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ABSTRACT

This study was designed to determine the characteristics and tendencies of drones, which
have emerged as a key weapon system in the Russian—Ukrainian War since 2022, and their
use in modern warfare, A spatiotemporal analysis was conducted on 5,491 coordinates of
drone—based battles within the city with a multidimensional model. The analysis revealed
extensive drone operations by both Russia and Ukraine, with Ukraine shifting to offensive
actions in 2023, and distinct temporal patterns by day of the week at battle sites, as indicated
by the frequency of drone—based battles, Moreover, Russia maintained the momentum of
offensive drone operations, intercepting 85.1% of Ukrainian drones and achieving a 54.0%
success rate in drone—based attacks, whereas Ukraine intercepted 43.3% of Russian drones,
with a success rate of only 14.3%. Based on this study, the spatiotemporal analysis of
drone—based combat across Ukraine enabled an examination of the operating areas, roles,
and efficiency of this weapon system as well as an understanding of the impact and
multifaceted characteristics associated with its deployment on the battlefield,
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1) https://www.landmarkscout.com/fieseler-fi-103r-reichenberg-a-german-v1-based-suicide -jet/(7344Q: 2023.9.14.)
2) Hierarchical Density-Based Spatial Clustering of Applications with Noise
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<Table 1> Summary of research on drone threats and explosives terror

Study Key Contents

Kim, E. Y.(2010) Analysis of the geospatial distribution pattern of terrorism using ArcMap, and
Yoon, M. W.(2013) Quantitative analysis of bombing incidents in Afghanistan with GTD data
Kim et al.(2021) Analysis of the current status and characteristics of terrorism based on
Lee & Lee(2023) GTD data related to drones—based incidents
Time series analysis with the ITERATE dataset regarding transnational
terrorist incidents (1968-1997)
Explanation of how to work coding and data collection of the GTD, over
170,000 terrorist incidents (1970-2007) worldwide
Veilleux-Lepage & Analysis of the drone programs of five non-governmental groups operating
Archambault(2022) in the Middle East with both GTD and ACLED dataset

Enders & Sandler(2000)

LaFree & Dugan(2009)
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1970).
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<Figure 1> Data mart development Process
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Data Export Tool
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<Figure 2> ACLED’s data export tool
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<Figure 3> Sample data-set of ACLED Key-word search
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Dim_date
Year Fact table : ACLED event
Month
Week Event_id
Event_date
M«T Frent.type
Type Actor1
Actor Actor2
Target ) = .
Location Dim_location Dim_clustering
Number_of events Country 22111]‘1?01 d
) Province
Killed
Latitude
Wounded Longitude

<Figure 4> Multidimensional model for spatiotemporal analysis

3.4 Python °]-&3F +#43}

3.41 Fej2E dmelE A

B AR Bakshe HAo ATeES Hus] S8 A AAHoR BaEl Ao se] of
o chret ZelaEe duelEe] AR AR Table 2). 0% ErlE & AT EE 7]
BF S1GO) AT, vhkeh WEet 1% 49 B3 ZwoA] HDBSCAN 2eze Aejstct
HDBSCANO' 24 45 vle] 443 L glo] Ao Hejo] 24 3 4 glon et W
o Zel2HE chwA Feised Byeld Zelade) ZeEA grob A2EE e Noise) o
oJElE TEI 4 9l 5] 9tk

9) HDBSCAN I T2} 2 Batit o dlolEl =S BAjgh o) @4k A7to] ZojAl Bo| Bs} Bt
Fzo} ekt e A1 HolEelAE AnHe Felawe }
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<Table 2> Clustering algorithms for geographical coordinates

