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INTRODUCTION

An important tool for analyzing the relative effectiveness of gun air
defense systems is a plot of lines of constant (ISO) probability of kill
(PK) in the volume of space surrounding the planned deployment of the
system; hence, the name ISO-PK. These plots are usually presented as
two-dimensional sections taken at selected places in the volume. The
lines of constant kill probability sometimes form eliptical traces and,
perhaps, for this reason, they are commonly referred to as "footprints".
This report presents the computer program and explains the algorithm
which calculates the burst-kill probability and automatically plots the
footprints on a computer line printer. Also included in this report is
an analysis of weapon pointing errors which includes the effects of lead
angle generation. This model, which may be termed an error budget model,
was originally developed for the Air Defense Evaluation Board (ADEB)l,

The expression for burst-kill probability represents a considerable
improvement in methodology for performing sensitivity analyses of perfor-
mance parameters of certaln gun air defense weapon systems. This expres-
sion is combined into a computer program that produces plots on a line
printer, thus greatly reducing the amount of manual effort needed to
perform footprint studies. The program has been used most extensively
for sensitivity analyses.

Sections of the report describe,in order,the operation of the program
called "ISO-PK", the error analysis which determines the weapon pointing
error, and the input data requirements for the ISO-PK program. The pro-
gram logic diagram, program FORTRAN source listing, and a sample problem

lWECOM ADEB Task Force, Analysis of Air Defense Gun Systems, Technical

Note RE-TR-70-191, Research and Engineering Directorate, HQ, US Army
Weapons Command, Rock Island, IL, October 1970.
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are in the final sectionms.
FOOTPRINT GEOMETRY

Consider a coordinate system with an air defense gun system at the
origin of the axes as shown in Figure 1. The azimuth angle, a, is measured
counterclockwise from +X in the X-Y plane. The elevation angle, e, is
measured upward from the X-Y plane to the line from the origin to P (this
line is called the slant range, r).

Let the X-Y plane represent the ground plane and z represent altitude.
The target is assumed to be at a point in space with velocity components
(i, 0, 0) (the dot notation here refers to the first time derivative of
the variable). It is of particular interest to know how certain perfor-
mance characteristics of the gun affect its overall performance in tracking
and firing at a given target at points along straight lines parallel to
the X-axis. These lines may be at various altitudes or at various values
of Y (crossing ranges).

The air space around the gun is divided into a 3-dimensional grid so
that only a discrete number of points P need to be considered. The user
may select any plane parallel to the X-Y plane (Z > 0) or any plane
parallel to the Z-X plane (Y > 0), see Figures 2 and 3. Given the volume
of space to be considered in terms of limits on X, Y, Z, the ISO-PK program
establishes a grid in two quadrants of the selected plane. The grid con-
tains 100 increments horizontally and 50 increments vertically, corresponding
roughly to the size of one page of computer paper on a printer with spacing
increments of 1/10" by 1/6", respectively.

In the plane there are 51 x 101 = 5151 points denoted by Pij; I=1,2,°~%,

101; j=1,2,°"", 51. 1If the plane under consideration is parallel to the

6
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X-Y plane (Z > 0), the Y position refers to the crossing range, (see Figure
2). If the plane is parallel to the Z-X plane (Y > 0), the Z position
refers to the altitude (see Figure 3).

The ISO-PK program computes the variables x, y, z, a, e, 1, é, é, f,
at each point Pij' The gun system errors are determined as a function
of these variables from gun system performance data which is provided as
input. The resulting gun system errors are used to compute the burst-
probability of kill (BPK) from the analytic formula in referemnce 2. The
BPK is calculated about the point of predicted intercept of the target and
the projectile. However, the value of the BPK is affixed to the point
corresponding to the present position of the target (Pij)‘ Certain values
of BPK (e.g., 0.05, 0.1, 0.5) and corresponding characters (e.g., H, I,
K) are specified in the program to correspond to the constant BPK lines
printed for the footprints. A character corresponding to the numerical
value of the BPK is printed whenever the computed value of BPK at a point
Pij equals or crosses-over one of the specified values. The lines of
constant-kill probability then appear as traces of printer characters in
the plane of the paper. The matrix of computed BPK is saved during the
horizontal raster scan and is scanned again in vertical order to fill in
the contour lines and eliminate any apparent discontinuities in the printed
lines when the lines have infinite slope.

Two separate computations are performed at each point Pij and the
results of both are superimposed on the computer plot. The first compu-

tation performed is the BPK determination as previously discussed. The

2Banash, Robert C., An Analytic Procedure for the Computation of Burst-
Kill Probabilities in Air Defense. Technical Note SY-TN9-70, Systems
Analysis Directorate, HQ, US Army Weapons Command, Rock Island, IL,
October 1970.
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second is a determination of possible dead zones caused by gun system
constraints. The azimuth and elevation rates of the gun are computed

and compared with maximum values allowed as specified in the input data.
If either are greater than the maximums allowed, the letter A (azimuth)

or E (elevation) will be printed corresponding to the type of constraint
violated (if both are violated, only an A will appear). The gun elevation
is also calculated and compared with the maximum elevation allowed. If
the limit is exceeded, an E is printed. The program also prints the boun-
dary formed by the maximum effective range of the gun. The range which is
used in this comparison is the range at predicted intercept and not the
slant range at time of burst. The character R is printed to signify vio-

lation of this constraint. Next, at each point P a hypothetical

ij
situation concerning total system reaction time is evaluated. The letter
T is printed if the target could, at its present velocity, move outside
the range of the weapon if it was first detected at that point. This
provides a means of making a comparative evaluation of a system's ability
to initiate an engagement against a target suddenly appearing within the
lethal volume of the system. In any particular problem, the analyst may
also insert additional constraint conditions into this part of the program.
ERROR ANALYSIS

The BPK subroutine used in the ISO-PK program requires the means and
standard deviations of the errors associated with the gun system. These
errors are divided into two classes. One is the within-burst errors.
These are the errors associated with the projectile (e.g., the residual
dispersion and muzzle velocity variation). The other class of errors is

the burst-to-burst errors due to inaccurate gun pointing.’
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The gun-pointing errors can be further subdivided into two categories.
One is the error in the gun position due to errors in sensing the present
position of the target. It is assumed that a gun system will measure the
present position of the target and then, based upon these measuremengf,
determine the lead angle necessary to achieve a hit on the target, given
a certain open fire time. If these measurements are in error, the system
will produce an incorrect lead angle (a gun pointing error).

The other source of gun pointing error is the gun servo mechanism.
This error is due to the inaccuracies which are usually present in the
servo system which positions the gun at a generated lead angle. Figure 4
shows a schematic of a gun air defense system with the various error
sources noted (the "Ballistic Errors'" are the within-burst errors). The
program will accept the mean (bias), the standard deviation, and the
covariances of the random components of -each of the error sources.

An analysis of the gun pointing errors was reported in reference 2.
This analysis assumed that sensor errors produced gun pointing errors of
equal magnitude. Also, it assumed there was no lead angle generation.
Consequently, the time of sensing, the time of fire, and the time of pre-
dicted intercept were all the same (no time of flight). A modification
to this analysis is presented here which includes the time of flight and
the effects of lead angle generation and approximates the lead angle error
due to sensor error. The azimuth and elevation errors produced from this
analysis is combined with the gun servo errors. These combined errors are
then projected into a two dimensional plane at the target at the time of
predicted intercept. Note that the target position at predicted inter=
cept is not the same as the present position of the target.

2Ibid.
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Sensor Errors

To determine the gun pointing error due to sensor errors, a first-
order error analysis is performed on the equations defining the position
of the gun. The independent variables in this analysis are the measure-
ments of the present position of the target (r, a, e, f, é, é), and the
dependent variables are the azimuth and the elevation of the gun.

Define the gun barrel position by the vector Z, (Z(1) = azimuth,

Z(2) = elevation), and the vector of functions which define Z to be f(i).
This 1is
Z=£(X)
Where X is the vector of measurements taken at the present position of
the target
X = (r, a, e, f, é, é)T G
The functions which define the gun position are derived in the Appendix.

The first-order approximation of the change in the dependent variables

(AZ) resulting from a small change in the independent variable (AX),

about a nominal point X = Xo can be expressed as

A7 = Bf_x . AX .
oX 0

The small change AX may be interpreted to be a random error associated
with the measurements of the present position of the target. That is,
AX 1s a random variable with mean ﬁk and covariance matrix COV(X).
Therefore, AZ is also a random variable describing the errors in the
gun pointing position. Define the mean value of AZ to be ﬁz and its

covariance matrix to be COV(Z).

12




Let

which is the Jacobian matrix evaluated at the nominal value X Then

0.
the mean value of AZ is

E [a7] = F E[&X]

or
ﬁzzFﬁx -
E[*] denotes expected value of the random variable. Also, the covariance

matrix of the errors AZ is given by
COV(Z) = F COV(X) FT

The partial derivatives necessary to define F 1in FORTRAN notation are
listed in the section titled FORTRAN Program Source Listing, page 56.
The statistics of the measurement errors (ﬁk and COV(?)) are
assumed to be constant (in time). However, provisions have been made in
the ISO-PK program for a user-supplied subroutine which can modify these

errors as a function of the engagement parameters (a, e, r, a, e, r).

This subroutine is called MESIG.

Gun Servo Errors

The gun servo errors will be considered next. Define the mean servo
error to be the two-vector ﬁ; and the (2 x 2) covariance matrix for the

servo errors to be COV(S). The first row in ﬁ; and COV(S) corresponds

13




to azimuth while the second row corresponds to elevation error. The mean
values of the gun servo errors are assumed to be constant for a gun system.
These bias type errors may be likened to a bore sight error. The covari-
ance matrix is assumed to be a function of the gun rates. It is also
assumed that the azimuth and elevation errors are independent of one
another, so the off-diagonal terms of the matrix COV(S) are zero. The
standard deviations of the errors on the azimuth and elevation directions
are input to the ISO-PK program as a table of values which are a function
of gun rates. A corresponding table of gun rates is also input to the
program. In the program, the appropriate standard deviations are deter-
mined by looking up the rates in the table and linearly interpolating
between the tabular values. They are then squared to obtain the variances.
It 1s expected that detailed system performance models of the servos of
future gun systems will be developed and represented by these tables for
evaluations with the ISO-PK program.

Combining Gun System Errors

The errors from the gun servo system are assumed to add to the gun
pointing errors resulting from sensor errors. Therefore, since these
two error sources are assumed to be independent, their statistics can
be added to obtain the mean and covariance of the total gun pointing
error.

The gun pointing errors produced by the above analysis are in angular
units. However, the errors required by the BPK subroutine are in units
of length, in a coordinate system centered at the center-of-vulnerability

of the target. This coordinate system is perpendicular to the line

14




from the gun to the target at time of predicted intercept. The conversion
in the elevation direction, from angular units to meters, is achieved by
multiplying the elevation error by the range (R) to the target at pre-
dicted intercept. In the azimuth direction, the conversion is obtained
by multiplying by RCOS(E), where E 1is the elevation of the target at
predicted intercept. The cosine term is needed to convert the azimuth
error in the ground plane to an azimuth-like (transverse) error in the
elevated coordinate system.

The statistics describing the errors, in meters, in the elevated
coordinate system are as follows:

Among-Burst Error:

- - [~ ey
Mean: MA R COS(E)
= (Mz -- MS) .
M R
- - —- e
Covarilance: = >
3 T
c,f\ COV(A,E) R COS(E) O R COS(E) O
= (cov(z) + cov(s))
COV(A,E) oé 0 R 0 R

These combined statistics are those required to describe the among-burst
errors. The BPK subroutine uses the correlation coefficient instead of
the covariance term COV(A,E). This correlation coefficient is defined

as:
COV(A,E)
[ ——ag 2
A,E 0,9
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Within-Burst Errors

A brief derivation of the within-burst errors is presented here. A
similar, more complete derivation can be found in reference 3. The
angular residual dispersion error and range variation error of the pro-
jectile must be projected into the elevated coordinate system centered

at the target. Define the errors as follows:

AA - azimuth-like (transverse) angular dispersion
AE - elevation angular dispersion
AR - projectile range error

These errors are assumed to be independent, normally distributed with

zero means and variances of o2 ci, 0%, respectively. The variance of

a’ r’

the projectile range error is due to the muzzle velocity variationm.
2w (22 y2
% = Q7%
m

Where
Vm = muzzle velocity of the projectile

05 = variance of the muzzle velocity
Since there is an error in the range coordinate, the time to equal

range of the target and projectile must be determined. This time can be

approximated by the following 1if V, >> R.

S
Y. .
S (_R + VS VS »

3

Banash, Robert C., Notes of the University of Michigan Analytic Gun
Model, Technical Note SY-TN3-70, Systems Analysis Directorate, HQ,
US Army Weapons Command, Rock Island, IL, April 1970.
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where

R = range rate of the target

Vs = velocity of the projectile at range R

The velocity components of the target in the elevated coordinate
system are (ARCOS(E), R, ER)., Where A and E are the azimuth and
elevation rates of change of the target at the time of predicted intercept.
The velocity components of the projectile are (O, VS, 0). Therefore,
the relative velocity components between the target and projectile are
-(ARCOS(E), —VS, ER). The errors, in meters, at the time when the pro-

jectile and target are at equal range are

R AA - At ARCOS(E)

AA'

R 2A + 2R ARcos (E)
Vs

and
AR

Vs

AE' R AE +

AA' 1is the error in the traverse direction and AE' 1is the error in the
elevation direction., Since these quantities are sums of independent,
normal random variables, they have a bivariate normal distribution with
the following parameters.

Within-Burst Errors:

Means:
E [AA']) =0
E [AE'] =0

17




Variances:
2 2 RCOS(E)A )2 o2
gpa' = R oi + Vs
=\2 2
2 u R252 RE | © of
Op Rog + Vg

Correlation coefficient:

_ COV(AA',AE')

pA's E' UAUOEI
=-——{§-— COV((R AA + Rcos E)A AR), (R AE + %5 AR))
Tpr9r S 5
__1 AER2COS(E)
Ot 9! v3 o

At this point all the necessary inputs are presented for the computa-
tion of burst-probability of kill (BPK) as presented in the form in
reference 2, starting at page 6. The following relates the notation used
in this report to that of reference 2:

For Within-Burst Errors:

= X
NP
mooomom
Q ®
—
> >
] >
I—-l\-—l

1]
Q

©
€
n
©
’?
™

2Loc. Cit.
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For Among-Burst Errors:

f<d
"
X

=
S

2 = =2

2 = 2
Oq = OE
P =PAE

Before presenting the equation used for BPK from references 2, 3 or
4, the basic assumption limiting the validity of this equation is
reiterated:

a. Target vulnerability area is small compared to the within-burst
dispersion.

b. Rounds can be grouped within bursts such that the burst centers
can be considered independently distributed while the rounds are distri-
buted independently about the burst centers.

The ' notation used in the following equations means transpose of the
indicated matrix.

Under these assumptions, the equation for BPK is given as:

j+1 Ay )j I’ll2

n
n
BPK = L (,)(-1) (2“0102

I+jA
j=11

< exp{- Jz-v' ALI-3 (1+iA) "L A] v}

where n is the number of rounds in the burst and

2Loc. Gkt
3Loc. Gt

hBanash, Robert C., A Markov Chain Approach to Modeling Tracking Error

In Air Defense Gun Evaluation, Technical Report No. (GADES 3-1), Artillery
and Air Defense Weapons Directorate, Rock Island. Weapons Laboratory,

Rock Island, IL, September 1971.
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2
A= K'P' PK
2
pmoloz 02
- ak o

r —
o po.0
3 3%
V= ,
2
po 40, gy
bl —
F'al "
1
P'VP = = k2 .
1
0 - =
hor |
Finally, - -
1 Ma
v =K"'P .
®
o

Av is the target vulnerable area.
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INPUT DATA DEFINITION

The input data is divided into three sections:
(1) data to control the planes, (2) gun system data, at which the plots
are to be made and (3) target data. The program is set up such that
the data for each category is read from a different numbered data set.
Each category is explained with regard to data content, meaning, and
format, as follows:

Control of Selected Planes.

This data controls the size and location of the planes on which the
footprint is printed. It also determines the velocity (magnitude and
direction) of the target. Each card is described in the order in which
it is read. In the following discussion, the paragraphs are headed by

the list of variables whose values are read. Detailed description of

the variables and how they relate to the program are also presented. This

format is also used in the next two sections —- Gun Systems Data and
Target Data.

NVEL, NCR, NALT, PLOTXY, PLOTXZ
(315,2L5)

NVEL - The number of different velocities which will appear on a
later card. One plot will be made for each velocity.

NCR - The number of different crossing ranges at which XZ plots
are to be made. The actual values of the crossing ranges
appears on a later card. Also, this data only has meaning
when an XZ plot is to be made.

NALT - The number of different altitudes at which X-Y plots are
to be made. Again the actual values of the altitudes
appear on a later data card, and this card is of concern
only when X-Y plots are to be made.

21




PLOTXY

PROTXZ

XMIN, XMAX,
(6F10.0)

XMIN -

YMIN -

ZMIN

ZMAX

- This logical constant should be set equal to T (true) if
X-Y plots (at various altitudes) are to be made. If no
X-Y plots are required, it should be set equal to F (false).

