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EELCCIREN TN S 8 The integration of imaging technologies with geolocation

sensors such as GPS, accelerometers, gyroscopes, and compasses enables precise
determination of the camera’s position and orientation during image capture. This capability
plays a crucial role in simplifying the georeferencing process of 3D models, particularly in
mobile mapping systems and short-range terrestrial applications. In this context,
smartphones, equipped with these geolocation sensors, have gained significant prominence
as imaging devices. This study examines the feasibility of direct georeferencing of 3D models
generated through Structure-from-Motion (SFM) photogrammetry using camera position and
orientation data simultaneously recorded by the sensors embedded in a smartphone.

The research data comprises ground control points collected using a Leica TS09
R1000 total station in reflector less mode, along with data obtained from an iPhone 13 Pro
smartphone. In the proposed method, the relative orientation parameters estimated by the
Structure-from-Motion algorithm were refined using orientation parameters directly
measured by the smartphone’s motion sensors. Image acquisition was conducted under static
conditions; therefore, the estimated and measured angles at each station should remain
constant and, in the absence of errors, should be identical. The final model was oriented using
the average of the measured angles at each station. The measured distance was then used to
establish the model scale, and the average coordinates obtained at each station were
employed to transform the model into the UTM coordinate system. Additionally, an
alternative model was generated using the precise positions of the imaging stations via
indirect georeferencing. The RMSE of the check points was used as the accuracy assessment
metric for the proposed method.
m The studied stockpile was approximately 150 meters in length and 25 meters in
height, oriented roughly from south to north. In this study, five 3D models were generated
based on the collected data. The first model was constructed solely using images, positional
data, and angles recorded by the smartphone’s sensors. Subsequently, coded targets were
incrementally added as control points, with one, two, and three control points being
incorporated into the equations. The fifth model was generated using the same images but
with the precise coordinates of twelve imaging stations measured by a total station.
In the first model, the positioning error remained at the accuracy level of the iOS single-point
positioning system (approximately 2 meters in planimetric accuracy and 11 meters in height).
In the model with a single control point, aligning the model with the low-accuracy GPS
coordinates from the smartphone resulted in an azimuth calculation error, leading to model
rotation. Although the model was correctly transferred, the azimuth error caused a
misalignment with the reference system, resulting in an error of approximately 0.40 meters.
With the addition of two and three control points, accuracy improved, reaching 0.004 meters,
which matched the accuracy achieved using precise camera center coordinates. In the fifth
case, where the exact coordinates of the imaging stations were used, an accuracy of 0.0007
meters was obtained.
As observed, GPS accuracy remains the most challenging aspect of this system.
Most smartphones do not provide raw GNSS data or high-quality raw positioning data;
instead, they only offer the final processed position determined by the operating system.
Given the hardware and environmental limitations, the following considerations are
recommended for future studies:
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a) Development of a handheld mobile mapping system by integrating survey-grade GPS with

a smartphone Camera.

b) Since the study area consists of earthwork features with irregular shapes, when applying
this method to structured objects such as buildings, it is recommended to refine the relative
exterior orientation parameters of images using constraints derived from prominent vertical
and horizontal features in the scene and incorporating them into the bundle adjustment

process.
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Fig. 4: a) Map of geodetic network points, b) Results of smartphone GNSS measurements compared to the geodetic network points
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Table 2: Measurement of Absolute and Relative Position Errors of the Smartphone Sensor Compared to Geodetic Network Points

RMSE (meter)

