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I
f PREFACE

I In 1973, the Aerospace Applications Studies Committee (AASC) of the Advisory

Group for Aerospace Research and Development (AGARD), North Atlantic Treaty

Organization (NATO), sponsored a study on the application of night vision devices

to fast combat aircraft. During the study it became apparent that the assumed

weather conditions -- highly smoothed 10-year averages -- were far too uniform to

give realistic results. Curiosity about the variations of unsmoothed weather data

led to a proposal to the AASC by L. M. Biberman of the Institute for Defense

Analyses (IDA) and M. H. A. Deller of the Royal Aircraft Establishment (RAE),

Farriborough, that the problem be investigated in some detail to learn the effects

j of terrain masking, cloud obscuration, and hour-by -hour weather variations at a

number of European locations.

The resulting study , 1 published in five parts, contains estimates of the hourly,

daily, and seasonal effects of the actual weather at Hannover, Federal Republic of

Germany, in 1970 on the performance of electrooptical imaging sensors. The questions

we hope to answer are how great these effects are and when and how often they occur.

Part 1 of the study discusses methodology and samples the results of calculations.

Part 2, in another, classified volume (IDA Paper P-1124), presents complete results

for a forward -looking inf rared (FLIR ) device in the 8. 5-11 ~m band and analyzes the

I impact of weather on operations and operational planning. Part 3 (IDA Paper P-1128)

compares FLIR performance in the 3.4-4. 2 ~sm and 8. 5-11 ~m bands. Part 4 (IDA

illEffect of Weather at Hannover , Federal Republic of Germany, on Performance of

I Electrooptical Imaging Systems” , References 1-5.

I — 2 —
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Paper P-].202) reports on calculations for active and passive television. Part 5 (IDA

Paper P-1203) compares the performance of active television and several different

FURs.

This note was written as an explanatory addendum to the Study and thus it bears

the same title. The note documents the computer program (called Program FLIR)

to calculate the probabilities of detection and recognition of a target by an observer

using a FLIR sensor. It was written to summarize the basic concepts behind the

calculation procedures in Program FUR and to outline those procedures. For more

details about the physics, bar-pattern criteria and role that weather plays in the 2

calculations refer to Parts 1-5 of the Study mentioned above.

a.

— S
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~ I I. SUMMARY OF PROGRAM FLIR

• Program FLIR was written to calculate the probabilities of detection and recogni-

tion of a given sized target by an observer employing an 8. 5-11 ,sm forward-looking

infrared (FLIR) sensor. The probabilities are calculated for various ranges given

transmission data at those ~articular ranges. A basic outline of the program follows

including necessary inputs , types of calculations performed and the output.

The input of Program FLIR includes specif ying the base field of view (FOV) of the

sensor, scaling factors for subsequent FOV’ s, and the appropriate curves which re-

late spatial frequency to minimum resolvable temperature (MRT ) and characterize

the design of the sensor (Figure 1). Target characteristics to be input are critical

dimension, differential temperature ( AT) between the target and its background and

aspect factors. The ranges f or which probabilities are to be calculated are also

entered. Most of the data input to program FLIR consists of transmission values

which were previously calculated and written onto tape. The transmissions must be

computed for the ranges specified as input to Program FLIR and are usually calculated

hour by hour for a particular month.2 The transmissions are based on the weather

(such as air temperature, dew point and visibility) recorded for those hours for that

month for the location under consideration. One method for obtaining the transmission

from weather statistics is by using the model Lowtran 3B, 1 an atmospheric trans-

mittance model developed by the Air Force Geophysics Laboratory (Ref . 6).

‘Lowtran 3B includes several additions and updates to the Lowtran 3 and 3A models re-
ported in Ref. 1. The major additions are the inclusion of water vapor continuum
attenuation in the 3. 5 to 4. 2 urn region, and a temperature dependence to the H20 con-
tinuum attenuation coefficient in both the 4 sm and 10 Mm regions.

2This data becomes columns 1 and 2 in Table 2.

- 4 -
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The calculation s performed by Program F U R  using the input variables are

summarized here. For greater detail refer to Chapter III, Users Guide to Program

FUR and Chapter IV, A Listing (with documentation) of Program FU R.

First a subroutine (Spatial) calculates the angular subtense of the target (in

mihiradians) and returns the values of the spatial frequencies in cycles/rnilhiradian

for both detection and recognition at a given range. Given the computed spatial fre-

quency for each range another subroutine (Resolve) sc.~les it according to desired FOV.

The scaled spatial frequency is then used to find the corresponding MRT value by

linear interpolation between points on the MRT curve input to the subroutine. This

approximation is used when the MRT value is not available for the FOV of interest,

but is available for an FOV of relatively close size. The MRT value ~~~~ determined is

then corrected for aspect ratio of the target (Ref . 1, Appendix D, “First Order

Corrections to Bar-Pattern Data”).

Next , by hour and by range the transmission data is read in and the apparent target

temperature (~~Tapp ) is calculated by multiplying the transmittance ( Tatm) by the ~T

of the target which has been input. 1 Finally, given the ratio ~Tapp/MRT corrected

for aspect , which is the normalized displayed-signal-to-noise ratio, the probability

of detection (or recognition) is determined by calling the last subroutine (Cuprob).

This subroutine determines the prcbability of looking up the signal-to-noise ratio on

a cumulative normal probability curve where the value ~Tdpp/MRT = 1. 0 corresponds

to a probability of detection of 50 percent.

