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PREFACE

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),
Farnborough, that the problem be investigated in some detail to learn the effects
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 of ten 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 infrared (FLIR) device in the 8.5-11 um band and analyzes the

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

compares FLIR performance in the 3.4-4.2 um and 8. 5-11 um bands. Part 4 (IDA

ligffect of Weather at Hannover, Federal Republic of Germany, on Performance of
Electrooptical Imaging Systems', References 1-5.
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Paper P-1202) reports on calculations for active and passive television. Part 5 (IDA
Paper P-1203) compares the performance of active television and several different

FLIRs.

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 aFLIR sensor. It was written to summarize the basic concepts behind the
calculation procedures in Program FLIR and to outline those procedures. For more
details about the physics, bar-pattern criteria and role that weather plays in the

calculations refer to Parts 1-5 of the Study mentioned above.
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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 um forward-looking
infrared (FLIR) sensor. The probabilities are calculated for various ranges given
transmission data at those particular ranges. A basic outline of the program follows

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

The input of Program FLIR includes specifying 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 for 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.? 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).

11 owtran 3B includes severa! 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 um region, and a temperature dependence to the H20 con-
tinuum attenuation coefficient in both the 4 um and 10 um regions.

2This data becomes columns 1 and 2 in Table 2.
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The calculations performed by Program FLIR using the input variables are

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

‘ FLIR and Chapter IV, A Listing (with documentation) of Program FLIR.

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

milliradians) and returns the values of the spatial frequencies in cycles/milliradian

for both detection and recognition at a given range. Given the computed spatial fre- 5
quency for each range another subroutine (Resolve) scales 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 ¢v 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 ( ATpp) is calculated by multiplying the transmittance (73tm) by the AT 1
of the target which has been input. 1 Finally, given the ratio AT,,,/MRT corrected
for aspect, which is the normalized displayed-signal-to-noise ratio, the probability j
of detection (or recognition) is determined by calling the last subroutine (Cuprob).
This subroutine determines the probability of looking up the signal-to-noise ratio on

a cumulative normal probability curve where the value AT4pp/MRT = 1. 0 corresponds

to a probability of detection of 50 percent.

1
ATapp =AT * Taem-




T

The output of Program FLIR is a computer tape which has written on it tables
which look like 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-
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 FLIR 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).

Lt st a S
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II. 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 FLIR

The data computed by this program are necessary but insufficient for assessing
the overall effectiveness of electrooptical imaging sensors aboard attack aircraft
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 vxew Realistic assessments of the observer's capabilities will require better
data than are currently available on his display search time, on his dynamic task
performance (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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five line pairs, but we prefer to stay with four line pairs and to increase the signal- “

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 define "identifi-
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 coluran of trucks or tanks, poor

optical quality notwithstanding.

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

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 situations, some people elect to use three line pairs as a

criterion for recogrdtion. Inbad clutter, some use a criterion of four and a half or :

to-noise threshold (Refs. 7, 8).

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

FLIR.

Ipiscussed in Appendix H, Reference 1.

2Two lines, one line pair, and one cycle are synonymous,

1] «
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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 low :

visibility conditions. Existing Lowtran aerosol models can yield a large variation ?
in computed detection and recognition range for a given FLIR. 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 i
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 £t thick, the path through fog is only half what we have used in our
computations. At present, we have almost no data on the layering of fog 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 -




Program FLIR is written in FORTRAN designed to run on a CDC 6400 computer.
The deck is punched BCD (on a 026 IBM keypunch). Tape 1 ir 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

Card 1 IS
(Line 41):

F5.0

IS

FS5.0

Card 2 11

(Line 61):

F10.0

F10.0

Variable Name

NMO

FOV1

NF

RMAX

ICURVE

SIZE

TARGT

IIl. USERS GUIDE TO PROGRAM FLIR

Description of Variable

No. months for which FLIR
is to be run.

Base field of view.

No. multiples of FOV1 to be
considered.

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=20. range=1.
to 20. km in steps of 1 km).