S35 45t Llis -
Geodetic Network & Cubya S5 03Il S 0L wiele S5 oaalis
Points Real-Time Position Average of Twenty Measurements One-Hour Observation
X Y z X Y z X Y z
ALl 0.83 3.25 -10.50 1.68 2.18 -12.40 -1.17 -2.33 -11.29
AL2 -1.64 2.75 -11.32 0.98 -1.84 -10.50 - - -
AL3 2.10 3.86 -13.69 1.77 4.05 -12.91 - - -
AL4 -1.08 -1.97 -14.27 0.69 1.36 -15.06 0.50 0.90 -11.16
ALS 3.17 6.05 -15.84 -2.54 -3.25 -11.43 - - -
AL6 -3.22 -3.41 -13.97 -3.82 -3.09 -13.46 - - -
AL7 1.97 -0.62 -12.05 -0.54 -1.02 -10.83 0.91 0.76 -9.54
RMSE Total 217 3.495 -13.20 2.02 2.606 -12.46 0.903 1.50 -10.69
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Fig. 6: (a) indicates an error for a distance of 10 meters, and (b) indicates an error for a distance of 5 meters.
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Table 3: Coordinate Differences of Photography Stations Measured by Total Station and Smartphone GNSS
Error (Unit mm)
G0 S oK) X v s 610 S ol X v ;
Photography Station Photography Station
1 3.62 4 10 7 173 -0.64 10.48
2 2.81 2.17 9.38 8 0.28 0.72 9.60
3 0.84 -1.32 10.42 9 0.845 1.73 11.80
4 2.15 -1.68 11.63 10 -1.10 -2.18 14.27
5 -1.52 2.47 13.56 11 0.47 3.15 12.11
6 -3.87 -3.16 10.36 12 3.19 6 13.19
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Table 4: Positional Error of Markers Determined by the Geotagging Method

Target No. L o Loy X Y z Totalg gaze
Error (Unit mm)
1 -0.710 0.590 9.533 9.587
2 -0.124 2.579 9.814 10.149
3 -1.907 0.585 9.207 9.420
4 0.856 -1.613 11.383 11.528
5 -2.571 -1.267 9.466 9.890
6 0.976 -0.106 10.848 10.893
7 2421 0.628 11.460 11.730
8 -2.198 2.147 9.209 9.709
9 1.169 1.440 10.243 10.410
10 4.686 -0.890 8.651 9.879
11 -3.131 0.732 8.890 9.453
12 -0.951 -2.408 10.649 10.960
13 1.399 1.104 10.206 10.515
14 -0.132 1.231 9.727 9.806
15 2.730 2.270 11.252 11.799
16 -1.637 -0.035 9.264 9.407
Totalg gooxe 2.081 1.450 10.026 10.332
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Fig. 8: The produced 3D model and the positions of the imaging stations.
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Table 5: Accuracy of target positioning in each method

S bl slows J S bla RMSE (.Sl S bl RMSE .55k
Jae JsS bl olass (loaS (sla Siles) Average RMSE of control points Average RMSE of check points
Number of control o ¢ )
Model points Number of check Unit (meter)
points (coded target) X \% z X Y z
GLLJ‘P T 0 16 2.891 4.828 1.893 2.081 1.450 10.026
Geotagged Image
| Slas
J 295 JSJLM ! 15 0.002 0.003 0.005 0.384 0.332 0.417
1 coded target
aaly laas” Slas ¥
B JJ‘Q S8 N 14 0.004 0.005 0.009 0.051 0.092 0.356
Integrated Model 2 coded targets
lsas” Slas ¥
S8 X 13 0.002 0.002 0.003 0.008 0.009 0.011
3 coded targets
wl&:" ‘JAA 12 16 0.004 0.003 0.004 0.004 0.006 0.005
Traverse model
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EEEICET N0 SRR The extraction of 2D floorplans of building interiors plays a vital
role in various domains, including architecture, surveying, building information modeling

(BIM), robotics, and virtual reality. Mobile laser scanners capture the geometric structure of
indoor environments with millimeter-level accuracy and record the results as point cloud
data. Point clouds are a rich source of information for generating 2D floorplans of indoor
spaces. However, surface reflection noise, occlusions caused by indoor objects, and the non-
uniform density of points pose significant challenges for processing such data. Initially, 2D
floorplan extraction relied on classical geometric methods. In recent years, however, deep
learning-based approaches have gained increasing attention due to their strong ability to
understand complex patterns and their robustness to noise. The main objective of this study
is to present an effective framework for extracting 2D floorplans of building interiors from
point cloud data using deep learning methods and to compare its performance with that of
classical techniques.

In this study, an effective framework is proposed for extracting 2D floorplans of
indoor building spaces from point cloud data, consisting of three sequential steps: data
preprocessing, model implementation, and final evaluation. This framework enables a direct
comparison between classical methods and deep learning approaches within a unified setting.
Point cloud data are inherently discrete and unstructured, making direct processing
challenging. In the preprocessing step, point clouds were projected onto a 2D space to
generate density images, thereby reducing computational complexity. In the second step, two
deep learning models, U-Net and Pix2Pix, as well as the classical Hough Transform algorithm,
were implemented, with the density images serving as a common input for all methods. In
the third step, the proposed framework was evaluated using publicly available datasets,
including FloorNet and Structure3D. The input data were split into training, validation, and
test sets, and data augmentation techniques were applied to improve model generalization.
The performance of the models was assessed using the Dice Score and Intersection over
Union (loU) metrics.

