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PREIFACE

In April 1975, the Staff Meteorolaogy Office of the Alr Force Weapons Laborator s
(AFWL/WE), working in conjunction with the Laser Systems Analysls Branch (AFWL/PGA,.
began a special project, "Weather Studies." The obJjectlive of this project was to
determine the potential influence of the atmosphere and its associated phenomers v
various airborne applications of lasecr devices., As the study progressed, the aut :ns
became lncreasingly interested in the problem of predicting the probabillity of a
cloud-free line-of-sight (CKPLOS) between two moving points. Although techniques
were avallable for handling CFLOS questions of a static or instantaneous nature, it
became apparent that these techniques were not designed to answer the kinds of
questions being raised in “"Weather Studies" and that new techniques were requis

The computer model presented herein is a preliminary step in developing the uew
techniques required to solve CFLOS questions involving a moving observer, movinr
observed point, and/or a time dimension. ‘The major part of this investigation was

performed by Ronald *. Ncison. The major part of the computer model was perfo med
by Mead B. Wetherbe.

The authors gratefully acknowledge the constructive criticisms and support of
their co-workers at AFWL. Thanks arce due especially to Captains Steven Ldelman,
John King, and Carl Curatola for their valuable contribuiions during the develonment
of the studies and analyscs presented In this report.
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SOME ASPECTS OF ESTIMATING THE PROBABILITY
OF CLOUD-FREE LINES-OF-SIGHT IN DYNAMIC STTUATIONS

SECTION A — INTRODUCTION

With the Introduction of optical and Infrarc. detection and tracking devices into
the Depariment of Defense inventory, interest grew in developing methods for esti-

mating the usability of such Jdevices in the presence of clouds, One result of this

Interest was the development of various methods for predicting the probability of
hasving a cloud-free line-of-sight (CFLOS) between two points. These methods, which
have been available In various torms since the 1960s, provide tools for estimating
CFLOS probabllities between a stationary observer and a stat.onary observed point at
a specilied elevation angle in the presence of a given amount of intervening clouds.
None of these methods (e.g., Lund and Shanklin [1], McCabe [2], anrd Rapp, et al [3])
was designed to address CFLOS questions when moving observers, moving observed
points, or time dimensions were involved.

These kinds of questions are “dynamic
CRLOS questions."

Many USAF applications, actual and potential, involve the use of optical or

InCrared systems o aircratt, Some applications might involve an airborne system,

a.8., as a detector ot a stationary target on the ground. In such a case one might

wish to predict the rrodbability that chere will be a CGPLOS between the detector and
the target. A typlcal approach to thls problem ls to specify the altitude at which,
and the range ot depression angles within which, the system might operate. Then,
given the climatological rrequency distribution of cloud conditions tor the area

over which the system is to te employed, use some tecihnique, such as that outlined

in Rapp, et al., [3]), to predict the probabillty of having a CFLOS between the two
vehicles (points). Since at any instant the two points may be considered to be
stationary, the approach seems reasonable tor predicting the problability of an instan-
taneous CHLOS. Suppose, however, that one is interested not In some "instantaneous"
CFLOS, bub rather in a CFLOS which lasts tor some tinite time, on the order of one
second. Qr, suppose that both the observer and target ave moving end that one wishes
to predict the probablility of a CKIOS lasting for some finite time between the two.
The approach outlined above cannot handle these dynamic problems,

The remainder ot this report presents the results of the work to date on Jdynamic
CFLOS problems and makes available the computer model which we have used to gain

insight Into problems of this variety. It ls by no means an exhaustive dissertation

but the authors hope it can serve as a departure point tor others interested in
dynamic CFLOS problems.




SR it
TS T

y TS T

g g
e e s e e e T ——— T p————

[

USAFETAC TN 76-2 March 1976

SECTION B — DYNAMIC CHLOS PROBLEMS

Discussion of the Variables

One of the moet tmportant "variables" involved In dynamic CFLOS protlems is the
statement of the problem.

The Collowiuy problem s used as a basis for discussing
the variables ass

alated with dyhamic CFLOS problems in general:

Assume a vehicle B will be rilying at a speclfic altitude and
velocity over a specitied area. A sccond, faster vehicle A will
be Introduced at an arbitrary initial slant range, azimuth, and
elevation amyle. The second vehizle will move on & straight-
line course iDlrecL Intercept Course) designed to eftect a
collision with the first vehicle Glven sut'ficiently detalled
2loud information for the specified area, predict the probability
that, at any time, a CPLOS will exist between tre two vehlcles

for at least t units of time before the two vehicles reach a
given slant-range separation.

The variables of the prodlem are as follows:

a. The inltlial positions ot the two vehicles,

b. The relative speeds and paths of the vehlcles,

¢~ The "boundary conditions” for the time duration (At) of the CRLOS and the

Cinal sepavation distance before which the specified CFLOS must occur.

d. The cloud characteristics for the area ot Interest.

Examination of the Relative Specds and Paths

The tirst step in solving dynamic CFLOS prablems is to determine the paths to be
followed by the vehleles.

Filgure 1 deplets the geometry of the situation deserided
above,

Ao’ BJ: nitial positions of A and B

A Rt Tnltial azimuths of A and B

D ¢ Initial slant range separvating

A and B

Dyt Distance A must travel o meet
B

a ¢+ Blevatlion angle from B to A

Flgure 1, Geometry of the Direct Inter-
cept Course.

Crwreae we o e
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{ I¢ VA’ VB represent the speeds of A and B, vespectively, then the relatlonship

of U the distance A must travel to meet @, to the other parvameters (see Appendix A
tor Jdetalls) is:

DA = D . l‘\:\ (l)
wherve
. A ~d
, g .
e o B2y
v Nt iR !
A Va A
’ 1 ()
~ )
vy
-
\:\
and
Fl = Qos 1+ (Goy HA 1+ Sin nA Tan 0“) Coy ﬁB (3)

B's total travel distance to the collision point (hn) Is divectly proportional
to Als and to the speed ratlios involved. That lw,

D, = - (")

Knowing the total distance involved, one can use Jdirection cosines to determlne
the palred N,y,= positions of A and B in whatever time inerements are deslred. The
paths, therefare, are detined.

The Boundary Conditions for t and §

It would seem that one should now be able to specity the boundary conditlons for
the time duration of the CFLOS and the tinal separasion Jddstance of interest and
using the detadled cloud intormation tor the speciCied area, proceed with the QRLO8
analysis.,  In the early stages of the study the authors proceceded in just that way,
utilizsing a randomly generated clowd Cield fa the computer model as a substitute tor
the "detailed cloud intormation,”

pFortunatoly, the program was weltten so that one could obtadn o highly detalled
' autput of the progress of the analysis,  For a glven set of clowd and baundary con-
Aitlons, 10 B was repeatedly reset Lo lts startlog position and A was Intradueced at
various azimuths, the ratto of Creesobstructed lines-ot-sight was almost always
greater for approaches which came toward B trom behind.  The rveason tor this result
will become apparvent through an examinatlion oft the concopt of a "erdtieal eload

2
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Concept of a Critical Cloud Base

Figure 2 shows the geometry to be considered for this concept. A and B will

again travel along stralght lines with A following the direct intercept course.

-

Ao’ B : Initial positions
N of A and B

D : Initial slant
range separating
A and B

a : Rlevation angle
from B to A

£+ Relestive azimuth
between AO and Bo’

(8 = ISA - in)

4 ¢ QCloud base height

Flrure 2. Geometry of the Critical Cloud Rase.

Gonsider the Collowing problem:

For the initial conditlons specitied {d-v, VA/VB’ b, a, ecc.),
determine that helght above the plane of B, (ZC), above which the
existence of clouds will have no effsct »m the probabllity of having
& GFLOS Cor At units of time at least once before A and R appsoash
within § of each other.

The detajled development glven in Appendix R shows that

v
LA . A . o
e ™% ty=8na (st a FE> (3)

where e is a critical relative cloud hefght an that If all clouds are based ab

(4

> 2q + Zps the required CRLOS will ocour &b least once. Equatlon (5) shows that

one should not specify cloud charactertedics or any model situation without con-
sidering thr "boundary conditions" and Jdynamics of the situation.

!




-y e e

o ge—

g

a2

Wit e

o

o

March 1976 USAFETAC TN 76-2

m: 1
i '
1508 s
»
L Y
§ ™
{So 5 x
<9
? r
N
1t ::
I
v 1l x -
) Te 2
Soe Sc e
Ya/vB = 3
|
. v e A emade e e E bt ra A A o] AR e T L )
T M~ B v~ I - R TV TR R RN oW
CLEVHUION RNBLE ELEVRTIDN ANGLE
xm
. ‘/;7 .
i an ;}</’ 1§
e : (\!) / »
& a
= x
%
xm »
] 150 // I:
15 Ix
1o
2008 & // :g
{ | ™
X X
IS -
198 T= 2
5« M e S« M
] VA/VE = Y4 WYE = Y
L«o-«-e— o s ] . e
R XEIEN e P AT YTEW
’ ELEYRTION ReBLE ELEVAT 10N RELE

tlgure 3, Variatjon of ZC with Elevation Angle.

Blgures 3 and & depiot varlous ways of showing the functional relationships
eatablished dn Bouation (4).  The Vg 18 250 m/see for all cases. ‘The curves in
azimuths those in Figure 4 are lines of con-
Plpure 3(a), tor example, shows that cloud bases at 1000

meters will Insure at least one CRLOS lastiog for & seconds {™). This CFLOR will
dceur betore o slant-range distance (8) of 800 weters is veached by_two vehicles

Migure 3 are lines of canstant relative
stant elevat £ angloe,
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S= 08

VA/YE = 3

z<

B W 4 IS e
FELNTIVE R2IMUTH

S= SM  VRVB e Y

@ @ A 5 W
FELATIVE R2IMITH

T« 2 G= 220 VA/VB= 3

P ® R % 18 m:
RELATIVE RZIMUTH

= -
\\ (]
am \\\\\\\ .
(4) S~ .
\w

S= VR/VE = Y

MELATIVE AZIMUTH

Figure &,

Variation of ZC with Relative Azimuth.

travelling at a speed ratio (VA/VB) of 3 to 1, for all clevation angles less than

about 24° at any relative azimuth.

Similarly, 2000-meter cloud bases, for the con-

ditions specifled on Figure 3(d) will insure the required CFLOS for an elevation

angle of 70° for relative azimuths of approximetely 106° s ¢ = 180°,

Note that the

0-180° relative azimuths can be "mirrored" into the 180°-260° azimuth range and that
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"elevation augle" could &s easily be iuterpreted as depression angle. As a result,

ZC can be treated as a cloud separation distance and therefore could be zpplied to
cloud tops.

Figures %(a) through U4(d) depict the variation of 2, as a function of initial
relative azimuth and elevation angle for various boundary c¢’mditions. The value of
ZC generally increases with increasing elevation angle and _s higher for frontal
than Yror rearward approaches. Note, however, that this geaeralization breaks down
when the approach combines large elevation angles and small relative azimuths.

These variations should have a direct bearing on how one compiles the statistics
in any modeled situation for a given cloud base. If, for example, the CFLOS prob-
ability statistics associated with a given elevation angle were grouped into a
single value for all azimuths, that value would implicitly be weigh%ed by the higher
values asscciated with the rearward approaches. On the other hand, grouping the
statistics at a given azimuth for all elevation angles would implicitly weight the

answer by the higher values associated with the lower elevation angles. The physi-
cal reasons are apparent:

a. For a given elevation angle the closure rate is lower for large relative
azimuths.

b. FPFor a givel azimutn the cloture rate is lower for high elevation angles.

In either case the time available for CFLOS is higher for lower closure rates and

therefore the probability of obtaining the CFLOS is higher (i.e., there is more
opportunity).

The Cloud Characteristics

Simple logic dictates that there is a direct relationship between the probabil-
ity of having a CFLOS and the probability of having those cloud conditions which
preclude having a CFLOS. Predicting the probability of having a CFLOS, therefore,
requires having "sufficiently detailed cloud information." This information must

be merged with the other factors, e.g., dynamics and boundary conditions, involved
In the problem.

For the problem being discussed, "cloud-base" is part of the required informa-
tion. This report will show that information regarding the amount of sky covercd
at a particular altitude and the 3-dimensional geometry and spetial distribution of
the individual elements will also be required. What is yet uncertain is the practi-

cal meaning of “sufficiently detailed" information and if, and how, that meaning
changes as the problem variables change.

Historical records of surface-based weather observations can be used to obtain
information regarding the probability that a particular sky coverage will be
experienced at a particular altitude; the detail available, however, varies inversely
with the altitude. Satellite data may eventually ve useful in adding more detail
at higher altitudes, but currently the information is limited to the lowest 8000
feet., Little or no information, and no information, and no historical records exist
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relative to the "individual element" characteristics. Therefore, one must model the
individual element cheracteristics and use historical data bases to obtain the sky
cover.

The authors have yet to determine how best to utilize historical data since the
sensitivity of answers to relatively unknown cloud-field characteristics, such as
the distribution and 3-D geometry of the individual elements, arec unknown. How will
the interrelationship of cloud base and cloud cover as they relate to the dynamics
of the problem, af'fect the answers? These ave specific areas in which further
analysls is required.

