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Objective: Natural disasters such as earthquakes, floods, and hurricanes cause extensive
damage to buildings and urban infrastructure. Rapid and accurate post-disaster damage
assessment plays a crucial role in crisis management, optimal allocation of relief resources,
and reconstruction planning.

Method: In this study, using the XBD dataset and the deep learning-based models
YOLOvV8 and YOLOv11, a multi-level classification framework was developed to detect
and categorize building damage. The models were evaluated using Accuracy, Precision,
Recall, F-score, mean Intersection over Union (mloU), and Dice Coefficient metrics.
Results: YOLOv11 outperformed YOLOVS, achieving an Accuracy of 0.82, F-score of
0.81, mloU of 0.73, and Dice of 0.86. Both models successfully identified and
distinguished three damage levels — minor, severe, and complete — across various
disaster types.

Conclusion: Further analysis indicated that the type of disaster and the degree of urban
density significantly influenced model performance, with reduced accuracy in densely built
areas, particularly for minor damages. The superior performance of YOLOv11 is attributed
to its optimized architecture and the Dynamic Anchor Head mechanism, which enhances
its capability to capture complex spatial damage patterns. Overall, the proposed deep
learning framework provides an effective, automated approach to post-disaster building
damage assessment, supporting the development of intelligent crisis management systems
and improving the efficiency of resource allocation during disaster response.

Cite this article: Farmahini Farahani, M., Dolatshahi Pirooz, H. (2025). Multi-level damage detection of buildings after
natural disasters using deep learning models and satellite image analysis. Natural Disasters, 1 (1), 47-62.

© The Author(s).
BY NC

Publisher: Natural Disasters Research Institute (NDRI).



https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
http://disaster.ndri.ac.ir/article-1-39-en.html

[ Downloaded from disaster.ndri.ac.ir on 2025-11-07 ]

4

Homepage: https //disaster.ndri.ac.ir/

S5Ol o 525 4 b b S3195 3 i LSy (Al T (Ll

S1oy1anle yglai Juloxi g Gwos

M5 (oBLA g0 Siign I8 g B Ve

Milad.farmahini@ut.ac.ir :asbL], .yl (o)l « ol a5 olKisly el Ji= lpae pwdine i)l owlis)5.)

mdolat@ut.ac.ir :aebbly . lul oylies oyl pas ol (o cwdino 681D )Ll ¢ Jghuno 0dis g5 .Y

oS> Ao SNt
2y s socdloy g bplils 4 (godjius Shlud (bgb 5 O @lj plai b el 1 du Wl g8

Ol (giloil (o350l 5 (goliel mlio digy amass
x5l ladse 54 5 XBD wobassars Sl cpSone b cotagh ool 2 iodRei )
» bJie s pbol Sldle chlud xdawis ganaib 5 ololis YOLOVI1 3YOLOVS e
ol (F-score) -F Lzl (Recal) sk (Precision) cows {AcCUracy) cés slaasls ol

Las objyl (Dice Coefficient) ywls o s 3 (MIOU) sbsl 5 (S

A mIoU ¢ AV Ll F—jlel o AY 8> pdlie 0 oliwd L YOLOVIL Juo ol plis gols sdaidly
iy o Jde pimad .ol 423l YOLOVE & cons (syiag 3)Shae o A8 L ply Dice g+ WY L
lodgs L5 1y JolS 5 s o S Jolis 56 s duw S5 U3

2 593 5,26 b s 3,8kes 52 aed o515 e 5 3l 99 45 Sl o] Sl Lo b 505 oS Qs
2 Pl (Solons jl (S0 p0 cEgeme .l adl ialS Sin slacuw] (asuis cds YU oS5 L sble
eholis o Jae ey il coge (Dynamic Anchor Head) Lg g, p3lke 5 YOLOVIL
2 e ol cres xSl e 58 Cemle S LI L imet ol el 00 odmy (glac]
gle parass Gilodie 5 oloe Cople adon laaibole g (il bl lagty) dgme cua
Dgus oo Come (g0l

VEE SN bl ol
VE/SIYY g Sis g
VEE[ ST b b

VEE/SIYY il g

ojlguals
b @lgs
el gl
993§l (o
Sy gl
s 6350

08
e kg5 ©

sl lgw 0aSing gy bl



mailto:Milad.farmahini@ut.ac.ir
mailto:mdolat@ut.ac.ir
http://disaster.ndri.ac.ir/article-1-39-en.html

[ Downloaded from disaster.ndri.ac.ir on 2025-11-07 ]