Algorithm Strong Points Weak Points
K-Means ¢ FEasy to understand and implement e Specify the number of clusters (K)
Clustering e Effective even for large data sets e Sensitive to initial central value
* Not suitable for data sets with large
DBSCANIO) . Cap find clusters of'ar.bltre%ry shapes density .chffergncels
¢ Noise data can be distinguished ¢ As the dimension increases, performance
decreases.
R i umber of cl e If th is 1 Iculation 1
Agglomerative No need to specify the n r of clusters ] t! .e.data set is large, calculation is
Hierarchical in advance inefficient.
. ¢ Results can be visualized with a|* Combined clusters cannot be divided
Clustering ;
dendrogram again
¢ Not sensitive to density e Algorithm is complex (Difficult to
OPTICS1D |« C(Clusters of various densities are well implement and understand)
distinguished ¢ More calculations than DBSCAN
Mean Shift ' NO need to specify the n of clusters ¢ High computational complexity
Clustering in advance e Not suitable for large data sets
e Can find clusters of arbitrary shapes
¢ No need to specify the number of clusters
in advance e Algorithm is complex
HDBSCAN |e Distinguish between arbitrary types|® Computation time may be long in large
of clusters and noise data data sets.
¢ Handles clusters of varying densities

& A= OpenAl°] o} 7itd oty A3As o] Ll ChatGPT-45 A|2|#px2] S22
2 93 Python 23 HEZ AA5HELE =2 78 Y39 Hotspot B2 ¢J3] HDBSCAN
2lEe A8t SYAEE TS, TGS B VW] A S AEHT 7Y

WS AFHS UFOR FHUAHES FHTE PAL AT

3.4.2 ChatGPT-4 ©o]|-&3%t T}o|#(Python) 2~ E(Script) ZHAJ13)
ChatGPT-4 2-g-5to] HDBSCAN diiel&g 249 SejAaHY 7e= A4gstal, sig daly
22 Mol T TolH 2TUES oS 1S Fa) e Figure 5)

10) Density-Based Spatial Clustering of Applications with Noise

11) Odering Points To Identify the Clustering Structure

12) https://godongyoung.github.io/%EB%A8%B8%EC%8B%A0%EBY9F%ACY%EBY:8B%9D/2019/07/15/HDBSCAN-%EC%
9DYB4%EDY95%B4%ED%:95%98%EA%B8%B0-(with-python).html(7 A1 & 2023.9.4.)

13) & A5t tiatit A2 dlolg ol thgt 2228 43 d=2lo] Felshe #2e] E4%=A 4ol Basto]
ChatGPT-4¢] tialy AT 9 g4 7|55 Z8sto] AaYES 4%
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Geographical

Enter Drone-based Threat | | COOrdinates Clustering s
i PTgcth nzll? 5\75‘ ksgongt Clustering Technique
Requirements oints & Weak Points g 4

Suitable for
wide coordinate s
clustering

HDBSCAN
Algorithm

Enter error details

Enter HDBSCAN-
based geographic
coordinate clustering
requirements.

- Calculating Cluster
Entering & and Coordinate
Executing Count

Data File YES \/\

<Figure 5> The Process for creating Python script using ChatGPT-4

Z4¥l A3 YEL Python 3.11.0 7404 AW6HgT, ChatGPT49] A¢e Fo] AagEo]
& 4 W A e R WA HDBSCAN &are]&2 7|wke 2 A 2j#}3xE Clustering
ato] o] 9l Hotspot& Zrotu7] $J3t 24 Fe|AE A7]9F Sample 5 2|43 Fof & 2H
Atoo] #2]E Haversine 7 2] A& &-8sto] SA6lth dnba ez HDBSCAN dile]&2
r7re] Ags A8k E o] fsle] A3l 9Z2|= A2 (Euclidean Distance)2 Ho]g E
AE T+ ATE SAsANE 2 A= 3AHY 7 FEidl A9 A2 ataets SHolA sk
ARQl 22418 o]83l9tHeg., Esenbuga et al, 2016).14

7}
T S 2HE A v go R AEE ZF FejaE daf A ZIAE HRE Pt}
54 (Centroid)& Alibstal, Se|AFof 23d #x of izt RS A spdo] AAgt.

AR Pyt 5| Tt B4 Gold Al A A (W) S A7k} FLEOR T, AE
S5-0] <l A Shtel e 4 4(Military Power Index) 1ol A17E S4-(ER0E =3

14) sHIARQ] A= = o] Az Ato]o] Azl 3344 T Al B ZXo] obd BE, Arc)Q] HoFolaks
4 Tefeta A7) WAEQl Re63TInrs 14-3to] AXIEh Euclidean distance AXIH.O 2 F 27 7he] A7}
10km= 7143} ) Haversine distance 2|40 2 31 oF 10.5738km7} L}-&. o]= Fuclidean distance®} Haversine distance
ALolol= oF 0.5738kme] 2ko] 7} §lL.

