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ABSTRACT

The utilization of UAV—based detection technologies in ground weapon system analysis plays
a crucial role in supporting real—time tactical decision—making. While previous studies have
primarily focused on improving the detection and classification performance of military objects
using UAVs, the current study proposes a novel system that not only detects military objects
in simulated UAV operational environments but also analyzes the elevation and azimuth
angles of detected gun barrels, For object detection, the YOLO11 model was employed in
conjunction with the BCEF loss function to enhance detection performance. The proposed
system was validated across various environments using synthetically generated images
simulating complex battlefield conditions, including rain, challenging terrain, and low—light
environments, Even under these adverse conditions, the model demonstrated high detection
accuracy and reliability. This study highlights the potential of UAV—based object detection
technology as a tactical decision—making support tool, extending its utility from reconnaissance
and identification to broader operational roles, Future research need to further evaluate the
performance of the proposed model with experimental validation in real-world UAV
operational conditions, emphasizing real—time data collection and analysis frameworks,
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(Figure 1) System flowchart of the proposed projectile trajectory analysis

2.3.2 dolgl}l 753} dlolel 3%
AT 24 A7) BAS 9% dolAEE L B2t HlolEA)S FESL, nd A
2 9% dold 27 71Ee Agd.

a}¢5 Hlo]EALE Roboflow ZED $ R QAL B olw 4] BRED 24 A B4 A

SFA}

ofr

2) Roboflow. (n.d.). Pure Tank - Aerial Detection Dataset [Dataset]. Retrieved December 24, 2024, from
https://universe.roboflow.com/aerial-detection/pure-tank. Additional datasets and images from other sources were
also utilized.

3) Adobe Stock. (n.d.). Tank military equipment top view drone footage [Stock image]. Retrieved December 24,
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dlelE e thdde gttt o] 5 ol S E HolE = F 1.350%0]H, k<5 wlolE &) A7 o
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s HolHE AAE = A E i, Body/Barrel o]W]%](2707%), Truck ©]11]2](3447}), Ship ]| ]
(4097), Aircraft ©o]w| 23277 = A E Tk o] Hlo]E= UAVE HYE A7 olu|A], 2 Hi: o]
o] 7], EAF 2 B oA FE ARolth B3|, HRpet Al o]n| A= HEo] o]fL ARE I
Ab 2 ol A o] shsa e T4 9l dlojel 2 gtk ®Hll 3y AsS AEst]
913 Body/Barrel o]w]A|gt T Shsgo] opd thefdt AA| HlolElE st ok skt
ol= 54 AAl] 293 shgo] R Unsl A5 AstR oo 4= glof TRt AA] HlolEE
st&EAlA Hulo] AR AR ISt E A S tHRedmon, J., & Farhadi, A., 2018).

(a) Roboflow (b) Adobe Stock A (c) Military Archive .

(Figure 2) Examples of overhead military object images from various sources

F7E HloleAle: el A5 H 52 9130 Blender 22 EQ[O]NE ARSI 7H) A A oA A
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2024, from  https://stock.adobe.com/kr/images/tank-military-equipment-top-view-drone-footage/443955462.
Additional images from various sources were also utilized.

4) Military Archive. (2023, March 15). Tanks in Action - Aerial Drone Footage. YouTube. Retrieved December
24, 2024, from https://www.youtube.com/watch?v=qFjE3DsN621. Other relevant footage from similar sources
were also reviewed.

5) Blenderi= 3D wela)al ofujullo] 1S AR} 4 Qs 0. 2 Asteglolz M B AE AGEA Ak
AEdeldE & 4= Slok
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2 e.g., Shorten & Khoshgoftaar, 2019). & &1L o] %
W e 2 24, olu[X 9 g - 59 § chR Aol AT 4 YT 2D 45319
()

™7) 28 § 3= Figure 33} 2t}

Original i Rotate

Blur(fog) Blur(rain) Brightness(dusk) Brig htness(dawn)