MRT curve selector; MRT values
are input in data statements in
Subroutine Resolve; ICURVE=1
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 (see next
Section).

Minor dimension of target (in
meters).

Temperature (deg. K) differen-
tial of target from background
(4T).




Format Variable Name Description of Variable

F10.0 ASPECT (1) ¢/7 for detection,
F10.0 ASPECT(2) vf /7 for 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 CIIRVE/]1¢92093¢96,950e0¢0,07¢98%0,9 T=1 %
- .049.06€o.051o.IIl.!Zbooslol..H.o.. Tl ¥
- 1692093604095 9609T7e9ResT®N,o T=2 X
- 00T ,01Re 0320206001029 ,C0,%e1,07%0,09 T=2 v
- ]o’20!3.06.'5.05002303009006.“.0 T=3 X
- U293, 00470s0URY 0T 39,0289 .Ma”0e0Re,1TRs,52+6%0,40 Teq ¥
- 2e9409640R,9106910800, H=}] X
- e00629¢014900367.0579,088910%n,, Hel Y
- 1.vl.802.o?o¢!2!803g_00302’3.so3.6.3.8.3.903.9903.0.o PPO X
- LT 9e/90300 990 '06’_'_,7.00‘?.‘.0601.2‘l1032'3.°./ p_h_D 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
above ICURVE=1 would select MRT curve T-1, ICURVE=5 would select MRT curve

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

-14 -




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

1 A P AP

B — —

values in cycles/mrad. The second line labeled "Y" contains the Y-coordir.ates or

the MRT values (see Figure 1 in Summary).

R
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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 (//A10) 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 (e.g., Line 80 is now set for 20 ranges) and scaling of

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

-16 =




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).
~ 80-123 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/
rarad) 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 Scale spatial frequency 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 £rom Subroutine
Resolve for aspect ratio.

121 Write table as heading to output tape. One line per range con-
tains the following data: angular subtense of target, spatial
frequency (cycles/mrad) for detection, MRT values for detec-
tion and recognition for the fields of view considered.

-17 -




—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-
babilities (number of columns equals 2 times
number of FOVs).
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 information: 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




