);G0O TC 2020
IF(T1.€EQuR( 4))GO TO 2030
IF(T1.EQ.R( 5))GO TO 2040
—  _AFLT1.EQ+R¢ _6)1G0O TQ 2050
IF(T1.EQR( 7))GO TO 2060
IF(T 1.EQ+R( B8))GU TO 2070
IF(T1.EQeR( 9))GC TO 2080
IF(T 1EQ.R(10))GO TO 2090
IF(T1.EQRL12))GO TO 2110
e IF(T 4+EQeR(}22)G0 TU 2120
IF(T 1.EQ.R(4B))GU TO 4030
IF(T 1¢EQ.R(49))G0O TO 4040
IF(T1e5QeR(50))G0O TO 4050
IF(T 1.EQRIH1))IGO TG 4C6O
IF(T1.EQ.R(52))G0O TO 4070
e LFLT L eEUR(53))G0 TO 4080
IF(T1.EQ.«R(54))G0 Ty 4050
IF(T1.EQ.R(59)) GO TO 3260
IFAT 1e£QeR(58)) GO TO 3250
IF(T1.€Q.R{57)) G0 TO 3260
IF(T1eEweR(62)7G0 TO 1000
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5920 FORMAT( 1 XeS4HAN INPUT
1077)
CALL EXIT
Cex
Cen
Cex
2020 wAV:il=T( 1)
WAVE2=T(2)
GU TO 2000
2025 CINT(INVE
FNUMB=T( 1)
FOC=7(2)
TO0=T7(3)

WRITE( 645920)

AJLUR=T(4)
ALAMB=T(S)

SYSTEMS CARD FOR FOR1 HAS NOT BEEN RECOGNIZE

IFUXLAMB ¢EQe Qo0 ) XLLAMB=( WAVEL ¢+WAVE2) /2.0
AF{ XLAMB oLEe S5¢0¢ANDXLAMBeGE«3+.0)G0O TO 2000
IF{XLAMBeLEe 140 0+ANDs XLAMBOGE +840)G0 TO 2000

WRITE( 6+5930)XLAMB

OPTICS INPUTS

S930 FORMAT(IXe///7 97302900 LH%)+//20%X230 _YOUR LINPUTY VALUE GF XL AMB S o

Cen
Ces
ces
Cex
20 30

Cee

Cex

Ces
2040

Cen

Cex

cex
2050

Can

cex

Cen
2060

1F10e3,/720X%,39H ANO IS NOT INSIDE THE SPECIFIED RANGES///)

CALL EXIT

DELVTAX=T(1)
OCLTAY=T(2)
XN=T{ 3)

DISC=T(4)
SRTAL=T(5)/71006.0
OPFEAK=T(6)
FO=1000.0%T¢(7)

50 TO 2000

FSTAR=T{3)#%1000.0
MOM= IFLIX(T(2))
ANGLE=T( 1)

GO TO 2000

FR=T(1)
XNSC=T(2)
OVERSC=T{ 3)
60 TO 2000

CUTDFF=T{ 1)
FELECT=T(2)
X¥y=7{3)

XYL=zT( &)

XK=T(5)
FMiXF=1000.0%T( 6)
GJ TL 2000

DETVECTOR INPUTS =

SCANNER INPUTS

DISPLAY [NPYTS

05 ey,

ki,

[

LIS SO




2070 KKK=IFIX{T(1))

BRITE=T(2)
XA=T(3)
YA=T(4)
GU TU 2000
Cex
Cex
Cex

2080 XSIGLS=T(])
YSIGLS=T(2)

GU Ty 2000
Ckx

Ces

Ce¥

Cen

2090 SNR=T(})
GO TUu 2900

2110 EYETM=T(1)
GO Tao 2000

Cex
Css
Co¥
2120 HFOV=T(1)
VEOV=T{(2)
XMAG=T(3)
FACT=T(4)
XNET=T{(35)
GU TOo 2000
Cew
Cea
Cke
2030 AIRTMAP=T( 1)
RH=T (2)
RVIS=Y(3)
ISTATE=IFIX(T(4))
[PRINT=ZT(5)
lF(RVls.to.o.otav15=23.o
Z1=14.0
GO YO 2000
Con
Cxa
Cax
4040 TA=T(})
TBAC=T(2)
GO YO 2000
Cee
Ces
Cex
Cen

4050 SIGMA(1)=T}
SIGMA( 2)z=T >
00 4051 u=,,7
4051 SluMA(JOL)=T(J)
Za=l-0
GO TO 2000
Chx
Cex
Céa
4060 WAVE(L1)=T71
WAVE({2)=72
LO 4061 y=y,7
4061 UAVE(J#Z):T(J)

80

STABILIZATIUN INPUTS

CONSTANTS (OVERRIOE)
SNaBe FCTR. EYER

SYSTEM INPYTS

ENY LRONME T AL INPUTS

AT MOS, SCATTERING COEFF .

OR TRANSMISSIOM COEFF.,

WAVELENGTHS FyR ATEN

-

L

o e e

)
et o T

S S NP PRS- SR

ot i,

PP,




g o e

e N .

e -.-.G0 .10 . 2000

Ces

Ces . o o TARGET [INPUTS
Cos

o

_ 4070 XLTAR=T(1)
XHTAR=T{ 2)

DETEMP=T( 3)

, TBAC=T( &)
' Q) TBAC=EL240. . _.
E G0 TO 2000
1 <1
Ces RANGE REQU LREMENTS
cen
4080 IRMINSIFIX(T(1))
i —  iRMAXsIFEXLTL2D) . .. L .
' IRDIN=LF IX(T(3)) .
g . . ARDAXEIFIXLT(®))
B GO TO 2000
cos
Cen INPUT VALUES FOR MEASURELD MRT

3240 D0 3245 J=1.7
.. 3245 XXMRT{J)=T(J)*0.001
Z3=] 0
—- G0 YO 2000
32850 DO 3255 JU=Be 14
b =74 J~-7)%0.00 ... . __ ..
60 YO 2000
3260 DO 3265 J=15:20
3265 XXMRT(JII=T(J-14)20.001
' KXMRT(20)=XXMRT(2Q)¢10000Q,
| Za=1l .0
—_— el Y0 2000 . .
Cex
coe
Ces
; 13000 CONT INVE
. IF( LAFLGSEQ 1 )WRITE( 6:5922)
T )el=LadQ)
3010 FORMAT(AAAG+10FS.2)
) : e LFUIAFLGeNE+ L )GO YO 3002
IF(T 1.EQ«RL62))GD TO 1900
.. DO 3004 1I=20Qs41
EF(T1.EQ«R(E))GO TO 3006

PR SR T

4

T

.
¢

s
A

A

2

INPUTS WITH F3e2 FURMAT (FUK2)

WRITE( 64 5940)
~ 60 YO 3000
3006 WRITE(6,5921)
_ CALL READF(T)
3002 IF(T1.EQ.R(20))G0 TO 3020
4Y1.€Q.R(21))60 TO 3030 . .. . ... _. _
IF(T1.EQ.R(22))GO TO 3040
IE(Y1.£Q:R(23))60 TQ 305D
IF(T 1.EQ.R(24))G0 TO 3060
. _JF(T 1.EQR(25))G0 TO 3070
1IF(T1.EQ.R(26))G0 TO 3080
e AF(TL<EQRL2T7)IGO YO 3090
IF(T1.EQ.R(28))G0 TO 3100
IF(T 1.EQ«R(291)G0O VO 3110
IF(T1.EQ.R(30))GO YO 3120
1E(T1+EQ.R(31))G0 TO 3130
IF(T1.EQ.R(32)1)G0 TO 3140

81

FROS IR,

L )
e tlte Bt G,




IF(T1.EQR(333)G0 VO 3150 . . o
IF(T1.EQ.R(34)'G0 TO 3160
IFLT L.EQRLASI iGN _TO 2170 . . . — ,
IF(T1.EQ.RL36)IG0O YO 3180 4
IF(T 1.EQ.R( 37))G0 YO 3190 ) . el :
IF(T1.EQ.R( 38))GO TO 3200
IF(T 1.EQ.R( 39))GU YO 3210 . e L.
IF(T 1.EQ.R(40))GO TO 3220 ]
IF(T1.EQeR(411)G0 TO. 3230 . .. ___
IF(T1.E2.R(62))G0 TO 1000
WRITE( 645940) - e
5940 FORMAT( 1XsS54HAN INPUT SYSTEMS CARD FOR FOR2 HAS NOY BEEN RECOGNIZE
10/77) el
CALL EXIT
Ces e
Cae FREGe (LOG HZ) FOR ELECTRa
Chn - e et e
3020 DO 3021 J=1410
] 3021 FQQLJ)I=T(J) i e
1 GO YO 3000 ]
: ) Cex S R
¥ r : Ces MTF DETECTOR ROLLOFF=X 3
= Con . A — .
g, 3030 DO 3031 J=1,10 3
n 3030 XD(JDI=T(J) el ;
GO TO 3000 3
Cos ) .. e i
& Ces MTF DETEUVOR ROLLOFF-Y ‘
z Cae \
! 3040 LO 3041 J=1s10 1
J 3041 YD(I)I=T(J) . . S ' A
GO YO 3000 : |
CHe ) et e — — : 4
Cen MYF ELECTRONLC :
Cae |
3050 DO 3051 J=1410 ;
3051 XE(J)I=V(J) e - 3
GO TO 3000 ;
Ces . . e it e ;
Ces MTF B800ST E
Ces e
3060 DO 3061 J=1410 g
3061 xB(J)=T(J) e _ E
’ G0 TO 3000 j
Ct# o S B
Cces MTF FREQe FOR SYSTEMS 4
Cxe e e
3070 DO 3071 J=1.10
3071 FQ(U)I=T{J) e k
GO Yo 3000 k
Cex U _. -
: Ces MTF OPTICS-X )
! cen A ‘ e L
3080 LO 3081 J=1410 5
; 3081 X0(J)=T(J) IO
; GO TU 3000 ;
E Ccee o !
: Cen MTF OPTICS-Y
£ Ces . e
i 3090 DO 3091 J=1,10 3
3091 YO(J)I=T(J) e el C
GO TO 3000 LF
. 82 ;




~~
5
cus ;
Cen MTF V1DICON-X p
Cex . . S — 3
3100 DO 3104 J=1,10 1
3101 XTv()=T(J) . U R 4
GO To 3070
Cus ) N
Ces MTF VIDICON=-Y
Ces . e e
3110 DO 3111 J=1,10
3111 YIVLHI=TLJ) . et .
GO Tu 3000 : ]
cex ‘ I .
Cos MTF STABILIZAT ION-X
Cex . IS
3120 DU 3121 J=1,10
3121 XML{JI=T(J) e
GO TO 3000
g Ces e
' Ces MTF STABIL [ZAT ION~Y
Cen . .
3130 DO 3131 J=1,10 f
3131 YML{J)=T(J) B :
GO TU 3000
Cx% . e
Cas NOISE POWER SPECTRA FREQe
Cee e -
3140 DO 3141 J=1410
3141 FLII=T(N)
GO TO 3000
Cex . . ..
. Can NOISE POWER SPECYA POWER
! Can A,
' 3150 DG 315% J=1i.,
3151 S(II=T(I)
GO TO 3000
Cas .
Chn LAMBIAS FOR D=
Ces e e e ————
3160 DD 3161 J=1410
3161 XLMBA(J)I=T(J) . . ;
GU TO 3000 ;
Cex A !
Cee NORMAL I ZED D#*
Cxx e ;
3170 00 3171 J=1+10 ,
| 3171 OUDSTAR(J)I=T(J) o '
GO TO 3000 !
Cax ;
, ‘ Cen OISP. DELTA T INPUT i
Ces L I
| i 3180 DO 3181 J=1.10 ;
: 3181 XINDUT (J)=T(J) S . |
| GU TU 3000 k
: lex _ e e ]
; ces 0ISP. BRIGHTINESS OUTPUT |
; ces e t
i 3190 DO 3191 4=1.+10
: 3191 OUTAUT( JI=T(J) , e ’
! 6U YO 3000
] Cee e o
| Con FREQe FOR 3-CYCLE RECOG.
i .
P
0 1




Cex

3200

3201

Ces
Cse
(o 1
3210
32:1

Cen

Cew

Cee
3220
3221

Cen

cex

cen
3230
3231

Cee
Cxx
ces
ce%
Con
Cka
Cex
Ces
503¢

7900
5010
S01le

50 31

5041

woCNUT & w

5061

- NNV W oW,

111N

DU 3201 J=1,10
XNME (J)=T(J)
GU TO 3000

DU 3211 J=1.10
XNUMLJ)=TLJ)
Gy 0 3000

00 3221 J=1,10
PRU{JI=T(J)
GO TO 3000

DO 3231 J=1,10
seTA(J)=TLI)
GO TO 3000

CJINT INVE

{F(lletdoleVaAND eZ 20t Qe ls ()
IF(NAM]| stQeR(B1)) JOVER=]
L)WRITE(H,T7002)

Cl 0y s 20Ke O INPUT
LIWRITELH +3010)
LOHINPUT OAYA//Z)
4RITE( 0y 5010)IKOUNT
10HRUN NUMBERI[S//7)
WRITE(6:5031 )JwAVE ]l 4 WAVE2
FORMAT({ IH ¢21HYUUR SPECTRAL UAND [SeF10e3ytH
MICRONSZ/7)

WRITE( 565041 JOIAMFNUMB oF UC o TC o XLAME JABLUR
OHORTYICS//

TOs 30HV LAME TENR

T 69 SOHF -NUMGJER

T6sIOHFULCAL LENGTH

Tae30HAVGe UPTICAL TRANSMISSIUN

TOo SOHWAVELLENGTH FUR DIFFRACTION

TosIOHLEOMETRIC BLUR SPUT SlZ&
WHITE(DISOSL)IVEL TAXeOLLTAY s AN LI SCeSRTAD JDPEAK,,FC 2o ANGLE
BHDE TECTOk//
Toe JOHMHORI ZUNTAL [FQOV

T6Ge JOHVER TICAL [FOV

ToOe JOHUETECTOKRS IMN PARALLEL

TOW3OHOETECTURS IN SEFITS

YOeJO WETLCTUK

IF (IAFLG ot Ue
FURMAT (340 /) s5H
IF ( LAFLG eoNEe
FUNMAT(LHL

FURMAT (LR

FORMAT(LIH »

FORMAT(IH

ToaeIOHRPEAK D

24H (LELOICM-SURT(HZ)I/wATT
Tu s JOHMEABURING FREUULNCY
ToHe I0HCULY SHIELD ANuLE

IF{MUMJEQeC)arETE(HeH053)

FOUR 4-CYCLE RECOG.

VISTRIBe RECOGs PROUB.

FOk 1=CYClLke OeTEC.

P

INPUTS FOR GENERAL

PRINTUYT FORMATS FuUR

g e

SIGMA( ] )=0.0

U S T ER S ST

oF1CedsllH
oF1Ce 3410H
oF10e 341 LH

sFi10ea3 sy

eFl10e3.9H
2Fl10e309H

2F1QOeS s ICH

¢F10eC oyH
sF10e3 011N



e - JPAMOMEQe LIBRITE(645055) f
IFLMOM «EQe2)WRITE(8,5057) ;

QHLIMI TING NQISE YOUX P OHULTLCTUR)
85055 FORMAT(IM +T6¢30HLIMITING NOISE WK S AMSHGT )
.85057 FORMATU(LIH «TO6sIOHLIMITING NOISE yeX e 1PiiwmHITE APPR
10X IMATION) b
- .MRITE(G.5059)F STAR ¢ 3
S089 FORMAT (1M ¢T6e30HDE TEC TOR RE SPUNSE+3-08 PUINT st ]l T ede9h HEi T E
L\Z2Z) o 4

IF ( IAFLG.EQ. 1) WRITE(647600)
WRITE( 645061 )FRs XNSC s OVERSC

SObl FORMAT (L1 H THSCANNER// . 4
v . VOeJOHFRAME RATE WW1Ce3sl7H FRAMES/SFCUNL :
1/

2  To6.30HSCAN EFFICIENCY 1F16e37
3 T6+30HOVERSCAN RATIO W10e377)
WRITEC(OG+sS507LICUTOFF oFELECT o XY XYL o XK ¢FMAXF

8071 FORMAT(IH o L IHELEC TRONICS// i
1 T6:¢30HPREAMP.LOW FREQ 3-D8 CUT-ON k1003 suH HEKT £/
2 T6e30HAMPLEFLERCI-0d PUINT Fl0e3syH LT 2/ 3

¢ — 6 I6.30HE<0 LED WIDYH . = +F 1003 s9H MitAD ¢/

T Tée I0HE/ZD LED LENGTH WFlO e 49N MRAD o/
4 TGs JOHAPERTURE CORRECTION AMPLITUDE +F10. 3/

s T 60 J0HAPERTURE CORRECTIUN FREQUENCY F104¢C o9r HLRT Z2/77) 1

IF. LIAFLG oNEs 1I)WRITE(6,5010) :
WRITE(6,50€1) 3

5081 FORMAT(IH o . _THRISPLAYZ)

1
IFAKKK oEQsDIWRITE( 645063 ) XA+ YASBRITE i
IF(XKKK eEQal ) WRITE(6¢5086) XA, YA, BRI TE i
IFIKKK ¢EQe 2)WRITE( 645089 ) :
S083 FORMAT(IH #76.:I0HTYPE ¢ LIHCRT DISPLAYY ;
1 T6,s IOMX SPOYT SIZE ¢F 100340 MRAD o / N
—— . X B2 30NY SPOL _SIZ2E . . 2F10ed0iH ARAD o/
3 T6.30HAYERAGE BRIGHINESS F10e3410M ETe LAMUERTS/ :
. a/) 3
5036 FURMAT(1H +T6+3OHTYRE 1IHLED DISHLAY/ h
1 T6.30HX LED SIZE . WF10e3 49K WHAD o/ 3
F T6430MY LED SIZE sFhOe 3 eun MRAJ/
— A T6.J0HAYERAGE BRIGHTINESS . 1F10e0 s 10H Fle LAMDERTS/ :
a/) :
5088 FORMAT(LH «T6e30HTYPE y ICHNO DISPLAY/ /) 4
. IF (IAFLG <EQ«1)WRITE(647000) !
WRITE( 645092 )FFQVe VFOV ¢ XNAG «FACT o XNE T Q
5092 FORMAT(1H +6HLYSTEM// :
——d . I6.A0HHORJZONTAL EOQY ... . 'Fl0e3sllH DEWREL S/
2 T6e 30HVERTY [CAL FOV FlQadsllh DZORELS Y
—— 3 T6eIOMMAGNIFICATION +WF1Ce37
[ ) T6e I0HWFUV/NFOV FlOe 3/
S T6s JIOHMNDLSE EQUIVe DELTA T sF10e34+13H LevReesS C/7)

IF(XSIGLS eEQ 0 Q0eAND e YSIGLSeEQeOeOeANDe XML 1) eEGeleDANDs XML 1O

YML(1)eEQeleQeANDe YML(10)eEQLL0)GO TU 369> ‘
WRITE(H¢5091 I XSIGL Sy YSIGLS i

! S09L FORMATLIN o L3HSTASILIZATIUNZ/
i 3  T6,30HSYSTEM STATE v 1 2HUNSTARILL 2L0/ '
‘ 1 TOeIOHX VIOBRATION CUNSTANT +F10. 3/ !
2 T6e IOHY VIBRATION CUNSTANT +FL0e3/77) .
{ 50958 WRIYE(6:5090) : :
! 2096 FORMAT(1H L3HSTALBILIZATION/ Y {
i 3 TO6.,I0MSYSLTEM STATE IOHSTAULLIZu VY §
‘ 1 T6e40HX VIBRATYION CONSTANT QeCCV/ i
! 2 T6s A0NY VIBRATION CONSTANT 04027 7) E
! |
85 r

-

\ - . . . Ly
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3100 WRITE(S6+45101 JEVE THy SNR

5101 FORMAT(IN +LSHSTANDARD INPUTS// 1
e __ T 62 JOHEYE INTEGRATILON TIME oF10e3¢10H SECONDS/ ;
& TVO6+30HTHRE SHOLD SIGNAL/NOL SE oF10e377)

IF ( IAFLG «NE+ 1)WRITE(6+,5010)
WRITE(G6.5400)

S400 FORMAT(1H +22HATMUSPHERIC PARAMETERS/Z)
IF(Z 14EWe1e0sANDeZ2¢EQe0e0) GO TO 6000

e AFIS IGNAL 1) aEQaRLS50)) GO TO 5430
IFISIGMA(1).EVQR(S4)) GO TU 5420

6000 CONT INVE
IF{ISTATE«NE«0350) GO TO 5410
IF(RVISeLE«¢l1e0) RH=10040
IFIRVISeGTs23.0)WRITE(645402)

e A RYIS ol Ea 23000 ANDeRYISsGTe 100 )RITE(O,54C3)
IF(RVISeLE«10e¢0sANDRVISeGTe 600)WRITE(OH45408)
IF(RVISoebEs 6eUeANDaRVESeGTe I D)IWRITE(O6:5405) 1
IFIRVISeLE: 3¢0eANDRVISeGTe 1e0)WRITE(Ds54CH) 3
IFIRYISaLEs 1e0eaANDeRVISeGTe Q0eSIWRITE(645407)
IF(RVISeLEs 0e5~ANDsRVISeNEs 00)ORITE(6,5408) E

sl s+

i,

¥ 5402 FORMAT(T6,30HCONDITION . . . 1 10HVERY CLEAR) :
5403 FORMAT(T6,30HCONDITION 2 10H CLEAR) }
5404 FORMAT(T6,30HCONDITION +10HLIGHT HAZE) H
5405 FORMAT(T6,30(4CONDITION , s 10H HAZE) .
5406 FORMAT(T6.30HCONDITION » LOHHELAVY HAZE) ;
S407 FORMATI(T6H+30HCAONDI VION vIHLIGHT FOG) ;
5408 FORMAI(YA230HCONDLTION I . «IHHEAVY FQG) !
WRITE(6e 5401 IRVISeRHeAIRTMP i
5401 FORMATI( ;
1 TOHLIONVISIBILITY RANGE yF10e3 e ldN KILUMETERSY j
2 T6,30HRELAVIVE HUMIDITY eF10e3e¢llH PERCENT/ ;

3 TO6e IOHAIR TEMPERATURE «Fl0L3413M VEGREES T/ )

JUSI « v U of = BN Y %1+ BN,
5410 CONTYINVE
IF(ISTATE«NE21«0) GO 10 5412
RVIS=12.0
WRITE(G6+5411)
WRITE(6ea 5401 IRVIS,RHL,ALRTMP
Sell  FORMATA(T6: IOHCONDITIUN s 1ICHL LVHT RALIN)
GO YO 54%0
5412 CONY INVE
IFLISYATEGNE «2.0) GG TO Sala
RVIS=6.0 :
WRITE(6,5413)
—  NRITE(R.5401IRVIS:RHLAIRTMP ..
5413 FORMATI{T6.30HCONDETION 1 3IMMUDERATE RAIN)
e .. GO TO 5450
S4i4 CONTINUE
IF(ESTATEWNE ¢3¢0) GO TO 5410
RYIS=2.0
— WRITYE(G.8815) L Ll . A -
WRETE(645401 JRVISsRHAIRTMP
SG1S FORMAT(T 6,30HCONDITION v 1GHHL AVY RAIN)
GO TO 5450
$416 CONTINVE
IE(ISTATENE«4.0) GU TO 5418
— RVYL1S®0e% ..l
RH= 1000
WRITE(6e S417)
WRITELG6¢ 5401 )JRVISeRMH,ALRTMP
85417 FORMAT(T 6o IOMCONDEITION s ISHVLEY HEAVY KAIN)
GO TO 56%0

DO ST S S LY

bRt i A i e ar o o B e i e e

l
!
;




3418

vaal

5442

3419

5420

5421

5422

54 40

9431

.ex

2 Toys A0HA IR TEMPERATURE

5632 FURVMAT(T6,, 30HCONDITION

S8l FORMAT(LH

491 FURMAT (IH

CUNT INUE

IFCISTATE EQe31e0) WRITE(6435441)

FURMAT( Mt e lH s@UHR*ResrdxbeYQU ARE MISSING THE
IF(LISTATE +EQ o4l «U)WRITE (L 5442)

FORMAT( 1Hl ¢ 1lH s40H®Rkss &k YOY ARE MISSING THE
WRITE(645419)

FORMAT( IH1 o 1lH J40H®sssekesexdYOUR [STATE 1S NUT RECOGNLIZED)
IF (IAFLG #£Q« 1)GO TO 1CO0

CALL EXIT

CUNT INVE

IF (IAFLG +E Qe 1IWKITE(6,7000)

wRITE(B6+5800) '

WRITE( Oy Da21)

FORKMAT(THy 3OHCONDITION

SCAT CARD®)

TOTL CARD*)

1 JOHIEER )S LAW ATTENUATIUN CALCULATION +7)

WRITE(E6:45422)1(SIGMALT) 4 WAVE(T) o I=1,9)
FURMAT(TO21HIUTAL TRANSMLSSIUN/KMe10X

1 2INWAVELLNGTH (MICRUNS) o /o (T13eF 7l s27XeFT7e3))

GJ TO 2459

CONT INVE

IF (LAFLG ofEWe 1)IWRITELL,,70CD)
WwRITE(b6+5400)
WRITE(OsDE31IRHATRTMP
FURMAT(//

[} TOsIOHMRLLATIVE HUMIDITY PERCENT/
DEGREES C/)

oFl10e30liH
+Fl10e3413H
WRITE(oOsDa 22) .
v JIHBELR®S LAw SCATTERI
ING CALCULATION)

WRITE(OLID433ISIGMACL D)ol =JeY) s (WAVE(T)1=349)

5433 FORMATL /71 2 TO+ IBMSCATTERING TRANSMISSION PER KILOMETERI/Z2T 10 7H7

163//7160 21HWAVELENGTH (MICRONS) t/ T1O0W7FT.377)

$450 CUNTINUE

IF (IAFILG «t7Qe 1 IWRITL(647000)
WRITE(0:S548B1 XL TAR ¢ XHTAR O TEMP ¢ TEAC
1YHTARGL T & QACKGRUUND/Y/
+F1063410H

i TOy IUHTARGE T LENGTH MET ERS/

2 TOe JOHTAROGEY WILTH WFlO0ed 10K METERS/

3 TOyJOHTARGETY DELYA T $F10e3413R QEGREES C/
-} T 6y JOHBACKGRUUND TEMPERATURE sFl10e3413H UEGREES C/7)

WRITE(OsS49L HIRMING IRMAX JOELTR«IRUINSIRDAX s IOELX
| BHRANGE REQUIREMENTS/Z/

1 T6e 30HMINe REQUIRED RANGLE FOR RECOGe+110.10H METERS/

2 F6e 30HMAXs REQUIRED RANGE FOR RECOGea¢l10010H METERS/

3 Toe JOMRANGE INCHEMENTS FQR RECOGe »110210H METERS/Z.
4 T6e30HM]INe RLUUIRED RANGE FOR OETECes110410H METERS/
S Toy 30HMAKe REUWUIRED RANGE FUR UDETECe»I10+10H METERS/
6 TOs IOHRANGE INCREMENTS FOR DETECS ¢110410H MZTERS/Z7)

FOR2 INPUTS

IF CIAFLG oNLe 1IWRITE(64¢5010)

IF (IAFLG eEue 1)WRITE(6,7000)

WRITE( 6652 1L)FQAQs XDo YD o XE o XH4
WRITE{Gs52C1)IF Qe XD YO XTV YTV XML s YML

9211 FURYAT(IH «1AHTEMPORAL MTF *S//

[} 1H 3 22MFRLQ s (LOG HERTZ) 210FS5.2/

1 IR s 22H~==cr o= “wrm= 13(DH ====)//
3 1H G 22HDUTEC Te ROLL OFF MTIF(X) +10F542/

3 IH 2 22HDETECT. ROLLOFF MTFLY) 10FS5e2/

. IH 2 22HLLEC TRUNEC MTF 210F3.27

S

IH + 224B0UST MTF W10FS277)

itk ctd Sk

B A

ot e L i

et .