(Figure 3) Examples of data augmentation for image data
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F1 Score= %) & (Precision)?} A& -&(Recall)] 23} HHF o2 HEQ x| A9} & 59
2 £3A o7 Frlsl= x| 3olth EA B9 FI A9 7%, 0414004 08302 A FAME
Aow eiten, o muo] EAL B el wAeldlts AL oudth E,
mAP@0.5 A5 AE-Ste] RO HA| T4 45 Btk mAP@O.5+= B+t 42 =(mean
Average Precision) 2, IoU(Intersection over Union) YA Gk 052 A5t AALE Zroltt. o] A&
+ Zdo] tefet AAE Ay A FAst=AE FEA R Brshs d AREE 27
Tafl, mAP@0.5= EHlo] AAE duput FstA IAA7]AL QA S=AIE Brkshe ARE,
o F&E H AT FHA} o|RoHFE u|RithI0

Table 1> Z1A| A 2| Y5 F7lshs 8 AEge Uitk goly $742 48317
Ay 3o Bel Fog vz S0 aiE HEs| utofsiiitk. 27| gloleAloz o5
el 2 AR 9 Al FAJoA AT FAE Hou, 4 volHA R shaHE Bl vk
AN E w2 B4 Aes Uetilth 53], x4l "A9 Fl A4 $7F A 0414004 F7
08302, AA TA= 0.836004] 0.92=2 242} A 7= SU) o2t it Hloly F42 &
Hdlo] thofst g 2= AAE Ags] AT & A HAss AART

-101, o

o

(Table 1) Data Augmentation Performance Evaluation

T Before Augmentation After Augmentation
Barrel Body Barrel Body
Accuracy 0.660 0.836 0.817 0.926
Precision 0.414 0.836 0.850 0.940
Recall 0.570 0.840 0.770 0.910
F1 Score 0.414 0.836 0.830 0.920
mAp@0,5 0.409 0.836 0.830 0,945

2.3.3 AA Ae} AL R E
g Axb= UAV 7]5E HAF 2] A 2”0 A 8= 2 Feet AAE A5 Sl 5
3171 Y3 YOLOv11) 2dl& 3851 A &% 7|H BCEFG3inary Cross Entropy and Focal) Loss

Y

9) mAP@0.5% Hat A8 =(mean Average Precision) 2=, ToU(Intersection over Union) UA|ZHS 0.52 A3}
ALKE grolek o] A= mdo] thefdt AAE dvt AesA FAsk=AE F3H4 22 Hrkeke v AMETh
mAP= 92| ToU YAZIA Y He=o] Hats ofu|sh, @0.5% loU7} 0.5 ol/dd o] Aot s b

10) ToU(Intersection over Union)= |5 u1-e:9 20} A4 A7|o] vk vhar} dluht AALAS e
NER, go] §4E o] FI3L ol

11) Ultralytics. (n.d.). YOLOv11: Learn about the model. Ultralytics. https://docs.ultralytics.com/models/yolo11/.
EfficientNet = CSPNet-S #1:(Backbone) .2 Alg3lo] Bxal EAS gulA o 8 Z2&3}31 anchor-free A&
WAL o A 2709 chpia B RN e HBEE A
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= AJA]3It}. BCEF Loss+= Binary Cross Entropy(BCE)
Agsto] AT £4 Tolth S, A ARt Be g 2N B
9] ). (Lin et al., 2017; Creswell et al., 2017). o]= 24| =27]9]
et 3 ’%W gEo] ¥ AER et i‘% & Asks S5517] sl AA sl UAV 7]9ket
A w2 Ziﬂl EE9] 8 ARYE FE7] S 2 A=
Aestey. A "R GA= A% EE0A HSEHE A EAE asder Y
7 2NN E A HA oS AL 4 =S YOLOvll =
’274]’5}‘2'1‘4. o] &4 Fhpe A FEo] W A&l Hdl 7AE F
© 2 mAPQ} F1 ScoreS SFATA] 71t ESF PLZ-05 AFR3ES thAr
o2 T2k Y9HE zolol Teke) A A2 A Adle] WA 12 % WAE B9
= A5H oA Ao ok £-80) Bas Aol 7
o] Eo] B AW mES] P8 WA 2AE A
Aol o BLED, PO BEBo| YAE sjEom JuT WS Aokt AHgw,
YOLOv113} 7]Z YOLOvS, YOLOv7 %@l 7k AJ%su|mo] ﬁr}é = W (Figure 4), YOLOVI17}

