Safe Distance Estimation

The problem we are trying to solve is as follows: If we plan to attack a target and there are friendly troops or civilians close by, how far from the aim point of the attack is considered “far enough” to avoid injury to those personnel?

In determining this distance, the Safe Distance, two factors have to be considered:

1. The size of the effects generated by the warhead in terms of blast and fragmentation.

2. The accuracy with which the weapon is delivered relative to the aim point.

A good starting point for the first effect shown above would be to generate a lethal area matrix for the warhead under consideration (e.g. Mk-82, Mk-84) for an unprotected, standing personnel target. This could be achieved by using GFSP or AJEM as described in chapter 20 of the Weaponeering textbook and applying Sperrazza-Kokinakis data for the most vulnerable case – a nude soldier, 30 second defense injury criterion. This is shown schematically in Figure 1.
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Figure 1 Lethal Area Matrix

A judgement is now made regarding the maximum acceptable probability of injury, or incapacitation, with typical values in the range 0.01 to 0.001, corresponding to a 1.0% to 0.1% acceptable threshold. 
The lethal area matrix is now inspected to determine the cells having the maximum Pi which are farthest from the detonation point, and since the LAM is symmetrical there will be two of them.




Figure 2 Identifying maximum Pi furthest from the origin
We now calculate the radial distance to this point as follows.
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Clearly, if a personnel target is located at a distance greater than R then they will not sustain a probability of Pi greater than the threshold. This would be the final result however we now have to take into account the uncertainty in where the weapon actually lands, for example if it lands closer to the person then the P​I may exceed the threshold. 
Consider a Monte Carlo simulation of superimposing the lethal area matrix on a succession of impact points generated about the aim point by randomizing the delivery error in range and deflection (REP and DEP). This would appear as follows.
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Figure 3 Random placement of LAMs
The value of R calculated in equation (1)

 will increase and will be skewed towards the top-right quadrant, so it suggests the question: Given the randomness of delivery error, what is the safe distance from the aim point of a personnel target?
Another way of looking at Figure 3 is shown in Figure 4 where a single LAM is centered at the aim point, and the delivery error is applied around the single critical point representing the maximum Pi.
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Figure 4 Random placement of LAMs

It will be seen that the distribution of critical points in Figure 3 is the same as in Figure 4 therefore we would like to know what is the maximum possible distance of any critical point from the center of the LAM i.e. the origin. Since the impact point is random, we cannot draw a boundary enclosing all possible locations of the critical point shown in Figure 4 but we can draw contours enclosing a percentage of them. 
Note the one critical point in Figure 4 corresponding to that of the fixed lethal area matrix, and the distribution of random critical points around it where these distributions are characterized in range and deflection by σX and σY respectively. In a previous Technical Topic we saw that +- two sigma in range and deflection enclosed 87% impacts and +- three sigma enclosed 99% impacts. Assuming the bi-variate distribution is not circular, these percentages can be interpreted as elliptical confidence intervals allowing us to state that if the critical point corresponds to 1% probability of incapacitation:

1. An elliptical contour centered on the single critical point in the lethal area matrix having dimensions +-2 sigma in range and deflection will enclose 87% of the impacts therefore we are 87% confident that a person standing further away from the aim point will sustain a probability of incapacitation less than 1%

2.  An elliptical contour centered on the single critical point in the lethal area matrix having dimensions +-3 sigma in range and deflection will enclose 99% of the impacts therefore we are 99% confident that a person standing further away from the aim point will sustain a probability of incapacitation less than 1%
This is shown in Figure 5 where the elliptical accuracy contour is superimposed onto the critical point for the LAM centered on the aim point. The maximum distance to this contour is denoted by RMAX and this corresponds to the safe distance estimation for this weapon against a personnel target.
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Figure 5 Determination of safe distance
This methodology may be incorporated into a simple spreadsheet as shown in Figure 6 where the principle features are as follows.
1. The inputs LAM offset –range/deflection correspond to the critical point in the lethal area matrix (X, Y). This has to be computed for the selected Pi offline.

2. The delivery accuracy is input as REP and DEP for the weapon in question, and then converted to a standard deviation sigma.

3. The number of sigma defining the delivery accuracy contour is specified, the values of 2 and 3 leading to 87% and 99% confidence levels respectively. They have to be the same number of sigma for both axes.
4. The zero error safe distance is that for a perfectly accurate weapon and corresponds to the center of the ellipse – see Figure 5.

5. There is no simple closed form solution for RMAX in Figure 5 so the spreadsheet divides up the resulting DA elliptical contour into 200 discrete (x, y) points and calculates the distance from the origin to each. This radial distance is plotted in the lower chart, and the safe distance is set equal to the maximum value.
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Inputs (feet)

LAM offset - deflection 50

LAM offset - range 25

REP 10

DEP 5

# of sigmas for ellipse 3

Intermediate calculations

Ellipse horizontal radius (defl) 22.24

Ellipse vertical radius (range) 44.48

Offset deflection  50

Offset range 25

Zero error safe distance 55.90

Safe  distance 88.28
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Figure 6 Implementation of safe distance methodology
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