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A Study on Estimating Drone Requirements in Artillery Operati
ons Considering Drone Characteristics
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Abstract
reconnaissance and strike assets in artillery operations.

In modern warfare, such as the Russo—Ukrainian War, drones have emerged as essential
However, existing research on weapon
unique battery

constraints and battlefield loss rates of drones. This study proposes an optimal drone requirement

system requirements has limitations in not comprehensively considering the

estimation model considering both mobility and survivability constraints, assuming an operational
environment where an artillery forward observer (FO) operates a single drone. To this end, the
existing Drone Force Deployment Optimization (DFDO) algorithm is extended and combined with a
Poisson—based probabilistic and Multi—Objective Optimization (MOO).
experiments confirmed that the battery constraint acts as the binding constraint determining drone
replacement requirements. Furthermore,

loss model Numerical
it was proven that exceeding a specific battlefield loss rate
(critical loss rate) causes a tactical break—point by exceeding the FO's carrying capacity. This
study holds academic and practical significance by providing a mathematical standard for estimating

drone requirements tailored to artillery operations.
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(RQ : Research Question)S A3}t

- RQ 1 : DFDO(Drone Force Deployment Optimizatio
n) ¢are]F 7Nk =2 w) 497k AP Al ol | A4
HaElE] Al Aok 5 of| 21 o] Ag Al 2K(binding cons
traint) &2 2H&-3=7}?
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Z,, = max (Zy, Zp, Zy) (1)

n

Zz * Energy—constrained requirement

Zp © Mission durartion—constrained requirement

Zp @ Battery capacity —constrained requirement
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P(X < N, —1)= (2)

Where, N

spare

denotes number of spare parts, and «

denotes the target probability threshold
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Where, Z denotes total drone weight, W, . denotes

L o
MinimizeZ = Wy,,.. N

the weight per drone, and N* denotes the total number
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of drones to be deployed and carried by the observation

unit
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Nw,.,.. < W, (5)

Where, W, denotes maximum allowable carried
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Fig. 2. Change in cumulative survival guarantee
probability as the number of spare drones increases
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Fig. 3. Sensitivity analysis of drone requirements and
carried load weight under varying battlefield loss rates
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