- This logical constant should be set equal to T (true) if
XZ plots (at various crossing ranges) are to be made. If
no X-Z plots are required, it should be set equal to F
(false).

YMIN, YMAX, ZMIN, ZMAX

The combination of all the data on this card sets the size
of the plots which are to be made. XMIN contains the
minimum value of the X-axis.

The maximum value of the X-axis.
If an X-Y plot is to be made, the minimum value of Y ({i.e.,
the minimum crossing range) is contained in the variable

YMIN.

The maximum value of the Y-axis. The combination of XMIN,
XMAX, YMIN, and YMAX describes the size of the X-Y plane.

If an X-Z plot 1s to be made, the minimum value of the
Z-axis (minimum altitude) is contained in this variable.

The maximum value of the Z-axis. The combination of XMIN,
XMAX, ZMIN, and ZMAX describes the size of the X-Z plane.

VEL (I), I =1, NVEL

(7F10.0)

The VEL array contains the actual values of the different velocities
for which plots are to be made. The number of velocities which will
be read is equal to NVEL.

CRANGE(I), I = 1, NCR

(7F10.0)

The CRANGE array contains the actual values of the different
crossing ranges for which X-Z plots are to be made. The number
of values which will be read equals NCR.

22




ALT(I), I = 1, NALT
The ALT array contains the actual values of the different altitudes

at which X-Y plots are to be made. The number of values which will
be read is equal to NALT,

Altogether, there will be (NVEL*(NCR + NALT)) plots made if both PLOTXY
and PLOTXZ are initialized to T (true). If only PLOTXY is equal to true,
then there will be (NVEL*NALT) plots. Where, if only PLOTXZ is equal to
true, there will be (NVEL*NCR) plots. The size of all plots is deter-

mined by the parameters om the second card.

Gun Systems Data

The data contained in this data set describe the parameters related
to the gun system. This includes the gun constraints as well as the
description of the random errors of the system. The same format will be
used in this discussion as was used in the previous section in describing
the data, card by card,

TITLE
(20A4)

This is an 80-character verbal title which appears on all the plots.
It may contain such identifying information as the name of the
system being investigated or some particular configuration of a
system., The actual content of the information on this card is
optional but must be limited to 80 characters.

CALIB
(15)

The value of variable CALIB is used to determine from which numbered

data set the target data is to be read. 1In doing this, 10 is added
to the value of CALIB to determine the data set number.

23




SIGVO, SIGXD,

(4F10.0)

SIGYD, VO

The standard deviation of the muzzle velocity of the projectile

(ov). The units are meters/sec.

o

SIGXD - The standard deviation of the residual dispersion of the
projectiles in the traverse direction (o ). This variable
should be in units of radians.

SIGYD - The standard deviation of the residual dispersion of the
projectiles in the elevation direction (o ). This variable
should be in units of radians.

vo - The mean value of the muzzle velocity of the projectile in

EDMAX, ADMAX,

(6F10.0)

EDMAX -

ADMAX -

TREAC -

RNDS -

ELMAX

R, TF
(2F10.0)

meters per second.

TREAC, RNDS, RMAX, ELMAX

The maximum elevation rate which can be achieved by the
gun in radians per second.

The maximum azimuth rate which can be achieved by the gun
in radians per second.

The reaction time for the gun system in seconds. This
reaction time is defined as the time from initial detection
of a target to the time when the system can begin firing.

The number of rounds in a burst from the gun.

The maximum effective range of the projectile in meters.
This 1is usually determined by the range at which the
velocity of the projectile is at such a low level that it
can no longer inflict damage to the target.

The maximum elevation angle in radians, to which the gun
can elevate.

These two variables are used to determine the ballistic drag
coefficient of the projectile. R 1s a range in meters and TF
is the time of flight in seconds to that range. These two para-
meters can be taken from anywhere on the range - time of flight
curve of a projectile, especially if the projectile obeys the
"3/2 law" for the drag force. If the projectile doesn't follow
this law, a good approximation is usually achieved at a range
which is 2/3 the maximum range.
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DYNAM, DYNEM, MAXAZ, MAXEL
(2F10.0,215)

DYNAM - The mean gun servo error in the azimuth direction. This
error is usually considered to be a bore sight error since
servo mechanisms are usually not designed with a mean error
in them. The units are radians,

DYNEM - The mean gun servo error in the elevation direction.
This is usually the result of a bore sight error. The

units are radianms.

MAXAZ - The number of entries in the azimuth rate - standard
deviation tables. (MAXAZ < 10)

MAXEL

The number of entries in the elevation rate - standard
deviation tables. (MAXEL < 10)

ELDOT(I), I = 1, MAXEL
(7F10.0)

The ELDOT array contains the elevation rate entries in the
elevation rate vs. standard deviation tables. The units are
radians per second and the number of entries should equal the
value of MAXEL.

DYEL(I), I = 1, MAXEL
(7F10.0)

The DYEL array contains the standard deviations (in radians) in the
elevation direction of the gun servo system error. The quantities
of this array must correspond in order to the elevation rates 1in the
ELDOT array. The combination of these two arrays (ELDOT - DYEL)
describes a curve relating the standard deviation of the gun servo
error in the elevation direction to the gun elevation rate. A
linear interpolation between the quantities in these arrays is used
to achieve the standard deviation of the elevation error at any
particular value of elevation rate.

AZDOT(I), I = MAXAZ
(7F10.0)

The AZDOT array contalns the gun azimuth rate entries in the azimuth

rate vs, standard deviation tables. The units are radians per
second and the number of entries should equal the value of MAXAZ.
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DYAZ(I), I = MAXAZ
(7F10,0)

The DYAZ contains the standard deviations (in radians) in the
azimuth direction of the gun servo system error. As was the case
with the DYEL array, the entries in the DYAZ array should correspond
to the rates in the AZDOT array, and a linear interpolation is used
to find the standard deviation at any particular value of azimuth
rate,

XM (1)
(6F10.0)

The XM array contains the mean value of the measurement errors.
Earlier in the text of this report these quantities were described
with the symbol ¥ . The units are radians - meters - seconds.
The order is: 1) ¥ange, 2) azimuth, 3) elevation, 4) range
rate, 5) azimuth rate, 6) elevation rate.

SIG (I, J)
(6F10.0)

The SIG matrix contains the standard deviations and correlation
coefficients of the measurement errors. The terms on the diagonal
of this 6 x 6 symmetric matrix are the standard deviations of the
errors. The off diagonal terms are the correlation coefficients.
The matrix is read in one row at a time (i.e., one row per card)
following the same order as the mean errors. This is, range first,
azimuth second, etc. The units are radians - meters - seconds. To
illustrate the order of the cards, the information on the first
three cards is as follows:

e % pr,a pr,e pr,f pr,é pr,é

- O L d . .
Sl AT pr,a a pa,e pa,r pa,a pa,e

3rd card - P o) g p.* p_ = p_

etc.

Target Data

The target is described as a combination parallelepipeds which
represent the vulnerable components which make up the target. There may

be as many as seven components which make up the target. Three values

26




of each of the six faces of the components are input to the program. The
three values of each area correspond to the vulnerable area presented as

a function of projectile striking velocity. Presently, the program is

set up so that the first area for each face 1s for striking velocity

of 500 ft/sec and the second area is for 1000 ft/sec. The third value is not
currently being used; however, space must be allowed for it on the data
cards. As was mentioned in the previous section, the value of the

variable CALIB is used to determine the numbered data set on which this
target data is found. A card by card description 6f the data is given

below.

EMAX
(15)

The number of vulnerable components from which the target is made
should be read into the variable EMAX.

S(I, J, K)
(6F10.5)

The S array contains the values of the areas of the faces of the
vulnerable components in units of square meters. Because of the
format by which these quantities are read, three cards are required
to define each of the (EMAX) components. The first three quantities
on the first card are the three areas of the front side of the
component, while the second three are the areas of the rear of the
component. On the second card are the areas of the port and star-
board sides of the component (in that order). And on the last card
the areas of the bottom and top sides of the component are given

(in that order).

Next page is blank.
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LOGIC DIAGRAM
A schematic diagram of the program and subprogram logic is presented

in Figure 5.

Next page is blank.
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MAIN PROGRAM

Read Plotting Scale
Parameters And
Control Options,
Target Velocities,
Altitudes
And Crossing Ranges

“Print Out LSt OT
PK IS0-Bars And
Corresponding
Plotting Characters,
Also Print Plotting
Characters For
System Constraints

Call Subroutine

COMPK1 & Give Exit For
Exit Label If It
Is Not Ready COMPK1

For Another Run

Do Thru a
For Each Target
Velocity

b

Set Target Velocity
Components in Z And
Y Directions To Zero
Set X Component
Equal To Target Velocity

Is A Plot In XY No
Plane Desired?

Yes

Do Thru B For
Each Target Altitude

Figure 5. Logic Diagram (1 of 8)
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Set Z Equal
To Target Altitude

Nl

Call For Plot Using
Y As Vertical Scale
And Label Y-Axis As
"Crossing Range, M."

l

Print Out Title Card
For Gun System, Target

Velocity And Target Altitude

(& oor

Is A Plot In XZ Plane
Desited?

o

l Yes

Do Thru y For
Each Target Crossing
Range

i

Set Y Equal To
Crossing Range

Call For Plot Using
Z As Vertical Scale
And Label Z-Axis As
"Altitude, Meters"

Print Out Title Card
For Gun System, Target
Velocity And Target
Crossing Range

Figure 5.

or

° Loop
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SUBROUTINE PLOT

Figure 5.

Initialize X-Axis
And "B"-Axis For
Plotter Subroutine.
Initialize Plotting
Matrix.

Initialize Save-Matrix
For Burst Kill Prob.
(BPK)

!

Initialize X to Xmin
For Sweep Left To
Right

Do Thru a
For IX=1, 101

4

Compute BPK At
One Step Down From
Bmin. Set to PKS

Initialize "B" Variable
To Bmin For Sweep From
Bottom To Top

¢

Do Thru B
For IB=1, 51

.

Call COMPK To
Compute BPK At
Current Grid Point
And Save As PKC

Save PKC In
Matrix PSAVE
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Is Slant Range At Pre:i\\ Yes
dicted Intercept Greater —

Than Max. Gun Range? / ]!

First Grid Line€ Yes
l No On Plot? -
Compute Range At Predicted No
Intercept After The Target
" "
Has Floxg SZﬁEASeI?econds Plot "R"
Is New Range Greater Yes
Than Max. Gun Range?
P Plot "T" In
Current Grid
Position
-
h |
Is Azimuth Rate Greate Yes
Than Max. For Gun? 4//
No 1
' Plot "A"
Is Elevation Rate Or Yes
Elevation Greater Than
Max. For Gun?
No
X
Set SS Equal To Sign Plot "E"
0f BPK Gradient

Do Thru ¥y
For IP=1, NPK

i

Did PKS Just Cross <‘\ Yes
The PK(IP) Contour
Value? ] X

Plot Corresponding
No Contour Letter

° Loop

Figure 5. Logic Diagram (4 of 8)
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Increment B By
DB To New Grid
Row Value

Loop

Set PKS=PKC

Increment X By
DX To New Grid
Column Value

Do ru
For IB=1, 51

-

Set PKS=0 |

Do Thru €
For IX=1, 101

Is There A Non-
Zero PK From No

PSAVE Matrix At
This Row & Column? J

1es

s There Some Character\ Yes
There Other Than "T'"? J

No

Do TQ!L 3
Eor IP=1, NPK

*

Plot Corresponding

Contour Character

Does PKS From PSAVE Yes
Matrix Just Cross The

PK (IP) Contour?
No

Loop

Figure 5. Logic Diagram (5 of 8)
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Enter SUBROUTINE COMPK1

COMPK1
Read Description Card Call Subroutine MESIG1
And All Gun System Data To Read In Measurement
Errors.
Write Out All Input Data Call Subroutine VULAPD
With Format Titles To Initialize Vulnerability
Call Subroutine DYNGN1
To Read In Gun Servo Compute Squared Values
Errors. Used In Computing BPK
L
Call Subroutine GFUNC
To Calculate The Target
Position At Predicted Inter-
cept And the Necessary
L Partial Derivatives Of
Compute Ground The Gun Position
Functions.
Range, 2
Range Squared,
Range, Elevation,
Azimuth, Range Rate,
Azimuth Rate And
Elevation Rate
I Set BPK=0
Is Range At Predicted Yes
Intercept Greater Than

Max. Gun Range? #‘I
No

Figure 5. Logic Diagram (6 of 8)
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Perform Table Look-Up
For Dynamic Gun-Pointing
Error Standard Deviations
In Azimuth And Elevation

h 4

Compute Biases For
Azimuth-Like And
Elevation-Like Plane
For BURPK

y

Compute Combined
Standard Deviations
For BURPK

Call Subroutine VULNAR
For Total Projected
Area Of Target

Call Subroutine BURPK
For Burst Kill
Probability BPK

Figure 5. Logic Diagram (7 of 8)
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Set PKS=PKC

e Loop
Ol

Call SPLOT3 For
Print-Out Of Plot

Figure 5. Logic Diagram (8 of 8)
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FORTRAN PROGRAM SOURCE LISTING
This section provides a computer printout of the FORTRAN statements

making up the ISO-PK program.

Next page is blank.
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FORTRAN IV G L

2NeNsNe sl NaReReNeNeNeNaNoNoNo o RoNo N NeNa e o Na N Na e Xa e ke Xa X Na X2 N Xa X K2 Xa K2

EVEL

(X2 2 24

-X

=Y
/

21 MAIN DATE = 74109 15718/5%

4ov0e UNIMAP == TR DEFENSBE FOOTPRINTS
THIS PROGRAM DEVELOPS LINES OF CONSTANT RURST=KILL PROWABILITY KOk
AIR DEFENSE GUN SYSTEMS, THE MONEL USED IS AN EXPANNFD VERSTON Nk
THE UNIVFRSITY OF MICHIGAN ANALYTIC MODEL ODEVELOPED TN THE AFAADS
GUN SsTuDY

THE MAIN PROGRAM ACTS AS a NRIVER aAND CONTROL FUR THF MODULFS THAT
PLOT AND COMPUTE,

THE PROGRAM READS PLOTTING CONTRNL INFORMATIUN AND OPTIONS

AND PRINTS TABLES OF EQUIVALENTS BETWEEN PROAAHBILITIFS aND
PLOTTING CHARACTERS,

BUED RGPV POIRVBRVBUBRDHRIBOVVOORRIRORUDORBODORBRIVIRUBROVRBVOLRDGEDER NG
COORDINATE SYSTEM FOR UNIMAP
+Z21
|
| %%
| /
I /
| /
| /
| /
| / #c==== TARGET POSITION
| / |
| / / |
| / / |
I / /. |
I / / |
| / / |
| /emee/mcccnaccccc=ny
| / / /
|\ 7 7 /
|/ / / R ¢
---------¢-------------_-_--/---_-------------o------ ------
/| GUN X
/7 | AZIMUTH ANGLE MFASURED FROM X IN XY PLAME,
/7 |
/ I ELEVATION ANGLE MFASURED FRO™M XY PLANE TN
/ | SLAMT RANGE LINF FROM GUN TO TARGFT.
Vi |
7 |
/ |
/ |
|

CretoaRodRonodnaiideodaodddaRedaRtoidtadaonianeaddodsasdldndadionttondadsnn
CRORRPQSNNIQNRRORNRRBROORBORBRRRDDNRRIVLOVOTRRNORTVERNARNDOIRORRLOBNRTOIDOBLHSG

c

ODIXOOOOOO

CONSIDER THE XY PLANE:
+Y
| eerssccanne=(c<
(recescccase=(c<
(eromcomscmn=l(<

{roovanvcoave=(

!
!
| (eeeemnmcce==C<<
]
!

{emancacanca=al <
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FORTRAN TV G

0n01

0nn?
0n03

0Onn4
09n05
0no6
onn7

0nnR
0pn0na
0onlo
0011
0012
00113
0nls

LEVEL 21 MATN DATE = 74109 15718788
| o i —==<<<
| (mmccce=- m————<C< TARGET
| (mm———— ce—————- <<« PATHS
| (mmmecemcce=- =-<<<
| (mmmcenmce== =<<<
| (mmmcncene= -—<<<
| (mwmmeccae=e= <<«
| (e mnnenewe =Ll
| (memeccccca= e=<<<
| (~wecccma= ——=<<<
| (mmemmnecce=- -<<<
| (eeccccccnna= <<<
- T - - T W e e e T ammawm oo oo -e- - - - .- .- - - -
-X (0+0) LR

OO0 OINODDHNOOODODNIDHDHON

s Ns Xz Kz XsNeNs Kz XsXaXake s XaRaNsXs)

GUN
THE SCENARIO IN THF X7 PLANE IS SIMJLAR RUT WITH Z HFEING THE
VERTICAL AXIS.

BROSBER IR B R AR R RNO RO VBV OVGONIBRBBBVOGODBPBRGEDIRRRINBBBR OB BOURBBLRBEROLY

COMMON XoY (1) eZ()1) o XDOToYDOT+ZDOT 9 XDDoYNDeZDD ot GDOTAAGDOT 9ROy VI,
o TF4RNDSyVOIRMSQyTREAC+EDMAX s ADMAX 9 XMINe XMAXs TITLE (20) 9CAL TN
COMMON /SPLOT/ PKyCHAR9MCHARINPK

INTEGFR CALIR

CALIB=1: 20MM HF PROJ.e KK KILL,
CALIB=2: 30MM HE PROJ.s KK KILL,

CALIB=3: 4a0MM HE PROJ.e KK KTLL.

