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for Defense Domain Data Construction
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[Abstract]

The performance of defense Artificial Intelligence (AI) systems relies heavily on the acquisition of
high-quality training data; however, constructing training datasets for rare military objects—such as
enemy equipment and new weapon systems—poses significant challenges due to security constraints and
the inherent scarcity of such data. To address this data scarcity problem, this paper proposes an
Ontology-Guided Data Engine, an automated data construction framework that integrates the ontological
structure of Wikidata with large vision foundation models. The proposed framework defines hierarchical
concepts of military assets and utilizes visual prototypes from reference images to semantically filter
valid data from the web, open datasets, and internal archives. Subsequently, it employs Grounding
DINO and SAM to automatically generate precise bounding boxes and segmentation masks in the
COCO format with minimal human intervention. Quantitative evaluations on 12 military classes
demonstrate that the proposed engine achieves a data selection precision of 0.720 with a micro F1 of
0.729, an auto-labeling quality of 82.6% Box mAP and 83.9% Mask mAP, and the highest downstream
detection and segmentation performance (54.9% Box mAP, 51.7% Mask mAP), outperforming keyword
crawling, CLIP-only filtering, and SAM 3 baselines. These results confirm that the framework
effectively identifies fine-grained differences in weapon systems that text-prompt-based models often fail
to distinguish. Consequently, this framework is anticipated to serve as an efficient methodology for

future research on Data-Centric Al within the defense domain.
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I. Introduction
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II. Related Works

1. Defense Domain Datasets
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3. Auto-Labeling with Vision Foundation Model
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Fig. 1. Overview of the ontology—guided data engine framework

III. Data Engine Framework
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Fig. 2. Ontology—based concept definition and
expansion process
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Table 1. Hierarchical statistics
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3. Quantitative Evaluation

Table 2. Data selection quality (top) and per-class
F1 distribution (bottom)

Method Precision Recall F1 Acc.
Keyword 0518 1000 0682 0518
crawling

CLIP-only 0.560 0.861 0679 0578
filtering

Data Engine 0.720 0.738 0.729 0.716
Method Per-class F1 std (min-max)
Keyword 0.164 (0.431-0.926)

crawling

CLIP-only 0.184 (0.273-0.919)
filtering

Data Engine 0.147 (0.433-0.936)

Table 2% Hlo]e] AY E4lo] A% w7} AnE ol
E} 719E 22Ae Su onjx|2 A8 Walx| Yot
Mgd-&0] 1.00001A]9F U =7t 0.5180] Eafsto], 4
H Hlole9] ARPigfo] mm ZAet fgt wo] =]
S Hoj&r} CLIP-only WEH Al AU 056002
719E 2820} 2 AjolS wolx] B3t vhl, Colg] o
AL Fuw 0.720, Micro F1 0.7295 7]&3t0] 2 Qsh
Holelg satRlog AAsty Zm FeAad] Pifshe
oJu]x|E A*Estict.

T3t 2EYAE F1 225 29, Hol Al w&d
AF0.147, FA 0.433(1nfantry tank), AT}
0.936(aircraft carrier)2, 7|¥t F=2%o] ZTZFHX}
0.164 ¥ CLIP-only ZE|ZH Q] B&HX} 0.1840] H|sl 2
A IF WAPE AT ol AlRb WRie] s iAol §
A Ao #5H Ao opyat A Ayt AX 1=

Al YeRd= ojulsitt.

LU

Table 3. Downstream detection and segmentation
performance

Method Box mAP@50:95 Mask mAP@50:95
Keyword 0.493 0.439
crawling
CLIP-only 0.445 0.415
filtering
Data Engine 0.549 0.517
Table 32 7} Wi o2 e HoJgAloz

ah4l o
e po] A% ula Azolt). gojg Aoz ¥

S35} go]EjAlo] Box mAP 0.549, Mask mAP 0.517=2
P =2 AsS HAth W 7|9= 359
CLIP-only HE|FET R AEY AJ50] thh =7 UE}
Sl ol 719 g0l S1 ZefAlt Fgt ofo]
Ag e Zedsiyete 0]99] Q& o5 a/gofA
S o]ulR] Yol =1 ZBAIPF AEEA] oot =1 310]
A4 tielA 1RR 0= AQlE]7] miFolnt. &
ol 53 TAOIA etk oJulX|7t AfK|= ﬂ}i <l
off Al sh5oll ARg Rl 2lo]So] ATiAloR AAAEH
A OAER dso] BEH Z10= siAEn. 4t Al
o] A tlolgg Afshs WM 7IYE 22 W
2 6& Hlo]& & Z3loto g, d4et
v]go] 37 71l

N

Ontology-guided
Data Engine
(*“anti-ballistic missile™)

SAM 3
(“ship-launched
Raw Images anti-aircraft missile™)

\ ]

Source: U.S. Navy Photo, Public Domain.

Fig. 7. Qualitative comparison results between SAM 3
and the proposed framework

4. Labeling Results
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Fe] Fo)~2 web] dS mje] Alolg Afsigich
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t}. o]+ w=o| ‘Ship-launched o]g}= fAlojo] ot
@1, 420 WAl S)g ARSI Rata, Bl ol}
ho]7} 7}K]= QubAlol AJZFA EAJof|ut whesHA A
el UHTOIB} ATpdo 2 SAM 3 T UjAjdo] oA
Aolg esr] 2ok SAE WA At

welr}

oA rlr

oL
Of
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(“*demining tank™)

Raw Images

SAM 3
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SAM 3
(“infantry tank™)

Source: U.S. Army Photo by Capt. Kevin Sandell, Public Domain.