Deep learning models demonstrated satisfactory performance on samples without

occlusions, achieving accuracy levels above 90%. In particular, the U-Net model achieved a
Dice Score of 97% on the Structure3D dataset. However, in samples containing occlusions, the
models were unable to fully extract the floorplans. In contrast, the Hough Transform
algorithm performed reasonably well in line detection but exhibited limitations in generating
coherent and topologically valid outputs suitable for indoor map modeling due to its inability
to capture topological structure. Moreover, the trial-and-error process required to tune the
algorithm’s parameters significantly increased its runtime.
The findings of this study indicate that deep learning methods, when provided
with complete data, are capable of accurately and structurally extracting 2D floorplans from
point clouds. However, under real-world conditions where occlusion is inevitable, developing
models that are robust to incomplete data becomes essential. To address this challenge,
future research directions include employing hybrid architectures and incorporating
complementary data sources such as RGB images or depth maps. The proposed framework in
this study serves as an effective step toward the systematic comparison of 2D floorplan
extraction methods and provides a foundation for developing more advanced models suitable
for real-world applications.
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J. RS. GEOINF. RES. 3(2): 219-234, Summer & Autumn 2025 (Yvy)

VEeF sl g oyl F oyl o il o ilKo ledb] g 493 1 i slo iy o (rale 4 pii

Slaize dasl jo jehate pl gl cunl ools Judod (gasm Jolhe sl
Grgd pgal 0game ,0 U aigd oo (g5l lo i XY asian jo bl
g bl Slaide aicioy 5 aned dale LI (pl S 18
Ozt a1 cnl 05 e pll psai ojluil 4 o] (ganyeliie

0gd oo iy a3 (V) g (V) alayly

x' = X~ Xmin W (\)

Xmax—Xmin

y’= Y — Ymin «H (‘,)

Ymax — Ymin

Slaize Y 5 X' poas pe 5 6l s 4 W s H Gl o 8
RESUOW- );9.,4) ) blas suds JlA)J

O o o5 bli slasi (samgs poal Sy 2 lp by, ool 5
Slaibee u.:LM:‘)J uu)Lo.m Q"‘ bsﬂ.\‘s.a uu)l.o..w AJ)A.?‘SA )‘)5 c.)g-\.?u
Sy o 4 Sglite Z e glls blis plas 5 ons plovl Ll y 5
Se Gl Gl Al g oo me )18 18 (X, Y) CoeBoe
Ll o515 o0ims i Sy o jlae ol 4o S cul JE> aiis
el o o0ls yLis (V) UKo 50 Loy oy Candly Sls ol yo

shugo did gl sl (solpiing slapl )55/

Hough Transform o™i,

ko oetle (pliw g poal Al 50 0l ST 5 (S
bobs wile pwaia sl Julow g olulis glp a5 el Gla
o) 90 0,8 oo )8 eolainl 0y90 yglai jo o gie ple g o pls
ol plexlo Sk slaasss o byl ansis 6lp ohigt by,
Sy slad o bl jlacgeme S pgar slad o glabi o
IVe] sses abaii )1 51 a5 BB boglas 6 pxe a5 39 oo oms 5
WS o0 o 25 Djge @ Sl o (o sk 4

GulxS (09

loools dcgono

5 LCehB e colid 5 oolidn by OSbee (owyn Sux
o pwd 534S sal eolitwl bl pl canlino 98 5l oy (slacudgase
3 s28ly 9 seoias lrosls Julis acsosms cpl .aijls I3 pgec
3¢5 P sl illa g o Shg plaS o 5 divs S slalass
:J.S)L) |)