l"

mAP®} FPS(Frames Per Second) oA HL%E Al5o0] 431 A o2 YENY AATF &R 7} Q45
£ UAY /18 A 80 Aol ARSI 2 4 2l 54, YOLOVI T 2 atah
Aozt s, UH WE 5S 2ol 4 Qo] 1% BAeIA AT 4 Y= BeH 248 nofel

of A - 51k A1 A A A AR 2719] R Al o S slo
YOLOv119] anchor-free {4} o217t Aofg S5}0] 2k Ao 2443 FHj 2| &7

Al A 4= ek E=3h A E BackboneX}t Neck oF7|El A= ths e EA WS
BAAE 2 AFEE FABHES AR

5501 @ 1
" ultralytics
52.5 4 YOLO 11
~ 50.0 —.— YOLO11
T YOLOV10
22 475 YOLOvE
S YOLOV8
g 45.0 YOLOVT
|5} YOLOVE-3.0
8 425 YOLOVS
PP-YOLOE+
40.0 A 11 DAMO-YOLO
YOLOX
37.5 A EfficientDet
0 2 4 6 8 10 12 14 16

Latency T4 TensorRT10 FP16 (ms/img)

(Figure 4) Comparison of object detection models
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7|£9] &4 oF<(Binary Cross Entropy, BCE)TFC 2= §HA] ghgo] W2 Mol ot s
L AghAolth, TEA e AR Bte WAS THes UAV 7l 2AF 8RS 4
= BCE Loss®} Focal LossE 413 Z3SF BCEF LossE A]-8-3HH(Lin et al., 2017; Creswell et al.,

2017).

[©]

N
BCEF, = Ayep- (}V ({5, log(p,) + (1=y,) - log(lpi)}) (1)
N
+AFocaZ (_}\/Za ° (1_p3‘,) : IOg(pt))

AL (Dol y;+= AA 2Hl, p= dEE SERL avs UL 1 EAEES 245 R S
A, Y= B oS FEE 7 AEol Higt sk V1= E s IRt stolujuieinH =, &
i 2F AAC fAsEAY S o] BEgt A& o] mdo] Zi ERsly] 4% HolHE
A w2 AAEUTE B3 Azt Agu= BCE £43} Focal Loss 7+2] 7|95 2738}

LR Aggr =06, A,y =04, =02, y=2.02 445 A3}k

Table 2= YOLOv11 ®2o] BCE 22417} BCEF LossZ z}zF 283t =, Barreld} Body o] €] 4
52 vjust Zdyto|tt Barrel Z82~9] mAP+= BCE Loss tH] BCEF LossE& &3S u] 2.3% &7}
o, Precision} F1 Score E3F Z42F 3.2%2} 3.3% A= 915Ut} ©]+ BCEF Loss7} 22 244

£ BT iAo e os AT ¢ s A Eth ¥, Body S+ BCE
S} BCEF 7+ 4% #kol7h ulu]akAL §19iom, Precision 28 F3h gro @ Lpepge.

(Table 2) Comparison of detection performance by class between BCE loss and BCEF loss

mAP@50 Recall Precision F1 Score
BCE | BCEF | Diff | BCE | BCEF | Diff | BCE | BCEF | Diff | BCE | BCEF | Diff
Barrel | 0,817 | 0,836 | +2.3% | 0,75 | 0.77 | +2% | 0,822 | 0,854 | +3,.2% | 0,80 | 0,833 | +3.3%
Body | 0.95 | 0,945 | =0.5% | 0.92 | 091 | -0.1%| 0,94 | 0,94 - 093 | 092 | -0.1%