SECTION C — A DYNAMIC CFLOS COMPUTER PROGRAM

The computer program presented in Appendix D models a situation in which two
points are separated in space in the presence of a cloud field to help study dynamic
CFLOS problems., The lower point B begins moving from its initial position at a
fixed heading and speed. The higher point A 1s introduced at a given vertical
separation and slant range and a preselected azimuth to the right of B's path.

Point A follows some path, usually the direct intercept course, and the line-of-
sight between A and B is examined cach 0.2 seconds of simulated time until a pre-
viously determined slant range is reached. B is then reset to its original position
and the same process is repeated cxcept that A approaches from the preselected
azimuth to the left of B's path, B ls then reset to i{ts original position, a new
heading is established 30° to the left of the original heading and the process
starts anew., The scenario Ls repeated until a total of 12 headings (360°) have been
examined. The "statistics" are then sumwarized for the 24 approaches involved.

Some Limitations/Weaknesses of the Program:

a. CLDNO, one of the two cloud models, represents a mid-continental, uaiform-
surface area, carly-afternoon, summertime situation. This situation is relaltively
simple to model. CLDNO produces uniform circu;ar elements, the centers of whivh are
placed randomly in the X,Y planc. Coverage ls determined by the X,Y projection sf
the individual clements onto the plane, The base height and thickness can be set
but are uniform for all elements.

The random placement of the elements limits the total coverage in the applica-
tion of the model. Theoretically, one could, by careful packing, achieve a coverage
of about 78% (see Appendix C). In running the program, a practical limit is reached
at about A5%. The program CLDOVR, developed because of this practical limit, allows
for some restricted overlap of individual elements and scems to have a practical
limit in coverage of about 70%. With larger fractional coverages the physical model
morc nearly represents a late afternoon situation but, because of the common tops
used, 1s less than an adequate model. Modification of the model will cont.nue to
overcome the "coverage," “uniform top," and "single layer" limitations/weaknesses,

b. The coverage produced is not "sky-coverage" bul rather "earth-covervage."
The former requires a projJection of the cloud elements against the celestial dome
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while the latter is obtained by projecting the cloud bases against the assumed flat,

underlying surface.

¢c. The chase models are limited in their applicability. For example, o'ie would
not use either model to simulate a "Jdog fight." Both models currently requl.re that
A be moving faster than B.

d. The assessment ~f the line-of-sight takes place every 0.2 seconds > simu-

lated time.
dix B).

This time-step may be inappropriote for some applications {se2 Appen-

Questions Addressed by the Program

Given a particular set of conditions, the program is designed to answer three

questions:

Question 1.

Question 2.

Question 3.

What is the probability of having a CFLOS "at any instant?"

The line-of-sight between A and B is examined at each A,B position
until A and B approach within S of each other. The number of times

the line-of-sight is free of clouds (successes) is divided bty the
number of times it is examined (attempts). The results are accumulateu
for each of the 12 headings followed by B and printed out as the
"static case" shown in Figure 5.

What 1s the probability of having a CFLOS which lasts for at least
t-units of time at any time?

A time, t, is chosen as an integral multiple of 0.2 seconds. That 1s,
t=0.2N, where N-1,2,3,...M.* The first N-consecutive lines-of-sight
are then examined for a continuous CFLOS. A record is made of the re-
sults of that examination. The first line-of-sight is then ignored
and the next N-consecutive lines-of-sight are examined, etc. The number
of times that N-consecutive lines-of-sight are cloud free divided by
the number of times N-consecutive lines-of-sight are examined before S
is reached, forms the basis for the answer to this question. The
process is repeated for all B-headings and the collected statistics
show up as "Probability of a CFLOS for the time indicated," with t,

in seconds, following ".GE." in Figure 5.

What is the minimum frequency of occurrence of a CFLOS lasting for at
least L-units of time?

For each initial placement of A,B, & binary record is made of whether

or not a CFLOS existed for t-units of time at least once. For any ini-
tial set of conditions and for a given cloud situation the maximum
number of attempts would be 2U; i.e., A approaches B from left and right
aspects for each of 12 different headings used by B, During each chase,
a CPLOS either did or did not exist at least once for t-units of time,

* For the limit of M, see Appendix B.
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The output of this analysis is found in the Minimum frequency..."

Figure 5. Sample Output of the Program.

‘ section of Figure 5.
-
‘ . e e hupthogudomtmenen e A St
PROBARTILITY NF A CFLOG = STATIC CAGE=- J2LT
PROBARILITY OF A CFLOC FOR AT | FAGT THF TIME INDICATED
.GE°l 0"80 QGFO’ .ﬂﬂ7
MINIMUM FREQUENCY OF ACCHRRENCE N A CFLOS FOR AT LEAST THF TIME INMNTICATED
E ONF  SECOND 6726 T™O SECONDS 1724
AROVFE INFO BASFD ON ~ RASE = ReSeTOPS = 11,5 oRADTUS = 400 +CNVERAGF = «435
PROVARILITY OF A CFLOG ~ STATTC CASE=- «2PR
- PROBARILITY NF A CFLNe FOR AT t FAST THF TIMt INDICATFO
QRF.‘ O"‘S" QGF.? ﬂ.(“m
MINIMUM FRFEQUENCY OF ACCURBENCFS (F A CFLOS FOR AT | EAST THF TIME INDICATED
ONF SEFCOND 5724 TwO SECONDS 0724
! AROVE INFO BAGFD ON = RASF = E.ReTOPS = 14,5 (RADTUS = 4¢0 «COVERAGF = 0435
: POABARILITY OF A CFLNg = STAYTIr CA&Fe + 356
1 PROSARTILITY NF A CFLOc DR AT | FALT THF TIMt INDICATFD
3 3 ofiFel .‘?, oiF o2 00‘\7 R _
MINIMUM FRFEQUENCY OF ACCURRFNCE OF A CFLOS FOR AT LEAST THF TIME INDYIZLIED
] ONF SECOND 10724 Tud SECONNS 1724
L) -
- AROVE INFO RASFD ON - RASE = T0eTNAPN = 14,5 JRADTUS = 4e0 9COVERAGE = 435
PROBARILITY nFr A CFLNG « STATIr CARE- 356
PROABARILITY NF A CFLOc FNOR AT | FASY THF TIME INDICATFD
oGF el o121 eGE L2 o007
MINIMUM FRFOUFENCY OF ACCURRFNCFE OF A CFLOS FOR AT |.EAST THF TIME INNICATED
ONF. SECOND 10724 Tw0) SECONDS 1724
| AROVE INFO BRASFD ON = RASE = 7.0TNOPS = 18,3 +RADTUS = 4e0 oCOVERAGE = «435
PROBARILITY OF A CFl.0c « STATIr (CASE- +319
PROBARILITY OF A CF.0c FOR AT | FASY THF YIME INDICATFD
.GF" 0‘71‘ OGE.? .0°7
MLt tMEM FREQUFNCY OF nCCURRENGE OF A CFLOS FOR AT L EAST THF TIME IMNICATED
ONF SE( OND 9/24 TWO SECONDS 3724
AROVFE INFO BASED ON « RASF = LeeTOPS = 9,0 +RADTUS = Ye0 +CAVERAGE = 245
PRONMARTILITY OF A CFLOC = STATI”~ CASF=- 2 2TR .
PROBARILITY NF # CFLOS FOR AT | FAQY THF TIME [NDICATFD
.GE‘I .‘3‘\ QGFO? 0069
MINIMUM FRFQUEMCY OF aCCURRFNGE OF A CFLLOS FOR AT [LEAST THF TIME YNDICATED
ONF SECOND R/24 W0 SECOMDS 2724
i AROVF INFO BAGFD ON =« RASE = Go0eTOPS = 11,5 «RADTUS = 3¢0 +«COVERAGF = L) y
’;
3
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Some Model Results

Figures Oa and &b show scaled drawings of one quadrant of a cloud field gener-
ated by CLOUDNO. The light dashed lines represent B's path, which is actually at s
height which 1is below the cloud base. The heavy dashcd lines are the projections of
A's path into the plane of B. 'The heavy solid lines are the actual paths followed
by A. Sce Appendix D for a brief description of the HUNT and HUNTD chase models.

Tn effect then, Fipgures Ga and 6b are pictures of a "run." The lines-of-sipght
which are examined are those lines which would connect the positions of A and B at
any time,

I"igure 6a. A Vlisual Representation of Flgure 6b. A Visual Representation of
CLOUDNO and HUNTD. CIOUDNO and HUNT.

Table 1 presents the statistice associated with many such runs. The three sets
of statistics presented in the table are related to those questions dlscussed in the
previous section., For a given run there are approximately 600 "instantancous-
attempts" and 150-550 one-secona “dynamic-attempts.” The "minimum frequency” values
cannot exceed 2l sinze there are only 2l opportunitlies per run for having a CHIOS
for the vime span Indicated at least once. 'There is, of course, only one value of
"earth-cover" for a glven run,

The two sets of statistics assoclated with A and E were derived from the same 22
nonoverlapping cloud distributions. The distributions were established bused on a
hoo-meter cloud radius. Since the cloud elements do not overlap, one could simply
change the radlus and calculate the new coverage. Most of the data associated with
the B and I statistics are derived from these same distributions by simply changing
the thickness of the cloud elements, About one-half of the ¢ and D statistics use

1l
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these distributions, so there are, at most, 30 different cloud element distributions;
certainly not a represcntative sample of the infinite variety of distributions

which could be produced either in the real world or in the model. Nonetheless,

Table 1 can be used to gain insight into> dynamic CFLOS problems.

The content of Table 1 is assoclated with a very specific set of parameters;
i.e., specific values for VB’ ZB’ VA/VB’ S, and a, The authors wish to stress the
point: Dynamic CILOS problems tend to be complex and unique and it will be diffi-
cult to generalize solutions for large ranges of the associated parametervs.

The "Earth-Cover" for Cases A, B, C, and D are essentially the same. Examina-
tion of the associated "instantaneous" and "dynamic" probabilities indicates that
the values may be more sensitive to changes in cloud-base height than to changes in
cloud thickness. This sensitivity relationship is even more evident in the “Mini-
muwn Thickness..." data. Comparing E and I* to C leads to the tentative conclusion
that, at least for some combinations ol decreased-coverage/increased-cloud-base,
the latter will be the more significant. inally, the probability of having a
finlte-time CILOB is less than the probability of having a CFLOS instantaneously.
This tollows from the fract that a low instantaneous value indicates a frequently
obscured line-of’-sight.

Expericnce indicates that the distribution of the individual elements is a sig-
niticant variable and that its significance increases as earth-coverage decreases.
This seems to be particularly true ror earth-coverage less than about 40¥. The
authors also tend to believe that, for a given coverage, "cloud radius" is not a
significant variable; although the elements are smaller, they are more numerous and
the increased population efCectively cancels the eftect of the decreased size.

Changes in VA/VD are signiticant, as can be scen by a comparison of Table 1 and
Table 2. The same specific parameters are used for both tables except that, in
Table 2, VA/VB = 3, and 10 completely <different distributions were used. Case 1 of
Table 2 and Case A of Table 1 differ only slightly in mesn carth-coverage and may be
compared directly. Beling cautlious to note the diffrerences in cloud characteristics,
one may also compare Case 2 to Cases C and D, and Case 3 to Cases E and F. The
generally higher values of Table 2 would scem to stem primarily from the lower speed
ratios; but one must be cautious of such a generalization,

Table 2. CFLOS Probablilities £y Various Madeled Cloud Situatlions when
E R NS - me > ©
VA/V“ = 3, Vg = 250 m/sece, 8 = K501 meters, ‘p = 150 meters, and o > 22%,

CLOS Resulls

Cloud Data Pr Pr Min. ireq.
Mean (Instan-  {Yynamic) o Occurrence
Case Base  THp Radius  Barth-Cover taneosus) it »1 t=1 ,
1 hoo  woo oo il AN .08 5,1
Q 700 1hn0 koo i W37 A8 o

3 40 1170 hoo Oh R L 15 11
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Table 3 presents selected calculations of Zc which can be used to help interpret
the statistics of Tables 1 and 2. (Linear interpolation of the values will be
accurate to within about 1%.) For the conditions in Table 1, 2, = 548 meters.

Since Zg for Tables 1 and 2 was 150 meters, any cloud base above 698 meters for
Tuble 2, or above 795 meters for Table 1, would assure a CFLOS for one-second at
least once. Therefore, the minimum frequency values of Case C and Case 2 are essen-
tially predictable a priori. Note also that it A approaches B from behind with a
relative azimuth of 167° VA/VB = 3, o £20°, the minimum frequency column of Case D
could be "predicted" (i.e., calculated) a priori.

Table 3. ZC Values for Selected Conditions
Vg = @50 m/sec, t = 1 sec, S = 501 meters.