B RS

L PURSET I AN PRIIEY) S Py




é
Y
i 1
v
fd
£

WA R i e

S201 FORMAT(LIH +24HSPATIAL COMPONENTS MIF S//

1 1IN s 22HFREWe (CVYCo/MRAD) OFS 2/
1 I1H s 22H==—~v—cmcmerencmanmma= ol (S ML
2 IH ¢ 22HOPTICS MTF ¢ X) 210FS .2/
3 LH s 22HOPTICS MTF (Y) o10FS 2/ .. . . . e
4 I1H 2 22HVIOICON MTF (X) s 10FS. 2/
5 IH + 22HVIOVIZON MTF (VY) s10FS.2/ - R -
6 IH ¢ 22HSTABILIZATION MTF (X) v10FS.2/
7 lH s 22HSTAULL LZATION MIF (¥) . LLlO0FESa2//)
IF (IAFLG o£EQe 1IWRITE(6,7000)
WRITE(OsS5221)F+ S . e o e
922l FORMAT(1IH 4 37HNGOISE POWER SPECTRUM (VOLTS/SART(HZ))/7/
1 IH o+ lOAFREW(LUG HERTZ) 284F6e2¢6FS5e2s7. . _ . .. ——— e
2 L1H + 1 8HPUOWER( TIMES 1E~-9) 24F B8 Zv6FS277)
WRITE(GeS231 ) X MBAQDSTAR. . .. __
5231 FORMAT(1MH J6HLU® OF DETECTOR (CMe®SQRT(HZe) ZWATT//
1 IH ¢ 22HWAVELENGTH (MICRUNS) s 1QFS5a27. e m
2 IH +22HD*® (TIMES 1EL10) 210F50277)

IF (IAFLG oNEoe LIWRITE(O:5010)
WRITE(64525]1 JBETA s XNMB ¢ XNUM, PRO

9251 FURMAT(IH s @IHDETECTLION & RECOUGNIIION PRODABILAYY DENSITY/ZZ

t IH s 18HDE TECTION FREQ. 14Fb6a246F5.2/

2 lH s 1BHBEST RECUGe. FREQ. 14F 60 2.6F5.2/ - -
3 lH +» LOHWORST RECOGe FREQ. 14F6e246F5.2/

3 tH » 18HPROUASILITY 18F60206F542/7)

IF (IAFLG oNEe 1)GO TO 9000
Q01 WRITELG6.7005) . _ .. . .. ... . —-.
7005 FURMAT(34(/)«5H Y0411 /)
157H ENTER W&F X TQ CURRECT ANY BAD ENTRIES OR #GOS8 IO BEGIN .
213HCUMPUTATIONS. )
READ(3,1030)UK
IF (0K <EGQGe R{B7))G0 TO 1000
IF LUK oNke RLH6)IGO TO. Q001 . e
000 CUNT INUE
KETURN
END

SULBRUUTINE READF(T)
Cce
C* THIS SUBROUTINE READS INPUT VARIAIJLES IN FreL FILELVD
Cs FORMAT. IT IS5 SYSTEM DEPENDENT AND MUST
ce HAVe TWO DIFFERENY VERSIONS = UNE FOR THE CDCobo00
Cs ANU UNE FUOR THE [BMJ3I6G0/44.0ATA IS READ INTU THE T ARRAY,
ce
ce* THIS IS THL COC6000 VERSIONe 1T USES THF FCRTRAN
Ce FREL FLELD INPUT wHICH 1S AVAILABLE UNDLR SCOUPE 4424
Ce

DIMENSION T(1C)
Cs READISv# )L T(1)el=1+10)

RETURN

e ND

o tm e e a

o mib e

ERYRTRRN

-

PP, TN
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C
C
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SUBROUTINE MRTINPIRVISIRANGE AIRRTMP s RHoeWAVE ] s WAVEZ ¢ IPRINT o LUK
LISTATEJAFCHRL +PRO XNUMsTBAC s XNMB ¢ DETA ol 1 1 KK)

REAL. IRYRAN. .

OIMENSION FFT(20) e XXMRTL20) o XXXRT(20) e WFOV(22) s IRTRAN(IOL )
LAFCRLULIGLDI+TRTRAN(LI61) +DUT{DU) ¢ XDR{SC ) ¢ SUME(D D) s WAVE LD ) s SIUMA(Y ),
2XPRES0)ePROCLIO) +BETACLO) o XNME(10) o XNUM(10)

OIMENSION XINPUT(LO) s0UTPUT(10)

VIMENSION TSE(S50) « SSE(50) ¢ XFRW(50) yDRTX(50)

CUMMONZNAMESZ Xma LWoaF(10)aS5010) ¢XNET oOLLTAX,OLLTAY L EYEIMJFRoHFUV S

LVFOV eRMAGe XN+ ANSC o OVERSC o HRETE ¢ SRTALDWVLISCe TALTO o ANGLE ¢yMUOMJRSTAR

2XLAMBFNUMB FOC o XK o FMAKF ¢ XY ¢ XYL o FMAX ¢ XSIGL S e YSIGLS o XA Y AsKKK
JIOTAUWVEL +RELECT

CUOMMON /ZSPCATM/ZwAVE s SIGMA
COMMUN/NAMESZLIKUUNT » XMAG +F STARWFLLECT

COMMONZNAME L /XDR sDUT o TSE o SSE s SUML o XFRWIDRTX o DETEM +FFT o XXXRT
CUMMUN/ZNAML3ZIFLAGIJPRINTIDOTT dOETEMP ¢DPEAK FACTy LLELTR, LDEL X

LIRDAX: IRDINs IRMA Xy IRMINeLUPU sDUTPUT + XHTAR«XINFPUT o XLT Akt T AFLG
CUOMMON/NAMEBZXXMRT o Z302¢

COMMON/NAME 6/OXDR IS0 +DDDT(5Q) +DLORTR(50)
LWslFIX{(wAVE2-wAVE L )/0s1)¢1
JPRINT=0
XL=1e/DELTAX/720,.
FT=040
DU 102 KK=1,20
FYaF T#XL

102 FFI(RK)=FT
.o~ —. 0 600 KK=1s20

XXXR TIKK }=XXMRT(KK)}
XXMR TIKK )= XXMRT{KK)®{ 3a3/FFTIKK)/ZT7a0%FFT(20) ) ®%D4bd

600 CONTINUE

WFJV SCALED MRT
LA 7119 J=1.20

7119 «FUVUJIIZFFT(J)I/FACY

ARH=0401%RH

RANGE 00 LUOP FUR RECUGNITIUN

V0 1066 1JUK=1,LUPO

KK=0

TTAR=TBAC +DE TEMP

DO SCO II=IRMINIIRMAXVIDELTR

KKEKK®L .

RANGE=11/1000.0
XR=RANGE®1000.0
DO 2 Jd=lalw

IRTRAN(JJI)I=1 40

CAL. ATMCRL(RVIS)RANGEJAIRTMP ¢ XRH e WAVEL s WAVE 2 IPRINT o IJKy [STATE,

LAFCRL« LAFLG) .

DO 5300 MISS=l,.Lw
IRTRANIMISS)ZAFCRL(MISS) *IRTRAN(MISS)
CALL QTFE(OelelRTRANSTRTRANLW)
TRANSZTRTRAN(LW) /{ WAVEZ2~wAVE L)
DOT{KK )=TRANS

DETE=DETEMP®TRANS

TLENG=XL TAR/ZRANOGE

DEVE=DETE®{ TLENG/7.0%FF T(20) ) *%0,5
X-MRT FOR ODELTYA T AND DELTA P

CALL AL INEY(FRWJDETE oFF T oXXMRT 4207
XANUM=XHTARSFRE/RANGL
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CALL ALINEY({PROBXANUMPROXNJM410)
IF{PROB«LT+0+0) PROB=DLCO
KPR KK ) =PROY
CALL ALINEY(PROBs XXNUMPRU s XNM3+10)
IF(PROBWLT 40e0) PRGU=040C0
LDOOV(KK)I=DOT(KK)
DXDR{KK )3RANGE
920 DORTX(KK )=PROY

P RO

DETECTIUN 4

[aNs N s Wal sl

i

11=0
VD 6Q09 JK=IRDIN,IKDAXIDELX )
Lisliel :
RANGEZJK /100040 -
XR=RANGE® 100040
DJ 6060 KLM=1,LW
6066 IRTRAN(KLMI=1,0
CALL ATMCRLIRVISsRANGE s AIRTMP ¢ XRH 2 WAVE]L s WAVE2 2 LPRINT a1l LSTATE.
¥ 1AFCRL IAFLG) ]
' DU ST90 MIS3=l.Lw 1
BTI0 IRTRANIMISS)=AFCRLIMISS)®IRTRAN{MLSS)
CALL QTFE(OQel,IRTRANs TRTRANLW)
TRANSSTRTRAN(LW) /{ WAVE 2=WAVE 1 ) i
DOT( L1 )=TRANY el i
DeTESLE TEMPR TRANS i
TLLNG=XL TAR/RANGE
DETE=DETE®( TLENG/T7CHFF i{20)) %43, 5
XDRU L L )=RANGE
c X MRT FJR DELTA T AND DLLTA P
CALL ALINEY{FRWsDETEWFET ¢ XXMRT2C) : e
XXNUMS XHTAR®FER W/RANGE
CALL ALINEY{PIUUXANUMPRO +RETAL10)
IF(PRODCL T 40 «0) PROB=0.00
PRTX( LT )=PRUB ¥
C WFOV X=~MRT FOR DELTA T AND DELTA P 4
CALL AL INEY(FRWIDETE «WFOV ¢ XXMRT,20} e e e e e
XXNUMS XHTAR®SFHW/ARIANGE
CALL ALINEY(PROO+XXNUMsPRO +BETAL10)
IF(RFOBWL.T4040) PROB=0.00
6065 XFRW({11l)=PRUY
L 1066 CINT INUE
RETURN
END
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SUBROUTINE DEVICE( XMTF ¢ YMTF ¢ XAMTF a VYMTF ¢ FREQe X MX Mo VRY Mo FURD FQo X 00
IYOsXDe YO XHe XE s XTV e YTV, XML o YML +FQQ)

REAL IQTAU . . .
COMMON ZDEVMDT/ZXNMTIF{20) s YNMTF (20)

U IMENSITON
D IMENSIUN
DIMENSILION
O IMENS ION
DIMENSION
DIMENSION
L IMENS LUN
DIMENSION
DIMENSIUN
U IMENSIUN
ODIMENSION
DIMENSION
DIMENSION
UV IMENS TUN
OIMENSION
VIMENSLON

FURD(20)
XXMTF(20) s YYMTF(20)
XMTF(20) s YMTFL 20} +
FREQ(20)

XMYML{20) 2 YMYML202 . e i
FAE10)+sFQAQ(10) ¢ XEMTF (20) +YEMTF (20)
XOMTF{Z20)a YOMTF(20) e X0(10) oYUL10)
XOMTF(20) ¢« YOMTF (20)
CDPMTF(20) s YOPMTF(20) 4 XD(20)aYDULLO)
ELMTF(20) «BMTF (20) +XB(10) +XE(10)
KTVMTIF {202 « YIYMIF(20) 2 XT¥(10) 4 YTV(10)

XUSMYF (20)+ YOSMTF ( 20)
XMTFLS(20) e YMIFLS(20) s XML(10) s YMLIL10)
XEYMTF(20) s YEYMTF (20)

XOBMTF (20) +YGHMTY- (20) sRQQAC1Q)
XKINPUTL10),0QUTPUT(10)

CIMMUON/NAMEIZ7JFLAG e JPRINT QD ITH0ETEM 2DPEAKSFACY o IDELTRAIDEL XS

L TRUAXs IROINy IRMAX ) IRMINSLUPO+QUTPUT ¢ XHTAR s XINPUT KLY AR [ AFLG

COMMON/NAMEG /7 Xue LWsF(10)eSCL0) «XNETIDELTAXeDELTAY +EYETMoFRAHENY S

IVFJUV e XMAGs XN ¢ XNSC s OVERSC ¢ BRI TE +SRTAD DISC oTAsTOs ANGLE+MUMFST AR,
PXLAMBFNUMBoFOC o XK ¢ FMAXF p XY s XYL o FMAX ¢« XSIGLS s YSIGLCaXAsYAKKKS . _
310VAUs VEL+FELECT

CUMMON /HLUR ZABLUR

COMMON/NAMEZ ZXOKTF ¢ XGBMTF ¢ XUMTF ¢ XOPMTF sELMTF o BMTF o XYVMTF o XEMTF,
LXOSH IF e XMTFL S XEYMTF
LI 40 LL=1+19
Rud{LiL)=10.xFQuiLL)
DU &1 K=1410

RQIIKI=RUQIK) /VEL Ce e o —_

VFSFMAXZ20.0

C=-DF

DO 612 J=1.20

C=C +DF
FREQ(II=C

CAalL UPTEICIXUsYIsFQeCRUP $CRUPLC) e e

YUMTE{ J)=CRUP
CALL GEBLUR{ XRUF 2 YRUP+C)

XGUMYF( J)=xXRUP

YGHMTF(J4Y=YRUP
CALL ODETECIXDsYUIRQQWXDMsYOMDRUP SOROP4C)

XUMTEL{ J)=X0OM - o ——

YUMTF(J)=YDM

XOMTF (J)=CRUP

XUrMTF(J)=DRUP

YOPMTF(J)=DRUP

CALL EM(XE+XB+RQAQERUPsFRUP +C)

ELMTF(J)=LRyP

BMTF(J)=' RUP

CALL CAURAIXTVYTVIFQeGRUPH,GROP,LC)
XTYMTF (J)=GRUP

YTVMTF( J)=GROP

CALL. EMITLRUPROP,C)

XEATF(J)=RYP C e e

YEMTF (J)=RUP

CALL DSPLY(ZUP,Z0PC)

XUSMTF(J)=2UP

YOSMTIF( J)=200P

CALL STABLE( XMLeYML +F QeHRUP s ORUP,,C)
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S TSN

YSTYFLS(J)=HRUP
YH4TFLS(J)I=0RUP
CALL EYEBAL{URTD40ORPH ()
LEYMTF( J)=URP
YeYMTF{J)=0RP

TOTAL SYSTeM MTF

[N 2 X {1

XMTE (I ISXOUMTC(J) S XOMTF( J) *XOBPMTF (D) sELMTF( J) *uMTFiJd) *
SXTVMTF(J)¥XEMTF{ JIEXDSMTF (J) e XMTELS( J) $XGEMTF (J)
YMTF({J)ISYOMTF(J) SYOMTE(J) %1 0000000 SYTVYMTF (J)RYEMTF(JIRYOSMTF(J)*
QYMTFLS(J)®YGBNTF(J)
KXKMTF(J)=ELMTFL I DISBMTF, J) SAXTVMTF L J) SXEMTF( J) *XMTFLS (J)EXDSMTF(J)
YYMTF(J)=VYTIVMTE( J) SYEMTF ( U} ®RYOSMIF (J) EYMTFLS( J)
XMAM{J)=XMTF (J)
YMYM(J)SYMTF (J)
FURD(J)I=FREQ(J)
XNMYF{J)=XXMTF(J)
YNMTF(J)=YYMTF(J)
612 CUNTINUE
IF(JPRINT «EQQ)GYU TO 8C00
IF (LAFLG «F Qe L )WRITE(H47000)
7000 FORMAT(34(/)e5H *|"esl0Xe l6HDEVICE OUTPUT DATAL//)
WRITE(6,.3001) .
3001 FORMAT(LIHL+2ZXe31HX MODULATIUN TRANSFER FUNCTIUONS)
WRITE(643999)
WRITE(OGsI0Q0OMFREVII Do XOMTF (1) o XGBMTF LI ) o XOMTF (1) s XOPMTE(]) o ELATF(
11)eBMYIF UL )« XTYMTF UL ) o XEMTF (L) o XDSMYF (L) o XMTFLSUI) W XEYMTF(I)el=14+20
2)
3999 FURMAT(IH + 4HFREUW a1 Xe6H OPTICe1X o IHGALUR s1X +oHDETECY 1 X ¢ DHRSPNY
Lo lXe SHELECT s I Xe SHIOOST o L Xe SHVIOUN 92X ¢ BHLED 92X ¢ SHUSPLY ¢ 2K 9 3HLUS ¢ 4 X\
23HEYE//)
. 3000 FORMAT(1XeF9De2s11F0e2)
I~ (IAFLG «EQe 1)WRITE(©+7000)
WiRITE(6,3002)
3002 FORMAT(1H1 +31HY MODULATION TRANSFER FUNCTIOUNS)
WRITE(O0+3003)(FREQ(L Iy YOMTF (1) s YGRMTEL i) s YOMTF (1) YTVMIF (1) oYEMTF
LLE)o YOSMYF UL JoYMTFLS(L) s YEVYMTF L) oI=1020)
2003 FORMAT (LIH 16X e4HFREQ 12X sSHOPTIC 91 Xy6HOGUBLUK 2X 9 SHOETEC 92X 9 HHV [ OCNyy
14X, JHLED s 2Xy SHDSPL Yo @X e 3HLUS s4 X ¢ 3HEYE//Z(OX yF Qe 243F 7 e2))
8C00 CUNTINUE
IF(XXMTF(20) rLTeO0e0LleANDe VYMTFL20)alTeCe01) GU TU 5000

KYs XYL MUST BQTH BE ZERC OR NON-ZERO, SAME FOR XA,YA

FIND ZERDO FOR NOISE FILTER

nponoonnon

IF(AY ¢t:Qe0e0uAND e XA GT e 00 C)
IF(XY+eGTe0cOeAND e XAeEQe0e0)
EF(XY eGT 0000 eAMD o YA e GT0e0)

BLUMZAMAX L (1eC/7XApleQ/YA)
BLUM=AMAXL (1.0/XY 4 ]sD/7XxYL)
BUM=AMAX L (AMAX) (1 «0/7XAs 1C/ZYA)

Lo AMAX1(140/XYe1e0/XYL))
JF(XY EQeQe0 eAND e XAEQs Ve Q) BLUM=10000.0
OQUM=FURD( 20)
IF(DOOM.GT BLUM) GO TO 5000
TACO=2"DOOM
5100 CUNT INUE
CALL EM{XE+XBsRQGERUP +FRUPTACU)
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CALL CAMRA(XTVeYTVoFQeGRUPGROP, TACO)
CALL EMIT({RUP +RUZy TACO)

e~ LALL DSPLYLZUPZ0P s TACQO) .
CALL STABLE( XML +YML ¢FQeHRUPORUP, TACO)
FTMX=ERUP®FRUPSGRUPSRUP & ZUP *HRLIP
FIMY=GROPRRUP*ZUP*ORUP

IF(FTMXeGT2a0e01eOR«FTMYeGTa0a01) TACG=244TACU
IF(FTMX eGT e0 201 aURFTMYaGTe0+01) GO TO 5100

———— AlIMETACQ
DDF=TACL/2040
CC=~DOF
DO 5001 KimM=14+20
CC=CL+DOF
FURD(KLM )=CC
e GALL EMOXE o XK sRUQ2ERUP+FRUP LLC)
CALL CAMRA(XTVeYTVeFQeGRUF+GROP 4CG)
CALL EMIT(RUPROPsCC)
CALL DSPLY(ZURP,ZOP.CC)
CALL STABLE( XML s YML +FQoHRUP s ORUF 2CC)
KXMTF{KLM)ISERUPRFRUPSGRUPRRUPH ZUP SHRUP
— = YYMTIE(KiMI=GRAP *RAP 2 ZOP *QRUP
5001 CONTINVE
5000 CONTINVE
IFCJPRINT «EQe0)GO0 TO 8091
IF (IAFLG oEWe 1)WRITE(6.7000)
WRITE{6.3010)

2010 FORMAT (AL s SXa2MMPREDICTED. SYSTEM MIF 29X 10HPHEDILIED NQISE

LI3NF ILTERING MTF)

WRITE(Os 3011 IIFREQUL) e XMTF (L )aYMTF (L) sFURDIT ) o XXMTF{LI)eYYMTF (L),

Li=1. 20)
3011 FORMAT(iH

BRO01 CONTINUE = ..
00 1 1J=1.20
KMTFLIJ)I=XMTF(TIJ)eXEYMTFI{L1J)
YMTF(IJ)=YMTIF(LJISYEYNTF(TIJ)

1 CONT INVE
RETURN
END
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SUNRLUT INL U TICIROs YUSFREF Qe CRUP s CHUP oHLAM)

UPTICAL MTH

DIMeENST L 0 XICIC) e YOULLO) ok vl L)

COIMMUNZNAME G/ ANy LWweb{1C)oaSUID) o XNET oOLLTAXIDLELTAY yYETMoFr ¢eHFUV,
LVFIOV e XAAGE XN XN3C s OVERSC o I TH g 5 TAD 3 )ESCoTA9T U ANGLE sMUMe £ ST ARy
2ALAMO s E UMD e FOC o XK e FMAX: o XY s KYL s FMAX s XS1 GLS s YSTWULL e XA Y Ay KKK
JIUTAU,VEL 7L LECT

CAA2=2x001)

It {ChAP s 1T eDe0) CALL ALINEY(CRUP GFLAM XUk Hiz Uy 10}
IF(CHAP e GT o0 e0) CALL ALINLY(CRIPSFLAMIY U gFRLIZsLD)
IF(CkAP «uT 40 e0) G TU 300

AXF2FLAMZEOC /2034

AZXXFRXLAML*¥ 0ol $F NUMH

TF{AsLL eleu) CRUPZZ40/3414%(ARCIS(A)-AA(] s—AXR )oR ¢1)
IF(AeuTelel) UUP=C G

P =CruP

CUNT INUL

RETJRN

ENU

SUBROUTINE GEBLUR(XRUP:YRUP JFLAM)

D>T ICAL GEOMETRIC BLUR _MIF. _.

COMMUN  7BLUR ZABLUR
XRUP=-XP ! ~ADBLURSFLAMS®Z)
YRU4= XRUP

REVURN

END

[N PEIELE VAN
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SUBROUT INE OUTECIXDsVYD;FREQeXDMy YONDRUP 4OROPJFLAMY . ... ..

DETECTOR SPATILAL MTF e

DETECTOR TEMPORAL RESPONSE

REAL 10TAU
DIMENSION XD(10)sYD(L10Q)sFREQL1Q). e e -
COMMON/NAMES/ XWye LWsF(10)+¢SC10) «XNET ,DELTAX ¢DELTAY 4EYETMeFRINQOV, }
IVFOV s XMAGs XN ¢ XNSC+ OVERSC ¢ BRI TE +SRTYADsDISC aTA s TOa ANGLE «MOMeFST Ai2s_ .. b
2XLAMBR ¢ FNUMB s FOC ¢ XK ¢ FMAXF ¢ XY o KYL o FMAX o XSTGLSs YSIGLCoXAsY A+ KKK o
JIOTAU,VEL JFELECT e
XFDET1=1le/72e/DELTAX

YEQET=1a/2¢/DE! TAY e —_
IF(FLAMecQe0<0) GU TO 301

XOM=S INC 30 1aBFLAM/ 20/ XFDET) /3¢ L4/FLAMS2 oC*XFDET i e .
YOM=SIN( 3« 14 8FLAMZ2,0/YFUET) /3. 14/FLAMS2 ,0%YFDET E

3C1 IFLFLAMIEU.De0) XDM=140 B

IF(FL.AM e~LQ D «Q) YOM=1,.0

DRAP=XD( 1) e H
LF(DRAP 4 GT o0 e0) CALL ALINEY(DRUP +FLAM¢XDsFREGQs10) i

IE(DNAR ,GT40e0) CALL ALINEY(DROP sFLAM,YDFREGs10) i S i
IF(DRAP.GT 40e0) GU TO 400 ‘

DRUP=1¢/ (1ot {FLAM/FSTAR) %2 ) 2%0,35 . S
DRUP = VR UP :

490 CONT INVE . e - :

RETURN i
END ;

SUSBROUTINE LEM{XE s XBoebREG ERUP W RUPFLAM]

ELECTRUNIC AND BUOST MTF - e e e

REAL ILUTAU
DIMENSIUN Xe{10)+XB(10) yFREQ(L Q)
COMMUN/NAMES Y/ Xwe LWeF(10)9S(10) e XNETIDELTAXsDELTAYJEYSViMe FRIHFOV e
IVFUY e XKMAGy X4 o XNSC s OVERSC + BRI TZ ¢ SRTAD ¢DISC oTAVTIs ANGLE ¢MOMsFST AR,
2XLAMB o FNUMUBoFOC o XKa FMAKXKE o X1y s XYL s FMAX 2 XSIGL SaYSIGLCaXAnY Ao KKK a
SI0TAUs VELs FLLECT
wRAP=XE(1)
IF(ERA? ¢UT 20e0) CALL ALINEY(ERUPFLAMIXE sFREQ9 10}
IFLERAP «GT 4060} GU TR 530
ERUP = 1e/( 1 a¢t{FLAMAFELECT) £%2) %8045
590 CUNTINUE . S
FRAP=XB(1)
IF(FHAP eGT e0e0) CALL AL INEY(FRUP+FLAMsXB~REQs10) . :
IF(FRAP 4GTeNe0) GU TO S0O) i
FRUPZ( Lat((XK=14)/2¢) 241 a=CUSII LASFLAM/FMAXF)))
301 CJINTINUE
RETURN e e

VP R

ENO




[a}

noo

[a N K]

708

607

SUSRUUTINE CAMRA(XTVaYTYVFREWsGRUP +GROPFLAM)
TV CAMERA MTF

DIMENS IO XT/C10)eYTVLLIO0) oFREQLLD)
CALL ALINEY(GRUPFLAMIXTVFRTQW10)
CALL ALINEY(GROP FLAMYTIVFrREQWL19)
HE TURN

ENO

SUBROUVUT INLE ENIT(RUP ¢RUPFLAM)
LED EMITTER MTF

REAL 1OTAV

CUMMON/ZNAMEG /7 Xty LAoFIL20)eSCL0) o XNETsULLTAX sUELVAY s YRETMe FRyHFDV,y
IVFOV e XMAGe XN ¢ ANSC e OVERSC o BRI TE ¢ SRTAD JDISCoTASTU ANGLESMUMIFSIT AR
2ALAMEB ) FNUMB o FOC ¢ XK o FMAXF o XY g XYL sFMAX o XST UL 3o YS1GLL o7 Ao YA KKK s
3I0TAV. VELFELECT

IF(XYeEQeOe0) GU TO 708

IF(FLAMGE Q4D e0) HUP=140

IF(FLAMEW o0 o) KOP=1.0

IF(FLAMOGT e)eC) RUPESIN( I L4 dFLAMELY ) /7341 0%F LAMEXY)
IF(FLAM LT 0e0) RIUP=SINII«1 G *FLAMEXYL)/(Sela%FLAMRAYL)
IF(XYeEQel eQ) RIIP=]140

IF( XYL e££Qe0De0) KUP=1,0

RETUKN

END

SUBROUTINE USPLY(ZUP +LOPFLAN)
VISPLAY MTF e e ——

HREAL 10TAU .
COMMUN/ZNAMESG/ Xtio LWeF (1% e5(10) o XNET ¢DELTAX DELTAY EYLTMFRoHFOV,
IVFUV o XMAGe XN g ANSC o OVERTL « ORI TE o SRTADsDISCoeTAGTOs ANGLE«MUMFST AR,
2ALAMY ¢ FNUMB ¢ FOLC ¢ XK o FMAXF ¢ XY ¢ XYL o T MAX o XSIGLS s YSIGLCoXAsYAIKKK »
JIUTAUVELFELECT

IFIKKK+GT1l) GO TO 807

IF(KKK eE e 0) ZUP=EXP(=XARFL AM2®2)

IF{KKK et Qe0) ZOPIUXP(-YASFLAWLERD)

IF(KKKeEWo 1o AN FLAMGE WS Do) FUP=140

It (KKK eEQole ANDoFLAMEQeCW0) 20P=]40

IF(KKKeEWe 1o ANDeFLAMAGTe0eC) ZUP=SINIIalA*FLAMEXAIZILLAZFLAMZXA

IF(KKKolWe leANDoFLAMGT 40.0) ZOP=SIN(3«108FLAMRYA)/3.1&/FLAM/YA

IF(AKKsGTel) ZUP=1.0

IF(KKKeGToel) ZU=1e0

RETUXN .. -

END

96




SUUALUT EME STAULE( XML « YML oF HF Qo HRUP yURUP o HLAM)

b i 1 it A A G e

C

C LUS STAJL IZATIUN

c :
COMMONZNRMEQZ XNe LWwoF{10)e3010) oXNLT sLELT AR ¢DELT AV S YETMGFR (HFELV,
LVEIV e XMAG s XN 3 XNSC s UVERSC 4 BRI'TE o SRTADADLSCoTAsTUs ANGLE,MUMIFST AR, i
2XLAME s FNUMB s FUC s XK oF MAXF ¢ XY v XYL ¢F MAX e X5IGL S YSIGLS s X As Y AsKKI, i §
JIOVAUWWELsFELECT i

UIMZNSTIUN AMLC10) e YMLELO) s RLGCRUY
HcaPsxAL (L)

O APzYAL (1)
IF(HRAP ¢ GT 4D ) CALL ALIANL Y (HRUP §FLAM XML ¢ FHFEGLLC)

IF(JnAP W OT 52 eC) CALL ALING Y(ORUP sFLAMOYML 4 F L 2401 7)
: CUIF(HRAP s rQedev) HPUPEC P (=XSIGLSAELAMER?)