VFeF ) o lods o) 0908 (b Eilguw A

R 5 Kl g docNio
5 Bedlsy) 4 (glodyind Shlud AVl &5 Wik oy golys) des l Hsb 5 s @3l wile Lamb olg>
5 S Sl 5 losls (s lyl daleile w50 4 e wl e glsw cal WIS D)y (abiwgy 5 oped 4
boplozsbo (Suscnn ol 355 5 i) w0l ool 985 3] o Slo il (o ipe 31 (S wigh Jlo @il
9 oddcawl bl (ojlwil (cj,a0bp (olel @lie Lamass (lpu Copte 3 oS i SleMbl ol s
(Wang et al., 2022) x5 o ) ST enlgs > Jbo g Sl olil gals e

s w3 g polal g e SabylS (e oy p e Baas o Solud byl e sty
(Sl (59565 Cudgiome Jd> 4 layby) nl )1 (639350 (L Sl klpd 3 Gl 3y90 5L plej g ey 09l
drnsgh doms 4> AnliCuwd gl g @y (b)) 4 Jl G55l ATl el ondcal bl (53,18 g Jame ks
x5k ) ool b ofga (Gl l slacuul oo 5 alolis iy g loiogld p e 5,08 oy,
(Wang et al., 2022; Zheng et al., 2021; Koshimura et al., 2020) )5 (5L cuonl jl ¢ g pguai (slaodls g Guas

g sholgale pglai (Bily (s omels ol diej 3 9 Cusl 0ad Job (2P JB lacdyin ] o]l
Slow €585 5 L Sloidle glacjlud 5:85 5 gy 2L 3 b Ul & cusl ol Jobs ros 50k ot
(LIDAR) ")lad sl 5 (UAVS) "slag csloodls cclolgnle ygbas 51 (s S0y b bacsyslis ol losls 5yl janlo
(Koshimura et al., 2020; Sajitha et al., 2023) l03,5 wal,8 1 oas3uml sblio 55,50 g 03,8 b Kl

bulyd 3 leMbl el oy 5 polie (Sloyjg)ts cilaio g (hdgy Cobl alox 5l (LY & (dlojlsale sl
5 S o Shy glel Sl pglas (ul Wgdige Cguime Wojls 58 aw 25l sy ST ()l (Sl
WJo onl b5 )13 eolial 3)90 Bres (660L Sla e 13 (639)9 sloodls lsiedy wlgie g W)l |y o B Sloj
3n3 RIS 1y s 285 el (o (s dslsls Lyl 5 sl il 5 b il 2oy Wl la il
.(Dhongade et al., 2020; Gupta et al., 2019; Khodaverdi et al., 2019; Rahnemounfar et al., 2023)

P Y zeog b pslal cud g o i)l )5 jloy cubl Vb oplySlasil Js 4 UAVS (o jlsale slaosls LS )
i) OISl 055 a8 L 5)gld ol S Wl core S re slaosly $EEs g S ol (alulid
ly ol g989 3l oy (313l Sy Wl oo 0l gjlojl amaw oo I (55050500 b g Bliie bl jl ol
slsyld s3> 55 LIDAR (slapiwaw (Munawar et al., 2021; Rahnemounfar et al., 2021) .S jasuis
b =Wl Ol olelid (e adaw 51 388> (gamdu gba Jae bl b oS cunl  Sleid b wlylus b5l s ad iy
o ol 00d o BT sus8 Sl g dlold (65:50)lnl )3 bt ol U5 €8 S oy |y aplaiile (55 )]
L Loosly ) S 5 a8 Al (550595 9 Jlg] oo sl ol (B30)558 (liee Jelod (sl qeslie (ol bn]
Khodaverdi et al. 2019; Seyedi ) 1 salgs &ylud  dw i s Jdle €85 Sty w90 (sdlig 5 sloylsale yglas
.(atal. 2019

ile Ll lolis (slaJse g (CNN) ssimy oas (clodSd ohisds isos (650l o dinggyglis oyl LS
ot 163,S s 38 sl Slabl (clrean] candil 5 SSE ¢ apkis > Faster R-CNN 5 U-Net .YOLO
Zhan ) sz Jol 5 Lawsgio ¢ 532 Gl dlon ) (58 ciliseo gl (et 4 08 (0399 ysbad Jeloo b o Jus
[(etal., 2022; Ma et al., 2020

i) e quslie L3S wsdcaul 4ol cpsin pljen alld Ul5 g @ ibn Jdo 4 YOLO

1. Unmanned aerial vehicles (UAVS)
2. light detection and ranging
3. convolutional neural network (CNN)


http://disaster.ndri.ac.ir/article-1-39-en.html

[ Downloaded from disaster.ndri.ac.ir on 2025-11-07 ]

