
• When the Army develops a brand new system, there are often no 

previous similar requirements to benchmark and minimal historical 

data to leverage, leaving us in a unique and difficult situation when 

it comes to specification requirement development. 

• This was the case for the new Squad Designated Marksman Rifle 

(S-DMR), a weapon that demands a strict level of dispersion 

performance. 

• As a top priority for both the individual Warfighter and US Army 

success, the program needed a rigorous and defensible way to 

develop this specification requirement in the absence of historical 

context. 

• This case study details the statistical approach the team took, 

starting with the non-trivial task of translating the specific mission 

requirements of the soldier to engineering and performance 

requirements at the development level. 

• We then walk through how we used JMP to model different 

dispersion metrics to reach an optimal requirement solution for the 

S-DMR system that was both rigorous and defensible.

Abstract Data Analysis

• Dispersion analyses have a long history in the military, and its 

fundamental behavior is widely understood in the Army.

• Its predictable Normal Bivariate nature allows for highly effective 

use of Monte Carlo simulation as a tool to help provide solutions to 

meet our objectives.

• Monte Carlo simulation was an integral part of this effort, and 

JMP’s ability to very easily produce and analyze Monte Carlo 

simulated data helped the team accomplish their objective quickly 

and clearly.

• Using SME input with regard to some possible starting points for a 

requirement, the team would leverage basic statistical concepts in 

conjunction with Monte Carlo simulation and visualization to derive 

a requirement based on probability of hit metrics

• The ultimate objective for this project would be to use statistical 

methods to help the SDMR team develop dispersion requirements 

that were statistical rigorous and achievable.

• Dispersion responses are inherently more noisy and difficult to 

estimate – in this case the measurement of variability in two 

dimensions whose distribution follows the bi-variate normal (Figure 

1).

• Some commonly used dispersion metrics in the military include 

Extreme Spread, Mean Radius (Figure 2), Radial Standard 

Deviation, Circular Probable Error (CPE), and Vertical & Horizontal 

Standard Deviation.  

• With the raw data points (X and Y coordinates) from each shot one 

can calculate any of these metrics, so gathering this raw data 

preserves all of the information that could possibly be pulled from 

the data.Background & Objective

• To accomplish the objective, the team leveraged Monte Carlo 

simulation using JMP’s formula editor and the random normal 

function in the X and Y dimension.

• From there, the team combine SME initial estimates and 

probability of hit for an E-Type silhouette, and easily found these 

probability point estimates using the distribution platform in JMP.

• From there, basic binomial probability theory was applied to find 

estimates for the probabilities of hitting the target k out of n shots 

fired.

• This information was then presented graphically to help the IPT 

choose the best path forward for the end SDMR dispersion 

requirement.

Results & Interpretation

• Utilizing several JMP features such as formula editor with table 

variables and the random normal formula, we were able to 

simulate probability of hit on an E-Type silhouette in various 

different requirement scenarios (Figure 7).

• Results from the simulation show a trend of increasing average 

mean radius equating to a decrease in probability of meeting 

mission requirement scenarios (k of n hits). These were the 

theoretically expected trends. This allows us to provide 

probabilities of mission success based on dispersion metrics.
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• To begin, the dimension of the target the team was attempting to 

hit would have to be programmed into JMP as table variables.  The 

target was the popular E-Type Silhouette seen below in Figure 3.

• From there, 1M rows of Monte Carlo simulated data were created 

with the formula editor platform in JMP, using the random normal 

function in both the X and Y dimension with a mean of 0 and 

varying σ (σX=σY).

• With the dimensions for the target input, we then were able to 

create a formula which would determine if each shot was a ‘hit’, by 

comparing the known target dimensions with each random shot 

location.  One of the formulae can be seen below in Figure 4.

• With a binary column for hits and misses, we could then derive a 

point estimate for P(hit)(Figure 5), which would then be used for 

further calculations of interest.

• The dispersion requirement for the SDMR would most likely be 

stated in a ‘probability of at least k out of N hits’.  In order to 

determine these values, the prior point estimates were used in 

conjunction with the following formula seen in Figure 6.

Christopher Drake

Kevin Singer

JMP Helps the Army Develop Dispersion Requirements for New Weapon Systems

US Army ARDEC

Conclusions
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• Using statistically valid techniques the conclusion can be reached 

that current dispersion requirements do not meet end user 

generated mission requirements in terms of probability of hit. This 

triggers improved requirements generation and weapons 

development to better achieve probability of hit goals.

• This analysis also provides insight into the best way to describe 

mission success. The user community can use apply this to 

different mission profiles; i.e. how many shots they would expect to 

fire at a target when using a particular weapon.
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Note: All numbers in this presentation have been 

changed due to the sensitive nature of the data.
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Figure 1. Normal Bivariate Distribution

Figure 2. Mean Radius Visualized

Figure 3. E-Type Silhouette and Approximation 

Figure 4. P-Hit JMP Formula

Figure 5. P-Hit Point Estimate Approximation

Figure 6. JMP Formula for k our of N Hits

Figure 7. Probability of k out of N Hits Visualized 
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Figure 1. Normal Bivariate Distribution
Figure 2. Mean Radius Visualized



E-Type Silhouette Target 2
0
1
8

UNCLASSIFIED

Distribution Statement A: Approved for Public Release. Distribution is Unlimited.

Figure 3. E-Type Silhouette and Approximation 



Target Hit Formulae 2
0
1
8

UNCLASSIFIED

Distribution Statement A: Approved for Public Release. Distribution is Unlimited.

• Formula for a hit in the X dimension

Figure 4. P-Hit JMP Formulae 

Figure 5. P-Hit Point Estimate Approximation 
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Figure 7. Probability of k out of N Hits Visualized 

Figure 6. JMP Formula for k our of N Hits

JMP Data Table for Calculations