Speed Ratio: VA/VR -3 Speed Ratio: VA/VB =4
Initial Relative Azimubh

Angle 15° 30° U5° 165° 150° 135° 15° 30° 45° 165° 150° 135°

10° 258 252 244 175 178 1R 301 296 288 219 202 227
20° 503 h92 W76 34T 353 363 589 579 564 U434 W40 450
30° 723 710 688 514 522 535 850 837 817 641 649 664

SECTION D — SUMMARY AND CONCLUSIONS

Current techniques for predicting the provability of a CFLOS are designed for
problems which are instantancous in nature and involve stationary points, Dynamic
CFLOS problems involve either the movement of one, or both, of the points b iSween
which the line-of-sight is to be assessed or a time during whicnh the line-of-sight
is to be assessed, or both movement and time may be involved. Hence, current CFLOS
prediction techniques can not be used for dynamic CFLOS problems. To assess the
potential usability of those airborne electro-optical systems which are effectively
blocked by clouds, new techniques must be developed. "Modeling" is the approach
which the authors have used as a preliminary step in that direction.

The computer program discussed hrrein indicates that dynamic CFLOS problems tend
to be complex, unique, and not amenable to generalization. To solve a dynamic CFLOS
problem one requires a detailed knowledge of the initial positions and subsequent
velocities of the two points between which the line-of-sight is to be assessed,
detalled knowledge of the boundary conditions related to the space/time dimensions of
the problem, and detalled knowledge of the cloud field characteristics, including
the 3-dimensional geometry and spatial distribution of the individual cloud elements.
The dynamjcs of a problem might be definable through a knowledge of the operational
characteristics ot the aircraft involved. The boundary conditions and time incre-
ments to be used in the line-of-sight assessment might stem from the characteristics
of the clectro-optical system. These are, essentislly, nonmeteorological problems.
The meteorologist will have to define the cloud field characteristics,

1h
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Practically speaking, extensive knowledge of the required cloud field character-
istics is limited to "cloud amount vs altitude" and even that is limited, esseantially,
to the lowest 8000 feet. Satellite data may be useful in extending our knowledge of
this parameter at higher altitudes. Detailed information relative to the geometry
and spatial distribution of the individual elements is extremely limited to nonexist-
ent. To determine what degree of resolution will be required and how much intelli-
gence can be derived from historical records will require further insight into the
nature of dynamic CFLOS p~oblems and further analysis c¢f the data base.

The computer program presented herein can be a useful tool in developing insight
into the variables associated with dynamic CFLOS problems. In particular, it can be
used to examine the sensitivity of the answers to changes in the input parameters.
Being careful to observe the artificiality of the model, it can also be used to
osbtain what might best be termed "bell-park" estimates of real world situations.

For example, for situations similar to those discussed in this report, it would seem
that the probability of having a cloud-free line-of-sight, either instantaneously or
for as short a period as one second, will be low even in fair-weather conditions.

SECTION E — REFERENCES

1] ILund, I. A. and Shanklin, M. D.: "Universal Methods for Estimating Probabili-
ties of Cloud-Free Lines-of-Sight Through the Atmosphere," J. Anpl. Meteorol.,
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[2] McCabe, J. T.: "Estimating Mean Cloud and Climatologlical Probability of Cloud-
Fgee Line-of-Sight," AWSTR 186, Air Weather Service, Scott AFB, IL., 1965,
26 p.

(3] Rapp, R. R., et al.: "Cloud-Free Line-of-Sight Calculations,” J. Appl.
Meteorol., Vol. 12, 1973, pp. 484-493. ’
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Appendix A

DIRECT INTERCEPT MODEL

Problem: Given the initial positions and speeds of A and B and a level route of

flight at known azimuth for B, find the distance A must travel to inter-
cept B.

0! Bc = Initial positions of A and B
Elevation angle from B0 to Ao

98 = Azimuth of the path to be
traversed by B

GA = Azimuth of Ao

v = Angle between AoBo and BOB'

Figure A-1, Direct Intercept Model.

Let the t'ollowing definitions apply:

(XA’ Yo ZA)’ (o, 0, ZB): X, ¥, 2z coordinates of A  and Bj
C : Distance AOB'

D : Distance AOBO

DA’ DB ¢t Distance to be traveled by A and B

VA’ VB : Constant speeds of A and B
Begin by solving for Cos v. From Figure A-l and the delinitions given,

YA D Cos a Sin BA

1

(A-1)

1]

Xy = D Cos a Cos ) (A-2)

BOB' = XA Sec¢ OB (A-3)
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From the law of cosines we have:

@ = 1? + (BF")2 - 2p (EBT) Cos v
and, substituting from Equation (A-3)

2 2 2

c® = p +XASec26

8" 20XA Sec GB Cos vy (A-4)
But, note that
2 2 , 2
C™ = (24 - Zg)~ + (Y, - X, Tan 85) (A-5)
Hence, one can set Equation (A-84) equal to Equation {A-5), carry out the multipli-
cation Indicated in the second term of the right side of Equation (A-5), and
rearrange and combine terms to obtain
X, + Y, Tan ¢

Cos vy = B

(A-6)
D Sec QB

Substituting Equations (A-1) and (A-2) for Y, and XA’ respectively, and rearrvanging
and simplifying terms results in the equation

Cos vy = Cos a {Cos BA + Sin RA Tan QB) Cos Py (A-7)
which will be generalized for use as
Cos v = Fy (A-8)
By definition, DA = VAt and DB = Vat. Therefore,
Vg
Py = P v, (A-9)
From the law of cosines we have:
2 2 2
Dy = D° + D - 2DDyCos ¥ (A-10)
Substituting from Equations (A-8) and (A-9) and rearranging terms
2
\ \
2 ( B\ B 2 _ .
DA 'l - ;51 + 2DAD V; Py - D" =0 (a-11)

A

from which, using the general solution to quadratic equations, and requiring that
VB ¥ VA’

v Ve ve
B B 3
-vxFl& ‘—I?E1+l--‘;é
B A
D, = D (A-12)
W2
B
1 -
v
- A -

17
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or, for VB = VA

)
DA = §i."1' (A"13)

and, physically, only the positive radical of Equation (A-12) applies.

In the text the groblem was stated assuming VA > VB’ The computer program
currently requires that V, be greater than Vy. However, Equations {A-12) and (A-13}
clearly indicate that DA has solutions which are not restricted by VA > VB. Three

possibilities will be examined: V, = VB’ v, > VB’ and VA < VB'

A A

Case 1: VA = VB
From Equation (A-8), the range of Fy is: - l = P s 1. Physical reasoning
dictates that Fl < 0 be eliminsted since A cannot overtake B when approaching from

behind B's initial position. Therefore, only 0 = Pl % 1 is considered,

From iquation (A-13) and the definition of Fy

%— = 2 Cos y (A-24)
A
from which solutions may be obtained when VA = VB for all choices of vy such that
S—‘l<y<£’-.

v
Now examining v§ = K where K # 1 and using Equation (A-12), we obtain
A

2 .2
-K!“li:\/}( (Fy - 1) +1

Dy = D (A-15)
2
1-K
Given that K # 1, Equation (A-15) only requires that
2 2
K (bl -1) a-1 (A-16)

Clearly any negative contridbution must come from Fi - 1. This dictates that K2 must
be restricted to certain maximum values to insure that the condition of Equation
(A-16) is not violated. Table A-1 and Figure A-2 illustrate the values as a function
of y for the range 0 s y < 90°,

Tables A-l. Maximum K-Values.

Ky 575 298 2,00 156 131 1.5 106 1.02
N 0 10 20 30 40 50 60 70 80

18
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case 2: VA > VB

For this case X < 1 and therefore
the condition imposed by Eguation (A-16)
is always met.

Case 3: VA < VB

For this case K > 1 and therefore
K must be restricted to the range
l <K<« Kmax

Finally,

D, = DR, (A-17)

where F2 is defined according to the
following:

USAFETAC TN 76-2

VIOLATION
AREA

O"‘V' .
0 10 20 30 40 50 60 70 80 90

Yy —
N | =
Case 1: b2 = 551 when VA = VB
Figure A-2. Violation Area for
K and v.
/
vy Ba., Y%
e S P+l -
Vv, "1 - | -]
A Va Vi P2
Case 2: F2 = when V, > V h
—_— 5 A B
V\
] - B
ve
A
-KP‘l+fK2(F§-l)+l
Case 3: F, = A :
1 - K°
subject to both of the following conditions:
a. KB (F-1) =-1 g
b, K>1
Note that Case 2 is the case discussed in the text. )
i

l1¢
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Appendix B
ANALYSIS OF THE CRITICAL RELATIVE CLOUD BASE

Problem: Determine the height, Zc, above the plane of B, above which the existence

of clouds will have no effect on the probability of having a CFLOS betweea
A and B for At units of time at least once before A and B approach within

distance S of each other, given that A pursues B in accordance with the
direct intercept model.

>
o

¢ : .Azimuthal separation of
A, and B (relative

azimuth)

e : 3Slevation angle f{rom
Bo to Ao

D ¢« Distance AOEO

Z : Base height of the low-
est layer of clouds

P : Intersection of the
4 paths of A and B

Figire B-1, Critical Cloud Base,

Let the following definitions apply:
Ao, Bo, D, DA’ DB’ ZA’ ZB: As defined in Appendix A
8 : Angle between K;F and ZAZB

LC: Distance from Ao to 2 along the path of A

L : Distance from the intersection of A's path with the plane

of Z to that point where A and B come within distance S
of each other
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] .
;‘ Lg, LB: Distances which have yet to be traveled by A and B from B ‘
E“ that .point where A and B are within distance S of each ‘¥}

other to the point P.

Noting from the- definitions that:

i A
D, = LC +Lg+ L
and therefore
A
\ L Db (B-1)
. Va Va
f and
_ ZA -2 B ZA - ZB
Cos 6 = T = 5
i c A
Ff< % from which
=S
. » Z, = 2
;\ - A
e Ly = D, (Z—A—:’zg) (B-2)
) é From. similar triangles
S D
A _ A
; Ly = 5 (8-3)
i
; By definition, At = %L . Combining this with Equations (B-1), (B-2), and (B-3), we %
: obtain: A '
D 2, - 2
A A S)
M == (1 - - =
VA ( ZA - ZB D/
from which
AtV
= S A\
§ 7= 25+ (2, - 25) B+ = (B-1)
: Hente the cloud base relative to the height of B is
i
3 AtV
B = = S 4 A -
. 25 =2 - 25 = (2, - 25) (§+ D, / (B-5)
;g Substituting from Equation (A-17), Appendix A, for DA yields
i : AV ’
4 - /S . "7'a
. 2= (2 = 2p) 5+ Fé)
: 1
; and, since (2, - 25) = D Sin «
v
. (o + 28VAN :
.?’ ZC = Sin o /S + '-'F-,—e—[ (B-b)
h,
3 ; Hence, given VA and the definition of F2 (see Appendix A), one can choose a 2
o slant range (S) aad Mt of interest and calculate the height above which cloud bases ‘éi;
it ' will have no impact on the probability of having a CFLOS between A and B at least

once before A and B approach within S of each other,

AL ST
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Clearly, At will not be meaningful unless it is chosen such that
D
A
at <
Va

and therefore

DFa
At < VA— (8‘7)

In the analysis procedure described in the text At * +“reated us
At = gN

where g ic the incremental time-step used in the analysis of the line-of-sight and
N has a maximum value of M such that the total time involved in the chase is not
exceeded. Clearly, g only makes scnse when it is some fraction of At, but what
fraction should it be? A value of 0.2 seconds was chosen for the program based on
& subjective analysis of the interrelationship of the cloud characteristics (radius
and thickness) and the speeds typically involved. The authors have not yet examined
the sensitivity of th~ results to changes in "g-values" but this, too, is an area
which needs study. In any case, one should not choose g completely arbitrarily.
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Appendix C
CLOUD-COVER LIMITATION OF A UNIFORM DUSTRIBUTION MODEL

Problem: Determine the maximum fractional coverage obtainable from placing uniforn

clircular elemeats into the large circular areca such that each clement is
totally contained within the larger area and no elements overlap.

]

Radius of cloud elements
R = Radius of entire area

Radius of 1%}
centers where

Ri

locus of cloud

=
]

< R1+l

Figure C-1., A Uniform Distribution
Model.

Let the following definitions apply:

Circumference of ith locus

=
i

=
e
u

Number of elements on Li

Total number of eclements

=
n

Maximum number of loci

-
)

Case 1l: Condition 0 <r < < R

The circumference ot the ith locus is

L, = 2k, (c-1)

L

th

The radius of the i locus is

Ry = 2l (c-2)

therefore L, = linyg
IC the number of elements on a given locus must be an integral value, then

N, % 2ni (C-3)

hY

23 ,
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The maximum number of loci which can be allowed for a given cloud radius will be

R
2—}:.

From Equation (C-2), we note that a hole of radius r has been left at the center

of the area. Hence, if o ri K, and K 1s truncated to an integer, then imnx = k-1
and
K-l
N
Ns1l+ 0 Ni
i=1
and from N1 £ 2ul
Nsl+2n ) i (G-1)
=l

and testing various values of K, the authors Cound that

N €1+ nK(K-1) (¢-5)
The fraction of the area covered by clouds is
P o= NmE = Ny
R RE

and therefore

l“ < l + n K!K“l!

4K®
Finally, we note

b = 7}‘ ~ 7854
kKre

In practice, the authors have observed that randomly placed elements, which are not
allowed to overlap, rarcly exceed 5U% coverage.

