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ABSTRACT 

An expression is developed for the probabilit y of at least one 

hit on a targe t in a salvo of N rounds unde r the following assumptions: 

(1) the target is circular of radius a; (2) the rounds are aimed at a 

pattern of points about t he targe t cente r; (3) the aiming error, common 

to all rounds in the salvo, is governed by a circular normal distri-

2 
bution with variance cr1 ; ( 4) the round-to-round or random errors, 

separate and independent f or eac h r ound in t he salvo, are gove rned 

by a circular normal distribution with variance cr2
2 ; and (5) the r e is 

indepe ndenc e between the aiming error and the random errors . Restrict -

ing t he patte rn of aim points t o equidistant points on a circle 

c e nte r ed at t he target center, t he expres s ion is used to obtain 

pattern r adii which yi e ld maximum probability f or a varie t y of values 

o f t he parame te~a = a /cr2, o1 c cr1 / cr2 , and N. A comparison of t he se 

maximum probabili t i es with those obtained by aiming all r ounds a t the 

targe t center s hows that a subs t antial inc r ea se in probability can be 

achieved t hrough a i m poin t patterning. 
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I.  INTRODUCTION 

The concept of aim point patterning is not new; it has been 
recognized for some time as a potential source of salvo kill probability 
increase, To fully understand the concept it will be instructive to 
first consider the case where patterning is not employed.  Suppose one 
has a target of radius "a" with center at the origin of the Cartesian 
coordinate system. Suppose further that a salvo of N shots or rounds 
is aimed at the target center and that the error in the mean impact 
point of the salvo from the target center, represented by the vector 
(u,v), is distributed according to a circular normal distribution with 
variance ci ,    Also assume that the errors in the impact points of the 
N shots or rounds from (u,v), represented by the vectors (zi,w^), are 
distributed separately and independently according to a circular normal 
distribution with variance $2  •    The former error is sometimes refer- 
red to as the "aiming" or "bias" error and is common to all rounds 
in the salvo. For a particular salvo, it results in a definite bias 
in some direction and of some magnitude, but the direction and magni- 
tude of this error vary from salvo to salvo. For example, if a 
salvo is fired at map coordinates from a naval vessel, this error 
could be due to navigational and/or geodetic inaccuracies. The latter 
error, assumed independent of the first, is sometimes referred to as 
the "round-to-round" or "random" error as it varies from round to 
round within the salvo. For example, it could be due to ballistic 
characteristics peculiar to individual rounds, 

A typical salvo configuration is shown in Figure 1 for N=4 
where the circular dot represents the mean impact point (drawn from 
a circular normal distribution with mean vector (0,0) and variance 
a\ )  and the crosses represent the individual round impact points 
(drawn independently from a circular normal distribution with mean 
vector (u,v) and variance 02^. 

One measure of weapons systems performance is the probability 
that at least one round in the salvo hits the target, i.e., falls 
Inside the circle of radius "a," With the assumption that a target 
hit represents a target kill (damage to specified degree), the 
probability that at least one round in the salvo falls Inside the 
target radius is sometimes referred to as the salvo kill probability. 
This Is the term which will be applied to such probabilities through- 
out this report. 
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Figure I. 

Under the assumptions stated above, the formulation for salvo 
kill probability has been documented by Jarnagin (reference 2) and 
is shown in (1) below as 

1   T N ~r2^ 
'(a,a1,a2.N) * I ~ —^  J    [l-P(a/a2,r/a2)]    e rdr 

Jl     O 
(1) 

where P(R,d) represents the well known circular coverage function 
which is the integral of a circular normal distribution of unit 
standard deviation over a circle of radius R offset from the origin 
by a distance d. Such probabilities were referred to as axisymmetric 
kill probabilities (AKP in brief) by Jarnagin due to the circular 
symmetry about the origin. An extensive table of such probabilities 
has been documented by Thomas (reference 3) as a function of T « 

oil02,  R ■ a/a2, and N, 

L "HP i«^'! i ■   y ■ j 



With this brief discussion in mind, consider now the case where 
all rounds in the salvo are not necessarily aimed at the target center 
but are rather aimed at a pattern of points (hj,^), i=l, .,, , N, 
about the target center. The assumptions concerning the distribution 
of errors are the same as before, but the errors are now distributed 
about different points. For example, the aiming error (u,v) is still 
assumed circular normal with variance a^ , but this error is now dis- 
tributed about the aim points (h^jk^) vice the target center or origin. 
Also, the random or round-to-round errors (z^.w^) are still assumed to 
be separately and independently distributed according to a circular 
normal distribution with variance a2 but these errors are now distri- 
buted about (hj+u,kj+v) vice (u,v). 

