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2 Stereo

3 Digital surface model

4 Geometric-spectrum analysis
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4 Key points convolution
S MultiTask bitemporal images transformer
6 Encoder-Decoder
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2 spectral-spatial joint learning network
3 Convolution neural network



Sl eolaiwl i las ol glaa o )l SO

S Gk 5l a8 el daz (Guaman ooldacsane

DSM 5 islcs alaz 5l el 00 (g 5l oz Lorylsn

YL LB zeos b S Sledlbl solsacgozms 0yl

slosls mlie g435 g aos o all)] 600 3blis

pleol ams o yioldl 1) Gudod pl jo ouds colatul

adlhe pola ool an asas soldacgamo o)

oa—doslaiwl slojlgale slaools JoSo 155 el 33l o

Sl 5l 6 eelr (o)l e 5 o g Sl

20 oo &) 6 i 3ble jo baylensle

twl e 4 Gaiod ol el Glaal

b Joee 2 (e (ol a5 Lo aSilh S dngs -)
S ) s lisoay JUIS 5 S a5 slap il
O ygmodn Lolas b ol s olwlis cods
TR

Joleial Lo slaosldacgase JSio a4y (il 5 -
5 Loeols 5 8o oy (5o S5 5l oolisial L
e olwlid a8 glaisSan LA sy Slisen
5 ood> slogleisle aile oS diges b ol WS
00,5 S ol ;55

99 $9) — i by, (Lol ¥
leglye g slojlsals nlote 5 b osloacgors
g 0dd 8 dd> oles colod cqoze a Lo
PO PES] IR K P S ol o, Sles <l
S )-8 e

by iy Lo ST L soloiing by, dmslie -F
20l Pl 5 (g5 4 SlasgSan g zge
o Leplazlw S s ol s olwlis
09l 03ld (LiS Zadgdy chlie (6l slolae

Wosloac gozxo - Y

ol sl goloiin g, (G—bi ol 5o
30 (69, ;= Lo laizls adlS iz somdw Sl s

! patch

A

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

aisle @l Ol o Wilgs oo Joo cpl a5 0ls ylias
L Laglesb oloanle b glogcdla w5
0315 sLmosloaegazma ;o (sl 5 YL o
el as olols

ol 25 9)lee Jold Lo g cnl oS sla Al

3 ol Tyslgiels slaoolod_cgamo o e -

o5l amdn Slpss plulid (e slas S,
Olgiels Subany sleoslsacgass alins 4y S
o olwlid 4y o Wilgh g aS A35lo s ol
L s claslanslo ol ,ols cla oL
ol Lyl )..\.)‘L_) Cudgdzme ol D oddicw 5
el s o alS (g 0d (A8l o)l ally
2y S el Sl ols gl oS
> r ez ST Shy glpe] clld jo cusgase -V
oy La ONN L amgi slap3ilSo Lo s,
Sl ol el S e 5 & Sy ]
S 3y Slaey 5 S o Sy JolS b
WS S ) o Slds 380 ads lp
o Lg oS ola g, I srdediz slaools plésl -
oS (bl by Syl sl wiile) ools g5 S
iz log )l sl G pdqpeed ;0 itun
Ngd oo axlge St b g 0
Sl g P9y aalllan pl da il ol 4l 5o
O ygodn Laplais o adls s ol s plolis
b axligs a5l aS aas o &l saman
a2y slaS sl g a8 (e ooliiul Jowe p (e
syean (hgy omlogls o el JUIT s SLsee
aiile b lezs b &l s calises gl 33 lolis
shosliionl Ly sabicm ;55 5 wmoer slagleislw
S 5 el 0als b oler g slojlaale slaools
zl il LSl g slop—ucilSe Ly L2CNN
Pl g B3 g 00,5 ol 31, S5 sl Shs
G gl o) Hlaasle ol olols

MGA \)y.e‘.: o..\m



Ul g 5,381 oSl

(V) S ailoads sl (Global Mapper) .. JLolS
Ao oo &)l ooldacgerxe cpl 5l (6 par slos

s2lg® g2 il prglai 00ld 4 gazmo —Y-Y

aS cewl olsp g il polar Juld pgo coldacgass
g Veof sl ls o e VA dilaie 5l laglse Lawgs
Sislw lls as ailate ool sl s s Yo F
Soozr 08y o 4093 (nl 3 el oS00 (6 e
au,zs Laglaslo glas )l yo l) (g BB Ol pess
ko 4o plgS e Dl (nl Aoz 5l Canl 00,5
o=l S ojlil dibair 4 ai b S sl plaisle
Oiog I LS VF 2 L ol solus ool acgass
s RGB (Orthophoto) o3L3 ,olas Juli 5 ans o
et A YL s G S8 08 L DSM
9 polal 380 awlio b cive) cads slaosls .ol
=" pleie IS Jlez 0 5 00l zl sl LDSM
g 9z lapletSlo ndd oo ondganail
QGIS (5,l58lp 5 Jazxs 1o "oniing 55 sl ylonslu
LDSM « s 5las 51 ol (V) JSi wloads (gasaiws
olid 1) eoloaegammo ! o) Cid> slaools g
9 2 d—ol sla T35 (V) Jouzr 2pd o
S oo Ol 4> jgb 4y 1) oslvacgasns

e g slojlsale slagSus 5l as pleie ooloacgamae
sl Sy alsl jo 050 co Jlos! wilons (5,9l aex
5 i e ot 328 5 & looslsaegazna
sl () silasdinz o Lol Cpanl 5 5

20,5 asiie
$loyleplao g9 il pglad oolods gozxo —V-Y
GeoEye-1

a rslab.utac.ir  coliwog jlas el oles 0o
OHlSed 5 (S j08 Lawgi g oud dgbils K1, jsb
50 el Laosls ol [VF] ol oais 3 ,me (Y- YY)
S8 &,a38 L GeoEye-1 o laals 51 gy il 3 guad
SO ol VY adlaio casllas 0,50 ddlaio aiwn
Sl jods 0y Jlods 4o allarwgiogl (g0 4l
aile slovae Ol sy salls 3 slo L e &S
Jelis osloacgamma pl .l 009 wuz slacslu )
(s i glmosls g ol pl 51 oo izl sl
Sl a4y Jlg 4 Ol sy o]
g Mz slaleizlu s (o wddgainatls 8"
S38le s 5l eslaiwl b oS SMeddicg 50 sla ol b

Alio ol 40 boslodc gozo guls Wiz 1) Jous

Colao oS W yud " N |
. Al 4 rgo959 Obe) odldde gozxo
(&30 %0 5LS) () S
ol ol
,5DSM 5 RGB ;g PSS
Voy 0 ARAAIPRERR! GeoEye-1 slo,lsals
P> Ol 9 Jol oo N
RIS
DSM , RGB ; ol gyl ol
- \$F N s ry Yo\¥ ,YeF ) 2le® gl pg
p9o Oley 5 Jsl oo 5o RUT




wsasaoN usarN 5°4550N 57460N

52N

s51r11S0E $11120%€ S1M2I0E 511220 511230 S1120E 511250

S0 Slelbl (5,9lad |Lawdigo — ole oy i

SriseE

1 EoF ylg: @ Jgl o louis @ EdS jouw Jlws

sr120E srizie sr1220€ srizwE srizaE SIaS0E

Y ey

£
§
H
"

"
0 75 150 300 450 sm«"‘ E t o 75 1% 20 450
pevs s o e s P s e o o pree e S e 7 e hee e b it P
(<) (AN
s s sz sriave sy sz s —_— s — — — ke o
N
E z
§ ¢ - ‘ %
g z
8 i
g E
i §
£l e £ 03gane
o 1508 o P 1506
-
T H o Tmeom e
1300 3 B 1299
e P P pr P pree P
S P p e ot e P
=)
(@)
S1°11'S0°E S1"120°E 51"1210°E S1°1220°E S51°12'30°E S1°1240°E S51°12'S0°E
=z =
E £
8 3
g g
2 8
= ol
8 3
=z =z
2 S
27 re
2 2
z z
2| | 2
8 3
z o 75 150 300 450 600 z
g
;‘p} S1°11'S0°E S1"120°E S1"1210°E S1"1220°E S51"12'30°E S1"1240°E S1°12'S0°E ‘3
B
(&)