l IV. LISTING OF PROGRAM FLIR

£ PROARAM FLIR(INPUT,QUTPUTTAPE]L+TAPE2) 1
2
L OSROGRAM FLIR WAS WRITTEN AS A BASIC MODEL UF THE FORWARD.LOOKING 3
¢  INFRAREN (FLIR) DEVICE. THE OEVELUPMENT OF THE MOOEL AND RESULTS .
C ORTAINEV FRUM ITS USE ARE REPORTED IN IDA MAPER Pey123s EFFECT OF 3
C WEATHER AT WANNOVER, FrG, ON PERFORMANCE OF ELECTROOPTICAL IMAGING 6
L SYSTEMS, PanT 1| (REFEReD TO IN TME DOCUMENTATION OF TMIS PROGRAM 7
€ a¢ errolpte), 8
C DORO0GRAM FLIR WAS WRITTEN TO READ AN HOUR BY HOUR TAPF OF TRANSMISSIONSS 9
L TO0 SCALE MRT VALUES FOR DETECTION ANND WECOGNITION AT SELECTED 10
L PRANGES FOR SELECTED FIELDS OF VIgw (FOV) AND TO WRITE THEM IN TABLE 11
L FORM AT THE AFGINNING OF THE FLIR TAPE! TO CALCULATE WOUR BY HOUR FOR 12
C £aCH RANGE AND FOR EACM FOV THE APPARENT TARGET TEMPFHATURE AND 13
¢ ©oROBABTLITY OF DETECTIUN ANO RECOGNITION, THIS PROGRAM MAY BE 14
¢ SFGMENTED INTO THREE PaARTSe= 15
¢ PART ). ¢NPUT VALUES NECESSARY FOR EXECUTION OF THE PROGRAM, 16
¢ PART ¢o LOOP S==CALCULATES THE mHT VALUES AND WRITES THEM AS A 17
L HEADER TABLE TO THE FLIR TAPE, 18
¢ PART 3, LOOP Sg==CALCULATES ANO WwRITES UN THE FLIR TAPE THE APPARENT 19
¢ TARGET TEMPERATURE AND PROBARILITIES ONE FILE 20
¢ (A MONTHS DATA USUALLY FQUALS ONE FILE) AT A TIMg 21
¢ HOUR 8Y MOUR, 22
L FOR MORE DETATLS SEE LINE BY LINE DOCUMENTATION OF THE PROGRAM, 23
5 24
DIMENSION ISTOP(10) +FOV(S) sASPECT (2) ¢CPM(2) (RTMP (10+20) 2%
OIMENSTION MOH (3) o TRANS (20) +PROB (10) 26
REAL Mar 27
c 28
L 1STOP wiLL CONTAIN FILLED LENGTHS UF COLUMNG IN MRT TABLE, 29
¢ TFND WTLL CYNTAIN LENGTH OF LONGEST COLUMN TN MBY TARLE, 30
4 )
2 DATA ISTOP/10°20/y 1END/Y/ 32
& 33
¢ TNPUT CARD 11 3¢
L RpAD THE FOLLOWING QUANTITIES FROM FIRST INPUT CARDew 35
€  uMOaNyUMRER OF MONTHS FOR wHICH FLIN TAPE 1S TO BE MANE 36
L enV1=BaSE FLELD OF VIEW 37
¢  NFsNUMRER OF MULTIPLES OF FOV] TO o€ CONSTUERED 38
L ARMAXsMAXIMUM DANGE IN KM==CAN BE EITHER 10« OR 2q. 39
¢ 40
REAN S0Ne NMO9FOV] o NF o RMAX sl
&AN FORMAT(2(1geF3,0)) a2
IF(NF ,GTeS) NFsS 43
NO 1 1IFsl,8 ')
1 FOV(IF)=IFeFOV] .S
c .6
¢ INPUT CARD 24 . %4
C ReAD IN THE MAT CURVE SELECTORy TAMGET ST7&s TARGET NIFFERENTIAL 48
C TEMPERATURE (DELTA T)y AND ASPECT PACTORS: 49
¢ ICURVESMRY CURVE SELEcYOR--cnOoSt 1 oF THE CURVES SPECIFIED IN DATA S0
c STATFMENTS IN SUBROUTINE NESOLVE s1
. SIZE«TARGET SIZE==HEIGHT OF TGTY (IN METERS) SMALIEST DIMENSION 82
¢ TARGTSTARAEY TEMP,«=UELTA DEG. K OF TARGET FROM THE BACKGROUND T%)
¢ ASPEC!sTn CORRECT VALUE OF ASPECT RATIO..FOR DETECTION AND LT3
¢ RECOGNITIONy CORRECT VALUE OF MRT WY THE FACIOR 1/SQRT(E/T), ss
[ Inmiir HERE THE VALUE SQRT(E/T) Fon DETFCTION (ASPECT(1)) AND %6
3 RECOGNITION (ASPECT(2)), € IS BAN LENGTH=TA=WIDTH RATIO» s7
PF"T ﬂ'vrrr Tallis "‘""""'I )
e .-..)i AR EE Fiate W78 !
-19 -
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1.F.e 281 DET ASPECT RATIU, AI1 ReC, RELOW MRT 1S CORRECTED
BY DIVIDING BY THESE INPUT VALUES.

REAN 102+ TCURVE,SIZE+TARGToASPECT (1) ¢ASPECT(2)
102 FORMAT(I1¢0Xe4F10,4)
PRINY 109, NMOFOy]oNFoRMAXy ICURYE STZE s TARGY ASPFCYT

102 FORMAT (0. INPUT CARD VALUES®/®0CaR( (== ANMO2®,13¢® FOV1a®,Fg,1,9
e NFE®,13,8 RMAXS®.Fg,1/%0CARY 2== [CURVE=®,]3¢e SIZE®®sFge3ee
- TARGEy 7EMPu®,F6,3,® ASPECY FACTORyt DETu®sF7,49@ RECa®,FT7,4)