A typical salvo configuration is shown in Figure 2 for N=4.  In 
this figure the points (hijk^) represent the four aim points, (u,v) 
the common aiming error (circular normal about the aim points with 
variance ci ), (z^w^) the separate and independent random errors 
(circular normal about (hi+u,kj+v) with variance (72 )J and the crosses 
represent the actual hit points. 

The problem is to (1) develop an expression for the probability 
of at least one hit (salvo kill probability) under the above assumptions, 
(2) determine a pattern of aim points which maximizes this probability, 
and (3) compare this maximum probability with that obtained in the 
axisymmetric cases where all rounds are aimed at the target center. 
Problem (1) is solved in this report and problem (2) is solved for 
the restricted case where the pattern of aim points is equidistant 
on a circle centered at the target center. The comparison, problem (3), 
shows that a substantial increase in salvo kill probability can be 
obtained by the careful patterning of aim points. 

II. THEORETICAL DEVELOPMENT 

An expression is first needed for the salvo kill probability 
under the assumptions in the last section where aim point patterning 
is employed. To this end, consider defining the discrete random 
variable z to be the number of times the target receives at least one 
hit in a salvo of size N. Clearly, z can take on only the values 0 or 
1, and the conditional density of z, given an aiming error (u,v), can 
be expressed as 

■^^i%: 
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f(z|u,v) = [l'H [1-P( — , 
tfhj+u)    + (k.+v)' 

■  i a2  ' v? 1=1 2 
)1]     • 

JL              a       i)i+u)2 +  (k^v)2 l-z 
[  IT [1-P( To   '    n  )3] 

i=l 
(2) 

for 2=0,1;  - » < u < »;  - «> < v < «.      The rationale for equation  (2) 
can be explained by first considering the expression for. 2=1 which 
represents  the conditional probability of at  least one hit.    Within 
this expression, ?(•,') represents the circular coverage function 
which in this case is the integral  of a circular normal distribution 
with variance 02    over a circle of radius "a," offset from the origin 

by a distance   vChj+u)^ + (kj+v)  .      This,  of course, is the pro- 

bability that the ith round, aimed at the ith pattern point,  hits the 

target,  given an aiming error (u,v), 
N 

The product H [1-P(',')1 then 
1=1 

represents the conditional probability that all N rounds miss the 
target and one minus this expression is the conditional probability 
that at least one round hits the target. Similar reasoning leads to 
a validation of (2) for 2=0 which is simply the conditional probability 
that all N rounds miss the target. 

The joint density of all three variables, say g(z,u,v), can now 
be obtained by multiplying f(z|u,v) by the joint density of (u,v), 
say h(u,v). By assumption 

2.2. ,  v  —U  -(U2+VZ)/(2CT1
/
) (u'v)" w ,! «> < U, V < (3) 

so that 

g(z,u,v) « f(z|u,v") h(u,v) (4) 

■■■■■IR"**' 
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for 2=0,  1,  -oo<u<«') .a)<v<a> where f(z|u,v)  and h(u,v) are 
given by expressions  (2) and (3), respectively.    The marginal or 
unconditional density of z,  say p(z) , can now be found by integrating 
g(z,u,v)  over the entire range of both u and v,  that is 

P(z) 

CD   00 

f 

co -oe 

g(z,u,v) du dv (5) 

However, since only the probability of at least one hit, p(l), is of 
interest, it is found to be 

Pd) - 1 - 

»  »      -(U2+V2)/(2CT1
2
) N     a  /(hi+^Vckj+v)

2 

/ (   -J— e JIl>P(.l     -   )] du 
j  / 1^ I'1 a2       C2 

dv (6) 

-00   -00 

where, as aforementioned, P represents the circular coverage function. 
One notes, of course, that if h£"ki*0, i«l, ... , N, then equation (6) 
degenerates to a form which is equivalent to equation (1), that is, the 
axis ^Ttunetrie form. 