3l Soae oold dcgamme S Structured3D ools dcgasee -
@l glbaids g cullopn YO+ Jold a5 sl L3l slalaos
s a5 LSl I iz gl aools Laily o adl
4c gomo u" loacds b_'>‘JJa gs’é‘ﬁ sl giluacd oly a5
Ugel jekiie 4 N e oduzry g oolw ladims Jold ooslo
Slp Sl Yo oo O g0 4 ladiges JS slass (golpiinn cmac a5
i)l @lr oSl YO+ 5 (i jliel (gl Sl YO+ (b5l
o] 00 6MM

slelase 51 (a8ly ools acgexe K FloorNet osls acgozxe -
Sygeo d dS Aliwd (G duw (5,5 Le (I8 iz 5 gylo Laools
JS olaws ¢ cras 4 (bjeel jglaie & Iry] el oot ags o

] 00 LgMM LS’lJ))| 6‘1.: ‘_’S‘ul ' 9 W)lﬁ“ﬁcl

loools il i

Llii ] (sloools ;] w515 pguai JuSi

Srae Olie 5 12l Oloj 5 ) (Slowloe (Sawzy a5 jslane 4
5 o0l Jou5 (Density Image) o515 poad 4 adgl blas ol calasl>
R 35S g0 ol poai (samgs slad 0w gl sl anl
sl g 020 (ules XY 38l asae (o 1) bl ay 395 ledbl (515

Structured3D Cewliyo — FloorNet cowliyo — (all ilbgy o (09 4l ol jod 4y (39,5 Canslyd 0515 5 gl diges iV JSi

Fig. 2: Sample density images from the input dataset along with their corresponding 2D maps — (a) FloorNet dataset, (b) Structured3D dataset



M. Heidarimozaffar, Z. Dalvand

Wiglls [ pilho 5 ek o po

(Decoder) Li3 50, ¢ (Encoder) 13550, Lol jisw 9o slyls Jows
oedlS sl g hdails Y cpais Jold 0S5, isu ol
olayl rals g o F5g 2l 5wl aalsg 45" ol (Pooling Layer) ol
Ryl Alide o S i (nl o )l enge w ) (53959 g
oo cnlply oo Rl poal slaul g wigd oo glyZetal g5 4
LiS 0, i e 20,50 0L 1) Woosls 1o oaomn (slbagSl wilgs oo
ol ¢ piglgilS ¢ (Upsampling) ol olisl slaas¥ 5l eolaxwl b
SYlasil 5l U-Net iz ails 5 o3l adsl o3l & 1) jyga
ooliiwl LiS 30, 9,105 50, (slo_jisw (y (SKip Connections) uiiuwe
Iy sloee Sledbl 5 5585 Old > was o ojlal Jow 4 a5 WS
cpobal gaidslad (o U-Net a5 098 o Eeb (Shg (pl oS Laa>
> @y hol slacdl g bead Wiy 5 asl anils 6y o Slos
‘)L..;Jl;_e c.>|5.a ] o 6):'91)['3. (emas LgL:ed.i:..i) S )L..:Jla_‘a C"‘?‘
L.':',j):’ 9 "\49’“6‘ oolauwl ools O odetn Ja;‘j) L_':"L”"L"“ L.S‘)"
s gmas boasis GloJld mlg o s oo &) s .8
J o P R T I T P - LY VOWIK Syup-V- 9y K
(o omac slaasli o [T7] aiis S ax e slaslalerais
sl (Overfitting) i3l i ualS Dropout &Y Lol Gua
S 4o u_.;‘;)'s.J loosls 4y Juw a5 a8l o Ll Slo e o3l iem
S35 @55 4 &S WS (oo melai 5k 1) Lyl g 09 d oo atnls
0, 8ee apa slaools jo Lol ol ails o Slee 5901 slaools
Oo5e5 L e i j90] g jo Dropout a¥ .ams e olis 043 5l ams
Slml aSes 5l sl Jowy So b calise slagysysh 09,5
@lises glogyie b e o 5l glasgomme 4y 4l Cumdy () 0S8 0

IVV] 05 o (6,:50L 6ol cogac Sgaga el 395 45 ]

input
image w|»
tile

3hoolainl b wilgh oo pmaas glad o b o: el glad ioles
Fuges Aol o8 Ly = mx + b UG 4 s gaobs
ks 03 5l Yw (09y el )0 Ded oy AX+ By +C=0
0, L\.:.a 3 alols r Q—I 3o 45 0gd o oolaiwl r=xcos(B)+ysin(8)
IVE] a0 JoSis X jgmme a0 G a3 a5 el (slaygl;