; [F(URAP et delde ) URUPSZXI(=YSIGLS*FLAMEKRZ)

: reTUKN

i LN | 4

it

.
ot izt s i i e

: &
i SUBRUUT INE EYESBALIURP ORP FLAM) 1
b C 4
: c EYEBALL MTF :
. :

COUMMON/NAMES/ XKW, LWsFLIC)e53(10) o XNET sLDELTAXSDELTAY LYETMIFRoHF IV, ¢

H

E IVFUVDKHAGOXN.XNSC.OVERSCQBR;'t'SR'ADtUlSCo‘AclU.ANbLhoMUMoFS'ANl
! 2XLANB|FNUN&|FOC.KK.FHAXF-XVtXYLoFNAX-KSIGLS.VSIGLC.KA.VA;KK&C
3I0OTAU,VELSFELECT

- DIMENSION SLS(9)eXL(9.

: DATA SLS/ZleolelBeledB5eleBr2e2512¢8:3000801 0803/
DATA XL/3ce2etles0es=lee=20e=309=4es-5.7/

; XXXL=ALOGLIO( BRL TE)

] CALL AL INEY({ SSLSeXXXLeSLSWXL,9)

GAMMA=SSLS#1 4620606

URPZEXP (~GAMMASFLAM/XMAG )

ORP=EXP (~GAMMASFLAM/XMAG)

KETUKRN

END
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SUBROUTINE XNULSE(FOsCUTUFF JDDSTARIXLMBA sGUAQ e XB+FQQ)
REAL [OTAU

CUMMONZNAME3/Z JFLAGs JPRINTADDYTDETEMP ADPEAKAFACY 2 IDEL TR IO K, . .
LIRDAXs IRDINs IRMA X, IRMINLUPOsQUTPUT ¢ XHTARs XINPUT + XLT AR LAFLG .
CUMMON/ZNAMEG 7 XwWe LWsF(10)eS5C10)sANETDELTAX JDLTAYLEYETMsFRoHFOV.e
LVFIV ¢ XMAG s XN XNSC ¢+ OVERSC s BRI TE+SRTAD «DISCosTA« o ANGLEsMOMy FST AR,
EXLAMB e FNUMBFUQC ¢ RK s FMAXF s XY o XYL oF MAX s XSIGLSe YSIGLC o X A2 YA KKK _
3I0TAUsVELFELECT

LDIMEHSLIUN COYSTAR(102eXBLLIQ)FQQALLA) . . _
DIMENSION OSVAR(16L

OIMENS{UN XLMUAL .0) . S
DIMENSIUON XiaPUTILO0) »OQUTPUT(10)

FN=FNUMY

DELAM=041

XL=Xw

LU al2 Jd=]l.Lw

AL=XLeDELAM

CALL AL INEY(UDs XL+UODSTAR ¢ XLMBAL10)

0)2 DSTAR(JISGUMORDD*].00E+10
Pl1=3.,14159
CALL OWP(30040sHZ1DSTARIDELAMY .

: CALL BDWT(FOJLOELTAF s CUTOFF ¢ XBF QQ)
' BETASANGLE®Q QL7

IF(MUMGEQeC) XNE T=4 o OSFNRS22DEL TAF*%045/PLI/(SRTAD#2+54)/TA/TO/HZ/
+(D1ISC*x%Q,45) —

IF(MOMeEQe L) XNETu4,0¢F NSS28DELTAF $&0¢5/PI/ (SRTAD®2.54)/TA/TO/HZ/
4(OISC**Q,5)cSIN(UETA) . e s
IF(HOM ot Qe 2) XNF T4, 0%FNS828(PIRI0TAU/S,0) *%05/P]/(SRTADR2,54)
S/TAZTO/HZ/Z(D ISC & %04 5)
ODFF=PI%IAQTAUZ4, 0
IF(JPRINT.EJL0) GU TO 1500
IF  IAFLG«EUs LIWRITE(647000)
7000 FORMAT(34(/7) ad3H 9921 0Xs JEHXNDISE QUTPUT DATAL/Z)
WHITE(Es.000) HZ +OELTAF (DDFF
1000 FORMAT{ LH1 +27HINTEGRAL OF O-3TAR®W—PRIME#+Ei0Qe3/0)H 122HEXACT NAOIS
16 UANUWIDTHWELO e3/7+1H +22HWHITE NOISE BANOWIDTH#+E10637)
WRITE(OW1011) VEL
1011 FURMAT(IH +24HSCAN VELOCTTY IN MR/SECW#H.E10¢3)
IFLMOMEQe0) WRITE(G69155) XNET. . . -
[E(MLMet Gel) WRITE(6+161) XNET
IF(MUMEQe2) wRITE(60606) XNET
155 FORMAT(1H +22HDET NOISt LIMITED NET#.E10e3)
108 FORMAT(IH »223HSHOT MOISE LIMITED NET#.ELO03) e -
660 FURMAT(LIH +LloHNHITE NOISL NETWH.EL0. 3)
1500 CUNT iNUE
RUTURN
ENV

. . T e krﬁfﬁ,,}“
g s sl e R

v

e AT i Lt AV GRACET s MR

el et e

i T At it il Tt T AN s n




SUSROUTINE VW (T HZeOSTARWE LAM)

REAL Kol AM

ReAL LUTAU

VDIMENSIUON USTAR(161 1 vyxADL(ANHL)ALLBL)

COMMOUWZNAMESGZ Kwe LWeF(10)eS3010) o ANET oOLLTAX s DLLTAYPEYLTMeFRIHEQV,
IVEIVoXMAG ¢ XN ¢ XNSC dUVERSC oMK TE o SRTAD sOISCoTALTULIANGLEIMOMF ST ARy
CALAML s FNUMB g FUC s XKy FMAKF g AY o XYL o MAX o XS1 CGLSeYSTOLEC o XApYAIRKK Yy
JIUTAUyVEL o FELECT

DATA H/Z6 B3L=387+C/73eCCE+CB/ o/ 143BE-23/
Cl=2:J8HEC kR

C2=HRC /K

LAM=XW®14QCE-0n

DO 100 J=lelw

LAM=LAM+OELAME] 4 00L~C0

D2=L /7 ToL M)

v I=EXPlD2S

Da=C2/7( T¥*2) /LAN

RALDILJII=CARDGXDDIZ7 (DL I~ 1) 222} /7(LAMERRYS)

RALL(J)I=RADLILIIRDSTAR(I)

10C COnNT INUE

CALL AQTFE(DELAMIRAD L AWl W)

HZ=A(LW)®]COE~-L1OQ

b TURN

ENL

SUAROUTINE BOWTIFODELTAF yCUTOFF s X3+FQQ)

REAL 10TAU
CUMMONZNAMEAZ XWs L MoF(10)s5010) ¢ XNET DELTAXSDELTAY JEYETMAFRIAFUV,

IVFOV-!NAG\XN.XNSC.OVERSC-BR[YE.SRTAD.D(SCoFk-fOoANGLh.HUM.FSTANv
2XLAME, FNUMB e FUC ¢ XK s FMAXF o XY ¢ XYL o FMAX ¢ XS IGLSeYSIGLC s ¥ AsY AsKKK

310TAU,VELWFELECT
DIMENSION B8(1S5).T(15)
DIMENSION Xa3{10i+FQQL(10)
_XFO=ALOGIOLEQ) . .
CALL ALINEV(QFQQ’FO.S»FUB)
FM=F MA XF XVEL
XLFREJXI=0eS
DO 10 J=1415
XLFREQE=XLFREGv0a S
CALL ALINEY(IToXLFREQeSaFad) . . . -
IF(TTWLTe0eQ) TI=0e0
FLZERO= [OTAU/ 240
FREQ=R10.0%¢XLFREQ
IF(FREQsLT «CUTUFF ) GG=Qe0
IF(FREQ +GE oC JTUFF) 06=l./(.-*\(FREQ-CU'DFP)/FZERO)“Z).‘O.s
1F(XKaEQa0»0) CALL ALINEY{HHXLFREQsXBFQG10) .
IF( XK ¢GT 0 +0) HH‘(!.*((XI‘ll)/ZoO)‘(lu-CDS(J'lQ‘FRFQ/FM)))
10 T(JIIRTT R GHEE2)SHN® 8281 0« X XLFREQ/SF( $2.30
CALL QTFE(0+5¢T.B418)
DELTAF=B(1C)
RETURN
£ENLD
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SUBROUTINE XRINGICUTOFF ¢ XHoFF o MUNFFE s NS o AsNTHAANS N GORNS—— . -

NCH = 1 INCLUDESS, EQUALS 2 NO S

XHe FF ARRAYS TO BE INTEGRATED QVER B S
S+F POWER SPECTRUM OF NOIILYE ARRAYS [

A EQUALS wiDTHH OF THE BAR e e e e
XMAG = SYSTEM MAGIFICATIION

BB = DISPLAY BRIGHENESS
NXH = NUMBER OF POINTS [N ARRAY XH

CUTOFF = LOW FREQUENCY CUTOFF . et e e e
NS = NUMHBER OF FOINTS IN ARRAY §

REAL.. 1Q¥AV . .

GIMENSION XHUL)  FF(1)oFFF(1)sX(1000)+GAM(10? +BEB(10)

COMMUN/NAMES 7 We LNeF110)aSI10)aXNETsDELTAX +DELTAYLEYETMFRs HENW,,

LVFOV e XMAGs XN s XNSC+OVERSC+BRITE s SRTAD+DISCoeTA«TO, ANGLE +MOMs*FSTAR,

HLANDB I FNUMB s FOC v XKo" MAXF o XY s XYL o FMAX ¢ XSIGLS o YSIGLC «XAYA . KKKa

310TAUWVELFELECT

DATA. GAM/Z1a038) 0922202020 93232672%2502800000a0H07al 00807 .

H88 = LOG OF TH: BRIGHTYNESS

ga8=4gRIVE . e e i
OATA AHB/les 2001300010820 e=309=801=See¢=6./

dHY=ALOGL0( BB) - [,
CALL ALINEYI(GAMM .DBWGAM,883,10)
GAMMAZGAMM 7 XMALGEGURN

wEG= 20040

LEG=200Q o e e e e
GFsALAX1(A sl e ZFFINKH))

GF=1 ¢/GF . [
DFaGF

COINTINVE [
DF=DF /72

CALL ALINEYL ToGF s XHAFE oNXKH L. _ e
IFINCHWEQel) CALL ALINEY(GsGF sSeFFFINS)
IFINCHeLQe2) Gx 1l . e
PRl 0~CUVOFF Z/{CUTOFF S $24GFV22) 50,5

T=Ge (TREXP{ -~ GAMMASGF ) #SINCIGF ¢A) #P) o N e e —
IF({T eGTe0e5¢0.01) GF=GF ¢DF

IF(T aGTa0e5¢02012 GQ. TQ 200 _ —_— . —
IF{T eLT¢0e5~0+01) GF=GF-LF

IF(TolTe0ed0.01) GO TO 100 e
DELF=GF ¥30./WEG

WEG SHOULD AT LEAST EQUAL 100

DELF=AMINI{OELF sFF(NXH)/WESG)

00 200 J=1,I1EG

GF= JeDELF

CALL ALEINEY( ToGF ¢ XHoFF +NXH)
IFINCHeEQs1) CALL ALINEY(GeGF ySoFFFsNS)
IF(GalLT«0:0) G=000 . . . ____._

M. s i TN e

IFINCH.EQ-2) G=1l,

P2]40-CUTOFF/(CUTOFF #82¢GF 8 92) ¢ 40.5 c e s
X(JI=GR(TESINC(GF SA) XEXP(~GAMMASGF ) $2) 28N
CINTINVE

CALL QYFE(DELF ¢ XoeX4I1EG)

D B et L adice




”~
AleX(TEWL)*2,
A2=LLLF
IFINCHekQe2) GO TU 40C
CRAS5521+0¢CUTUFF +®2/DELF %e?
CCOmiRASSRRD WY
GRASS= 11 QeDLLE $8 2/7CUTOFF 422
WOLRGRASS®®D ey
FOKIMESD o0
VO 300 LLL3leb
salasquiL)
SQ22S5(LLLH1)
[F(5G1euT alcUsAND e 5Q2et:Valad) FRRIMELFFF (LLL*1)
306 CONTINUL
LFCEPR IME sE0 ¢ 240) GO TJ 400
A220 o SCUELF~ 1« 4CUTUEF QAL UG (DLLEF ZCUTUFF+GGG )+ CUTUFF 0 o ®AT AN DELF/
lCUTJFF)bFanMtlz-.ALUG(DELF/A.O/CUTOFrI(CUTUFF‘#ZHDELF#‘ZQCRASS
Q=2+ 08CUTUFE ZOELFK ®CCC ) /CCL)
450 ANS=AL+A2#2.0
Rk TURN
ELND
SUBROUTINE PLANKI{TL »T2sP ARTRANJRIPX)
C
[ . .
C DELTA W IN W/CM=2/MICRONy TRANSMISSION AND D=STA UNITLESS. T1
c CALCULATES INTEGRAL OF DELTA w X TRANSMI3Z3IQN X D-STAR #HEKE
c AND T2 IN DLGREES Co P IN w/CM=2
c
[
. REAL lDTAV
LCOMMON/NAMEG/ XKWo LWsF{10)oSCL10) o XNET sDFLTAX s . LTAYSEYETMyFRyHFUV
LVFUV e XMAG ¢ XN s KNSC s IVERSC o URITE ¢ SHTAD ¢DL15Co TAW T Us ANGLE ¢MOMoFSTARS
2XLAMB e FNUMB o FOC s XK ¢ FMAXF ¢ XY o XYL o F MAX o XSTOGLSeYSIGLC s XA Y A KKK
3I0TAV.VEL+FELECT
DIMENSIUN ARTRAN(100),RSPXt20)
. QIMENSLON RADICLO0) ¢RAD2(LICQ),RADI(1N0) AL 10C)
DATA C2/1+73HE4047,CX/3.7399E¢04
TITI=2T1¢273,
T2V 2=T24273,
KLAME XW
DO 100 Jsrew ;
C o L RLAMERLAM®O. L
RADI(J)ISCAZU XLAMORS . 0) ZLEXPIC2/7XLANZTITL )=14) i
RAD2(JIBCX/Z( X AMEE S, 0) Z(EXPIC2/XLAM/T2T2)~14) !
10C RAD3I(JI=ARTRANG JIRRSPX(J) #{RADI (J)=RADZ(J)) ' J
CALL QTFE(O«L1sRADIsA W) ; i
P=A{Lw) ; ‘
RETURN_ , ]
END ; 4
P
g
:
roo
101 i




101

162

103

7C00

Ha

a3
1000

SUBRUUT INE MOTU XMXM, YMYMFEER ¢ XCTFF oH o SNRRJDELTAF) . e e—e
DIMENSION XMXMCL ) o YMYMEL) oFFFF (L) WHEL)
DIMENSION DMDT{25) sDMRADL2S) . . .. . ..
DIMENSKUN XINPUT(L10),0UTPUTL(1D)
CUNMMUN ZSNRMOT/ZDXMTFL20)+DYMTFL20) . R
COMMUN ZDEVMODT/ZXNMTF( 20) s YNMTF(20)
CUMMONZNAME I Z7JFLLAGs JPRINTIUDTT sDETEMP ¢ DPEAKsF ACT+ IDELTRSIDELXS =
PIRUAX« IRDING LRMA X ¢ IRMINSLUPOsOQUTPUT s LMTAR XINPUT  XLTAR, I AFLG
CUMMOGH/NAMESG 7 Xwe LeaFi110) S0 aXNETaDELTAXADELTAY,EYETMAFRAHFOV S
IVEUV XMAGY KN ¢« XNSC o OVERSC o+ BRITE ¢ SRTAD sOISCoTAsTO ANGLE s (OMsFSTAR,
XL AMB Y TNUMB¢FOC s XK oF MAXF o Y o XYL oF MAX ¢ XSIGL S YSIGLCaKAsYAahlKs
JIUTAUWVELFELECT
DO 101 KKz}, 20 e e
OXMTF{KRK ) XMXM{ KK ) S XNMTF { KK )
DYMTF(RK iI=YMYM{KK) ® YNMTF{ KK) R e e i e
CONT INVE
AL2DELTAX/Se 0 I,
KXKx20
XSI0L=20.0 e
CONTYINUE
KKK+ 1 e e
XS 1DE=XS10E ¢ XU
YSIDL=XSIDE -
CALL XRINGIXCTYFF qDXMTF oFFFF ¢ 20 sH B o XSIDE sl s ANSs29140)
CALL XRING(O+QOsDYMIF iI'FFFe 200H18+YSIVEs2sANT salel) R
WP ANSZ72e O®ANT
CALL XRINGCC o Qs XMXMeFFFF a 20sHaB8eXSINE 2 s ANS 22210
CALL XRING(O Qs YMYMFFFF 4y 20 3 ¢B8eYSIDEs2 ¢+ ANT 02010
GO ANS®ANT
OMDT (K¢ )= XN t‘SNRIKSlDh/YSlDg/JQn‘(DELtAVCVEL.QD/DEL'AF’FR/EVE'”’O
LVERSC)®¥3Q0e¢D - e e
DM AV(KK )= 14 O/XSTIOE :
IF (KK sEQa25) QU TO 1063 e -
LFLDOMOT(RK) eGE Qe 00l eURsKKaL Tel10) GO TO IOZ
CONTINUL e e
IF(JPRINT(EWeQ) GU TO 1000
IF CIAFLG obide LIWRITE(627000) C el e
FURMAT(34(/) +3H ? | ¥4 410Xs 1SHMDT OQUTRUT DAY AW/ /)
WRITEL6484) e —
FURMAT(IH] s 4OH2REDICTED NlNlMUN DE‘EC'ABLE TEMPERATURE )
WRITE(O+8I)(UMRAV(L )sOMOT(L) ok =1 oKK) e
FORMAT(2Xys ) THXTARGEY SIZE<"~l.7&.3HNOI//(BX.Elo-J.Sx.thoJ))
CONTINVE I
RETURN
END

ek
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SUBROUTINE ATHMCRLUIVIS RANGE ¢ TEMP ¢HUMIDY ¢ WAVE ] ¢ WAVL24 IPRINTeIGU, IST
AATE ¢ AFCRL)

i
5
1

'

THIS SUBRUUTINE CUMPHUTES GHOUND LEVEL ATMUSPHERLIC TRANSMISSIUN PER o1 M1TCRUN
INTERVAL FOR ANY HANU HETWEEN 240 AND lwel MICRONSS 1T 19 A SIMILIFICDL 1
VERSIQON OF LOWVRANG THE AFCORL ATMOSPHERIC MUDEL AS UF JUNE iv74.

pnnnnnp

DIMENSION AFCRLUL161) IN THE CALLING ROUTINE.

INCLUDFE THE STATEMENT WITH ARRAYS UF DINENSIDN 9

CUMMON /SPCATM/SPCLAMSPCYRN ’
IN THE CALLEING RUUTINE. THESE Twl ARRAYS SUPPLY INFURMATLIUN FOWR UPTLUNAL
BEERS LAN QUMIINE Sa WHEN SUCH CALCULATIUNS ARE REWQJVIREDy SPCLAM{L) 15 AL~
WAYS EQUAL TO ATEW AND SPCLAME2) I35 ALWAYS & BLANKSe THE UTHER 7 ELLMENTS
ARE WAVELENGTAS BETWEEN 2¢0 AND 1640 MICRONS CORRESPUNLING TU ULATA IN
SPCTRNe FOR THE CASE OF A BEERS LAW ATTENUATIUN CALTULATION. SPCTRN(1L)
EQUALS TOTL s SPCTIRN(2) IS ALWAYS & DLAIKSe AND THE UYHER 7 BLEMENTYS ARL
TOVAL TRANSMISSIUNS PER KILOMETER FOR EACH WAVELFNGTH IN SPCLAMe  FUk THe
.CASE OF A REERL AN SCA TERING CALCULATION, SPCTRN(1) EQUALS SCATs spLTRNta)
IS ALWAYS &4 BLANKS: AND #fib OTHER 7 ELEMENTS ARE SCATTERING TRANIMISSIUNS
PER KILOMETER FOR EACH WAVELENGTH IN SPCLAM.  TOTAL THANSMISSION 135 CALCU- ;
LATED IN THIS CASE BY COMBINING THIS ROUTINE wiTh THE ATMCRL ABSORPTIUN RIU=-
TENEs ALL CCEFFICIENTS PER o1 MICRON INVERVAL AKRE OBT AINEOD 3Y LINtAx INTLit-
POL AT ION USING SUBROUTINE ALINEY. CONSEQUENTLY,s THIS SUBRUUTINE IS NOw AN

. IMTEGRAL PART. UF ATMCRL. ..

.

pPoNnnonANOON
]
1

O R eI

[

ARGUMENTS !
VIS = VISIBILITY RANGE IN KILOMEYFRS.
RANGE =~ PAVHLENGTH IN KILOMLTERS.
- YEMP. - _TEMPERATAURE .IN DEGREES C FROM —~29 DLGREES TO +48 DEGRELS.
HUMIOY = RELATEIVE HUMIDILITY AS A OECIMAL. 1
WAVEL = THE FIRST WAVELENGTH IN MICRONS FOR WHICH TRANSMISSIUN 13 RE-
QUIREDs 1T MUST 8 A MULTIPLE OF o1 AND CAN dHE FRUM 2.C TU
19¢9 MICRONS.
WAVE2 = THE LAST WAVELENGTYH IN MICRONS FUR WHICH TRANSMISSIUN (S RF=~
e ... QUIREDs LT ALSU MUST HE A MULTIPLE OF ,) AND CAN BE FROM 2.1
TO 1640 MICRONS.
IPRINT ~ A DIAGNOSYIC PRINT VAKLABLE WHICH CAN TAKE ON THREE VALULS?
0 OR BLANK = NO FRINYOUT FRUM SUBROUTINE.
1 =~ ABBREVIATED PRINTQUY LISTING INITLAL CONDIYIUNS AND
ABSORBER CONCENTRATIONS PER KILUMETER.
~ DETAILED MPRINTOUY LISTING INITIAL CONDIYIONS,
ABSORBER CONCENTRATIONS PER KILOWMETEN AND ALL (OM=-
PUTED CONSTITUENT THRANGMISSIONS.
IGO0 = INDEX USED YO DESIGNATE BYPASSING PARY UF THE SUBROUYINE wHEN
ALL CONDITIONS ARE THE SAME EXCEPY FOR THE RANGE ANUD/UR IPKINT,
IT CAN TAKE OGN 2 VALUES:
i e A AMSORRBER CONCENTRATIONS ARE COMPUTED.
2 - TRANSMISSION 1S COMPUTED DIRECTLY FRUM AHLORUBLR CONCENTRA-
TIONS CALCULATED FROM A PREVIWUS CALL TJ THIS ROUTINE.
INITEIAL CONDITIONS AND ABSORBER CONCENTRATIONS wilLi NOY ol
REPRINTEIDs BUY LF IPRINY EQUALS 24 TOTA'. AND CUNSTITUENT
TRANSMLI SSIONS willl YE LISTED FOR EACH o1 MICRUN INTLRVAL o
— e - AATATE = INQGEX WALICH KEYS SPECIAL CALCULATIONS. INDICES 1-4 ARE WAILIN
MUDEL Se THE VISIBILITY NEEDO NOT BE DEFINED FUR RAIN CALCULA-
TIONS SINCE L1T7 1S DEFINEDO IMPLICITLY IN THE INDEX.
WHEN J1 IS USEQs SPCLAM AND SPCTRN MUST 8EF FILLLD IN THE .
CALLING ROUTINE AND SPCTRN(1) MUST HE SCATa. WHEN 41 IS USED, .
THE SAME IS TRUE ONLY SPCTRN(1) MUST BE TOTL.
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Ol ~ LIGHT RAIN ~ 12 KILOMETER VISESLLITY D eam
02 - MQDERATE RAIN — 6 KILOMETER VISIBILITY

03 - HEAVY RAIN. - 2 KILOMETER VISLBILITL

G4 = VFRY HEAVY RAIN ~ 0¢5 KILOMETER VISIBILITY

sl - AEERS LAN SCATTERING —_
41 - HBFERS LAW ATTENUATION

IN ORDER TU APPROIIMATE THE SIX NMODEL AIMAOSPF 273 IN LNUTRAM. . INPUT TRE
TEMZERATURE AND RELATIVE HUMIDITY COMBINATIONS LISTED BELOW ALONG WITH A
VISIJILITY RANGE OF ELTHER 540 OR 23.0 KILOMET (RSe . m——— e

ATMAOSPHERE TEMPE RATURE(C) RELATIVE HUMIDITY . e e
U3 STANDARD 15.0 . . . .«4599 .. . e e
TROP[CAL 2604 o753
MIVDLAT SUMMLER 20.84 75 e -
MIULAT WINTER -1lel6 + 75
SUYARCTIC SUMMER 13.84 75
SUZARCTIC wINTE!- -1%5.06 - «T7S

am e e o e

THIS PRUGRAM DETERMINES o1 MICRON INTERVAL TRANSMISSION HBETWEEN 3.0 AND 16.0
VICRUNS 13 wlTHIN 3 PERCENT OF THE o1 MICRON INTERVAL TRANSMISSION CALCU~-
LATEU DY AVERAGING THE TOTAL WEIGHTED TRANSMISSIGNS IN "HE INTERVAL AS COM-
PUYTED &Y LOWTRAN AT ITS FINEST RESOLUTION. el MICRON INTERVAL TRANSMISSION
BETWEEN 240 AND 340 MICRUNS IS ALSO CALCULATED TQ NLITHIN .3 PERCENY. EXCEPTY ___.
FIR THE 240422 AND 245 MICHRON INTEFRVALS WHICH ARE CALCULATED TO WITHIN 646
AND S FERCENT ACZCURACY RESPECTIVELY QVER THE RANGE OF THE TEST VALIDATEION. .
el MICRON INTERVAL TRANSMISSION GENERALLY COMPARES TO WITHIN 1 PERCENT FOR
WAVELENGTH INTERVALS GREATER THAN 7.5 MICRONSs SOME MINOR ADJUSTYMENTS.TO
THE CL AND C2 AHRRAYS HAVE BEEN MADE TO ACHIEVE THIS ACCURACYe THE RESWLTS
OF THlS PROGRAM HAVE SEEN VALIOATED. TO Tt FOLLOYING IWNO COMDITIONSE . ... _
1 KM PATHLENGTH, 9 KM VISIBILITY RANGEs US STANDARD ATMOSPHERE
L5 KM PATHLENGTHs 23 KM VISIBILITY RANGE: US STANDARD ATMOSPHERE

DLIMENS!ON AFCRLL161) . - P - S
D IMENSION SPCL‘“(g}lsPcTR“(Q)CPL~7I(7,.PL"Z(’)

DIMENSION STORE(161)+AL7PHALG) «BETA(S) . o
VDIMENSION w(7) TX(B)EQ(T)

DIMENSIUN TR{OT7)FU{6T)FOLOET)Y» VADENS(69) -
DIMENSION Cl{141),C2(141)¢730730)CA(12)425(15)¢C7(28)sVN(28)

DIMENSLUN XNAME(H) .. RN _— e mmim i e emie ememimen
CUOMMUN /SPCATNISPCL‘KOSPCTRN

DATA TESTLI TEST2.TESTI/ZAHTOTLeOHSCAT 4HATEN/ . U
DATA ALPHA/12¢04640¢200+0e57 '

DATA XNAMEZ4HLT +AHRAINIGHMOD s4HPAINsOHHVY s4HRAINaAHYHVY s AHRAIN -
A/

DATA TRV . .o . - e e e e e e e e e e
1 0999y 0e998¢ 0,961 06998,y 0:992¢ 0.990¢ 09804 09700 0960,

2 0a950¢ 04940y 0a930¢ N:920¢ 0¢%10s Da9C0s 0e8HO W DaBAGe QsRGN, e
30e82Cs 04B00s Oe780s 0s750s 0eT4S s Ga7200 02700s 04680 04660,

4 0,640 006200 Q0¢500s 005800 0-5600 065400 25200 03000 0080, . .  _ .
S0e60s 0440, 0e420+ 048000 04380+ 063600 006340 06320, 0+300,

b 0e28Cs Ua200s Da240s 00220 02200 NalB0s . QeiHi0a 0aldQs 04120 .