Unfortunately, the double integral in expression (6) cannot be 
expressed in closed form. However, after finding finite limits of 
integration which will result in negligible error, it can be evaluated 
numerically for any specified values of a, Oj, C2» N> and (hi.k^), iml, 
,,. , N. It may be well to mention that the circular coverage function, 
P, in the integral in (6) is a double integral itself so that the evalu- 
ation of (6) numerically actually involves quadruple integration. This 
task is eased by use of an efficient algorithm for computing P which has 
been developed by DiDonato and Jarnagin (reference 1), 

Let us now consider the problem of finding suitable finite limits 
of integration. Let E represent the error in integrating over a 
circle of radius cai,  centered at the origin. With R representing 
the neglected region of integration, 

riy^M| -.>•_'' 



2TTCT, 

.(u2+v2)/(2q
2)    N 

JX   [l-PC,')]    du dv 
1=1 

2na 

-(u2+v2)/(2a1
2) 

i—   //    e du dv (7) 

1      R 

N 
since J /    [l-P(',*)]  is less   than or  equal to one for all   (u,v). 

i=l 

The right  hand side of (1)  can now be expressed  in polar coordinates 
as 

so that 

2na1 

2TT       » 

o     ca. 

2, -r7(2fff) 
r drde 

E 5 

^  / CT1 •' 

»     -r2/(2a1
2) 

e r dr = e 
-c2/2 

(8) 

For example,  if the integration is performed over a circle of radius 
4.5 ai,   the err/i  in neglecting the region outside the circle would 
be less  than ,000040,    The results  in this report are based on 
integration over the square -4.5ai < u < 4=5ai,   ~^-5ai < v < 4,5cri 
which results  in even smaller errors. 

..._™„ 



Consider now the parameters which must be specified in order to 
evaluate p(l). One sees that 

p(l) « 8(3,^,02^, (hj,^), 1=1, N) (9) 

that is, p(l) is a function of Nf4 parameters. This nair^er of para- 
meters can be reduced by one by normalization. That is, if in p(l), 
one makes the transformation from (u,v) to (y^^) where y^ = U/CT2 
and y2 = V/G2->  

one finds that p(l) is a function of Nf3 normalized 
parameters (normalized with respect to afi   as shown below: 

p(l) ■= B(a/CT2,a1/o2, 1, N, (h^^j^^), '"I, ..., N) (10) 

This,  of course,  is highly desirable as  it not only reduces the 
number of parameters but also places  the remaining parameters on 
nondimensional scales.    However,   in order to solve problem (2)  by 
numerical methods,  one  has to take this a step further and restrict 
the N pattern points  to lie in some geometrical pattern.    For 
example,   if one restricts the pattern points  to lie  at equidistant 
intervals  on a circle of radiua PR  (pattern radius)  with center at 
the target center,  then the entire set of N point? can be specified 
with the parameters PR and N.    This is easily seen since in this case 

h..  = PI co?   {2T\il'U) 

k-t « PR sin (2ni/^) 

so that both h^ and k^ ere functlotis of I, designating the i:h 
point and N, the number of rounds in the salvo. With this pattern 
restriction, p(l) is a function of only tour parameters: 

a - a/a-; 

N = salvo size 
(ID 

PR = pattern radi ss/j,. 



For this restricted pattern, one can now solve problem (2) by evalu- 
ating p(l) numerically for varying PR at selected values of a, crT 
and N.    The results are shown in the next section. 

III.    OPTIMUM CIRCULAR PATTERN RADII 

Before presenting general results,  it will be instructive to 
consider a specific example.    Consider a salvo of size N=A with 
"öl = 3,  i.e., with an aiming standard deviation three times the 
random standard deviation.    Also consider the three normalized 
target radii a ■ 1,2,3.      For these values of N,  o^, and a, p(l) 
was evaluated for PR/a = 0(.05)c with c = 1.75,  1.50, and 1.25 
for a " 1,2, and 3 respectively using the bivariate analog to the 
parabolic integration rule.    The integration tolerance was set to 
provide the accuracy of three significant digits.    The results are 
shown In Figure 3 which deserves some explanation.    First, the 
ordinate represents the    salvo kill probability or p(l), which is 
plotted as a function of PR/a,  the ratio of pattern radius to 
target radius.    Note that PR/a • 0 corresponds to the axisymmetric 
case, that is,  the case where all rounds are aimed at the target 
center.    The curve for a ■ ala2 m 3 shows that a pattern radius 
PR - 1.05a yields a maximum p(l) equal to .742.    Had all rounds 
been aimed at the target center,  the salvo kill probability would 
be .559 so that by aiming the rounds equidistantly on a circle of 
radius slightly larger than the target radius,  one can obtain a 337= 
increase in probability.    For a ■ 2,  the maximum p(l) occurs at 
PR « 1.2a and affords a 31% increase in probability (.A67 vice 
.356).    Similarly,  for i ■ 1,  the maximum p(l)  occurs at 1.5a and 
affords a 9% Increase (.156 vice .1AA). 