1
~~~app -~~T Tatm.

- 6 -  
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-
- I The output of Program FLIR is a computer tape which has written on it tables

which hook hike Tables 1 and 2. Table 1 is a header table to the FLIR tape and con-

tains the MRT data for each range and FOV. Table 2 contains the probability of de-

I tection and recognition data for two hours by range and FOV. There is a table for

every hour of a month on a typical output tape. Using this FU R  output tape various

plots and other outputs can be made (see Chapter V. Examples of Outputs Which Can

• Be Generated From the Output Tape of Program FLIR).

L
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IL CAVEATS

This section reiterates the caveats regarding the data produced by Program FLIR,

the input data which had been calculated by Program LOWTRAN and the masking effects

as discussed in Part 1 of this study.

1. Data Calculated by Program FU R

The data computed by this program are necessary but insufficient for assessing

the overall effectiveness of electrooptical imaging sensors aboard attack aircraf t

used against ground targets. It must be recognized, however, that the data will almost

always represent an upper bound of performance, since the computed probabilities of

detection and recognition at given ranges assume that the observer is already looking

at the area of the display that coincides with the position of the target within the

field of view. Realistic assessments of the observer’s capabilities will require better

data than are currently available on his display search time, on his dynamic task

perf ormance (including his target recognition and weapon aiming time), and on the de-

gradations to be expected from both the airborne environment and the actual opera-

tional environment.

No matter how good the viewing conditions and equipment, a drowsy or disinterested

observer will not do very well. It was not within the province or competence of this

study to ascertain motivation or interest on the part of the observer. Our calculations

are based on more than 200, 000 data points for the performance of serious observers

looking at a variety of targets displayed against various noisy backgrounds but we do not

know how much to degrade our results to cover various tactical situations or observers

who are not very attentive.

- 10 -
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I
We have also excluded degradations due to exposure of airborne observers to

-. buffeting or g-loading. Preliminary experiments completed in May 1975, 1 showed

that both buffeting and g-loading degrade observer performance, but no analysis of

- 
the frequency and severity of these effects suitable for use in modifying our results

• is yet available.

• Arguments about the modeling of recognition range and about how to def ine “identif i-

cation” remain unresolved. Semantics gain in importance as the tactical problem shifts

• from detection to identification. In military operations, recognition of an electro-

optical image of a target is very closely related to circumstances. Given the appropri-

ate background intelligence, a senor operator can positively translate a series of

unresolved specks moving along a road into a column of trucks or tanks, poor

optical quality notwithstanding.

For detection of tactical vehicular targets, we use the criterion of two lines2

across the minor dimension of the target, on which there is generally good agreement.

For recognition we use four resolvable line pairs across the minor dimension of the

— target. In undemanding situation s, some people elect to use three line pairs as a

criterion for recog’ition. In bad clutter, some use a criterion of four and a half or

f ive line pairs, but we prefer to stay with f our line pairs and to increase the signal-

to-noise thresho’d (Ref.. 7, 8).

In the computational program presented herein we treat in depth only data on

rUm.

1t)iscussed in Appendix H , Reference 1.
2Two lines, one line pair , and one cycle are synonymous.
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2. Computation Model Lowtran

In our computations we were bothered by four problems:

1. The overly pessimistic predictions of Lowtran 3 for the water vapor continuum.

We have solved this, bringing calculated results into line with measured values,

by correcting the Lowtran predictions for the continuum and its temperature

coefficient. The Lowtran 3B version incorporating this change is now being used

(Ref. 6).

2. The weakest part of Program FLIR is the aerosol model used in Lowtran for ~ow

visibility conditions. Existing Lowtran aerosol models can yield a large variation

in computed detection and recognition range for a given FUR. Our best recom-

mendation for now is to use the Lowtran 3B maritime aerosol model for Central

Europe. We at IDA are attempting to develop suitable subroutines for aerosols

elsewhere in the world and will publish these as they become available.

3. The vertical lapse rate for mists and fogs. The conditions on which we have based

our calculations are valid for ground-to-ground observations. If an airborne

sensor is looking down from 200 feet above ground, however, and if there is a

fog layer 100 f t  thick, the path through f og is only half what we have used in our

computations. At present , we have almost no data on the layering of f og and

haze at Hannover or anywhere else.

4. By international convention, visibility exceeding 10 km is reported as infinite

in aviation weather data. We have examined the effect of truncating visibility

at 10 km by recomputing for 20 km. Almost no change in the statistics could be

found, since visibility dominates only when its values are small.

3. Masking Effects

The effects of cloud masking and terrain masking are not included in our models

of probability of detection or recognition but must be considered in operations.

— 12 — 
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IlL USERS GUIDE TO PROGRAM FUR

-. 
Program FUR is written in FORTRAN designed to run on a CDC 6400 computer.

The deck is punched BCD (on a 026 IBM keypunch). Tape 1 i~ read as input, Tape 2

is written as output. Line numbers referred to in the following sections correspond

to numbers assigned to each line of Program FLIR and its subroutines. The lines

• and numbers are listed in the next section of this report, Chapter IV.

A. INPUTS AND FORMATS

1. Inputs by Data Card

Format Variable Name Description of Variable

Card 1 15 NMO No. months for which FUR
(Line 41): is to be run.

• F5. 0 rovi Base field of view.

15 NE No. multiples of FOV1 to be
• considered.

F5. 0 RMAX Maximum range in km - can be
either 10. or 20. (If RMAX= 10.
range=. 5 to 10. km in steps of
.5 km. If RMAX 2O. range=1.
to 20. km in steps of 1 1cm).

Card 2 Ii ICURVE MRT curve selector ; MRT values
(Line 61): are input in data statements in

Subroutine Resolve; ICURVE=i
unless more than one MRT curve
is listed in Resolve - if more than
one, ICURVE equals the no. the
MRT curve desired occupies in
the list of MRT curves (se. next
Section).

4X

FlO. 0 SIZE Minor dimension of target (in
meters).

FlO. 0 TARGT Temperature (deg. K) differen-
tial of target from background
(AT).

-13 -
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Format Variable Name Description of Variable

FlO. 0 ASPECT (1) ~~ /~~Wf or detection.

FlO. 0 ASPECT(2) ~~~~~~ or recognition. ~ is as-
pect ratio of one bar in the
equivalent bar pattern (Figure
28, p. 51, Ref . 1). For front
aspect tank detection the tank
is about square and the bar as-