7 041000 0s080s 040609 0e040s 040309 040200 050156 0+010¢ 0,008,

8 040000 04008y 00024 0.+0017/

DATA Fw/

E=2e3468:=-2¢013629-1e¢69901-1e95150=1¢3279¢=1020070-07825:~0:5229»
$8-0+34680=0e1938¢~0¢0655y 004144 043539 02430 033269 00,4342,
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TR TR, S

pvs

066128¢ Ce7243¢ 00820610 0021910 1400000 10792¢ 1eltdla 162122
142672 1632080 1638924 10644090 1609555 1e34481 s 159066 1,6435,
1e0857s 1073400 17782 1e3201s 16809206 19191 ¢ 19038y 2.0086,
2000076 221038y 241401 2413875s 2623000 227930 23263y 243717,
28183y 24098y 2651599 24aD7400¢ 20288 s 246902, 27359 2,826
2¢9031y 3000000 3606007, 301861e 3Io2081 ¢ 3,27108s 3e3054s I.Z484,
3¢3979s 346918 3.5682/

DATA FU/

B~ 167781 =101398¢e=101192:=Ce95084-0+8239¢-0e72580=Ce3180¢-0:2366,

$=0e1074¢=040 ¢ CeOYOIs Col701ly 062304 0630100 Ce35H22¢ Qo024

CoE R R

* 0u3d3H03e Ve0®3Ds CeT7243¢ Ca?7924 % 283730 Co9191e 0a9731s 1.0253,
2 140719 1611730 1616140 1e62C33s 10248Ce 122900¢ 143263y 1.3617,
€ 163979y let 93¢ 104698s 164983 133140 1656426 1600219 Leb335,
€ LleBT21le 1670700 1674820 167928, 1683254 1+8805s 19395 20000,
¥ 2.00607s 2012008 219030 2025529 2033850 24 313¢ 2051854 Ce6435,
B 270930 249777s 301072 3625530 3¢301Te 3647710 35903 36233,
9 370760 33325 3a934d/

UVATA VADENS/

1 «c 436 542 e592 D4 o eTGH «TO8 «836
2 « 909 ¢« 983 1+076 1e 165 o 1s204 16367 o 1.483 ,
3 16035 1e736 » 1876 24026 FER Y- 1 24358 2541
o CeT37 2e946 30 i69 o 3407 3490 . 34930 o 4e217
S 4+523 4o U47 o Se192 56559 SeI4T o 6e360 0e797 »
[ Te 2060 Te?50 Be270 » 86819 6399 4 10.01 s+ 10e06 .
7 11635 v 12607 s 12813 s 135013 s 14484 » 15037 v 16021 .
8 17.30 s ldeda e 19443 s 20453 v 2178 ¢« 23.C5 ) 24.38 ’
9 ¢S.78 s 2Te24 » 28478 s 30038 s 3207 » 3383 v 35.08 .
sy 37.01 s 39.063 » 4175 1 43.96 e 40.20 v 48.67 /

VATA VX/

1 240 ’ 23 . 247 . 3.0 . 3e2 [} 343923,

2 3.5 N 375 440 . 445 v 55 . 6e¢0 .

3 [- X% . Te2 . 79 . 8e¢2 ) 8.5 . HBe7 M

L 90 » s ] 93 ’ 1040 . 104391 1)e9 [
5 1340 . 14¢38 . 15.0 . 17.2 /

DATA Cl/

I OaP7e=0a439=0el189~1e35s 04599 26240 4438 44109 3659s 24510 2417,
2 202Gs 2602y 1971 16289 Qeti2y Co56s QedSs 04089~CalS5s—2e52¢=2¢51),
J=1e8439=0468s 0e'ls ColdB:s 0e58: LeOle 122 1e72¢ 2¢15¢ 2¢370 275,
4 2o78By 3621 3031y 3eB34 40085 8¢ .70 20484 #0200 9023y 34309 Se3D
5 84260 A4:509 6029 4,225 8002y 3:800 IJo69s 3657+ 3e57¢ 34236 291
6 20730 2e8ly 1491y 26000 16999 191 s 1020 1189 0et8By 0719 Ca?5,
7T 0aD4s Te22s 0602¢ 0400¢ 0029y Oall s~0e273~0e13s~-0e35s~0022+~0e33,
B=0ei991~0QelBs =021 1~ Ce809=0¢829=C051 =037, 0039¢=C 250¢~0.6Cs~0c88,
=0 e774=0e39e=00800=Cad8s-0s42¢=0e313=0635¢~0e37+s~Ce03s 0409y 0,08,
13~00010=00219-002Lls~0¢08s Ce32¢ Qe¢03y 080 04834y OeTdy 0+67» 0652,
I Oe51e a3y 04539 0,860 099y 0a79%¢ Va7l 0604 049y 0ebYs 0o8Y,
2 lol2r 16360 10595 14530 1647 14333 1621, 1e1By 1199 1elBs 125,
3 1e25s 14309 10399 1e5Sle 171 Le80s 1800 Lod3y leBav
DATA C2/

1 0¢335~ e78s=5¢000-50000~54000=30851~ 3049 Je19y 2e319=Ce51¢-2420,
2542303 =0e009 0a32s5 0e239s=1¢53¢=1:s8389=2a87 01251 s=0040e=2e¢16s=1020,
J 2450 4¢0lr 2¢989 106919 Oe20=0e81 s=0eCB =0 eI o=3elVo=le914--00e03,
4-2e014=2e83.~5e001=0¢09~54C00s=5¢00+~5¢000¢=5e000¢=2e03s~1e71v-2e27¢
S=2e8s=1038e~209F1 2889 ~10949~1009¢-2400¢=540Co~1e39e~0s12¢ 0e02,
6 C.7dy O0eBIs 1688¢ 10080 16070 0eD79s=06e01 s=0068s=1lallo=1ulSs—1e2i
T=10200~10139~1689¢=2e589~3¢27¢~2e¢11 s=1407¢=0s79 9= s379=0e91¢=1618,
B=1e591=2e09r “daTlr=2e5 s=10B6s=lallo=1e019s=10109=1eCPho=14V30¢=10a32,
Q= 1e?11=2e19:,-26471=5e001=56C23=5eD04-5¢20 1230041300 0e=5e¢001v=2e91L¢
1=2e723=2e519=-26101~1e869=10610=16184=1e0D¢=0e830=0e810e=0+7849-0453
10el7s Q0230 0By L1eD8s 1o97s 1e33g 1e774 LAYy 2e01ls 24179 2ad1
2 20320 24730 2480y 301 7s 3s38Be 3a98s IeTIs 386y Ie3y Ie36s a7
d de790 3009 JeS5S0s Je37¢ Jal2¢ 20900 249Ce 2672, 2-3517
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CATA C3/
1=2¢139=0676s 0089¢=1009+~5000¢=0¢192=0e989=5e204~52C00 =L e00s=5+00,
25400454000 ~30e0T0-10262-0640¢ 16230 120004109 =CoebUs=1e59e—10e98,
3= 1e779=0e901=00681-0e849+=0e80+4—0s189s-0e33¢=1 ¢26s=1eBL~3¢054-5400,
4-30000-5000:0-54000-5600,-50008-5:004~56001~2e009=5e03s=3e¢CCe~5e00,
5=5e¢000=3¢00+=56000=44169=3,00s-2¢46¢=16904s=1e33¢=0e39+-0e81¢-002,
6 Oel%s 0248 04585 06539 0e36e 06300 0a443s 1401e 2607 2e82¢ 24959,
7T 24700 2480s 258y 2623y 16909 10301 0653434089 =0e08+~1e20¢—1e78,

Bo2e813=30143-30501-40409=50C00-50901=5e00+-5e00+1=5e¢C0+=5e20¢~-540C,

9=3e981=3459¢=Ce 83120471 -20110-1680s=1017+=)e88s=%e51s=0edHec¢=0old,
s 0a402¢ Qel@s 0el6s Os49Zs VadP0 0556+ O0ebOHys 0e78,y CobCy QeB3s Ooeb3y
] Oe79¢ 0e0B8s 0664y 0408y Ca?2y 0a700¢ D¢79s 0e72¢ 0e55s OebBe 06520
2 0e52s 0043y 0032s V249 0el2¢ Ced29 0el23=00e1Ce=0es29/

DATA Cars
13630E-04101o706~0397400E-C303610E-02+18265t-02¢1ellb=U19lebOb~C1,
27eB3E=02+8¢60E-02+2416E-0242436L~03+386E-04/

DATA CS/
120e7 42007 41440 9107 4 9024 7.080¢ 068 SebHe Selés Sells Se34,
2 534y 3309 le7Jds 0,00/

OATA C7/
L 40351 ¢ 02606 v 0267 ¢ 0224 «0215 «0209
2 + 021 (] e 0193 » e 0LB2 «0lo? e 0136 Q119 o
3 0121 » 20133 o 200784y « 00809, 20153 :0219
L) « 0238 « 0235 « 0185 « 0157 20135 00122
° « QU938 200827, «0IC1 o e 011 V4

IMA=<LF IX({WAVEL#.005)%10.)

IMO= [FIX((WAYER2#+eCOL)%I0,)
LF(SPCTRN(1)eEQoTEST1e0ReSPCTRNIL1)eEQsTEST2) GO TO 150
IFLIGUEQe2) GU TO 7

IF(ISTATESGE ¢ L e AND o I STATE WLEe%) ViS=ALPHA(ISTATE)
RELHUM=HUMIO Y

XTEM=TEMP

IF(XTEM)445: 5

KEP=30-IF IX{ABSI{XTEM) )

PIE=VADENS(KEP )+ ( XTEM=IF I X(XTEM)) #( VADENS( KL P)~VADENS (KEP~-1))
GO TO o

5 KEP2JO0+IFIX( ATEM)

PIE=VAUENS(KE9)O(XTEM-IFlx(kTEM)).‘VADENS(KEPfh)—VADENS(KEP))

© IF(V1SelteleOs RELHUM=],0

7000

SHIRELHUMRPLLE
XTEMEXTEM+273.16

PPWz 44 356E~ QOSWHE XTLM

HAZE= 70023 ¢04/V1S5-214,443
WO=0,54000E- 00

TS5=273+106/XTEM

0=20. leWH

w(1)aDETS*%0445
wW(2)=T5%81,375
WlI)=2R0+H067eWUETSE80,2
Wid)=).dsT5¢4},5
WiL)=(PPReQ, 0058 (L e~PPu)) oD
w(oI=TS

W(7)=3,5336E~048HAZE
IFULIPRINTLEQ.0) GO TO 13
XTEM=XTEM-273,10

1F (JAFLG <Eude L)ARITE(O47000
FORMAT L IA( /70 95H * 1% 353 10Ke JBHATMCRL UUTPUT UATA /7))
WRITE(6,200)

wRITE(6.,201)

WRITE(G,202) WAVEL,wAVEZ
WRITEC( 65 203)V)S

JIE2RISTATE~

I T N S TR AL E A R AL VU




IF( STATE«GTe0+sANDISTATE«LTe50) GU TO 2
WRI1TE(6s21&)
GO YO 1
2 IFCISTATECLTa30) WRITE(6¢21 i) XNAME( JJI) oXNAML (JJ+1)
IF(ISTATEeEQe31) WRITE(6s213)
1 wRITE(6,204)RANGE
wRITE(D, 205) XTEM
WRITELDy206)RELHUM
WRITE(6,207)
WHITE(D,208)(WIK)IIK=147)
IFCISTATE«GT o0 ANDSISTATE «LT50) WRITE(04217)
13 COUNTINUE
{CUUNT=0
7 COUNTINUE
DO 9 F=i.7
9 cU(I)=w{])®ANGE .
PO 10 [=1lsl01 ;
10 AFCRL{L1)=0.0
[ICUUNT=0
GJ TL 11}
c ROUTINE FUR USING COUNSTANT SCATTERING OR ATTENUAY LUN
50 IF(IGUeEVSZ) GU TU 153
OU 151 I=1.7
PLAY YL )=SPCLAM(T+2) '
151 PLAYZ2(1)=SPCTIRN(I+2)
VU 132 JzIMA,IMU
ALAMDA= . 1%y
CALL ALINEY(AAyXLAMDA sPLAYZ ¢OPLAYL +7)
IF(AAGTelol) AA=14C
[F(AALWEs0.,0) GO TO 15%
STURE(J)=-ALUG(AA)
GU 1O 182
155 STORE(J)=999,
152 CONT INUE
153 IFISPCTRNC L) +LQe TEST2) GU TO 3
IFUIPRINT«EQ.D) GO TOD 13%
IF CIAFLG +EQe 1) ERITE(647000)
WRITELL,218)
IFUIPRINT +EQe2) WRITE(H 214)
1o0 DU 1584 I=IMA,IMO
MLAMDA= 1% ]
AFCRLLI-IMA+LI=EXP(~STORE( L) *RANGE)
IFLIPRINTV e iiWe2) WRITE( D9 215)XLAMDAZAFCRL(I~-IMAS®L)
194 CONT INVE .
W Tu Yo
HEGINNING OF TRANSMISSION CALCULATIUNS
14 DU 2C I=IMA, MU
XLAMDA= . 1% .
WL=1s0Ew/XLAMDA )
L=wi
LisL/S
iv=5%L ]
XL=1lvV
IFClal~XL) ¢GToa2e5) 1V=LIVES
IF{ ICUOUNT «EUL0) GO TU 15
IFCICUUNTLEQeS0) GO TO 15

'l

GO Tu 1o o
it I[CJUUNT=Q -
IF (IAFLG oEWe 1 «ANDe IPRINT oJEUe 2)WRITE(L+7C0C) 4
IF{IPRINTAEU2) WRITE(64+299) N

16 5UM=2040 Wl
DU 17 K=1+8 b
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17

20

22
23

24

25
26

30

40

4\
42

@3
(33

51
52

53
54

TX(K)=0e0
IF(K el Tod) TX(KIZ1,0
CONTINUE . e m e e e P em e = e
ICOUNT=ICOUNT+}
IF{WLelL.Tc1400s) GO TO 20
IF(WL oL.Te2740) GO YO 30

MOLECULAR SCATTERING
CO=9+BOTE~20%(WL**4,0117)
TX({a)=CoEEQLS) __ . ..
SUM=SUMETX(6)
GU TO 40

WATER VAPOR CONTINUUM

IF{WL L. Te670s) GO TQO 40
IF(wlLLT.7000) GO TU 25
X1=(W.=T00e)/7500%1,
DO 22 NH=1,15
XH=X1-FLOAT( NH)}
IF(XH) 28,23, 22
CONT IWVE
TX(SI=CSINH)
GO TQG 26 . - - e e e e e e
TX{S)=CSINH) ¢ XHE(CSINAI-CS(NH=-1))
GO TO &b
TX{S)=(WL~06T 04 )*#0.E9
TX(32=EQ(5)eTX(S)
SUM= SUM+TX(S)
GU. TQ 4Q

|}

NITROGEN CONTEINUUM
IF(WleLT2208Ce) GU TU 40
My=1-36
TX(4)xCA(MY, 2EQ(SH)

SUMa SUM+T (&)

. . WATER VAPQR _ _.
K1=1
IFLEQUL el Tel «0E-2C) GU TO 44
MY=[-19

WS s=ALOGLO(EQ( L) I+C I(MY)
IF(WS1LTe~223463) GO TO 4o
IF(W51¢GT 23¢5082). 60 1O 43
IF{w3S1eGTe2:0) Ki=40

DO 41 K=K1+67
IF(WSlelbsF(KD)) GO TO 42
CONT INUE

YXCL)ZTRUK I ( TRIK=5)-TR{K)} #{FW(K)-WS1 )/ (FU(K)~-Fu(X=-1})
GQ TU 4 . .

TX(1)=0.0
CONTINVE

UNiFORMLY MIXED GASES(CO2)
Ki=|
wS2=ALOG1O(EQC2))eC2(NTY)
IF(w52.L.T75-223408) 60 . TU 8¢
IF(%52.GT«3.5682) GO VO 53
IF(d52eGTe2:0) Ki=4AQ
00 31 K=Kle67
IF(4S2+LECFU(K)) CO TO S2
CONT INVE
TXL2)=ZTRIKIEE TREK=-1)-TR(KD ) C(FN LK) -US2IZ(FUCK)-FRIK=12D
GO TO 5e
TX(2)=Ce0
CONT INVE

OZONE

IF(EL«GTe3270+) 50 TO 63
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1]
ol

62
63

169

100

107

120
130
140

b6

——

Ki=1
MY=[~J40
IF(EWE3)elTeleO-20) GU TU 3
wS3=AL0U10(cal( 3))eC I (MY}
IF(AS3el.Te=1e6778) GU YO LI
1F(WS5340Tade93d43) G TO w2
IF(aS53¢GTalabd) Ki=30 .
DO 65 K=Kl 467
IF(WS3eLECFOUIK)) GO TU bl
CUNT [NVE
TX(3)2TRAML)I=-(TR(K)=TR(K=1) ) *¥(FU(K)=wsI)/7(FUlR)~FLI(KR=1))
GU FO 63
TX{3)=C.0
CUNT INVE
AEROSOL EXTINCTLOM
AX=) 40
IF(SPCTRNL 1) EQ.TEST2) GO TU 190
DU 71 N=1,28
XD= XLAMDA=VX{N}
FF(XD)IT2e710 71
CONT INVE
XKX2CTUINI*LCPI(NI=CPZIN-1) ) EXO/CVRINY-VXIN—-1)})
TX(7)=XX®EQ( 7)
IF(VILWLF ele0) GO TO 100
SUM=SUM+ L X(7)
Ga TO 8S
SUM=SUM~TX(¢&)
TX(6)=0.0
TX(7)=STORE( 1) *RANGE
SUMS=SUM+TX(7)
GuU Ty 86
UG MODLL
RASS ¢ N2 XL AMDA+ 4952
LF(XLAMODA LT ¢240) RAP=QLC
TL=23e912/VISREXP (~a A COSVI ST A1 HE{(XLAMIA=435)/ 40D ) ) ~TAP
T2=TLZ#RANGE
IF(TZeLToTX(7)) GU TU 1CT7
IF(TZ LT a0eV) TZ=0.C
TX(7)=TL
SUMZ SUM+T X 7)
GU TO 2O
IF(1STATEeUL o L eAND S ISTATE L o%) GU TC L1 D
IFCESTATE oLE 48) GO TU 1220
IF(ISTAVE Al a4 12) GU Tu 130
GO T o
RAIN MGLCL
TY=0.0
IF(ISTATC et Rul) TYZQJ268KANGE#TX(7)/70U(7) FRANGL &) o3
IFLISTATE ¢£Qe2) TYS0H52%RANSE+TX(7) /LW T ' ¥RANGL®4 o Cu g
IF(LISTATECEGe3) TY=1eQ50RKANGE®TX(T7)I/ZEQ(7) B RANLER]1 2, 2Y 0
IFCISTATE oL Qe TYZT7B248NANGF#TX(T7)/7EU(T7) % RANGE*G4U sG] ]
SUMa2SUM~TA( 7))
TA(T7)=TY
SUMa SUM+TX(7)
GO TO 86
CUNT INUE
CONT INVE
CONT INUE
TUTAL THANSMISSIUN

TX({3)=SuUM
PO 80 K=4,5 ,
IFCTX(K)eLE «CWe0) GO TO 81

L Dt s

YRS A




IF(TX(K)eLEGel) GU TU 82
IF(TX(K)eGTe20e) GU TOU B3
TXIKI=EXP(-TX(K))

G0 7O 80

81 TX(K)=1.C
Gu TO 8V

82 Ta(KIZ1e0=TRIK)I+ 025 TX( ) *TX(K)
sJ TO 80

83 TX{(K)I=0.

80 CUNT INUE
AFCRLEIISTRCL)I& T {2)%TX{ 3)*TX(R)
IFCIFRINTGEQe2) WRITE(O64210) LVeXLAMDA JAFCRL{T) o (TX(K)sK=147)

99 CONTINUE

ILT=IMU-IMA+]
VO 45 [=2lILT
99 AFCRLOIISAFCRL(IMA-L¢])
9b CUNTINUE
200 FORMAT(70H FAST GROUND LEVEL VERSION OF AIR FORCE AVYMOSPHERIC PROG
ARAMyLUWTRAN [Le/77)
201 FORMAT (10X 427H19062 US STANDARU ATMUSPHERL)
202 FURMAT(10Xs14andANLOWIOTH oFdel o3H ~ sFG,41+32H MICRONS IN o1 MIC
ARON INCREMENTS)
2032 FURMAT(IOX 1 9HVISIBILITY RANGE # +FS5a204H KMy
204 FURMAT(JOX 3l 3HPATHLENGTH # +Foel¢liH KILOMETERS)
205 FUIIMAT (10X s L4HTEMPERATURE # oFbel o1 O0H DEGREES ()
200 FORMAT (10X o20HRELATIVE HUMIDEITY # (F@we2/7/7/7)
207 FORMAT (11X 482HEQUIVALENT SEA LUVEL ABSORHELR AMUUNIS PER
TOHK JLOMETE R 792X FHH U VAPUR ¢2K+8HCOZ ETCe 94X e DHOZUNE »
237 v BHNZ2XCONT <3 2 Xy IHHZ2OXCUNT Col X o BRMUL « SCAT ¢3X
I7HAERUSILsZ 03 Xe THGM CM=2 30X s 2HKM X yOHATM CM,
GOKy 2HAM THGOM CM=29 5X 0 2HKM 8 X e2HKM /)
208 FORMAT(IXe7(2h.863))
209 FORMAV(IHL +S5H FREQ«ZX+0HLAMBOA 42X s 3HTOTAL ¢ 3X o
13HH200¢ 3K AHC 0269 3X9 SHOZONE o I X yOHNCH#CNT y I X o
27HH2U=CNT s 1 X s SHHMCL SCAT 41X+ 7HAERUS0L ¢/ v2X o
JA4HCM =19 4Xs 2HUM s Xy SHTRAMS sS( 22X 4SHTRANS) 214X o
4SHTRANSs IXsSHTRANSY
Z1C FORMATLLIX 2 [0 sb( 1 XoF0ed) s2(2XeFBeN) 43X eF644)
211 FORMAT(10X+21HWEATHER CONDITIUN IS +24A4)
212 FIORVMAT( 10X .20HWEATHER CONDITIUN IS CLEAR)
213 FURMAT{10X+28HBEERS LAw SCATTERING ASSUMED)
214 FUPMAT (10X 421H WAVELENGTH TOTAL o /714X 7THMICRONS ;33X s SHTRANS/ )
2i9 FURMAT(11X,2+%e4)
216 FOQRMAT (1 0X29RDEERS LAW ATTENUATION ASSUMED//7)
217 FUORMAT(119H0 THE SCATTERING EQUIVALENT SEA LLVEL ABSORBER AMOUNT
AS ARE NIT APPLICABLE TO THE FOLLOWING VYRANSMISSION CALCULAT JUNS.)
RETUKRN
END
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: SUBROUTINE MODTSNRC XMXMeVMYM FFFF ¢ XCTFF oH ¢ UELTAF ¢ RANGE s TRANS » 5PRUB.
i 1SNET 40} !
' —— —DIMENSION XMXMEL)aYMYMLLIFFEFLIASHLL) o . : :
DAMENSION QUTPUTLL0) « XINPUT(10)
DIMENSION ROSSNR{11) «PROBD(11)
COMMON /SNRMOT/QXMTF(20) +DYMTF (20)
COMMON/NAME3/ZJFLAG e JPRINTADD TTcDETEMP sDPEAKeFACT ¢ IDELTR s IDEL X
1 IRDAXs IRDING IRMAX s TRMINSLUFQOUTPUT s XHTAR ¢ XINPUT ¢ XL T ARs L AFLG
e COMMOM/ZNAMESAZ XWr LWeF(10)oSL10)aXNETaDELY AX4DELY.AY EYETMsFRaHFOVS
LVFOV ¢ XMAG s XN s XNSC s OVERSC BRI TE+SRTAD ¢DISC ¢« TA 4 TO « ANGLE s MOM FS T AR
2XLAMBe FHUMB s FOC o XK ¢ FMAXF ¢ XY ¢ XYL s FMAX e XSIGLSs¥YSIGLS o XAsY AsKKK o
310TAUSVELFELECT
DATA ROSSNR/5¢50801063a703030¢30102eB026502¢302a001¢5:0007
OATA PROBD/10¢0000900080¢0e7¢00600650004,:0634042:00.10060¢
£ IF {IAFLG EQa_ J1MRITE(6,2000) _ U . o
7000 FORMAT(3A(/) +5H *|%4;10Xs 1BHMDOTSNR OQUTPUT DATA.//)
c IF ( IAFLGC oNEe« 1)KRITE(G4IL
XSIDEXXLTAR/RANGE , {
: YSIDE=XHTAR/RANGE
: - TAMRD=XSIDESYSIDE
, 1 e IDSDETEMPRIRANS. — - . e
i c IF ( IAFLG +EQe LIWRITE(647000)
[ : CALL XRING(XCTFF ¢DXMTF ¢FFFF s 20sH+03 e XSIDEs11ANSs2v140)
: CALL XRING(OeODYMTF oFFFF, 204H s8¢ VSIGEs2sANT 424140)

ki

C IF (IAFLG +EQs LIWRITE(G,7000) )
QDEANSZ2408ANT :
e CALL XRINGUO Q2 XMXMFFFE o 20:Hed s XSIDES2 s ANSs203a0) . . . .. .
CALL XRING(O+sOs VMYMoFFFF s 20+H1BoYSIDEL20ANT420140)
QQD=ANS ®ANT 1

§ DTOETAMRO ®QQAD/SNET#1+0/({DEL TAYKVEL 2QD/DELTAF/FR/LYETM/OVERSC)#8.5
CALL AL INEY(SPROBD+PRIBL ¢ROSSNKKe11) b

IF(SPHOBWLTe0eN) SPROB=C.0 ]

L AEL SPROBAGLw1r0)SPROB=1ed . . ... . .. .. . . : .. :

RETURNM

END

s i e

e LW s B
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SULHOUTINE VFAULTY (FREQ.AMTF 11 +KK)

GIMENSTIUN XOH(E3C)sDOT(0) +TSE(S0)s 5SEIS0) +SOME(SO) « XFRW (S0 ) 9y DRTX
1(oV) e FFT(R20) s RAXRT(20) oFREQ(20) o XMTF{20) o XUMIF (20 XGHNMTEL20),
2XOMTF’ 1) e XUPMTF (2C ) sELMTF(20) +sBAMTFL20) + XTVMTFL20) ¢ XEMTF(20),
AXNIMTIF 1 SO) s KMTFLS(20) o XKEYMTF{20) ¢ AXMRT(0)

DIMENSTON XINRPUT(10) QUTPUT(10)

CUMMUN/ZNAME L ZXDK JDDU T o TSE ¢ SSE s SUME 1+ XFRWeDIRTX e DEVEM oFFT o XXXKKT
CUMMONZNAMEZZXUMTE ¢ XGHMTE ¢ KDMTF ¢ XDPMTF oL LMTF BMTF 4 XTVMTF o XEMTF o
LAXOSMTF o XMTFL Lo KEYMTF o e e m—— ——
CUMMUN/ NAMESZJFLAG s JPRINTWODTT yOETEMP JURPEAK ¢ FACT + LOELTRy tDELX
1 TRDAXs IRDINe LidMAXy IRMINSLUPUSOQUTPUT s XHTARSXINPUT o XLLT AR I AFLG
CUMMON/ NAMESZIRKUUNT

C IMMON/NAMEOZDXDR(50)sDDTL50) +DDRT X 50)

IF(23aEUele0aANDe28.EQs10)GU TU BOOSB

I LAFLG eNE o 1 InRITL_(6,88010)

IF (JAFLG ot Ue 1)IWRITE(G647000)

FURMAT(34( /) o0oH *| %4 4 15X s 1IHUUTRPUT DATAW//)
FURMAT (1ML oL IHOUTRUT DATAZ//7)

[FOIKUUNT o GT ol e ANDG JFLAG oL WD) GU TO 8007

WRITELO+B020)

BCZS FOIRMAT( jH 222X s 31HX MUDULATI.N TRANSFER FUNCTIMONG/Z/Z) .

wRiITeE(oe8029)

W ITElOeB8CR0IFRLQUI Do XOMTE(, s XUBMYF (1) o XOMTF{L ) e XOPMT (L) sELMTFL
LUDoHMTFCTI) o XFVMTRE UL ) o XEMTF (L) s XDSMTF LTI ) o XMTFLSUT) s AEVMTF(T) o 1= 00 2C
2)

ACZs FUKMATOLIH » GHFREQIXsOHOF TICS» E X eSHGIM UK 1 X e SHUETEC » 1 X4 SHUSPNS
LalXy oHELELCT o I Xs HH3JOST o1l X e SAVIDCONI2X p IMLEL ¢ 2 X205 1DSPLY. 22X 2 3HLOS s 9 Xa
2IHEYLZZ)

BCJI0 FORMAT( I XeFDe2ei1lFGe?)