0N e wasson 35 awON

swuSaon

wadsen e

St

e

099 3L RGB pguai (©) (Jgl (yloj RGB yguas (W) ¢yl s ped TV adilasio 31 GeoEye-1 (glo ylgalo ooloas goseo 1) JSC&
(0 ) S 0018 (&) (g0 (3o ) DSM (&) ¢ Jgl (3o 3 DSM (&)

oo



Ul g 5,381 oSl

s11545E st5S0E si5S5E s1100E siesE s11g45E SISSIE S115SE S 160E S1165E
z
§ § § §
# 4 8 8
8 8 8 8
I 4 4
§ 4 B
2 2
% 8 g 8
0 25 s w0 150 20 0 25 s 0 10 20
SIBaSE SiBe0E ER STO0E SosE STSSE SISS0E SIBE BRI BRI
S1H5USTE SIS S115SE S1160E S1165E p— p— i p—— p—y
z
z z
§ g ] ]
2 2 3
8 8 2 8
8 2 8 3
8 8 8
z
§ § & §
8 3 g 8
] 8 8 8
oWy ke
16592
EE Y [ ELEE S B
- - 12031 s
SMSSE SISSTE SI15SSE SUIGUE S1165E aneee SHEwE EIRESSE oiieue L
(@) (@)
51'15.'45'5 51'15.'50'5 51 '15.'55'5 51'1§'O'E 51'1IS'5'E
z z
8 s |8
1 L
3 3
z
& &
2 2
z z
o
2 2
3 3
ot g el b
e oy
0 25 50 100 150 200 T
o R ezl
51"5"45’5 51'1.’;'50'5 51 '15"55'E 51"’5'0'5 51°16'S"E

(&)
O DSM(Q) «pgd oy RGB yguai (&) (Jgl (3loj RGB yguad () (gl i e YV adilaio 51 (3198 o0loae gooxo :¥ JS&
L0 ) S 0018 (&) (g0 (3lo ) DSM (&) «Jsf

1ol



GBS ol iy el VYo £Y 5 AN XNV L YA
Gl s ol sadee B e slaplesle
c P A ke Gl s (nl (s slaosls
O ol s el YYYE 5 VAV SV LY
pas camslis jg polie el job oy 5
J> slp el o350l slaools jo amxgs LB Jolss
i Jooly SO laiedy g ools Jola pae S
S glools slagizn 69 » Frre Cugll S
s Jleel cings 1ol oyl yo o udS

sprgr o Jlacl allas () s o e s
s SogS lawg a5 cowl RandAugment oSS
3,50, ol IVE] conl il amwgs (Y-¥°) ol Sen
299 5l o pslas sla Sy sl ol 55k
gl Gy VO sbml 4 e 5 0l (g3l oB)law
31880 e g (V) Jgoo jo el 00y 5 alize
5 odd Jleel sbocsas awls Jols da by, opl
Jsb jo casloals ools 7,8 G yo s Slbroy
alizes glacis 4 alize glacosis aSb Ghjgal
Sled g wad so Jlosl 0,90 lon ;5 ailsjge slaesls
@iz sbooygs o0 Canl Sew  plal Cas
oo olar 51 G ass cdl e golae slacggas
line Cogli (Jb ol b 0sd Jol> lebl 35
oas ools dilajes slaosls cax 4 sglan Hob 4 Wb
b is Sligean 5l S5 Coshi pogdle 1090 Jlosl
LS S5t s oslsasgame o)l sty ial3dl ol
i ol Loty Sligeen o solinul el
Sl (Glagren b 25255 laidn 4 6399 nslas
3 Gyt S Dledbl was o laebl ol ol aS
Gl e 5ok lls 5 09l e Lad> 3 e
iz glaosloacgorme sl (Gligeed az )0 b e
9 e S e Tl g 09h a0 Shes b ud oolas
I Al & 3, oal 93,5 ol sVl b
S rSlas oolatwl ISl 5 05,5 SaS oools Jolss pue
5 sl (Gajgel Jolpe o 092se slaosls |
055l w23 1y 2l

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

SOt 09, - Y

@bl sl Gios ol jo b solering 9,50,
G w2l b lapleiSle adlS wim Ol s
slaosls S pae Jolid ad> 5o (0l 098 o0 €95
FAhe Ssll 5 ngal sl it gl Al s34
o el ST Jolas pae by ablin jglatady Waools
5 ooyl ( b9l sladacgamme au dosls ()]
A Syl o )3 gl g el (i L]
S ol Dgdoo (e Ay o (S Joe
Sl JU 5 S5 ax g5 slaSsh b cobow azLigs
Sl oLl sl 1) Lo Sy S50 job 4 45
a0 (ol o S e gl il sl alis
50 $9y 2 ) &St 0 Shes o Joo b)) 9 (St
P o,Sasy oml (Sl g ead () ooldac e
g0 03ld LS ggiie (50 (Slag ) lw

Losld 310 ey —V-Y

Losas b bt ;o bopleislo o i 5 Sl
B8 @ job a5 s (m pu slaal b
4 S Oy Glapleislu e ol ) il sod
e 5 e laglassle Sl s 55 b s
oads oolaiwl slaocoloacgasma 4o oayay (pl .&ilos S
Jolss pace (o ued 45 09 Sgpuioe dnfllas ol jo
Sl S 10 05 gdm (o) i sloosls o
Ao i woddice yB9 g ol aidle o3l sl leisle
72 039 ot L eSS (e ad e S8 alS
S5 9 S oleriny Jgoip 5 (V) a5l S
Sz ool o WS L ogd b yogs job cel
.[Y\‘].\p}f AT (o
(V)akas,

__ Dsample
Nclass XFi

Noample M5 58 o35 Sbles Wy o(1) abal, 5o
S92 Fi g Lo WIS olawd Ngjags o diges JS olaws
50 e sl 1) eols acgaze o WIS e
Slp smeydind> glaodls 39 «sloylgale slaosls
Oleile ;i (9 wadganaib e sla IS
Cud i A eddicy 3 pleiSle 5 war sleglasls



Ul g 5,381 oSl

ol Glruss g az )0 Wwosls i yje Cu gl GLCLST Cand ¥ Jgur

g

a0 S gl

ryal olbsy JyS

(‘,Q& “/’A) @L'M"B)

A8 o0 0) X,

iyl ol S S

A0 o0 0) Sl 8

2905 a5 g (55l

/ Sloplaesn

g

/ Cug

N, JUS o gl beeas slaws ialS

5 O3y

Ry S,

Y- <Y o

PR3 Tyoy melal

A0 ¢+ 0)

28l jee ;0 paal ol ol QAN X oo
©9g0E y97a ;0 pgual yold o (GRS Yoo

Sl S GV bn Sy polie 35 osSine

(Y05 ) o5, Ygms

Bl jsme )0 pgal glral>

(AN X olral>

SO9ee 90 30 pgai gl>al>

(CANREIND Y slral>

reas 3l glasb ols i

(',\”0 “/Y&) L)u)"

S, sl el (e oS 5 b o] Slocas g pglas Glo isn oS 5

o S5y 5ok

B g ¥ g by | i eSS

Olprs glolils o deosls o ol Ll
sl lane 1 pldl Loy 6550l o ,Slee
A SOl eolainl b1y s (S laml aSld ¢ Joue
S8 )3 axgi p S Jawe 0aiiS (5,lA50S Sl
Glp S arg il dxg el g0 Juld oS
2l sl JUS 255 5 lomn SIS ol 2 5
S5 ol s S gl s ey

Sy S5 ez 4 Bl 5 s gl
Sl Sy e Y S HSS Sl el ey
AL 4y aS ogd oo ooliiul b She ol rals
olbs b hie ppe Sl p b oS 0 SaS

2 Max Pooling

| ol

48 (sHino Jonn S ~Y-F
Glasls g0 oSl K adlae ol ool aSed
akaii 45 5l 1, b DSM g RGB sl 45 ol ol
DS e a3l 2 gl (9999 Olyear Ao Sl
8 el e AE lens oy oo 4
S i glagis b pleSs aSd )y wiz b g Julis
g WS |y (Foline slasgyy laasis ol .ol
S o dmlidais glad o ) o] sla S
Solis b cald 6pFoly (g lone ol Lol o
Eao50 ;o (oabow aSLl 1) Ll (60g,9 00ld g
Golere e 05 by Ol oluls