pect is due to one-half a square
or 2:1 aspect. For recognition
there are four line pairs so one
bar represents 1/8 of a square
or 8:1 aspect ratio.

2. Input by Data Statement

The MRT curve points are input by a data statement in the program deck in Subroutine

Resolve (lines 27R - 36 R). The following is an example of the data statement when it

contains five curves at the same time.

DATa ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1-1 x
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1—I y
— l.,2.,3.,4.,S.,6.,7.,R.,Ten., 12  x
— •007,.OIM. .034, 06,.1n2’.Z..4.1.,7.o., T”2 y
— l .~~2 .,3,,4 ,,5.,6 .,7 .sR.,9 . .6*n •, 

_ _ _ _ _ _ _  
T-’3 X

— .f l V~~, .OO~.?, .pO R, .Oj3i .U~ 6’ .f l i i~~~ . .OR , .rlci,52,6*o., •1.1 ~
— 2.,4.,6 .,~~.,l0.,l0u0., i—i x
— .006~ ,.O14,.OJb,.O5T,.O~~

,1fl’n., P4.~ y
— 1 .,1 .8,2..2s4,2.8,3.0.3.2,3.4,3.6,3,8,3.9,3.99,3*o., PflO x
— . f lO , . 1b,.?, .3, .4?,,~~’,b~~.f ? ,. R4 , 1.OR , l . 24 , 1. 32 , 3*o,/ pnD y

Five is the maximum number of MRT curves that may be entered at one time.

However, only one curve is used per run of Program FLIR. The curve to be used is

specified by the variable ICURVE (see Input Card 1 above). In the example shown

abo a ICURVE= 1 would select MRT curve T-l , ICURVE=5 would select MRT curve

PDD, where T-1 and PDD are our code names for actual FLIR equipments.

- 14 -
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There are two lines of data punched per MRT curve entered. The first line

labeled “X” contains the X-coordinates of the curve which are the spatial frequency

I values in cycles/mrad. The second line labeled “Y” contains the Y-coordü.ates or

the MRT values (see Figure 1 in Summary).

~
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3. Data Input by Magnetic Tape

The previously calculated transmissions are read from tape (Tape 1 on program

card). The transmission tape contains one file per month to be processed. Usually

a maximum of two files are on one transmission tape. Each month’s file contains

three lines of heading or title information to be skipped over when being read.

Format 105 in the program does the skipping:

Line
Read(1, 105)IBLANK 132

105 Format (h AlO) 133

The headings are followed by one line for each hour in the month. Each hour’s

record consists of 3 integer values representing month, day, and hour, and 20 real

values representing the fractional transmittance for ranges of .5 to 10. km in steps

of . 5 km or 1. to 20. km in steps of 1. km. RMAX on input card 1 above indicates

which ranges are on the tape. The read statement for one hour’s data in this form is:

Line
Read (1, 1000)MDH, TRANS 154

1000 Format (212, 14, 2X, 20F6.3) 155

If a transmission tape of another format is used the two read statements and

formats mentioned here will have to be revised. If different ranges are to be used

and the number of ranges are changed, dimension statements may have to be changed

• - along with DO LOOP counters (a. g., Line 80 is now set for 20 ranges) and scaling of

range values (a. g., Line 81).

— 1 6 — 
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B. PROGRAM FLIR DiVIDED INTO SEGMENTS

Lines
- - 

34-66 Input and printing of 2 data cards.

--  70-74 Write headings on output tape (Tape 2).

• 80-1 23 Do Loop 5 is executed once for each range.

81 Define range for this execution of loop.

-- 87 Call Subroutine Spatial which calculates angular subtense
of target (in mrads) and the spatial frequency (cycles/
mrad) of the detection and recognition criteria.

95 -116 Do Loop 2 is executed once for each FOV.

• 100-116 Do Loop 2 is executed once for detection and once
for recognition for each FOV.

• 106 Call Subroutine Resolve

27R-36R Input MRT curve X and Y
- coordinates in data statement.

44R Sc~~e spatial f requency calculated
• in Subroutine Spatial for the FOV

• being considered in this pass
through Loop 2.

51R-83R Linear interpolation along MRT
curve to find correct MRT value
corresponding to the scaled

- spatial frequency.

112 Correct MRT value returned from Subroutine
- Resolve for aspect ratio.

-. 121 Write table as heading to output tape. One line per range con-
- tains the following data: angular sub tense of target, spatial

frequency (cycles/mrad) for detection, MRT values for detec-
tion and recognition for the fields of view considered.

-17 - 
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— 131 -213 Do Loop 50 is executed once for each file (or month) to be written
- • on Tape 2.

154 Read transmission tape, one hour’s data at a time.

163-170 Write headings on Tape 2 for each hour’s table.

174-209 Do Loop 30 is executed once for each range.

175 Define the range for this execution of loop.

179 Calculate apparent target temperature.

183 -205 Do Loop 20 is executed once for column of pro-
babilitie~. (number of columns equals 2 times
number of FOV5).

196 Calculate signal-to-noise ratio.

201 Call Subroutine Cuprob

15C Input cumulative normal
probability curve coordinates.

34C-37C Interpolate between points on
normal curve to determine
probability of detection (or
recognition) corresponding to
calculated signal-to -noise
ratio.

207 Write on Tape 2 one line per range with the follow-
ing inf ormation: range, apparent target tempera-
ture, (probability of detection, probability of
recognition for each FOV).

211 Go back to 154 to read transmission for next hour.

214 STOP

— 18 —
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IV. LISTING OF PROGRAM FLtR

PROAR AM rLTR(INPUT ,UuTPUT ,TAPE1.TAPFV i
C 2
~ ~R0GR*M FLTQ WAS WR ITT~N AS A BASIC MODEl . OF THE POPW*RD..I.OOICING 3
~. y I iP R AR ~ l) (r~.!~ ) DEV ICE. THE DEVELoPMENT OF TM~ MODEL A ND RESUL TS 4C O~ TAINEU rauM ITS USE ARE REPORTED IN 10* paPER P.fl~ 3, EFP E~T OP 5
~ I~ATHEI AT WAN NOV ER , Fwo, ON PERFOMMANCE OF ELECTROOPTICAL IMA G ING 6
I. 3yST~MS. PA N? 1 (REFERtO TO IN Tu~ DOC~’4EPII*TION OP THIS PROGRAM 7
~ 13 •RE.OR y.) • B
‘ ~QOGRAM FLIP WAS WR ITT EN TO R(AO AN HOUR 5! HOUR TAPE oP TRANSMISSIOP4S; 9
~ TO SCILE MRT VALUES FOR DETECTION TMND NFCOG !14171Op4 AT SEL ECTED 10
~ RaNGES FOP SELECTED FIELDS OF VIEW (P0 ) ANO TO WRIT ! THEM IN TAILE ~1
I. F~pM A? TH~ R~ G1NNING OF THE FLIP TaP! TO CALCIPLAT ! sOUR BY HOuR FOR
~ EACH RANGE *~ O FOR EACH FOV THE AP PARENT TARGET TEHPFHATURE AND 13
~ ‘POBABTLI TY OF DETECTION AND RECOGNITION . TP’IS PRORMAM MAY BE 14
~ S I3MENtED INTO THREE PaRTS—— 15
~ PART 

~. ‘NDUT VALUES NE CE SSARY FOR I XEC U T ION OF THE PROGRAM, 16
~ PART d, LOOP 5——CALCULATES THE 514T VA ( U~3 AND WR IT (5 THEM ~S A 17

HEAi)E~ TABLE TO THE FLIN TAPE , iBC PART 3, LOOP SO——CALCULATES AND wRITES Or~ THE FLIP TAPE THE AP PARENT 19
TAN RET TEMPERATURE AND ~RORARIL IT !ES ONE FILE 20
(A MONTHS DATA USUALLY EQUALS ON! FILE ) AT A TIME 21
HOUR BY HOUR, 22

. FOR MO PE DET AYLS SEE LINE BY LIN E UOC I J M EN T *T T O N OF THE PROGRAM , 23
I. 24

D !MFN SX O N T STOP ( 10 .F0 V 15 .ASPECT 2) , C P M I2 ,Q T H P ; I o , 2 O )  25
DI MFNSIOM MOM (3),TRAP45 (20),PROB~~Q) 26
REAL Np? 27

C 25
~ T~ TOP wILL CONTAIN FILLED LENGTHS UF CULUMN 3 TN NRT TABLE , 29 —

~ TFNO W T LL CWN TA IN LENGT s OF LONG E ST CO L(IH N TN MR T TA R LE. 30
31

DATA I STAP ,1O •20/ ,  I EN O /0 / 32
c 33
~ i’iPUT CARD is
I. ~!AO T~~ FOL L n W I N G Q U A NT I TI E S FR O M FI ~~~T TP&UT CA~ D•— ISe MMO.NUNREP or MONTHS FOR WHICH FL IM TAPE IS TO BE MAflE 36
~ if~V1.8a3E c’ELD OF VIEW 37
f
~ ‘4r.NUMa(R 00 MULTIPLES OF POV I T~ wE CON STUFRE D
~ RMA*.MA*!MIJM RANGE IN KM——C AN BE EITHER le . 0~ 20. 39
I.. 40

REAr i Soe. I1MO,POV I ,NF.RMAX 41
~~~ø FO RwAT ( ?~~T c ,F 3 . 0 ) )  42