CALIB=4: &7TMM HE PROJ.s KK KILL.

CALIB=S: A LR WARHEADs KK KILL.

CALIB=6: 270MM HF PROJ.,s CLEAN AIRCRAFT, A KILL.

CALIB=7: 20MM HE PROJ.s ATRCRAFT WITH WING TANKSy A KILLe

CALIR=8: 13I0MM HF PROJ.e« CLEAN AIRCRAFT, A KILL.

CALIB=9: 30MM HF PROJ.s AIRCRAFT WITH WING TANKSe A KTILL.

CALIB=10: 40MM HE PROJ.e+ CLEAN AIRCRAFTy A KILL.

CALIH=11: 4O0MM HE PROJ.s AIKCRAFY WITH WING TalinSe A KILL.
CALIRB=12: STMM HE PROJ.s CLEAN AIRCRAFTs A KILL.

CALIB=13: S7TMM HF PROJ.s ATRCRAFT WITH WING TANKSs A KILL.
CALIB=14: TOTAL PROJECTED AREA OF A FORFIGN AIRCRAFT (FOR HIT PROWH,
CALIB=15: GLAADS TARGET: 4 SO M FRONT & RACK} 24 SQ M SIDES, TOP K

REAL VEL(10)+ALT(10)+CRANGE(10)PK(10)
INTEGFR #2 CHAR(10) ¢MCHAR(4)
LOGICAL PLOTXY«PLOTXZ
READ (Se11+9END=12) NVELINCRINALTWPLOTXYsPLLOTXZ
o XMINgXMAX9YMINIYMAX9ZMTNyZMAX
1] FORMAT (31942L5/(6F10,0))
READ (S+2+END=12) (VFL(T)eI=1eNVEL)
READ (S92+END=12) (CRANGE(I)sI=]1sNCR)
READ (S+2+9END=12) (ALT(1)sI=19sNALT)
2 FORMAT (7F10.0)
13 WRITE (1,1)
1 FORMAT (*'1G ADES 1T SO=PK CONTOUR PRNDGRAM
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FORTRAN TV G LFVEL 21 MATIN DATF = 74109 15/7158/88

s m——- M ARCH 197 3)
(of CALL SUBROUTINE TO READ PARTICULAR GUN SYSTEM DATA.

00l1% CALL COMPKI] (&12)
0014 WRITE (1¢8) (IePK(I)eCHAR({I)eI=1sNPK)
0017 B FORMAT ('1'//¢7Xe'CONTOUR' ¢8Xe'PK?+s7Xe'CHARACTER Y/

el? 14T104F15,6+9XA1))
onla WRITE (1+10) MCHAR
0019 10 FORMAT (10'elXe?™MASK?'¢19Xy *CHARACTERY/' ELL., RATE OR MAX FL'4T30eAl]

/' AZ. RATE' 730441/ INSUF, TIME'+T30+A1/"' OUT OF RANGE'+T300A1)

Cc START DO LOOPS FDOR PLOTTING WITH PARAMETERS OF ALTITUDE .
(c] TARGET VFLOCITY AND CROSSING RANGE .
0020 DO 3 TVEL=]e¢NVFL
0021 XDOT=VEL (IVEL)
0022 YDOT=0,0
0023 Z2007=0.0
0n24 XDD=n.
0028 YOD=0.
on2e6 200=0,
(ot TEST IF NO “GROUND PLOT™ DESIRED,
0n27 IF (NOT,PLOTXY) GO TO 24
c PLOT FOR "'NALT' TARGFT ALTITUDES.
0n2A DO 25 TALT=1y4NALT
0n29 Z2(1)=ALT(IALT)
an3o0 CALL PLOT(YMINeYMAXsYel6HCROSSING RNG, o M)
0031 2S5 WRITE (1e7) TITLF«XDOTHZ (1)
0032 7 FORMAT (100420A4/
o! TARGET VELOCITY='9FB,3¢"M/S"sSXYTARGET ALTITUDE=*4F9 3¢ "™M1)
Cc TEST IF MO "“SKY PLOT"™ DESINED,
0033 24 1F (JNOT.PLOTXZ) GO TO 3
C PLOT IN VERTICAL PLANE WITH “NCR" TARGET CROSSING RANGES.
0034 DO 27 ICR=1NCH
0035 Y(1)=CRAMNGE (ICR)
0036 CALL PLOT(ZMINeZMAXeZy 1AHALTITUNDE METERS)
0037 27 WRITF (1426) TITLE«XDOTWY (1)
0Nn3A 26 FORMAT ('0',20A4/

oV TARGEY VELNCITY=94FR, Iy tM/ST5XICROSSING RANGE=19FY.341M1)
0039 3 CONTTINUE

0040 GO Tn 13
0041 12 CALL EXTT
0042 END
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FORTRAN TV 6 LFVEL 21 MATN DATE = 74109 VS/Z)S 255

c
c e T P L P e L P Y e LT T P PP PP P I PR RS PR R P S TR
0nnl RLOCK DATA
€ ===========Z=Z=====zZ=ZS====Z=====Z=Z=========Z====Z==ZSS=======Z=Z======c=====
C
C INITTIALIZE PLOTTING CHARACTERS AND PK CONTOUR valLUES,
0n0? COMMON /$PLOT/ PKsCHARIMCHAR «NPK
0003 INTFGFR NMPK/10/
onne REAL PK(10)/0,005¢0.0190.,054061000.2590659047590.990,95+0,96/
0n0S INTEGER 2 CHAR(IO)/'F Y o 1G o tHY g 0] 0ot Jog 0ty ToTMIGINI IO/,
o MCHAR(A)/PEVe"A ' T, 'RY/
0006 END
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FORTRAN TV G LEVEL

0001

0nn2?
0003
0no0s
0n0s
onnaA
0no07
0noR
0noo9
0010
0nll
0ol2
0013
00ls
0ols
0nla
0017
0018
0nle
0n2n
on21
0022
0ne3
0024
0025
0026
0027
002R
0nes
0030
0031l
0032
0033
N034
0038
003k
0037
nn38
0039
0040
004]

on

OO OOOOO0O0

21 MAIN DATE = 74109 15715784

I E R E S E T S S S S S I S EEEEEE S S E R E S SSESESIISEZEESTZEIEZS

SUBRNUTINE RURPK (XM3¢XM&4sS1 952 ¢S3 9S4 «ReyXNsAVIRKPS)

THIS SURROUTINE COMPUTES WHURST KILL PROKARILITYs ARPKy USING ThE
ANALYTIC MODEL STARTEN RY THE UNIVERSITY OF MICHIGAM AND
COMPLFTEN #Y THIS COMMAND,

REFERENCF: "NOTES ON THF UNIVERSITY OF MICHIGAM ANALYTIC GUM
MODEL'"es TECH NOTE SY=TN3-70s RORERT C, BANASHs SYSTEMS ANALYSIS
DIRECTORATE., HWe USA WECOMs APRIL. 1970.

IMPLICIT REAL®B(A=H 0=2)
REAL XM39XM49S14S20S39S6eReXNsAVIBKPSyX(2)
REAL SORT,AMIN] +ARS
REAL®B TTALeJTA2+IIA39TTAALSITAA2]ITAA]
NIMENSION ALF(2)eP(20¢2) +RKPJ(300)
IF( ARS(R).LE.DND.05) GO Tn 2
No 1 JU=1.2
ALF (\J) =.5%( S3+4S4¢(3=2#J)% SQRT((S3+S4)#82=4 ¥ (] ,=Re8D)0S53854))
X(J) =R® SURT (S3%#S4)/(ALF(J)=S3)

Plle) = SQRT(1l./(1le/X(J)®*22+]1,.))
P(2¢J) = P(lsd)/X(J)
ALF (J) = 1/7ALF (D)

GO TO 13

ALF (1) = 1./53

ALF (2) = 1./54
P(lel) = 1.

P(le2) = 0,

9(211) = 0.

P(2¢2) = 1.

RKP = 0,0

N = XN

K =1

FX = 0.

c=1.0

FJUMN=]1,0

FNPN=Ns]

PU=AV/(6,2831858SORT(S]1#S2))
IF(PJ.GT,1.0N0) GO TO 100

IF (XM3.FQe0oeeAND XML ENL D) K = 2

AlN= (P(1s]1)2®2/S] ¢ P(2sl)092/S2 ) / ALF (1)
ANz (P(lo1)®P(142)/S1eP(2P42)®P(2¢1)/S2)/DSQRT(ALF(1)*ALF(2))
A3N= (P(1e2)%82/S5] + P(Pe2)8R2/S2 )/ALF (2)
AZN2=A2N®ACN

NO 29 J=1leN

NN=

FJ = J

FJl=1.n/FJ

NENDTA=DSORT ((AINSFJL1)® (A3NeFJ1)=A2N2)

GO TO (445) ¢k

4 Al = AIN®FJ
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FORTRAN TV G LEVEL 21 RURPK DATE = 74109 15/71%/55%
0042 A2 = A?PNe®FJ
0043 A3 = AIN®FJ
noss DIA = (A1+1.08(A+]1,)=AR#A2 |
0n4s 1181 = (a3+1.)/ DIA
onée 11a72 = -A2/DIA
0nat JIAR = (Al*1.)/D]A
0n4R 11441 = TIA1%A1+T1A2%A2
0nag 11AA2 = IIAI*A?*IIAZ“AB
0n&R0 11AA3 = 11A2%A2+11A3%A3
0ns1 APl = Al®(l.=T1TBAL)=A2%TTAA?
0052 APZ2 = -A]°IIAA2~A2“(1.-IIAA3)
0ns3 AP3 = ~APSIIAA2+A38(1,-1TAA3)
0054 V1=nSQRT(ALF(l))°(P(1o1)¢XM30P(2c1)’xna)
0ns% V2=DQORI(ALF(2))“(P(lo2)¢XM3¢P(2,2)“XM4)
0ns6 EX =-(Vl“VlGAPl0?“V20V10AP20V2‘V?“AP3)‘0.5
0ons7 IF(DA“S(FK).GT.170.0DO) FX=DSIGN(170.0DO-EX)
00%AR s C=-((FNPO-FJ)/FJ)“PJ“(FJMO/FJ)“C
0ns9 BKP.J(J) =CeDEXP (EX) /DENDTA
noen FJMn=FJ
0nekl 1F (DABQ(BKPJ(J\).LE.l.nn-IO) G0 T0 11
0na? 29 CONTTNUF
0063 11 CONTINUE
00F4 NO 12 J=1sNN
0n6S RKP:RKP-HKPJ(NN-J*l)
00Ak6 17 CONTINUFE
0067 RKPS = DMIN1 (1.,0D09+BKP)
0068 RETURN
0069 100 CONTINUE
onT0 RKPS=1.0
0n71 RETURN
0072 END
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FORTRAN TV G

0001

onne
onn3
Nnos
0onns
0nne
0nny
0nnA
0nna
onln
onll
0012
0013

LFVEL 21 MAIN

a0

OHYOHOHO

NATE = 74109 15/715/5%<

FUNCTION TLUL(XsYeNsXO)

EEEEECZESEZEECEEECSS I rSET S ETEESECE=ESSTISSESEE=S2s=sso==s

THIS SUHPROUTINFE PERFORMS TAHLE LOOK=UP AND LINEAR IMTERPOLATION
NN SINGLY=SUBSCRIPTED AKRRAYS,

DIMENSION X(N)oY (N}
IF (M,LF.1) GO Tn 1
IF (XO.LF.X(1)) GO TOD 1
DO 2 I=P_0N
IF (XO.LF.X(I)) GO TO 3
? CONTIYNUE
I=N
3 TLUI=Y (I=1)e(XO=X(I=-1)) (Y (L)=Y(I=-1))/(X(])=%X(]I-1))
RETURN
1 TLUL=Y(])
RETURN
FND
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FORTRAN IV G LEVEL 2] MAIN DATE = 74109 15/718/8%

0001

0no2
0nn3
Oons

0n0S
onoa&
0nn7
0noOR
0nn9
0olo
0nl1

0012
0013

0014
0nl1s

0nla
0017

0nl8
0nl19
00720
0021
one2
0023

o000

OO0

sNaNeNeNe]

COMMON DUMY (9) +EGNOT+ AGNOT

COMMON/DYNERR/ NYNAMyDYNEMyDYNAVDYNEV

DIMENSTION DYAZ(10)+AZNOT(10)sDYEL(10) +ELDOT(10)

READ TN DYNAMIC GUN POINTING POSN, FRROR INFORMATION
READ IN TABLES FOR GUN POINTING FRRORS IN aZ, AND EL.

READ(2+3) DYNAMGDYNEMyMAXAZ MAXFL
3 FORMAT(2F10.0+215)
READ (2+¢2) (ELDOT(I)eI=1+MAXEL)
READ (2+2) (DYFL(I)eI=1eMAXEL)
READ (2+2) (AZDNT(I)el=1eMAXAZ)
READ (2¢2) (DYAZ(I)oel=1sMAXAZ)
2 FORMAT (7F10,0)

WRITE OuUT ALL INPUT DATA

WRITF (1420) DYMEMe (ToELDOT(I)sDYFL(I)eI=1eMAXEL)

20 FORMAT ('ODYNAMIC GUN=-PNOINTING FRROR FUNCTION = ELEVATION?,
«SX'RTASy RAD =" eF 7,4/
o POTNT,2X]13HEL., RATEs R/SS5X23HSTN NEV OF EL. ERRORs R/
o(? 14I54F15,39F20.4))
WRITE (1e21) DYMAMy (I9AZNOT(I) sNDYAZ(I) e1=1eMAXAZ)

21 FORMAT (t'0DYNAMIC GUN=POINTING ERROR FUNCTIUON = AZIMUTH?,
e TX'RIASs RAD =" eFT7.4/
ot PNOINT? 2X13HAZ7, RATFs R/SS5X23HSTD DEV OF AZ. ERROR, W/
e(? 1415¢F15,3:F20.4))
RETURN
ENTRY NDYNGUN
CALCULATE MEAN AtID VARIANCE OF DYNAMIC POINTING POSN,

PERFNRM TABLE=-LNNK-UP TO OKBTAIN STANDARD DEVIATIONS OF GlN-
POIMTING ERRORS IN AZIMUTH AND FLEVATION.

SIGDYA=TLUL (AZDOT«DYAZ +MAXAZsABS(AGDOT))
DYNAV = SIGDYa®#®?
SIGNDYE=TLUL(FLDOTsDYEL +MAXEL +ABS (EGDOT) )
DYNFV=STIGDYE#®?