2 pYL cdy g sldls o g0 sl L Faster R-CNN yuoren 00d 0 Cgmxe a3 g589 5l s Slylud S5,0M
Ma et al., 2020; ) 3> Uas g5 (ol 5 cu)56 gobaw yitg SS& 53 (gslhae 3 See (S Sl Shy pasess
1t osie Oplie Hlslo b sl 0id alhb gba | cdiepd (gly Lol ysbay 45 35 U-Net .(Zhan et al., 2022
) ojlo w55 5l Sia laShg gl 5 sndul (ply 38> aluld oSl (g5 a5Vl 5 s useioml
Ui G g €8 Bl o it (a5 b oy slas sl ol oS 5 (Ronneberger et al., 2015) 1S o wal )3
Silwjb (g52y40b g (o0l mlio Ay (amass (o Co pie (gilwaigy 4 AL wiisy de |y Sleidle gla)lus
(Munawar et al., 2021) 5,5 aalys oS 55 0wl Gblie

50 Sleidle glao)lud 2Ll aiej ) polal Gaiprad 9 Ldl plolid Gl slaJae iy Olllas
lboslsas garms 3 sizudlys Faster R-CNN | 6,So b (Yo¥+) oyl 5 bo ¢ Jlio slais a4y 4z S )5 oolizl
dgdn ;D (8 imgh sles 1 YOLOVS Juo oS Jbs )5 il cnd o595 golaw KS&5 45 ZAY 29us > 4 XBD
Mol 350 ) (3lay slaosly g U-Net oS5 5l oslazal L (VYY) ohSen ¢ olf cpizmon sl 030y &3y VA
xS S a8 wd ool LS 35 (VoY) ) Ka g ygonssS Limgi 55 il Cawd ZAD j i (58> 4 oddeam] Sy
a5 ey ialS e la igy 4 Cas AV U]y Lasuis slas Ll o sloylgale polal (5 Gues ol (slaaSls
Lo s 385 dulie (ST Lol cdiitud o )58 (asdl )3 Gres 6350k slade (YL cud )b Sl s ()
S aai8 Sl el oyl s oMl sl 00 plul Slatilo &lud syl disej 55 (V) 5 A slaasus) YOLO
& glojan S cpl (19,5 5 byl iagh e S easl laJae ey (Il L el 3 1) Glesls w15 pasls
Cinds (553 (som j) 30 ps00 gl oS 31 (oth w515 ke LB asyy 5 YOLOVLL 5 YOLOVB 3,Skas duuylio
sl 04 gy gR ! 3 b Wl e (glagy )l 4 laJde prasi

G5l cle S qarnb ol gsby ol lacawl lols laig) 3y Bun b Giags ol
sl 125 350 Jols aalllao (608" (slacs gl 25l By 1y 398 sla il & A5 o By |) L Gres
o S 5 ol 5L YOLOVIL 4 YOLOVB (cla Jio ol &5 o S5 zlycias] clys (onsS 5 5,509, < 5l odlitol —
Gl 0dds Sleaidle slacgmo oluld (3 Jde cdy iulisl 4
a0 o3)ly lacuwl cul B a8 XBD pglas Jols (glodyinS (slaodly dcgame 69y p (odloiin Jdo Bjg0l —
AR sl 6y B3 b 1y a9 oY eb ¢y aile calise Hlas jloadsaizle gl leidlu
o 5 e Jole (855 5 3 b cilise gblie > el bl lid 5 Jae U5 Gl -
(Sed oSy
Lo e 3,Skos (giloaisgy & Coul Son o (ol slas slagSIl plolid 5 Juo €85 Ll sl i slajlno (Byme -
D9 e (Bly 38 )
(B dgu0 & g (il cree 53kl eslital b Sl oo ylud bl ojg )3 (b sl il 4 (3l L
dsgi 3 Bl o dalllas ] gl Ao SaS Loans E3ln 1 il elbims] areis slb ey Cubls 5 LS
bl 4Bl gl 5B o ot s Syl b)) Madgh (sl
3 by 5
2950 @l (b @y 985 o el ol (sunail 5 (alolid gl odlatul 3y90 3,509 (i el
L cAd)'LwJLo)} Jolis Waodls ijlo g o d01,8 5 Cuwl i (Byme SleMbl Lol zuo lais 4 XBD odly degozs il

4. Segmentation
5. Normalization
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7. Data preprocess

8. Deep learning

9. Data cleaning

10. Labels

11. Overfitting

12. Flip

13. Grayscale

14. Increase Saturation
15. contrast
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