IFLIAFLG oNF o 1IWRITE(6,8C10)
IF (IAFLG oEUe LIWRITE(6,7000)
wRITE(6,8040)
8087 FURAAT (LIH o 35H5YSTEM MIDULATIJIN TRANSFEKR FUNCTIQN)
WHITE( Oy LOHLINFRFA(L ) e XxMTH (L) oI =1 42C)
AOU3Y FORMATUIZ2X s 8HFREWIAXRWDIHR MTF/Z7/71uX e 2a29F1302))
4008  CONTINUE
IFCIAFLG oeNt. o 1)WR]TE(ONBVL1O0)
1 (IAFLG ostwus 1)WlITe(6,7C)0)
AarITE(Ly8060) -
d060 FURMAT(IH +4CHP~EDICTED MINIMUM RESULVABLE FEMPERATURE)
WRITE(Ded)7O)(FF T(L ) o XKXXRTILI Dol =1420)
BE2C FURMATILIH o4XedtHFeEUde 19X e SHX MRIT/Z/(IPELIZ2e30I PRl e3))
IFCTARLG oNL o Lduxl YL (0neHCIO)
MCO7 CUNTINUE
I (EAF LU ouwe 1) WRETELOQW72LQ) - e e an
wRETE (D uNEIIDE TEMP i

A0H5 FURAAT(LH 29 XedHUELTA T#,E1Ce3) :

wRITE(6,3090) :

EO90 Hdre YOLIH o23Xe21HOE FECTIUN PERFURMANCE/Z9 X 15 HNFOV PLFURMANCE)

WRITL(O«BI0II(XORK(T)eDUTEL) WDORTX{L) el =1011)

BIC0 FURMAT{SXyDHRANGE yS Xy ' SHTRANSMISSIONSXe L1HX DETECTIUN/ 32X s L1HPRUG
LASICITYZ( 3 XeFSe2ek 19Ha2eF1762)) |
witlTE(O4BL1D} !

8110 FURMAT(/Z4 1t DX J6NWFOV PLRFDORMANCE) ;

WRITECo AL O MEXORUID)DOTIEI ) o XFRW(TL) sl=1s11)
IF(IAFLG oNc e 11 aRITE(0.H010Q)

tF (IAFLG oMEs 136U T3 200¢

WRITUL D ?7GCD)

wRITE{ns BCRO UL TEMP

2.9 wRITE(wsal )

8120 FURMATULIH +9K023HRECUGNITICN PFRFURMANCE /75X 27HPUWER DEPENDANT PER
LFURM ANCE )

S~
LA &
-3
oo

g W07 25 W

o G bt i s S
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ARITE(O,8133)(ORORLEIvLLUTII) UORTXLT) s I =] 4KK)

B139 FORMAT(5Xr SHHANGE 1 HX o L 2HTRANSGMISSTUN+5X ¢ LIHX RECOGNT TV IUN/Z 33X s 1 1HPR

1c

[ )

30

LYY

50

€0

70

1UJABILITY/ZZ0 DR FHeReF 1 302+F 192))
RE TURN
INL

SUSRUUTINE ALINEY(AAsBBeA B eN)
DIMENSIUN AC13.B(1)
IFC B(1)eGTae BL2)) GU TU 2
IF(BBRLEBLL)) GU TO &0
IFI B +GE3(N)i GO ¥O 50
LF=1]
LL=N
CONTINVUE
Jzf LLLF )/2
IF(Bl.LTtilJ)) CU TO ¥
IF{BB«GE i J)) GO YO 15
LL=Jd
IF(LL=1+EQeLF) GO TO 30
GO YO 10
LFE= 2
LF{LF+lec@ellL) GG TO 340
GO TU 1¢

AA=A(LF)O(A(LL)-A(LF))/(n(LL)—d(LF))l(ud~HiLh))

wE JURN
AATALL)4CALL)=AC2) D701 )=3{2) ) ®(dB=a3(1))
RL TURN
AA:A(N)G{A(N-X)—A(N))/(B(N-l)*b(N))‘(nn"H(N))
Re T URN

IF(AALEsH(1)Y GO YU &y

IF(OBeLCoeb(NY' GO YU 20

LL=t

LF=N

COMTY INUE

Ja(LLeLF)/2

It(bdelTar(J)¢ GU VU ud

IFLuB.GTeBl{ YY) €O YO 70

LL=Jd

IFCLbtletir ) CU TO 34

GO T ¢0

LE=Jd

IF(LF=ledWebllL) (11 TOU 3&

G YI 60

[ AR
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SUBROUTINE UTFElHe Y2 NDIM)
SUBROUTINE QTFE
PURPOSS
TO _LMPUTE THE VECTUR OUF INTEGRAL VALUES FOR A GIVEN
EQUIDLSTANT TABLE OF FUNCTION VALUES,

JSAGE
CALL QTFE (HeYeZsNDIM)

DESURIPYTION UF PARAMETLRS

H - THE INUCREMENT OF ARGUMENT VALUES.
Y - YHE ANPUY VECTUR OF FUNCTION VALULS.
I3 = THE RESULTING VECTUR OF INTEGRAL VALUESe £ MAY UBE

IOENTICAL wlTH Y.
NOIM - THE OIMENSION OF ¥YCCTORS Y AND Z.

REMARKS
NQ ACTION IN CASE NOIM L:SS THAN L.

SUBRUUTINES AND FUNC TIUN SUUPROGRAMS REQUIRED.
NIUNE

METHOD
BEGINVING wiTH 2(1)=0+ EVALUATIUN OF VECTOR Z 1S DONL BY
MEANS UF THAPEZOIDAL wULL {SECOND OWDER FCRMULA)G
FUR REFERENCE. Sck
FBaHILDEBRAND, INTRODUCTION TU NUMERICAL ANALYSIS,
MCGRAN~HILLe NEW YURK/ZTORUNTO/LUNCUNs 1956s OPeT49e

G 00 0000 P00 080000 000C00A00SRRBTAGANSIBTBOEEOESOIIsentandndotatagsintasse

F U S

nnnnnnnnnnnnnannnnnnnnnnnnannnnpn

QIMENSTUN Y(1)e2()°

C
SUM2=Q.
IFINDIM=1)4s 3,41
1 M= o SR '
* C .
C INTEGRATIUN LU

DI 2 1=2sNLIM .
! SUM I =5UuM2
SUM2=3UM2etiHE(YLLYEY(I~1))
ZLI~-1)=35UM1
3 ZINIIMI=3UM2 i
4 WRETURN !
LND

r

IRM Application Program. Sys'em/360 Scientific Subroutine Package.

Version 177, (360A-CM~03X)

G ko il i g el e e
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~
F|
FUNCTIUN SINCUX)
VATA BI/3c14159265a7
IFCXeEQ40+000) GO TO 10
AsPlex
‘ SINCESTiv(A) /A
KETURN
; 16 SINC=1,4000
: RETURN
END
R}
i
: i j
g ' 03061 FUNCTILN ARCUSI X) %
. . onga ARCOAS=ACULIX) K
00013 RETURN ;
; cona ENG E
l : ]
%
i
i
]
i
3.
4
d
i
!
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I. Introduction

The NVL Static Ferformance Model for Thermal Viewing Systems has been con-
structed so that it is now possible for a person who has some familiarity with thermal
imaging systems to perform sophisticated analyses of complete sensors in a relatively
simple fashion. Furthermore, the capabilities of this model allow the user to easily per-
form parametric sensitivity studies. The user has at his disposal the ability to put to-
gether systems. component by component, and to see what effects different subsystem 1
charucteristics have on device performance. He can alse test hir system agoinst a wide i
variety of environmental conditions that will be of interest. j

33

|

i

1

!

Essentially, the model gencrates a target representation and modifies it first by ac-
counting for any atmospheric effects. Then, the attenuated scene representation is
taken through each of the major sysicn: components successivelv, The rosult is further
medified by the observer's response usirg standard information theory techniyues,

There ave basically six performancee measures that are caleulated:

System Moduiation Transfer Function (MTT)
Minimum Resolvable Tem perature (MRT)
Minimum Detectable Temperature {MDT)
System NFAT

Static Recognition Probability vs Range
Static Detection Probability vs Range

N

[ S

Probability picdictions can be specified as cither power based or temperature based,
and they are performed for both the x and y dimensicns.

T

This program has been specifically designed for ease of use and, while it may at
first look foreboding, a little time spant with it will show that it is not difficult to use.
Data can be entered into the program in either of two waye.” All input duta is printed
out clearly so that the user can easily cheek to see if he is modelling the system he really
wants, Various error checks are made on the input data, and many of the obvious er-
rors that we anticipate will be made are flagged. Certain limited default features exist
in this version. Also, the program has the ability to do several performance calculations

using one input deck.

Bl i ke e

In the following pages, we will ga through in detail the procedure 0 be used when o
predictions are required from the NVL Static Performance Model for Thermal Viewing l
Systems. We will discuss how you should look at your system in a way that will aid you .
in understanding the computer program requirements. We will  ofully go through
what parameters you must specify and how you must specify 1. We will cover all
aspects of physically setting up the required data deck. We v . «plain what procedures
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are necessary in order to run multiple-performance calculations with the same deck.
An example will ive completely worked out including a copy of the program printout.

H. Systems Analysis

in general, a certain amount of preliminary analysis is needed before a data deck o
can be set up for the systems performance model. This point cannot be overemphasized 1
because it is likely that most errors will arise because of invalid inputs. Many problems
will be avoided if the user takes a few minutes to check his input parameters in a logical
way cach time he attempts to run the model.

Table D1 provides the starting point. For conceptual purposes, the systems per-
fornzance model can be thought of as a collection of modules which correspond to the
uifferent processing steps experienced by an image as it moves from its origin, through
the system, and to the observer. These modules are listed under the heading of Program
Modules in the first column of Table D1. It is obvious that most of these modules cor-
respond to major device subsystems. Several others, such as TARGET, ATMOSPHERE, ‘
and EYFE, correspond to signal generation, preprocessing of the signal, and post process- o
ing of the signal.

Talide D1. System Analysis Procedure

l;;sg;:; Applicable Card identifiers SLJ;rkfnlgnt g
TARGET TARG, RANG 1 o
ATMOSPHERE ENVI, TOTL, ATEW 2
OPTICS OPTI, MTOX, MTOY 3 3
SCANNER SCAN 4 g
DETECTOR DETR, DET2, DROX, DROY, 5 i

NPSP, NPSF, DSTL, DSTD ‘
ELECTRONICS ELEC, EMTF, BMTF, VMTX, VMTY 6 ;
DISPLAY DISP 7
SYSTEM* SYST, BAND 8
STABILIZATION STAB, LSSX, LSSY 9 i
EYE EYEB 10 !
PROGRAM CARDS** SN4B, FLHZ, FCMR, FDRP, 11

FDC1, FRC3, FRC4

*The variables on this card pertain to the system as a whole and not to any particular component of
the system.

**Certain cards are required by the program to set up'initial conditions, etc.
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In order to use the systems performance model, it is necessary to assign values to
all variables in each of the modules. In some cases, if the variables are not defined, de-
vault options are assum~d. In other cases, the program simply will not run. Pay care-
ful attention to the assignment of values to variabies.

All input cards have a four-letter identifier in the first four columns of a card.
These identificrs tell the program wkat data is on the card. They also identity the card
for the user. Look at column 2 in Table D1. This ¢ olumn shows what cards pertain to
each program module. It is not always necessary to have every one of these cards each
time the progrom is used. 1t is necessary, however, to alwa:'s make sure that all of the
proper cards are being used «nd that none of them arv: being left out.

Data following the identifier is positioned on « card according to one of two for-
mats. In general, the first format, FOR1, is used for cards defining several different
single-valued variables. FOR2 is used to read in arrays of multivalued variables.

Every card identificr listed in column 2 of Table D1 can be found in the first
column of Table D2. Here, the identifiers are classified according to the fermat that
must be followed when data is entered upon the card. Wiiile it may be a little confus-
ing at first Lo locate card identifiers from Tahle D1 in Table D2, you will shortly sce that
Table D2 is a great aid in physically setting up a data deck.

Table D2 summarizes the input variables that need to be defined for the sysicms
performance model, Fach card inputs to the program one or more variables. The varia-
ble namies on each card are listed in column 2. Column 5 briefly iefines these variables
and column 6 ‘efines the units that the data must be in. For example, let us look at the
first entry i ‘Table D2, The card identified is BAND, and these four letters will appear
in the first four columns of a data card. There are two variables on this card -—- WAVE)
and WAVE2. Columns 5 and 6 indicate that these variables define the speciral band-
width of the system in microns. The data is entered on the card under the format FOK1.

Up to seven picees of data can be ent-vred on a FORI card. The correspunding
value of a variable must be located at « specifie designated position on a card. These
positions, called fields, are associated with each input variable und can be found in
column 3 of Table D2. The size of these ficlds will be discussed later. Note that for
FFOR2 cards, ten picees of data may be entered and hence there are ten data tields on

these cords. r

The gathering of data inputs for the program perhaps causes the greatest difficulty
when a user altempts to run this model. It is helpful to confirtually remember that all
input data falls in one of the program modules listed in Table D1, There are certain
general considerations that should be kept in mind when data is gathered for the variables
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in cach module. These general considerations are contained in a set of supplements,
1-12, which has several functions. The supplements discuss in some detail the opera-
tion of each module in the prograin. Many times, changing the value of one variable
may require something to be done with some of the other variables. This is explained
in the supplements along with certain options and shortcuts that can be used and also
warnings on things not to do. After a general discussion of these points, there are notes
on many of the specific variables used in the program. Column 4 of Table D2 references
the supplements. The user will find under the appropriate supplement a more complete
description, a definition of limits (if any), the defaults and options (if any), any recom-
mended values, and any peculiarities that niight exist. Column 7 of Table D2 lists cer-
tain defaults that are available to the user. These defaults are the values that the pro-
gram avtomatically assigns to the appropriate input vaviables when the input card is left
out of the data deck. However, certain variables on a card muy also be left blank (or
zero), and reasonable values for these are automatically assigned. It is always wise to
check the supplements when any defaults and options are used. The solution to many
of the problems that the user will have can be found in the supplemeris. They contain
the accumulated experience of many runs with this mode!. Use them.

Also incorpovated into this model are some highly specialized options and diay;-
nostics which generally will not be of interest to the average user. However, for com-

pleteness, the documentation associated with these wdditional features can be found in
Supplement 12,

II1. A Simple Data Deck

Assuming that the data for a particular system of interest has been gathered, the
next order of business is to put together a card deck. For terminal users utilizing key-
board input. the data must nevertheless be organized according to the following form.
Figure D1 shows the basic structure of a simple input deck.

The first and fast cards of this deck are control eards. They are really nct data in-
put to the program but are there to satisfy the requirements of the computer system,
Always make sure that one of the control cards at the beginning of the deck calls the

program up {rom storage. The specific format for these cards will vary from machine
to machine.

Table D3 lists four special cards that raust appear in every input deck. A card
containing the four letters FOR] on the first four columns must appear directly after
the last control card at the beginning of the deck. 'This -:ard merely iells the program
that all cards following it are to be read according to the format that reads up to seven
variables from a card. All of the data cards that have this format are placed behind the
FOR1 card. An ENDS card is now entered behind the last card with a FOR1 format.
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Figure D1. A simple data deck.
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Table D3. Special Input Cards |

Card Description

FOR1
FOR2
ENDS*
DONE*

Designates cards with up to 7 data elements per card
Designates cards with up to 10 data elements per card
Defines the end of a set of FOR1 or FOR2 cards
Defines the end of a data deck

*For additional functions, se- section on multiple runs. Also, sce example for output print options
contained on these carda.

128




The ENDS card tells the program that all data in a particular format has been read.
The card itself simply contains the four letters ENDS in the first four columns.

In a like manner. the card FOR2 appears next. It identifies all of the input cards
that have up to ten clements of data per card. After these cards are placed in the input
deck, another ENDS card must appear. Finally, after all data have been read into the
program, the DONE card is used. It defines the end of the data deck for the program.

There is only one simple rule that must be followed concerning the order of cards
after the FOR1 card or the FOR2 card. This rule states that the card BAND must ap-
pear immediately after the FOR1 card. This applies to any execution of the progtam
which defines the spectral bandwidth of the system. Otherwise, data cards grouped by

identical forinat can appear in any order.

Information is entercd on a card using a FOR1 formnat in the following way. As
was stated carlier, the first four columns always contain one of the identifiers listed in
Tables D1 and D2. The next six columns are al'vays blank. Starting with column 11,
there are seven ten-column fields into which data can be entered. Field 1 consists of
columns 11 to 20, field 2 consists of columns 21 to 30, ete. The fields on each data
card are allocated to oarticular variables so care must be taken to enter data entirely in
the proper field. A decimal point must always be included with data. ‘This rule even
applies to variables which are not normally considered to have fractional values such as
DISC—the number of detectors in series. Note this point well because the program will
very likely read your data incorrectly if you violate this rule. In checking to sec that
data appears in the appropriate field, it is useful to always enter data in the same column

of a field. In other words, regardless of the FOR 1 formaut identifier, always start putting
data for field 1 in celumn 17, for field 2 in column 21, ete. In this way, it is casy to

check among cards to see if any data is out of its ficld.

In a similar manner, data is entered on cards that use a FOR2 format. Again, the
tirst four columns contain the curd identifier and the next six columns are blank, Start-
ing in column 11, ten fields of five columns each are allocated to ten values of one par-
ticular variable Thus, data will be contained in columns 11 to 15, 16 to 20, ......

56 to 60. As hefore, decimal points must be included with each entry.

Many times, two sets of identifiers are related. For example, consider the detector
response card DROX. This card contains the detector MTF as a function of frequency.
The corresponding frequencies are found on the caxd FLHZ or are default values as
listed in column 7 of Table D2. In either case, care should he taken to make sure that
the data in field 1 of one card corresponds to the data in the first field of the other
card or the first default value. Make sure that the other fields similarly correspond.
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Table D2 wili aid you in setting up the gssired data cards. All FOR1 formatted
cards are listed first in this table. In addition, BAND is Lhe first identifier in this table
because it is the {irst card appearing after the FOR1 card in the data deck. Afte- all of
the FOR1 identifiers, you will find identifier< for the FOR2 formatted erods. If you
sut up your data deck in the same order as this table, it will automatically be correct in
form; and all that is required s the insertion of the FOR1, FOR2, ENVS, and DONE
cards at the appropriate places.

IV. Multiple-Run Data Decks

As you become more familiar with the Systems Performance Model, you will often
wish to run the model several times. This can eusily be accomplished by using only one
execution deck. This expanded deck may be set up in either one of two ways. If you
want to chunge the target or the atmosphere between runs, Figure D2 illustrates the ar-
rangement of such a deck. When the system parameters are to be varied, Figure D3
shows kow this is done. The way in which these two decks differ is deseribed in para-
graphs A and B.

A. Changing the Target oi the Atmosphere.

Let us first go through the basic structure of the deck in Figure D2, 1t should be
immediately apparent that this deck is identical to the deck in Figure D1 up to the
first ENDS card after the FOR2 card. Instead of a DONE card following, however, we
see a second ENDS card. This second ENDS card always tells the program to get ready
to do another calculation. Now, since all of the target and atmosphere cards (15 shown
in Tables D1 and D2) are of the FORI1 format. we require a FOR1 card after this se-
cond ENDS card. We can now place any target and atmosphere card i the deck. Both
target and atmosphere may be changed at the same time although in Figure D2 we have
only changed the atmosphere by using the ENVI card. Following this card, we use one
ENDS card to tell the romputer that the new FOR1 data has been completely read and
another ENDS card to indicate that we wish to perform a third calculation, At this
point, the medel is executed a second time, It uses all of the input parameters previous-
ly vead in except for the new parameters read from the ENVI card.

Aftor the second calculation finishes, another FOR1 card is processed. On this
third run we will change the target with the ciod TARG. Since this is all we will change,
we follow with the usual ENDS card; and since this will be the last run, we now use a
DONE card to indicate tue end of the entire data deck. Even though we have ended
with three runs, there is no mit to the number of runs we can make with one deck.

It is important to realize that the third calculation will use the atmosphere defined
for the second run. The atmosphere initially read in will not be used. In general, once
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Figure D2, Multiple ran data deck: changing target or atmosphere.
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Figure D3. Multiple run data deck: changing system parameters.
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a target or an atmosphere is changed, it carrics through to any subsequent calculatic:
that may be performed.

Whenever predictions are required for different targets or different atmospheres,
the type of deck described here should be used. It is quite acceptable to use the deck
structurz of Figure D1 (run several times) to do this same task, but many unnecessary
calculations will be performed in the process. This can be seen rather easily. The sys-
tems performance model in une sense is composed of two parts. The more involved
part performs systems calculations. The remainder deals with the effects external to
the system itself. After the complicated systems calculations are performed once, it is
not necessary to do them again if only targets and atmospheres are changed. The opti-
mized deck structure described here allows the program to by pass systems calculations
after they have beer executed once. The advantages are twofold. The program runs
much more efficiencly, saving considerable computer time. Additionally, the user only
has to check one set of cards that define his system parameters. This latter point can
be very helpful at times when unexpected results appear.

B. Changing System Parameters.

All muitiple-run decks conform to the underlying principle tha! you only have to
consider the cards that change from one run to the next. The program retains all other
defined quantities. Figure D3 shows how you would go about applying this principle
when you wish to change system parameters. Two runs can be made with this deck.

but in practice there is no limit to the number that can be made with a deck of this type.

The deck shown in Figure D3 can he viewed as divided into two sections. Both
have the structure of a simple deck. Each section may have a set of FOR1 formatted
cards and a set of FOR2 formatted cards. Every set of FOR1 formatted cards is pre-
ceded by a FOR! card and followed by an ENDS card. Likewise, every set of FOR2
formatted cards is prefaced by a FOR2 card and terminated with an ENDS card. All
sections are scparated by an additional ENDS card. The DONE card appears after the
last ENDS card.

Figure D3 shows the number 1 appearing in column 11 of the DONE card. This
number 1 signals the program to do the second systems calculation. To explain when
the number 1 is userl, we are required to look at the deck structure again. In any deck,
a second ENDS card or a DONE card tells the program that all of the data for a particu-
lar run has been read and that the program should begin executing the computations.
In other words, the second ENDS card or the DONE card must be seen as the lasi card
read for a particular run. We must associate the second ENDS card in Figure D3 with
the first execution of the program and the DONE card with the second execrtion of
the program. The number 1 in column 11 tells the program that system calculations
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;' need to be perfermed on the second run.

The implications of this are clear. A sccond ENDS card must be viewed as doing
more thar just telling the program that there will be more data for another run coming,
In a similar manner, the DONE card does more than tell the program that there will be
no more inputs. It is thus natural to find optione on the DONE card that pertain to the
data just read. The same options apply to the second ENDS card. Let us imagine that
we are putting together a deck to do three sets of systems calculations. There would be
three sections to this deck. Each section would be separated by an additional ENDS
card. Now, since we wish to do systems calculations in each run, the number 1 is also
required in colurar 11 of cach second ENDS card and the DONE card. The program
automatically does a systems calculation for the first complete data set in any deck,
however. Thus, the number 1 does not need to appear on the ENDS card between the
first and second sections of this deck. This is also the reason why a number 1 does not
appear on the DONE card in Figure i1 aud on the seccond ENDS card in Figure D2.

To summarize, us: a number 1 i1 column 11 of a second ENDS or DONE card
when multiple systems alculations are required from the same run. Failure to observe
this rule anywhere except on the second ENDS card following the first compleie set of
data will cause incorrect calculations to be performed. Do not worry about this feature
if you are only changiag targets or atmospheres.

j Returning to Figure D3, we note that the second set of FOR1 and FOR 2 format-
; ted cards are only those cards which have been changed from the first run. All other
necessary information is just carried over from the first run to the second. Remember
that if you change the card BAND it must come right aiter the FOR1 card. Target and
atmosphere cards can be changed just like any of the others.

It is quite possible that all of the system changes that you wish to make are of the
FOR1 format. In this case, just leave out the set of FOR2 cards. If there are no cards
; with 1 FOR1 format, do not include a set of FOR1 cards.