RETURN

END
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c
c EE TS S-S ESES=CEESCTESEC SIS EESsSET === CEESCSCCSESESSESS==S=ZSEs=Ez=Zz====
0001 SUHROUTINE TFLT(TFe®)
C EE T eSS ST EE TS ST =SS CEECECTIESTECSESSSSE=sSSSSSEE=S==S==z==S===
C
ono2 COMMON/Z?TFLT/ COF (4)
0n03 DIMENSION R(4)
C
(& THIS ROUTINE SOLVFES THE ANALYTICAL TIME OF FLIGHT EQUATION
c THE COEFFICIENTS 0F THE FOURTH ORNDER TIME OF
c FLIGHT FQUATION ARE STORED IN COF(I)
C SOLVF THE FOURTH ORDER FOR ITS RONTS
0n04 CALL QRTIC(COFsRINRE)
(&
c FIND THE SMALLEST REAL RONT
C
onns TF = 1,0F06
c
(o ARE THERE FOUR REAL ROOTS 277
c
0no06 IF(NRF FRe 4) GN TO S
(o
c ARE THERE NO REAL ROOTS 2?77
G
0onn? IF(NRE LFQe. 0) GN TO 14
&
(& THERE ARE ONLY Tw0 REAL ROOTS
c
0n0AR GO 1O @
0nn9 S IF(R(4)) TeTr6
onlo 6 TF = AMIM]I(TF 4R (4))
0011 T IF(K(3)) 94948
onl2 A TF = AMINL(TF.R(3))
0n13 9 IF(R(2)) 11s11910
00ls 10 TF = AMINI(TFR(2))
0nls 11 IF(R(1)) 1341312
0ole 12 TF = AMINI(TFsR(1))
0017 13 [F(TF .GFEe 1,0E06) GO TO 14
0nlA RETURN
(5
c THER ARE NO REAL ROOTS OR THERE ARE NO POSITIVE REAL RANTS
c
ool9 14 RETURN 1
0020 END
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0n01l

0nn2
0n03
onna
000S
0n06
0007
0no0R
0009
onlo
0011
0012
0nl13
onls
0nls
0016
0017
0nlAR
0019
0020
0n2l
0n22
0023
0n24
0n25
0026
00?27
O0n2n
0029
0n30
0n31
0032
0033
0034
0035
0036
on37
0038
0039

(g N}

OOOOOOOOODHNOO

DATE = 74109 157 18/8%

ERETEZIE=ETTZEEICENEEZTIETTICTTSSEIRETIESSTTTIRTISTIZ R TTT===
SUHANUTINE QRTIC(CeRsNRE)

SOLVFS A POLYNOMIAL EQUATION OF THE TYPE
Xaas + C(1)8X003 ¢ C(P)eXR82 ¢+ C(3)#X ¢+ C(4) =1

THE COEFFICIENT OF X##4 IS ASSUMED TO HE 1

R CONTAINS THE ROOTS

NRE CONTAINS THE NUMBER OF REAL ROOTS

IF THERE ARE TWwn REaAL RNOTS THEY WILL RE IN R(1) AND R(2)
WITH THE COMPLEX ROOTS R(3) += R(4)®]

IF THERE ARE NO REAL ROOTSe. THE COMPLEX ROOTS ARE
R(1) +- R(2)®] ANMD R(3) +¢= R(4)*]

DIMENSION C(4)9R(4)eCP(3)sY(3)
CclSQ=C(l)=ap
cP(1)=-C(2)
CP(2)=C(1)®2C(3)=4,.2C(4)
CP(3)=(64,2C(2)=C1SQ)*C(4)=C(3) #ap
CALL CURIC(CPeY¢NRE)
A=C1S0/4,=-C(2)+Y(])
=.S5*C(1)®Y(1)=C(3)
D=.25%#Y (1) #4#2=-C(4)
IF(A.6T.0.) GO TO 10
F=o.
G0 T0 20

10 E=SAQRT (A)

20 IF(ND.GT.Ne) GO TO 30
F=0,
G0 10 SO

30 F=SIGN(SQRT (D) +A)

S0 NRE=0
REAl =2=,25%C (1) +.5%E
DSCR=REAL®#2=,54Y (1) +F
RAD=SQRT (ABS (DSCR))
IF(DSCR.LT.0,) 60 TO 60
NRE=2
R(1)=KEAL+RAD
R(2)=REAL=RAD
60 TO 65

60 R(3)=RFaL
R(4)=RAD

65 REA|L=REAL=-E
DSCR=REAL®®2-,58Y(])=F
RAD=SORT (ABS(DSCR))
IF(NSCR.LT.0.) GO TO 80
NRE=NRE+2
R(NRF) =E
R (NRFE)=REAL=-RAD
R(NRE=-]1)=REAL+RAD
RETURN

80 R(NRE+1)=REAL

50
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0040
0nal
0042

R(NRF +2)=RAD
RETURN
END

ORTIC

DATF

50
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0no01l

0nn2
0007
0004
0n0sS
0n0A
0007
000R
0009
0nlo
0011
0onl2
0013
0o0la
0015
0016
0n17
0pl8
0019
0020
0021
0022
0023
0024
0n2s
0026
0027
0028

OO0

OODODOOOOOOD

- R S e > D o I e T SR T S S e R e T S e S e e e e = S e S S S S =
22 2 22 22 2 2 X E R R R RS S - T - - - Tt 2 A T 2

10

SOLVES A POLYNOMIAL EQUATION OF THE TYPF
Xe#3 + C(l)#X®e2 + C(2)%X ¢+ C (3) =0
THE COEFFICIENT OF X##3 IS ASSUMED TO RE 1

R CONTAINS THE ROOTS

NRE CONTAINS THE NUMBER OF REAL ROOTS

IF THERE IS OMNE REAL ROOT IT WILL RE R(1l)»
WITH THE COMPLEX ROOTS R(2) +=R(3)*®]

DIMENSION C(3)+R(3)
ClSn=C(1)#*2

P=C(2)~-C15u/3,
Q=C(I)=C(1)®(C(2)/3,.,=-2.,8C1S0N/27,)
DEL=4 . #P#83+2T7 ,8Q#82

T=C(1)/3.

IF(NPELLTL0,) GO TO 10
SQ=SQRT(NEL/10R,.)

HQ=,5%#Q

A==HQ+SQ

R==HN=S0
CRTA=SIGN(ARS(A)#8(]1,0/3,0)+A)
CRTR=SIGN(ARS(R) #%(]1,0/3,0) +R)
Y=CRTA+CRTR

R(1)=Y=-T

R(2)=-.‘:§Y-T

R(3)=,R66025404% (CRTA=CRTR)
NRE=]

RETURN
PHI3=ATAN2 (SORT (~DEL/27.) +=0)/3,
CON=2,#SNRT (=P/3,)
R(1)=CON®COS(PHI) =T
R(2)==CON#COS(1,047198=PHI3)=T
R(3)==CON®CONS(1,N4719R+PHI3) =T
NRE=3

RETURM

END

52
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C
C e R E S TS EE o TSRS S-S oS ET oS EEEssSES=CSEEE=S=EI=====
0001 SURRNUTINE COMPK (®)
c P R R S S S E s S e S S o S E SR TS S EES S E S S ETTSSSSESSESSZa2TE=SsS
C
Cc THIS SUBROUTINE MANAGES ALL GUN SYSTEM=ORIENTEDL DATA AND
¢ COMPUTATIONS, THF INITIAL ENTRY POINT REANS AND PRINTS SYSTe
C NATA,
0n0? COMMON XoYoZo XDOToYDOT9ZDOT 9 XDDeYDN o ZDN+EGDOT 9 AGDOT sRSQI e VP
e TFoRNDSsVOsRMSQeTREACCEDMAX 9 ADMAX s XMINs XMAXSTITLE (20) «CALIR,
«FLMAX ELGUN
0no03 COMMON/ENGPAR/P (Q)
0n0& COMMON/DYNERR/DYNAMoNYNEMsDYNAVNYNEY
0no0s COMMON/BALIST/BARKBARK?
0006 COMMON/COVMAT/COV(242)
onn? COMMON/MEANS/ XMFANS(6) o AM1 s AM2
G00R REAL PNS(6) ¢AVE(T) +C(D)
0ons FQUIVALENCE (XePOS(1))s(XeC(1))
0010 INTEGER CALIR
C READ DESCRIPTION CARDy CALIRERe GUN RESIDUAL DISPERSTION PARAMETERS
c o MUZZLE VELOCITY, MAX, TRACKING RATESs REACTION TIME,
C ROUINDS=-PER=RURST AND MAX RANGE
onl1 READ (2+19+4END=12) TITLFsCALIBoSTIGVOeSIGXNsSIGYDIVOIFDMAX9ANMAK .
e TREAC«RNDSPMAXIELMAX
on12 19 FORMAT (20A4/15/4F10.,0/6F10,0)
0013 WRITF (l1e414) TITLESCALIRGVOSSIGVOsSIGXDISIGYDIELMAXGFNMAXsANMAX
e TREAC+RMNSeRMAX
0nls 14 FORMAT (1019,2084/'0CALIRER TYPE*3TS44]5/
o' MUZZLF VELOCITYse M/S'4TR4eFB.2/
«? STN, DEVe OF MUZZLE VFLOCITYy M/S14TS5heFB 4/
e STD. NEVe OF X=COMP, 0OF RESe GUN DISP.s RAD. "9 T5HTeF9 .5/
«? STN. DEVe OF Y=COMP, OF RFES. GUN NISP,es RAD "2 TST7+sF9.n/
e? MAXTMUM ELEVATIONs RAD,'+T569FR,4/
o! MAXIMUM ELEVATION RAIFe RADG/SFCe'sT564F6.2/
o! MAXIMIM AZIMUTH RATEs RAD/SEC.'+TR64FK,.2/
«? AVERAGE SYSTEM REACTION TIMEe SECe'eTS56eF 6,2/
et ROIMDS PER RINRST Y9 TS56eF 440/
ot MAXIMUM EFFECTTVE RANGEs METERS'eTR44F6,0)
(¢ REAND TN RANGE AND I IMF OF FLIGHT USED TO COMPULIE THF RALLISTIC
(o COEFFICIENT KHAPR
c
0015 REAN (2+¢20) Ry TF
0016 20 FORMAT(2F10,0)
0017 RARK=VO/R=1,0/TF
001R RARK?=RARK®BARK
( WRITE OUT ALL INPUT DATA,
0019 WRITF (1+22) RyTF o BARK
on2n 2?7 FORMAT(Y RANGEs M, =V 4FQ,4+]0X9? TIAE OF FI IGHTs SECS. ='eFRebo
e1UXsv RPALLISTIC COEFFICIENT+K=BAR =t 4FR,64)
0021 calL DYNGNL
an>22 CALL MFSIGI
C CALL IMITIALIZATION PORTION OF VULNERABLE=AREA SURROUTINE,
0023 CALL VILAPD(CALTR)

33
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C COMPUTFE AUXILIARY CONSTANTS USED FOH BURST KILL PRORABILITY,

0024 RMSQ=RMAX®#2

0025 SIGVN2=SIGVQO#e?

0026 SAGN2=S1GAD#®2

0027 SYGD2=SIGYDw«2

nop28 RETURNM

0029 ENTRY COMPK (RPK) -
€ THIS ENTRY POINT COMPUTFS RURST KILL PROBABILITYs RPK,s GIVEN
o THE TARGFT POSITTION,
€ THE STNGULAR POINT aT. THF ORIGIN IS NOT CONSIDERED

0030 TF(X oNE, 0,0 «ORs Y NF., 0.,0) GO TO 100

0031 AGDOT = 0.0

0032 EGDNT = 0N.0

0033 FLGUN = 0.0

0034 GO 70 1

00358 100 CONTINUF

0036 CALL CTOP(CsP)
Cc CALCULATE THE PARTIAL DFERIVATIVES

0027 CALL GFUNC(AGLsFG1e248&1)

0038 ELGUNM = FG1

0039 VP=vN/(1,0¢BARK®TF) #&2

0040 SOARSA = SQRT(RSH)

MODIFY ANY MEANS AND/QR VAR, WHICH ARE FUNCTIONS OF THE
ENGAGEFMENT PARAMETERS
0041 CALL MESIG

o0

o PERFORM THE MATRIX MUTIPLICATION MECESSARY TO
£ CALCULATE 'HE MEAMS AND VARIANCES

00642 CALL MATMUL
c ADD DYNAMIC POINTING ERROR TO THE MFANS AN[ VAR,
c AND CONVERT TO METER MEASURFMENTS IN THE SLANT PLANE

0n&3 CALL DYNGUN

0044 AM]1 = (aMl + DYNAM) #SQRSQ#COS (ELGUMN)

0045 AM2 = (AM2 + DYNEM)#SQRSN

onaes S3 = (COV(lel)+DYNAV)®RSQ® (COS(ELGUN))#e2

0047 S4 = (COV(2+2) & DYNEV)®RSC
c THE CORRELATION COEFFICIFNT

0ns&R RHO = RSO®* (COS(ELGUN))I®*COV(1+2)/SQRT (S392S4)
C CALCULATE THE VAR, DUE TN RaLISTIC DISPERSION ABOUT TwE
(o FUTURE POSITION OF IHE TAKGET

0049 XSAVE = X

0050 X = X « XDOT®TF

0ns1 CALL CTOR(CyP)

0052 aADOT = P(YH)

0053 EDOT = P(6)

0054 RVV=RSQ/ (VO#VP)

0055 Sl = ( ANOT#RVVECOS(ELGUN) ) ##28SIGV0?2 +« RSQA®SXGN2

0056 S2=( EDNOTERYV) #828SIGVN2+RSA*SYGRN2
€ COMPUTF TNDUCED=CORRELATION TERMS = NOTE: RHOR IS NOT NOW USEN RUT
c IS INCLUNED FOR FUTURE FEXPANSION OF RPK.

0057 RHOR = ANOT#EDOTH#COS(FLAUN) #SIGVO2#RVVeR2/SQRT (S1eS?2)
(o CALL FOR COMPUTATION OF TARGET VULNERABLF AREA GIVEN TARGET
[ COORNINATES IN THE "PQOS" VECTOR,

00SR CALL VUI.NAR(POS.VP+AVE)
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0059 X = XSaVvF
(S CALL FOR CUMPUTATION OF RURST KILL PRORABILITYs BPK,
(L COMRINED RIAS AND STANDARD DEVIATION TERMS,

00A0 CALL RURPK{(AM]9AM2+¢S]1+S2+S3+¢S49RHO+RNDSHAVE (1) +KPK)

0061 RETURN

0062 1 RPK=0,0

0nAk3 RETURM

0064 12 RETURN 1

0065 END
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0001

0no02
0003
0004
0008
0no6
ond7
0noR
0nno
0010
0011
0012

0013
0014
0015
0016
0017
oo0ln
onlo
0020
0021
0n22?
0023
0024
0025
00?6

0027
on2n
on2e
0030
0031
0037
0033
0034
no3s
0n36
0037
0038
0039
0n4&o
004)
ona&?
0043

LEVEL 21 MA TN NATE = 74109 15/15/5%

(2t -t 1t st 2 ¢+ 2 2+ L 2 - ¢ 2 S E 2t - - 2 E P 2 At A 2 3

a0

WITH RESPECT TO THF MEASUREN QUANTITIESy AND THE AZIMUTH AND
ELEVATION RATES OF THE GUN,
COMMON/ZZTFLT/COF (&)
COMMON DUMY (Q) oFGN s AGDIRSNyNUMY2 (1) « TFSeNUMY3e VO
COMMON/PARIS/F (246)
COMMON/RALIST/BARKyBARK?2
COMMDON/ZENGPAR/R«A+FsRNeADSEDsRDDy ADDEDD
R2=R#R
RD2=RD#RN
CE=CNS(E)
SE=STIN(E)
VI2=R2% (AD®AD®CE#CE+EN®ED) +RN2
VTI=SORT (VT2)
C TIME OF FLIGHT ENUATION LINEAR PREDICTINN ASSUMED
(e FQUATINN ASSUMES THE PRNOJFCTILE FOLLOWS THE 3/¢2 ORAG LAMW
AA=RARK2&#VT?
AR=2 ,N# (R*RNDPBARKZ2+VT24RARK)
CC=RPPBARK2+4 ,V8PBRDBRARK+VT2=-VO&YVN
DD=2,0% (PLHHARK+R¥RD)
FE=R?2
COF (1)=RR/AA
COF (2)=CCc/AA
COF (3)=NN/AA
COF (4)=FF/AA
CALL TFLT(IF.&1000)
TF2=TF&TF
RF2=VT?8TF2+R2+2,08RERN4TF
RF=QART (RF2)
IF(1 .FR. 3) GO TO S00
C CALCUIATE THE TERMS FNR THF PARTIAL DERIVATIVES
YsR&(F
XD=Y#AD
YD=AN*CE=-R*ED#SE
NEMON] =Y+ YD#TF
XNUM]=XN®TF
XLAMA=ATANZ (=XNUJM]1 s DEMON] )
AG=A+ XLAMA
7=ReSE
20=QeEDS®CFE+RD*SE
XNUMP=7+702TF
TA=XMUMP /RF
FG=ARSIN(TI)
TFS = TF
RSQ = RF?
T1==XNUM]/DFMOMN]
T2=1.0/(1.0T1%T1)
PAXN==T2#TF/DEMAN]

OOOOD

56
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0044
0045
0nan
on&y
0N4&R
0na49
0050
0051
0052
0053
0054
0085
0056
0087
00SR
0059
00#0
0nel
0062
0063
0n6s
0ne6s
0066
on&?
0Nn6&R
0069
on7T0
0071
0077
on73
0074
0075
0n76
0077
0078
0079
0nARN
00R]
0nR?
0nA3
0084
0nA8s
0nAk
0nRa7
0n8A
NOR9
0090
0091
one2
0093
0094
0095
0096

LEVEL

21 GFUNC DATE = 14109

PAY= T2#T1/DEMON]
PAYD=PAYSTF
PATF==T28XD®Y/ (DEMON) 2#82)
PXDR=AND®CE

PXDAD=Y

PXDF==R®AD®SE

PYR=CF

PYDQ=~-ENeSE

PYDFD=~-R®SE

PYE=PYDED

PYDRN=PYR

PYDE==-2D
T4=1,0/SQRT(1.N=-T3#T3)
PEZ=T4/RF

PEZN=PEZ#TF

PETF=PFZ®ZD

PERF==PFZ#T3

PZDE=YD

PLZOR=EN®CE

PZDRN=SF

PZDEN=Y

PZR=PZNDRN

PZE=PZDED

PVIR=R# (AD®ADRCF2CESED®ED) /VT
PVIRND=RD/VT
PVTAND=R2®ADRCF#CF/VT
PVTIF==R2#AD®ADSCESSE/VT
PVTFN=R2#EN/VT
PRFVT=VT®TF2/KRF
PRFTF=(VT2®TF+R#RN) /RF
PRFR=(R+TF#RD) /RF
PRFRN=TF#R/RF
PAAVT=2,0#8ARK2®VT
PRRR=?,08#RD*RARK?

PRBRNI=? ,N#R#RARK?