5SS llh 5 iy STl s 4 el

! Embedding space




ATy 50085 0 (b3l plejp jsb 41, alise
gz (Softmax) Secdle gl Jld ab 51 50
So (MU ol 0als oolaiwl v S5y (gundils
50 e e &l als gilens 5l B8 iules
S Y ez s ONN @Y ez @it )less
25l Geee sl Sy gl lp axg n (St
ool oals oolazul pgo g Jol pley sboosls 51 S
sONN &Y Coda ody (lifl (idu ) (pizen
el ol eolawl  pdeen cltSL 4Y >

128*128

128 * 128

128

256 256

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

Gk aslh ol o Sy 05d 55 et Dlynds
old s 5 Wgd oo dumlie 6,505 al> 1o Lo
Tyoy SR anlp gdioe dlme (gwsddl
omb mhe oldp Lisas asis o (Upsampling)
5 05,5 S5 Vb gl sl Sy b JiSaS 51,
«l» (Deconvolution)  cioxy caSil 5l s
IRA 5 PG N DY X o R e
$3e Jaul oKl (backpropagation) STy,
) lagss 9 a5 wol 2 1) by @b 5l las JLuS
Sy bl I sz slrosls g 00,5 audais

128*128 128*128

128 * 128

128°
128°

I" ' ‘
~ i~ N
L) ) L2}

512
| a5

© ©
=1 -

512

)
-

Cov 3* 3 Relu
Batch Normalization

Encoder based

Max Pooling 2 * 2
on Transformer

167

Copy == Up - Conv 2*2 —>Translation == Calssifier ©L2 Distance

A2 gi 03 g GlaS L 93 Juuo Al 1 (e oS L adlS sy Ol ekl (Lol (g3ledudiny (b9 (IS glos oY S

Saie §(K) odS WQ) g5y sloyel,b CNN
arg sl Glazs,s b oS 03,8 oy 1T(V)
S 5 e b S G,k 5l JUS axg g S

! Query
2 Key
3 Value

| ole

argl p e Joe 505 Sl 5l 5 Shop sles
aY ol el sad osls plas (FUSS o
wile Llelse obol LSy glyal iSas
Lol onl el Lal ol 5 Comdan (is
Sledbol 2l jo gl p S ax g5 Sols S 5l oolai]
2598 el gl JUE azg Sob S5 (adse
Sl Sy gdee Jol LU ple o b S



Ul g 5,381 oSl

BJdeM‘bdi’\L’o)L)on)ﬁkda

Slgide ed oS5 S ml b ol 25
oolitl LIS azgs 5 SlSe azgi clocSsl sun

Bl swled musg Jeadiay 1) anld cpl je cad

2 8d 2lly S el (S LSy cnl wigdo
olie b 553 e 455,55 & &Y il ley S5

Q K v|
Conv Conv Conv
1x1 1x1 1x1

Input Feature

,/
7
-

A>gi (o HIAFAS Sob (5 koo :F Sl

slo Shy SLbl e loae; 5| puSone b
Josfazg - 095 05l SO lgreas SAB ¢ Ao
4}9_\ - OP AJGA p&‘)ﬁ °MC‘)M‘ c;LQ;;m
 Oghee D 15 Gpwyyd 4 lpied oS
b oS oo 35508 JIg5 ST (950w ot 9,
2 SaSS ol S a1 o IS sl

2 Self-Attention

[ICYAY

S50 g7 Saly VYT
S5 azg Seb o hony oeae AL o
Sl @lad gy o Shy ke Ly, 5MSAB)
4 SAB [Ya] wiS oo solitul e 4 g5 aids ol
2995 50 oo (g 9, 2 U AS o0 S Jos
L) aidls yoess g 4Bl 5osd (laJunSiy 9 03,5 35 505

o pled g

! Spatial attention block



kTQ
Fsj = softmax(ﬁ) (V)all,
SuaBye 0 0lST (g & S )T EnBse o e
» U slaws ade 5l 6,55l (gl apo co L]
xS e (0 iledley Jele S il
LLs )| oaaspylas Fsj o 5L polie [VY] 595
S Qg e el o Fhs cnl G Sss8
P yob 4 a5 el oo o FS L g ouls cols S5
5 ol ol 1, ol Sy azi
ol S s IS e P05
~oo Jlesl ol 23059 a4 (7) (6,108 elie

(bl 5°
LB 4 pals 4 pals Djged axdi (nl gk
5 pilSe 5l b ooghie wilal ol Sy
olas (1) akafy jo a5 jsbolen wol JooSS Sl

ol 00l ools
Fsa; =y Y-, (Fs;Q) + F (Falay,
2 N4 9055 o0 )18 o plp ol wlde Jele
JrS @ Jale ol o RT3l (550l alp Jsbo
S5 ol Sy aiE n s el b
79> &5 s ol (F) dal; b i o
ol (S 48 5l aidlogy slees (F2) ol
lo S 5l 39 aez o paie y2 o] 50 S
Bgd oo damle S daxgi Dljed ulul g ]
A0 1y oo S (Glae) s yob 4 anl)d
oS Sbl (g Qb Gypear 5w S
S ol oS e 0SS Slulis asgs p3lSe
S Shy iloamd o0 Jao 2lly sge Sl
plonadl 5 (3,28 4 yie 5 0pd00 il oline
Al ol 5 00,5 oo WS ol o i
I Dlyess 5 (Aly DliesS S pled 4 08

S ate

lo§

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

(Joo lade 5 wlS gz nt 350 (US pate 4w
s7909 0 G Ol olol 2 1) polie (G55 Egee
S5 5l b e slaisn 4 g 05,5 dulre laadS' L
Job 4 ol ol ole @ds alal, WS e asg
el oas iy ya3 (V) alasly jo 5L,
iai(q.k)V; (V)ala,
Ol L oS e JIg (9,0 yaie a (V) akal, )
ke oy SO g (ky) oS ey SO Dol g0 o3lo
Jop ol cals sl o amo e &l (V)

att(q.s) =

égtf BUE-) -9 R VR SR VU LS (@) 9y
Lol bt ol oS oo dnmbme GuSecdl
J.:.lf \_i: l.: 9wy )J.Q> aS sl L)"‘ OMOUL.MJ
g Jis job 4y b ygucs cpl o)l ciillas pl>
gl oo A oglaie T ) Y 4w oy e
aliSee GLH;'}.’.B aS Qe go o5l Joe a5 aisl 8 oyl
Iyl oas lop aal)l5 5 pivcilhasl S |,
ol oad ool Hlas () Sy AT sbioles
way dw L(F) (Thy aidl Sy G axg el
9355 Olyreas 1, (W) (oye 5 (H) glas)) < (C)la JUIS
I Foalen tole b pdoes 4Y 4w 0,5 o
g gaar (Fhy gleadd U wS e Sl sy
(CxXHXW) Lol axy sl)ls aw jo a5 siws w0
0 kS 0 () paie o L gzguy o (i) paie o
N ol jo a8 wias o JS& yts (CXN) sayo>
o ol (HXW) Sl jolie JS slass Siblod
S lade bog ool oolpdly andly K& s oS
ol 9 el g5 S5 s (V) adly JS5
ol ) pSesdle Y S @b o2
S azgi ALl Sy a5 ead il (k)
gl ALl ol 0l oo Jsad (NXN) olul L (Fs)
9 S oo Al ) (S 4ddi (3,0 Flag e >y
leioo Cusli 1) e Sl Sl



Ul g 5,381 oSl

Fsa

| > »- reshape & transpose

F /'/

L — Q h >Q® softmax >. O s
reshape

P H N
Vv (H XW)x(H xW) reshape
reshape >? >®
CxHxW

CxHxwW

Ko 4295 Sl IS (5 oo 1B IS

D (s 0w ] cps 5598 Jlasl saimsylis
a5 Dxji b ogd oo oy CXN L adly, IS 55
Silotinr @l wadee Consar ) 2l (29>
ol s & () )05 ol oy S o
25 Pl i bl @ oyl 5b
osls sl (F) alayl, yo a5 jebjles WS o0 SS
SaS ‘5»Lé(: k5>5)'> J«Jy L J.,.J‘)B LJ"‘ RO PR W