IF (NF ,G y ,3) NF.S
no i IF.L.i 44

I F O V I I F ) TF.F OVI 43
C 66
~ INP UT CaRD ~ • 47
~ P~ AO IN TH E MR T CURV E SELECTO R, TA HG E T ST 7t .  TARGET OI F F E R ENT I A L 45
~ TE MP E RATUR E (DELTA 7) ,  AND ASPECT P aCT OR!, 49
~ ICURVA.Ma, CURVE SCL€CTOR .CHOOSI 1 ~~ THE CURVES SPECIFIED IN DATA 50
C S TA T F M E N T S IN SUBROUTINE K E SOL VE 31
~ S !ZE.TA PG4T SIZE——HEiGHT OF TOy (IN ‘4!rta3) SH ALt EST DI M ENSION 32
~ T AP GT.TAPR!? TEMP.——U(L TA DEG, K oP TA RGt T FROM THE BACK GROUND 53
‘ A3PEc’.?tI CORRECT VALUE OF ASP ECT RA TI O ,t .F O R DETEeTION AND 54
C RECOGNITION, CORRECT VALUE OF MRy sY THE F*e io p 1/SQRT E/7 ) .  53

t’i—”y HERE THE VA LUE SORTIE/i) FOH DETFCTION ( A 5 p E C T ( 1 ) )  AND 56
RECO GNITION (aSPECT(2)) , E IS R AW LENGTH—Tn —WID TH RATIO , 57

~3I ~~~~~~~~~~~~ L~~l
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c 1.’.. 211 DET ASPECT RATIO , Pi t RV.C, RELOW WRY IS CO RRECTE D SB
BY DIVIDI NG B Y THESE INPU T VALUES. 59