PRERVT=4 ,N#VT#RARK
PCCR=PRRARD+4,0®RN*RARK
PCCRN=4 ,N#R#BARK
PCCVT=2,08VT
PODR=PCCRD+2,04RD
PODRND=2,0%R

PEER=PNDRD

TF4=TF®®s4

TF3=TF®a3

NEMON3=4 0%AARTFI+3 , N#BRETF2+2,N®CCHTF+ND
PIFR==(TF32PRAR+TF2#PCCR+TF #*PDDR+PFER) /NEMON]
PTFRD==(TF32PRHRRN+TF2ePCCRD+TF#PDDRD) /NEMONI
PTFVT=~(TF4®PAAVT+TF3#PRRVI+TF28PCrVT)/DEMOIN]
PTFR=PTFR+PTFVI®#PVTIR
PTFRD=PTFRU+PTFVT#PVTRD
PTFAD=PTFVT#PVTAD
PTFEND=PTFVT#*PVTED
PTFE=PTFVT#PVTE
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0097
0058
0n99
0100
0101

03102
0103
0104
0108
0106
0107
0108
0109
0110
0111
0112
0113

0114
0118
0116
0117
0118

0119
0120
0121
0122
0123

c c

€

1000

500

PRFR=PRFR+PRFVTI#PVTR+PRFTF#PTFR
PRFRD=PRFRD+PRFVTH#PVTIRD+PRFTF#PTFRD
PRFAD=PRFVI#PVTADPRFTF#PTFAD
PRFFEN=PRFVT®PVTED+*PRFTF&*PTFED
PRFE=PRFVT®#PVTE+PRFTF®#PTFF

ALCULATE THE PARTTAL DERIVATIVES USING THE CHAIN RULF.
F(lel) = PAXD#PXNR+PATF#PTFR+PAY#PYR+PAYD#PYDR
F(le2) = 1.0
F{le3) = PAXD®PXDE+PATF4PTFE+PAY#PYE+PAYD#PYDE
F(le4) = PATF®#PTFRD + PAYD#PYDRD
F(l1e5) = PAXD®#PXDAD + PATF#PTFAD
F(le6) = PATFSPTFED + PAYD®*PYDED
F(24s1) = PEZD®#PZDR ¢ PETFOPTFR + PFRF#PRFR ¢ PEZ#PZP
F(Zo?) = 0.0
Fl2¢3) = PEZD®#PZNE+*PETF#PTFF+PERF#PRFE+PEZ*PZF
F(24s4) = PEZD®PZDROSPETFEPTIFRD+PERF#PRFRD
F(245) = PETF#PTFAD + PERF#PRFAD
F(2+6) = PEZD®PZNED + PETF#PTFED + PERF#PRFEDN

CALCULATE THE RATES OF THE GUN IN AZIMUTH AND ELEV,
NTFENT = PTFR&#RN¢PTFRDORNN+PTFAD®ADD+PTFEN®EDN+PTFE®FEN
AGD=AD= (DEMONL1#XD®DTFDT=XNUM]L # (YD+YDEDTFDT) )/ (DEMON] #8282+ XNUM] a8 2)
DRFNT = PRFRORD+PRFRD®*RNN+PRFAD®ADD*PRFED®EDD+*PRFE®ED
EGD=T4# (RF#ZN# (] ,+DTFDT) =XNUMZ2#DRFDT ) /RF/RF
RETURN
NO FIRE CONTROL SOLUTION
RSO = 1,0E12
RETURN]

RSQ = RF?
RETURN!
END
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(o
C ========:=:=ﬂ=====================::===:=============:==

onol SUBRNUTINE CTOP (CeP)

C '-"==!===============================================::===
c
(» COMPUTE THE POLAR COORDINATES FOR & POINT
G LOCATED RY CARTESIAN COORDIMNATES (C(I1))

onnz
00017
0004
000S
onok
o007
0n0R
0009
0010
0011
0012
nnl13

0ols
0015

0ole
0017

DIMENSION C(9)sP (D)

SS = C(1)2C(1) + C(2)%C(?)

P(l) = SART(SS + C(3)1¢C(}))

S = SORT(SS)

SDOT=(C(1)#C(4)+C(2)*C(S))/S

P(2) = ATAN2(C(2)s+C(1))

IF(P(2) all T 0.0 AND. c(l) LT.0.0) P(?2) = P(2) + 6.28318
P(3) ATANZ(C(3)9S)

Pl&) (C(lyeCla) « C(2)#C(B) » C(3)#C(6))/P (1)

P(S)=( C(1)8C(5)-C(4)8C(2))/SS

P(6) = (C(6) =C(3)#P(4)/P(1))/S
P(T)=(C(4)’C(Q)*C(5)‘C(5)0C(6)“C(6)0C(1)’C(7)OC(?)“C(H)‘C(3)'C(Q)
1 =P(4)®P(4))/P(]1)

P(B) = (C(B)I®C(1) = C(2)#C(T) =2.,0#S8SNOT4P (5))/SS
P(9)=(C(9)‘(P(])’(9(7)'f(3)09(4)‘C(6))'p(ﬁ).P(“)“C(3))/

1 (P(1)*P (1)) =P(K)®SDOT) /S

RETURN

END
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(=
C s ST T TS S oSS CS eSS SRS ECCSRCCSSsSST==sSEcCce=z=zs==s==
0n0l SUBROUTINE PLOT(RMIN+BMAXeBsLABFL)
C EE e E R S s T S I E S S S S E e S E S S E E E E E S S S P S S e EE ST RS ESE S S E ST
¢
C THIS SUBROUTINE PLOTS THE PK CONTOURS AND SYSTEM CONSTKAINTS TN
o4 THE PLANF WITH X AS THE HORIZONTAL AXIS AND B AS THF VERTICaL
C AXIS, IF BMIN HMAX AND R HAVE THE VALUES OF THE RESPFCTTVE
(= VARIABLES OF Ys» THE PLOT WILL BF A "GROUND PLOT™, IF THF DUMMIES
C AMINy BMAX AND R CONTAIN THE ASSOCIATED VALUES FOR Z. THE PLOT
C WILL RF IN THE VERTICAL PLANE (wSKY PLOT'™),
C
& THE PROGRAM WORKS BY INCRFMENTING THE DUMMY VARIABLE B HETWFEN
Cc RAMIN AND BMAX DURING THF PRQOCESS OF SWEEPING THF PLOT, THE
13 VARTABLF IN THE CALLING LIST FOR B WILL BE CHANGED ACCORDINGLY
C THUS ALLOWING FOR THE FREFUOM OF CHOICE TO EITHER SWEEP Y 0OR 2
C MERFLY BRY PLACING THF VARIARLE MAME IN THF LIST.
(o
0002 COMMNN XoYsZeXDNOTeYDOTeZDNOT o XDDeYDNeZDDeEGDOTIAGDNT +RSQe VP
o TF«RNNS¢VOsRMSQyTREACIEDMAX s ADMAX o XMIN« XMAXsTITLE(20) «CALTIR
+FLMAXFLGUN
0no03 COMMAN /SPLOT/ PK+CHARMCHAR NPK
onos COMMON/ENGPAR/P(9)
0n0S FQUIVALENCE (C(1)eX)
onnek DIMENSION C(9)
0n07 REAL AAA(15) +PSAVE(1019¢51)9ePK(10)sLAREL(4)9B(1)
0p0A INTEGER @2 CHAR(10) sMCHAR(4) 9 IPLOT(101+51)¢BLANK/ Y 1/
0n0o INTEGFR CALIR
e
o PERFNRM INITIAILIZATION FOR THE PLOTTING SUBROUTINE "sPLOTY,
c
0010 AAA(1)=XMTIN
0nll AAA (?) =XMAX
0012 AAA (3)=RMIN
0nl13 AAA(4)=RMAX
Nole AAA(R)==3,0
Nols AAA(6)=~3,0
00l6 CALL SPLOTO(IPLOT)
onl7 CALL SPLOTI] (AAA)
€
C GET THE INCREMENTS FOR THFE AXES FROM SPLOT.
c
0nlR DX=aAA(T)
0ole DR=AAA (R)
¢
(c3 STORE ZEROS INTO A MATRIX USED TO STORE PK AT EACH POINT ON GRIN,
C
0020 DO 12 Ix=1l+101
on21 NO 12 IB=1+51
no22 12 PSAVF(IXeIB)=0.0
(o
(58 INITIALIZE X FOR SWFEP FROM LEFT T0O RIGHT.
Cc
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0n23 X=XMIN
0024 DY 1 IX=1sl101
n
G INITIALIZE A "PAST" VALUF FOR PK,
(>
002% B(1ly=RMIN=DR
on?é CALL COMPK (PKS)
c
(c INITIALIZE THE R VARIABLFE FOR SWEEP FROM ROTTOM TO TOP,
G
onev R(1)=RAMIN
002R DO 2 JR=1l4+51
(&
© COMPIITE PK AT THIS POINT AND SAVE,
c ;
nnra CALL COMPK (PKC)
0n30 PSAVE (IX,18)=PKC
Cc
C TEST IF TARGET TS OUTSINE MAXIMIUM EFFECTIVE GUN RANGF,
C
0on31 IF (RSO,LE.RMS0N) GO Tn 3
C
(e STURF AN Y“R" [F FIRST TIMF MAX, RANGE EXCEFDED.
(>
0nl3? IF (IH.EQ.l) GN TO 1
0nl3 IPLOT (IXeIR)=MCHAR(4)
0n3s4 G0 10 1
C
(= COMPIJTF RANGE AT WHICH TARGET WOULD HE IF IT CONTINUED ON ITS
c PRESENT COURSE FOR A TIMF EQUAL TO THE AVERAGF SYSTEM REACTION
(C TIMF. TRFAC,
G
0n3s 3 XS = X
0n3ek X = X &« XDOT®TREAC
nn37 TF ( X «FQs 0,0 .ANDs Y FWQ, 0,0 ) GO TO 1000
0n38K CALL CTOP(Cs+P)
0p39 CALL GFUNC(ADUMsFDUM93+£1000)
0040 1000 X = XS
0041 RNSn = RSAQ
C
c TEST [F NEW RANGF IS REYOND MAX, SYSTEM RANGF AND PLOT A "Tw,
G
0042 IF (ANSQ.LE.RMSQ) GO TO 4
0onan IPLOT(IXsIB)=MCHAR(3)
3
c TEST IF EITHER MAX., AZIMUTH RATE OR MaX, ELEVATION OR
¢ FLEVATION RATE ARE EXCEEDED
(&
0nés 4 TF (ABRS(AGDOT).LF.ADMAX) GO TO &
0n4s IPLOT (1XeIB)=MCHAR(2)
0nsk GO Tn 8
on&? H IF(AHS (FILGUN) .GF. ELMAX) GO TO 2000
0n&4nr IF (ARS(FGUOT) JILLF.EDMAX)Y GO TO 6
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0049 2000 IPLOT(IX,1B8)=MCHAR(])
0ns0 GO TO R
L}
c SET SIGN OF PK GRADIENT TO SS FOR TEST,
€
ons1 6 SS=SIGN(1.09PKC=PKS)
c
c SCAN THF PK VECTOR TO SFF IF PKC HAS CROSSED ONE,
c
0ns2 DO 7 IP=1sNPK
0ns3 PKD=PK (IP)
0054 IF (oNODT,(SS#(PKD=PKS) (GF 0.0 +AND, SS®*(PKD=PKC).LE.0.,0)) GO TO 7
c
c If PKC=-PKC STRANDLES PK(IP)e« PLOT THE APPROPRIATE CHARACTER,
c
005S IPLOT(IXsIR)=CHAR(IP)
0056 GO TD R
0087 7 CONTINUE
¢
c INCRFMFNT B UP BRY ONE LINF.
g
0ns8 8 R(1)=R(1)+0B
c
¢ MAKE PKS EQUAL TO PKC FOR NEXT PASS.
c
0ns9 2 PKS=PKC
€
C INCRFMENT X RY ONE TO THF KRIGHT.
¢
0060 1 X=XeNX
c
¢ THE SCANNING OF THE GRID FROM ROTTOM TO TOP ANV LEFT TO RIGWT IS
€ COMPLFTE, NNW SCAN FROM LEFT TO RIGHT AND ROTTOM TO TOP TO FILL
¢ IN THF LINES aS NEFDED,
c
onAl N0 9 [R=]1,51
0062 PKS=0,0
N063 DO 10 IXx=19101
0066 PKC=PSAVF (1XsIR)
0nksS IF (PRC.FUe0s0 NR, PKS,EN.00) GO TO 10
onk6 IF (JNODTL(IPLOT(TIX9IB) FQ.HLANK ,OR. IPLOT(IXsIR)EN MCHAR(3)))
« GO TO 10
0067 S=SIGN(1,0+PKC=PKS)
00KAR N0 11 IP=1sNPK
0nA9 PKD=PK (IP)
0n70 IF (NOT (S® (PKN=PKS) sGE+0e0 oANDs S® (PKD=PKC)LE.0.0)) GO TO 11
0071 TPLOT(IXsI3)=CHAR(IP)
on7e RO TN 10
0073 1] CONTINUE
nn74 10 PKS=PKC
0075 9 CONTINUF
C
(3 PRINT OUT THF “FOOTPRINT"
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Notée

0077
007A

PLOT

DATE = 74109

CALL SPLOT3(IPLOT+AAA»20HISO=PK CONTOUR MAP +LABEL.

LEVEL 21

G
« 16HDOWN RANGE
RETURN
END

M,

1)
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r
c e ST R s s S E S S S R S S S S S S S S S E R S S S S S S 2 SIS S S sss
0no01 SUBROUTINE SPLOTO(IPLOTY
C :======:=:=,==;========================================:=
c p .
Cc SPLOTO INITIALTIZFS THF *PICTURE MATRIX' HY CLEARING IT TO BLANK<S, 0000OONPO
Cc THE PICTURE MATRIX HAS 10) COLUMNS CORRESPONDING 10 THE 101 annnoo3o0
¢ HORIZONTAL HAMMER POSITIONS ON THE PRINTER, THE PICTURE MATRIX HASOOAN)N40
Cc §1 RNWS CORRFSPONDING TO THF VERTICAL SPACING ON THF PRINTFR. ConNO0SO
(-
0002 INTEGFR @2 TPLOT(101¢S1) ¢RLANK/Y 1/ GOGDT T
0001 NO 1 TY=1e5) fon00070
0n0a DO 1 1x=1.101 nnnoooRo
0n0S 1 IPLOT(IXeIY)=RIANK ennnnoan
0n0e6 RETURN onnnn1ng
[~
0no7 FNTRY SPLOT](AAA) 00n001230
(-
C SPLOTY INITIALIZFS THE WORKING PORTION OF THE USER'S AAA-VECTOK, 00n00120
€
oons REAL AAA(15) +FPSLON/S,0F -4/ 0np00140
c
& USER MUST PROVIDE A VECTOR OF LENGTH 15 #4 WOKDS, 00000150
C USER PROVIUES PARAMETERS IN FIRST 6 WORNS, THE LAST o ARE 00000160
C USED RY THE PHNGRAM FOR STORAGE OF INTERMFDIATE RESULTS. 00n001TN
(o AAA(])=XMIN
c AAA(?) sKMAX
' AAA(3)=YMIN
C AAA (&) =YMAX
(5 AAA (S) =] XPWR
c AAA (R) =TYPWR -
¢
0noo AAA(T)=(AAA(2)=ABA(]1))/])00. 0eonn24n
onlo QAA(R)=(AAA(4)-AAA(D)) /50, 00000250
0011 AAA(15) =N, nnpou26n
0012 RETURN unnon27n
(o
0o0l3 ENTRY SPLOT2(TPLOTeCHAR<AAACXVeYV) annnn32n
c
Cc SPLOT? NDFTERMINFS THE PROPFrR POSITION IN THE GIVEN PICHURF
of MATHIX OF THE PAIR (XVeYV)e USING THE SCALING INFORMATION
€ GIVFM IN THF AAA=VECTOR,
[of IPLOT IS THF PICTURF MATRIX THE (AVeYV) POINT IS TO aF PLOITED O, 00n00330
Cc CHAR S THE PLOTTING CHARACTER T RE USKED, (INTEGER®?)
[ 4 AAA IS THE PLOTTING=PARAMETER VECTOR FOR THE FUNCTINN HEING
C PLOTTEDN (SEE AHOVE),
(c XV AND YV ARE THE COORDINATES OF THE POIMTY TO HE PILNOTTED HY SPLOT200nD0370
p
0nla INTEGER @2 CHAR nnnno3va
|« INCREMENT A POINT COUNTFR,
0015 NP=ABA(15) Onn00&lo
00l6 NP=NP+ | unn00420
0nl?7 AAA (15) =NP annn0430
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001R
o0nle

0020

0021
0022

0023
0n2s

0025
0026
0027
002R
0029
0030
on31
0032
0033
0034
0035

0036
0037
0n3R
0039

0néo
0nel

0n&?
0nan
0naa
0045
0n&h
0047
0p4R
0049
o0nS0
0ns1
0057
0083
0ns4
005%
0nSA

0087

00SA
0059

C

o

[}

6]

60

63

64
65

66
67

68

69

’1 SPLOTH NATE = T4109

CET THE DELTA=X ANU DFLTA=Y FOR THIS FUNCTION.
NX=aAAA(T)

NYSAAA(R)

IEST IF PAST INTVIAL START=UP PFRIOD OF 1 POINTS,
IF (MP.GT.3) GO 10 61

SAVF THE NEW PNTHTS,

AAA (NPeR) =AYV

AAA (NP1 ]) =YV

IF WF NOW HAVE 3 POINTS, START THF PLOT.
1f (NP.FO.J3) GN TO &0

RE THRN

SAVF NFW POINTS AND PUSH (WIT L DFST ONE,
| tep

Le=3

AAA (W) 2AAA(LD)

AAA(10)=AAA(]])

AAA(1]1) =XV

AAA(12)=ABA(13)

AAA{]3)=AaAA(]14)

AAA(14) =YV

6O TO A3

Ll=1

L2=?