WS o Sl |y Jad pe sl JUIS conl a5 0iS o

Dca; = & ¥, (Dc;Di) + D; (#)akl,

Job 30 w5 o)l ae laae lal o 6 g o
L TN B nl Sgdge el (hjgel bl
3 sgyetr 1y 4z g pralfe 5B b wmd oo ojlal Juko
=55 JE 2 ol Sy wS Jlesl 5 005
9‘*5)’ CJ'-’.‘ o] “-:JB‘ n_;)‘ﬁ 9 L“’JULY cs"w )" )9
L @ls Gl 4 by Sledbl 5o 55k o
Teo8 et dolee j0 a5 jsblen § WS oo o gl
il Glp B8 5 e gHLEle @l ool

Do oo &l e T

loV

S a>gi Sl -Y-Y-Y

3 Gl sleadlse 51 G (CAB) JUKS a>g5 Ssbs
aly JUS axg ppilss a5 canl solyring (s lons
coass jo [YAluS o o)y Gres SOk Jow
L ocdel o Sis acis o il sl JUS (eos
L JUS azgs ol cille cilise pealis b slosl
O Sl R Gleea (JUB o Coeal s
NS Jas st S olalis 43 55,05 Cusly
CAB «esl o0y ool (yLas (B) JSi jo a5 ,sbijlen
oolitl (o Sliles jlapazr gl Shy s sl
L @ s Shs w0l
-o ool IS s CXN IS 4 CXHXW sl
D o ol W gH pi Jols N ] s a8 s
b ogdoe wrd 095 odlgly b adl JS& s
Sly 0gi sbul NXN oslasl b JUE axg5 5.5
e go osliinl LuSazile g 5l ( JUS azgs Jlacl
Joe @ 0l,8 pl canl ouls (25 (B8) ala) jo oS
5 05,5 35,03 oS Sl LS 5 b aws s ol
B)akal,

sl 4 a8 e

DiTD]')
N

Dxj; = softmax(

pliJUls 5 1) pl Ul 5T Dxjy &) alal, o
AL polie oS s A WS e pSejll



S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

D reshape resha
>
Cx C
reshape softmax
” i
T Dca
I—) reshape & transpose
CxHxW CxHxW

JUK asei Sely U5 LS Lw of IS

I ams o W)l 1) 4z g5 b saisalan ol i
(V=YY Bl g Ll deJos (e slo by 5o
Sl as we,S B ee |, ChangeFormer asCii
J..\S‘SQ oolazwl Jd..uo): @M @Luu d.i.u.u G)Lo.m
S5 a4 1, MLP LeSsS 5 Joe S80S 5l oS 5 a5
sl TIYWIT aSis oo oo VY] o
e b 1 (VITS) sl oo slo e b Lo
DS o o ael )5 g 00,88 sla e 5l (glasgeme
Sop sladae bl Sees slaae
Sy » endoizel sladae aile s el e
Glwos yid aisl 8 3,k 5l ImageNet ools acgozxe
as ELS |) UKA‘ OJ‘ L(bui o9 JJ).g‘SQ 0y JAA
Slojlail a8 Jl> o ail sl oo o Skee
oz LYY] 81 b sgame sloo )57 (6l conlin
Foe Glwdae sl BIT ol 51(V-YY) () S
polai g wis)S eolatwl Sl Sl sleai;
o gl Sy leea 1) Slopalies
slad o 1) ) Jawe 3505 a7 (5 5k 4 s o

! Vision Transformers

oA

9% g0 &y S8 S95 b A o —V-Y

Bl Sl Lol gl g 60,5ag, dlia oyl
b oSy glasligs asis Jlsls j a5 ses o
lasSoh 5l eslitul b by cal 0 oxte oo
SoThs 5e ok 4 (e g 5 JUS ary
G g WS oo glial pelar 1) saeoples
ol slr i e | Sl plabis
2lo b ooleiing a3 Sles 0,50, cnl (o255
Solore b axg sloppille » (e &5 2lald,
s lin opl bl el oud anglas wiie Jow
a3 o s Bl Slolid o |, Jow 5y ol
@bty b soliin 4l 3 Sles (o> ok &
0l duslie OS oo oolaiul axgi slae il 3l oS
Lug aS <ol DDCNN o g, ol 5l (S5 ol
Pl 51y eal (dyme (VoV2) (LSen 5 S
sl @laSaS 5 oSS Jole o o1 azy
Ol eomen S s o jtr Slejalied nglas 3l
Sl @onys sbea¥ o Lol axly So b,
(e Dl 38 oo S 0 Sl oS see
duslie AGCDetNet g, b (golpaiinn 4ol o Slos
Foile olyer 4 S azgs 5 by, Gul el ond
b amgl sabiglos aile )08 2lé Jals as

S ‘) le‘_‘:).:s d)gij) a_}"‘ Oy Oy ] JUS



Ul g 5,381 oSl

sbcasgame 4 axgl . Jow 2bj)l lp enile 3L
30 oad ooy isled Jow wlul g ST oS
Sl Sy VYA x VYA |, (03,5 o5hl oY) S
s9aS Juds 4yl S5 E o5 jeblen e0)S
Fige Casil jl da S S 0 Bjeel sleesls
0as 03,51 (V) Jgaz ;0 a5 el o oolatul laosls
L oools slaisy olass Liul38l b oeopl 5 ogdle .l
FE mols Jli8l 1) colsacgeme o3l ( Sligy e
Sl JeSs YV 5 2lge coldacgere sl JuSy
e 0dls 5 556 Cugdi pl .slojlaale colodcgasme
LS RO S PO R OSSOV EYP N CIPU-
Sl bosls IS oy 51 Bolal & jgoay a5 ol
Sloaus
i350) &l digas DIV ziclolsmle solsasgazs
U5yl sl Asas VYo g e (gl aiged VYAF
el lp diges T olen odlsacyee
b)) Wges AT 5 Ces (sl igei V) -0

ooy 5o LYY] G e Lo oud o3 Se- b
SiamixFormer asiis (Y- YY) (5,08 5 (sowome ;500
Slp gl obow Joo Sy a5 WS (Byme |,
Silopes S 51 &Sl ol gl
ohpedides Jaw Jlsle G 0 0aiiS (5 13508 g0
U ECE SRVL S v 3 B KU St U S ES U
bi> 4 b Shy Glzer 0 Sl sladas
s,lafas Lwg sadolul aiwy o slalae
o Sloy Joee (29 S o S Jose
Aye 5n 5o oolu MLP iy, b LiSss 5 b
Ivfl s o o

Tl g bialeyl -F

ol 5 smoe il 1) ool by, @S Gise 0l
Rl 0 S e dnlio 09z g0 atb iy slobg, LT,
@l 5 cdo Gl (B gilwesly SLijr iy
sl 00 gy oS b s Lo yisle]

el olaudass —V-F

GPU Nvidia S (59, » PyTorch s giacl 5 ai
b ialejl olas o abisl> culIES A LRTX 3070
Jsb 5o b eslitul (goleidn 31l 2l sl
25k 4 45 5xSok &5 LAdAM jloaigy 5l hjsel
Vb)Yl ey
5550y @l (@) @ogys s o3l mus S
2 ) el ALl aSh 4 (jgel slaol
S ool o Jolai sae JJo 4y sl
Slpmrs ol oolsacgame )8 00,55 ;i g 03,5
B0ss Kl sl 2951 0k @b 5 pless b