WRITE WFADINAS OF TABLE TO BE PLACED AT THe BEGINNING OF OUTPUT TAPE

WRITF(2.100) FOV

100 FORMAT (1) 14 X9 ®RANGE®¢SX 9 ®ANGLE IN®egX o *CYCLES® 02X 05 (IN9®MRT (&
- F‘.‘.. NEG 'ov).))
'"!7'(20‘0’)

1n) FORMAT (Sx ®IN KM MILLIRAD PER MR #,5(6Xs0DET®,TXy*REC *))

QANGE CAN HE FROM .5 TO 10, KM IN STEPS OF ,5 KM (RMaxslQ,)
NR FROM 1, TU 20, KM IN OTEPS OF ,, KM (RMaA=20,)
Bn THRAUGH LanP S ONCE FoR EACH RANGE

0O = 11420
OISTaFLOAT () ®RMAX/20,

FIND THE ANGUIAR SUBTENSE (THETA) OF THE TaRGET (IN mMILLIRADIANS),
AND THF DETECTION AND RECOGNITION LRITEQTIA (THEIR SPaTIAL FREQS IN
CYCLES/“RAO> AT A GIVEN RANGE BY CALLING SURAROUTINE SPATIAL

CALL SPATTAL(DIST,SIZE+DETIRECHITHETA)
CPM(1)=0FT $ CPM(2)=REC
J=0

GO THRNOUGH LOOP 2 TO SCALE MRT FOR FOV OTHER THAN THE ORIGINAL MRT
NaTA FRUM A SPECIFIC GIVEN SET OF LMPACT Mul DATA ANPM CORRECT IY
FAR aSPECT RATIO ONCE FOR EACH FQV (SEE REPORT P, S4=5S),

DO 2 IFs=)oNF
SCALFsFLUAT(IF)

TREN ONCE FnR DETECTION AND ONCE FUR RECNGNITION

00 2 [DRs1,2
Jade)

CCALE THE MRT FNR SOME FOV OTHER TmaN THE UWIGINAL MART DATA
9y CALLING SURROUTINE WESOLVE

CAL!I RESOLVE(CPM(IDH) ¢ ICURVE ;SCALEMRT,1FLAG)
CARRECT MRT PNAR ASPECT RATIO (DIVIDE MMT AY INPIT CORRECTION FACTOR

FAR ASPFCT<SEF EXPLANATION FOR ASPECT N TNPUT CARD » AND REFER TO
QFPORT P, k"9 AND APPENOIX D)o

RTMp (Je 1) sMRT/ASPECT (10R)
IF(TFLAG.EN.]1«AND,ISTOP (J) 4EQ,20) ISTOR () =]
IF(1FLAG.EQ.] «ANDSISTOP (J) oLT, 1) RTMP(JsT) =g,
IF(TSTOP(J) «GTLIEND) TENDSISTOP(Y)
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2 CONTINUE

WPTTE TABLE CANTAINING MQT DATA FOR EACH RANGE AND FOV AS A
HFADER TO THE FIRST FILE OF THE NEw FLIR TaPE (20 LINES TOTAL)

WRITE(24104) DISTITHETAGDET (RTMp (K1) yKulyJ)
106 FORMAT (6RoF4,1oTXoFS,396XeF5.39€X910F1047)
& CONTINUE

KOL IS TOTal. NO, OF COLUMNS OF PROWABILITIES TO RE WRITTEN ON TaAPE
KOL=J
G THRNUGH LOAP S0 ONCE FOR EACH FILE TN Ae WRTITTEN AN NEW TAPE

DO =0 MNe) (NMO
REAN(1+13%) IBLANK
1ag FORMAT(/7410)

FOR EACH NEW FILE ON THE NEW FLIR TaPE

WRITE A HOLLEPITH 1 ON NEXT LINE OF THE NEw TAPE (WHFN LISTING NEW
TAPE IT SKIPS TH A NEW PAGE~=WHEN NEANING THE NEW TAPF READS

a BLANK LING)

WRITE(2411n)
110 FORMAT (1KH1,10X)

oFAD TRANSMISSIONS (PREVTIOUSLY CALCULATED oY SURROUTINE LOWTRAN AND
WRITTEN ON 14PE1).