60
P E An 102. ,CURVE, SIZE ,TARGT,A SPECT (1) .ASPECT (2) 61

in~ FORW AT (I t ,oX.4F10.41 62
PRINT Ifli, NMO ,FOV1 ,NF,RMA * ,ICUW VE ,S17!.TARG T ,ASPFCT 63

~~~ FORMAT( ..INP UT CARD VALUES /•OC* s~O ~ .— NMOu~ .T 3,• FOV1..,Fs.I,~ 64
— NYUR ,13,* RMAX a~ .F5.1/ 0CA ~ U 2— — ICUR VE..,13,. STZE~~ .F6.3,~
— TARGET ,EMP..,F6.3,. AspEcT FAc ToR S, OET.•,FY .4,• RECe•,F7,Ai 66

C 67

~ WR ITE WO A DIM A S OF TABLL TO BE PLAcED AT TH t REGINN ING OF OUTPUT TAPE
4,

WR ITY(2 ,tOn ) FOV 70
m o  FORM AT (lS, ,4X,*RANG~*,5X ,•ANGLE IN~ ,5X, *CYCLESR ,2x ,5 (3X ,eMR T (R, 71

— F4.I,. OEG FOV )*n 12
WPITF (2,IOI) 73

m i  FO RMAT(5 ,,.IN K M M I L L I R A D  PER MM *,S(6X,.OET.,71,’REC ) )  74
C 73
~ RANG E CAN .tE FROM .5 TO 10. KM IN STEPS OF .5 KM (RMaAR 1O ,) 76

- - s)R FROM 
~~
. TO 20e KM IN ~TEPS OF ~~. KM (RMAA .20.) 77

3 R~ yH ~~~t sGH LOn P S ONCE F~~R EACH R AN G E
79

DO P T.1.2o P0
OTSTsFLO*T tI P •RMAX/~~~, RI

Ce FI ND T.sf ANGU L AR SUBTEN P E (THETA) OF THE TARGET (IN M ILLZRAO!AN S) , P3
~ AN D THY DE TECtIO N AND I4ECOGN ITION ~M ITE4IA ITHEIR SPATIAL FR~QS IN 54
~ CYCLES /WRAD ) AT A GIVEN RANGE BY cALLING PUNROU TINE SPATIAL AS

Pb
CAL L SPA ,TaL (DTST ,SI~ E ,DET.REC,TMETA ) 57
CPM ,I).O !T S CPM(2).P~C
J*O p9

C 90‘. ~n yMRn ’JGH LO~P ~ TO SCALE MR T FOR FOV OTHER THAN TN! OR IGINAL NP? 91
~ A TA F ROM ~ SPECIFIC GIVEN SET OF IMPACT 5sf DAT * AN t CORREC T IT 92
%. F i R  ASRtC T R A T I O  ONCE FOP EA CH FOV (SEE REMnRT P. 54—55).c ‘4

DO ~ I F . i . N F
96

c

~ Ts.~EP4 O.aCE F I R  DETECTION AND ONCE FUR RECOGNITION
99

DO ~ !Oa.i ,2 100
JaJ.1 101

C
~ SC ALE TM( MM? FoR SOME OW OTHER THAN THE OW TG INAL Np? DATA!~ ~v CALL ING PIJRROUT INE HESOLVE 104

105
CAL S RE S 3 I V E ( C P M ( I D W I , I C U R V E . S C A L E , MRT , L F L A G )  106

C
l. C RPECT HP? FnR ASPECT RATIO (DIVIDE MNT PT I NPu T CORHECTION FACTOR 105
~ ?~R ISRFCT—SEF EXPLANAT ION FOR ASPECT ON THRUt CARD ~ AND R(FLR TO in’
~ RFPOPT H,P 6P 9 AND APPENDIX 0). no
I. ill
- 

PTM .(J,T I SMRT /A SRECT STDR )
IF(,YLAG .EO .3.AND .ISTOP (J).EQ .ZU) ISTOOIJ).! 113
IFI,YLAR .EO.% .ANO.ISTOP (J).LT .I) RTMP (J,tF.0.0 114
I,(YSTOPIJ).GT.ICND ) TENO~ ISTOP tJ) 115

. r ~~ (‘
~

• ~~.: ~~
.-

~~~~~
-
-

-
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‘ CONTINUE 116
C 117
~ ~RTTE TABLE CONTAIN ING URT DA TA FON EAcH RAN GE AND FAV AS A III
~ MrAO~ P TO THE FIRST FILE OF THE NEW FLA R TAPE (20 LINES TOTAL)

120
WRIT!(2,104) DIST,THETA,OET,(RTMP(K,I),lc.l,J) 121

106 ORMAT(62 ,F4 ,1,1X,Fb.3,6(,F5.3iAX,10F10,3) 122
c CONTINUE 123

C 124
~ KIlL IS ‘01*1. NO, OF COLUMNS OF PPOWA $IL TTTES TI) RE WRITTEN ON TAPE

126
KOL.J 127

C
I. ~~o THRnu ~ H LOOP 50 ONCE FOR EACH FILE TO Pt WRITTEN ON NEW TAPE i~~9

110
DO ct Mfl.~ ,NHO 111
PEA II1 ,I :3) IBLANK 112

i n c  ~ORM~T (~ /A~ O) 1 33
C 134

FOP EA CH NEW FILE ON THE NEW FLIP TAPE 133
~ WR ITE A 4OLEEPITH 1 ON NEXT LINE OF THE NEW TAPE (WI4FN LISTING NEW
L TAPE IT SKIPS TO A NEW PAGE —W HEN MEAnING TWE NEW TARp READS 137
~ A BLANK LINE ) ill

13~wRIt ’  (2.11”) 140
li t FORMA T(1MI,I OX) 1~~1C 142

~ RF AO TRANSMISS IONS ~PPEV TOUSLY CALCULATED WY SUPROUT ,NE LOWTRAN AND 143
~ PTTTEN ON lAPEl) . 144
‘.. tHE TRA’ISI’IPSTON TAPE CONSISTS OF ONE FILE FOR EACH MONTH TO BE I’3
‘., ~øoc~ Sc~Ø , ONE MONTHS FILE CONTAIN S ?~ REE I.IN(S OF sEADINO OR TITLE 146
~ YP4FOPMA TION WW ICH ARE SKIPPED OVER WHEN PEIP4G READ , FOLLOWED WY ONE 167
l LT NF FAR EACH HOUR IN Tu E MONTH, ONE HOURS DATA IS COMPOSED OF INTEGER 1~~SC VA LtuE S QEPpFSENrING MONTH. DAY AND ~OUH , A Nfl 20 pEAL VALUES REPpE5ENTINA 149
~ THE FRACTI ONAL TRANSMISSION FOR RANGE~~ OF .5 TO 10 Ks IN STEPS OF .5 KM 130

OP 1 TO 20 MM IN STEPS OF 1 KM. 131
l~ THE FORMA T FOP ONE HOUIIS DATA IS (212,14.2A .20FA,3 , 152

10 PEAOI I ,l000 ) MOH ,TR AN S 134
Io~n FC RMAT(~~Tp ,j4,~ X ,2~Fp ,3)

IF (FOF ,1) 60.11 1p6
C 137

FO R EVFR Y HOU R S DATA ON THE NEW TANE WH ITE THE FOLLOWING LINES~ .._ ISS
4.. • W R I T E  a PLANK LINE
I. • W R 1T ~ 7 5• INES OF MFAD !NGS FOR cOt UMN P OF THE TARLE 160e • W RI TE 0 LINE S OF DATA (ONE LINE /qANGE) 161

162
11 WDt tF~ ? .1l1) MO N 163

iii  FoPw Ap(,, ,~~0(.•MONTM • •.I ? , 1 0X, .O*Y • •e I 2 , I O X , ’WOUR • , 14)  164
wRItE(2 ,I1~~) 165

11~ FORM *T (1tX ) 166
WRITE( ? ,I11 ) FOV 167

i i ~~ F O R M A T ( 1 X , .R ANOE . ,3A. . APPARENT •~ l Q*.~~Ic4.l,’ FOv’,12X))
wPIy! (2 .114) 169