Ry S Serse sahal o sln el slad 4 gl LS Los
oo bl glad o pomie S ppal )0 Ssrge ekl o
9

S5 RS 448 (Bl il 5L 5o oglas SLlit 5 e
ool b aisws Lol paai o ks S 0525 odmolis waiiun
3l dcgemme 0 a5 Slads slaws (accumulator) gess g4l S
wlad o gSlas bla Sl 5l G tbglas glusl 5 olulis
a lyeas glulis bz polio (ol 5l eolaiwl b olgs oo <yl )by
355 3k 83959 9 5 o9

2 gt bsks alalid o 5T oy bl s & Gig, ol
S i gaca o bjles 5 Al glolizle Slolis
SV PR [ I Y I CRPROE R FAR VI PN S S WIS PP o |

U-NET _Jio
Sl )le.«a.) uw)lé).: 6‘)" M)AS 6)LA.LA e_i: U-Net Lemas AS“A-’
ol ol cail ot >1b gamanks Gyl glp o5 jsbas a5

output
segmentation
map

> > >

i = conv 3x3, RelLU
= A copy and crop

[ e | - e S e
¥ on # # up-conv 2x2
ﬂ.;.,..,.“a = conv 1x1

U-NET J..\.a 6)L'°’“’ B JS.M:
Fig. 3: Architecture of the U-NET Model



J. RS. GEOINF. RES. 3(2): 219-234, Summer & Autumn 2025 (YY0)

VEeF sl g oyl F oyl o il o ilKo ledb] g 493 1 i slo iy o (rale 4 pii

bl oadadss (g S aShl 5l plaebl 6l il 0L -

P9 g 0oyl poal G L1 b 5l e)ls Bas pgal 4 (Soop
Ol 1y g3kl 0l dmmslons ogoxi (F) abyly .09 g0 ooliil adly

.MO‘SA
Loss;1 G
= Ex,y[Hy "
= GCIl4]

abaly om0 LS5 1y Jow (gl (S 2l oyl b 90 ol cuS 5
e oo slas ) S b5 asulowe o9 (B)

G* = argmin max L.y (G ,D) + o)
ALoss; G

a5 Sl 3Ll 05 b U8 Sl s wpe oA Ol 0 88
Dedige 4188 S 50V e plp Joene yob

i sloylss
sl ganaald Glagi )Xl o Slee o)) sk &
IOU 4 Dice score (o>l 95 Jolis miwcalis o lasbl sl lxs
5 Ground Truth pslay po Sliged doasls pl ol colasul
a5 WS oo 6 S ojll ) g3l goanaskad w58l (29>

Gl 0l (V) g (7) alaly jo asli 9o oyl

2|ANB|

Dice Score(A,B) = AT

*)

n
1 A, NB
Mean IOU = — 14 0 B )
nid [Ax U By|

o peal 9Ground Truth eal cod i 4B g A bl jo o
aaoe dz o Sl ¥ oply g o WS slows Nl Jow lawgy ool
pdon Sl e saimd Hlis Wil 205 S jlade 4 sdel Cawd

Sl ganaskad Cgllas o Slac 4

0uds (55l e g XY asas 4o blas Slais o ijls 5 i al> e o
JoSi3 YOFPXYOF olul L (Density Image) (saxigs o515 ol G g
godls lid |y Cusmdge o 0 bla 1S5 liwe pgad opl 0u0 )8

Pix2Pix _Jde

GAN (slaaSed b 2 pgal & poal 4o 5 by, PIX2PiX Jue
(5999 Rgal (y 0dun sewnlss djﬁioli CoblB as el u;bj‘“‘
Sygo 4 a5 SewdS GAN slo Joe O 050 |y Bus paal g
a3l PiX2PIX 5o caiuS e oolaiwl @)l fyaay sloosls I ceges
IVAL 59 o oolitul ecslSs 6,50l sl Ban 5 639,9 pglas
a2 o ioled Sileds &g 4 | Pix2Pix Juw (F) JSi