Case 2: O <r <R
The solution of r = I and N = 1 with the eclement centered at the center of the

circle is a tirivial but valid solution. Another solution is J/E R tor which It = ﬁ.

. LS
Hence, one can obtain fractlonal coverage ln excess of & for a single clement
centered at the center of the circle whose radius meets the condition

R J/§ <r <R

2h
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Appendix D
LISTING OF A DYNAMIC CKFLOS COMPUTER PROGRAM

The computer program discussed herein can be thought of in terms of two separate,
but relatable, parts: Driver programs and subroutines, Driver programs are used to
define the values which the variables are to have in the subroutines and to model
the "evolution" of the dynamic encounters. The currently modeled evolution for all
driver programs is as described in Section C of this report. Alternative models
might call tor a single azimuthal approach (e.g., 15° to the lett of B, as a single
choice), but repeated with higher resolution (e.g., reanalysis for incremental
changes of 10° in B's heading). A better understanding of the overall program can
be obtained by operating one of the driver programs described below.

vriver Programs

BCFLOS A basic driver program which utllizes a nonoverlapping cloud fleld, a dlirect
intercept chase model and azimuthal variations of % 25° from B's hcading.
Summaries are made of the line-dof-sight statistics collected for the 12

headings taken by B, BCFLOS could be run with an overlapping cloud-field.
(Table D-1.)

LOSPAZ A somewhat more involved program which is to be used only with a nonover-
lapping cloud-ficld. Reanalysis of the line-of-sight is performed as
changes are introduced in cloud base, thickness, and radius values, for a
given cloud-element distribution. (Table D-2.)

LOS1AZ A program designed specifically for the overlapping cloud-field. Users
wlll note that the only significant ditference betwecen LOSEAZ and LOS1AZ
is that in the latter, the cloud-radius is not varied. (Table D-3.)

Subroutines

Comment cards have been Inserted libverally in all subroutines. However, a briet,
functional description of each subroutine appears below. An examlnation of the
listing in Table D-U will reveal that many "PRINT" statements have been vendered
inactive by a "C" in Column 1. These statements arc rarely used atter ramiliarity
is gained with the overall program. The lnactive statements have been retained in
the listing to provide potential users with tools which can be used to tollow the
detailed flow of the CFLOS analysis. Reactivation of all "PRINT" statements will
produce a computer printout about 4 inches thick. Ir wholesale reactivation lis
desired, we recommend using BCFLOS as the driver program since Li is set up to pro-
duce only & single cloud distribution and to “rly through" only once.

SET Initializes required values within other subroutines.

CLDNO Contalns only one entry: Entry CLOUDNO. CLOUDNO establishes the positlions
of the centers of each cloud and a percentage coverage. The cloud center
coordinates are generated using a random number generator. <Cloud elements
will not overlap.

(3>}
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CLDOVR

HUNTF

FREEF

MAPF &
CATCH

Containe a single entry, CLOUDNO, which allows a newly introduced element )
to overlap one existing element up to a limit equal to the cloud radius. -
Thié entry should be used for coverages in excess of about U5%.

Contains two different entries:

a. Entry HUNT produces the positions of two moving objects (A,B) whose
initial positions have been specified in the driver program. The dynamics
of this entry are such as might correspond to an IR Sensor tracking a
moving object. In essence, A continually heads toward the current position
of B.

b. Entry HUNTD is a slightly more sophisticated chase routine (see .-
Appendix A) in which the point toward which A must move to intercept B is
predetermined, based on the assumption that B will continue on a straight-
line course at a constant speed.

Output from both of these entries includes x,y,z coordinates, the slant
range distance between A and B, and the elevation angle from B to A, all
as a function of time. The parameters are no longer calculated after a
predetermined time and/or slant range has been reached. LIMA and LIMB are
used to indicate that the elevation angle has exceeded certain boundaries,
in the case of LIMA, or that both vehicles are below the base of the cloud
(LIMB). Although not currently used, these indicators are useful diagnos-
tic tools. j

Contains only Entry FREE. FREE uses the positional information derived
from either HUNT or HUNTD to examine the line-of-sight to ascertain whether
or not it intercepts any clouds. If it intercepts any cloud it is deter-
mined to be obscured; otherwise a CFLOS "hit" is recorded.

These are the "bookkeeping" and "statistics gathering" subroutines.

26
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)

€ ' Table D-1. Listing of BCFLOS.

PROGRAN BCFLOSSINPUT,OUTPUTC A1
L _JHIS..PROGRAM_MAS, DES IGNED_TO_EXAMINE _THE_TLIME_MISTORY..QE_THE. CLOUD A .2
c OBSTRUCTED OR CLOUD FREE LINE OF SIGHT BETWEEN TWO OBJECTS MOVING A 3
- . _IN_THE_PRESENCE. .OF A CLOUD.FIELD.. THE USER. MUST SPECIEY. THE . ._____A_ &
. c INITIAL CONDITIONS AND DECIDE ON ONE OF TWO CHASE MODELS AND ONE A 5

e - : L OF TMO CLOUD MODELS YO BE USED IN THE ANALYSiSe AFRIAL  COVERA
3 THE CLOUD 1S DETERMINED BY THE FRACTION OF THE UNDERLYING SURFACE A 7
P €. _.COVERED_BY, THE_PROJECTAUN_OF THE CLOUD BASESe.. i i e . A .8
! . COMMON /BLK1/ XCLDZ1000<, YCLDE1000<yJJ A 9
. ‘ _ _COMMON_ZBLK2/ _PXAS100<s PYATL100<e.LZATL100< P XDZL00L s PY.ETL 00K PZOTL00 A 10,
p 1<s TABS100< sDABE1 00< o KK AN
! k —COMMON /BLK3/ AZAJAZBoEL oXBI YBLo2BloDI.YAeNB =~ A 32
i COMMON /BLK4/ XUNZ200< KL LIMNAS4<, L IMBE4AZ A 13
g e COMMON_ZBLKSZ_CODB_ o oo oo o o e e . AL 14&,
: COMMON /BLK6/ J A 15
b mee -COMMON_/BLKTZ.BCLDSTCLDaPCVRSRADSHOR. .. . ... . . . .__. . _.A.Jl6
: C ESTABLISH INITIAL CONDITIONS A 17
c 2 & VERTICAL SEPARATION.QE_THE IwQ ORJECYS A..14
c DI # INITIAL SLANT RANGE DISTANCE A 19
3 oo .. ..EL.# ELEVATION .ANGLE EROM. THE SLOWER. $B<. 10. THE EASTER. $A< A. .20
: c OBJECT. A 21
3 Lo o . .XBLsYBI+ZBL # INILTIAL POSITION .OF Be A 22
G VA,VB # SPEEDS OF A AND B. VA MUST BE GREATER THAN VB. A 23
3 .L_________.BAD.I.RADLHS.DE_QLDUD_&LEHENISlinn- A_24
ki c HOR # RADIUS OF REGION OVER WHICH CLOUDS ARE EMPLACED. A 25
7 L. - .. . _.PCVR..#. PERCENT. .OF COVERAGE DESIRED. A 26
: ( c BCLD, TCLD # BASE AND TOP OF CLOUD ELEMENTS/100. A 27
— . .185000.73.28. i . . A 28
DI#4000. A 29
Y#2/D1 —A 30
ELNASINEYS A 31
— ELSEL®1804/3.1416. A 32
X8I #YBI1€0. A 33
. _.IB1#150. A 34
VA#1000. A O3S
VBA240. A 136
) HOR #5000, A 37
3 L. . PCVR#.A. A 24
b RADM4. A 39
A e . .BCLD#4.... A _40
A ' TCLD#9. A 4l
L oo CALL..SET. _. } A 42
4 c DECTDF ON USING AN OVERLAPPING CLOUD FIELD ¥CLOUDOK OR A A 43
: Lo NON=OVERLAPPING..ELEL D SCLOUONOC e CLOUDO 1S —RECOMMENDEDEOR e oo A b
A ¢ COVERAGES OF .50 OR GREATER. A4S
3 e <CALL..CLOUDNO Y
3 . CALL CATCHI A 47
8 . .. ..CALL..GILO. } - A 48,
3 DO 1 J#Ly12 A 49
S e AZBE30 ORI e - — A 80
5 CALL CLR A 51
AZARAZBE25.0 A 52

o 27
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Table D-1. Listing of BCFLOS (Cont'd). .

ATER ERRERTV ORI A M TR TR I A

c DECIDE ON A DIRECT INTERCEPT SHUNTDS OR TAIL CHASING SHUNTC A 53
Lo SCENARIO._ : A_S54_
CALL HUNTD A 55
KKEKK-] A__S6
CALL CLRX A ST
e CALL _EREE... _— A_S8_ -
AZARAZB-25.0 A 59 )
—— CALL_HUNTO_ .. A_60_.
KK#KK-1 A 61 LY
CALL CLRX: A 62
. CALL FREE A 63 !
] e CALL G b e e A bl 5
; 1 CONT INUE A 65
¢ e e CALLGIL 2o o oo L o ~A—66_
s c *:xPCVR 1S RESEY TO THE ACIUAL COVERAGE ATTAINED IN THE CLOUD A 67
5 TONT A _68
? ¢ PURPOSES . ##x A 69
— ——COVERNPCVR.... . .. .. o e — A...70..
PRINT 2, BCLD,TCLD,RAD,COVER A 71
e - R . A..72.
2 FORMAT 2//,10X,29HABOVE INFO BASED ON — BASE # +F5.148H,TOPS # +F5 A 73
e T alel1IH JRADTIUS # ,FS.1613H JCOVERAGE ¥ F6,3< A 714
‘END A T5-
}\a ;’p
!
28
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Table D-2. Listing of LOS@AZ.

PROGRAM..LOSOAZZINPUT ,QUTPUTC Al
THIS PROGRAM WAS DESIGNED TO EXAMINE THE TIME NISYORY OF 7HE CLOUO A 2
.OBSTRUCTED.-OR .CLOUD FREE..LINE..OF .SIGHT..BETWEEN..T.NO.0BJECTS. .MOVING.....A.._ 3
IN THE PRESENCE OF A CLOUD FIELD. THE USER MUST SPECIFY VHE 4
L INLILAL_CUNDITIONS — AND..OECIOE-UN-ONE-OF IMO-CHASE MODELS-JO.BE . - A5
USED IN THE ANALYSIS. THIS PROGRAM 1S TO BE USED ONLY WITH NON- A b
~OVERLAPPING .CLOUD.FIELDS. - - | Sy &
AERLAL COVERAGE OF THE .CLOUD IS DETERN]NED BY VNt FRAC?ION OF THE A 8
- -UNDERLYING.SURFEACE. COVERED BY. THE .PROJECTION.OF. THE. CLOUD..BASES.. A 9
CUMMON /BLK1/ XCLD¥1000<,YCLDE1000< 4 A 10
—————COMMON._/BLK2/ PXAZ100CsRPYASLO0C,PZALLI00C,PXREI00C,PYBLI00C,PZBEL00. A 13,

ool

1 XaXaXs)

1<y TABZ100<,DABZ1N0< o KK A 12

- «.COMMON /BLK3/ AZA¢AlZBsELXBI+YBLloZBloeDloVAGVB. - A- .13
COMMON /BLK&/ KLNZ200< oKL oL INAZAC, LIMBZAL A 14
COMMUN /BLKS5/ CLCB . — v = i e - AL LS

COMNON /BLK6/ J A 14
e COMMON_ £ BLK 7L BCL Do ICLD o PCUR 4 RALG G HOR A---12
, C ESTABLISH INITIAL CONDITIONS A 18
1€ I & VERTICAL SEPARATION OF THE TWO DBYECTS A 1%
tC DU # INITIAL SUANT RANGE DISTANCE A 20
LC €L # ELEVATION ANGLE FROUN THE SLOWER. S8< TO THE FASTER. ZAC.. . ..A. .21
' C OBJECT. A 22
L XBLeXOIoZBI ¥ (INITIAL POSITION..OF Bo, .. ... . v e e B 3.
c VA,VR ¥ SPEEDS OF A AND B. VA MUST BE GREATER THAN VB. A 24
< RAD_# RADIVS OF CLOUD ELEMENTS QIVIOED BY 100, = A 25
C HOR & RADIUS OF REGION OVER WHILH CLOUDS ARE EMPLACED. A 2o
Lo o OCVR # PERCENT OF COVERAGE. DESJRED.. . . FUUUSOUN . WY &
C BCLD+ TCLD # BASE AND TOP OF CLOUD ELENMENTS DIVIDED B8Y 100. A 28
. L#5000/3428 - . et e emaman - A_29
OI¥4000. A 30
——Xr.L — A_11
EL#ASINEYL A 32
ELHEL*180.7/341416 - U SO W X
XBlaypleo. A 34
.Z81#150. . SRR | S - )
VA#750. A 36
NB#250. —— e A__31
HOR#5000. A 38

ae -ELAGHO - - Y | S ). )
1 CONTINUE A 40
ELAGHFLAGEL ~ - - USRI . S 3 |

KKK#0 A 42

e DCYRRGS, L A__43
RAD#N4. A 44

.2 CONT.INUE. - e mer e i e - A AS
BCLO#4., A 46
JCLL#O. . U Y | SV % &

3 CONYINUE A A8
e THCLDATCLD=RCLD. o e A 44
D0 6 M#L,2 A 50

.C. {LHANGE THICKNESS .OF CLOUD WITHOUT CHANGING .BASE OR _PROSITION.OE . . _A. 51
c ELEMENT, %%+ A 52
TCLDATCLDE IM~1<*THCLD/ 24 A H3,

IF ZTMGTLIC GO TO & A b4

e e = =k B KKK G T 0L GU 10 &oe e e A__85,
CALL SET A 56

L USE A NON-OVERLAPPING CLOUD FIELD ONLY. A 517
c D0 NOT CALL CLOUDO WITH THIS PROGRAM. A 58
CALL CLUUDNOD A 59

29
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Table D-2, Listing of LOSPAZ (Cont'd).