Decks can be set up to efficiently do calculations when the user desires to vary

| both system parameters and targets o. atmospheres. An exaraple will help to illustrate.
Let us assime that we wish to analyze two systems agsinst three targets. We could set
up six decks iike in Figure D1. We could also sct up two decks according to Figure D2
and run multiple targets on each. But e can set up one deck by using Figure D3. We¢
do this very efficiently by working with two decks formed according to Figure D2.
First, we remeve all the control cards. We replace one of the DONE cards with an
ENDS card. In the other deck, we place a number 1 in column 11 of the second ENDS
card following that part of the deck which redefines the system parameters. We pui this
deck behind the other and put control cards back at the beginning and at the end of the
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deck. This is a mixed, multiple-run deck that combines the best features illustrated in
Figures D2 and D3. There is only one special FNDS card because there is really only
one change in system parameters. The versatility of the multiple-run option contained
within this program should now ke apparent.

One final note should be made with regard to changing system parameters. With
a bit of experience, the user will find it relatively easy o manipulate the input variables
of this program. It is easy to change a system variable using the multiple-run feature.
But the variation cf system parameters cannot be made without continually keeping in
mind the realizablc values of thesc variables and the impact that variations have on other
system inputs. So use this option carefully in conjunction with the information con-
tained in the supplements.

V. An Example

In this section, we will apply the methods and formalism thus far devcloped to a
practical problem. Let us assume that we wish to predict the performance of a certain
prototype system. Our system will operate in the 8-14 micrometer region and have a
CRT display. Specifications that might be commonly availeble are shown in Table D4.
With this information, we wish to use the NVL Static Performance Model for Thermal
Viewing Systems to predict the svstem MTF, the NEAT, the MRT', the MDT. and the
probabilities of detection and recognition. How this “= Jdone follows.

A. The Simple Input Deck.

Figure D1 shows the Lasic form of the deck that we wili be setting up. In this ex-
ample, we will include for completeness all of the cards listed in Table D2, even though
a careful rezding of this documentation will reveal that some of these cards can be left
out. The cards that can be left out are those whose inputs are identical to the default
values listed in coluuin 7 of Table D2, Figures D4 and D5 show a chart of all the cards
that 2 simple deck can contain. The appropriate input cards can be directly keypunched
from this shart when it is filled out. We shall now systematically go through Table D2,
card by card, in order to demonstrate how we have used the data in Table D4 to obtain
the entrics for Figures D4 and D5. Consult the supplements when any of the following
explanations appear incomplete.

BAND

The operating bandwidth of the system is 8-14 micrometers, and it is these num-
bers that appear for WAVE] and WAVE2.
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Figure D4. Chart of ail cards ihut a simple deck can contain.
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THERMAL MODEL INPUT DECX

11 16 21 26 31 36 41 46 51 66

FOR2 i

FLHZ

DROX

DROY

EMTF

BMTF

FCMR

MTOX

MTOY

VMTX

VMTY

LSSK
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NPSF

NPSP

DSTL

DSTD

FOKP

FDC1 ?

FRC3 ’

-
FRCA

ENDS

DONE - : ' j

Figure D5. Continued chart of all cards that a simple deck can contain.
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Takble D4. System Specifications

Pararaeter Specification
System Type 8-14 um
Diameter of Oplics 4in.

F-number of Objective Lens 2.0

Optical Transmission 60%
Instantancous Field of View .25 mr

Detector Type HgCdTe
Detectors in Parallel 66

Detector Size .002 in. x .002 in.
Peak D* 2 0x10'° cm(Hz)"2 w'!
Frame Rate 30 frames/s

Scar: Efficiency 75%

Horizoatal Field of View 2.7

Vertical Field of View 2.0°

System Magnification 12X

Display Type CRT

Spot Size on CRT .044 mr

Average Brightness of Display 50 fL

Active IR Lines on Display* 140 active raster lines/frame

*The interlace in this example is not the usual integer value.

OPTI

The F-number of the objective lens (FNUMB) and the optical transmission (T9)
are given in Table D4. The focal length (FOC) is easily derived from the F-number and
the diameter of the objective lens. The applicable equation can be found in Supplement
3. We have no information on geometric blur so we assuine thore is none and set
ABLUR = 0.0. This leads to the assumption that we Lave diffraction-limited optics.

We pick a diffraction wavelength (XLAMB) of 10 micri-meters since we are usually com-
paring different systems; in doing *his, we like tv keep the diffraction wavelength the
sume for systems of approximately the same operating bandwidth.

DETR

Based on the detector size from Table D4, the instantaneous ficld of view is the
same in the x-direction (DELTAX) as in the y-direction (DELTAY). The effective de-
lector sise (SRTAD) is given along with the numker of deteciors (XN) and the peak D*
value (DPEAK). A parallei-scan system implies that the number of detectors in series
(DISC) is equal to 1.0. Finally, we input the measuring frequency (F@) of D* as 10.6 K
hertz. This number has been historically valid for most detectors (except principally for
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the low-performance detectors such as PbS), and lucking other information we chose it.

z
:
i
1
1
j

DET2

————

We will assume that our system is Hetector-noise-limited and thus MOM = C.0.
Under a detector-noise-limited condition, the cold shicld angle (ANGLE) is not used,
and we have arbitrarily assigned it the value of 60.0 degrees.

el N e 5

The HgCdTe dricctor is generally considered of high performance. In addition, a
z ! parallel array of these detectors indicates that the dwell time on each detector is rela-
' : tively long. Therefore, in this example, we do not worry about the detector resnonse
rolling off before we have transferred a maximum amount of information. The band-
width of this system is determined by the electronics and is approximated by using
| ‘ equations (22) and (23) in the main body of the repori. For our prototype system, the
o ‘ minimum required electronic bandwidth is computed to be 8,770 hertz. Since the roll-
- off of the detector response is negligible compared to the information rate bandwidth
I ' from the detector, an arbitrarily large number is used for FSTAR (a megahertz).

'i‘\

bt s LB L i 5 s

SCAN

; ’ The frame rate (FR) and the overall scan efficicncy (XNSC) are given in Table D4.
The overscan ratio is computed from the equation noted in Supplement 4 and comes

|
‘ ; out to 1.0,

? ELEC

The low-frequency 3-dB point (CUTOFF) associated with the electronics is not
given. It frequently is found to range between 2 and 7 hertz. We will choose 3 hertz.
We are also not given any information e the high-frequency amplifier 3-dB point. We :
. will asgin  that our electronics ave of sufficient bandwidth such that they de not de- \ i
? grade. Therefore, we set FELECT equal to 0.0 so we can read in an electronics MTF ; 1
| whi- 1y wo wilisete  ito 1.0. There are no LED’s in the system so their widths (XY)
ana ¢ rths (XY L) are all 0.0. Since there is no electronic boost in the system, the
electre.iic aperture corrcction amplitude (XK) and the electronic aperture correction

frequency (FMAXF) are set to values of 0.0.

DISP

The system has a CRT display so that KKK = 0.). The average brightness (BRITE)
on the display is given as 50.0 fL. In order to assign values to XA and YA, the two vari-
ables associated with the spot ~ize, scveral assumptions must be made. We will assume
that the spot i+ wuscanin b, ,that it is symmetrical about the » and y axes, that it
has been measured by the shrinking raster method, and that the spot size quoted in
Table D4 is the length w in Supplement 3 under 3.3, ABLUR, (4) (a). (See Supplement
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7 for further explanation.) The values for XA and YA can now be computed directly:
(XA = YA = 0.019 mrad?).
SYST

The horizontal field of view (HFOV), the vertical field of view (VFOV), and the
system magnification (XMAG) are taken directly from Table D4. Our system only has
one field of view; so FACT - 1.0. We wish to predict the NEAT; so XNET = 0.0.

STAB
There is no indicated degradation due to vibration; so XSIGLS = YSIGLS = 0.0.

ENVI

We will predict performance through an atmosphere with an air temperature
(AIRTMP) of 15° C, a relative humidity (RH) of 50%, and a visibility range (RVIS) of
23.0 kilometers. This clear atmosphere requires the special atmospheric condition des-
ignator (ISTATE) to be equal to 0.0.

TARG

We will choose a hot tank target whose length (XLTAR) is 5.25 meters, whose
width (XHTAR) is 2.7 meters, and whose temperature (DETEMP) is 11.1° C above
the background temperature (TBAC) of 12.0° C. The tank dimensions are discussed
in Supplemens 1. The target and the background parameters are the default values.

RANG

Supplement 1.3 indicates that if we have a detector-limited system, the 50% prob-
ability of detection will occur at a maximum of 10,800 meters and the 50% proability
of recognition will be at a maximum of 2,700 meters. In an attempt to calculate most
of the detection and recognition probability distributions, we chose the detection cal-
culations to be performed between 2,000 meters (IRDIN) and 20,000 meters IRDAX).
The recognition calculations will be done between 1,000 meters (IRMIN) and 10,000
meters (IRMA X).

SN4B
For the threshold signal-to-noise ratio (SNR), we use the default value of 2.25.

EYEB
For the integration time of the ¢ve (EYETM), we use the default value of 0.2.
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FLHZ

We use the default values for frequencies in log hertz corresponding to the MTFs
of the electronics, the boost, and the detector temporal response.

DROX

Since we have already determined that ihe detector will have sufficient time to
respond to an incident signal, we do not expect any associated detector MTF degrada-
tion. Consequently, we set this MTF in the x direction equal to 1.0.

DROY

The MTF in the y direction due to detector temporal response is 1.0 for the same
reason as it is in the x direction.

EMTF

We have already decided that the MTF due to the electronics wili be considered as
1.0. We enter this on the card at all frequencies.

BMTF

We have no electronic boost in this system so the MTF on this card is unity.

FCMR

We use the default values for frequencies in cycles/mrad corresponding to the
MTF s of the optics, the vidicon, and any unstabilizing factors.
MTOX

Our system is diffraction limited, so we must set all MTF values for the x direction
equal to 0.0.

MTOY

Al MTF values in the y direction are set equal to 0.0 for the same reason as those
in the x direction.
VMTX

There is no vidicon in the system so the MTF at all frequencies is equal to 1.0 in
the x direction.

P e S




VMTY

Similarly, the MTF at all frequencies for the vidicon in the y direction is equal to
1.0.
LSSX

We input the default values of 1.0 for tue stabilization MTF in the x direction
since we have assumed no vibration.

LSSY
As on LSSX, the MTF for stabilization in the y direction is 1.0.

NPSF

These are the frequencies in log hertz that correspond to the noise power spectrum
on NPSP.

NPSP

No noise power spectrum is given for the detector. It must be obtained from pub-
lished material on detecturs or from direct measurement. We have chesen a representa-
tive noisc power spectrum of HgCdTe and normalized it tc 1.0 at irequency F@ for this
exanaple.

DSTL

' These are the wavelengtiis in micrometers that correspond to the D* values on
! DSTD.

' psm

! No detector performance curve is given in Table D4, This also must he determined
: from published material or from direct meisurement. Note that in using any of the

: standard curves, they must be normalized to a maximurm of 1.0. We use here a typical

| D* curve for HgCdTe.

| B
' b
FDRP i
3
We will predict the probabiiity of deteciion and recognition using the validation 1
upon which this program is hased. Consequ ntly, this card, as well as the next three, 3
will contain the default values found in Table D2. This card shows a set of probabilities. ‘ q
1
142
B . A - ““““""‘;"‘,’T. R AR
PR TN A - *




B et S ————

L NIl el 2R i g S T g

FDC1

The number of cycles needed for detection at various probabilities of detection
can be found on this card. The probabilities are those on TDRP.

FRC3

The number of cycles needed for optimistic recognition at various probabilities of
recognition can be found on this card. The probabilities arc those on FDRP.

FRC4

The number of cycles n.eded for conservative recognition at various probabilities
of recognition can be found on this card. The probabilities are those on FDRP.

The FRC4 card is the last input data card. We have now assigned values to all of
the input variabies. The simple deck we have just generated is illustrated i Figures D6
and B7. It is complete with the addition of a DONE card after the last card in Figure
D7. This input deck quantifies the system described in Table D4. In general, errors
will occastonally be made in the preparation of a data deck. Many of these mistakes
can be caught by carefully scrutinizing the first five tables in the output listing of any
run. These tables reproduce an easily readable listing of the input quantities. For our
example, Tables D5(a)—-D5(e) were generated. It is easy and necessary to always check
to validate the accuracy of the inputs.

B. Output Listings.

There are essentially two types of output listings that can be obtained from the
model. Tables D6(a)—D6(c) show the program output for the simple input deck that
has so far been described. The individual modulation transfer functions that must be
considered in the x direction can be found in Takle D6(a). These transfer tunctions
correspond to the diffraction limit of the optics (OPTICS), the geometrical blur of the
optics (GOBLUR), the spatial transfer aspects of the detector (WETEC), the temporal
aspects of the detector (RSPNS), the electronics (ELECT), the electronic boost (BOOST),
the vidicon (VIDCN), any LED arrays (LED), the display (DSPLY), the degradation due
to the destabilization (LOS), and the eye (EYE). Table D6(a) is in spatial frequency and
can only correspond to Table D5(d) for the inputs given in spatial frequency. All other
MTF’s in Table D6(a) have been either converted to spatial frequency space or caleu-
lated. The overall system MTF in the x directicn is shown ir Table D6(b). Table D6(c)
displays the predicted minimum resolvable temperature in the x direction for our systcm,
Finally, the expected power-based detection and recognition performance proLabilities
in the x direction appear in Tables D6(d) and D6(e). Since there is only one field of
view for the system, the two performance predictions in Table D6(d) arc identical.
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RUN NUMSER 1
YOUR GPELTRAL BAND IS . Ba000Q
OPTILS
! ODIAMETER
F--NUMBER

§
'l FOCAL LENGTH
AVGe OPTICAL TRANSMISSION
. i WAVELENGTH FUR OIFFRACT 1ON
! GEOMETRIC BLJR SPOT SI1ZE
!
|

VETECTOR

HORY ZONT AL. I FOV

VERT ICAL IFCV
DETECTORS IN PARALLLL
DETECTORS (-~ SERIES

DETECTOR St

PEAK Dx

MEASURING FREQUENCY QF U=
COLD SHIELD ANGLE

LIMITING NJISE

DETECTOR RESPONSE 3-28 PUINT

SCANNER

FRAME RATE
SCAN EFFICIENCY
OVERSCAN RATIVL

ELECTRONICS

PREAMP,LOY FREQ 3=-00d CUT-UN
AMt L IFIERy 3-08 POINT

E70 LED 4IDOTH

€70 LED LENOGTH

APERTURE CORRECT ION AMPLITUDE
APERTURE CURRECTIUN FREQUEMCY

’
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Table D5(a). Input Data

T0 14,000 MICRONS
4,000 INCHES
2900
84000 INCHES
04600
10000 MICRONS
Ca O MRAD
0e250 MRAD .
0,230 MRAD .

60.
le
0s00200 INCHES
200 10%%(10)CM=SanrT(HZ)I/WAIT
100Q0. HERTZ
00.000 VEGREES
DETEC YOR

Gs10CE Q7 HERTZ
30,000 FRAMES,SECUND
0750
14000
3.000 HERTZ
O0eC HERTZ

Cel MRAU o
Qe 0 MRAD o

Qe 0
Ce HERT 2

R TR r
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Table D5(b). Input Data

DISSLAY

TYPE

X SPul SIiE

Y 5P0T7 Sidt
AVERAGE uRIGHTNESS

SYSTEM

HORI ZONTAL £OV

VERT ICAL FUOV

MAGNIF ICAT ION
WFOV/NFOV

NOIStE EQUIV. DELTA T

STABIL 1ZAT IUN
SYSTEM STATE
X VIBRATIUN CUNSTANT
Y VIBRAT IUN COUNSTANT
STANDARD INPUTS

EYE INTEGRATION TIiME

THRESHOLD S {GNAL/NUISE

CRT DIsSPLAY
OcClg
Ce 019
50« 0CC

27C0O
24C00
124000
1000
Ce 0

STABILIZED
C.00
0.00

Ce200
2e259
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MRAD
MRAD e
FTe LAMBERTS

DEGREES
DEGREES

VDEGREES C

SECAONDS

Sl

3¢ st Lo ew. s



e g ——

Table D5(c). Input Data

ATMODSPHER IC PAKAMETERS
CUNDIT 1IN
VISISILITY RANGU
RELAT IVE HUMILDITY
AR TEMPEXATUKE

TARGET £ dACKOOIUND
TAKGET LeNGTn
TARGET wluTH

TARGET el TA T
BACK GROUNUD TEMHI<XATURLE

TANGE KEWUTIRcMENTS

MINe HCdU ey *ANGL UK RELUG,
MAX e REQUIKL W RANGE tUr XeCUGe

RAMGF INCREYUNTD rUr HECJIG.

AINe HEdJlnelU ~<ANOGL FOR OLTEC
MAX,e PEWUIREZD ANGL FUR UETEC

QAANGE T 2nlMeNTS FUKk DETEC.
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CLUAR
23¢0C0
06 )CU

156 0N

De 207)
ce 7CL
11,130
12624 C

13¢2
Lo &2
1.0
2209
2¢J39
29090

KILUME T RS
PERCENT
UksRkEES C

ML TS
METURDS
Dok C
DegRiirmy C

A T RS
M Te R
A TERS
M- Tl RS
AT o<

AL TERS

X
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Table Dé(b). Output Data

SYSTEM MODULATION TRANSFER FUNCTION
X MTF

FREG

0.0

0e.20

Oe 40

0«60

lea0

1+60C

1.80

2,00

2«20

24480

2,50

280

3.00

3420

3.A0

3.60

3.80

152

100

Q97

093

089

0.83

Ce?77

Ge71

Qelu

Oe.1l2

Ve08

0«05

0e02

i
|
H
i
t




Table D6(c). Output Data

FREQ

2.000E-01

4,000E-01

6.000F=01

8+CCOE-QI

1.0C0E 00

1.200E 0O

1+400E €O

1 «600E 00

1.800E CO

2.000E (O

2+200E 0O

2.400E 0C

2600E 09

2.800E 0O

3.000€ 0O

3.200E 0O

3.400E 00

3.,600€ 00

3.800€ 00

4,000E 00

1

3

PREDICTED MINIMUM RESULVABLE TEMPERATURE

X MRT
1,345E-02
2e326E~02
3s2705~-02
Ge295E=02
Ly Det=02
neB4BE~-C2
BeD2sL-02
leO0IL-UL
16329E-01
1667301
2e128E-01
2e TG3E= 0]
3.599e-01
4eB34E~01
6 7CZE-01
ve7 lot=01
15106 0OC
24050 00
be220E QU

2e.000L 07
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Table D6(d). Output Dat:

DELVA T= 0.111E 02
DETECTION PERFOURMANCE
NFOV PERFORMANCE

RANGE

2420

4400

6.00

8 «00

1000

124900

1400

1600

18.00

2000

wFOov

RANGE

200

4,00

5400

8400

10,00

12.00

14.00

16.00

18.00

20.00

TRANSM ISSION

066
0«51
Qe4cC
0«32
026
Ce21
Oe17
0«14
Oe.12
GelQ
PERFURMANCE
TRANSMIGSION
0«00
U351
Qe840
O¢32
0.206
Ce21
Gel7?
Veléd
Cel2

0e¢l10

154

X DETECTION
PROBABILITY

1«00

0«98

Ve 85

Veb3

Cs46

Oe 31

Qe2C

Oel2

.03

0.06

X DETECTION
PROBABILITY

1«C0

Oe 98

085

0+63

Oel2

Qs 08

Qe C6O

etz

- DETTAIRPIIY. ST % T

BV T
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Table D6(e). Output Data

RECOGNITION PERFURMANCE
POWER DEPENDANT PERFORMANCE

RANGE TRANSMISSION X RECOGNI TION
PROGABILITY

100 D78 0«98
2400 066 067
3.00 0«53 0.38
4.00 051 Ce21t
S+00 045 Cell
6400 0«40 0607
700 0«36 0«05
84350 0..432 0«04
900 Deld9 0.03
10.00 0e26 Ce02
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This output listing is inadequate if you desire any of the following optional
outputs:

1. information on y or diagonal direction signal processing

2. noise-filtering MTF

3. exact or white noise bandwidth

4. scan velocity ;

5. NEAT

6. constant length MRT

7. MDT

8. temperature and MDT based detection performance; temperature based

recognition performance; optimistic recognition performance
9.  Special expressions used in hand calculations
In order to obtain these guantities frem the program, you must assign the number

1 to a special print variable. This variable is located in column 21 of the DONE card
for the simple deck that we have been discussing. (See Figure D1.) For any type of
multiple-run deck, the variable is lozated in column 21 of either the DONE card or any
of the second ENDS cards. You must reguest a supplemental listing for every run in a
multiple-deck run where such a listing i3 desired. For example, Figure D2 shows a deck
containing three runs. Let us say that we wish to have the supplemental output listing
for the first and the third runs. The last card in the first run within this deck is an :
ENDS card. Since we desire a supplemental output iisting here, we put a number 1 in i
column 21 of this ENDS card. In the second run, we change only the atmosphere. ‘We '
do not want the supplemental listing for this run so the second ENDS card after the

ENVI card (see Figure D2) remains biank. Finally, since we again want the supplement-

al listing in the third run, we place 2 number 1 in column 21 of the DONE card. Remem-

ber, there are iwo optional variabl :s on the DONE card and all second ENDS cards. If a ;
number 1 appears in colimn 11 (Section IV B), system calculations will be performed. i
When a number 1 appeais in column 21, an extended-output listing is printed. 3

The long output containe all the information printed out from the abbreviated out-
put plus the nine optional outputs. Tables D7(a)—D7(l) show the form of this output
for our example. Tuable D7(a) is identical to Table D6(a). Table D7(b) contains the in-
dividual MTF’s that must be considered in the y direction. In Table D7(c), we find the
system MTF in beth the x and the y direction. We also find the noise-filtering MTF.
This MTF indicates how the detected signal and noise are modulated by system com-
ponents beyond the detector.

it

An additional feature of the long printout is that it provides enough information
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Table D7(b). Long Output Data

Y MOOULAT tON TRANSFLR FUNCTIUWNS {
FREQ OPTIC GOUL ur veTEC VIDCN et DodLy L3 Yo
e 100 12V leOC 1o C | N lel D R et i
Ge20Q Qavd 1«00 1« 0Q0C 143C 1e00 Jaod 2 Lol Coeir s

Oe40 Ta¥d Leutl 0«98 1e?9 1e9GC le 2

a2 {eur ;
\ 060 0493 140U 0e¥b  1.3C  1.0¢ Zedd 14D Caws 3
' C280 0490 140U 0e9s 1,00 L.oc  euay a3 ¢,94 E
1.00 Cesy 1e0C Ve wl 1430 JL0¢ Te Iy PTG Dot 2
Fe20  0e85 1430 GeBb 1400 14Ln 0.y oGt Nea0 ?
Le80 9484 [400 Cead R Y N T T N !
1460 0480 140C  Ca76 1e0C 1400 W33 1400 caes
1e8C 0478 laCu  0.7C  1.20 1.ece O L T R S S é
2.00 Oe73 leoC Os b4 1600 1200 Dews leCo {asu %
2226 0473 1400 0BT 1400 1400 0oy 1680 Coend 5
; R S L A Y S T - T 16900 .m2 §
i o
o 2060 0463 1,00  G.te  1ecc 1436 ot lece  0us0 ;2
2080 0002 1400 €37 144G 1400  c.us 1608 Cu7o

3400 Oeb3 1e 00 OedcC leG¢ leud Je 3y tedvu JeTs

ket it i e o - x-

3. 2C et 1.0¢ Jedd 1,00 120

3.4¢ Fedé leJO Qel? le.CC 1.00

3.60 0,50 1+40C Gell {eCC 1.00

3.80 0454 1.0¢ Je 05 1.00 1es00




Table D7(c). Long Output Data

PREDICTLU 3YSTEM MTF

FRLQ X MTF Y MTF

0.0 1.00 1400

0.20 Oae? Qe9?

Q.40 0+93 R

0460 TS Ce89

Ueb0 Qe 3 Ce 83

1490 Qe?7 Ce77

| ¥ 1.20 0e71 0e 71
i 1e40 [ FY-T Os A
\ 160 0.58 058
1 1480 D481 Oebl
{ 2.0 Deto Cettd
! 2.20 0,38 Ge 38
; 2e+0 Oed2 Qe3¢
: : 2.00 0s20 0. 26
f 2.8C 0.21 0s21

3.00 delo Col6

3,20 Oele Oelo

3440 Q.08 0.C8

; 3,00 0405 0s 05

3.89 Q.02 Qe 02

VI S,

EXACT NOISE SANDWIDTH=
[ AHITE NOISS BANDWILTHs

A N . drbn — s o e rm v

e DET NOISE LIMITED NET=
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Table D7(d). Long Output Data

INTEGRAL U0OF U~STAR®A=PRIME= 04126E C7

SCAN VELOCITY IN MR/S5LC= 0e441lE 04

PREVICTLD ANOISE FILTERING MTH

FREQ X MTF Y MTF
00 1.C0 1400
Les2 2.9¢ 096
300 Cate 0484
4e55 Oats? 0667
ceCa 0e50 0450
7e0d 0e33 0.34
9e12 cell 0e2i

10.64 0et2 0si2

12416 0406 Ce06

13e064 0403 0.03

15420 0a01 0.01

toe72 Cad9 0400

18024 003 0400

19676 Coly 0400

2t o2n €400 0400

2248¢C 2400 0400

24432 G0 0400

25,34 0400 0400

27436 CeCO 0400

28.898 0e00 .00

CeloBE ¢S5
O« 139k €S

Qe l30E Ov

[P R S

!
]
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Table D7(e). Long Output Data

FILTERED NOISE

R P P A ]

g, T NG TR T TR N ATERRERT TR T L e A e e A T s memm—————

FREG Q QQ |
0+200E ©Q Ce105E 01 0e247E 01 é
Ce40GE 00 Ve l14GE Cl 5e 352t 01 %
E
Ce60CE 00 Go 1OIE U1 0+ 428E 01 é
’ 0.8C0E 00 C.i76E 0} Oe 472E O j
M ¢ ;
g' 0+10CE 01 0el192e 01 0,513 01 |
§ : 0.126E 01 0e2Cui o1 0eo49E Cl
A 0.140E 01 De2las 01 0e57SE Cl
0e160E 01 Oe230E Ol 04 504E 01
0.18CE 01 Coza4le O 0e657E O1
0.200C 01 0e2o2E 01 VebITE 01
5.220E 0L Gezbee 01 0. 623E 01 é
De260F 0O Je271E 01 dev2bl 01 |
:
Ce260i 01 Cegble 01 Oe w26E 01 :
0 e2BCE 01 Ve 233C Ol Jew26E Gl %
0.300¢ C1 ve2YBE V1 Uew23E 91 ;
Ce32Cc 01 0e3%:2 01U 0ebeie 01
Fe3G0E D1 Se308E 01 DeolBDE 01
Ce360E 91 Ce314E I n,611e C1
Codnir 01 Ces2fe D1 Seo0bE 01
Ce40CE o1 Coo2bE 01 dabCCE O :
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40 30230°2

CJ) JFEL9°L

¢ IA60EE

DC 3N

3> 32ee°t

10-3v€9°*¢6

1o-—-3ce2°2

1C¢-31Q9°*S

10-36¢5°y

10=-3CEL°F

12-36Q1°¢E

13-3P29°*2

1¢c-Agnee

10-3rwE° 1

1.-32€9°1

10-208%°1

16-34¢2°1

10-3191*1

20-3FEvL®E

zr-32RL°1

1HNGY

20 3vIv*1

02 3629

oC¢ IgSL*2

00 39fa*t

0N 10ty
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JANGL

1.C2

2400

Fe2N

10G0
RANGE

Table D7(g). Long Output Data

RECOGNIT IGN PERFORMANCE
TARGEY DELTA TEMPERATURE IS
TEMPERATURE OEPENUDANT

PERFURMANCL

11.19

VLot s <

ATM TRANS XCUNSERVATIVE YCUNSERVATL VL

067y

D et

Vel

Qe
A TRANS

Qe7t

Ne s

SeHy

Jebl

DetdD

Ceau

CeIn

Ced/

Dedo

Vel

Uel O

Ced?