COMPUTE & DIRECTION-SFNSITIVF DELTA-X,
NYT=ARS (AAA(L2+1Y)=AAA(L]*]11))
CORR=NXSNY/AMAX]Y (DYWDYT)

CORR=AMAX]1 (CORKH.0,01%NX)
NIRECT=STGN(CORRsAAA(L2+H)=AAA(LL1+R))

197 15/78%

INITIALTZE AN X=SCANNER TN TRAVEL RETWEEN POINTS L1 aNN LZ2.

XSCAN=AAA(L]1+R)
IF (L)1eENe2) XSCAN=XSCANSNIRECT

COMPUTE aAND TEST VALUES USFD HY NFWTON INTERPOLATION FORMULA,

NEN]=AAA(l0)«ANA (D)

NENP=AAA(]])=AAACLU)

DENI=AAA(11)=-AAA(D)

1F (ARS{NENL) (LT EPSLON®ARS(AAA{10))) GO TO 64
NDIS(AAA(Y3)=AAA(12))/NENI

GO TO 65

nDl=o0,

1F (ARS(DEN?) ,LT.EPSLON®ARS (AAA(IN))) GN 10 &6
N2=(aAA(14)=AAA(13))/NENZ

50 TH A7

n2=o,

IF (AHS(INENI) LT EPSLON®ARS{AAA(LIN))) G TO AN
POl=(D2-N1)/DEM

50 TN AQ

pP01=n,

USE NFWTON!S FORMULA TO COMPUTE A Y=VALUF CORRESPONDING

1X=1,54 (XSCAN=-AAA (1)) /DX
TEST IF 1T IS OFF SCALE,
IF (TX.LTel LOR, TXe6GT,IN1) RETHRN

YSCAM=AAA(12) ¢ (XSCAN=AAA(9))® (D] e {XSCAN=-AAACLN))®DD])

10 x5CAnN,

COMPUTE CURRESPONDING VFRTICAL SPACFE POSITION ON PRINTFH,

65
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0040

0061
00k2

0063

00hs
006s

0066

0067
0n6A
0049

0070

0071
onve
0073
onv4
007%
0074
0077
0n7A
0079
00RO
0081
00R2
00R3
00As
0nAS
(DTS
00RY
N0RA
00R9
0nso
0091
0092
0093
0094

o0

(2]

OO NOOOOO

26

27
[}

7

5

21 SPLOTN

1Y=],5¢(YSCAN=-AAA(3)) /DY

TEST IF OFF SCALF AND CORRFCT.

IF (IYelTel) .TY=1

IF (1Y.6T,51) [Y=5]

STORF. A PLOTTING CHARACTER [N TMF DESIRED POSITION,
IPLOT(IXe1Y)=CHAR - ) »

INCRFMENT X=SCAMNFR aMD TFST IF PAST POINT L2,
ASCANSASCANSDIREC ]

IF (DIRFCT® (XSCAN=AAA(LPoR)) LF L 0.,0) 0 10 /9

IF PAST POINT L2 AND NOT I~ INITTAI PEMTOD. 2E TURN,
IF (L?.EN.3) RETURN

JUST PLOTTED RETWEEN THF FIRST 2 POINTSe NOW PLOT AFTWEEN THE
2=ND AND 3=RD POINTS,

Li=2

L2=3

GO 10D 63

FNTRY SPLOTI(IPLOTsAAASTITLF ¢+ VLARWHLAB,O)

SPLOTI PRINTS OUT THF PICTURF MATRIX USING THt LARFLS AND
THE SCALING INFORMATION GIVEN,

DATF = 74109 15715/5%

nnnoo9Tn

ANND0Y90
10001000

taflinzn
ann0loro
Hnanoluun
nnninen
onnoljon
nnadl1130
nnnol1120

nanol140
nnnollso
nnndl1170
00n0l210

onn0llivo

TITLF IS A 20=CHARACTER HOLLFRITH FIFLD GIVEN HY THF USER TN LAHELNNNO]220

THE TAP 0OF THE PICTURF

VLAR IS A 16=CHARACTFR HOLLFRITH FIELD GIVEN RY THE USER TO LAHFL

THE VERTICAL SCALF.

HLAR JS A 1A=CHARACTFR HOLLFRITH FIFLD GIVEN RY THE DISER TO LaHFL

THE HORIZONTAL SCALE.
0 IS THE OUTPUT DATA SET.

REAL TITLE(S)eVLAR(&) sHLAR(4)vXLAB(11)
INTFGFR O

WRITF (0e¢2) TITLF

FORMAT (11'.50X544%)
RIGNY=10,0%*TFIX(AAA(AR))
YLAR=AAA (&) ®RIGDY

RIGHY=AAA(B)®HIGNY

1P=0

NO & U=]1.51

1Y=z52-y

1P Pel

IF (J.NF,23) GO TO 26

WRITFE (0421) VLARBS(IPLOT(IXsTY)sIX=1s1l01)
GO TO 31

IF (JNE.24) GO TO 27

L=AAA (D)

WRITF (0922) Lo(IPLOT(IXeIY)eIX=19101)
G0 TO 31

IF (IP)Se6be6

T1P==f

WRITF (0e7) YLARC(IPLNT(IXeIY)oIX=]lolOD)
FORMAT (' *4Flb,2¢2CH ®#101A1)

GO TO 31

WRITF (NeB) (IPLNT(IXeIY)eIX=]l4101)

66

nnnnl24n

0nn012A0

non01290
ANN01300
annol3lo

nonolain
nonnll4n
Hnanl3sn
nnnol k0
nnnol13To
thnh13K0
hon01390
nnnfti4ng
nhnnlaelo
npnn1s2n
nnntl1430
nnadlesn
onn0145S0
00n01460
nnnaleTo
nnn0lann
tonll1490

nooulsia
onnd1520
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009%
0096
0097
009R
0099
0100
0101
0102
0103
0106
0105
0106
0107
0108
0109
0110
0111
0112

0113
0114
0115
0116

LEVEL

21 SPLaTOo BATE = 14109

R FORMAT (¢ 917Xt *s]N1A))

11
29

2R
0

50
4

10

21
2?

1F (MOD(Je9) ,FDLY) GO TO 24
WHITF (0,29)
FORMAT (vt 1 HX et | )

GO TN o

WRITF (0,30)

FORMAT (Yoo l9Xy 20(SH 1)

IF( JuFQ. 1 o0R, J oFQe S)) WRITEIN.SO)
FORMAT ("¢t s ]AX 9=t 420 (QHew== ))

YLAR=YL AR=UIGOY
AIGNX=10,04*IFIX(AAA(S))
XLAR())=AAA(]1)*RIGDX
TENDX=10,%AA4(7)*BIGDX
DO 9 U=1,41V
XLAR(Jel)=XLAR(.J) «TENDX
L=AAA(S)

WRITE (Ns10) XLARGHLARSL

FORMAT(Y 9o1RXet |t el0(?, 0eePeneel ) /Y 149Xel1F1042¢74"

1 14K MULT, RY 10nee[2)

RETURMN

FORMAT (t Yeadb1 XV |ve}0LAl)

FORMAT (¢ *4)6H MULT, HY jD®o[2,1Xe|0,101A))
FND

67
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c
C ======================:============:====================
0onn] SUHROUTINE MATMUL
C ======:==================:======:::=============:==:====
E
o THIS SURROUTINF PERFORMS THF MATRIX MULTIPLICATIOS NECESSARY
c TO CALCULATE THE MEANS AND VaAR. OF THE GUN FERROX
0002 COMMON/COVMAT/ COV(2+2)
onn3 COMMON/PARTS/ F (246)
0n0& COMMON/ SIGMA/ SIG(64+6)
0n0S COMMON/MFANS/ XM(6)9AM(2)
0006 DIMENSION TEMP(246)
ono7 DO 10 I=1s2
0n0R AM(T1)=0,
0009 DO 10 J=l+6
(G CALCULATE THF MEANS
0nlo AM(T) = aAM(I) + F(IeJ)®xXM(J)
0011 SUM = 0,0
onl2 DO S k=146
0013 5 SUM = SUM ¢+ F(IL«K)®*SIG(KJ)
0onlé 10 TEMP(TsJ) = SUM
Nnols DO 20 I=1+2
0nla NO 20 J=T1»+2
0017 SUM = 0,0
oola NO 15 K=1+6
0019 15 SUM = SUM ¢ TEMP(TsK)*®F (.JeK)
(of CALCULATE THE VAR,
0n20 COV(Isd) = SUM
0n21 20 COV(Js1) = SuUM
0022 RETIIRN
0n?23 END
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c
c 2t i+ttt Pttt it ittt 2ttt ittt it ittt ittt ittt it ittt 2t
0n01l SUBRNUTINE MFSIGI]
C 2t 2 3 3 i 1ttt Tttt ittt ittt i Tttt ittt st sttt 2t Rt ¢t ¥ % %3
c
0nn? COMMON/MFANS/ XM(6) ¢ AMDUM(2)
0n03 COMMON/SIGMA/Z SIG(6¢A)
Cc READ THE GUN SEMSNR ERROR NATA
C THE ORDER OF THE VARIBALES IN THE SENSOR MEAN MEASURFMENT
c ERROR VECTOR (XM(I1)) IS :
Cc * RANGE
(0 & AZIMUTH
o & FlLEVATION
(o & RANGF RATE
(o # AZIMUTH RATF
C ® FLEVATION RATE
0nns M=
0no0s REAND(Ms1000) (XM(I)oI=]0h)
€ THE INPUT SIG(I+J) ARRAY CONTAINS THE STANDARD
C DEVIATIONS IN THFE DIAGONAL TE+MS AND THE CORRFLATJON
C COEFFICIENTS IN THE OFF NJAGONAL TERMS, THE ORDER OF THE ROWS UF
(c THE *ATRIX (AND THE COLS.) CNRRESPOND TO THE FOLLOWING ORDER OF THF
€ ENGAGFEMENT PARAMFTERS:
Cc 1 ==> RANGFE
(od 2 ==> AZIMUTH
C 3 ==> ELEVATION
C 4 ==> RANOGE RATE
(03 § ==> AZ. RATE
C A ==> FLEV, RATF
C THE SIG MATRIX WILL BE A SYMETRICAL MATRIX AND T
C IS REFAD ONE ROW AT A TIMF, THE INPUT DATA SHOULN RE SET
c UP WITH ONE ROW OF THF MATRIX ON A CARD,
0nneA READ(Me1000) ((STG(Jel)elzlshR)ed=len)
0an? 1000 FORMAT (6F10,0)
0nnR WRITE (14100)
0nno 100 FORMAT (v SENSOR FRRNDRS'/' MFAN MEASURENT FRHKQORS XM(T1) /)
onio WRITF (14200) (XM(I)el=146)
onll 2n0 FORMAT(AX9 "RANGE «M' 9 T30+FB.S/6Xe 'AZIMUTHIRAD' ¢ 1304FR,5/
«HXo'FLEVATIONGRAN?Y ¢ T309FB H/7AXs "RANGE RATF sM/S?t 4 T304FH.S/
e6X9tAZ, RATEZRAN/S'eTI0FB.S/6XsELe RATFIRAD/S' s T30eFR57)
onl2 WRITF (1.300)
0nl3 3nn FORMAT(* MATRIX OF STanNDaRND DEVIATIONS AND CORRELATION COFFFICIFNT
«St/
o' THF UNITS ARE THE SaAMF AS FOR THE MEANSt//
e lEX g 'RANGE 1t g 68X s VAZIMUTH 9 TX o "ELFVet s TXetR, RATE 1 eRXeta/os KRATL Y
«SXKeVFlL, RATF/ )
onls WRITF (14400) ((SIG(JeI)oI=106)0eJ=1+6)
0onls 400 FORMAT(? RANGF ' eAXsFR ,2eHXeFR (344 (SXeFR3)1 /Y AZIMUTH 14h(4XF9,4)/
o' ELFVATIONY 43X sFQ,44S5(4XsFQ,4) /1 Ry RATFE 1 46 (9XKeFR,3)/
e? A7, RATE ' 4XeFQ,495(0XeF9.,6)/" ELe RATE' ¢4 sFQ.495(4X4F9441))
(o CHANGF THE STND. DFEV. INTO VAR,
onle N0 § T=1,5
00l7 K =17 + 1
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0018
0nl9
0n20
0n21
0022
0023
0024
0n25s

21

N0 s J =K

SIG(I+J}
SIG(JeI)
ONT INUF,
Do 6 I=1,
SIG(I«1)
RETURN
FEND

o

MESTGI

6
SIG(TeJ)®SIG(I+1)#SIG(JeJ)
SIG(TeJ)

SIG(Is])#e?

70
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0001

0002

0n03
0n0s

0005
0006
0no7
0008

0n09

oolo
0011
0012
0013

OO0

OoO0n DO ONOONONON OO OOOHOON

TOOOO0OOO0

~

2222 2 2 2 2 2 A A A A At R A A A A P 2 2 L 2 2 2 2 % £ X

=ES=IzsISsSs¥==z==E====sSa

SURROUTINE vuLAaPD(CALIR

THIS SUBROUTINF COMPUTES TARGET VULNERARLF AREA FOR POINT=CONTACT
PROJECTILES.,

VULNFRABLE AREA IS A FUNCTION OF TARGET TYPEs SHELL CALIRER.
STRIKING VELOCITY AND STRIKRING DJRECTION,

THIS FNTRY POINT SFRVFES TO SFLECT THF DATA FOR THE SHELL CAl IKER
RY "CALIR",

IMPLICIT INTEGFR (E)

CALIB=1: 20MM HF PROJev KK KTLL.

CALIH=?: 30MM HF PROJ.,s KK KTLL.

CALIH=3: 40MM HE PROJ.s KK KILL.

CALIR=4: S7IMM HE PROJ,s XK KILL.

CALIB=5: A LR WARHEADs KK xI_LL.

CALIB=6: 20MM HE PROJ.s CLFAN AJRCRAFT, A XItLL.

CALIB=T7: 20MM HE PROJ.s ATRCRAFT WITH WING TANKS, A KILL.

CALIB=A: 30MM HE PROJ.+ CLEAN AIRCRAFT, A X]ILL.

CALIB=9: 30MM HE PROJ.s AIRCRAFT WITH WING TANKSs A KILL.

CALIA=10t &0MM HF PROJ.,s+ CLEAN ATIRCRAFTs A KILL.

CALIB=11: 40MM HFE PROJ.s AIRCRAFT WITH WING TANKSe A ®ILL.
CALIR=12t SiMMm HF PROJ.v CiLLEAN AIRCRAFTs A KILLe

CALIR=13: STMM HE PROJ.s ATRCRAFT WITH WING TANKS: A KILL.

CALIH=z14: TOTAL PROJECTEDN ARFA OF A FOREIGN AIKCRAFT (FOR HIT PROK,

CALIRE)S: GLAADS TARGET: 4 SO M FRONT & RACKS 24 SQ 4 STDES. TOP &

INTFGER CALIR+SYSIN
DIMFNSTON TVEI) oSVLENI oV (3) o VR(3) sRSULT(3¢3) e FR(T)sR ()
1S(7eheT) sAVR(IN)

COMPUTE NATA SET NUMHER AND READ DATA FROM DISK,

SYSIN =10+CALIR

REWIND SYSIN

READ (SYSINBOL) EMAXe (((S(JeXol)oJ=1e3)eK=10e6)oL=]eFManr)
FORMAT IS/ (6F10,.5))

EMAX FEQUALS THE NUMBER OF VULNERABLE COMPONENTS

K=1: FRONT? K=2: REAKY K=3: PORT} K=4: STARHBOARD! K=8: HOTTNM}
K=6: TOP,

THE AREAS IN THF ®S" MATRIX ARE [N St METFRS

CORRESPONDING VELOCITIES FUR VARIOUS LEVELS 0OF* U ARF [N METFKS/S

RETURMN
FNTRY VULNAR(POS.VPyaAV)
REAL POS(0)4aVIT)

DIMENSION IN(3)eIM(])
N = GQRT (POS(1)®PNS{1)+POS(2)*PAS(2)+PNS(3)8POS(3) )
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FORTRAN IV 6 LEVEL

0nlé
0nls
00le
0nl7
0018
0o0l9
0n20
0n21
0022
0023
0024
0n2s
0026
0027
0028
0029
0n30
0031
0n32

0033
0034
0035

0036
0037
003R

O0O0ONOD

s N XeNalg]

14

30

21 ) vuLarn NATF = 74109 15715/65

GP= SORT (POS(1)*P0S(1)+P0OS(2)*PNS(2))

CE = GP/R

SE = POS(3)/R

SA = POS(2)/6GP

CA = POS(1)/GP

SV(1) = VP*CE®Ca
SVI(2) = VP#CE®SA
SV(3) = VP#SF

VR(1) = SVI(]1)=-PNS(4)
VR(?2) = SV(2)

VR(3) = SV(3)

RT = SORT( VR(1)®PVR(1)+eVH(2)SVR(2)+VR(3)I®VYR(3) )
DO 14 I = 143
R{I) = ARS (VR(T)/RT)

AVR(T) = ABS( vR(T) )

IM(T) = 2#1=1=( SIGN(1,0eVR(T) )1=1,)/2,
DO 30 E = lebEMAX

AV(F) = 0,

DO 30 1 = 143

THIS FOUATION PFRFORMS | TNt AR IMTERPLOATION ON VUL NFHAHLE apEas
S(2eIM(1V1ek) AND S(laIMII)oF) FOR STRIKING VELOCITIFS OF V2 AND v)
RESPECTIVELY. VP=304.8 M/5 (1000 FTI/SEC)? VI=152,4 M/S (500 FIl/Sfe),

ATP=(S(2eIMITI)oF)=S{1sIM(T)eF)I®(AVR(]I)=152.4)/152.6S(1eIM(])eF)
ATP = aMAXLl(ATP,.0,)
ATP = AMINL(ATPS(2+TM(T)sF))

NOTF THAT LINEAR INTFRPLOLATION IS USED TO COMPUTE VULNERARLE
AREAS. WE DO NOT ALLOW AN ARFA SMALLER THAN THE SMALLEST ValUF

GIVFEN OR A VALUF LARGFR THAN THF LARGFST VALUE GIVFN, OnnOS9RN
AV(F)=R(1)®ATP+AV(E)
RFETURN

END
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SAMPLE PROBLEM
The following sample problem illustrates the use of the ISO-PK pro-
gram for the analysis of a hypothetical air defense gun system being

used against a hypothetical target aircraft.