UAVE g5 oful Aol B8 A BAPLZOS A7-2)E 71902 Zok Aol A
2 o|238l7] el Tzkm BFOZS Am A AFZE|of dlt) 2 Al mw zpEe] WA
7] EA3 71515t BAE 288 7 E R 9A-S AT Table 4= 640x640 32 o]
leloﬂ*i 7}” A S 7Hdstel AAE B2t diolele 2gel PLZ-06 AAFE7} 247 v
98 uj, Barrelz} AA| Zo)7} & A Vel f=x] &
LZ-05 ZpF320] AlA| Zole} 5257 155mm Barrel 2] &
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d& RFgstd, UAV d1kef oju|x] sjidteof upet Aa27p ofgH| #SEeA 24T - Atk
Table 3¢ E5% % (10m, 15m, 30m, 50m, 100m)= UAVE] AA| 24 373 71Aste] AA =
Al Ed ol Aol o] ZAL Blender A~ZE Y o]E AFR-3}o] PLZ-05 AFEE 714 AR 3174
of uix|gt &, UAVE] & X|(view 725 24l Y= Ak ol=et il

£ UAY 94 2ol 2 okl W2 A 45 0E Mol s 2ol 2 3

(Table 3) Pixel Analysis of PLZ—05 at Different Altitudes

Altitude (m) Barrel length (pixels) Total PLZ-05 length including Barrel (pixels)
10 258 368
15 172 245
30 86 123
50 52 74
100 26 37

ol2fgt tlojE = ke W3to] wE o|m| A} AR 27] AfolE RHYSH, UAV 7|8 g4 A|2H]
o % Brieh HHSe] FaF FT A=s} Ak
)\](2)@ \_ﬁE] Barrel 710]( 1xe])9’]‘ UAV-—'—,—E(HUAV)s O]U] X] ‘8H/2)]-E(Rimage)7L]:9’] %ﬂ]% Efﬁ

510, A4 Barrel 20l(Lyeya)& 45z A 40lch

o, ¥ Barel Zojot AA| Aol vhgoR MRS AEFH AB)S BEFh 17
(0)2 Bamel7t 5% W} o] 21 2w, WAR|Y 4% A A AFAL | A A
st

L

actual )

0 = arcsin( 3)

HUAV

L1ZHP)2 Barrel?t Body 414 719] At A5 7|Hhe 2 Ab&Hrh 4|(4):= Barrel 24 2]
Barol A2p FAH Aol & o] gsto] Ha - H| ARE T F, % Wl YIS At
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o
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Barrel {91243} 122k0] AR S Al AW Ad, UAV 7|8 &3] 7|0l A4 23 A9
AAzte s HUE st £45k= o vl avAd o oke S Rk 53, 2 A9t 1Y
g 7IRE AR HA] darEEs AE5t w2 HA A= AFAdS SHEAL, ol A AR
oA AlESHL FETE tl6-2 7T 4 ke FolA AST AR & 4= ek & A-tolAf AF
SH A A mdef S U=, AL, FI 4, 412 = (Confidence) gh-> th) dt
(Table 5)

(Table 5) Classification accuracy, precision, recall, and Fl—score comparison for class

group

Class Acc, Precision Recall F1 Score Confidence
Barrel 0.817 0.85 0.77 0.83 0.95
Body 0.926 0.94 0.91 0.92 0.95

# AtolA AQHeE BCEF &4 o5 A3 YOLOvIl Rd2 S8 AR 4% - Barrel}
Bodyol| tjsll ¢g#]olal 93 TR 452 UEhith Barrel 0859 FEk, 0779 AdE, 1

0.949] AUw 0919 &L, 0.929] F1 ScoreES 7] 531 BarrelHt} AWHA O 2 =2 2] A5
Uheick olef @ Ak B a7 Alek mlo] chepek WY ACIHE A Ui wH) Akl
s AZIEE Alolu, AR el 2719k 917} A Wt ZUJAE B2 HRES fAFOR

L
- =
W ANZE A AR AR o] FHIITT B 4 gl
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(Figure 5) Examples of Object Detection Under Changing Environmental Conditions
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