15) F71AA 9] e Ao 2AFES BlaL - Bk W os AR FrIAA Y e AEE Agdtete] A

~
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<Figure 6> Drone-based combat coordinates across Ukraine
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<Table 3> Distribution of Drone—based combat coordinates by province

Province Russia Ukraine Total
2022 2023 Subtotal 2022 2023 Subtotal
Donetsk - - - 518 736 1,254 1,254
Luhansk - - - 211 603 814 814
Kharkiv - - - 527 160 637 637
Zaporizhia - - - 117 549 666 666
Kherson - - - 310 262 572 572
Belgorod 1 333 334 - - - 334
Dnipropetrovsk - - - 59 134 193 193
Mykolaiv - - - 111 53 164 164
Odesa - - - 79 35 114 114
Sumy & other 40 Provinces 20 214 234 149 310 459 693
Total 21 547 568 2,081 | 2,842 4,923 5,491

& Wi §l27)e, wy 23, x|
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21) ACLED Event data®] AJ7Hg = O]B“E7 AR AEdE FAE] 912 AGH oHMEY e WA dojot
W Aoz el gloms AR FAOR B s Y Ae] ot HeklA AASHAE 9k,

22) Guided Multiple Launch Rocket Systems, 3% T} HA} 271 A2

23) https://www.nytimes.com/2022/09/09/us/ukraine-weapons-rockets.html( 7] A4: 2023.9.16.)
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<Figure 7> Drone-based combat by Russian and Ukrainian military
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24) Pledge Times(2022.10.24.). Drones in the Clear Sky: How Drones Change the Course of the NWO. https:/pledgetimes.
com/drone-in-the-clear-sky-how-drones-change-the-course-of-nwo/
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<Table 4> Drone-based combat casualties from 2022 to 2023

2022 2023
Actor Target : :
# of Events # of Casualties # of Events # of Casualties
Ukra. Mil. 1,618 105 2,143 2,510
UID Mil. Org. 1 0 52 0
Russian o
Military Civilian 24 205 7 519
None 109 0 334 0
Subtotal 1,752 310 2,606 3,029
Russian Mil. 330 497 466 1,744
Ukra. Mil. 0 0 2 5
Ukrainian o
Military Civilian 1 0 18 33
None 12 0 253 0
Subtotal 343 497 739 1,782
Russian Mil. 3 6 2 14
Unidentified Civilian 1 5 8 15
Military
Organization None 3 0 A 0
Subtotal 7 11 44 29
Total 2,102 818 3,389 4,840

414 =2 79 AEO FUGARE) Y +4
FAgtolut Ao AIZHA BAS QYR AE S, AFRIeE A 5 7)o wet 255t
H Table 5¢F Zth. 5 2H, the ad¥ Aojzloz a9y Fado] AR WA Wz=r} o}
AR O] 42 27kt AR APFAFe] 485%(2,624m)0] =a Yol WAYEglL, o] F APdA
51.8%, BAFA} 45.7% 2 LFERyIT.

<Table 5> Status of drone—-based combat and casualties by weekly

Category Sun. Mon. Tue. Wed. Thu Fri. Sat. Total
Events 738 738 728 832 755 791 5491
Killed 234 107 146 694 70 63 2,629
Wounded 55 200 247 789 165 231 3,029
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25) S-=gto|ute] WAL 603,550kmr= SHIFE O] A 220,258knr?] 2,748 Y. (ZF3L A} : https:/www.cia.gov/the-world-
factbook/countries/ukraine/#geography)(AA1 Y: 2023.9.20.)

26) https://www.bbc.com/korean/news-61741454(73 A Q: 2023.9.22.)