a3 job 4 (¥) Jgo ,0 .o eolazw! (WBCE)Y

oolawl GJJLGA uu.a:lf A

o] Caws W (g jlwaings 5l e &S b yiall ule

RO PRV IR
20 Uiigel 6l o VY gge 0ls dcgesms g0 40
TV g cd Glp VA sl eas a8 5 Ll

! Batch
2 weighted binary cross entropy



S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

SOl Joo (6l ol yly o b dige 39 Sle Y Jgu

G)bgyégs ﬂdﬁ» )1M)Q}Slb ‘SAQ42wO
fig0] sbo 40 +re e o) b SISk LalS 5l solizal L Lo ol
UMIge D Ok o2 2 _ &R el
o ) ARIPNCRI M
A elas g
GPU (NVIDIA alasl> slacusgise daz>gil sodaig A o ol
RTX 3070)
A Sl ol Kas jloges 4az il Voo SOl olass
(81=0.9, $,=0.999) 5,8 sy clo,zal Adam odiage
KW ul:cu‘ ‘5>LM.JL7LA 6meo5.\m L: wJL&.AA JAAASA—) YYA x \YA $°9,9 o)‘..\)‘ AS.A.MJ ‘5)[.0.!.40
sloaY slaxs
S = S 4z g5 Sol NN + Lol Y 12 ¥
JaSas
Lo mld olows
S5m ylyes ST 4 o 4 A sloss
adsl
SIS slaaY ples sl ¥xY oS ol
CNN
- Lo cu pd
Slier (I Seel Job o (mpa &jgon VG- o7 u“é e
(&) Sy 7F ‘
o7 L Sligaan o3lul ' ‘
izl sloosls e (Al (sl JuSy YY = 3l
(slo,Jsale) &
CAJ e Lm &
() s lbas s, 10 29 SR
sals
Lo odS” Slgl3 bl 2 095 (o059 WBCE &beg ok et

RCAErt RSN WA AP ST T
sdises slod olold jo Jow Slles eaums i
Slemib oo beay .l Laosls ) 9290 oo
My e sladiges JS 51 Jow a5 S o dulone
polie ol 00, Slolis swyoa 1) sao 0 ax
Sl Gl Q3B Ghie &5 osimaplis lne (nl ok

((A) alail)

TP
TP+FN

Recall = Nalal,

! Recall

110

L)l gblxo —V-F

ooliiwl b (golpidn (g, (oiu il il sloas

255 50 518 bl 050 5 Dbl ke Sz ]

F o4 cuin sbhage Cawd 4 8l
V) k) o)l

J> a5 s e ol cde

Syl Sote slagnie

S0, leas

035 Cawyd S WIS gl o by s i

TP (Vyada,

Precision = ——
TP+FP




Ul g 5,381 oSl

L iwle;l s -Y-Ff

b ooad Lol 5 oyl dlie ol 4o ioles] oo
38kee 3 1, soloiiny ilene cilize lyzl 3G
5o el glazligs (o lexe ;o 0gd byl Joe
LONN 45 bl 2 4y Joe o o] o) IS
solazwl J...)L, (S (G5lwosly YV slaaiis
» P azg g G axg oSl 5l Jais
Py ald 0 L8 IS pw 9y90 SISS (4550
5CAB Ssly 50 1o 5l losen solizal b (goloriny
15 Sy ol bl b o Lol JiSaS o SAB
555 i) se s salie (slasFis gl

50 89y 2 1y ptalesl onl 5l ol s (F) Jgax
ol (2lee 5 slolsale)  Jauw osloacgescs
51 eolatwl gl o cdmlive a5 WeFlen e o
Jow) 7A¥0F 51 Slem 5L iali8l 4 o SAB Sgly
L RCEXRN AR 1) A ARYWITUW BRVK QUA VAN g e eV
@bl slp Joe Ulgs Cugds )3 SAB i i
b Sob ol & Lz ol posis glls oy
i b S eSS (Sl Ll (s3lu e
e gt il gy it b S el
V-8l 5Ll alél el CAB Ssly 51 soliial (S50
ol opl 45 () FA dgmge) ABLAFNE /ABTA
ke 5 Coe slallas als o T sl (sbsS
e S SRy R S5 Gkl ot sl QI8
JU s 4o

o Jae ,o CAB 5 SAB sl 50 Sy
S8 rouals ol pen 4 1) Sgny (n i ool
4 1-0l 5ol 5 TAAD - & lss 3k JAASY a4y IS
boplr o Coyan cpl 8l Gl TAALY
551 a8 el il Jos 4y G TY0 5 1EY Y)Y
oot Wgd oo Dgme 42955 B (50 )l5 5 (s bl
owmslis -l 5 Sleik ployes (I
5 VL ol b Sl a5 a5 gaiallys
i SlsFes Sle LS cape o 108 S

O Jobite il oaimslis M-8l sl L

2XPrecisionxRecall

F1 — score = (Vadasl,

Precision+Recall

Lo Joe (o8ly @8lg5 oliee catmoglis WIS oo
Slasi a8 aylpd 50 0594 g Cenl (2Bly slocnz
S onl el dde s il 3lsnels o IS
Bols 5l i (Bl B8l iz oS wes e lis
(O ) alal)) cel ol

(- yalad,

Kappa Coefficient (KC)
2X (TP XTN —FN X FP)

~ (TP + FP) x (FP + TN) + (TP + FN) x (FN + TN)

4 (TP) x8ly cue Hlaae (V) B (V) Ly, o
oy a5 o ls oLl gladl s sle Sty
s Sy 4 (FP) Q35 cuse ailoads plolis
Olsreay olilay a5 oyls olal ladls o
Ml st ailoas Sl 4l poss sla Sy
ooy Jae aS ol o)lil (6ol a(TN)
o ol 00,5 Slulis |y adls s sl JuSCy
aS ol oLl gladly oss sl Sy 4 (FN) S35
ol alls i slafaSy plyedr olxbla
FPolaws yrals col s ololiss anse) jo aiload
lols cxe 4 1) 0ed oo <8 iuli8l cely
WSl et Ol a8l i oSy S
owlidl coge FN olaws jals pumen .ol

Sy Al ok Gla Sy 1) 0adioe b3k
e S glsear V-Gl lae aisd e plulis
oS WS Jee Joo o Slee b)) Glp aelr
FYL polie 5 ol Sbjb g cds Sigejla (1 Sile
el (5 e ol sz ylas

' F1-Score
2 Kappa Coefficient



SOV )...,o|)l.; (uﬁ...l...a OYAA)Y  YADBY-NFPA
Q)lf JALM; 6)‘}é|m GM)L

A c.s,lb L NVIDIA RTX 3070 GDDR6 Csl 5

axgily

2 slr gl bwgie plos A @ ojluil 5 CullSS
&S WS les ol albeasds Vo)) S
S Gojgel il Ko loga s o 0apd (V) IS
3l oolatwl a5 el I Silo Slgp coldacgass 1y
5 Obisel anlp 50 mped cage oolerin b,

sl 0 K & iy ety

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1 EoF ylg: @ Jgl o louis @ EdS jouw Jlws

22 ol 5 GalS 5 (o) Cepndly L i iy

sl Jde s
b aS el ol wie b Ldos ol cggeme 4o
(oS az s p3lSe g0 Sl pSope b solening
5 S5 sl Sy gl o ol v oo
g B olull o 1) Jaw o Slee g oo JUIS
oads odlo W)l 6,350 ISia Sl gawNSai>
Ay g S5e axgi sl S el pleol Lol jo o]
Joe sloyial,b IS slawy @Sl (5 lore ,o JUIS

aliseo osldds gozxo 99 (595 2 Oty 9y G (owyy P oo

LIS a5 V-4 S5k SR s
(%0,0) (%0,0) (%0,0)
< AA A0, YA 9f,08 LY JAFAS Ssb slay ¥XY CNN 5l oolil
SA- 5,0y DAY A8 JASAS Sl ,» ,5 SAB
AN YA LY v,y J35aS Seb ,» ,o CAB
- Ay AAOY AAD- AFY 2lom o0ls = (eoliing Lbs,) 5SSy ,» ,5 CAB + SAB
- A¥ AN AN WY | lolsale oslo— (solgiin bg,) Jli5aS Sl ,» ;0 CAB + SAB
VA
F
AL
gy Al . r\ -4 A 3,
WA\ = | N AL VAR A VAN, WAV I A _ oo
LYV M| B
[-7
I-¥
I-Y
T T R

2192 0310 (gl aSs B3901 (ra> 30 (35 3 P90 3L QU Ol Hloges Y IS

ol il ouls &1l 00 oo cawline alizre (slaojlu]
glaslige e G 5l oolaiwl slacgogass gl
Joe ol Ly casms oo las 1) CNN L oas g5l Joe

L Dl ot ol (g5l 4y 08

Joe oy Jlesl 5l Jol> (g @l (AU
A oo Hlas 1) olen coldacgazs 59y o (s0lpii
0,505, 5l b @t (MUK A6 F bgls o
Lg ul).u.ﬁ as ‘SLIoL*.o ) 03.394{ ‘M}u ‘5:‘).>‘




Ul g 5,381 oSl

Jol gloj poad

Oloj y.gad
P9

Jsl 33 DSM

99 &3lo; DSM

Coxdlg oolo

CNN ;! oslasuw!