THE TRANSMISSTON TAPE CONSISTS OF UNE FILE FOR FACH MONTH TO BE
PPOCESSED, NNE MONTHS FILE CONTAINS THQEE ILINES OF weAOING OR TITLE
TMFORMATION WHICH ARE SKIPPED OVER WHEN REING READs FULLOWED Y ONE

LTNF FAR EacH HOUR IN THE MONTH, ONE HOURS DATA IS cUMPOSED OF INTEGER
VALUES REPRFSENTING MoNTHe DAY AND WQuURe AND 20 REAL VALUES REPQESENTING
THE FRACTIONAL TRANSMISSION FOR RANGES OF o5 TO 10 Km IN STEPS OF .5 KM
"D 1 Tn 29 xM IN STEPS OF 1 KM,

THE FORMAT FOR ONE HOURS DATA IS (212414¢2Xe20F6.3)0

1n REAN(1,1000) MOH,TRANSG

L0An FORMAT (21241492X420F6,3)

IF(FOF41) 40411

FAR EVFRY WNUIPS DATA ON THE NEW TAPE WRITE THE FOLLOWING LINESe..
. WRITE & RLANK LINE

. WRITE 7 ILINES OF ®rFADINGS FOR cO| UMNE OF THE TARLE

® WRITE 20 LINES OF NATA (ONE LINE/RANGE)

11 WRITF (2,111) MOH

111 FORMAT (//7010X9®MONTH u ®912910X9@DAY = ®¢T2,10Xe®HOUR = ®914)
WRITE(24112)

112 FORMAT (1aX)
WRITE(24113) FOV

113 FORMAT(1RSRANGE®gx,® APPARENT #910%eg(F4 19 FOV®,12X))
wRITE(2.114)

114 FORMAT(1R,0IN KMo SX,0TARGET TEMP@,S(7X,0DETe,7X,aRECS))

GO THRNAUGH | .0OP 30 ONCE FOR EACH NANGE (ONF RANGE PFR ROW IN TaSLE)

116
n7
118
119
120
121
122
123
124
12%
126
127
128
129
130
131
132
133
136
138
136
137
138
139
140
14l
142
163
144
148
146
147
148
149
150
191
182
13
154
185
186
187
188
1%9
140
161
162
163
164
165
166
167
148
169
170
171
172
173

RECT AV/ARADIL rnnv

&

UL

| A}
§ RV ¥ kL ‘ace
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D0 39 1s1,1END 2

RANGESFLUAT (1) ®RMAX/20¢ 178
c 176
C aPTMP TS APPARENT TARGET TEMPERATUKE 17:
s 17
APTMPgTRANS (1) ®TARGT 179
c 180
L 6n THRNUGH LONP 20 ONCE FOR EACH CUOLUMN OF PRORBARILITIES 191
< 192
00 20 Jsi,xOL 183
POET=) .0 196
IF(RIMP(Je1) .EQegeg) GO TO 1S 185 ]
c 186 :
C NORMALTZED SIGNAL TO NUISE RATIO = ApPARENT TARGET TEMP, (DELTA T)/Marv 187 :
L (CORRECTED FOR ASPECT Wy OIVIVING ®Y SQRT(&/7) ), 188
¢ P, @4 WANNOVER REPORT,PAQT | ! SINVLE THE MKT IS THAT VALUE OF INCREMENTAL 189
C TrMPERLATURE THAT PRODUCES A VALUE us SIGNAL=TO=NOISE MATIO SUFFICIENT 190
T ro ALLOw AN ORSERVER TU natlx OUT TME MRT TFST RAR PaTTERN AT S0 PERCENT 191
¢ OoORABTILITY.(DELTA T/MnT) CORRESPONDS TO THF NORMALIZATION FACTOR 192
C RrPLATING SINNAL=TO=NOISE TO PROBABILITY, wnFRE DELTA T IS THE INCRE- 193
C WwENyAL DIFFEQENCE IN TEMPERATURE BETwEEN TMF TARGET AND 1vs BACKGROUND \o;
¢ 19
SNRGAPTMP yOTMP (J, 1) 196
c 197
C  caLL SURROUTINE CUPROB TO DETERMINE THE PRURABILITY nF OETEC, (OR RECOG,.) 198
C GTYVEN TWE NvamALIZED SIGNAL TO NOISE RATIO 199
¢ 299
CALL CUPRNA (SNR,PDET) 20i
PROR (J) =MOET 202
c 203
18 IF(1STOR (J) LT, 1) PROR(J)=0,0 206
20 CONTINUE 20S
c 206
WRITE (2,130) RANGE (APTMP, (PROR (J) g Ju14KUL) 207
130 FORMAT (2ReF4,108XsFS,303Xe10(SXeFS,¢)) 248
30 CONTTINUE 209
c 210
GO N 1n 211
an ENO FILE 2 212
gn CONTINUE 213
STOp 216
END 1%

