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Improved Surface Gunnery Analysis with Continuous Data

Benjamin Ashwell and V. Bram Lillard
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Introduction

Recasting gunfire data from binomial
(hit/miss) to continuous (time-to-kill) allows
us to draw statistical conclusions with

Summary of Gunfire

Binomial Data Limit our Insight

Difficult to achieve acceptable power for factor
analysis with binary data unless many runs
(often >100) can be resourced.

Analysis of Censored Data

We use the probability density function (PDF)
and cumulative distribution function (CDF) to
create the maximum likelihood function.

tactical implications from free-play, live-fire
surface gunnery events.

The Threat

Small boats combine surprise, speed, and
numbers to overwhelm the defenses of even the
most capable surface combatants.

Ehe New York Eimes — 1 With this approach,
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(B) Ticonderoga-class cruiser
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Lognormal Fit to Censored Gun Data (Fictional Data)
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Factors Expected to Influence

Gu

n Performance

Factor Name

Range Lower Pk at longer ranges due to round dispersion and Time | . Longitude
9 (presumably) less accurate tracks —
Open Fire | | | cease Fire 0.2

Closure Rate

Weapon Type
(Gun Aor Gun B)

Target Relative Bearing
Bearing Rate
(degrees/second)

Track Staleness (seconds
since last track update)
Absolute Target / Ownship
Speed

Track Source

(e.g., radar, EO/IR camera)

Hypothesized Effect

Lower Pk for targets with large closure rate (positive or
negative)

Gun Aiis expected to have a higher per-salvo Pk given its
greater lethality

Lower Pk in certain regions for the ship's targeting
systems

Lower Pk for high bearing rates as the guns must
traverse rapidly and correctly predict the target's location
Lower Pk for stale tracks

Low Pk for very high speeds (ship motion will interfere
with accuracy)

The EO/IR camera will be more accurate (higher Pk) than
the radar

Pk may be highest in a sweet spot, with low Pk at both

Latitude

Engagement Example

15t Salvo 2" Salvo Nth Salvo

~~
One Engagement

Summary offLive-Fire Engagements

1 Fictional Data

This is the same
data, recast into a

continuous metric (time)
Kill?
O No
X Yes

Failure to kill a target
after 140 seconds
(while most kills
occurred within 40
seconds) suggests that

Gun
—GunA

Engagement Number

mmm Ship Slower than Targets
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Relative speed
makes a large
difference for
probability of kill

o
@

°
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Fictional Data

Probability of Kill after Firing for N Seconds

0.0

Range

Probability of kill is much higher in the
“sweet spot” than at close and long ranges
Conclusion

Our analysis provided the Navy with
suggestions for improvements to its tactics

E) Independence-variant LCS Range*Range very long and very close ranges ==cuwng ‘sornetthing (:g ra.nge)e, and the employment of its weapons.
. o 10 arget speed, bearing .
Range'WeaponType  Syj0 /1 Groote rande sugaesis ftwil etain s accuracy associated with this this A censored analysis enabled us to do so,
engagement led to poor
[ All data on this poster were fabricated for the purposes of demonstration. ] And more... 0 T = T performance. where other methods fell short.
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