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IR EARIC BT 28902 /R Uiz, Ji 6 DG RIERICRTE B O EIEEEY 2 M H L, Matsuoka & 9%
HIERR O SAR FREEER OBELAHEDO L EFIHT 5 2 & T, EXHMORELZ T TR oY E 21
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Mean Class Accuracy 87.1

&2 VIARADHERIERE

7T A% ToU (%) Precision (%) Recall (%) F1-score (%)
Roof 84.8 92.2 91.4 91.8
Wall 59.4 68.7 81.8 74.6

Ground 87.0 94.2 91.9 93.0
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DT -T2, B, Fo—r a2 MEc TS Cr —2 2 BS54 28 b, $hiEm T 5 B3R E
[ Cd D BER-CHIME LR THREFEENMEL 220, BB c BT — 2 BAREWICARET 5. RIFEITS]
IR BN BB OHLECHET D2ROBE~ORSEY, oD%, T—XEMNERICLD LD EE
ZoN5D. S%IL, REHT — 2 ICRE L8 FESCEL Y RSS2 I 2 25T Vv OEANINZ, &
B 722 FEREITRATC AT RE 72 # P COMRZETRAT, H D WIFIEESLD 360 JEFHER OO 72 &, BElT — & O
BHEZOLDODEEANSLIETHS.

BEEHEIZOWTIE, A, MdE S, REA L WHIBHORMIEEZEAE T2 LT, HEEDOHR
HFEEAMTE LS R ENEOND Z L 2R Lz, ZHUTHE—BEIKE LR WA EOMEREME 2R~
HLOTHDH. 12170, BMARBRREEN S REICESRWEEE T2 i HBEHV ] LT28T0 3K

41 2026



SIS, EF TN L EBEEZ ST 6 BRERHN & OIS DITTITEN R D . BRI < &5
BT RO IR ZIHIRENCHR 2 5 ECTHTH 2 —J, SMESIEED RFTH e HE5H 6 & BERHE T 5
ZEIETERY. LER->T, BMEDZYYERGEE & HIEX D OMMEITIN A, ZEREER D555 BIRE
G DRERRL, MBS U THBED mIR G EBGINT ORER LG LT, < TF =V REHIAR O
ENEEND.

FEMHETIE, AFETBEMFAEZTZRNET 2O TIIRWE OO, RSN I TR T
M 282 U, Sl ESSREmtT 2227 ) —=0 ZHlTE LTERTH D, SRHCESCE
BERETRABO B L 2T T 2 L, HEOFBIEN LICGET D, £io, LZENLT—F 2
BTE, BB ALTITEHMETE 2 50T, ZRECHREOBAND b RERFHTH L. b, K
WFFEDBGEITRER - B HUBR DR EHIRZ IR L LI b D TH Y, R MECH ARG D 572 5 o # S~
DM AR, TRDbLIUEEREOREEI S RO EELFETH D.

4 FEH

ARFZEClE, TRSEFEAERITOREL & FE8MN E2 B E LT, Fe—r CTHRE L-miHMeE 3 kot
BT — 2 2 HW, EBETE I X DS & ST IS FRIEEHE FIEZMEE L. #hA 7
— )LD HFE PointNet++% 3 8 L7255 58, mlIoU 77.3%, OA 88.6%%EM L, BB - MY 7 A TH
W PEREZ R LT, BEZ RT3 7 ARBHCRIGEHANZ IR 3 2 588N 5 b 00, HEAER HIC M
B BRI O EIIMER CE . S5, BWANERT — X 2 AW CERBEMICSEEZDE L,
RANSAC + X7 hUfiEHT « PCA Z#A LI-EFE T VI X 0 EBE, MAxm s, T AESG2EHL T, £
 OBEHY, BIES LD 3EREHEELEBR L.

AFEITRHPFE 2 ZRINET D H O TIIRWA, RO ST I THERE TRl m 2 48 L,
EEGEHOCEEHENSREZME T2 A7 ) —= 0 JHIFE LTERTH Y, WEREREONHEL & REGE
HERITORENCA~DOFENYFESND. 5%IL, BEZ 7 2O EREE O E, $EHEICHW 5 BIEO %
BHERRGE & HE Xy OfE, B L OEREER 5L BIREGESEER L ORGICL s~ LT E—F
JVIR SR R E R DR D, BRI & OEIERRGEZ @ U b 2322 Higd

(5% k)

1) EHZEFD - PR AT R SR & R SSGEEIC S\ C(D), fEMRFIE T imE, 2 68 BH 377,
pp.303-326, 2023.

2) MR (BSHRY) « KEFEITLR D EZFHEREER FEMiAHI O T8 X, 2020.

3) HIBHANEARLS : fe5 B HEIC X AP BIRRICK T D A v N~V AT 5 AR
7, 2024,

4) N (BSHRY) @ ST R A FEFHERE R EEMAEER (5 54 3 H%ET), 2023.

5) PriGthify, WIS EUKEICBIT A EZOHEREHEOMSLFIEOTUR L EDO B L, il
RO Vol.4l, No.S09, pp.237-252, 2022.

6) NI (BFSHEY) « Bt « RS OR SKEGN G B EHE 2-03. 48 FHE - 0 KGEH [01] #EFEMA,
[02] Y SERERAEDILT.

7) EELT ;PR - R RKERBOEERER X OISRIGREEOHR, B O & EBER T — 7
A 7.

8) HHLIT : PR « RIS RKER B OFEEBHED L OSSR EEOHER, 2013,

9) NPT : kR « IRIE KRB DBGEN, PNEIFES SAFw<—.

