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ABSTRACT

Current noise-evaluation practices for military firing ranges are based on weapon caliber: small firearms

(less than 20 mm) apply A-weighting with a +12 dB impulse correction, whereas large firearms

(20 mm or more) apply C-weighting with a +18 dB impulse correction. However, in combined firing

ranges where both small and large firearms are used, this caliber-based approach does not adequately

reflect the distinct acoustic characteristics of each weapon type. In particular, practice rounds from

large firearms typically exhibit acoustic patterns similar to those of small firearms, thus rendering

accurate classification challenging under the existing system. Hence, this study developed a machine

learning-based classification model and verified its ability to classify noise more accurately by ammunition

type. The Random Forest model achieved a high accuracy of 98.7 %, and when practice-round data

were reclassified, 90.9 % were categorized as having small-firearm acoustic characteristics,

thus

confirming that large-firearm practice rounds resemble small firearms in terms of sound. These findings

enhance the objectivity of noise analysis and noise-impact assessment for military firing ranges and

are beneficial for improving noise-evaluation criteria in combined firing ranges in the future.
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Table 1 Fircarm and ammunition type operated at each
firing range

Firing Firearm Ammunition Notation
range type type otato
Shooting L-1-s
Largel
Beaten L-1-b
zone High explosive
A Shooting L-2-s
Large2
Beaten L2-b
zone
Small2 S-2
Bullet .
Small3 S-3
) . » L-3-p-s
Shooting | Practice ammunition ————
L-3-h-s
Large3
B Beaten . .
High explosive L-3-h-b
zone
Small4 Bullet S-4
. Practice ammunition | L-4-p-s
Shooting -
High explosive L-4-h-s
Large4 -
Beaten Practice ammunition | L-4-p-b
C zone High explosive L-4-h-b
Small3 Bullet S-3
Blank ammunition | S-5 (2)
Small5
Bullet S-5 (1)
D Smalll Bullet S-1
E LargeS | Shooting | High explosive L-5-h-s
Large6 | Shooting | Practice ammunition | L-6-p-s
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Table 2 Weather conditions at each firing range during

measurement
Firing | Temperature | Wind speed | Humidity SIS
range [°C] [m/s] [%] pressure
[hPa]
A 19.6 2.0 77.8 983.2
B 19.6 2.0 77.8 983.2
C 18.7 1.7 63.5 1001.4
D 26.9 1.6 71.0 996.0
E 0.5 0.5 89.9 1009.0
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(d) Small firearm shooting

Fig.1 1-second analysis data for a firing event
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Fig.2 FFT analysis for small and large firearms
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Fig. 3 Mel-spectrogram samples of small (S-2, S-3) and large (L-2-s, L-3-h-s) firearms
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Fig. 4 MFCC samples of small (S-2, S-3) and large (L-2-s, L-3-h-s) firearms
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Fig. 5 Results of 2-D PC-based (PC1 & PC2) K-means
clustering (K =2) focused on 50 Hz and 500 Hz
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Table 3 Model summary

Item Contents
fnput X Maximum SPL + fleq for each 1/3 octave band center frequency band for each audio file (/s) (total
N + 1 characteristics)
Input Y Label : 0 (small), 1 (large)
Sample Small (2353), Large (1394), Total (3747)
Characteristics 1/3 octave band center frequency number + 1 (overall average energy)
Train : test 80:20
Table 4 Model hyper-parameters
Hyper-parameter Value Description
n_estimators 300 Number of decision trees (enables) to be created
max_depth 20 Maximum depth of each tree (to prevent overfitting)
min_samples_split 5 Minimum number of samples to divide nodes
min_samples_leaf 2 Minimum number of samples to become leaf nodes
max_features ‘sqrt’ Ma?cimum number of attributes to consider on each node (sqrt = \ (total number of
attributes))
class_weight ‘balanced’ Automatically adjust weights according to class ratio
random_state 42 Setting seeding for reproducibility

Table 5 Performance report of the trained random forest

model
Precision | Recall | Fl-score | Support

small firearm 0.99 0.99 0.99 483
large firearm 0.99 0.97 0.98 267
accuracy 0.99 750
macro average 0.99 0.98 0.99 750
weighted average| 0.99 0.99 0.99 750
K-fold 0.9827, 0.9880, 0.9853, 0.9866, 0.9933
K-fold average 0.9872 +0.0035
T A B A AR Aolth 238379k

3] dolHE 53 23 WA H &% (accuracy)
o
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1 = (precision) 2} A&
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Top Features

Fig. 6 Top 20 feature importances in the trained random

Table 6 Classification results by the trained random

forest classifier

forest classifier

006
Feature Importance

008

Type of firearm/ Total Small Large
type of event firearm firearm
L-3 shooting (10504%) (81‘.‘; %) (18? %)
. 607 591 16
» shooting (100%) | (97.4%) | (2.6%)
beaten zone Sl4 445 69
(100%) | (86.6%) | (13.4%)
L-6 shooting (10308%) (60?53 %) (39?55 %)
Total 1213 1103 110
(100%) | (90.9%) | (9.1%)
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