CetlH

Cal4

ceL 3

Cavd
XA TIMLISTIC

Os14

009

(07

Ue0D

CeOa

162

Qe v

Ce©7

Uedd

Cel0

0.0

Ce 2

0eC2
YURPTIMISTIC

1.0C

Ce 6

Cev

Cel7

Nel23

Celd

0439

040r

0eG3

Ce04

453CONSERVATI Vi

Qe

Je?

D637

Del¢

Qenv 2

Vel 2
40P TImMISTIC

Oel 3

Je0H

0e00O

Oelb

0e0
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’ Table D7(h). Long Output Data |
RECOGNIT ION PERFURMANCE f
TARGET DELTA TEMPEXATURE 1S 11e1¢ DELGREES C _ 3
; POWEK DEPENDANT PERFORMANCE ;
: RANGE ATM TRAMS KCUNSERVATIVE YCONSErVATI VE 45CONSERVATIVE ;
f 1.00 Ce7d Qe'd s Ca 98 0e93 ;
q
2400 0eb0 Cet? 0e 67 Oeb7 ‘
3.0¢ o 050 0e38 Ceds Ce37 E é
;
4.00 Uesl Ce2l Ve C Gel ;
5400 Detin 0.12 Coll 010 | g
0400 0.4 c.07 0ec7 5.07 } ?
7.0C Cost Ce0n 0. 05 Se0% ;
8409 Ce 32 0eG4 0.03 J.03 . j
94C0 0 ey 2,43 De02 Ne02 5
: 10400 0026 Ce02 Ca02 J4G2 :
; RANGE ATM TRANS XJIOTIMISTIC YOPTIMISTIC 430PTIMISTIC 5
; 1.00 078 1400 1400 1600 ;
§ 2.00 Ueob 0 tb Cebb Oann
; 3.90 VeS8 Cen 8 Cebl Jes7 %
f 4.00 Jde 51 0«48 Ce3v? Gedb % 'é
: 54C0 Oettn 0.24 0e23 0.22 é é
; 6400 0440 Oels Cel3 Se13 %
g 7.00 04306 Ne09 0409 J.019 i j
' 300 032 0.07 0e07 006 E‘ :
9.00 0e29 0.05 0.08 0405 i
; 10.00 0426 0.04 DeCa
i




PREDICTED MIN IMUM Oz
{TARGETY s51ZE)*%=-

Qela 36
Cel33c:
Osl1a5E
OsLLl8E
O«111E
0+105€
0.100E
Q9526
0.909€

0«870E

Ce833E

0¢800E

0.100t

Ce667E

0«400&
0e333E
Ce286¢&
Ge 2508
0e.222€
0+200E
Cel8E
O«to7t

Qe 154E

04200 02

o2

03

0+500E 1

21

01

g1

U1

O
-

01

0l

ot

("3}

01

vl

ol

01

o1

o1

00

0Q

oo

oa

00

Table D7(i). Long Output Data

TECTADL & TeMPERATURE
MOT

CaZlBy 01
CelB3E 01
De BOYE (O
CeS24L 00
0«363E 00
0e275E 00
Ce221E 00
Del8HE 00
OeldYE Do
OelaoE 00
Uel20E Q0
QellaE Q¢
Ceal03E Q0O
Ca969E~0.
Ve 90J4E~0Q)
Oe B46E~01
Qe797E~01
Ce753E~01
s 78 0E~01
OsLB2E~Q]
0+4651&-~01
OsGR24E~Q])
0e¢599e~01
0e576E~01

Ce596E~0)
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Tabie D7(). Long Qutput Data

DETECTIIN BASED JIN MDY
TARGET OELTA TeMPEATURE I3

= ANGE ATM IRAND
2,00 Ceotx3
4 o DO 0,309
65.00 0+401
8,00Q Vedce
10,00 0+200
1200 0212
14470 Oelird
16400 Gela3
18400 0110
20400 0.297
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ﬂ Table D7(k). Long Output Data 1
; DETECT [ON PERFOKMANCE
TARGET DELTA FTEMPERETU.E 13 11410 DEGREES C
NFOV PERFURMANCE
TEMPERATURE DEPENGENT PERFURMANCC
RANGE ATM TRANS X DEY T Y DEY T 45 DET Y
2.00 066 1400 1400 1.00 ]
4400 0451 Ce 93 0.98 0ew7 ]
6400 0s4C ¢ ed5 0o 84 De83 |
x 5400 0,32 0463 Vel 0e59 ;
) | 1000 0+26 Oe 46 0e6 3 0eal
;‘ 12,00 D.21 Q31 Ge 2B Ce20 : ﬁ
j{ ta.Co 0u1/ 0420 0ei? Je13 } ;
i 1643C 0.14 0ul2 Oell CeGo o %
4 18,00 ds12 Gy 0B Qe 07 0406 é
E | 20400 9¢10 CeCh 0e 05 el4 ;
g ! POWER DEPENDENT PEREORMANCE ;
é RANGE AT TRANS X JOFET P Y DT P 45 VT P
: % 2.00 0eb0 1403 16900 1.00 f
‘ ; 4.C0 Ce51 Do 9H De 98 Ded? §
‘ } 6000 Qead Uedd Oeb4 Cets3 53
[ 4 3,00 0elz Dot s 0ol D453 %E
10400 0e20 Cebo Ded3 N4 %?
1200 Oe2l Co sl ne2a 9e 0 t
16400 Del7 Cec) Cel 7 deln |
15400 Jela Sele Selc Neb
18400 Cel2 Lo So DeC7 TS
20 4CC Uel0 CaCO Cotlh Se06
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DETECT LON PERFORMANCE

22400 well

Table D7(1). Long Output Daa

Lisd0C

TARGEYT DELTA TEMPERATURL 15
WFOV PEREFORMANCE
TEMPERATURL DEPENDENT PERFURMANCE
RANGE AT A TRANS X bey 3§
2.00 04606 1.00
4420 0 edl Cevts
600 C 40 Gebd
BeNO Je3e Leb 3
10.00 Ce20 NP3
12400 D21 Qe 31
14.00 Usl? Ce29
16,00 VI Ve )
13,920 Tl 0s 09
20 «C O DelC Ds Co
PUOWER DEPLNOENT PLRFIRMANCL
RANGE AT M TRAND ®x el P
2403 Oebits { oD
4400 Qenl Dot
6«00 Deud Ce s
3«70 0ed2 Qe
10,00 Dero Celbt
1209 Qe2l e 31
14.00 Oel/f Ce el
1609 Colo Celdd
13.00 Ceb2 Oevd

Lol

Qe 2

el ?

0.10

CeQ5

Y oLy P

16 C0

Ve 3¢

Le 84

Ce0l

Cel

‘7’0(?

45

49

JeB3

Qe

Oettl

Qe«20

D00

Ne Ot

DET ¥

JetD>

PR

O.d()

i e b X x
- ST IGRL WCHPES PRI VCRVIE 1 DD W S SRS S W
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for hand calculations of performance. Such calculations may be used to check the pro-
gram computations. The two quantities in Table D7(e) and the first four quantities in
Table D7(d) reference variablrs in the mathematical formulation of the static perform-
ance model. See equations (26), (27), (24), (21), (22), and (12) in the main body of
the report for their definition and use. The last item in T~ble D7(d) is the NEAT of
the system.

Table D7(f) contains various predict=d system MRT’s. Those in the x-direction
(XMRT) and y-direction {YMRT) correspond to laboratory measurements. XLMRT
and YLMRT are MRT’s in the x and y directions adjusted so that the length of a super-
imposed bar pattern will match the target length. These MRT’s are used in the caleula-
tion of performance. The 45° MRT is the square root of the sum of the squared x direc-
tion MRT and the squared y direciion MRT. Table D7(i) presents the system MDT.

Detection performance based on temperature and power for three directions and
two fields of view can be found in Tables 7(k) and D7(l). Detection probability based
on the MDT and Rosell’s criteria can be located in Table D7(j). Finally, in Tables D7(g)
and D7(h), we have the power- and temperature-based recognition performance in three
directions. The conservative and optimistic predictions correspond to a recognition cri-
teria bascd on 4 cycles and 3 cycles, respectively. Note that the short listing displays the
conservative prediction.

C. A Multipie-Run Deck with Target and Atrisospheric Changes.

In order to illustrate the multiple-run features of this progran:, we will expand our
example a bit in the next three sections. In this section, we will develop a deck along
the lines of Figure D2 where we do three runs changing the atmosphere and then the
target. We know that the simple deck discussed in Sections A and B and portrayed in
Figures D6 and D7 is complete with the addition of a DONE card after the last card in
Figure D7. When we change this card to an ENDS card, we are ready for more runs.
Let us first do predictions when the air temperature rises to 20° C. Then, we will see
what happens when the target temperature is lowered to 5° C over the background.
The total deck for this multiple run will consist of the cards illustrated in Figures D6,
D7 and D8. Note that the first and the third listing will be ir. the extended form.

For economy, the output from this multiple deck will differ from what would be
expected if three decks were run separately. Three listings of the inputs will be printed
since the inputs change each time. System calculations are performed only once, how-
ever, so they are printed only once. In this case, Tables D7(a)-D7(f) aad Table D7(i)
define the system predictions and will be produced by the first ;un along with Tables
D7(g), D7(h), D7(j), and D7{1). The second run will produce results consisting of the
new input listing and tables in the form of D6(d) and D6(¢). Finally, the last run of
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DONE
ENDS
TaRG
FORI
ENDS

ENDS
[ S—
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LER)

im
(R X}

Ml

1212
331
(R N]
§§%
s

(1] :,u 8t
YHIN Y “||‘ 4
1

T

111
1211
31313
(AN
§5%
0

fi

HE TR

!

4

16
irr
LR
LILR N

100

RY ERE

nn

51859

|

Y
598
T
S?
]
Y

112
1310
cLap

(LR L)

LR Rt

QLU

T
(R R

LRRLR R

FHRTIN

Figure D8. Part of a multiple-run deck.
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Remember that these last tables pertain to predictions made for an atmospheric air tem-

perature of 20° C and a target temperature of 5° C. All changes carry through to sub-
sequent runs.

D. A Multiple-Run Deck with System Parameter Changes.

In like mauner, we put together a multiple-run deck with system changes accord-
ing to Figure D3. Let us consider a new optical system for our example which has an
MTF in the x and y directions a< well as a transnussion of 40%. The multiple-run deck

we obtain is the combination of Figures b6, D7, and D9. Tnere will be two sets of
Tables D5 and D6 in our output listing.

E. A Mixed, Multiple-Rur D~ck.

Finally, let us take the two svsiems in Section D and predict performance for the
‘three conditions in Section C. The single deck that will do these six runs can be con-
structed by bringing together Figures D6, D7, and D10, successively. The output listing
will follow the patterns sketched in Sections B, C, and D.

VI. Supplements

The supplements contain many specifie refersnees to the theoretical treatment of
the Night Vision [aboratory Static Performance Model for Thermal Viewing Systems.
Al references to “the main body of this report” reter to pages 1-34. Specific equations
from the main hody of the report are referenced whenever appropriate.

this deck prints another input listing and a new set of tables in the form of D7(h)-D7{).
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Supplement 1
Target

A discussion of the target model can be found in the theoretical treatment of the
: erformance model under Section I1, Target, Background, aud Atmosphere. Table 1,
St ction 11, describes a selection of target models that can be used as inputs. These
models are for a tank, an APC, a 2%-ton truck, and a man.

The TARG card may be excluded from the input deck: (1) if one has no particular
target requirement, or (2) if one is only interested in the predicted system MRT or MDT
rather than field performance. When the TARG card is not included in the data deck,
the default parameters listed in Table D2 are input to the model.

Probabilities of system performanc.. are predicted as a function of range. Range is
defined as the distance between the observer and the target. The RANG card specifies
the positions of the turget which are of interest te the user for detection and recognition
perfermance. ldeally, one would recewve an adequate span of range predictions to plot
a continuous curve of the probabilities frem 100% to 0% of deteciion and reeagnition,
Possibly, onc would oniy have interest in a range of specified probability.  However, at
this time, there is no search procedure for the inidal, ferminal, or percentage of interest
range.

1.1 XLTAR, XHTAR — The real target’s eritical dimension is XHTAR. For most
Army vehicular targets and for all targets used in the validation of the main body of
this report, the critical dimeasion i the minimum dimension whether it Le the width of
a man or the height of a tank. The real target is modelled in the computer program by a
rectangle with uniform A1, The snialler dimension of this rectangle is XHTAR.
XLTAR is the rectangle length that when multiplied by the critical dimension will yield
the thermal area of the real targei. As an example, Table 1 shows that for a tank/side,
XHTAR = 2.7 m and XLTAR = 5.25 m. All dimensions are in meters and may take on
any velue greater than 0.0,

1.2 DETEMP, TBAC — DETEMP is the absolute value of the average temperature
dificrence AT 4y, defined by equations (1) and (2). DETEMP wust be greater than
0.0° C; negative differences are not valid inputs. TBAC, the background temperature,
is usuallv 12.0° G, If the user omits the valuc of TBAC on his data card or inpu = 0.9,
the value 07 12.0 will be iuput. Therefore, it is impossible to specify a 0.0° background
which may be a true representation of a sky background. To dodge this fault, input
0.01° & or some very small number to approximate 0.0° C.

L3 IRMIN, "i’RMAX, IRDIN, IRDAX ~ The minimum and maximum ranges of
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interest for recognition, IRMIN and IRMAX, respectively, and for detecticn, IRDIN
and IRDAX, arc equired by the program. Given a minimum range and maximuin range
for recogmition performance, the model witl calculate the probability of recognition
starting at the minimum range, continuing for additional ranges in increments of
(IRMAX-TRMIN)/9 until the maximum range is reached for a total of ten ranges. Like-
wise, the model will calculate the probability of detection starting at range IRDIN to
range [IRDAY in increments of (IRDAX—~IRDIN)/9. IRMAX must be greater than
IRMIN and IRDAX must be greater than IRDIN. All four ranges must be greater than
0.0 and in units of meters.

The RANG card may be omitted from the data deck and the default antion in
Table D2 will be input. Selection of input ranges comes with experience. Theoreticalty
il everything is ideal and the systeia is only limited by the detectos, the 50% probability
range of system performance can be approximated by

XHTAR * 1000

where XCYTLES is 1.0 for the suggested d=tection criteria. XCYCLES is 4.0 for the
suggested recogeition eriteria. Where no pricr knowledge of system performance exists,
it is suggested that the user first try the deiault to the RANG card. Then, adjust the
RANG card based on these results.
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Supplement 2

Atmosphere

In this program, there are two different ways to accounc for atmospheric effects.
A modified version of an atmospheric transmission model developed by the Air Force
Cambridye Research Laboratory can be used by placing an ENVI card in the input deck.
This card supplies the inputs to the atmespheric model.

The model requires values for the relative humidity. the air temperature, and the
visibility range of the atmosphere. These are all continuous variables and any number,
subject to certain restrictions, can be used. In order to aid the user, however, Table D8
associates typical discrete values of these variables with commonly observed atmospher-
ic condiiions. Temperature and relative humidity are grouped into three classes. These
two variables together determine the water vapor concentration of the atmosphere
which is often the predominant cause of atmospheric attenuation in the IR, Figure D11
can be used as a guide in determining an appropriate temperature-relative humidity
combination. When using low visibility ranges, check to make sure that the RANG card
is specified properly. Ir gencral, below a 2-kilometer visibility range, anticipate the
possibilily of low performance ranges.

Table D8. Atmospheric Models and Inputs

Type Visibility Range Temperature/Relative
. (km) Humidity*
Very clear 40 1
Clcar 23 I
Light haze o II
Haze - 5 11
Heavy haze 2 Il
Light fog 1 11
Heavy fog 2 11
Light rain 12 Il
Moderate rain 6 I
Heavy rain 2 m
Very heavy rain 5 I

et

v e sl -

* I - low water vapor content.
Il — moderate water vapor content.
III — high water vapor content.
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If spectral atmospheric transmission data per kilometer is available, a simple Beer's
Law attenuation calculation can be performed. Atmospheric transmission is determined
in 0.1-micron intervals by linearly interpolating data supplied by the TOTL card. When
TOTL is used, the ENVI card is not necessary. If the transmissions on n the TOTL card
corrcspond to the default wavelengths for a 3-5 micrometer system stored in the in the WAVE
array (sce Table D2), the card ATEW is not nceded when using TOTL. When the user
has a choice between the two methods of accounting for atmospheric effects, he should
use the wransmission model needing the ENVI input card. It has more validity than a
Beer’s Law calculation.

It is perfectly correct to exclude all atmospheric cards. In this case, calculations
are performed for a clear standard atmosphere having a visibility range of 23.0 kilome-
ters, an air temperature of 15.0° C, and a relative humidity of 46%. Specific reference
notes on individual parameters follow:

2.1 AIRTMP — the air temperature may take on any value from -29.¢° C to
38.0° C. See Figure D11, RVIS (2.3), and ISTATE (2.4).

2.2 RH — the relative humidity may take on any value from 0.0 to 160.0. See
Figure D11, RVIS (2.3), and ISTATE (2.4).

2.3 RVIS — the visibility range in kilometers may iake on any value greater than
zero. A visibility range of less than or equal to 1.0 kilometer is defined as a fog. RH is
ignored when RVIS < 1.0 and set equal to 100%. See Table D8 and ISTATE (2.4).

24 ISTATE — is an index which designates special atmospheric conditions that
may occur. If ISTATE equals 1-4, a rain model is used. RVIS is predefined according
to Table D2, so any RVIS input is ignored. However, AIRTMP and RH must still be
defined. The only exception to this is when ISTATE equals 4. Then, any RH input is
ignored and RH is set equal to 100%. When ISTATE equals 1-3, a recommended value
for RH is 75%.

2.5 SIGMA, WAVE — are each arrays having seven fields and, whenever they are
used, all seven fields must contain values. 1f only the band transmission per kilometer
is known, repeat the same transmission seven times on the TOTL card. 'Then, assume
cither the default wavelengths for SIGMA or select sever. wavelengths contained betwscn
WAVEL and WAVE2 on the BAND card. Any wavelengths contained on the ATEW
card need not start exactly at the begmmng of the band or end exactly at the end of the
band but they must increase monotonically from smaller to larger values. Wavelengths
do not need to be equally spaced from one another. When the default option is used
for ATEW, the appropriate 3-5 micrometer spectral band is supplied.
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Supplement 3
Optics

The specifications for the system’s optics are on cards OPTI, MTOX, and MTOY.
Cards MTGX and MTOY describe the MTF of the optics in the horizontal and vertical
directions, respectively. Inpat values for thesc two cards need not be the same. The
total MTF of the optical component is the product of the MTF of the optics (Note 3.5)
and the MTT due to geometric blur (Note 3.3). Notes on the individual inputs follow:

3.1 FNUMB, FOC —~ FNUMB is the F-number of the objeciive lers. The F-num-
ber is a positive, unitless decimal number. Reference Section IIT, par. A1, MTF,
OPTICS, equation (10), (F#), and Section 111, par. B, NEAT, equations (24) and (25),
(F), for its use. FOC is the focal length of the objective lens. It is a positive decimal
value in inches. Referenee Section T, par. AL, MTFE, OPTICS, equation (10) for its use.
An example of interaction of variables is illustrated by the following relaticasiio.

FNUMB = FOC/Diameter of the objective lens (inches).

Aithough the diameter of the objective lens is not an input, the diameter which satisfies

the above equation should be checked to see if it is within rewsonable bounds of tech-

nology. Another example of interaction which must be han? checked by the user for

consistency s SRTAD/FOC for square detectors
x-dimension of detector (mils)

DELTAX = 7OC otherwise

DELTAX, the detector IFOV in the x-direction in units of milliradians, and SRTAD,
the syuare root of the detector arca in units of mils, are defined in Supplement 5. It is
imporfani to note that FOC is related to detector characteristics and that a change in
any of the three variables above affects at least one of the other two.

3.2 TQ - TQ is the optical transmission averaged over the spectral bandwidth
which is specified by card BAND. For perfect transmission, T@ = 1.0; oiherwise,
0.0 < TQ <€ 1.0. TO (7,) appears in equations (24) and (25).

3.3 ABLUR - The purposc of ABLUR is to caleulate an MTF due to the geo-
metric blur of the optics. An assumption necessary to the model is that the spot size
oi the geometric blur is gaussian and, therefore, the fourier transform of the spot size
resulis in a gaussian MTE. The form of the MTF (Hy,; ;) is in Section BI, par. Al,
MTF, OPTICS, equation (11), and is repeated below for further reference:

LR P

etk o




Hpyg = EXP (-bf2)

where f, is the spatial frequency in cycles/milliradian and b is ABLUR, in square mrads. 1

Calculate ABLUR by one of the following four methods: §

] (1) If there is no system degradation duc to geometric blur specified for the 3

' optics, then ABLUR = 0.0 and the resultant MTF will be 100% ai all frequencies; i.e., 3
5 | there will be no degrading effect on system performance. If a blank is left in the fourth

:%“ ' field of theQ_P'_LI card, 0.0 will be substituted for ABLUR. f

(2) 1If degradation due to geometric blur is taken into account in a given
total optics MTF, ABL.UR = 0.0. The total optics MTF is input on cards MTOX and
MTOY which are described i Note 3.5.

(3) Consider the case where tne user has a given geometric biur MTF. At 1
the present time, there is no way to input this MTF directily. Solve for ABLUR by 1
choosing an MTF value (usually 50%) and its corresponding frequency and substituting :
in equation (11). The goodness of fit between the caleulated and given curves is de-
pendent on the wssumption of @ gaussian MTF.

(4) Finally, the usc.e may have a given geometric blur spot size. When given i
the spot size, it is necessary to ask: s the spot size, noted by w, the full spread of the
function or is it the half value, and to which value of the spread function does w refer?
ABLUR is caleviated for several common points of measureinent below: (If some other
point of measurement is given, the procedure i» analogous.)

(a) A common method of spot-size measurement is the shrinking-
raster method. The given spot size is the w illustrated below:

')

— el

S

™ X (MRAD)

. g . . . a
® The gaussian spread function is ¢,
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1

. . 1 -
# Gives: the w above, e** =¢! st worw= 5.
w

® Takizg the fourier transform of the spread function

MTF :: (5-41:’ f2 [(4a) (‘,'", f? |a
® ABLUR = 7%/ from equation (11).

® In this case, ABLUR 72 w? is the input.

3

) (b) The spot size may be measured hetween the two points on the %
- spread function: i
E N y ;
- :
| I |

! :

i |‘ ;

i w ]

g

1 4 — € 1 :

i

. i

> X (MRAD) |

® Given this w, " = ¢! at w/2 or & = 4/w2. i,

© MTF = ¢ ffa

® ABLUR = 7n?/a

® ABLUR = 7*w?/4 is the input. 3

|

(¢)  Another common measurement of spot size is the 50% point of
the spread function: y

- .

13
£
'y
E.
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® ¢’ = 50atwora= :_l_n (':0)
w

® MTF=¢ ™ /o
® ABLUR = 72/a

2,2
e ARBLUR ::n‘:m is the input.

(1) If spot size is measured between the two points on :he spread
function:
bji yﬁ
W
! T..so
e
X (MRAD)

® cox’ = 50atw/2or a = :i!.l‘l_(—i(l)
wi

® MTF=¢™ P /e

® ABLUR = n?/a

2,2
[ ABLURrZ-r l

“Fin (50) is the input.

(e) The user may develop his own techniques,

3.4 XLAM?3 — XLAMB is the wavelength of diffraction (X) in equation (10).
Aceeptable values are 3.0 < XLAMB < 5.0, 8.0 < XLAMB < 14.0, and XLAMB = 0.0.
If the input value of XLAMB is not in the defined ranges, an error message is printed
and the program ceases execution. (See Supplement 12 for the error message.) Usually,
the middle of the system’s operating bandwidth is a reasonable input. 1If a valne of 4 0
or a blank is input as XLAMB, the program sets XLAMB = (WAVEI+WAVE2)/2.0
where WAVE] and WAVE2 are inputs from the BAND card. Perhaps in comparing
several systems of approximately the same operating bandwidth, one will choose a
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common value of XLAMRB. If the user is assuming a diffraction limited MTT of the
optics as in equations (9} and (10), XLAMB is used in the predictions. However, if an
optics MTF is input, predictions do not depend on XLAMB.

3.5 XO, YO — XO is an array on card MTOX of the MTF values of the opticsin
ihe x-dircetion which ccrresponds to the array of increwsing spatial frequencies on card
FCMR. YO isan array on card MTOY of the MTF values of the optics in the y-direction
which corresponds to the array of i increasing spatial frequencies on card FCMR. Accept-

able values range troi {0 to 0.0, Three methods exigt for inputs to cards MTOX and
MTOY:

(1) If there is no system degradation due to the opties (i.e., an MTF of
100%), input ten 1.0%s for arrays XO and YO. If the MTOX card or MTOY card or
both are left out, the default option is all 1.0 for the respective array.,

(2) If one is given a measured or known optical MTF, input ten MTF values
off this known curve which correspond to the FQ arruy on the FCMR card for the relat-
ed card (MTOX,EH‘(_)_Y, or both),

(3) Tf a predicted MTF based on the asumption of a diffraction-limited
system ix desired, input ten 0.0’ for arrays XO and YO, A diffraction-limited MTF as
a function of spatial frequency may be caleulated in both the x and y directions by
cquations (9) and (10).
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Supplement 4

Scanner

The inputs of the SCAN card are essential to the NEAT, MRT, and MDT predic-
tions, Notes on the individual variables follow:

4.1 FR — FR is the frame rate of the scanning system in frames/second. The
frame time is the time required for one complete scan of the ficld of view; frame rate
is the inverse of frame time  Any positive value of FR is acceptable. FR(Fy ) is an in-
put to the calculation of the number of resolution: elements in Section III, par. B,
NEAT, equation (23); the MRT prediction in Section I, par. C, MRT, equations (26)
and (27): and the MDT prediction in Section III, par. D, MDT, equation (28).

4.2 XNSC — XNSC, the overall scan efficiency, is the percent of time the scanner
is on the detectors. XNSC is a decimal greater than 0.0 and less than or equal to 1.0,
An input of 1.0 means 100% scan efficiency. *“‘Overall” in the above definition means
that the scan efficiency is the product of the horizontal scan efficiency and the vestical
scan efficiency. XNSC is an input to equation (23).

4.3 OVERSC — OVERSC is the overscan in the IR field by the detectors and is
defined by the following ratio:

SLTAY
OVERSC = DELTA
rasler spacing (mrad)
where
1 _ #active raster lines/frame

raster spacing ~ VFOV x17.45 (mrad/deg)

where DELTAY is the vertical instantancous ficld of view of the detector input on
card DETK and VFOV is the system’s vertical field of view input on card SYST.
OVERSC is positive and unitless. Equations (23), (26), (27), and (28) arc a function
of OVERSC. Tor overscan on the display, see Supplement 10.
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Supplement 5

Detector

Characteristics of tho detector are input on cards BETR, DET2, DROX, DROY,

NPSP, NPSF, DSTD, and DSTL. The user may exclude the DET2, DROX, or DROY
card, and the default options listed in Table D2 will be input.