J’-Lj )
JaSas

SAB I oo liiuw!

J’-Lj )
JaSas

CAB ;! solaswl

J,-L! )
JIaSas

SAB ;1 o5 liius!
Sl joCAB ¢
hg)) JlaSas
(oleiiin
P19 eaiali o Ky (g 0015 (555 1 (lenions By PRy Jlosl I ol (5 s i A JSC
S5 g g ol et Ly 0 i s K5 ccylaih sy A 0 (3L (516 3 b <55 el okl ki liabs yuid

Gl sadic y55 g ledis L sasdo LS o2 ,b

11



sbus o cwl syl cws w B, ol
o935 el 6P R BB o po o Ll (o lsale
3SAB S5 5| soleity s, mde ol |,
ol aS WS e eolaiul JIASAS 4Y e 0CAB
69,9 roba 5l (oxelz g ploie Sl Shg S 5
aS Sl Jao Jolae o Slas Sl V-8l YL 5Ll
s a1y 2V Gl g B plejes ok w
51 SOl oolwl Lo 4 sge cpl 0]
gl a5 cwl JUS 5 S 4z g slap il
CES el 50 g S go Cusli |y ail o sla S
LI copd il 2 edle aboo (Rl Jae IS
b oy o Jow olly canmslis YL
83 e Ol (9P |,
2 sl s w00y Qgladss
Qg 00,5 duglie aid g sl by, b1, ooldacgass
i oo LS 1) goleiian gy 0 Shee (5% yob
uuLu ‘) @‘9.&7 éuooloxw )‘ 6“‘39“. A) JS....;
acle LQJJ.A (57-); as Q; oulico u‘s.:‘édz .J.ib.)(so
oW olulis oTiny VIT
‘L))‘ > ag)&c A d..?-‘yc J.i‘u.ﬂ L: "od.mu.:).z;"
oaseis ;o BIT o AGCDetNet asile  ole Jow

5 SiamixFormer

pae 5 jle gosle cute Olyss edgae oo
Code Olpesdd iges ol jo aijls Slalhs s
Tro9% p9d Oloy 4 bgrye DSM o (g3le 5 cle
s She len Wb Joo oplply wis jatie
9 DDCNN LgLasJa.o l) AgL.‘Lo ‘5>ul.u L
J opl bl eo 9] cews 4 ChangeFormer
astie 0,8 oplo b aS gladleie DDCNN Jow
Olgreas ol I
9 S 09y é».aﬁsl.@ L Ja.aﬁ5 ob; 6@4.9.».!0

“oadganail g ey R
U)‘ S| 4..3; o..bol.s ‘) ‘950 L)LA) L .byfo DSM

oo o Sloisle ale e Lo 4 Yoo Uas

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

15 ohsds o Sl Slisz « SAB; sslitl o Jl> ol b
) gamgd Olrss (alulid g widu oo Sgue |, Load
Gl CAB 5l oolil 30 B,k 5l ams o )|
Sed e Wb b Olie gl gleag
ool el (63959 slaail 51 So DSM asy! 4y axg3l,
Sl g )l Oldpz 3E3 gl 4
CAB5SAB (oS 5wz 4o S oo <SS (gobnsis
S g omgd Sl plolls )0 bl segs cely
Sl lges dAYJSS pgd im0 09d oo (o
Loolron cpgd poas ;0 plaidle 4 wlin (Souzmy
ol el o0 @l (DSM s el | Cote &l i
el Ol a4 Jow ol Jdo 4 Ol s
oS s ey Jao Jags 3259 45b

Ay o9y b A Lo gl —F-F
oleidn gy 9Skes jl gl (slanslie (0) Jgur
odldacgame 90 ;o alize sl g, L awslis o
anlie mls om0 Gl olee 5 loylsale
AR 4 yi slaghy) b ooty Joo silwesly
Gl Fn o Shes oaiadplis eslsasseme 93 55, 2
3l dmosls acgozmo (pl o (olpiinn g, .l Jow
2l @ S ) i 3 Slee V-l Ll L
boanalie )0 55 LI oyl 5 sooee &l oy,
ol YL Ll SGSS S0

olsieds ChangeFormer do s, plo b awslas o
@S ols degerme g3 2 0 oo (SR
ooy boawlaie o Ll wes o &l 4o LB
Forl o U capd 513l i solgniny
9> 5,5 AGCDetNet 4 DDCNN
iy gy 4 Camd [lne 90 5o a5 51 Ll sl
Uiy b amslie o BIT S Tiny ViT aes 5wl
4 oolddegame 90 o 40 (5 ,ieS Sljlial (golpiiy
ol 50 o SiamixFormer Jas .ailes,sl cuws
Goleiny Gy @ Samd S bl (Jsa
Sl b golerin by alsm ool ;0080 o0 Las
. ChangeFormer g, ;51 YL 7YV Lo,a V-4



Ul g 5,381 oSl

alie b, b glaplasle gl shisas ol i
DDCNN  sla Jos -l simly 35 eimey b
G yoS ol SiamixFormer 5 AGCDetNet
oslaiwl DSM - (glaools 51 a5 Sla g, 4 o
ke e Shy gl 4 i 5 W)l wuS o
oAl jaid 4 e &S a5 RGB
boanslie )0 Lo (goloidny by, -09dge Ol yeeis
o g o)l o] 4 sy g9 ,Skee ChangeFormer
Cowd (o) Coadly b lde Sl (2l g0
gl 5o oleriy by, Jlo ol b iyl

WS o0 Jos st cBS L Sl 5 laad

Gladlaie a5 ol oals sl pgo ley peal Cal,
ol 08,5 ol o |y Jow g 00,91 8929 40 SO,
b 1y Ly oSy o alaoe lily
WS (oo glpnl DSM 5 pgai 93 58 5l S5

bl wilgs (65 3990 o, Slas
I, &lo,lsale dLmoalo dcgozo 3l glaiges (Vo) i
o bolesle 5l case doyl jo aw o ioles
o ylaizls sl 4561[>)o Wloalds o 50 pgd gl
TinyVIT asle b og, & Slodile Bl s e
Gtele Oloss 4 cos o5 Conles BIT

u‘l @L-A-‘Lw# 29 oals ul"‘*‘ (L“w)m) ..

Sloslgrlo g lap osld 3l solisw! b Lyloidbu yo Aluiey Ol pudi (auakidd glp ol (W9 (ks (255110 Jouar

slo,lgale sle® .

(2u033) 1= L5 (a0 y3) V= B Aty B
04 - A% Ay F¥ xe DDCNN
Y Ky a8,V - A% AGCDetNet
aY,A9 =y v, vy -4 ChangeFormer
LA - AY VA - A$ Tiny ViT
Y22 - AA s Ay - A% BIT
LY - AA ABAY - AY SiamixFormer
A4 - A¥ AV -AY eolictioy b9,