These increases in salvo kill probability cannot be fully 
appreciated until one examines the salvo size necessary to achieve 
these increased probabilities when aiming all rounds at the target 
center.    Consider the top curve in Figure 3, the one for N"A, 
ai " 3, a ■ 3.    As aforementioned, PR " 0 (all rounds aimed at the 
target center) yields a salvo kill probability of .559 while aiming 
the four rounds at equidistant intervals  on a circle of 
radius PR ■ 1.05a yields a salvo kill probability of .7A2, an 
increase of 33%,    Now consider the salvo size necessary to achieve 
this  .7A2 probability without patterning,  i.e., with all rounds 
aimed at the target center.    The results are shown in Figure A 
where it is seen that the salvo kill probability increases quite 
slowly with N,  the salvo size.    One sees that a salvo of size 36 
is required to obtain a probability as large as  .7A2.    In this 
respect,  one sees a decrease of 89% in salvo size through patterning 
to achieve a probability of at least .742. 
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Case N« A, öi« 3, 3-3 

PR = 0 

p(l) = .559 

PR - 1.05a (optimal) 

p(l) = .7A2 

Increase in salvo kill probability through patterning = 33%. 

Saivo size necessary to achieve p(l) = .742 without patterning: 

_N p(l)  PR = _0 _N P(l) PR « 0 

4 .559 30 .732 

8 .631 32 .736 

12 .667 34 .740 

20 .705 36 .743 

Decrease in salvo size through patterning ■ 89%. 

Figure 4. 
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This latter    comparison may appear as a scheme to make a 33°/, 
increase in probability appear better than it really is.    However, 
a brief reflection to the practical aspects of the problem reveals 
that this is not the case.    From a practical standpoint, a minimum 
salvo kill probability is usually specified and then the number of 
rounds necessary to achieve it is determined.    Hence,  a percentage 
decrease in salvo size through patterning is a more meaningful com- 
parison than is a percentage increase in salvo kill probability. 
Even so, for ease in computation and display of results,  latter 
comparisons are based on a percentage increase in probability vice 
a percentage decrease in salvo size.    The reader can make the latter 
comparisons by using the aforementioned tables by Thomas  (reference 3) 
for the axisymmetric case. 

The results above show that a substantial savings in rounds can 
be achieved through proper aim point patterning.    However,  it cannot 
be overemphasized  that patterning cannot be employed  indiscriminately; 
one must know the pattern radius which affords  the maximum probability 
and this pattern radius could very well be zero.    To illustrate this, 
consider the example with N = 4, öl = 1, and 1 = 1,  2,  3,    This is the 
same as the last example except that here the two standard deviations 
are equal while in the last example,  the aiming standard deviation was 
three times the random standard deviation.    Figure 5 shows plots of 
salvo kill probability as a function of PR/a as in Figure 3 for each a. 
Here, however, one sees that the pattern radius which yields maximum 
probability is zero for the target of radius "3 'B 1.    One also sees 
that if an arbitrary pattern of radius PR > .75a were used for 
targets a = 2 and a" => 3,  a substantial decrease in probability would 
be experienced. 

As an aid to improve weapons systems effectiveness, optimal 
pattern radii have been developed  ibra» .5,  1,  2,  3,  5; N ■ 4, 8, 
12; 0 £ ai £ 5,    The results are shown in Figures 6 thru 10 where 
the optimal pattern radii (expressed in units of "a")  are shown as 
a function of oT for each N and each 'S.    These curves were obtained 
by the brute force technique of evaluating p(l)   for each N, "07, and 
'S at Incremental values of PR/a (increments of .05) until the maximum 
probability was reached.    These optimal pattern radii were then plot- 
ted and smoothly connected as a function of "07. 

As an example of employing these curves, consider the following. 
Suppose one Is employing a weapon system with ai ■ 40 feet and a2 m 10 
feet against a circular target of radius 20 feet.    What are the optimal 
pattern radii for N « 4,  8, and 12?   For this case, a ■ 20/10 » 2 so 
Figure 8 is appropriate.    One now reads the ordlnate from these curves 
for oi ■ 40/10 ■ 4 and obtains the following results: 

12 
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FIGURE 8 
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N Optimal Pattern Radius 

4 1.36a = 27 . 2 feet 

8 1 .68a = 33.6 feet 

12 1 .86a = 37.2 feet 

Hence for a salvo of size N = 4, the maximum kill probability (with 
respect to c ircular patte rns) can be obtained by aiming the rounds 
equidistantly on a circle of radius 27.2 feet centered at the target 
center . For N = 8, the optimal pattern radius is 33.6 feet, etc. 