4 CONTINUE A 60

CALL CAICHL : - A_61

CALL GILO A 62

—— h0s.dseN2 . L e A_83.
Al8#30.0%24-1< A 64

e - ~CALL_CLR o e - A 85
AZASALBE2S,0 A 86

L _DECIDE ON A _DIRECT INTERCEPY SHUNIOC OR JAIL CHASING SHUNTCS . A AT
c SCENARIO. A 68

e CALLHUNTD. . . A_69_
KK#KK-1 A 10

- —.CALL. CLRX. . : C —- S Y 3 W
CALL FREE A T2

e AZABAIB-25.0 A__13
CALL HUNTD A T4

v KKKK-1 DY VI L. 308
CALL CLRX A 76

.. —CALL FREE . e A_11
CaLL GIL1 A T8

. S5.CONTINUE . . e A_19
CALL GIL2 A 80

—  COVERMJJSIRADS100.<2¢2  /SHORE2, < A 81
PRINT 10y BCLD, ruo.uo.coven A 82

e —6_CONLINUE . . . R A__83
KKK#KKKE A 34

-L..  _.CHANGE. BASES. OF .CLOUD..NITHOUT. CHANGING..THE_POSLLION QF_ ThE A_.85_
c ELEMENTS, A 86
— BCIDMBCLDELS A_87
IF TKKK.GT.2< GO TO 7 A 88

ee 26070, 3 A..89
c CHANGE THE RADIUS TAND THEREFORE COVERAGES WITHOUT CHANGING THE A 90

.C..  POSITION. OF THE_-ELEMENTS. .THIS. WORKS. ONLY_WLTH.CLOUDNO. A.91..
7 RAD#3. A 92
e 1F._SKKK.GT3<.G0T0 8 A—93
GO TO 2 A 9

- -. 8. CONT.INUE. - et e e e A 95..
GO TO 31,9<y FLAG A 96

- ... 9..CONTINUE e e e S W ¥ 2
C A 98

———-10_FORMAY_2//,10X+23HABOVE INEQ BASED. ON = BASE # oES.148H,TOPS & ES A 99
lolyL1H RADIUS # ¢F5.1,13H .coveaacs ¥ 1F6.3< A 100

... .END. e -A101=

30
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\ Table D-3. Listing of LOS1AZ.
; PROGRAM LOS1AZZINPUT ,0UTPUTL A 1
| c THIS .PRUGRAM.WAS_ DESICNED TO..EXAMINE _THE_TLIME.HISTORY..OE_THE CLOUD A._.2_
} c OBSTRUCTED OR CLOUD FREE LINE OF SIGHT BETWEEN TWO.OBJECTS MOVING A 3
i Lo IN.THE PRESENCE OF A_ZLAUD EIFLD. IHE USER_MUST SPECIEY YME A b
: c ANITIAL CONDIVIONS AND DECIDE ON ONE OF TWD CHASE MODELS AND ONE A 5
f .C. OF TMO CLGUD MODELS. TO.BE USED..IN THE. ANALYSIS...AERIAL .COVERAGE..OF _A.. 6.
. . c THE CLOUD 1S DETERMINED BY VHE FRACTION OF THE UNDERLYING SURFACE A 7
) c COVERED BY THE.PROJECTION OF . THE .CLOUD.BASES.. . .. e e
' CUOMMON /3LKL1/ XCLDT1000<,YCLOZ1000<,JJ A 9
i ! —— COMMON_/BLK2/2. PXAX1 00<sPYAS1 00Co PZAT 100K (R XBE100<o RYBELI0C,PZBEI00 A 10
3 ‘ 1<, TABX100<,DABTL00< KK A 11
COMMON /BLK3/ AZAsAZBoEL ¢XBL.o¥B1 4281 4014VA;VB. . . A A2
COMMON ./BLK&/ KLNE200CoKLoL1MAZH<,LIMBTAC A 13
: .CONMON /8LKS/..CLDB. o . A1k
, COMNON /BLK6/ J A 15
—COMMON..£BL K7/ .BCLD L TCLD PCYR 4RADHOR A lb
c ESTABLISH INITIAL CONDITIONS A 17
.C 2.8 VERTICAL SEPARATION .OF THE..TMO..OBJECTS.. . .. _ ... . . . _A. .18.
c D1 # INITIAL SLANT RANGE DISTANCE A 19
, c . EL # ELEVALION ANGLE..FROM.THE. SLONER. $8<. JO..THE..FASTER. A< A .20..
| c OBJECT, A
i o XBloYB1,2B81 8 INITIAL POSITION OE 8. ' A_22
c VA,VB # SPEEDS OF A AND B. VA MUST BE GREATER THAN V8. A 23
(ol .RAD. # RADIUS. OF -CLOUD. ELENMENT.S/AA000-- —— - — oo A 26
c HOR # RADIUS DF REGION OVER WHICH CLOUDS ARE EMPLACED. A 25
c PCVR # PERCENT. OF COVERAGE..DESIRED.. e . ~An26.
: c BCLD.TCLD # BASE AND TOP OF CLOUD ELEMENTS/100. A 27
\ ———2#5000,/3.28 A—28—
Co D1#4000. A 29
{ . SR#DT . : <. A -30.
1 Y#Z/SR A 31
ELBASINZYS S Y VU T 2
, ELNEL*180./3.1416 A 33
, e XBLEYR IO _. e . . A__24_.
; 181#150, A 35
. _YAR1S0. A6
: VA#1000, A 37
) e NBB2500 ot o e e e —_— - A
i HOR#5000. A 39
—— T AGHO. L. . A_40_
1 CONT INUE A 4l
ELAG#FLAGEL A_ 42
{ KKK #0 A 43
! e PONRMAT IR _A__44
b . RAD# 3 Y
! SRR [ #1 R0 X L P SR RSDUGIRORN . WO, { - WO
b BCLD#2.5 A 47
i TCLOXG, A_48
' . TCLD¥S. A 49
' e CONTINUE . o e . LASO0O.
i THCLDHTCLD-BCLD A 51
e D05 _MHLe 2. e AL 52
! c CHANGE THICKNESS OF CLOUD WIVHOUT CHANGING BASE OR POSITION QOF Ak 53
; c ELEMENTS.a_%%% A 5S4
) TCLDRTCLDEXM=1< XTHCLD/ 2, A 55
o o AF EMQGV GO X 3o o o oo e e e = = .. A _SG. .
1F XKKK.GT.0< GO 10 3 A ST
e GALL SEY e A58
c DECIDE ON USING AN OVERLAPPING CLOUD FIELD SCLOUDOS OR A A 59
: . G _NON-OVERLAPPING ELELD_SCLOUDNO<C. CLOMNL_1S _ RECOMMENDED _EQOR A A0
! é; c COVERAGES OF .50 OR GREATER. A6l
hd _CALL cLouon, .. . e A B2

{ 31
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Table D-3. Listing of LOS1AZ (Cont'd).
3 CONTINUE A 63
e CALUCATOHL . . A6 §
CALL GILO A 65
PO 4 K112 A__64 ‘
AZB#30.0%2%5J-1< A 67 !
o _EALL.CLR. . i S o A 68
ATA#ATUE25.0 A 69
o . ALAKAZBELSS. . . R e e e JAL 70
C DECIDE ON A DIRECT INTERCEPT SHUNTDC OR TAIL CHASING ZHUNICK A 71
N SLENARIO. A 12
CALL HUNTD A 73
e -~ XKEKK-=L1. e - e e - - - - A 1%
CALL CLRX A 15
oo . - CALL_EREE . — - - e I N Y
AZAKAIB=-25.0 A T7
AZA¥AZR~159. A 18
LALL HUNTD A 79
SN ¢ § 1 € .Co3 § . e e e e e e e [P IUY - Wt : ¢ 38
CALL CLRX A Bl
. _CALL EREE. R A .82 |
CALL GIL1 A b3 |
4_CONTINUE A B4 )
CALL GlIL2 A 85
.COVERE¥PCVR . A 86
PRINY 8, BCLD,TCLD,RAD,COVER A 87
e . S_CONTINUE — . - A 88 .
KKK ¥KKKE1 A B89
L. _CHANGE.BASLS Of CLOUD WITHOUY CHANGING .THE POQSITION OF THE. .. ... _A SQ
C ELEMENTS. A 91
BCLOABCL LY .S A9z
If ZTKKK.GTI.2¢< GO YO 6 A 93
60 I0.2 - C e e ~.A 9%
6 CONT INUE A 95
- GO TQ .3),7<, FLAG - o e A Q6
7 CONT INUE A 97
C e+ —— — A a8
8 FORMAT %£/7.10X,29HABOVE INFO BASED ON -~ BASE # ,F5.1,8H,T0PS # ,F5 A 99
1.1s11H JRADIUS B ,F5.1,13H ,COVERAGE ¥ »F6.3¢ -~ A 100
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Table D-4. Listing of Subroutines.

SUBROUT INE SET A
€777 THIS SUBROUT [NE INITIALIZES REQUIRED OPERATING VALUES. #¥x A2
CALL CLONO —_— A3
CALL CLDOVR A&
__LALL HUNTF .- A3
CALL FREEF A6
_____CALL MAPF . ) .. : . a1
RETURN A B
END e A__S-
[}
SUBROUTINE CLONO B
' C _ _THIS SUBROUTINE GENERATES THE CLOUD FIELD TO BE EXAMINED,*%e# %> g 2
C “*CLNND PRODUCLS A NON-OVERLAPPING CLOUD FIELD AND CAN BE USED B3
C FOR_COVERAGE UP_TO _ABQOUT 45 PERCENT. SUBROUTINE CLOOVR IS B 4
C RECOMMENDED FOR COVERAGES GREATER THAN 45 PERCENT. B S
_ . . .. CDMMON /BLK1/ XCLDZ1000<,YCLDTL000<,JJ L B 6
CUMMON /BLK7/ BCLD, TCLO,PCVR 4RAD,HUR B 7
: C . INITIALLZE wuwxns ] . . . B 8
i SML#0.0001 B9
: JJ#0 . - 810
§ JPSS #2000 8 11
t PY#3.14163COREPY/180,08CRD¥L .O/COR o B 12
¢ XRAN2.*THOR-RAD*100.<SFRAKRAD® 100, SURA#2 ¥ FRA 8 13
% CVRAPCVRSCLDOSHO.OSRMPAHPY ®FRANN? B 14
v TARNPY*HOR*%2 B 15
N ____ CPESECONDZCPS . - 816
; , CALL RANSET 3CPC TR
i dc_; ok hdxkybxknr  END OF [N[”é_l;ll.ﬁ ¥ KRR B 13
4 RETURN 6 19
ENTRY CLUUDNG 3 g ac
) PRINT 7 B 21
3 L. CONLINUE - . B_22
; C axx  JEST FOR PERCENTA LOUD COVLR REACHED %xxwxw Bo23
¥ PCNTHCLDS/TAR b 24
2 IF ¥PCNT.GT.CVRS GO TO 5 B 25
F 2 CONT INUE B 26
4 o TEST FOR OVER 2000 PASSES *e» B 27
B SRS SIS S e e L B_o.28
o IF $JPSS.LT. 1< 6O TO S B 29
: . KPSS#2000~JPSS L
: c Eaky DBTAIN X AND Y COURDINATES FRUM RANDOM NUM GEN %% B 31
. RXARANF ZPY<SRY ¥RANF TP YL B 32
y XPH¥RX«XRA-FHOR-RADA100.< $YP# RY* XRA-THOR~RAD ¥ 1004 < noa3
£ . o RPHOLOSARGAXPAREYPR®2 —— B 24
y IF YTARG.GT.SML< RP¥SQRTYARGS B 35
o c. #XTEST FOR X AND Y WITHIN ACCEPTABLE LIMITS *x» B 36
4 . IF SRP4GT+ THOR-RAD*100.<< G0 TO 2 8 37
A 4 TEST FOR OVERLAP ON QTHER CLOUDS o %xxny 8 33
i J#l B39
¢ A L CONTINUE L L e e e e e o I —_- B 40
N IF 2J.6T.JJIC GO TO 4 B4l
d XJ¥XCLD®JS$YIHYCLOZIC B 42
¢ XTHXP=-XJ$YTHYP-YISRTH0.0 B4l
ARGHXT®226YTev2 B 44
: IF BARGGT JSMLC RTHSQRTEARGK 45
g If YRTLLT.DRAC GO TQ 2 B 40
: J#JS1 boal
‘ v e -.G0 TO 3 . . - S Y

33
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Table D-4. Listing of Subroutines (Cont'd).