1 1 4 FORMAT(l * ,.IN KM .,5*,.TAROCT TEM P.,5 (7X ,.DET.,7X ,.REC.)) 170
C 171
C GO THROUGH LOOP 30 ONCE FOR EACH MAN GE (ON! PAMGE PcH POW IN TABLE) 112

113

r-~~~~T A~. F -~ ~I P r-’’ ‘ r~
~~~~:~~~~~‘ i :  -

~~~~~~~
‘ •

~~~~ I\.~i k’ •~4_ .fi 4.&d ..~~ g
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DO mG I.1,IEND 114
RANRE~FLu AT (I) ‘RMAX/7O , 173

C 176
~ ARTMP 1% APPApEN T TARGET TEMPERATUNE 1??

itS
APtMP.T RANS(I)*TA ROT 179

C 110
GO THROUGH LOOP 20 ONCE FOR EACH COLUMN OF ~ROPABILI TICS 141

1. 142
DI) 20 J.I,KOL 143
POET’i.ø is’
!F(RIMP(J,T).CQ.0.0) GO TO 13 lBS

C 146
C ‘400MA L T ED ~IANAL TO PlOTS! RATIO • APPARENT TARGET TEMP. IOELTA T)/MR T 157~ (C 0R~ECTED POP ASPECT ISV DIV ID ING sy SQRT(t#y) ). lee
~ 0, p~ MANN OVEP RCPORT ,PaQT 1 1 SIN I.E tN~ MW T IS TWAT VALU E OF INCREMENTAL
1 ?,MPEQA?URE THAT PRODUCES A VALUE OF SIGNAL .TO.NOISE “ATIO SUFFICIENT lqO
C TO ALLOW AN OPSERVER TO PREAI( Out TWE Mqy TFST PAR PATTERN AT SO PERCENT 191
L 000PABTLITY,(DELTA T/MWT) CORNESPOI OS To tHY NORMALI 7A TION FACTOR 192C RILATING Sl~’4aL.TO—NOIS( TO PROSABILIT? , WH O RE DELTA T IS THE INCRE— 193
~ NFN~AL DIFFEpENCE IN TEMPER ATURE BETWEEN ,M! TA RGET AND ITS BACKGROUND 194- 

193
SNR~1PTsP~0TMP~J, 1 196

c 197~ CALL SIIPROUTINE CUPROS TO DETERMIN E THE 000IAARILITY oF DETEC , (OR R!COG.) 19S
~ GIVEN TM! NV PMALIZED SIGNAL TO NOISE RA TIO

250
CALL CUaRO* (SNR,PDET) 201
PPOR(J).$OET 202

C 203
15 I F ( T P T O P iJ , ,LT .I )  P W f l A (J ) . 0 ,0 204
20 CONTINUE 2DS

C 206
WPIT!(2,130) PANGE ,APTMP,(PROR(J,,J .1,u(UL) ?o7

130 FORMAt(,p,F4,1,$X ,F3 .j,3X,&0 (g*,F3,~ ))
30 COPdtTNU~ 209

C 210
GO tO III 211

4~ END FILE 2 212
so CONT INUE 213

STOP 214
EMIl 213

1 ~~~~~~~~~~~~~~~ /• p r~~~- -
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SUBROUT I NE SPA TIAL (UI%T1.5IZE,OIT,REC ,TIl!TA, 13
c 2$
~ SuBROUTIN E SPaTIAL FINDS THE ANGULAR SUPTtNSE (THETA , IN M ILL IPAD S) 35
~
. RPOIJIR~ fl FOG RESOLV ING ONE BAR IN TIlE EQU IVA LEN T BAR CHART (SEE REPORT 4%C •,49— Si) FOP EACH RANGE TO THE TAR4.ET 35
~ AND THY DETECTION AND NYCOGNITION LNITERIA ISPA7TAL. FN(G. IN CYCLES/MRAr I, 63

73
~ CONVERt RANGE TO METERS

95
DTS Y~DISt1.i00O. 10%

C 115ç FYND THE ANRI..E THETA Br TA KING THE TAN~#EN T ~F HALF THE TGT, SIZE 1Z~
~ (TN MET!RS),R*NGE (METERS), DOUBLING IT TI) RET THE WHOLE ANGLE , 133
‘ AND TMY ’4 CONVERTING IT TO MI LLIRA O IANS 143

‘3$
THETA .2..ATAPI( SIZE ,12.ROISTfl.1000. 163

C 17%
~ THE CRITERIA OR SPATIAL FREG, FOR DETECtION IS I CYCLE ~ER THE %BS
~ A NGLE T”ET*. FOR RECOGN ITION IS 4 CYCLES FUR TN! ANGIE . i~~205

OET.1./THErA 213
R€C...,Tw!tA 22%

23SEPIO ?43
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SUBROUTINE RESOLV ((wE%O.ICURVE.ScAL,,MPT,IFLAG; IR
C 20
C ~tp RpOU,TNE qEpOLVE INPUTS GIVEN KN OWN Mq~ CURVE$ AND SCALE FACTORS OF THE 3p
~ SPATIA L FR€o, BASED ON FIW. GIVEN THE SPAT IAL FR!Q. CALCULA TED IN 4*
I. 3IIRPOUt~N~ IDA TIAL S THIS SUBROUT INE SCALES IT AND FIsUS THE
~.. ~4 PRESPONO IWO MRT VALUE BY LINEAR INTYRDOLAT ION B!TWYEN TWO POINTS ON TM !
ç GyV EN MN T CORVE . THIS AP PROXIMA TION IS USE!) WHEN THp MR ! IS NOT 70
~ A VA TLA Rs E ~~~~~ A FIELD OF VIEW OF INTEREST WUT IS AVA ILA BLE FOR SOME SR
~ NOT VERY OI~ F!RENT SIZED FIELD OF V IEW! 91

10*
‘ ICURVE INDICATES MRT CURVE TO BE USED
~ RpSO IS THE CRITERIA FOP EITHER DEl . OH RF~. (CYCLES,MRAD) .SPAT !AL 12R

pPEa’)ENC,.P(SOLUTION OF THE SENIoR 130
14*

OT MI NSION CURVE(IS,i.3) ~5R
REA L MRT 161

C 171
. ?MPUT GIVEN HOT CURVE NOINTS HER ! IN DATA STATEMENTS -— ONE LINE ~SRC FAR THE * COORDINATES (SPATIAL FK!O. IN CYCL.ES/MRAO) AND ONE LINE 19R

FOR THE -‘V COORDINATES (MNT VALUE S; •— 2 LIstS FOR EACH MIT CURVE . 200
‘to To ‘ MIT ‘CURVES MAY BE ENTERED £N TIlE DATA STATEMYN T AT ONE tIME 211

~ HOWEVE R ONt ’V ONE MRT CURVE IS USED PEP RUN , THE DESIGNAT IONS AT THE 221
~ !IJD OF YAC H LINE OF THE DATA STATEMENT lEFts TI) WH ICH MRTS ARC AVAILABLE 23~
~ Is THE 0ROG4AM tI’ THE CURRENT TINE. TO SFLFCT ONE OF THESE MRT CURVES 241
‘.. S~ T ICUNVE •OUAL TO THE POSITION Iu i~ O~ STRtn MIT OCC”PICS IN THE LIST. 251C 

~~6P
DAT A ClJR,sE,1,,2.,3.,4.,3.,b,,7,,s.e., T— 1 x e7R

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T—1 v 751
— 1.,2.,3..4 .,5.,b..7. ’N.,7.n,, T—2 x
— .007..01M ,.036,.06,.I0Z..2..4.l.,700., T— 2 V lOP
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T— 3 * 110
— .002.,0042,.O0$..013..07b,,04?,,OI,.173,,52,6•0.. T.1 V 32*
— 2..4.,6.,is.,lO..10.0., H.t x 13*
• .0062,.OI4,.O36..O37,.O$d.1~ ’n., H.i Y 34R
— 1.Sl,4,2..2.4S2.SS3sO.3.2,3.4.3.6.3.8.3.9.3.99S3’O., Rflfl * 350
— ,0b,.i6..2,.3,.~2,,S..6..77..P4,1,OB ,I.24.1,32,3.O./ Pi t) v 36R

C . 37R
IFLaG ao 1BR

C ~9R
~ RFSS EOIJALS SPATIAL FREQUENCY AT B’SE 01!, u OF VIEW SCALED FOR THE 40R
~ M u L T I PLE OF rOY BEING CALCULATED A l THLS TIM!

~ (SFE P. ~~ HANNOV ER R (PCRT, PAR T 11 62R
430

RESS.RESORSCALE 441
C - 451
~ LOOIc ‘Jo RESt ALONG X—A *I% (CYCLES/MwAfl)— ~WA NT TO FINn COPRESPONOING ~6R
~ V VALU F (NP?) 470
I. - 451

K~~IeI tRV! 490
c sop
~~ j~~ RESt (SCAL ED SPAT IAL FREU .) IS LF5S THAN TN ! SMA Ll EST K COORD INATE (Sd*) SiR

~ SET RESS SMI ANt) SET MNT.SMAL .LEST V COORDINATE (SHY), ‘ZR
531

SM*,C U QV F ( 1 , 1 , K )  341
SMV.CURV!(l ,2~K) 550
Ir (eFSS.G!.SMX) GO TO S

P ‘~ ‘ T 
~ 

•
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N-

L
4.

NPT.SMV 5CR
RETU RN 390

C 600
- 4 ~ COUNT wOW HANY PO!P4TS IHENE AM E ALONG THE CHOSEN NRT CURVE , 61*

L 
BZR

1 00 10 N.l. 3 63R
IF (CtIRVt IN,1.K ,tO.u.0) GO TO 11

• 10 CONtINU E 65*
P4.14 661

~ 
NP4.s..~ 67*

ç 65*
~ ‘dNa NO, POtsTt ON GIVEN WIT CURVE IN DATA STATEMENT 69*

I ~ N. THE •OINY ALONG TIlE GIVEN MIT CURVE FOR WH ICH RESt IS BE ING 701
- I .  ~ TESTEO TO 5!! jF ITS VALUE LIES BETWEEN THY VALUE OF POINT N AND POINT Y1R

~ 13.1 Os TN! MPT CURVE 
- 

721
731

- DO ~0 N.7.14N 740
- IF(R!SS.RT .CURVE(N ,1,K)1 GO TO (0 y5R

- 
.. C 761

~ 4? THIS POINT THE X .COOADINATE INTERVAL WA S REEM FOUND . INTERPO LATE BETwEEN 770

~ THE Y—COOPO LNA TES To FIND THE EXACT NRL VALUE, TSR
791- . NRT .(C1tl4V!(N ,2,K).CU PVE(N..1,2,I()1G(q!%3.CURV !(N.1,1,K))/ 40*

— ICIJWVE (N ,1,K).CURVE(N—1 ,1 ,I(I).CUIV !(øi i.2,K) all
P!TIIMN

- 70 CONT INUE 530
C 54*
~ TV RESt CANN~ ? BE FOUND ALONG THE NIV !N WRY CURVE ANO ITS VALUE IS OFF 530
ç TilE CURVE A! TN! HIGH END THEN SET IFLA Gu I AND SET PIPT.THE HZIPHEST a60

7 ~ Y.C0000INATt ON THE GIVON MIST CURVE 57*
-
~~~~ SIR