10) I IEAN, @B+, EHGIL  SRRRETICRIT S e oRAFEE L DR, HARR
FURNETECRAR SR, B 75 %, % 654 %, pp.1815-1823, 2010.

1D BT : 5 9 & MEKGEH - KERMA, IaTEREER, 2012

12) BRAEME, AR, KRIFREMR, BEREAR  HAAKERICET 2 BIGEOBRMHRERA DK
RO 2 %22, APERFZE, Vol.64, No.4, pp.433-437, 2012.

13) FEARIRHE T : R AR OXHGIZBE T 2 MAE# L, 2018.

14) MFBE TUNE KATBGHM R« RHR BRI 2 MESGEIE O R AR 7 5 FEREFH A — Pk 28
FEREAMEZ P E LTC—, 1TEGRMERA RS E, 2017,

15) 2840 SR 28 AFEREAHIGR I KD AT SEEPE M AL PR R HEG0ER, 2 3 B HHIEFEFOMIK L,
2018.

41 2026



16) Wang, Y., Chew, A. W. Z., and Zhang, L.: Building damage detection from satellite images after
natural disasters on extremely imbalanced datasets, Automation in Construction, Vol.140, 104328,
2022.

17) Ji, M., Liu, L., Buchroithner, M., and Zhang, Z.: Building damage detection from satellite imagery
using convolutional neural networks, ISPRS Journal of Photogrammetry and Remote Sensing,
Vol.142, pp.45-54, 2018.

18) Matsuoka, M. and Yamazaki, F.: Use of Satellite SAR Intensity Imagery for Detecting Building
Areas Damaged Due to Earthquakes, Earthquake Spectra, Vol.20, No.3, pp.975-994, 2004.

19) Li, Y., Hu, W., Dong, H., and Zhang, X.: Building Damage Detection from Post-Event Aerial
Imagery Using Single Shot Multibox Detector, Applied Sciences, Vol.9, No.6, 1128, 2019.

20) Ye, S.-J., Nourzad, S., Pradhan, A., Bartoli, I., and Kontsos, A.: Automated Detection of Damaged
Areas after Hurricane Sandy using Aerial Color Images, Computing in Civil and Building
Engineering, pp.1796-1803, 2014.

21) Tu, J., Li, D., Feng, W., Han, Q., and Sui, H.: Detecting Damaged Building Regions Based on
Semantic Scene Change from Multi-Temporal High-Resolution Remote Sensing Images, ISPRS Int.
dJ. Geo-Information, Vol.6, No.5, 131, 2017.

22) MEFRRAC, AMREE, HHBM : A L RZ A BT AT —2 a U BRI LEESEBRORH, FE
B TR0, Vol.24, pp.97-105, 2024.

23) Duarte, D., Nex, F., Kerle, N., and Vosselman, G.: Towards a more efficient detection of
earthquake induced building damage using UAV images, ISPRS Journal of Photogrammetry and
Remote Sensing, Vol.140, pp.1-14, 2018.

24) Maturana, D. and Scherer, S.: VoxNet: A 3D Convolutional Neural Network for Real-Time Object
Recognition, Proc. IEEE/RSJ IROS, pp.922-928, 2015.

25) Sun, X., Guo, B., Li, C., Sun, N., Wang, Y., and Yao, Y.: Semantic Segmentation and Roof
Reconstruction of Urban Buildings Based on LiDAR Point Clouds, ISPRS Int. J. Geo-Information,
Vol.13, No.1, 19, 2024.

26) Ntiyakunze, J. and Inoue, T.: Segmentation of Structural Elements from 3D Point Cloud, Sensors,
Vol.24, No.3, 1924, 2023.

27) Xiu, H., Shinohara, T., Matsuoka, M., Inoguchi, M., Kawabe, K., and Horie, K.: Collapsed building
detection using 3D point clouds and deep learning, Remote Sensing, Vol.12, No.24, 4057, 2020.
28) Folk, B. D.: Evaluating Geometric Properties of Structural Damage in 3D Point Cloud Data,

Master's Thesis, Univ. of California, Berkeley, 2022.

29) Wu, Z., Song, S., Khosla, A., Yu, F., Zhang, L., Tang, X., and Xiao, J.: 3D ShapeNets: A Deep
Representation for Volumetric Shapes, Proc. IEEE CVPR, pp.1912-1920, 2015.

30) Su, H., Maji, S., Kalogerakis, E., and Learned-Miller, E.: Multi-view Convolutional Neural
Networks for 3D Shape Recognition, Proc. IEEE ICCV, pp.945-953, 2015.

31) Qi, C. R.,, Su, H., Mo, K., and Guibas, L. J.: PointNet: Deep Learning on Point Sets for 3D
Classification and Segmentation, Proc. IEEE CVPR, pp.652-660, 2017.

32) Qi, C. R., Yi, L., Su, H., and Guibas, L. J.: PointNet++: Deep Hierarchical Feature Learning on
Point Sets in a Metric Space, NeurIPS, Vol.30, pp.5099-5108, 2017.

33) Fischler, M. A. and Bolles, R. C.: Random sample consensus: a paradigm for model fitting with
applications to image analysis and automated cartography, Communications of the ACM, Vol.24,
No.6, pp.381-395, 1981.

34) Strang, G.: Introduction to Linear Algebra, 6th ed., Wellesley-Cambridge Press, 2023.

35) Jolliffe, I. T.: Principal Component Analysis, 2nd ed., Springer, 2002.

(2 & &

= - BEGE - FRAF REERER

Semantic Segmentation of Building | The 46th Asian Conference on

Components from UAV LiDAR Point | Remote Sensing 2025 (ACRS2025 | October 2025

Clouds for Structural Analysis Proceedings)

41 2026