Next page is blank.
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GL

//FTO01F001 DD SYSOUT=A+DCR=RECFM=UA
//DATA DD &
3 4 3 T F

OUTPUT DATA SET FOR FOOTPRINTS

-2000. 40000 oo 5000. 00 5000.
-128,61111~-180,05555-231,50000
250, 450, 850, 1200,
250, 450, 800,
$STOP
//FT02F001 DD ¢ GUN DATA SET
1S0=PK SENSITIVITY ANALYSIS:EXPERIMENTIs1l/2
]
12. 2003 003 1014,
60 60 0.0 30,0 1750,0 l.48
1500, 2.834
0.,0030 00035 4 4
0. 0,060 0,300 0600
«004 «0047 »0058 «00T72
0. 0.060 0,300 0.600
«004 00047 «0058 0072
-5, 0. 0. 0. O 0.
5.0
0025
« 0025
Se0
«0025
«0025
//FT11F001 DD
1
017 33 «33 e 06 12 012
1.27 254 2,54 1.27 254 2¢54

l1.11 2.23 2,23 o8 1.6 1.6

FPC/2

FPC/4
FPC/5

2022110
2022120
2022130
2022140

INPUT LISTING




9L

GADES 1 SO-PK CONTOUR PROGRAM —— M AKCH 1972 OUTPUT LISTING

ISO=PK SENSTITIVITY ANALYSIS:EXPERIMENTIs1/2

CALIRER TYPE 1
MUZZLE VELOCTTYs M/S 1014,00
STDe. DEV, OF MUZZLE VELOGCITYs M/S 12.0000
STD. DEV. OF X=COMP, OF RES, GUN DISP.s RAD, 0,003000
STD. DEV, OF Y=-COMP, OF RES. GUN DISP,: RAD, 0.,003000
MAXIMUM ELEVATIONs RAD. 1.4800
MAXIMUM ELEVATION RATEs RAD,/SEC, 0,60
MAXIMUM AZIMUTH RATEs RAD,/SEC. 0,60
AVERAGE SYSTEM REACTION TIME, SEC, 0,0
ROUNNS PER BURST 30,
MAXIMUM EFFECTIVE RANGEs METERS 1750,
RANGFs M, =1500,0000 TIME OF FLIGHTs SECS. = 2,8340 RALLISTIC COEFFICIENT, «=BAR = 00,3211
DYNAMIC GUN=POINTING ERROR FUNCTION - ELEVATION BIASs RAD.= 0.0035
POINT EL, RATEs R/S STD DEV OF EL. ERRORy R

1 0,0 0.0040

Fd 0.060 0.0047

3 0.300 0.0058

4 0,600 0.0072
DYNAMIC GUN=POINTING ERROR FUNCTION = AZIMUTH BIASs RAD.= 0,0030
POINY AZ, RATEs R/S STD DEV OF AZ. ERRORy R

1 0,0 0.0040

2 0,060 0.0047

3 0.300 0.0058

4 0,600 0.0072
SENSOR ERRORS
MEAN MEASURENT ERRORS XM(T1)

RANGE o M -5.90000
AZIMUTHsRAD 0.0
ELEVATIONIRAD 0.0
RANGE RATE«M/S 0.0
AZ. RATEIRAD/S 0.0
EL. RATEJRAD/S 0.0

MATRIX OF STANDARD DEVIATIONS AND CORRELATION COEFFICIENTS
THE UNITS ARE THE SAME AS FOR THE MEANS

RANGE AZIMUTH ELEV. R. RATE AZ. RATE ElLs KATE
RANGF 5.00 0.0 0.0 0.0 0,0 0.0
AZIMUTH 0.0 0.0025 0,0 0.0 0.0 Ne0
ELEVATION 0.0 0,0 0.0025 0.0 0.0 Ne0
Re RATE 0,0 0.0 0.0 5.000 0.0 0e0
AZ, RATE 0.0 0,0 0.0 0.0 0,0025 0.0
EL. RATE 0,0 0.0 0.0 0.0 0.0 Ne 0025




LL

CONTOUR
1

DODNIPASWN

=

MASK

FL., RATE OR MAX FL
AZ., RPATE

INSUF, TIMF

OUT OF RANGE

PK
0.0050
0.0100
0.0500
0.1000
0.2500
0.5000
07500
09000
0.9500
09900

CHARACTER

OQZTIrXe—=I1ITOM

CHARACTER

F

A
T
Q




8L

5,00
1
!
|
|
4,50 ¢ . + . . . +
|
|
|
|
4,00 * + * . * * *
|
|
|
|
3,50 ¢ . * . * . +
|
|
|
|
3,00 * . * . . - *
|
CROSSING RNG.s M |
MULT, RY 10®e=3 |
|
2.50 * * . . . * .
|
|
|
|
2.00 * . + * * . *
|
|
|
| RRR
1,50 ¢ . + + . RRRG +
| RRG
| RRG HH
I RGG HHH
| RG HHH
1,00 * + » + RGe HHM It
I RG HH T111
I RG H 11
I RGG HH I1
| G LI ¢
0,50 * L . REG sH e ¢
| FG H I JJ
| FG H I JJ
| RFG H 1 J
| F 6 HTI JJ
“0,00 ®-ec-=tocccs-ceckFEce=HoFoog==s
lo'o"o-.o'.o...o'coItooo'ooool
-2.00 -1.60 -0.“0 -0.20

1S0«PK SENSITIVITY ANALYSIS:FEXPERIMENTIs1/2
TARGET VELOCITY==-128.611M/5 TARGET ALTITUDE=

ISO=-PK CONTOUR MAP

+ * * * * * * * *
+ +* * * * * * - +
* + + * * + * * +*
* * * + * + * > *
* . + * * + . L4 *
+* * * * * + * * *
RRRARRRRRRR
RRRRRRGB GGGRRRRR
G GGRRRR
- - + . G& RR . * -
HMHHHRHHHH GG RR
HHH HHHHH G RR
HHH 6
ITIIIIII H G
111 +I1111e wH - *G FR . - +
11 H 6 FR
I H G F R
I M G F
JUJIJJJ I H G F R
JJIJ ¢ aJ * ) H o + 6 F - . .
J I HH G F R
J I1 H G FF
A J I HH GG F
KAAAKKKK J I H G F
KKKEK===KsmmodsmefosHacasnaacsBan=ef
.l..’l..l'l..l'.ll"..'l“..l"....'ll..'.l..'.l'.lll..
0.40 1.00 1.60 2.20 2.80
DOWN RANGEs M, MULT, BY 10##=3

250,000m

3.40

L e R X T L L L T T e N e e T X Tk L e e Y el el e e L L Ty

S N | ey (R S T WS S QY VS P —— RN

ey e e L L L e L T

4,00




6L

CROSSING RNG.s M
MULT, RY 10##=3

2.50

2.00

1.50

=0.00

-2,

[SO=-PXx CONTOUR MaP

LR R R L e R Ll R LR P R L L L R R e L L P P PP P P L T P R L L R T R Y Lk e LT P P
| i
1 |
1 |
| |
o . * . . 3 . - . * . . * + . . . . . . .
[ |
| 1
1 |
1 1
L 4 + . + . * * ¢ . * . 3 . * * + . + * . *
1 |
| |
| 1
1 |
- + . + * * + . * . 3 * + + * . + + + . +
1 |
[ |
| |
| 1
L] . - + + - + * . . . . * . . . * * * . .
1 |
| |
| |
1 ‘ I
L3 3 . . . . . . + + . * * + . 3 + * . * .
! |
| |
! |
| |
L4 * . . . 3 * . * * . + * + . * + + . . ¢+
| |
| |
| RRRRRRRRRRRRRRRRRR |
! RRRRG GGRRRR ]
° . S + . SRRRPG * . . + GGRRR . * * + . . . . 3
[ RRG GG RR |
| RRG HHHHHHHHHHHHHH G RR |
| RG6G HHHH HHH GG RR |
{ RRG HHH 1111 HH G R }
L] . . + PRGS HMH FITIIE TRTID » L] e +6 L . L 1 . ® + + 4
[ RG6 HH  III1 11 H (¢] R |
| GG HH 11 Il H G FR |
| RG H I1 I H G F R 1
| RGG HH I JJIJJIJ I H G F |
L . . *6 *sH T «JJJJe JdJ + Ie H » + G ¢ F Re . . + . . .
| RFG H 1 JJ J I H 6 F |
| Fo6 H I1 JJ J I H G > |
| FG H 1 JJ A J 1 H G F |
| FG H I JJ AAAKKKKK J 1 H G F |
PonmactncnctencaffrenctieictcgdectcffEfcraklicergicnnniccletennnicfectcfrcjemnnjanncimmmctcncn)mna=tacncs

l....’.l‘l'n.l..'..l'.....nlttll'..'.l..'....".."'C.Q....'I'...’ll..l..“’...l'.l...liﬂill.O..l...'
00 -1,40 -0.80 -0.20 0.40 1.00 1.60 2.20 2.80 3.40 4,00

DOWN RANGEs M. MULT, BY 10#e-3

1S0-PK SENSITIVITY ANALYSIS:EXPERIMENTI«1/2
TARGET VELOCITY==12R.611M/S TARGET ALTITUDE= 450,000M




08

IS0O=PK CONTOUR MAP

LIRS D R R Y il el L T DL R P LR R L R R L R L L R e L R L Ll R e Ll R et T LR
|
| |
| |
| |
4,50 ¢ + * + . * . * * * * + + + . * + . + . 3
| |
| |
| |
| |
4,00 ¢ + * + + + . . * + . + + + * . + + . * .
! !
| |
| |
| |
3,50 # + + + . + . * + + * * + + * + + + * + *
| 1
| |
| |
| |
3,00 = + + * * + * * * + . + + + . . * + * -+ *
| |
CROSSING RNG,.,y M | |
MULT, BY 10#e=3 | |
| |
2.50 # . * . - * . + . . . . + . . . . * . . *
| |
| |
| |
| |
2,00 *® + + +* + ¢ + ¢ * + + + * * * * + * * + +
| |
| |
| |
| RRARRRRRRRRRRR |
1.50 @ * * S ) * +RRRRE . + GORRRRR o + * * . * . + * *
| RRRG GGGRR |
! RRG GGRRK |
] RRG HHHHHHH G RR |
| RRG HHHHHH HHHH GG R |
1,00 * + . . ¢RGB ¢ HHM . . *HH  + . Ge R ¢ . . . + . . .
| RG HHH ITITINIIINL HH 6 K |
| RG HH IT1 II H 5 R |
| RG HH IT1 11 H (& R |
| GG HH 11 1 H ] B |
0,50 # . . ¢+ RG ¢ HH *11 . * . ¢ 1 ¢ H o ¢ 3 ¢F . . . . . + .
| GG H II I H " ? ]
| RG H 11 I H 6 F |
| G HH 1 AR JJJJJIJ 1 H G F |
| 6 H T JJAAAJJ J I H 6 E |
*Ne00) ®eececteccctccvctffoctfecttccncdddddifecctmndotmncnrcchicccctvafetafcnicrnnicncctmmcnticccnjccnnimacas
I..."..‘.l....’...llCl..'--..'C...’.l‘.ll...'.l..l....oon.‘I.Ql.“.l..'l.l.“l.l.l..l.“-o..'..!l".l.'
-2.00 =1,40 -0,80 =0.20 0.40 1.00 1.60 2.20 7.80 3,40 4,00
DOWN RANGEs M. MULT, RY l0e¢=3
1S0-PK SENSITIVITY ANALYSIS:!EXPERIMENTIs1/2
TARGET VELOCITY==128.611M/S TARGET ALTITUDE= 800.000M
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3.50

3.00

CROSSING RNG,+ M
MULT, BY 10#a-3

1.50

0.50

-0,00

2.

ISN=PK CONTOUR MaA¥

L S L e L Ll L L L T P N R Lk el o L L L L T S T R P T PR P R Sy

| |
| |
| |
| |
A4 * . . + + * . . * * . . ¢+ . . . . . . +
| |
| |
| |
| |
» * * * * . . * * . * * + * + . . . . + *
| |
| |
| |
| |
* * * * * * * * * +* * + + * * * &> * + * +
| |
| |
| |
| |
* L4 * . * * * . * * + * - + . + * . * * +
| |
| I
| |
| |
- L4 - * . . * . * . * . + + . * * . * - *
| |
| |
| : |
| I
- . * * * * * * - + * . . * * * * - . * *
| |
| RRRRRRRRR&R I
I RRRRRRGGGGGGGGGG RRRRRR |
| RRRGGGG GGGG RRR |
L) + + . * . RAGGG + * . * 866G RRR + . - . - - + +
| RRRGG GG RR |
| RGG HHHHHHHHHNHH G FR |
| RRGG HHHH HHH G FRR i
| RGG HHH HHH G FR |
. - . . +RGG oHHH ¢ TTITEITIIRII . *H . ¢ G * F Re . . * 3 . .
] RGG HH IT111 111 H G F R |
| RGG HH I11I I H G F R I
| RGG HH I1I 1 H G F R I
| FF H Il I H G F |
L) - . ¢« R Ge H ¢ - dJJJJd . I¢ HHe + GG* F ¢+ R o . . 3 . *
1 FFG H 1 JJ JJ 1 H 6 F |
| G H I J J I HH G F |
| F G H 1 JUAAAAA J I1 H G r |
| FG H 1T JJ AAAAKKKKK J I H 6 F |
Prernmteccnntencate=fimcpeicedt=EEEf =rkKr=rgismadetrirntrccntrafetecfreiccrntaccnimccntvacnjmcnncinanad

|...l'.l'.l.ll.'....l.ll.’....'.'......ll.lll.I...l..'.'ll..'.....ll'.l"l.’.l..lilli.ll..llI.‘...lﬁ'
00 -1.40 -0.R0 -0.,20 0,40 1.00 1.60 2.20 2.80 3.40 4.00

DOWN RANGEs M. MULT, BY 10ee=3

1S0-PK SENSITIVITY ANALYSISIEXPERIMENTI«1/2
TARGFT VELOCITY=~180.056M/S TARGET ALTITUDE= 250.000M




8

4,50

CROSSING RNGos M
MULT, BY 10ee=3

2'50

1.50

0.50

-o'oo

-2,

1S0-PX CONTOUR MAP

Proererlcncnjoncnincnnl concjecnnimrrnalecocnlicannanl T etalcrnrajecrodrerclecnelcntetleccnl tTonnlcneniToamioamnd

|
| |
| |
| |
L . . . . + . . - + . . - + . . . . . . .
! |
| [
| |
I |
. . . . . . + . - - - - . . - . . . . . .
| |
| |
| |
| |
. + + + * . + + + * * * . * + * + . * * .
| |
I |
| |
| |
* * + + * * * . * * . . . * * * . . + * -
| |
| |
| |
| |
. . . + - + . . . . . . . . . . . . . . .
| |
| |
| ]
| |
- * * * . + + * * + * + . + * ¢ * + + * *
| |
| |
| RRRRRRRRRRRRRRRRRRR |
| RRRGGGGG GGGGG RRRR |
L] - . - - 3 RRRGG+ 3 . + GGS RR . . - . . . . .
| RRGG GG RRR |
| RRGG HHHHHH GG FR |
| RRGAH HHHHHH HHHHHH G RR |
| RGG HHH HH G FR |
L] . . . + RGG+ HHHe TRITITRII L] . ¢+ 6 ¢+ FR « . . . . . .
| RF HH  TIIII 551 H G F R |
| RF HH 111 11 H G F R |
| RGG HH I1 1 H (] F B |
| GG HH I1 1 H ] F |
* . . e RFe H 31 . dJJJJ+ . Ie He . Ge F ¢ KR . . . . .
| ] H I JJd JJJ 1 H G F |
| GG HM 1 JJ J I H (] F R |
| RF H I1 JAAAA J I H G F |
| F H 1 JUJAAAAKKKKK J I H G F |
Poccamtaccctoncciccfotonodincgos==REEKKR KKk ~~cod-crclrcnpticccctcccfiteccfiocncinccctoccctcncciccactacaas
".'......".'...".lI.l...l..ll"...".I."l.l'll'.l.......'l..'.l.ll'l...“.ll'l...'.llll'l..l..ll"
00 -],40 -0,80 -0,20 0,40 1.00 1.60 2.20 2.80 .40 4,00
DOWN RANGE+ M, MULT. BY 10®®=3

1S0=-PK SENSITIVITY ANALYSIS:EXPERIMENTIs1/2
TARGET VELOCITY==180.056M/S TARGET ALTITUDE= 450,000M




€8

5.00

‘.50

3.50

3,00

CROSSING RNG,» M
MULT. BY 10e88=3

1,50

=0,00

=2

1SO=PK CONTOUR MaP

oerectan= LR L R L L Rl L R R L P Ll L R Al L L L i L Ll l Rl il &bt kbl ]

I

|

I

I

L4 +* * . . . * . . . * * - .