Tl ool JoSis Lol 4l g0 5l Pix2PiX Jaw

las caslonds >,k U-Net (s loxe b oJge aSis :Generator -
Sl g yrae oy la S gliinl Gl J95 e S
O ).;UL.A Y las! th)Lq..x.o U"‘ 3o ..L.Su’_a oolawl )..\9,4.1 Lg)Lm)LJ
G280 o ye o (dowe Dl i Laas ey ¢ pns g0 yo bl sloaY
L gl & podl Aoz 0 (Shy (nl 090 ned (795 5
e Dl odazm la)liBle 5 Slizz 388 bl sl o
6999 O 09z Ll (6 pTOL b a5 S oo I Wga Joo . o
gl alie liSle g lgios Jlai 5l a5 aiS 0dgs s pgad 29> 9
cél,e g (CNN)  oglgls glaasis 5l Ll jo ol Bos
ooliul cBs (Wl 5 iluaig Glp ebiesiz sloShy
g s

>yb PatchGAN LsLo L oo jples aSil :Discriminator -
R N*N L_sLhA.t.‘aS Syge L |) 6;\...’94 )49.@3 aS Gl o0l
95 L 295 S0 gl 5 pais gl 4 Joe pl WS (o
b oS oo S8 (S cnl 005 o0 o sy 5 (28ly nslad o
Sy SES L o pgal o iyl sla S g 5SS oL
oo pled 5 Woe aSil (gl ol (b &b g0 PIX2PIX Jow o
D9 g0 03laiu]

Iy Woo aslils WS’ oo (2w 0L U ¢l Conditional GAN Loss -
S bl Wl oo jles aSid a5 WS cué 5 (s pola o5 &
Qb) éala ML‘?LA 05.‘75 (Y’) d.‘a.i‘) REV- N MMJ L5'3|5 )JSLAJ
Jos o ;lis |, Conditional GAN

Lean(G,D) = Ex,y [log D(x,y)]

(©) JS8 595 o wgmme 4t g5l (goms Jlye 6l alive + Ey [log(1 | ™
- —D(x,G(x
RREX S UWLM Sl & jg0s |y bl w)lofwu’if.uljs ( )
Input Image (Geli\-:lrior) Generated Output
R Patch Gan out it

(Discriminator)

Real Input Image

Pix2Pix  Jawe ¥ JSo

Fig. 4: The Pix2Pix Model



M. Heidarimozaffar, Z. Dalvand (Yys) gl [y pibio (5 i po
Point Cloud Density Image
- \
 ad
. \ )
\ \) z
\ A -
\

L pl G55l poion 5 ol Sileds pgar 0SS
Fig. 5: Schematic lllustration of the Overall Point Cloud Processing Workflow

Hough Transform g, el

zlpul jshaie 4 Hough Transform g, 5l ol Giwssy ol 5o
oalawl b gy ol (g3lwooly e )8 oolawl lesSl (gamgs aiss
Ol il 433 )5 sl OpenCV «lwlis” ) cv2.HoughlinesP &b ;|
)‘ oolawl lJ5 O)L) ‘) )le.a.: BL M}u .Io9.|a> GaLuLMn u.,.l)l:é &1[;
odd oala ) b 4 gl onl salS la el 05T oo eal 1,
1|

Jolis dload pgai opl [VA] g8 o Jol> Canny j2ld asile « gt
Spdyse el O Golul  Lglas

alold oasmoylis g wiS o i | had (glad o s g4 irho
8o rho lp JSEoS Jlade S el JuSy axlg j0 bghs
V5l el jo o yslise ol g 5L bghs Slulid o 1) (g ki
ol oley g cds h (emlin Jolas a5 el 00l ool JuSCy
S o 18

‘199)]‘“ Lngd})Q X S 6—-‘45 6[.@.9 B 4.)5‘) Cﬁ‘oﬁ o.\.‘.,Su...uu :0
np.pi/ a jlade ol plaisll ogd oo ool plais] > a4
D o dumlors igliin Hlake SO JolS 4z o o slil 4y (Lol 180
yslise a3 1, (853 (sblsy b blas lulis Sl o5
Sl oY oty Jolas slass oS peees ailin] luie Threshold
ol &l o2 Yol sl ol Jlade ol b G plolis
4 b oad 5 lmex bix o sl ol ¥ Blas 51 el
Slgs oo Hlade ol Giali8l ol sales slulis jiee s G lgie
8o ili8l (pge 0 5 ool glulil bglas olass yialS a4y s
YW LaoT