4 CONT INUE B 49
L . %x& X AND Y HAVE BEEN. ACCEPTEQ *%2s JR SO - WL 1 ¢ I
C * STORE RESULTS »+*UPDATE CLCUL COVER '*tPRlNY =% 8 51
- SJIFJJEL e e - B_.S52
XCLOZJI<EXPSYCLUSIICHYP 8 53
e L LS ECLDSGRME . BR__54
C PRINT 8,JJ,XP,RP,CLDS5,PCNT, KPSS B 55
. G0 10 1 e e . .. B._56.
5 CONT INUE B 57
PCYREPCNT . e e BB
SCL#0.01 ' 59
I I 7.3 PN B__ 60
C * STORE SCALED VALUES UF THE CLOUD CODROINATES "Ry B 61
.. XCLORKJISHXCLODII<.SCLSYCLDBI<H YCLDXJLHSCL . e e . B &2
6 CONT INUT B 63
PRINT 8+JJaXPsYPsRP+CLDS+PCHT KPSS B e e~ ... B b4
RETURN 8 65
I BR__66
C B 67
.C e o e e .B. .68
7 FORMAT Z1IH1/710X,2HJJ 11X,y 1HX, llelHY llX,lHR 8X, 4HCLDS 8x,4HPCNT.b B 69
1 X9 4HKPSSL e - B. .10
8 EORMAT T2X,11Nn,4F12.1,F12.3,110< B8 11
RN =3 | ) S R__12=

SUBROUT INE CLDUVR o 1

C THIS SUBRQUTINE PRODUCES A CLJOUD FLELD WHICH ALLOWS FOR SQME c 2
C OVERLAPPING OF INDIVIODUAL ELEMENTS. ANY NEWLY INTRODUCED ELEMENT C 3
G IS ALLONWED. 1O DVERLAPL._NQ QIHER OR.ONE. QTHER. CLOUD ELEMENIW._ 1F_THE _C 4
C NEWLY INTROJUCED ELEMENT WOULO OVERLAP TWD OR MOURE EXISTING ELEMEN C 5
C [T IS REJECTED, THE RESULT IS THAY STRINGS OF CLLUDS ARE POSSIBLE C 6
C BUT GROUPS OF NORE THAN TWQO CLOUDS ARE NOT POSSIBLE, #x G 7
COMMON /BLK1/ XCLDZ100Q0<,YCLDY1G00<,yJJ G 8
COMMON /BLX7/ BCLD,TCLDyPCVR sRAD,HOR C 9

ol L AN USKINITITIALLZE 2¥bx . . C.10
SML#0.0001 c 11

JJHO c 12
JPSSH#NPSS#1000 ¢ 13
PY#3.14168CDR#PY/1B0.08CRDN] .0/ LDR C 14
XRAK2.ATHAR~RAD*100.< c 15

e - ERARRADILIQOL. | il L e e e = C_la
DRAK2.=FRA c 17
CVRAPCVR . £ 18
BMPEPY*FRAN ., C 19
TARZPY*HQR** 2 c 20
CLDSHO.O ¢ 21

o -~ LBRESECONDECPL . L _ o f e Cemt e c.-22
CALL RANSET ¥Cp< ¢ 23

C tAksvaknddnns  END OF INITIALIZE  ¥vetxkd C 24
RETURN c 25

ENTRY LLOUDO C 26

PRINT 9 ¢ 27

1 CONT INUF € 28
¢ $$% TEST 10O PRRCENTAGE CLUOUUL COYULR REACHED. S8 cC 29
o . _PCNTHCLOS/TAR e e - N P 1
I+ YPCNT.GTL.CVRS GO TO 6 ¢ 31

RE)
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Table D~4. Listing of Subroutines (Cont'd).

_2_ __ CONTINUE __ L - c_32
c ¥%  TEST FOR OVER 1000 PASSES *%%% c 33
_ JPSSHIPSS-1_ N C_34

IF TJPSS.LT.1< GO TO 6 c 35
KPSS#MPSS-JPSS cC 36
c **%% QOBTAIN X AND Y COURDINATES FROM RANDOM NUM GEN ko c 37
_ RXHRANFIPYSSRYHRANFZPY< C_38
T XPHRX*XRA-ZHOR- RAD*IOO < C 139
i __YPHRY4XRA-$HOR-RAD¥100.< ___ _ _  __ .__ . _ .. C 40
RP#O+0SARGHXP*%2EYP**2 C 41}
IF ZARG.GT .SMLL RPESQRTTARGS C_ 42
C *%TEST FOR X AND Y WITHIN ACCEPTABLE LIMITS *x%xx C 43

_IF ZRP.GT.ZHOR-RAD*100,<< GO TO 2 C__44
C *TEST FOR OVERLAP ON OTHER CLOUDS. *¥% C 45

—_ 81 e e - C._46

KBMP #1 C 47
BMPX#RMP C_ 48

3 CONT INUE C 49
__I1F 3J.6T.JJ< GO 1O 5 C_50
TTXIEXCLDZISSYINYCLDZIL ¢ 51

; _XTHXP-XJSYTRYP-YJSRTHO.O0 ___ €_52
ARGHXT*X28YT%*2 c 53

IF BARG.GT +SMLE RTHSQRTZARGL C 54

IF ZRT.LT.DRAC GO TO 8 cC 55

4 CONT INUE e e — C_56
JHJEL c 57

_—— 60103 = _ __ ... —_ c_58
5 CONT INUE C 59
c *%% X AND Y HAVE BEEN ACCEPTED **#x C 60
C * STORE RESULTS **xxUPDATE CLOUD COVER **%PRINT ** cC 61

o o dJ#JEY I e e e G 62

XCLDZJI<HXPSYCLDZIJCHYP C 63

_ CLDSHCLOSEBMPX e e e e - C_64

GU TO0 1 C 65

5 CONT INUE C_66
PCVRHPCNT C 67

e SCLAOLO] R s ——— — C_68
00 7 J#l.JdJ C 69

o __XCLDZICHXCLOZICHSCLSYCLDESSHYCLOZIL*SCL R C.._ 710
7 CONT INUVE c 71
o __PRINT 10 JJeXPsYP,RP,CLOSPCNY+KPSS c 12
RETURN ¢ T3

35




X AT R

=T

ML R A aen

L

e Epoahe e

A —
*nr X

T g

Ry

T —
. e e

.

March 1976

USAFETAC TN 76-2

3
C
C
c

Table D-4. Listing of Subroutines (Cont'd).

CUNT INUL C 74

TEST FOR UVERLAP UN MORE THAN ONE LLEMENT. REJECT TFE THE NLW (P
ELEMENY OVERLAPS MORE THAN UNE OTUHER ELEMENY, OR IF 1T QVERLAPS ¢ 16

BY A DISTANCE GREATER THAN THE RADIUS OF THE UVERLAPPED LLEMENY.*+ C 77

e B IRTLLTLERAC GU X0 2 U — =L 18
1E TKOMP.LT 1< GO 10 2 ¢ 79

¢ 80

C
C
C
c

*PDETERMINLE THE ADDLTIONAL COVERAGL INULUCED OBY THE POYLNTIALLY
ACCEPTABLE NEW ELLMENT.  NOTE THAU THE ADDIVIONAL COVERAGE WILL N0 C 41

BE USED It A MUOVE 1S MADE 10 ADDRESS 2 BUEFORE A MOVE 1S MADL 10 ¢ g2
ADDRESS 5. wee ¢
DINRT C g4
D28DRA-D1 ¢ 8%
— e UIRERAZD2L2.0 . . - USSR U { T
DAY¥0OSARGHERA® A 2=1)J ¢ 2 ¢ 81
IE TARG. Gl oSMLS DANSQURTIARGS ¢ 8y
ARGH DA/ 0ORA ¢ 4y
ARGHO4/DRASANGH 2 O*ASTNRARGK ¢ 90
RATHANG/ ¥2.0%0Y< ¢ 91
ALEDIADALZ 208 ANRALEBMBES AN L O0RAZ-ALS, .. .- e Loo92
BMP X#BMPX=A3 (S
RUMP WRUMP=-1 C 94
GO 10 4 ¢ 9
¢ 9
[V
e e e e = e e - R I SRUUUSUSR VR 1| TN
FORMAT EIHLZ 10X 2HJIJ ¢ LIXy THX o LIXN o LHY o LUX o LHR ¢ BX o 4HCLUS« 8X o 4HPCNT 0 ¢ 99
1 X 4HKPSSK C 100
FORMAT €2X+11004F12.1,F12.3,110< ¢ il
END ¢ 192~
SUBROUT INt HUNTE 0 1
* THIS SUBRUUTINE DETERMINES 1THE PORTIONS OF THE VEHICLLS 1S L 2
A FURCTION OF STMULATED TIME, ¢e¢ )] 3

COMMUN ZHLKZ/ PXATLI00<,PYATL00< PLATLOOC,PXUXLQOLPYRXLQ0C,PIHRLI00 D
1< TABY100< DABELOOC KK D 9
GOMMON. ZBLRAZ AZASALZB S ELo XU LeX0 Lo ZRL s D Lo VALV 0 4

COMMON /78LK47 KUNE200< KL LTMARAC LINOTALS 0 4

COMMUN /8LKSZ CLDB 0 u
GOMMON 7BLKG6/ 3 n 9
COMMON /7 LKT/ 8BCLDGTCLD PCVR JRAD ZHOR 0 1
INTTIALTLL o #0 0w Nt
~-SMLXQ.00001L . o 12
PY#3.14168CURNPY/180.08CRD¥L O/CUR D13
ENO OF INITIALIZE.wnets 014
RETURN L I )

0 1la

ENTRY HUNID

o
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Table D-4. Listing of Subroutines (Cont'd).

C DETERMINE POSITIONS FOR DIRECT INTERCEPT MOOEL USING TIME STEPS OF D 17

C . 0.2 _SECONDS.. _.NUOTE _JTHAL IN_JHIS. . MODEL IHE ELEVALION_ _ANGLE REMAINS .. D _14..
C CUNSTANT, #we D 19
Pisf KEL D 20
C PRINT 13,A2A,A28,EL,D1,281 D 21
ASCORTAZBSVXBHCOSTACHVRSVYBASINTALHYE 0o 22
ANCORCAZASEMCOR*EL 0 23

o XALADIACOSIECACOSKAS 0. .24
YALHDI2COSTLC*SINZAL D 2%
ZATADIASINTELLIBI 0 26
XANXATSYANYALSZANIAL 0 27
XBAXBISYBAYBISZBNZBISOND] D 28
CLDBMBCLD 0D 29

e - KRSSHO . e O 0. J30..
TM¥#0.0 0 31
JIMAOSJDLI¥20 n 32
DI¥JOLT1/100.0 D 33
KK#0 D 34
C PRINT 11 D 39
KFELAGEO D 36
KMEKL/S08L D V7

L DEVERMINE THE EINAL XY POSLIION_UF _THE VEHICLLES. 392 - ) JL Y T
A¥COR*AZB D 39
DUML#COSTAC TXALYAYTANTALK D 40
DUMZHEVARY 2/VRRAAQ2L-, 0 41
ODAE=DUMLESQRTIOUMLI**2EDUM2 DI+ 2<</DUM2 D 42
XEADBCNSTAL D 43

e L XEROBRASINTAL . . OO 0 JU. ¥ T
DANSORUVEIXF=XAC R 2 ETY R~ YACOI ¥ 203 LB-2AM4 2L N 4%
PRIXF=XAC/DASQONEYE=YAS/DASRNTZIB- LA/ DA D 406
1 CONT INUE 0 417
C DETERMINE PUSITIONS OF A AND 8, FOR THE FINAL POSITION JUST CALCUL O 4y
C ATED, LVERY 0.2 SCCONDS,*rbxs 0 49

e KKAKKEL oo D _50_
PXATKKSAXASPYATKKSNYASPLZATKK CHZA N sl
PXOCKKSAXU$PYD TKKSHYDSP LU IRKSAZE D92
TABEKK<SHTMSDAB KKK AHD n %3
C CRINT L2sKPSSoTMe XA YA LAAD Y8, 2040 ,PHI 0 54
1F EKELAG.LO.1C GO TD 2 n 5%

Lo IFLA MAS REACHED BASE_QF _CLOUDS, ELAG. THIS POSLUION. .. . D b
1F RZALLTCLOBYIOV.C GO 1O 2 0 7
2 CONT INUE N Y
KPSSHKPSSEL N %9
IF TRPSS0T14100< GU 10 4 0 00
C IF SLANY RANGL IS LFSS THAN S01 UNTES, STUP.wedss N ol
L SAVE THILS PUSLI1ON N h*Rwe — - R I V8
I T T.501.0< GO 10 4 D 63
JIMAJTMGIOLTSTMAITMS TMNI M/ 10060 L 04
I Z3TIM.GT.9.0< GO TO 4 1L I I3
YXANVA*PSVYANVACUSVIANVARR 0D 66
XARXALVXACDTSYAUYASVYARDTISZANZAGVIANDI 067
XOEANBEYXOQrDTSYBYYBEVYD*OTS2Z04LD 0 8
D¥#0.0O D n9
ARGH TXO= XA # 2E5YR=YAS *R 2L U2 D~ LA D 10
It CARG .G LSMLC DNSQRTTARGC (LI A
GU TQ 1 [ I P
3 L ITMB TKMC KK =1 n 1
. KELAGHL I
G T Q2 0 I

37
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Table D-4. Listing of Subroutines (Cont'd).