Notes on the individual variables on card DETR follow: k
I q
5.1 DELTAX, DELTAY ~ DELTAX and DELTAY are the instantancous fields !
» of view of the detector in the horizontal and vertical directions, respectively. DFLTAX, :
’ DELTAY > 0.0 and are in units of milliradians. Both variables (Ax, Ay) are necessary j
inputs to calculate the number of rcsolutiun.clements/s in Section 1, par, B, NEAT, lE
equation (23). DELTAY (Ay) is used in MRT calculations, cquations (26) and (27), i
and i: the MDT calculation, equation (28). Interactions with other system inputs ;
include: :
SRTAD/FOC square detector %
-dimensi f detec i
DELTAX = x-dimension 1o fl( tector (mils) otherwise :
FOC
and
GVERSC - DELTAY ,

raster spacing (mrad)

5.2 XN ~ XM is the number of active detectors in parallel. XN 2 1.0, XN (n) is
used to calculate the number of resolution elements/s in equation (23).

3.3 DISC — DISC is the number of active detectors in cach row of the detector
array, i.c., in series. DISC 3 1.0. DISC (N) is a necessary input to the NEAT calcula-
tion in equation (24) or (25).

5.4 SRTAD — The effective detector size in units of mils (10 in.) is calculated

as follows:

SRTAD = \/fwidth of the detector (mils) x height of the detector (mils)

SRTAD > 0.0. SRTAD (A:‘) is used in the NEAT caleulation in equations (24) or (25).

lt interacts with other inputs by

DELTAX = SRTAD/FOC. (for square detectors)
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5.5 DPEAX — DPEAK is the peak D* (A, f ) value in units of 10!° cm-sqrt
(hertz)/watt. DPEAK > 0.0. The Di)STAR array is input on card DSTD as a relative
curve notmalized such that the input D* (A, f) at DPEAK equals 1.0. The program
then calculates D*(A, f ) = DPEAK * DDSTAR.

5.6 FQ — FQ is the measuring frequency of D* (A, f). F® > 0.0 and is input
in units of K hertz. For most HgCdTe detectors, FQ = 10.0 K hertz. See Supplement
5.11 where S(F@) = 1.0.

Notes on the individual variables on card DET2 follow:

5.7 ANGLE — ANGLE is the cold shield half angle in degrees. ANGLE 2 0.0.
ANGLE (6/2) is used in the shot-noisc-limited system NEAT caleulation in equation
(25). If MOM = 0.0 is input in field two of this card, then the value of ANCLE is not
used in any system calculations and therefore may be input as anything.

5.8 MOM — MOM indicates to the computer program which of three methods to
choose for the NEAT calculation. If MOM = 0.0, the NEAT for a detector-noise-
limited system in equation (24) is computed:

AR (AR
m A:’ fo Ta VN Jy, DY mdd

NEAT =

where the bandwidth Af)| is defined by equation (21) and the inpet DDSTAR array is
D¥ which was measured in the dewar with its internal cold shield. If MOM = 1.0, the
NEAT for the shot-noise-limited system in equation (25) is computed:

4F? (Af, ) Sin (0/2
NEAT =~ Bh )T S 0O72)
TAy 7, Ty VN [y, D" n, dA

wh~re Af, is defined by equation (21) and the input DDSTAR array is D** which was
not measured to include the cold shield. If MOM = 2.0, the NEAT is calculated by

equation (24): however, Af, is the white nnise approximation defired in equation (22).

MOM must be equal to cither 0.0, 1.0, or 2.0.

5.9 FSTAR - FSTAR is the frequeney of the 3-dB point of the detector response.
[tis an input to the caleulation of the detector’s temporal transfer furietion wm equation
(14). (i*). For this caleulation, FSTAR > 0.0 and in units of K hertz, The detector’s
temporal MTE s are caleulated by the program only if either array X1 on card DROX
or YD on card DROY is all zeron, I the detector temporal MTEs are not caleulated,
FSTAR 1> not used inany system calealations: thus, the user may inprt any value for
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Notes on the input arrays on cards DROX and DROY follow:

5.10 XD, YD — Array XD on card DROX is the MTT' of the detector’s temporal
response in the x-dircction. Array YD on card DROY is the MTF of the detector’s
temporal response in the y-direction. Both arrays XD and YD eorrespord to the in-
creasing temporal frequencies of array FQQ on card FLHZ. Acceptable values for ar-
rays XD and YD range from 1.0 to 0.0. The three input methods for MTF’s XD and

YD arc as follows:

(1) If there is no system degradation duc to the detector’s temporal MTF,
input ten 1.0’ for arrays XD and YD. If either card DROX or card DROY is left out
of the data deck, the default option in Table D2 is to inpat all 1.0% for the rospective

array.

(2) T oncis given a measured or known detector temporal MTE, input ten
MTF values off the known curve which correspond to the FQQ array on FLHZ,

(3) If a predicted MTF is desired, input ten 0.0 for arrays XD and YD,
The temporal MTF will be caleulaied by equation (14) of Section I, par. A2, MTF,
Detector, (Hp pp ), using the input value of FSTAR on card DET2,

Notes on the input arrays of cards NPSP and NPSF follow:

5.11 S - Sis anarray of the adjusted noise power spectrum. Determine the nor-

malization factor such that the detector noise power spectrum in units of 107 volts/ He'

i adjusted to 1.0 at frequency FQ, the measuring frequency of the D* array which was
input on card DETR. All clements of array S on card NPSP are values of the noise
power spectrum which have been adjusted by the same factor. Alihough ten is the
usual formatted array size, only eight values of the S array will be read and used by the
program. The first value of the S array must be greater than but not equal to 1.0, Pick

of f cight points from the adjusted noise power speetrum which reflect the curvature and

input these as S. A typical adjusted noise powes spectrum on v-hich each x represents
an element of S is illustrated in the following figure:
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The computer program interpolates and extrapolates to find the adjusted noise power
spectrum value at the frequencies required for the program caleulations. The elements
of S correspond to the logarithmic frequencies of array F on card NPSF. Sis used in

the electronic noise bandpass caleulation in Section I, par. B. NEAT, equation (21),
(5(f)); in the calculation of @ in Section III, par. C, MRT, equation (26) and QQ in
equation (27); and in the calculation of MDT in Section II1, par. D, MOT, equation (28).

5.12 F — The elements of array F are the frequencies in'Log,e hertz whick cor-
respond te the input elements of array S, F iz input on card NPSF and must consist of
cight positive and increasing values. ‘

Notes on the input arrays on cards DSTD and DSTL follow:

5.13 DDSTAR — DDSTAR is a relative spectral curve of the D* (A, ) which has
been normalized to 1.0 at DPEAK.

_ D* (A, f,)

DDST R
ARy = HrrAK

Ten positive values may be input in array BDSTAR on card DSTD to represent the rela-

tive curve. The computer program interpolates and extrapolates values from DDSTAR.

Elements of DDSTAR correspond to the wavelengths of array XLMBA input on card

DSTL. DDSTAR is used in NEAT calculations in equations (24), (D*), and \25), (D**).

5.14 XLMBA - XLMBA on card DSTL is the array of ten increasing wavelengths
(M) in units of micrometers which correspond te the input DDSTAR array. The spectral
bandwidth defined by variables WAVEL and WAVEZ2 on the BAND card limits the band-
width used in system predictions regardless of thie input to XLMBA.
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Supple_nent 6

Electronics

The ~ystem’s electronics are described by the input on cards ELEC, EMTF, BMTF,
VMTX, and VMTY. Default values for cards BMTF, VMTX, and VMTY are listed in ,:
Table D2. Default options do not exist for cards ELEC and EMTF. Since four of these i
cards, EMTF, BMTF, VMTX, and VMTY, represent component MTF s, the general pro- ‘
cedure for MTF data is outlined below. Deviations from the general ;.:ocedure will be
explained in the notes on the individual variables.

General Procedure foc Inputs of MTF’s

(1) If there is no system degradation due to the component (i.e., an MTF of 100%)
or if the component is not a part of the system, input ten 1.0’ for the array.

(2) If one is given a measured or known MTF, input ten values off this known
curve which correspond to the ten frequencies on FCMR for spatial response or FLHZ
for temperal response. ;

(3) If a predicted MTF is desired, input ter: 0.0’s and the recuired variables for
calculations.

Notes on the individual variables on card ELEC follow:

6.1 CUTOFF, FELECT — CUTOFF is the frequency of the 3-dB preamplifier
cut-on in units of hertz. CUTOFF > 0.0. Common values of CUTOFF range between ‘.
3.0 and 7.0 hertz. FELECT is the frequency of the 3-dB amplifier cutoff in units of :
hertz. FELECT > 0.0. Both inputs are illustrated in the following figurc: !

JOl |- e e e e - - -

MTF

CUTOFF FELECT
FREQUENCY (Hz)

The value of CUTOFTF is a necessary input; however, FELECT is not. FELECT is used
by the prograa in the prediction of the electronic MTF, Section III, par. A3, MTF,
Electronics, equation (15), (f,). The electronic MT¥ (Hgy gcr) is predicted only if
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array XE on card EMTY isall 0.0s. If Hg pey is not calculated, FELECT is not used
by the program and may be input as anything.

6.2 XY, XYL — XY and XYL are the angular subtense in object space in the
x-direction and the y-direction, respectively, of tke electro-optic multiplexor LED. If
the system has no multiplexor, then XY and XYL = 0; otherwise, XY, XYL > 0.0
and are in units of milliradians. XY and XYL are used to predict the LED filter function
(Hpgp) in cquation (17), {x).

6.3 XK, FMAXF — XK is the amplitude of the electronic boost at frequency
FMAXEF. If the system does not have an electronic boost, then XK and FMAXF = 0.0.
If a predicted boost MTF is desired as in equation (16), (Hg ), then XK(K) > 0,
FMAXF (fysx) > 0, and FMAXF is in units of K hertz. The boost MTF is predicted
only if the array XB on card BMTF is all 0.0s. If a known poost MTF is input on
card BMTF, then XK = 0.0 and FMAXF = 9.0.

Notes on card EMTF follow:

6.4 XE — XE is the MTF of the electreaics. XE is an array of 10 values which
correspond to the increasing frequencies of array FQQ on card FLHZ. All values of XE
must be 3 0.0. The general procedure for input of MTF's is ..pphcable The required
input for method (3) of the general procedure is FELECT on card ELEC. The predicted
MTF is calculated by equation (15). There is no default option.

Notes on gard_I_i_M_.’[f follow:

6.5 XB — XB is the MTF of the electronic boost. XB is an array of 10 values
which correspond to the increasing frequencies of array FQQ on card FLHZ. All values
of XB must be 3 0.0. The general procedure ‘or input of MTF’s is apphcahle The re-
quired inputs for method (3) of the general procedur:: are XK and FMAXF on card
ELEC. The predicted MTF is calculated by equation (16). The default option in Table
D2is to assign all 1.0’s to the array BMTF.

Notes on cards VMTX and VMTY follow:

6.6 XTV, YTV — XTV and YTV are the MTFs of the vidicon in the x-direction
and y-direction, respuctively. Both XTV and YTV are arrays of 10 values whick cor-
respond to the increasing spatial frequencics of array FQ or card FCMR. All values of
XTV and YTV must be > 0.0. Methods (1) and (2) of the general procedure for input
of MTF’s apply. Method (3) does not exist as an option, i.e., there is no option to
predict the MTF of the vidicon. The default option in Table D2 is to assign all 1.0s
to the arrays XTV and YTV.
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Supplement 7
Display

Three display options exist to the user of the thermal model: a CRT display, a
LED display, or no display. In each case, the MTF of the di.play is calculated by the
program in both spatial dimensions. Presently, there is no available methed to directly

; input a display MTF. For overscan on the display, sce Supplement 15. Notes on indi-
| vidual parameters of the DISP card follow:

7.1 KKK - KKK indicates the type of display. Three correct inputs exist:

® 0.0 = CRT display. Based on the assumption of a gaussian spot size and a gaussian

transfer function, the display MTF is calcuiated in Section III, par. A4, MTF, Display,
equation (18), which is

The spatial frequency f is in units of cycles/milliradian. The variable a is defined in

7.3.

® 1.0 = LED display. The MTF calculation for this display is described in Section 1II,
par. A3 and A4, MTV, Electronics and Display, equation (17).

® 2.0 = no display. An MTF of 100% is calculated in both spatial dimensions for the
display. A warning is due here. If the noise-filter function from the detector to the
display Hy, (f) in Section III, par. C, MRT, equation (26), does not roll off in both the

x-direction and the y-direction, the computer program will blow up. The noise-
filtering MTF’s it the x-direction and y-direction, respectively, are:

Hy (f) =Hgger * B * Hyip * Hygp * Higs * Hpgpoay
and
Hy (f,)=Hyy, * Higp * Hios * Hpgpay

where Hg per = electronic MTF

1

I, beost MTF

Hyip vidicon MTF
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Bygp = LED MTF

H; g = gtabilization MTF _5

7.2 BRITE - BRITE is the average display brightness from the scene in units of
footlamberts. The MTF of the eyeball is a functicn of BRITE (light level) as explained
ir Section III, pu:. A6, MTF, Eyeball, equation (20) and Section III, par. A6, Table 3.
A typical value is 10.0 fL.

73 XA.YA-

® [f KKK = 0.0, then XA and YA are the inputs to the MTF calculation of the CRT
dispray in eqution (18) (the value of a) for the horizontal and vertical spatial dimen-
sions, respectively. XA and YA arc to be calculated in the same manner as ABLUR
bv methods (3) and (4) of Supplement 3, par. 3.3. Acceptable inpits are positive
ard in units of square milliradians.

b Al S e S i R 2 e

® 1f KKK =1.0. XA and YA are the angular subtense of the LED in the horizontal
and vertical 2imensions then the display MTF is a sinc function. XA and YA are
the values of x in equation (17). Acceptable inputs are positive and in units oi milli-
radians. If one is given an MTF of an LED display, solve equation (17) by method
(3), ABLUR, Supplement 3, par. 3.3. 3

e bt it 1

o If KKK = 2.0, the values of XA and YA are overridden. '

by T
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Supplement 8

System

Input variables on the SYST card and the BAND card pertain to the whole system
rather than to any partlcular component. Notes on s on iudividual variables follow:

8.1 HFOV, VFOV — HFOV and VFOV are the system’s field of view in the hori-
zontal and vertical directions, respectively. Both inputs must be greater than 0.0 and
less than or equal to 360.0 in units of degrees. In Section III, par. B, NEAT, equation
(23), the number of resolution elements per second is dependent upon the svstem’s
field of view. Animpertant check must be made by the user to insure consistency:

# active raster lines/frame x DFLTA (

VFOV = OVERSC x 17.45

This is the same relationship as stated in Supplement 4.3. A change in one variable will
affect another. (ne is often given specifications for a particular a:pect ratio for the
field of view. An examiple of a chain of interactions which might oceur is if one changes
DELTAY which affects VFOV which affects HFOV to maintain an aspect ratio.

8.2 XMAG - XMAG is the system’s magnification. XMAG > 0.0. XMAG is
used in the calculation of the eyeball MTY of Section III, par. A6, MTF, £ycball, equa-
tion (20), (M). The system includes the device and observer; therefore, magnification

is dependent on where the observer is in relation to the displey. One method to calcu-
late XMAG follows:

display size (in.) x 1006

MAG = : .
XMA viewing distance (in.) x VIV x 17.45

Note that a change in VFOV will affect XMAG. However, since the viewing distance is
usually zrbitrary, there is no need tu adjust XMAG for every small change in VFOV.

8.3 FACT —~ FACT is the ratio of the wide VFOV to the narrow VFOV of a sys-
tem. Some systems opcrate in either a narrow field of view or a wide field o7 view
mode. The wide field of view is usually preferred for a detection task. Predictions for
recognition arc in the input field of view but predictions for detection are in both the
input (usually narrow) .nd adjusted (wide) fields of view. The narrow field of view
system and wide field of view system differ in inputs of HFOV, VFQV, XMAG,
DELTAX, DELTAY, FQ, FNUMB, XY, XYL, XSIGLS, YSIGLS, XA, and YA by a
constant factor. This constant is FACT. In order to save the user from making all
these adjustmants and running a second system, the model zutomaticeally calculates a
deteciion prediction based on the wide field of view system. FACT > 0.0. If the
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system has only one mode of operation, input FACT = 1.0 and ignore the output for
detection in the wide field of view.

8.4 XNET — Two options exist for input to XNET:
(1) If the user wishes the model to predict the noise equivalent temperature
difference (NEAT) by the definitions of Section II1, par. B, NEAT, then input XNET =
0.0.

(2) If the user wishes to specify the NEAT and not use the model’s calcula-

tion, he may input the value for XNET. XNET > 0.0 and in units of degrees centigrade.

Inputs of the BAND card follow:

8.5 WAVElL, WAVE2 — WAVE! and WAVE2 define the spectral bandwidth for
all system and atmospheric calculations executed by the program. Values for WAVEL
and WAVE2 are determined by the operating spectral bandwidth of the system and are
in units of micrometers. \WAVE]L # 2.0 and WAVE2 < 16.0. Throughout this report,
wavelength is noted by A and the spectral bandpass, by A,
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Supplement 9
Stabilization

The line of sight stabilization is discussed in Section 1II, par. A5, MTF, Stabiiiza-
! tion. Three input cards, STAB, LSSX, and LSSY, generate the stabilization MTF. In-
| puts of LSSX and LSSY follow:

9.1 XML, YML — XML of card L3SX is the array of MTF values of the stabiliza-
tion in *he x direction, and YML of card LSSY is the MTF of the stabilization in the
y-direction. The airays of MTF values correspond to the array of spatial frequencies on
card FCMR. Acceptable values range “rom 1.0 to 0.0. Input values of arrays XML and
YML need not be the same. Three options exist for inputs tc the XML and YML arrays:

(1) If there is no system degradation due to the lack of stabilization, input
| ten 1.0%s; or because the default option is all 1.0, leave cards LSSX and LSSY out of
the data deck.

g')

(2) If one is given a measured or known stabilization MTF, input ten MTF
values off this known curve which correspond to the FQ array on the FCMR card.

(3) If ten 0.0%s are input for arrays XML and YML, an MTF which is as-
sumed to be gaussian is calculated from equation (19,. Inputs XSIGLS and YSIGLS
replace p in equation {19) and are necessary inputs on card STAB.

Inputs of the STAB card follow:

| 9.2 XSIGLS, YSIGLS — XSIGLS, the x-direction vibration constant, end YSIGLS,
{ the y-direction vibration constant, are necessary for the calculation of the stabilization
- MTF in method (3) in par. 9.1. If method (3) is not used to generate the MTF, the
; values or. the STAB card are overridden. Default values are XSIGLS = 0.0 and YSIGLS
' : =0.0. XSIG:.S and YSIGLS need not be equal but must be 3 0.0 and in units of square
milliradians. Refer to Supplement 3.3 and the description of ABLUR for the method
to ~alculate XSIGLS and YSIGLS.
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Supplement 10

Lye

EYETM on card EYER is the integratior tiinc ot the eye. It is used in the MRT
predictions in Section II, par. C, MRT, equations (26) and (27), (i), and in Section
III, par. D, MDT, equation (28). Most inodel validation of predicted MRT versus mea-
sured MRT and predicted performance versus measured field performence is based on
EYETN = 0.2 second/frame. If there is any overvcan in the display, EYETM may be
something other than 0.2. Overscan in the display exisis if, for any scan of the detec-
tor elements, the display clement is greater than the detecter’s instantaneous fieid of
view in the vertical direction. The overscan in the disolay is not to be confused with the
variable OVERSC, the overscan in the IR field, in Suppleinent 4.3. The input value of
EYETM which includes any overscan in the display is calculated by:

vertical IFOVLED
vertical IFOV o

EYETM=0.2*

where the vertical IFOV gy is the input variable YA for an LED dispiay or card DISP
snd IFQV pgp is the inpit variabie DELTAY on card DETR. The default for leaving
card EYEB out of the data deck is EYETM = 0.2.
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Stpplement 11
Program Cards

Most users should not inpui cards SN4B, FDRP, FDCI, FRC3, ind FRC4. If the
cards are excluded from the cata deck, the default valucs in Taile D2 will be substituted.
The validation of the model is based on the defsnlt inputs. The option to input values

other than the default is for research purposcs only but is presented here for complete-
ness.

11.1 SNR on card SN4B is the threshold signal-to-noise ratio used in Section III,
| par. G, MRT, equations (26) and (27), (SNR), and MDT predictions in Section IN, par.
D, MDT, equation (28), (S'). Vali dahon performed to date is based on SNR = 2.25,
By excluding the SN4RB card from the data deck, the defauli option sets SNR = 2.25.

! 1.2 Cards FDRP, FDC1, FRC3, and FRC4 express the: relationship between prob-
| ‘ ability of recognition or Tdetection and the number of resolution ycles across a target's
i critical dimensiew. The refationship is based on the Johnson method. FDRP contains
the decreasing probabilities of recognition or detection which range from 1.0 to 0.0.

! FRC3 ana FRC4 contain the number of cycies across a target which are required for
recognition and correspond to the probabilities on FDRY. Ai 50% probability, three ,;
bars are the default value on FRC3 and fovr bars. on n FRC4; the model output describes ‘
these as optimistic and conservaiive criteria. The Recognition section (IY) in the main
body of the report considers other ahernatives. The field te model comparisons in the i
Validation section (VI) in the main body of the report are based ou the four-cycle cri-
teria, Therefore, unless the user has measured Jdata supporting another criteria, he
should use the default options of FRC4 and FRC3, Firlully,,fm contains the number
of cycles required for detection. These cycles correspond to the probabilities on FDRP.
The defauit option in Table D2 is the same as listed in Table V of the Detection section
(V) of the main body of the report. Input values on FDRFE are i deseending order, but
on FDC1, FRC3, and FRC4 input values ave in .!su'ndmg order.

vt o

113 FQ of the FCMR card is an array of ten spatinl frequercics in units of eycles/
milliradian. MTF vaiucs of the optics input on cards MTOX and MTOY, vidicon input
on cards VMTX and VMTY, sud stabilization input un n cards LSSX and LSSY must cor-
respond to the spatial frequencies on FCMR.  Freyuencies must be in ascending order.
A Jdefault option is listed in Table D2, 1 a0 qven MTE's are input on any of the above
v cards, then array FQ is not used. In thiy case, input any values on FCMR ur leave the
card out of the data deck.

11.4 FQQ on the FLH2 card is an array of ten temporal frequencies in leg,o herts.
MTF values of the detestor response input on cards _DR.()X and DROY, eiectronics input
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on EMTF, and the boost input on BMTF must correspond to the temporal froquvncws
on FLH2 Array values must be in ascending order on FLH2. A default option is listed
in Table D2. If no given MTF's are input on any of the above cards, array FQQ is not
used and the user may input any values on FCMR or exclude the card from the data
deck.
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Supplement {2
Specialized Options and Diagnostics
There are several special options whick have been included in the model. These

options have to do with envronmental inputs, measured MRT inputs, and an interactive
terminal user mode.

i 14 e A ks e e ok

12.1 ENVIRONMENTAL INPUTS — Variable ISTATE has two other values which
give special optiozs. If ISTATE = 31.0, certain write statements are set up in the atmo- !
spherie subroutine and the Beer’s Luw scattering option is used. It must be used with a
SCAT card (below) and IPRINT (below). 1€ ISTATE = 41.0, certain write statements |
are set ap in the atmosphere subroutine and the Beer’s Law total attenuation option is {
used. It must be used with a TOTL ca~d and IPRINT (below). 1

Variable IPRINT is an option which prints certaie diagnostic information di- !
rectly from the atmospherie subroutine. It can also be used to find out atmospherie
constituent transmission as a function of wawvelength, IPRINT is the fifth variable on Co
] the ENVI card. 1t can take on 3 values: C

0 or blank — no printout

1 — abbreviated printount listing initial conditions and absorber concendrations
per kilometer.

i gt b+ -

2 — deiailed printout listing initial conditions, absorber conerntrations per
kilometer, and all computed constituent transmissions as a function of
wavelength,

it ity sttt s e e s s e

| Another option is to input atmospheric scattering transmission per kilometer
. on the SCAT card where the scattering transmission is in decimal form for any seven
wavelengths within the band in which the system operates. A FOR1 format is required. ¢
All seven fields must be filled and. like the 1‘_(_)11; card, it requires the ATEW card or ‘.
uses the WAVE defaults (see  able D2). This option allows the user to directly input
scattering attenunation (if any) and to let the program compute the attenuation due to
absorption (H, 0, CO, . eic.). Consequently, an ENVI card is required to initially defire
the temperature and relative humidity unless the default options are desired. The varia-
bles RVIS and ISTATE are always ignored when using this option so the rain and fog
models cannot be used along with SCAT.

-
.
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12.2 Measured MRT — This option allows the user to input a measured MRT for

performance calculations. It might be of interest to a user who wishes to compare mea-
sured MRT performance with predicted MRT performance. Twenty values are necded
for an MRT These correspond to specific frequencies within the spatial frequency
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resolution band of the device. The MRT values are to be input on the follewing caras:
MRTI (fieids 1-7), MRT2 (ficlds 1-7), and MR T3 (fields 1-6). These cwds all use the
FOR1 format. The selected MRT values must correspond to frequencies that the pro-
gram will generate. These frequencies are defined by the variable DELTAX on the cord
OETR. Frequeney increments are caleulated by

R K
20 DELTAX

In field one on casy MR_:l_‘l, a measured MRT is cutered whicl corresponds to the spa-
tial frequency XL in field two, enter the measired MRT that corresponds to two
times XL, Similarly, continue until fields 1-7 oa card MRT1 and MRT2 are filled as
well as fields 1.6 on card MRT3. All MRT values should be in units of 1073 ° C.

The following cards must be used when inputting a measured MRT: BAND,
DETR, SYST, DSTD, and DSTL. In addition, the ENVI, TARG, and RANG cards are
most often included when using this option. The output listing is always in the abbrevi-
ated format; however, the detection and recognition performance is temperature

dependent.

12.3 INTERACTIVE ~ There exists an ability to use the thermal model in an
interactive mode, The interactive aspects can be used with a CDC 6600 computer and
a 4012 Tektronix terminal. Subroutine INIT cheeks to find out if the user is running
batch or interactive mode. In order o run interactive, the user mus? give the command:
SWITCH, 1. TAFLG is the variable used to indicate batch (IAFLG = 0) or interactive
UATLG = 1) mode. Subroutine READF allows the interactive user to input his varia-

bles in a free-field format.

In order to enter input data, the four-letter identifier should be entered first.
Then, after prompting, all inputs may be typed in. Each must be separated by a comma.
Under this format, decimal points may be omitted for integer valies. At the end of thy
data list associated with an identifier, a slash (/) must be entered. All program cards and
data cards are entered in a similar manner. After the DONE card is input, the program
begins execution and prints out an input listing similar to the computer printout.

Before any calculations take place, the program will ask if any values need
correcting. Entries are corrected by first typing in “fix.”” This command readies the
program to receive corrections. Next tyne FOR1 or FOR2. Read in the appropriate
identifiers and associated values for the variables to be changed. After all changes have
been made, finish with the usual ENDS and DONE combination. When all inputs are
correct, enter “go” and the program will execute. Input and output lictings are essen-
tially the same as those obtained when the program is used non-interactively. Some
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small modifications huve becn made, however, 80 all astings will easily fit on the CRT

display. Hard copies cai be made directly from th.. CRT display when the appropriate
hardware is available.

12.4 DIAGNGSTICS - There are fouv diagnostic messages that may appear in this
version of the thermal model:

(1) Error has been made on input card — dous not conform to proper
convention,

{2) An input system card for FOR1 has not Leen recognized.
(3) Aninput system card for FOR2 has not been recognized.

(4) Your input value of XLAMB is xxx.xx and is not incide the speciiied
ranges.

Error message (1) flags ~n invalid special input card. Frror messages (2) and
(3) inform the user that an attempt has been made to read an invalid identifie~ in either
the FOR1 or FCRZ format. Check ail identifiers and special input ¢ :vds against Tables
D2 and D3. Also make sure that all FOR1 and FOR2 {ormatted cards are behind their
appropriate special input card.

Error message (4) pertains to the variable XLAMB on the OPTI card. Che-k
Suppiement 3 in order to identify the preulem.
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