I

|

|

|

» . * . * * . . * * . - . .

I

|

|

|

» . . * * * + . ¢ . . . . .

I

I

|

|

- . . . * * + * . * - + + *

|

|

I

|

* . * + + * + * . + + * + .

|

|

|

I

L4 . . * . * . . . 3 . * . .

|

|

|

I RRRRRRRRRRRRR

. . . * . . RARRRGEGGGGEGGGGE RRRRR . . .

| RRRGGG GGGG RRR

| RRGGG GG RR

| QRGG GG RR

I RGG HHHHHHHMHH G R

° . + - RAGG ¢ HHHM + MHH o + [ ] RR .

| RGG HHH HH G FR

| RGG HHH  TITITIIIIII H 6 FR

| GG HH  II1 11 H G F

I RF HH 11 I H G FR

- + * RGG WH 1% + . s 1 ¢ H o . G ¢+ F R

| G HH 11 I H G F

I GG H III I H G F

| HH 1 AAAA JJJ I H G F

I H 11 AAAAJAAJY  JJ I H G F

#eccentoccntoccntocccfocpdefenccsdddddEF -t -=gdds-===tP-copeccctocnficcfioc=
l....".'l"...'..llI'.l'.alll'"Il.'l'l'l.l..'.l.'l.l..IIOQl.l'.'l.'lllll'

00 -1.40 -0,80 -0.20 0.40 1.00 1.60 2.20

DOWN RANGEs M, MULT, RY 10e0=3

150-PK SENSITIVITY ANALYSIS:!EXPERIMENTIs1/2

TARGEY VELOCITY==180.056M/S

TARGET ALTITUDE= 800,000M

L]

commfmon-

2..80

|

I

|

|

+ * *
I

|

I

I

* * *
|

|

|

I

* * *
|

|

|

|

+ * *
I

I

I

I

* * *
I

I

|

[

*> * *
|

|

|

I

> * L ]
I

|

|

|

* * *
|

|

I

I

* * *
I

I

|

|
cecetcmenemeny
Il.'ll.."l.."
3.40 64,00
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ISO-PK CONTOUR MaP

5. 00 .-----0----.—---.----.----.----.----o----o----.----.----.----.----0----._---¢-_--'—--—0----.----.----¢

| |

! ]

( |

| i

4,50 . + . . . - . - . . . . 13 . . . . . . .

| |

| !

| |

| |

4,00 * . @ . . . . . S . . . . . . . 3 . . . .

| |

| |

| ]

| |

3,50 # . . . . . . . . . s . . . . . . . S . .

| |

| !

| |

| |

3,00 * . * . * . . . . . ¢ * * +* . * * . * . .

| |

CROSSING RNGos M | |

MULT, BY 10&#=3 | |

| |

2.50 * . . . . . . . . . . . . . . . . . . . P

| |

| |

| |

! |

2.00 * . . + * * . . * * . . . . . . . . . . .

! |

| RRRRKKHRRRRR |

| RRRRRFGGGG RRRRRR |

| RRRRGGGGGGG GGGGGGG FRRR |

1.50 # . . * - . ¢+ RRF&GG * IS 6GG ¢ FRRR . . . - S . .

| RRGGG GG F RR |

| RRGG G FF RR |

| RGG HHHHHHHHHHHHH G F R [

| RRGG HHHMH HHH G F PR |

1,00 ¢ . . . . RFF HHW ¢ 1 o . mH . ¢+ G ¢ F « RR » . . . + .

| RGG HH ITITITIIIIINNI H 6 F |

| RGG HH II1 11 H (¢} F R |

| FF HH I11 () H G F R |

| R H Il 1 H G g R |

0,50 ¢ 4 . . *GG HM 1 ¢ + + + $ He . (] * . . . . . .

| R H 1T JJJJJd I1 H GG F |

| G HI AAAAAJY J 1 HH G F R |

| G H I AAAAA J 1 H 6 F |

| G H I JJAAAAKKKKK J 1 H G F |

«0,00 YocmccrturcntncncctoccctfrcNHti-cd¢EEEFFEE KK~ ~~gdet et mmHetonmctccaficcccfeccctcccntmerntaccanimactacca=s

l...'.'...ll.'l'l'..liﬂll.'.'ll.QQ.’.I..'I...’....'.l'.'..l.ll.'l’..ll'..."..l.'.."’.ll.lll'.’....l

-2.00 -1.,40 -0,80 -0,20 0,40 1.00 1.60 2.20 2.R0 3.40 4,00
DOWN RANGE» M, MULT. BY 10e#-3

1SO0=PK SENSITIVITY ANALYSIS:EXPERIMENTIs1/2
TARGET VELOCITY==231.500M/S TARGET ALTITUDE= 250.000M




S8

I1S0-PK CONTOUR MaP

&;.00 L P T P R A L L P R P R L R P P L P R P R e R A L R R S L AL A R L L L A L R g
|
|
|
|
4,50 * . * + * . * * * * * . * . * *
|
|
|
|
4,00 * + . . + + . + . * . . + . . + .
|
!
|
|
3.50 ¢ . . - - . . - . . . * . . . . .
|
|
|
|
3.00 ® * * * + * * + * ¢ * + * * * + .
!
CROSSING RNG.s M |
MULT, BY 10##-3 |
|
2.50 * . - - . . . + . . . + . . . . -
|
|
|
|
2.00 * * * . + + + + + * + 3 * L4 * + *
|
|
| RRRRRRRARRRRRRRRRR
| RRRRGGGGGGGSGGGGE FRRRR
1.50 ¢ . . . - + + RRRGGGG* . ¢ GGS +FRRR . - .
| RRGGG GGG FFRR
| RRGGG G F RR
| RRGG HHHHHHHHHH GG P R
| RFGG HHHHH HHH G F PR
1.00 * . . . * RGG MWHAH + . . H . . G ¢ F o R . -
| RGG HHH ITITIIIINIII HH G P R
1 RGG HH TII1I I1 H G F R
| GG HH II1I I1 H G F
| R HH II 1 2] G F
0,50 * . . . R b T 4 . . . 3 He . ® 1] . .
| FF HH I JJIJJJJ I H G F R
| H 11 AAAAJY J I H G F
| H 1 ABRAAAY J I H G F
| HRIT JJUAAAAKKKKK J I H (¢} F
“0400 PomcccteccctocmctommctocHoFoooddddIKEEKKKK-~-cg-==-ttomchemrrtocrrfecccforcntocasmann
'.l'......I.Cl...'-.'........'II.'.'....'I..-’.-..'...I...C.I..I.’....I.....'Ql.l.ltl
«2.00 -1.40 -0.,A0 -0,20 040 1,00 1.60 2.20 2.80

DOWN RANGEs M, MULT, BY l0e#=3

1S0=-PK SENSITIVITY ANALYSIS:EXPERIMENTIs1l/2
TARGFT VELOCITY=-231.500M/S TARGET ALTITUDE= 450,000

]
[}
]
]
*

- o P e - w— ) Em e em e ) e em e wn § e em e P e e am P = e em wn ) wm e em owm $ em e wm e § = e -

e ek X Ty

3.4

*

4.0




98

4,50

CROSSING RNG,s M
MULY, RY ]10we=3

1.50

0.50

-0.00

-2

IS0=PK CONTOUR MaAP

LT L L L L L Y L L LR T L R T L R R T L L R et L L R Ty
| |
| |
| |
I |
* + * * . + . . * + . + + + . * + . . + +
[ |
| |
| |
| |
* . + . + + * * + ¢ + * + * + + + + . * +
| |
| I
! |
| |
L] . . . + + * +* * . + + . . + + . * . . .
| |
| |
| |
! |
L * + + * . + + + + + * * * * + * * * . *
| 1
| |
| |
| !
L] + 3 . . . . + . . . . . . . . + . . . .
| |
| |
| !
! |
L 4 * * . . . . * * * + + * * . * . * . + +
| |
! |
! |
| RRRRRRRRRRRRRR |
L] + . . - - . ¢+ RRRRGGGEGGGG+ +RRRR+ . . * . 3 * . *
| RRRGGGGG GGGGG FRRR |
| RRRGGG GG FRR |
! RPFGG GG FRR |
| RRGG GG F RR |
) . . . + e PGS *HHHHMHHHHMH . . +G *F  Re . . + . . +
| RGG HHHH HH (] F R |
| RGG  HHH ITIT HH G F R |
! RAG  HH I111 IIT H G F R |
| PGG HH  IT1 1 He G F |
- + * . . Fe HHe I1 » * «I1 . H e . Ge Fe R + * . * * +
! R wH Il 1 H G (3 |
| EF HH TAAAA I H G £ R |
| GG H 1IAAAAA 1 H G F !
| HHI1 ARAAJAAAAJJIJIY I H G F |
Ponmemteccnicnrajocantrscafiefent==dyddEbddddddt et iaratforntcaccfecccfecccieccei=rcntoccaiccnnicacas

I.'.....'.l....’...II....'-...'...'.."."..0...‘.I‘....lll.‘....'....I.Il.'...."."'."...l...‘...'
00 =1,40 -N.R0 -0.20 0.40 1.00 1.60 2.20 2.R0 3.40 4,00

DOWN RANGE. M, MULT., BY 10##=3

ISO=PK SENSITIVITY ANALYSIS:EXPERIMENTIe1/2

TARGFT VELOCITY==231.5004/S

TARGET ALTITUDE= B800,000M




REFERENCES

1. WECOM ADEB Task Force, Analysis of the Air Defense Gun Systems,
Technical Note RE-TR-70-191, Research and Engineering Directorate,
HQ, US Army Weapons Command, Rock Island, IL, October 1970.

2., Banash, Robert C., An Analytic Procedure for the Computation of
Burst-Kill Probabilities in Air Defense, Technical Note SY-TN9-70,
Systems Analysis Directorate, HQ, US Army Weapons Command, Rock Island,
IL, October 1970.

3. Banash, Robert C., Notes of the University of Michigan Analytic
Gun Model, Technical Note SY-TN3-70, Systems Analysis Directorate,
HQ, US Army Weapons Command, Rock Island, IL, April 1970.

4. Banash, Robert C., A Markov Chain Approach to Modeling Tracking
Error in Air Defense Gun Evaluation, Technical Report No. (GADES 3-1),
Artillery and Air Defense Weapons Directorate, Rock Island Weapons
Laboratory, Rock Island, IL, September 1971.

Next page is blank.
87







APPENDIX

DERIVATION OF THE GUN POSITION EQUATION

89

Next page is blank.







INTRODUCTION

The expressions used to define the position of the gun necessary to
score a hit on the target are derived in this appendix. The equations
are based upon linear prediction methods and are, therefore, correct only
if the target is flying at a constant speed. The expressions must, of
necessity, be in terms of the measured quantities (a, e, r, é, é, ;)
(see Figure 1, p. 7) at the present position of the target; for only then

can the necessary partial derivations be taken.

Azimuth Angle of the Gun

The azimuth position of the gun (and target) is a rather artificial
quantity since there usually is no reference on the gun from which it can
be measured. However, it is a required mathematical necessity. It will
be shown that the actual measurement of an azimuth angle is not required
in determining the lead angle of the gun. The position of the gun can
be expressed as:

AG =a+ Az

where

azimuth angle of the gun

Ag

Ap

azimuth lead angle measured in the ground plane
Mathematically, A; and "a" are both measures from the same arbitrary

reference.
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The lead angle Ay is defined: Consider the projection of

the path of the target into the ground plane as shown in Figure A-1l. The
XY plane defines the arbitrary coordinate system in which the azimuth
.angle, a, 18 measured. The xy plane is not arbitrary; however, it

is sef up so chat the y-axis coincides with the reference position on
the gun frém which the lead angle is measured. This axis also lines up
with the measured position of the target (T(t)). The velocity vector v
to signify the path of the target, and the position of the target at

the time of predicted intercept (T(t+At)) is shown in Figure A-1.

In the xy plane and in terms of the measured quantities,

X = ra cos(e)

Yo= r cos(e)

§ =r cos(e) - re sin(e)

The lead angle Xp can be expressed as

Ap = tan~1 :ESE—i—AE%] = tan—l[}—:é—e—g—{}

y(t + At Vot VAL

At is time of flight of the projectile to the point of intercept.

It is more convenient to leave the expression for the lead angle in this

form. Note that all of the terms in this equation (except At) are func-

tions of the measured quantities. At will be treated later, and will be .
shown to be a function of the measured quantities.

The azimuth angle of the gun is defined as )
- XAt
= 1 |_ |
Ag = a + tan yo F YAt
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The various partial derivatives of this expression with respect to the
measured quantities can be obtained by application of the Fhain rule for
partial differentation. Note that the lead angle calculation is indepen-
dent of the azimuth angle measurement, but that the gun position can be
wrong if there is a measurement error involved with the azimuth angle a.
This error can be likened to a tracking error in the azimuth direction.

Elevation Angle of the Gun

The elevation angle of the gun is shown in Figure A-2. The w-axis
in this figure coincides with the one shown in Figure A-1. The expression

for the elevation of the gun (Eg) is given by

Eg = sin‘l[%$£—§;é£%]

Where
z(t + At) = the altitude of the target at time of predicted
intercept,
R¢ = the range to the target at time of predicted intercept

In terms of the measured quantities:

z(t + At) = z; + zAt
Where zp =1 sin(e)
z = re cos(e) + r sin (e)

and (referring to Figure A-1)
R% = &at)? + o, + yae)? + (z, + zAt)?

= %2 +y2 +22) At2 + 2 rr At + r2
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Velocity of target
Azimuth lead angle

T (t+At)

>

Y

X
Figure A-1. Ground Plane Projection Of An Aircraft Flying At A Constant Spee
VA
T(t+At)
Re
z(t+At)=z° + zAt
Eg
(o}
w
Figure A-2. Elevation View Of The Target At Time Of Predicted Intercept
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The terms defining E; can be expressed in terms of the measured quan-
tities; therefore, the necessary partial derivatives can be obtained using
the chain rule. Note that the actual measurement of the present eleva-
tion angle of the target is required here to calculate the elevation
angle of the gun.

Time of Flight

The time of flight of the projectile to the point of predicted inter-
cept must also be expressed in terms of the six measured quantities. This
is required because the partial derivatives of this quantity are necessary
to complete the total partial derivatives of the expressions for A; and
Eq.

This derivation is based upon the two assumptions:

1. Linear prediction (i.e., the target is not accelerating)

2. The projectile obeys the following equation

The derivation proceeds as follows:

Solving the Rf from the equation for At

At Vo
R = ——— .
1 + KAt

Referring to Figure A-1

RZ = vZ Ac? + 2rr At + r2
and equating to obtain
V% at? 2 X 2
e =VtAt2+2rrAt+r
(1 + K At)?

95




Carrying out the indicated multiplications and combining coefficients of

powers of At yields

At“(ﬁzvg) + @R+ ZVEE)At3 + (r2R% + 4 rr R + v - Vé) At2

+ (2 rzﬁ + 2 ré) At + 2 =0

where
K = ballistic coefficient of the projectile
Vt = velocity of the target
Vm = wmuzzle velocity of the projectile

The only term in this quartic equation which must be expressed in
terms of the measured quantities is Vi, the velocity of the target. This

can be expressed as
vZ =52 452452
= (ra cos(e))2 -rzéz) + r?

This completes the derivation of the equations defining the position of
the gun in terms of the measured quantities. The partial derivatives of
the expressions for AG and Eg can be obtained by application of the chain
rule for partial differentation. Similarly, the partial derivative of
At with respect to the measured quantities can be obtained and used in
the expressions for EG and Ag.

Angular Rates of Guns

The angular rates of the gun in the azimuth and elevation directionmns
are required so checks in the ISO-PK program can be made against maximum
rates allowed. These rates can be obtained from the expression derived

earlier in this appendix.
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The partial differential equations necessary to obtain F on page 13
are contained in the section titled FORTRAN Source Program Listing on
pages 56, 57, and 58 of the listing in subroutine GFUNC. The deriva-
tion of these partials is straight forward but very tedious. It was felt
that inclusion of the derivation of these partials would be of little
interest to readers or users of this report. Therefore, only the final
form of the partials in FORTRAN notation is included. The terms
are given FORTRAN names which make a mnemonic interpretation of the
quantity easy. For example, PAXD stands for the partial of azimuth

with respect to X-dot or Eé
9x
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