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This study presents a framework for developing test
and evaluation (T&E) methodologies tailored to the
probabilistic and non-deterministic characteristics of
Al-enabled weapon systems. Conventional
deterministic evaluation approaches have limitations
in assessing Al systems due to their data dependency,
continuous learning, and environmental sensitivity. By
analyzing T&E frameworks of major countries and case
studies from the Republic of Korea’s military, key
limitations of current practices are identified. The study
emphasizes the need for data-centric evaluation,
algorithm robustness assessment, human-in-the-loop
control, and lifecycle-based continuous evaluation.
Based on these findings, policy and technical
recommendations are proposed for improving T&E of
Al-enabled weapon systems.
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Table 1. Key focus areas of Al test and evaluation in the
United States

Category Description

Verification of data bias and logical

Model Evaluation robustness of the algorithm itself

System Assessment of whether the Al operates
Integration seamlessly with the overall weapon
Evaluation system (hardware and software)

Human-System  Evaluation of the level of trust operators

Integration have in Al-driven decisions

Operational Final performance validation in environments

Evaluation similar to real battlefield conditions
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Table 2. Estimated learning periods by type of weapon system

Weapon System Type Estimated Learning /

Maturation Period Remarks

Key Al Functions

(example)

Intelligent Surveillance Identification of intruders/equipment in
System CCTV footage

Easy data acquisition,

6 months - 1 year relatively fast deployment

Path planning, obstacle avoidance, Requires 3D spatial awareness and

Autonomous Aerial Drone formation flight 2-5years aerodynamics considerations
Unmanned Ground Vehicle . I . Highly complex variables
(UGY) Off-road navigation, ambush detection More than 5 years (mud, forest, buildings, etc.)
Strategic Decision Al Wargame simulation, commander decision Continuous No fixed endpoint,

support requires continuous data updates

* The values presented are approximate estimates; appropriate learning periods should be refined based on accumulated deployment cases
of Al-enabled weapon systems.

** Even after functional maturity is achieved through training, continuous learning remains necessary.

(collateral damage) S o7& = Qlt}. upetA] 24 Table 3. Comparison of evaluation focus: Conventional
Z o] Z&7ko] 2lzto] AQUste] HW7Fst 2 9= hu- vs. Al-enabled weapon systems
man-in-the-loop 7§ 0] @42 0 2 X & ojof o Conventional Weapon Al-Enabled Weapon
L} o] o] 3t 7 o] HA bt Systems(Deterministic)  Systems(Probabilistic)
84 T .
= = = Evaluation Hardware, performance,  Data quality, algorithm
= ./L\__Q_ E l:_Q_
Lﬂ H-]RH Al= O]‘ OH -1 }\3 O‘}A‘]—A] 7:] 7]- Target durability, etc. robustness, ethics
= A AL E 1L5to] B7F S AL A =& 3 . Entire life cycle from
. a7 . a ] Evaluation After development development to
7 o . oFA| g} % o © wl 2| &% (1)— 5 .. X o . .
27} _9_0]—1:} 5+ 4] 235l & oW & el Timing  completion (one-time) operation (continuous)
&2 59 o 9A FAAAY 45 FHADA o — _ Digital i, o
= = Key Live—fire tests, physical teaming. 1) runtime
gk & B 7fd o] gl Methods testing morﬁ”[ori:g@
o 2} v o0 =150k 5F o]z
o3 Fof A= -8 o] “l‘::?' sfoF & A5 A 5 ¥ Compliance with Trustworthiness,
A AL ARAL GAE EFAN AR AAN L S liion bl
TR GIAMG & A E A (e.g., accuracy, speed) control
* Reconstructed based on DoD, Developmental Test and
Evaluation of Artificial Intelligence-Enabled Systems
4, a]=- AH| Guidebook(Feb. 2025)
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Table 4. Characteristics of Al adoption in Europe

Adoption

Approach Characteristics

Category

Focus on trust  Even if performance is high,

Evalluatllon andlegal  adoption is rejected if legal
Criteria L e
accountability responsibility is unclear
Core Explainable Al Al decision—-making must be
Technology P understandable to humans
Verification Multi-agency Engmee_rs, ethicists, and
. L2 international law experts
Authority validation - ) :
participate in evaluation
Adoption Human-in- Al serves as a support tool; final
- the-loop -
Philosophy decisions must be made by humans
centered

* Reconstructed based on UK MoD, Defence Artificial Intelligence
Strategy (June 2020), and related sources.
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side scan SONAR, AUV (autonomous underwater

DETECTION DATA PROCESSING SEGMENTATION DATA PROCESSING CLASSIFICATION
(Al Object Detection) (Cropping) (Al Segmentation) (Feature Extraction) | (Al Reading &
Thresholds)

® Object detection using
deep learning.

o Crops object area to
fixed size (256x256px).

® Using Object Detection deep
learning networks to detect
objects with Al.

® Image crop
(256 x 256px)

Source: Pilot Operational Plan for Al-Based Mine Detection System
Fig. 1. Automatic mine detection procedure

| e Using the Al model to
segment the specific object
shape from the cropped
image.

e Using the Al model to
segment the shade.

e Extract specific object
features from keypoints.

Feature | Value | Detail | | |

S

Keypoint 1 | ... Detail

Keypoint2 | ... | Detail

® Using the Al model’s
prediction of segmentation
feature details (keypoints)
and confidence thresholds
to classify objects and
shadows.

Keypoint3 | ... Detail

Keypoint4 | ... Detail

alsfw|n|=

Keypoint5 | ... Detail
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Table 5. Evaluation method for Al-based mine detection
system

Category Content

Detection Rate TP+ TN
(Accuracy) TP+ FN+ FP+ TN
TP Al correctly detects a deployed mock mine as a
(True Positive)  mine.
FN Al fails to detect a deployed mock mine
(False Negative) (Missed).
FP Al incorrectly identifies a non—-mine underwater

(False Positive)  obstacle as a mine(False Alarm).

N Al correctly identifies a non—target and
(True Negative) different shaped object as a non-mine.
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