g ™ £~ ™Y [

( \l’?« p ™ '
L T ; &u W el ) \Ju‘ ‘
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SUBROUTINE SPATIAL(UIST1¢SIZE,OLToRECTHETA)
QIBROUTINE SPATIAL FINDS THE ANGULAR SURTENSE (THETae IN MILLIRADS)
RFOUIREN FOo RESOLVING ONE BAR IN THE gQUIVALENT BAR CHART (SEE REPORT
9,49-81) FNR FACH RANGE 7O THE TARULEY
AND THF DETECTION AND WFCOGNITION (WRITERIA (SPATIAL FREQ, IN CYCLES/MRAN)
CONVERY RANGE TO METERS

DIST=0IST1#1000.
FIND THE ANALE THETA By vAKING THE 7ANGENY OF HALF THE TGY. SlzZE
(TN METERS) /RaNGE (METERS)s DOUBLING IT TH RET THE WWULE ANGLE,
AND THEN CONVERTING IT TO MILLIRAOIANS

THETAg2 #ATAN(SIZE/ (2,201ST))elvo00,

THE CRITERTA AR SPATIAL FREQ, FOR DETECTIUN IS | CYFLE PER THE
ANGLE THETAe FOR RECOGNTITION IS 4 CYCLES FUR THE ANGLF.

DEvs) /THETA
RECs®, /THUETA
RETIAN

ENN

WCCT AV/,
533::57' /ﬂ V 4

-23 -
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SUSROUT INE RESOLVE (RESO¢ ICURVE +SCALF sMRTIFLAG)

€ RROUTTNE QfgOLVE INpuTS GIVEN KNUWN MRT CiVES AND SCALE FACTORS OF THE
SPoATIAL FREA, BASED ON FOV, GIVEN THE SPATTAL FREQ, CALCULATED IN
SIIBROUTINE <PaTTALe THIS SUBROUTINE SCALES IT AND FInUS THE

SNRRESPUND I™A MRT VALUE BY LINEAR INTFRPOLATION RETWFEN TWO POINTS ON Twg
GTVEN mrT CuavE. THIS APPROXIMATION 1S USEN WHEN THF MRT IS NOTY
AVATLARIE FvQ A FIELD OF VIEW OF INTEREST suUT IS AVATLASLE FOR SOME

unT VERY DIZFFRENT SIZED FIELD OF VIEW.