27) https://www.yna.co.kr/view/ AKR20220626038000080( 4 A 4: 2023.9.22.)
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09-21/(AAY: 2023.9.22.)
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30) https:/www.bbc.com/korean/articles/c5198mydredo(Z3 A4 Y: 2023.10.8.)



Armed conflict location and Drone operations / Kim, Hyungsuk * Cho, Jaehee 71

21S0tL[o

H=2 Bok=

f
S T el

sy eamaor 5
¥

101.00

a} T Al51of *17“4 BHFE JJrOW = °‘E} J} 7t JEEAE %Eié = ﬁo;
£ A Ade Hzt= AEA Y] HaE 0T = AAUHES 2). Figure 9= 39
2w} =2 AFS] 77 S8 Al CLST381, CLST324, CLST381, CLST065, CLST060, CLST055,
CLST1140] tiah Aok (HA) 1} $-Aatoluh(HA) o2 FEsle] =2 7ik W& F7e} 34
E ZA]3t Aotk

CLST3813 CLST324 7%, 9-Aefto|upto] A&HH o2 B2 7|Rke] 345 Zdstal glo
EWOHLOI EE QSAAIE 83tHA HojdHol dFdte Felth Sagtolute EE ¥

2 CLST381oA 4315 A QetH 5 gAjotzto] o 8 At} ojek= thEA CLSTO60,

CLST055, CLST035, CLST114 @ CLST065: A|obte] E2o]
Agsta Aoz yelytth o] g3t AE oAk CLST38(F3k2=)¢} CLST324(U}E]—°r
o7 Agto|ure] A ol gAlote] Wro] AT LA A oA glAlote] EE
53¢ Aoyt 2o R HAd 4= itk

o ﬂi{t\



72 ATIZHAT HeH M3

Cluster Attack_Kamikaze/Operation Interception/Interruption

CLST38L 4,

NEO®
5888
-
N
@

ClST324 49 35

|’-l
5]

cLsT060 22

N &
=3

|u>

|>—\
K
"
@

I
80
60
CLSTOS5 4
2 U = _ -
—————— | —
80
60
CLSTO35 0
20
: ; |
80
60
CLST114 40
20
S L — e
80
60
CLSTOB5 4,
13
2 — 3 _

2022 2023 2022 2023

<Figure 9> Visualization regarding top 7 clusters (hotspots)
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<Table 6> Drones in Russia—Ukraine war with ACLED event data

Country Type Name of the Drones
) Loitering Munition Shahed-131, Shahed-136, KUB-BLA, Zala, Lancet
Russia ISR Merlin-VR, Orlan—10, Forpost, Kartograf, Supercam, FPV
Loitering Munition Phoenix Ghost, Switchblade, Stugna
Ukraine ISR, Attack Bayraktar TB2, UJ-22
ISR Mugin-5, Tu-141, FPV

<Table 7> Status of drone—based combat

Country # of Operation Success Intercepted Other OPNS
Ukraine 4,302 615(14.3%) 3,660(85.1%) 27(0.6%)
Russia 1,126 608(54.0%6) 487(43.3%) 31(2.7%)

S-Zto|urt glAjotof| vlsl 38 o] Y] EES HE FYsiiloy, B 7IRE 34 29
AETEL 143%=2 Aot =2 7k 2 AJZ-E(54.0%) din] Aoz Az uebdt
T2 7 340 it 97 d%S B, -3eto|ubs 430%E 843511 Aok &6.1%E 8.4

31) Saw, D. (2023). Lessons Learned From Ukraine Conflict - UAV Operations, Options and Trends. European Security and
Defense, https://euro-sd.com/2023/03/articles/30005/lessons-learned-from-ukraine-conflict-uav-operations-options-and-trends/

32) https://www.npr.org/2023/03/21/1164977056/a-chinese-drone-for-hobbyists-plays-a- crucial-role-in-the-russia-ukraine-war (73
Al 2023.10.9.)

33) S 0247 SE A 4T S AN 918 308 A%t F/PEE S2e] A AE A4S el
HBRS AR F08 A% o] 4T A4S MELE TAYOm, QAR AhEe] 08 A% ] A=)
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<Figure 10> Drone operation and interception by Russia and Ukraine
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