IF TLIMAXKMCLES 1< LIMAZKMCAKK
1F TLIMDIKMC.LE. 1< L IMBSKMCIKK
SCL¥#0.0L

SCALE THE PUSITION VALUES, **+

e D0 S_K#L e KK S

March

1976

0 76

PXATKSHPXATNC* SCLIPYATKSHIPYARKS* SCL
PZASKSHPZAIKS*SCLIPXBIK<SAPXBIKS*SCL,
PYBYKSHPYBEKCHSCLIP ZBIKSHPZHIKS*SCL

DABIK<#DABEK<*SCL
CONT INUE
RETURN

[aX =Xz

——e e XALNDIXCASTECLCOSRAC

c

PHISEL. . . . . e

LNTRY HUNT

THIS ENTRY DETERMINES THE POSETIONS OF THE TWO VEHICLES WHEN A

ALWAYS HEADS TOWARD THE CURRENT POSITION OF B, vas

PRINT 13sAZALALBEL, DL, 281
cLDBABCLD

ANCDR*AZBAVXUNCOSTACVRSVYBESTINEACRVE

ARCORYAZASENCDRREL

YATHDI*COSTECTSTNSAL
ZAT#DIS INZEC
XANXAULSYANYALSZANLAL
XO#XBISYBAYUISZGHZATSONDIL
KPSS#0

TM#0.0
JIMEQSJOL T #20
DINJIDLTZ100.0
KK#0

PRINT 11

ameen —--KELAGRLELAGKQ. . e . -
ESTABLISH THE BUUNDS WITHIN WHICH STATISTICS WILL BE COLLECTED.

c

b

G~ ._DETERMINE .IHE PUSITLONS QF

L

[xX el [ 3]

UPPER¥ELEY .
LOWERKEL =5,
KMFKL/5081
CONT INUE

KK¥KKEL

A AND. o 232

PXAZKKSHXASPYATKKCHY ASPZATKK CHZA
PXUIKKSAXBSPYRAKKSAYDSPZBEKKSHZB

TAD YKK<HTMSDABTIKK < #D
IF YKFLAG.LQ.1< GO 10O 7

84
as

ccocoETSoC
: —

SN § WL |

b 87
0 us
noay
0 90
0 91
0D 92
0 93
.44

s =100

SR ) W00 B 4V W

"

18 A HAS REALHLD THt BASE .OF THE .CLOUDS, ELAG JHIS. POSITION. ttr

I TZALLTLCLOBY100.< GO TO 8
CONT INUL

PRINT L2 oKPSSoTMeXA9YAZ2AXBYBy2Z8,D,PHL

KPSSAKPSSEL

IF THE SLANT RANGE DISTANCE 1S LESS THAN 501 UNLIS,UR T# THS

SIMULATED TIME HAS EXCLEDEL 9 SECHONDS, S10P. 3¢t

I EKPSS 61,90 GU TQ 9

I RDLLTL501.0< G0 T 9
GIMAJIMEJOLT S TMAJTMATMA TN/ LQ0L0
I EIMGOT 9.0 60 10 9

PHEXB-XAC/OSQHIYB-YAS/DIR ¥R - LA/

VXANVARPSVYAAVACQSVIALVASR

XANXAGVXARDLAYAS YARVYARD T $2A ALV A

Xpyxpavxprprsygsypavyssarszaaszn

i3

0 99
0 9
0 97
0 938
D9y

0101
0 102
D103
D 104
D 105

D 107
b 108
v 109
N 1Q
011

LV W4

011l
L 114
n sy
0116
0ty
0118
D 119
D 120
D 121
0122
LI
0 124
[U AN
(LIS A
N
0o
l\ l l‘ I,
01l
no1i
(AT W Py

»
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Table D-4. Listing of Subroutines (Cont'd).

-,
&
i
r
~
.
"
3

C DETERMINE THE CURRENT ELEVATION ANGLE. *3%s D 133
D#0.0 D 134
ARGHZIXB=XA<* % 2ELYB-YACSS 26T2B-2A2*2 D135
IE.IARG .G SMLC _DESORISARGS 0136
PHINATAN2ZR,, SQRTEP*#2EQw 42K D 137
_PHI #-PH] *CRD .0..138.
IF ZLFLAG.EQ.1< GO TO 6 D 139
Cc IF THE ELEVATION ANGLE HAS EXCEEDED THE ANGULAR LIMITS ESTABLISHED D 140
c FLAG THIS POSITION, ##» D 141
e - el B ZPHI LT UPPER cAPHILCT LLONERLGCO T 6 D142~
. L IMAZKMSHKK 0 143
. LFLAGHL D 144
GU TU 6 D 145
) 8 LIMBEIKMCEKK~] 0 146
KFLAG#H#] 0147
. B c1o 2 N Iy & N - .D. 148
9 1F TLIMAIKHCLEL 1< LTMARKMCHKK D 149
e LE_SLIMD EKMC e LR 1< LIMBIKMSHKK . D150
c SCALE THE POSITION VALUGS. n&w D 151
SCL#0.01 o .152..
DU 10 K¥1,KK D 153 .
. PXATKSHPXATKCS SCLSPYAIKSHPYAIKS*SCL ] . -0 154
PLATKSHPZAIRSY SCLEPXBIKSHPXDIKS*SCL 0 155'
PYBIKSHPYBEKS*SCLSPZRRKSAPZNIKSASCL . D156
DABTKSNHDABTKC*SCL 0 157
10 CONT INUE D 158 |
RETURN 0 159
‘ C D 160 .
i C D 161
' _ END_ .. e e e D 162~

SUBROUT INE FREEF €

£ THIS SUBROUTINE USES THE POSITIONAL INFORMAILON PRQDUCED IN EITHLR E

C HUNT OR HUNTO AND THE CLOUD INFORMATTON GENERATED BY EITHER CLONO €

€. QR CLDOVR 10 RELERMING THE MISTURY OF JHE CELOS BEIMEEN A AND B, ¢ E 4

w B

CUOMMON /BLK1/ XCLDT1000<,YCLDE1000<,JJ E S
COMMON /7BLK2/ PXAZT100<4PYAX100<+PZAZL00<PXETLCO<PYBELO0K, PLBZLI00 E €

1< TABELOOC DABYEL 00< 1 KK £ 7

COMMUN /BLK4/ KLN%200<s KL LIMAZ4<LINBE4LS E 8

COMMON /7BLKS/ CLOB £ 9

. JLOMMON ZBWKGL o . L. ) e e e e e e e E..10

COMMON /BLKT/ BCLDyTCLD, PCVR yRAD ,HOR E 11

: c INITIALIZG wwe £ 12
PY#3.14168COR#PY/180.08CRONL .O/CDR E 13

SML#0.00001 € l4

N CRERADSCZY2.%CR £ 15
— _.  SMLH#0.01 ; . U - ¥ < T

KBLNK# LR € 17

KX#LRX € 18

c END OF INITEALTIZE. *#¥ E 19

RETURN c 20

. ENTRY FRES F 21
. . _ CLUBABCLD$CLOTATCLD R ) e k22
JFUGNKFLGHNO £ 23

. CRIRAUSCLK2.*CR L 24
KNT 40 £ 25

Y1) E 206

319
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40

CONT INUE t 27
KNUAANIEL — A e e B 28
JCH1 £t 29
svevar  SHIT URIGIN TU AX.AY AND RUTATL AAELS FUR BYH#Q  ases £t 30
SLOPEAHZD XYL T £ 31
K#R&L £ 32
It TR.GT KRS GO T 17 £ 33
AXUPXARKCIAYAPYAARCAALVLERZAYKS . . . £ 14
BXNPXOTKSEBY ¥PYRIKCSALVLRPLBIKL E 35
HEUY=AY S DNBX~AXSRASURTIH* 28 De# 2 & 36
SON¥L.O8TE XD LT.OSISGNE=1.0 € 37
I+ EABSUDCLTLSMLHS DASGNTSMLH E 38
SLERH/D £ 19
SLPZAEBLVL -ALVLK/R E 40
ANGAATANZTH, DKSOGCRSBANGACRD £ oAl
LSNAKCOSZTANGCST SNASS INTANGC S £ ho .
wednwntdntn  RUOTATEON FQUATTUNS tecva E 43
XPHTY=ATCHFSNALZX-AX<HOSNA AR S AR S LRY L 44
YPAZY=AY CHOSNA=RX~AXCAFSNA E 4%
REERERVERENEN RN VARAARD QRN & A3 AN B 44
PRINY 26 £ 47
JKNKKNT=1 e e o e e ¢ e E_ %8
PRINT 25 9KNy TABEKS s PXATK Sy PY ALK ¢ PTATKS  PXBEKS PYBEIK Ly P ZBIK L, DABY 49
LK<, K £ a0
TEST FOR A AND B ABOVE UR BELOW CLOUD FLELD £t 51
IR gALVL.GTL.CLOUC GO T 2 £ »2
IR ZBLVL.GT.CLDBC GO 10 2 B 53
CGAGANDL B ARE BuTul BELOW CLOUDS.. .« . . _ £ _.S4
G TO 11 E 55
CONT INUE E 86
1F SALVL.LTLCLDIC 60O TO 3 & 57
IF BBLVL.LT.CLOTC GO 10 3 E 58
A AND B OARE BUTH ABOVE CLOUDS £ 59
LU TU 1L . e - + e e — — _ £....60
CONT INUL E 61
CONY LNUE - L 62
CXEXCLDTILCSLYSYLLDEJICL £ 63
TRMLECY—=AY $1RM2ACX=AX t &4
XHTRMLSHSNALTRM24CSNA | SN
O YUTRMIYOCSNA=TRM2$SNA N . v, [N N R
TEST FOR GLU BETHEEN A AND R £ 67
Ir ZX.L1.~CRS Gu 10 & £ &8
I IXGLTLIRECRCLC GO TO & £ 69
CLOULD 1S TUCATLD BEIWFEN A AND B E 10
2 TESY POK A INSTDE LYL BASE E Il
R1%0.0 R - Bo_12
ARLEXIIDOELEY 03 ) O
1 BARLLOTLOMLC RTAFSURTZARGL t 14
IF IRTLLTLLRS GO TO 12 [ A
v LS FOR 8 INSTOL CYL BASt £ 16
XTEX<~R$YTAYSRTNQ D r 17
ARGEXT® e 28Y 1 082 £ 18
IE LARGLGGT . SMEC RTESQRTTARGK ¢ 19
I ERTLLYLLRS G 10 18 f 80
VEST tU LS INTRRCEPT OF CLOD PRJCIN ON THE XY PLANL . 81
AUYHABSEYS € <
1P EABY JLTURC 60 Y 7 8
LUNT INUE L 84
Jugaual t 8%
I BJLeLT U ) 10 4 L 86
(G IL Bt t 817
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Table D-4. Listing of Subroutines (Cont'd).

6 CONT INUE e e —— .E....BB.
C LOS NOT CBSCURED BY CURRENT CLOUD E 89
e 00, T0. S - €90
7 CONT INUE E 91
c LOS INTERCEPT OF CLO PRJCTN ON THE XY PLANE £ 92.
Cc TEST FOR LOS CLD INTERCEPT ON THE IX PLANE E 93
Cc PRINT 22,40 SRS S S - 7
STPEC.OSARGHCR:A2-Y % %2 E 95

wmeeee o JF BARGLGYL.SMLS STPESQRIZARGS .. e et et s £.96
X1#X~STPEX28XESTP E 97
ZIBALVLESLPZ*X]SZ28ALVLESLPZ*X2 E 98

8 CCNT INUE E 99
L. __TESY FOR 1} AND 22 80TH LESS TYHAN QLD BASE . _ . E 100
IF 321.6T.CLDBC GO TO 9 € 101

e JFLRT26TLCL08E GO _TO 9 L. £_102
C Z1 AND 712 ARE BOTH LESS THAN CLD BASE £ 103
GO 105 F 104

9 CONT INUE E 105
Lo L JEST_FOR 21 AND 22 BOTH GREATER. JHAN. CLOUD_TOP._ *** E_106
IF Z21.LT.CLDTC GO TO 10 E 107

eem - ooME B22.0T.CL0IC GO TO 10 | - E_108
C Z1 AND 22 ARE BOTH GREATER THAN CLOUD TOP £ 109
GO 10 5 E 110

10 CONTINUE E 111%
L. LOS_IS_OBSCURED. **% OBTAIN NEXT SET OQF A_AND 8 E_112
KLNZKLEK<SHKBLNK E 113

JC. . PRINT 244C. . . ... .. e e o e E 114
GO 7O 14 E 115

11 CONT INUE £ 116
c CLOUD FREE LINE OF SIGHT FOR CURRENT A AND B E 117
Lo o LPRINT.23,4C . .. e E. 118
GO TO 14 E 119

A2 CONTINUE e e E_120
C PT A FALLS HITHIN CLD PRJTN GN THE XY PLANE € 121
G PRINY._20,.1C E 122
C TEST FOR LOS CLD INTERCEPT ON THE ZX PLANE E 123
e e LLRALNL E_124
STPHO0.0SARGHCR®:%2~Y*¥%2 € 125

i e el B BARG 2 G T e SMLK STPHSORIIARGS .. E_126
X2¥XESTP E 127
L2HALVLESLP2%X2 £ 128

GO TO 8 E 129

D W BN CONTINVE | SRR - V- 14 1
C PT B FALLS WITHIN CLD PRJTN ON THE Xy PLANE E 131
o PRINY 2144C_ . . I —E.132.
C TEST FOR LOS CLD INTERCEPT ON THE j3'S PLANE £ 133
I2KBLVISXPEX~RSYPEY £ 134
STPHOLOSARGHCR¥ % 2~Y% %2 E 135
vieeed B BARGLGTLaSMLL STPESQRT.EARGS . . ... N , I - .
B2#STP-XP € 137
e LAMBLVYL=SLPZXR2. . . L e e e e e e . . E_13B.
GO TO 8 E 139

4 CONY INUE E_140_
IF TIFLG.GT.0< GO TO 15 E 141

ces B ZDABZKKWLTA5.1K.G0 TO 8. . _ . . e o e e E 142
15 CONT INUE E 143
cm- .. LE ZKFLG.GT.0< GO TQ. 16 . . _E. 144
IF TDABZK<.LT.5.1< GO TO 19 E 145

e CONTINUE E 144
GO TO } E 147

41
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Table D-4. List of Subroutines (Cont'd).