TCURVE TNDICATES MRT CURVE TO BE USED
RFSO IS THE CRITERIA FOR EITHER DEI, NR QFC, (CYCLES/MRAD)SSPATIAL
FREQUENCY2PESOLUTION OF THE SENSOR

OIMENSTON CURVE(154245)
REAL MRT

TMPUT GIVEN “AT CURVE MOINTS MERE IN NATA STATEMENTS -« ONE LINE

FoR THE X COORDINATES (SPaTraL FHEQ, IN CYFLES/MRAO) AND ONE LINE
FOR THE .Y COURDINATES (MmT VALUES) == 2 LINES FOR EACH MRT CURVE,

e To & Mar CURVES MAY BE ENTERED AN THE ODATA STATEMFNT AT ONE 7vIVE
HNWEVER ONLY NONE MRT CURVE IS USED PER RUN, THE DESIGNATIONS AT THE

enD OF FACH LINE OF THE DATA STATEMENT QEFEw TN WHICH MRTS ARE AVAILABLE
In THE PROGRAM AT THE CURRENT TIMEe TO SFLFCT ONE OF THESE VRT CURVES
SET ICURVE eQuAL TO THe POSITION Tng DeSTRen MRT OCCI/PIES IN THE LIST,

DATA CUAVE/1692093¢0409509000T7e90®04 Te1
- 00200006900819011100209,31014¢8%0,9¢ Tel
- 1092693600,95000007:98,,790,9 T=2
- 00074 ,0180,0389906900020320,%¢1,97%040 T-2
- 10920903694,95¢9000T7008099,06%0,, T=3
= .002..006200003000\30.0?.90.06?0cﬂ"cr’S'osz.ﬁ.ooO Te)
- 2698,06,98,910,01000,, Hel
- 00062, ,0169003690:057¢,0R8.10%0,, He]

lev1eR92. 02."200‘300030203.0'3.6!3.80309'309"3.0.O L2 o)
.090olﬁo.20.30.‘20.5'.6.!7?..l6.l,0901.2601.3203'0./ PNN

IFLAG=0
QFSS EQUALS SPATIAL FREQUENCY AT BaSE FIEIU OF VIEW €CALED FOR THE
wiILTIPLe OF FOV BEING CALCULATED AV THIS Timg
(SFt P, 85 WANNOVER REPORT, PART 1)

RESgsREgNegCALE

LOOK UP RESS ALONG X=AX[S (CYCLES/MWHAN)=<waNT TO FINN CORRESPONNING
Y VALUF (MART)

KslcuRVE

< X <€ € X< X <X

TF RESS (SCALED SPATIAL FREW.) IS LFSS THAN THE SMALI EST X COORNINATE (S¥x)

SFT RESSaSMX ANN SET MHTaSMALLEST Y COURDINATE (SMY),

SMXgCURVE (1919K)
SMYSCURVE (1920K)

IF (RFSS.AF ,SMX) GO 0 S
PESSsSMY

)

r\!a—*;"?— AY 2R ED

| yev i

1R
2R
In
R
SR
58
™
R
9R
10R
11R
12R
130
16R
15/
16R
17R
18R
19R
20R
21R
22R
23R
26R
2SR
26R
2R
28R
29
joR
3R
2R
3R
I6R
ISR
36q
kb4 ]
%R
I9R
4O0R
41R
42R
43R
‘4R
1
46R
7R
48R
49R
SOR
S1iR
&2R
S3R
LLY]
s8R
L1T]
L34 ]

o Ahntrs

i i 0 i b Nt b Dt e it el AR
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g lallake]

[ {glatlglals]

MRTaSMY
RETIINN

CAUNT WOW waANY POINTS TWHERE ANE ALUNG THE CHOSEN MRT CURVE,

® DO 10 N=1l.1S

{F (CURVE (Ne14K) ¢EQ.0,0) GO TO 11
10 CONyINyE

Nsla
11 NNsne)

NNe NO, POINTS ON GIVEN MRT CURVE LN DATA STATEMENT

Ns THE POINT ALONG THE GIVEN MRT CURVE FOR wiHlCH RESS IS BEING

TESTEN TO SEF IF ITS vaALUE LIES BETWEEN vTnF VALUE OF POINT N AND POINT
M=l On THE ~aT CURVE

DO 20 N=2 NN
IF(RESS 6T, CURVE (No1oK)) GO TO «0

AT THIS POINT TNE X=COORNINATE INTERVAL WAS REEN FOUND, INTERPOLATE BETWEEN
THE Y=COORNANATES TO FIND THE EXACT MR VaLug,