The above leads to the question of what increases are afford ed 
by using these optimal pattern radii~ This can be answered by r efer­

ring to Figures lla thru 15c which show the salvo kill probabilit ies 
obtained by using the optimal pattern radius and by using the 
target center as the aim point for all rounds in the salvo. In 
these figures, both salvo kill probabilities are plotted as a function 
of cr- for a c .5, 1, 2, 3, 5 and N = 4 , 8, 12. For the case at hand, 
a • 2 so one refers to Figure 13. Reading the ordinate in Figure 13a 
(Nc4) for crt= 4, one finds the corresponding probabilities to be . 32 
and .22 for the patterned and centered aim points, r espectively. 
From Figure 13b (N=8), one finds these probabilities to be ,48 and .28, 
and from Figure 13c (Ncl2), he finds thes e to be . 56 and .31. These 
are se t out below along with the correspond ing percentage increases . 

Patte rn Axisymmetric Percen t 
N Probability Probability I ncrease 

4 .32 .22 45 

8 - ~ .28 71 

12 .56 .31 81 

Here one sees that he can achieve a higher kill probability with N=4 
rounds by aiming at equidistant intervals on a circle of radius 27.2 
feet (centered at the target center) than he can achieve by aiming 
N•l2 rounds at the center of the target! In fact, to achieve a 
kill probabili ty a t least as great as .32 without patterning, one 
would have to use N•l6 rounds (.3303 from reference 3). This repre­
sents a decrease of 75% in salvo size through aim point patterning. 
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IV. CONCLUSIONS 

The results of this report show that an impressive savings in 
round requirements can be achieved through aim point patterning. 
However, one should be sure, before attempting to implement the 
procedure, that the assumptions In the Introduction have been met. 
Recapitulating, these assumptions are (1) the target is circular, 
(2) the aiming error (common to all rounds In the salvo) follows 
a circular normal distribution, (3) the separate random errors 
follow a circular normal distribution, and (4) there Is Independence 
among random errors and between the random errors and the aiming 
error. It is well to note that if one is using a spotter to 
adjust the aiming point onto the target center and/or if one is 
firing from a known location at a target with a known location, 
the assumption of a variable aiming error is probably not tenable. 
In the latter situation, one could experience a fixed aiming error 
or bias which is not covered in this report. 

The assumption of circular normality also deserves comment. 
While there is some justification in the assumption that weapons 
systems errors are normal or near normal, there is no guarantee 
that they will be circular normal. In fact, most weapons systems 
experience errors which are elliptical rather than circular. 
Needless to say, unless the degree of eccentricity is neat zero, 
the results In this report will apply only approximately and the 
degree of approximation is unknown. The elliptical extension to 
the problem is being given consideration and may be covered in 
a subsequent report if sufficient interest is shown. 

The aim point patterns in this report are restricted to 
equidistant points on a circle about the target center and the 
optimal patterns developed are optimal only in the sense of 
selecting pattern radii which yield maximum probability. The 
class of patterns was restricted to the circular case because 
(1) it reduced the number of parameters to the point where the 
problem was tractable and (2) this class seemed most reasonable 
in light of a circular target and circular normal errors. While 
there is no claim that the optimal circular patterns developed 
are overall optimal, the authors of this report have strong reason 
to believe this to be the case. This belief is based on the 
results of empirical studies involving other patterns including 
square and rectangular lattices as well as concentric circles. 
In the large number of cases examined, none of these provided 
salvo kill probabilities as high as the single circular pattern. 
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One final point deserves attention. It is well known, in 
problems of this nature, that one way to increase the salvo kill 
probability while aiming all rounds at the target center is to 
increase the round-to-round dispersion. Since it may be argued 
tha t this procedure would be better than the patterning concept 
discussed in this report, a comment on the matter is in order. 
Firs t , from a practical standpoint, it appears to these authors 
tha t it is easier t o aim at different points about a target than 
it is t o build a s ystem which provides for controlled round-to-round 
dispe rsion. Second, our empirical investigations have shown that 
while one can increase the salvo kill probability by increasing the 
ra ndom dispersion, he can increase it more by optimal aim point 
patterning. This is illustrated in the following example for cr1 
• 40, cr2 • 10, a • 20, and N • 4, 8, 12. The results are set 
fo r th for each value of N. 