Fig. 8. Segmentation results on a rare class
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Fig. 9. Segmentation results using the proposed framework

ghH, 2 TP T = HAE QlITof o EoHA]
ol7]ojt]ojof|A] &HEl ‘Demining tank Q] AJZHA mz
EERRIS UjAdsto] offd XS <ts] ©X|stal upA7]

=2 0
sFct E3t Fig. 904 & 2 915, UubAol ‘Infantry
tank” o|0|AI7} AL S We 22 A] 440 oid 22

A2 HE5| B5s

S0t ¥ UhAT0] REEE BIHISIC ol SAM 3
oto] bl YL s s, MIAE mEmEDL A}
85 7)3 Z7lo] o) & Zefolelae SUsHA 7]

7 O|UjX|S 83H= SAM 3 YY 24S 7t

ojojof & s 28



278 Journal of The Korea Society of Computer and Information

E

2 I&s519th SAM 3= ofjA](Exemplar) &I
2 ojujx] o] whAs Fhu PEolo2, 9
olu]xlE BL5}] s Az ofulxle} Ae] ojo]A]

){l HJIHJ

rulm p
o, rulo L B

]_

| AT FF olulxlE A 7 AR olojx]
oA utx mERER A|Ysto] RHAG AFGSHL, o]
ulA] QJefeliMel o5 Aavke Fasioict

Table 4. Auto-labeling quality (top) and per-class
Box AP distribution (bottom)

Method Box mAP@50:95 Mask mAP@50:95
SAM 3
(text-only) 0.616 0.638

SAM 3 0.656 0.666

(ref. imgs.)

Data Engine 0.826 0.839
Method Per-class Box AP std (min-max)
SAM 3

(text-only) 0.260 (0.139-0.966)

SAM 3 0.270 (0.006-0.944)

(ref. imgs.)

Data Engine 0.182 (0.309-1.000)

Table 40]A] B 2 QJ= EIAE
= SAM 39 Box mAP+= 0.616, Mask mAP+ 0.6380]
olon), 3% olo|x|g A7 LERER BEY AL 27
0.6563} 0.6660.2 Q4 AAatAC. 13} of co]e]

olx19] o] ZA9] Box mAP 0.826, Mask mAP
0.83901]— &x5] O|x|R] 23H}.

Zeja Box APY] R oA ul2d AL HolE
o Ol ARl Zes 7 BEEAL
0.309, z]0j 1.000)2, =2 T ETF ARRSH 7]E SAM 39]
BEFEA 0,260 L A O|u]X| S ALEEH SAM 30] BE
WA} 0.2708C} Afo}c}, E3H EIAE mEmE SAM 39
37 4% ZefAE demining tank(0.139), &= o|0]x]
SAM 39 XA ship-launched
anti-aircraft missile(0.006)2, 7J/d 7oAl LY
9 5 ool AR AuoHE FUshl sl

olelat Zukt W8 shedold 2] Atx olojxlg
In-context TEXEZ QJsl= T Agdqtoz = AH
Zoj2 710] O]HIEt Ao]2 EAeP] ok S ARt
stol, 24} =mjela zo] DlNet 2oA BES 2 of
Aol As Fx oJufAR|E 2ERA] 7|ftoR L7 6h1 Al
7} mzErQloz s molmefel 750] WAAY
g uojzE

SRS ol A=
oo aHl—C

QH, dlojef MRl =AU 30| Al A= EXfshs
g ol Aio] 7}% 3 &A49  ship-launched

anti-aircraft missile(0.309) ZejA0A WAL QIC} 0]
AFG A} A] WS SFF ) A7]of] 71eEl A% BIR3A|
S AEsA] Teln WA PASY doluwsie olg,

SR Y PEBY AR L AR Qo o

5. Computational Cost
Table 5+ mo]zafQl WAE At v]&g Eoj&th
Fu ojujx] 2Re FPAY oF 21%, 2 EEIY APy
2 oju]2A WE42L olu|x|Y 76U &, Q& o|al
LEF2 sush oJufX|g 739YR| 27t AQ €T o
127] 22, eRAT 1007 R T3t Ao A
19 Fu 4 of 4%, WEj of 158, 9 € 2ol
82 KW 1 ] = 148 HD} Mﬂ‘ﬂ o]

ol

5% 4 12% ojolgrct, m}aw 2 EﬂOlE1
3 AR AHLS 1A B
Eok & Ago, 8

o ol ¥2 o R & rr 12 oo r|o
o
JH|~_I> o T
o 2,
o e
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toh
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>~
>

Table 5. Computational cost

Stage Processing time

Candidate image collection 21 s / class

Prototype &

semantic filtering 76 ms / image

Auto-labeling 739 ms / image

V. Limitations

B A7 RAA ojZeolde 9= 223
CLIP-only WEj2), Aok 4 7to] vl g £3] ojo] &
"eja} A7 22 REQle] sjofs Balsiglon), eER
A 7Ale] SAQ Jlof Belatal Ralgict. Alet ze

Bl 2EIAE 41 oY 2

i
rlo

B olol2yE AREC, 5 LB 2} 24
o] o] i 2} JFN Px0l0R, 282
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VI. Conclusions

2 AFoA= Hloly EI} AlgHEol 1 w2 HAEA
o] Qe W £Hjelo] E24e 2E5) ofF), L8
2ZA]  7]gre]  golg]  AX(Ontology-Guided Data

Engine) 22191932 Aletsteict. Alokel mejelglas
S7eolel A4 JPime o) A A e B

oA BEIStL S bl el 2idEe) ARt
=g 2Ysto] dojelo] 2ARE A, elol2w] o]
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G o 71 e ol 12 g8 i, 8
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92 yeIston, 18 HolEl2
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