MATg (CURVE (Ny24K) «CURVE (N=] 92,K) ) ® (RESSeCURVE (N=1,1¢K) )/
- (CURVE (Ny 1 oK) «aCURVE (N=l19 1K) ) ¢CURVE (Nal,y2¢K)
RETUNN

20 CONTINUFE

15 RESS Cannny RE FOUND ALONG THE GIVEN MRY CURVE ANN ITS VALUE IS OFF
THE CURVE Al THE HIGH END THEN SET [FLAGS) aND SET MATaTHE HMIVMEST
Y=COORNINATE AN THE GIVFN MRT CURVE

1FLAGs])
MRTECURVE (NNy 24 K)

RETIINN
END

Ly ng ™ fata\)
RECT AV AN/ CODY
3 ) 3 1 . Wi

bt fmred V Wl Al WA b b
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S8R
S9R
60R
s1R
62R
43R
seR
65
66R
4TR
68R
&9R
70R
71R
72R
73R
T4R
78R
76
778
78R
T9R
a0R
/1R
AR
43R
86R
ASR
AGR
TR
a8R
19R
0R
elR
2R




OO0 OOOOO

OO0

OONOOO

SUBROUTINE CUPROSB (SNR9CMPHB)

THIS SVUROUTINE OETERMINES THE PROgABILITY OF DETECe (OR RECUG,)
FOR A GIVEN SIGNAL TO NNISE RATIO @Y _OOKING UP THE SNR VALVE UN A
CUMULATIVE NORMAL (GAUSSIAN) PROgAQILITY CURVE WNERE THE

VALUE UELTA T/MRTel.0 CORRESPONDS TO A PRNBABILITY OF DETECTION OF
50 PERCENT

(SEE Pe 83 AND 61 HANNOVER REPORTe PaART 1)

ODIMENSTON SRATIO(10)PROB(10)
0°TA NN/ZLOy

INPUT CUMULATIVE NORMaL PROBABILEITY cURVE COORDINATES

DATA sﬂ‘flO/Ooo-"o‘_So..‘olo'l‘l'i,2501 *S91e7502¢/
DATA PROB/0erelre@0,49e50060 075‘ 09009601,/
IF(SNR<GT*SRATIO(1)) GO TO 2
CMPRBsPROB () )
RETURN
2 CONTINUE
”l.“”o‘
00 3 JsloNy

Kesy
IF (SNReGE,SRATIO(J) ,AeSNReLT,SRATTO(Jel)) GO TO &
3 cONTINUE
CMPRESPROB (NN)
RETURN

INTERPOLATE BETWEEN 2 POINTS ON NORMAL IZED CURVE TO DETERMINE
PROgAgILITY O DETe (OR HECOGe) cORRpSPONDING TO caLcuLaTep
SIGNAL TO NOISE RaT1O

& CONTINUE
XXsSRATIO(K*1)=eSRATIA(K)
YYSPROR (K*1) =PROA (K)
XPeSNR«SRATIO(K)

CMPHES (YY®XP/XX) +PROR (K)
RETURN
ENO

1 raonn

wha SwWI
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V. EXAMPLES OF OUTPUTS WHICH CAN BE GENERATED
FROM THE OUTPUT TAPE OF PROGRAM FLIR

There are many ways of using the data that has been written on the output tape
from Program FLIR (hereafter referred to as the FLIR 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 (ox 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,

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

parameters:

1 ¢ File (or month) on FLIR tape.
e 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 specifies which
row. Thus the probability value occupying that position in each hourly table for the

month is extracted.
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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 Specified 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 FLIR 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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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 specified
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. Eraction of Occurrences in Which Probability > Specified Percent vs. Range

Figures 7 and 8 show one of the most useful types of plots from the FLIR 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
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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 FLIR tape was used (i. 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 g

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 compar-
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 FLIR can be made
using the fraction of occurrences versus range type of plot. There are also 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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