IFLA GaI 59*
MR T .CU RVI( Pd N ,2 ,K)  90*

— - RETuWN alP
END 920
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$U5kOUT IN ! CUP NOB(SsM,CMPN$) 1C
c
C THIS SUBROUT INE OE TER M INES TPg PRO0ASTL! TY OF DETEC. (OR RECUG.) 3C
C FOR A h IVE S SIGNAL TO NOISE RAT IO BY LOOK ING UP THE $51 VALUE UN A
C CUMULA TIVE NORMAL (GAUSSIAN) PROBABILIT Y CURVE WHERE THE
C VALUE QELTA T,NRT.1.O CORRESPONDS TO A PROBAB ILITY OF DETECTION OF K
C SO ~E1CEN T 7C

(SEE P. 33 AND 61 MANNOvER NEPQKT , PART 1

OIN (NSION SRAT IO (lG).PROB(1O) ioc
D.~TA N4/1O/ 11C

C LZC
C iNPUT CI~NU.AT1VE NU~MAL PROBABILITY CURVE COOROINATES l3C
C IGC

DATA $PAT IO/O,, .5, ,63,.SS,i, ,l.), I.2%,1.S,1.75,2,/ 1CC
DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IAC
IF (SNRSGT’$RATIO (l)) GO TO 2 17C
CMPNG .P000 1) 1CC
RETURN 19C