11 CONT INUE £ 14y

KLEKLESO € 149

. RETURN. € 150

18 CONTINUE € 151

_ JELGHL £ 152

KLNTKLEKS¥KX € 153
Gu..10Q..18. .. . e e e e e e e o e e e e — 1 8%

19 CONT INUE E 154

KELG#L £ lh

KUNTKLEKS#KX €157

GU 10 16 £ 158

c Fo1se
T . U - ¥ 1\ T
END £ lol-

, SUBRIUIT INE MAPF
C THIS SUBROUTINE 1S USED TO COLLECY CFLOS STATISVICS, #»
e e COMMON,  LBLKL L XCLDE1 000<, XCLDRL00AC oSl
COMMON /BLKZ2/ PXAZL100<PYAKLO0<, PZAZI00KPXBEI00<K,PYBTLO00L, PZBELO0
- 1< TABXI00< DABZL0OC KK
CUMMON /BLK3/ AZALA28,EL
COMMON /BLK4/ KLNX200<KLoLIMAZLC, LIMBE4C
COMMON /7BLRG6/ I
e COMMONLLBLK 7 2B CLUL TCLO s PCVR.GRAD 4 HOR — -
CONMON 78LKB/ LoLTST K KILEL2,:4<
COMMON /BLKK/ AK1¢KK2,KK3,KK4
DIMENSION KOUNTE12<

|
3

TTmTTTMMMTT T Tmm T M

KDSHE1R- 13
C INITIALIZE $w» 14
e KBLNKMIR  _ . e S N ¥
KXE1RX F 16
C END OF INIVIALIZE. t#% Fo17
RETURN FoY
c BLANK THE CFLDS STORAGE ARRAY AND RETURN THE ANGULAR AND Fole
c CLOUD BASE POSITION FLAGS TO ZERD, we% F 20
o ZENTRY..CLR. . . e E. 21
KLNO B2
DO 1 141,200 B2
KUNT T <HRBLNK Eo24
1 CONT INUE Fo25
DO 2 K4 Foo20
2. LIMATKCAL INRIKCA0 - e e [ SR Ay 8
RETURN o2
ENTRY CLRX Foo29
¢ FILL THE GFLOS STORAGE FIELD WITH DASHES. INSERY AN X PRINT AT roso
c THE ENOD OF THE FIELU. %e% £l
DU 3 1#1,KK P2
B} KLNTKLE LCKKDSH. . £ 33
3 CONY INUE £ 34
KAXLEKKEL Ea%
KUNEKCHKX P16
RETURN RY
ENTRY GILO Y
C 2ERU THE CHLOS TOTAL=NIIS FIELD. Adw Fooae
DU & L#L,L2 P40
4 KCUNTEL <#0 Fooal
RETURN v
I 'R

ENTRY GIL1L
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Table D-4. List of Subroutines (Cont'd).

DL 1 K#ly4

G

C COLLECT THE CFLOS STATISTICS, oo F 4%
KARKNTARNO F &Y

Lid F 46

DO 6 K#le2 - £ 41
LTIST#O F 48
KLAIK=1<*50 F 49

DO 6 1#1,KK F 50

- KISTAKLNSLEKLLS - £ SL
IF IKTST.NE.KBLNKS GO TO 5 Y2
LI1S1#Q e e e £..5)3

6Q 10 6 £ 54

¢ COLLECTY TIME-RELATED CFLOS STATISIICS. KNTA IS USED T COLLECT £ 55
C INSTANTANEQUS HETS. LTIST IS USED FOR TIME-RELATED VALUES., sww F 56
5 KNTASKNTALL F67
LISTHLTSTEL £ 58
1F_RLISTLGE.5< CALL CATCH2. E...29.

6 CONT INUE F 60
KOUNTIL<#KNTA F 61
RETURN F 62

ENTRY GIL2 F o}

C GATHER INSTANTANEQUS CFLOS STATISTICS. % F b4
e SUMNQ. . o R E__tb .
KSUM#KK F bo

LO T L#l,l2 F o1

7 LSUMFLSUMEKDUNTELL F o8
STATK#ILSUMt L. OK/EKSUMY24.< F o9

PRINT 8, STAIK F 70
G _GATHER THE_ _LIME-RELATLD CFLOS SIALLSTICS e 2t o e - B 1L
CALL GILCAT) Fo72
R&TURN F 73

C £ 74
¢ F 15
¢ F 16
8 CEORMAT U/, 00X« J7HPROBADBLILILIY QF A CELRS = STALLC CASE-e €903 vﬁ-.ﬂh
END T8-
SUBROUTINE CATCH G 1

C THES SUBROUTINE 1S DESIGNED TO GATHER THE TIME-RELATED CFLOS G 2
L STALISTICS .. ovr L L. L 3
COMMIN /7BLKY/ AZAJAZB EL o XOBL,YBL 201,01 ,VA,VB G 4
COMMON /ZBLEKT/Z BCLUSTCLD,, PCVR 4RADLHIOR G b}
COMMON /BLKE/ L LIST,KeRLLEY2,4< G o
CUMMUN /78LK2/ PXAYXLI0Q</PYAYLOUS, PZARLIQOC PXURIQQ G PYRTLIA0K PZBTIOD 1

1<, TARRL00<C (DAVILODC KK G 8
DIMENSION D9X1244<s DIQKL2:4< DISRL1254< D2QEL2,4<, N285X1244K. 1Y G 9
1OT1294<, DABEI244<, DAOEL2pa, DAYTL A<y FHTLC, FLOT4E, FLIH%4<, + G 10
22004<y FR5R4Cy FI0TAC, LSALD44<, LLOTLI2,4<y LIGK12404<y L20E12,4&, G 11
W25C1244<y LIOTL244<, LISTID44< e LOOTLI244¢, LADXL2,4¢ G 1e¢
RETURN ¢ 13

ENTRY CAITCHI G 14

C LERU THE INDICATED ARRAYS. W+ (VI U )
16

1l

CORRNCHFLICURCH LSEKCHE2OERCHE 29TKCHE JOIK <N 0
DO 1 Jet,le

DHRS o RSHDIQRI G K<HDISTA G RCHDIATT o KN 2B AT JKKHTD IR T GACHD ID T W KRS HD AT
LI KSINGHTJ gAY O

LOZd o ACALLOEI o RCHL LSRG NIl PORA g ACHL SHTI o KCHL JOKI G RCHL 3N X K<L 4DX
[V SV IRLY N Y X4 A\

4
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Table D-4. List of Subroutines {(Cont'd).

Ao e CUNTINUE e e e e SV < S 3 W
RETURN G 24
ENTRY CATCH2 G 25
IF ZLTST.EQ.5¢ LSCL K<H] G 26
DSTL,KSHDS L, KLA L G 27
IF LLIST.LT.10< GO ¥O 2 G 28
dE ZLTST.EQ.10< L10ZL 4K<H1. SOV - 3
DIOTL,KSHDLIOBL,KLCED 6 30
1F TLYIST.LT.15< GU 10 2 G 31
IF SLTST.EQ.15C LISTL,K<HL 6 32
DISTLLKCHNLSLL 4 KCEL G 233
IF YLTST.LT.20< GO YO 2 G 34
cm e -dELXLISTLEQ.20< L2021, K<HL. . e et e m SO U 1.
D20ZLK<HD20RLIKCEL ¢ 36
IF XLTST.LT.25< GO TO 2 G 3!
IF TLTSTL.EQ.25¢ L25%L,K<#1 G 38
D2SELIKCHD2STL,RCAL G 3¢
IF ZLIST.LT.30< 60 10 2 G 40
e B ELTST.EQL30C 13031 K<81 . —_— Y % I
D30IL, K<HD30IL,K<EL G 42
IF TLYSTLLTL.35¢ GO TO 2 . N . G 43
ITF TLTSTLEQ.35C LISEL K< G 44
DISTLLKCHDISEL I KLCEL 6 45
IF ILTSTLLT.40< GU 10 2 6 46
- 1F LLTST.EQ.40< L40L KSR L.. e e e e e B b
H40TL K< HDA0TL K<L G 48
1F BLTST.LIL45¢ GO TO 2 G 49
IF ZLTST.EQ.45< LASTL, K<L G 54
D45 8L K< #DAEEL,K<EL G 51
2 CUNT INUE 6 52
- -RETURN. ... _ .. e e SN S %
ENTRY GILCATI G 54
c GATHER STATISTILS ON ONE=-SECUND ANI TwWO=-SECOND LONG CFLUS G 5%
C PROBABILITIES, wes G %6
K5NK10¥0 . 6 57
M5¥KK=4 G S8
— - -MLONKK=9 - S RN - S 1 T
00 3 JN1,12 G 60
DU 3 KHl,2 G 6l
K5#K56058J K< G 62
K10#K1CED10ZJ K< G 63
3 CUNTINUE G o4
e - -SEEIKSRLLOCILR0.8N8L. L L e e B b S
S1ONEK10%1,0</ 324, %M10< G 66
PRINT & 6 67
PRINT T¢ $5,510 G 68
LLS#LLLIO#O G 69
DO S KNL,2 6 10
PSR ¥ 2 DU - VUSRS Y S & W
"4 I#1€1 G 12
‘ IF L1.6T.12< GO TO 8 ¢ 713
LLS#LLSELS T 4 K< G T4
LLL1OMLLLOELL 0TI (K< ¢ 75
66 1D & 6 16
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Table D-4. List of Subroutines (Cont'd).

5 CUNT INUE - G L
PRINT 8 G 78
e eBRINL 92 LLSsLLYQ G 19
RETURY G 80
C - & 8l
c G 82
, C L A _ G. 83
6 FORMAT Z10X,54HPROBABILITY OF A CFLOS FOR AT LEAST THE TIME INDICA G B84
1 _—dVES L —— G __ 8%
. 1 FORMAT T10XySHeGE«LlosFBLI 910X 5H.GEL29FB43< G 86
L 8 FORMAT 10X, TAUMINIMUM FREQUENCY UOF OCCURRENCE OF A CFLOS FOR AT L G 871
LEAST THE TIME INDICATEDC G 88
( 9 FURMAT Z9X+10QHONE SECOND« 19+ 3H/25:¢9X¢ LIHEWQ SECONDS« 194 3B/24< G 89
END G 90-
. ]
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75-2
75-3
75-4
75-6
76-1

76-2

LIST OF TECHNICAL NOTES
Title
Atmospheric Moisture Parameterization (AD-T8U481Y4)

Development of a Gridded vata Base ( )
(Publication delayed)

A Precipitating Convective Cloud Model (ADA~002117)

A Synoptic-Scale Model for Simulating Condensed Atmospheric
Moisture (ADA-002118)

Estimated Improvement in Forecasts of the SANBAR Hurricane
Model Using the Airborne Weather Reconnaissance System

(ADA-004097)

Spring Weather Patterns of the Western United States
(Reprints) (ADA-006691)

Summer Weather Patterns of the Western United States
(Reprints} (ADA-009860)

Autumn Weather Patterns of the Western United States
(Reprints) (ADA-013801)

Winter Weather Patterns of the Western United States
(Reprints) (Publication delayed)

Listing of Seminars Available at Hq AWS, AWS ¥Wings, and
AFGWC (Publication delayed)

Some Aspects of Estimating the Probability of Cloud-Free
Lines-of-Sight in Dynamic Situations ( )

Le
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Date
Jan 74

Apr T4

May T4
Jun T4

Jan 75

Mar 75
May 75
Jul 75

Sep 75

Mar T6

76-40998