RGB1 RGB 2

Sl el b b

AGCDetNet ChangeFormer Tiny VIiT

~uy T

DSM 2 (=0 uu.t.a" oals DDCNN

SiamixFormer

SOty (w09

P19 o lid (o Ky leh grooloas garme 10 (GOl 09y b ALyl (BDY 5 dummilio (5 s s 51 A S
Ky g wue b leis b oo L Jumw Sy (lost b i’ pue 00 5y Lid (51059 yd S5 ) ] o0 Gy dinds jul

ol sy (g yledis L susdo s =i ,b



RGB 1

AGCDetNet ChangeFormer Tiny VIiT

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

w) Mb osld DDCNN

SiamixFormer

& ludiny (09,

oaipo oyl ol S5y . (slo,lanlo (glrosloacgazo yo (GOl (igy b Al pdny (SO Sg ) dummilio (g pas (U3l eSS
Sl L oudpo ) Lis 30,8 S5y & lodis b i pae” 00l Lis (glojg yd ST " oud gusuadiub e " 3blw

el " as s yleds Lt oucpo L 8,5 S 9 Mol p

e slaisn g ools Cogay oS Sl L anglie o
Cosdl 3l colaiul cewl oo colaiul ligeen
Sl el olisean slajisy 5 5 5e slaesls
O b o cwl ead b jlre goled 5 Sei
L aS Jyo ccnsls AV 5l LS o o ools Cuyeis
Olhgred Slagy 9 555 sbaosls Cusis I oslitul
Wlie job a4y .ol asl moldl - AF 4 Jlaae o
3 Sler sk cdo AN a4 1007 51 V-l Ll
LAMY & 7 AFY0 5l o o 1L AATE 4 7 20A1
5 Cade il oaimonlis gl ol el aidl Sguge

sl Jow 0 ,Sles 5 b SaSS ol g5 L8

6 (o) g e -0

(Gl ooleiiay gy A D8 LS 1 (S
Slasiy 5 laosls 5 55e Cushs slabs, 5l eolitl
OS> boablie glp &5 cwl ligeen
oad a8 5 IS @ la M By 0 chjgel slaosls
ol ey a5 jsbles
&390 g Bad bl ools udgl i (gilweoly
Lg @L{bw% d.o.éb @LAAJLJ—AA} )o J;Lo w}m 9 LQOO‘O
*) Jsp s 00 ‘5>‘)Jo Sgdno ‘5...:)94’] Lgl.ﬁcb‘d
oLas lolsale oslsacyorme (55, 2 1y b9y nl RSU
ez ) doe 2by)l bl 35 5 wa3 e
SUCL P

Gloylanlo 00ld acgozxo j0 Jow 8 ,Slac o o Lhgmad gld sty g Boold 15 550 o gl SLUST ,.ab ¥ Jaus

Ll (woy9) V=8I (woy3) 2L 30 (S0 50) CBd b g,
- A 0, 0/A% SRR Oligran e slaidy g ools Lol fyaa
. A¥f LYNE A NS AANY oligren sla isu g osls 5550 Cugi b

RN S gs‘“‘)ﬁ‘J osls a5 @Lbu»% 5O 04
Jho plpsar ans dey 2y JB sk @
as o..\.ww):u 9 dud> ‘_gl.a:uLo...}L.q sisle cs'l"z’g)"%

21 osls i ol 3B OV)) JSS ol 1 ogdle

ol J5b ol ams oo iules pleal i sle 9,
I Jow o Slae atiilys (golpiing by, a5 aoo so



Ul g 5,381 oSl

Srdpreti dsugo 5 Jow Cdd ulidl cel gt ol Jlesl 5l ey wi)ls (sogame bjgel slacols
ol g e LS Gl Ol slolis o ] G olold 0 VL Hles C80 ooy ool
O g (5‘)-’ ).’B.n ‘_g).?‘).u.u‘ kSJ u‘}.&:b \.\J‘jJGA u.uj) %9.5., )l oolaiwl aS ..\.A.b.)‘sn OLMAJ C.sl.u U"‘ ...\3‘00;
sisel sloosls b glao )5 s o o Shos & kSs Gligen Glaidu 9 bosls 535

g 418 A o dgame sk 4 aSl S oo al 2 ) Laesls Sl 650 5l5e

1
N
0.75
oleisla yodi pus
0.5
R
0.25
ol a5 slazal
0

1
0.75
-
0.5
oE B
0.25
0
T T 1
F] 3 3

sl b (@) (lgpod pd Gbaic g Cu gl digS b (9 () «slo,lgalo osloas gozo plogl (yu yilo N JSCi
Olbgron gl i g ¥ yige

11V



Sl il jlosliial woibge GodlS Jelse 51 (S
Al o 50 Gligren Gloidn g bosls 5550 Cuogls
Jolss pue ql, JSte b o5 05 GB3lon e
odwitn Saugo |y Joe 80 g 0ols mals | la WIS
S azgi slapiile 5l (6 nFose (nizen Lunl
ol gl Gl (Jawe asil e JUS
30 5B 0 Slae @l g (6 et lodizs | oaizen
el 00,8 ol 3 1) Ol i Jausels

2 e GladSd il (Ghaghy cnl laassl,
Sryaeby 5 et Ol o ) g s Joae
FB 5 nhbide )lnl 5 s oo (Lis Sl
ol s s @) Ly gl Co e sl (alak
Slyeadd (adeld 0jg> ;3 iy LS & GuiS
Sy a8 09b o0 Comre bplaisle asan
LSS (gilaz by o eanl Slids ol
590 5l G gloosls b gree (5pS0l aidyiny
2 lg oo ool sla IS cwl 08 )5 ool saman
Sg b Copde @lp Joo lacellE 5pS
o3 gl (siluaz Sy abox 5l Fegie 600
a2y Slopslle o9 9 Jlad 9 SAR i %o
oz sllas L"’Q;Siﬁ e gl sl
SLSSS (o2 cnl 2 opdle aigd 35 pela (50
5 s by Joe gl wlgs oo JUsl 2500k
Slgean 1y o1 5l eolaiwl g ools ial33l o slacols
dred s Sl b slr e o)l
KLY

[1] X. Peng, L. Zhang, H. Sun, and L. Ma,
“Optical remote sensing image change
detection based on attention mechanism
and image difference”, |EEE Transactions
on Geoscience and Remote Sensing, vol.
59, no. 9, 2020.

[2] L. Li, Y. Bian, H. Zhu, and Z. Shao, “Urban
building change detection in SAR images
using combined differential image and
residual U-Net network”, Remote Sensing,

S0 Slelbl (5,9lad |Lawdigo — ole oy i

1EoF Jlgs @ Jgl o )lait @ s juw Jbw

& S A -7
Gomdn O g0 LQQLQ.’;.&LW S L= u_alj.a.».w
e S 5 e s slaenile 5 o
(St by slol oGl 4 Gl opl 0 S e
ool giluax LSS 5 ools Joles sae aile

5 slojlsale slogSw 5| gaman 505l i goite
L oolpiinn lasliges (g lere ol a5lo,y Slso
Pl p (e slo,li50S 5 b CNN 5o oS )5
B0 S5 5 (28 o Sy gl (Bl ar g
ez 5l (Slitle Glposs @l WIS
el 03,8 ool 3 1) oy ;55 9 Wiz slaglexsle
rolal Jols woslsacgearme 5 (55, » o @S
5 @l syl nslal DSM 5 (Glojlgals s il
4 olows b eolpiy g, a5 ol las DSM
5 TANDY V-Gl cupo o AF 5 JAY LS cy,o

(loylgale 5 olep (glaooly acgaze o 73ANQ
Sy plo b duglis 5o s b g0 Slee
5 N/ LK oo L) ChangeFormer ol 4 iy
acgoze 93 ;2 5l % AVAQ 5% AV VY V-0l o
OV O By S ax S el anily (eols

Sl 05 S)lge (Fp p0 laghs, nle g sleiin
l.:w% Q%.‘ (oY LLY o o )yl ‘JL‘;’..AQB,LCA.])

CJL.; Sl o eolpin by, Juily oasmslis
el (6 s i lagy Liw (o 5 lal g SE8s

&l
vol. 11, no. 9, pp. 1091-1091, 2019.

[3] Z. Zheng, J. Wu, A. Zhen, et al., “Building
damage assessment for rapid disaster
response with a deep object-based semantic
change detection framework: From natural
disasters to man-made disasters”, Remote
Sensing of Environment, vol. 265, 2021.

[4] A. H. Chughtai, H. Abbasi, and I. R. Karas,
“A review on change detection method and
accuracy assessment for land use land



Ul g 5,381 oSl

cover”, Remote Sensing Applications:
Society and Environment, vol. 22, 2021.

J. C. Padr6, A. Mufioz, A. Pons, et al.,
“Comparison of four UAV georeferencing
methods for environmental monitoring
purposes focusing on the combined use
with airborne and satellite remote sensing
platforms”,  International Journal of
Applied Earth Observation and
Geoinformation, vol. 75, 2019.