Optimal Probability Percent Increase 
N cr2 Probability with cr2 • 10 by Optimizing cr2 

4 22 .2742 . 2244 22 

8 26 .4158 .2796 49 

12 30 .5145 .3098 66 

Here we see percent increases of 22, 49, and 66 as compared with 
45 , 71, and 81 through aim point patterning. Hence, even if a 
s ystem could be built with controlled random dispersion, one could 
not attain kill probabilities ? ~ large as he coul d by simply employ­
i ng aim poi n t patte rning . 

26 



REFERENCES 

1, DiDonato, A. R,, and Jarnagln, M. P., 1962. A Method for Computing 
the Generalized Circular Error Function and the Circular Coverage 
Function, NWL Report No. 1768. U. S. Naval Weapons Laboratory, 
Dahlgren, Virginia. 

2, Jarnagin, Milton P., Jr., 1969. One-Dimensional and Axisymmetric 
Kill Probability Programs and Approximations, NWL Technical Note 
TN-K/25-69, U, S, Naval Weapons Laboratory, Dahlgren, Virginia. 

3, Thomas, Marlin A., 1971, Salvo Kill Probabilities for Circular 
Targets - Axisymmetric Case, NWL Technical Report TR-2643. U. S, 
Naval Weapons Laboratory, Dahlgren, Virginia. 

27 

•*mmm ^N 
'-'^^^•"^■■^ ■ - —»- -  *k^::/:' 



 1^ 

4 

I 

_ .■-.-^-«■O-.^^."-—*.      > ■   ■ '-^ 



UH^LnjJillLU 
Security Classification 

DOCUMENT CONTROL DATA R&D 
'Sfrur/fv i luasifii ation of title, body of nhstrurt and imioxiiii) .mnotuticn munt he ctitt-nd when tin- overuU repml t.s viuanifipili 

.   ORIGINATING   ACTIVITY   (Corporate mithoT) 

Naval Weapons Laboratory 
Dahlgren, Virginia 22448 

ifl. REPORT   SECUHITV   C U ÄS5I I-I C ft T (ON 

UNCLASSIFIED 
?l),   GROUP 

3     Hf.PORT    TITLE 

INCREASING SALVO KILL PROBABILITY THROUGH AIM POINT PATTERNING 
4    DESCRIPTIVE NOTES (Type ot report und inclusive dates) 

5    AUTHOR1SI (First name, middle initial, last nume) 

Marl in A. Thomas 
Gary W. Gemmill 

6     REPORT   DATE 

June 1972 
Ba.   CONTRACT   OR   GRANT   NO 

h.   PROJ EC T  NO. 

IB.    TOTAL   NO    n 1-   PAGES Ih.   NO    01'   Rt'FS 

Vi,.   ORIGINATOR'S   REPORT   NUMBER(5) 

JL TR-2756 
it. OTHER REPORT NOIS1 (Am   other numbers that may he Hasigned 

this report) 

10,   DISTRIBUTION   STATEMENT 

Distribution limited to U.S. Gov't. agencies only; Test and Evaluation; June 1972. 
Other requests for this document must be referred to the Commander, Naval Weapons 
Laboratory, Dahlgren, Virginia 22448. 

11.   SUPPLEMENTARY   NOTES \ 2-   SPONSORING Ml LI TÄRV   ACTIVIT-t 

13     ABSTRACT 

An expression is developed for the probability of at least one hit on a target in 
a salvo of N rounds under the following assumptions: (1) the target is circular of 
radius a; (2) the rounds are aimed at a pattern of points about the target center; (3) 
the aiming error, common to all rounds in the salvo, is governed by a circular normal 
distribution with variance o,2; fk)  the round-to-round or random errors, separate and 
independent for each round in the salvo, are governed by a circular normal distribu- 
tion with variance a2

2-. and (5) there is independence between the aiming error and the 
random errors. Restricting the pattern of aim points to equidistant points on a 
circle centered at the target center, the expression is used to obtain pattern radii 
which yield maximum probability for a variety of values of the parameters 
1= a/a,, Cj = aj/o2, and N. A comparison of these maximum probabilities with those 
obtained by aiming all rounds at the target center shows that a substantial increase 
in probability can be achieved through aim point patterning. 

DD FORM    I/7O       (PAGE   I) 
1   NOV 65 I "T   /  «J 

S/N   0101-807.6801 

UNCLASSIFIED 
Security Classification 