Z CON ILN UE 20C
Z1C

00 3 Jal ,Ni ZZC
K~ J 23C
IF (SlsR.CE.SRATIOIJ),A.SNR .LT.SRATIO (J.1)) GO TO 4 24C

3 CONTINUE ZSC
CN 1’SRPROS (NN) 26C
RETURN ~7C

c 2CC
C INT ERPOLATE BETWEEN 2 POINTS ON NOHNALITED CURV E TO DETERM INE 29C
C PNO~~~LL ITY Oç OtT. (OP TMECOO.) COIIRPSPONDING !‘o CAU LILA TED 30C
C SIGNAL TQ NOISE IIATIO 31C
C 3ZC

A CONTINUE - 33C
X*sSRAYIO (,i.t).SRATIO (K) 34C
yy.PR~~ (1.1) —PROB (K)
XPGSNR .SRATIO (o)
CMPH5U(YY XP/**).PRO0 (~ ) ~7cRETUR N
(NO 39C

r c
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V. EXAMPLES OF OUTPUTS WHICH CAN BE GENERATED
FROM THE OUTPUT TAPE OF PROGRAM FUR

There are many ways of using the data that has been written on the output tape

from Program FU R  (hereafter ref erred to as the FUR tape). For the most part

it has been used at IDA to generate graphical displays of the data. The following

are some examples of plots that can be made with this data.

1. Probability vs. Time Plot

Figure 2 shows probability of detection (or it can show recognition) plotted against

days of a given month. This particular plot was done for one FOV and two ranges

(thus two curves). The data necessary to make this plot was extracted from the

hourly tables of the FLIR tape. One point per hour of the month was plotted. The

hour of the month was the X-coordinate of the point.

The Y-coordinate value of the point was determined by specifying the following

parameters:

• File (or month) on FLIR tape.

• FOV.

• Detection or recognition.

• Range(s).

The FOV and choice of detection or recognition define which column of the hourly

table (see Table 2) the probability is to be taken from. The range specif ies which

row. Thus the probability value occupying that position in each hourly table for the

month is extracted.

Ii
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Figure 3 is a plot very similar to Figure 2. In this case transmittance is plotted

versus time. Because transmittance is plotted instead of probability it is known

that the data was extracted from the apparent target temperature column (trans-

mission = apparent target temperature! temperature of target) of the hourly table.

-- Range again was selected indicating the appropriate row of the table (Figure 3 shows

two ranges plotted).

• 2. Range at Which Probability Equals Specif ied Percent vs. Time Plot

Figure 4 illustrates another type of data plotted against hours of a given month.

The Y-axis in Figure 4 represents the range at which probability of either detection

or recognition for a given FOV equals a specified percent (e. g., 50 percent). As in

Figure 2 the FOV and choice of detection or recognition defines the appropriate

column of data in the hourly tables. However, the value for range to be plotted for

a particular hour is now determined by scanning the entire column of probabilities

- ,  and interpolating linearly between range values given in the table to get a range at

which the probability is what has been specified (e. g., 50 percent).

Two curves have been plotted in Figure 4 one each for two different systems.

To plot two systems on one graph two FU R tapes will have to be read. These two

• FLIR tapes would have been made using the same transmission data tape but inputting

• different MRT curves in Subroutine Resolve of Program FLIR.

3. Probability � Specified Percent at Given Ranges vs. Time

Probability greater than or equal to a certain percent at several ranges can be

plotted as a broken line plot to indicate hours of delay of detection or recognition

- -- - - 
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I
in a given month. Figure 5 shows two such plots. For the same month for a given

FOV and five selected ranges one plot shows probability> 50 percent and the other

shows probability> 90 percent. Again the FOV and choice of detection or recognition

indicate which column of data to use from the FLIR tape hourly tables. Then for

each range selected the probability in the correct column is measured against the

probability criterion, for example 50 percent. If the probability for that range is

~ 50 percent a line is drawn for that hour, if it is less than 50 percent a blank space

is left for that hour. The next plot shown adds up the consecutive hours of delay and

presents the data in a histogram type plot.

4. Histogram of Duration of Delay

Figure 6 is a histogram display of the same type of data presented in Figure 5.

Instead of drawing a line for each hour where probability � specified percent, count

the number of consecutive hours where the probability is less than the specif ied

percent (i. e., there was a delay). Then count the number of times a delay of that

duration occurred during the month. Again the FOV and detection or recognition

choices are made. One histogram is plotted per range selected.

Figure 6 shows a plot for each of four different ranges. The probability criterion

in this case was 50 percent.

5. Fraction of Occurrences in Which Probability ~ Specified Percent vs. Range

Figures 7 and 8 show one of the most useful types of plots from the FUR tape

data. Fraction of occurrences of probability of detection or recognition greater than

or equal to a given percent (for example, 50 percent) can be interpreted as fraction of

— 31 - 
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successful events. Many sets of data can be plotted versus range in this manner.

Figure 7 compares the performance of different FLIR systems vs. range for a

particular month. To plot each curve a different F U R  tape was used (1. e,,, each system

was on a separate tape). An FOV and detection or recognition are chosen to indicate

which column of the hourly table contains the correct data. For every range the

probability in that column is measured against the criterion probability. Count up

for every hour in the month the number of times the probability for each range is

greater than or equal to the criterion probability. Plot the total number of successful

occurrences for each range against the range.

Figure 8 shows basically the same type plot as Figure 7 except that it is comp~r-

ing the performance of one system at two different hours of the day over a month’s

time. To get the data for this plot instead of summing up the number of times

probability > criterion probability is achieved for every hour of a month the data is

summed once for each 6 AM hour of the month and once for each 6 PM hour of the

month.

Many different comparisons of the data generated by Program FUR can be made

using the fraction of occurrences versus range type of plot. There are al so many

variations on the way the FLIR data can be plotted versus time. The particular types

of plots shown here are only a few examples of the manner in which the FLIR data can

be presented.
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Figure 8. FRACTION OF SUCCESSFUL EVENTS VS. RANGE
FOR TWO HOURS OF A MONTH
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