S. Pang, X. Yang, L. Zhang, and H. Lin,
“Object-based analysis of airborne LiDAR
data for building change detection”,
Remote Sensing, vol. 6, no. 11, pp. 10733-
10749, 2014.

R. Qin, J. Tian, and P. Reinartz, “3D
change detection — Approaches and
applications”, 2016.

[5]

6]

[7]

[8] A. Sasagawa, R. Shibasaki, M. Nakagawa,
and A. Ichikawa, “Investigation on
automatic change detection using pixel-
changes and DSM-changes with ALOS-
PRISM  triplet images”, International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,

vol. 40, no. 7/W2, pp. 213-217, 2013.

J. Xu, X. Zhang, Y. Zhao, et al., “Remote
sensing change detection based on
multidirectional adaptive feature fusion
and  perceptual  similarity”, Remote
Sensing, vol. 13, no. 15, pp. 3053-3053,
2021.

[10] D. Peng, Y. Zhang, and H. Guan, “End-to-
end change detection for high resolution
satellite images using improved UNet++ ",
Remote Sensing, vol. 11, no. 11, 2019.

[11] A. Shafique, I. Shafique, and T. M. Khan,
“Deep learning-based change detection in
remote sensing images: A review”, 2022.

[12] L. Khelifi and M. Mignotte, “Deep
learning for change detection in remote
sensing images: Comprehensive review and
meta-analysis”, IEEE Access, 2020.

[13] H. Chen and Z. Shi, “4 spatial-temporal
attention-based method and a new dataset
for remote sensing image change

[9]

detection”, Remote Sensing, 2020.

[14] Y. Zhan, L. Wang, Z. Liu, et al., “Change
detection based on deep Siamese
convolutional network for optical aerial
images”, |EEE Geoscience and Remote
Sensing Letters, 2017.

[15] J. Xue, X. Liu, C. Ma, et al., “Multi-feature
enhanced building change detection based
on semantic information  guidance”,
Remote Sensing, vol. 13, no. 20, 2021.

[16] W. Zhang and X. Lu, “The spectral-spatial
joint learning for change detection in
multispectral imagery”, Remote Sensing,
20109.

[17] S. Fang, Z. Li, Y. Wang, and J. Wang,
“SNUNet-CD: A densely connected
Siamese network for change detection of
VHR images”, |EEE Geoscience and
Remote Sensing Letters, vol. 19, 2021.

[18] Q. Guo, Z. Lin, C. Yang, and Z. Wang,

“IDET:  Iterative difference-enhanced
transformers for high-quality change
detection”, arXiv preprint,

arXiv:2207.09240, 2022.

[19] J. Chen, Y. Chen, X. Liu, and M. Du,
“DASNet: Dual attentive fully
convolutional Siamese networks for change
detection in  high-resolution satellite
images”, IEEE Journal of Selected Topics
in Applied Earth Observations and Remote
Sensing, vol. 14, 2021.

[20] H. Chen, Z. Qi, and Z. Shi, “Remote
sensing image change detection with
transformers”, |EEE  Transactions on
Geoscience and Remote Sensing, vol. 60,
pp. 1-14, 2021.

[21] W. G. C. Bandara and V. M. Patel, “4
transformer-based Siamese network for
change detection”, IEEE, 2022.

[22] H. Mohammadi and F. Samadzadegan,
“An object-based framework for building
change analysis using 2D and 3D
information of high-resolution satellite
images”’, Advances in Space Research, vol.
66, no. 6, pp. 1386-1404, 2020.



[23] I. de Gélis, S. Lefevre, and T. Corpetti,
“Siamese KPConv: 3D multiple change
detection from raw point clouds using deep
learning”, ISPRS Journal of
Photogrammetry and Remote Sensing, vol.
197, pp. 274-291, 2023.

[24] T. Ku, M. L. Nguyen, P. Nguyen, et al.,
“SHREC 2021: 3D point cloud change
detection for street scenes”, Computer
Graphics, vol. 99(C), pp. 192-200, 2021.

[25] V. Marsocci, A. Corsini, and L. Barbato,
“Inferring 3D change detection from
bitemporal optical images”, ISPRS Journal
of Photogrammetry and Remote Sensing,
vol. 196, 2023.

[26] M. Gomroki, M. Hasanlou, and J.
Chanussot,  “Automatic =~ 3D  multiple
building change detection model based on
encoder-decoder network using highly
unbalanced remote sensing datasets”,
IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing,
2023.

[27] G. King and L. Zeng, “Logistic regression
in rare events data”, Political Analysis, vol.
9, no. 2, pp. 137-163, 2001.

[28] E. D. Cubuk, B. Zoph, D. Mane, et al.,
“Randaugment: Practical automated data
augmentation with a reduced search
space”, in Proc. IEEE/CVF Conf.
Computer Vision and Pattern Recognition
Workshaops, 2020.

[29] M. H. Guo, J. Lu, C. Dong, et al.,
“Attention mechanisms in computer vision:
A survey”, 2022.

[30] P. Shaw, J. Uszkoreit, and A. Vaswani,
“Self-attention  with relative  position
representations”, arXiv preprint,
arXiv:1803.02155, 2018.

[31] K. Song and J. Jiang, “AGCDetNet: An
attention-guided network for building
change detection in high-resolution remote
sensing images”, |EEE Journal of Selected

1Po

S0 wielbl (gglasd (Suwigo — (ole o s

1€ole ylgs @ Jgl o losls @ P> jows Jluw

Topics in Applied Earth Observations and
Remote Sensing, vol. 14, 2021.

[32] K. Wu, Z. Xu, Z. Wang, et al., “TinyViT:
Fast pretraining distillation for small vision
transformers”, Springer, 2022.

[33] H. Chen, Z. Qi, and Z. Shi, “Remote
sensing image change detection with
transformers”, |EEE  Transactions on
Geoscience and Remote Sensing, vol. 60,
2022.

[34] A. Mohammadian and F. Ghaderi,
“SiamixFormer: A  fully-transformer
Siamese network with temporal fusion for
accurate building detection and change
detection in bi-temporal remote sensing
images”, International Journal of Remote
Sensing, vol. 44, no. 12, 2023.



Journal of Geospatial Information Technology
Vol.13, No.1, Spring 2025

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Multiclass Building Change Detection Using Deep Learning
Networks Based on 3D Aerial and Satellite Datasets

Akram Eftekhari *, Farhad Samadzadegan 2, Farzaneh Dadrass Javan 3

1- Ph.D. Student in Remote Sensing, School of Surveying and Geospatial Engineering, College of Engineering, University of Tehran
2- Professor, School of Surveying and Geospatial Engineering, College of Engineering, University of Tehran
3- Assistant Professor, Faculty of Geo-Information Science and Earth Observation (ITC), University of Twente

Abstract
Detecting three-dimensional changes in buildings plays a vital role in urban monitoring, sustainable

development, and disaster management. This research presents an innovative method for detecting multi-class
building changes. The proposed approach combines two advanced architectures—a Siamese transformer
network and spatial-channel attention mechanisms—to enable the automated, precise detection of the
structural changes. The primary innovation lies in the design of a dual-attention encoder block that
simultaneously analyzes the local spatial relationships and channel dependencies to identify the changes.

A key challenge in change detection is the class imbalance (e.g., the unchanged buildings, the new
constructions, and the demolished structures). To address this problem, methods such as the enhanced data
augmentation and the overlapping patch extraction during preprocessing phase been employed. The proposed
method was implemented on a stereo dataset from the GeoEye-1 satellite (0.5-meter resolution) and an aerial
stereo dataset (0.08-meter resolution).

In the experiments, the proposed method achieved Kappa coefficients of 94% and 93% for the satellite and
aerial datasets, respectively. This marks a significant improvement (3% increase in Kappa coefficient)
compared to the state-of-the-art methods like ChangeFormer, which achieved 91% for both datasets. By
enhancing feature extraction and performing robustly on diverse data, the model emerges as a powerful tool
for urban environment monitoring, offering a scalable and reliable solution for urban planning and

management.

Key words: 3D Remote Sensing Data, Multiclass Building Change Detection, Transformer Networks, Spatial and Channel

Attention Blocks, Data Augmentation.
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