Slp b &5 cul b S Jsb J8los oossjlis iminLinelength
&S bt e ol s £ opln el cpl Jlade il piee ololis
Sl l gl oo 438,800yl cail ails Job Sy £ 5l oS

sylw ooly lo sy
S sbalad soamgs and zlsil jshie 4 (jiegh cpl o
w O)i}j) 99 9 &w% U""j) sSJ ‘.lal.?u).d LSLQSOQ‘O )‘ uLo.oL..u

bl 5 gilwesly Pix2Pix o U-NET Jow Jolds Groe (550l 5
ples ol g5le eoly pytorch g jl> o bJos pled aiols
plol aladl> colLIKS A L GPU Nvidia 4060 < (55, » o iole;]
Sty @ b Joe 51 S 5o hy9al g (6 jlwools Slanlats calol yo .o
g g0 451,

Jols SedS sl b U-NET Joe UNET Joe cleglass
4 Adam &l ol gilwosly o)lae LiSse, 5 5l 50, sl s
ayp b5l ol oo led pln 65050k 25 sl Olye
5 Szl g cds o Jols b ol eolawl BCEWithLogitsLoss
Yoo ol g0l (sl oy90 olawd 090 Lad> aiss calisee slaise
Dropout 55 Jae sl e 31 (655l sl b 4585 i o
plas ;o RELU 3l Jled ali ad Jlesl Shoe sloa¥ jo </ il
;o sigmoid &b 5l as Jlb jo s a3 315 4 ageils slaayy
YOF#YOF olal 4y o 609,50 oolatuwl 4l algy Cya 29,5
[01] o3b & Sy polie 5 wul ool ojlail oy LSy
RERPSIIN e

b GAN aSs S lgie 4y PIX2PiX Jow Pix2PixX Jowe Oledass
b pgenerator Ll o gjlwosly peal 4 paal dez 5 gl y
&leo > L PatchGAN g4 5l discriminator g 0¥ A 5o L U-NET
Slodigs &b 5l a0 gilwaige lp 20,5 (Sb Ve o Y-
&b ol eolawl B=0.5 zel)ly 9 5e-5 (5,59 &5 L Adamw
ol @b sl Binary Cross-Entropy ;I .S )5 generator 4 j»
O szl calis b gl A =10 o L L1 Loss g ailewas
s Vool (chiael (gloeygn Slasi 05y (29,5 5 (59959 s
woygs Ve ye 50 650k 2y e oS st sskaie 4 0l
JuSey YOPXYOF (559,5 mglas ojluil .o ools zalS Vo7 e
W Gkl [0,1] o5b b JuSy polie g !



J. RS. GEOINF. RES. 3(2): 219-234, Summer & Autumn 2025

(YY) IFeF ol g oyl F oyl o il o ilSo ledb] g 493 1 i slo ity o (rale 4 pii

S8 50 o crlive 80 oaisyLis oals &S1) a8 5 (go0e s

Ao o plistest goosls (g5, ) goloring Jowo

Dice Score o>l (wluly goleiiny Joo 2Uj)l mls 1Y Jooo
Table 1: Evaluation Results of the Proposed Model Based on the Dice Score

Metric
Dice Score
Dataset —
U-NET Pix2Pix
FloorNet 0.925 0.90
Structured3D 0.971 0.957
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Table 2: Evaluation Results of the Proposed Model Based on the IOU Metric

Dataset Mean |IOU
U-NET Pix2Pix
FloorNet 0.90 0.87
Structured3D 0.94 0.91
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(b) Results on the Structured3D dataset
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Fig. 9: Results of the proposed method on three test samples from the FloorNet dataset
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ABSTRACT

EEL GG T R S AL With the expansion of radar remote sensing data and increased
Received: 29 April 2025 access to high-resolution imagery through sensors such as Sentinel-1, change detection using
Reviewed: 05 June 2025 deep learning has emerged as a strategic and innovative field in geospatial sciences. Radar
Revised: 22 July 2025 imagery, with its capabilities for day-and-night imaging, cloud penetration, and sensitivity to

Accepted: 05 September 2025 structural characteristics of the Earth’s surface, provides rich but complex data requiring
advanced machine learning architectures for effective analysis. Accordingly, this study aims to
systematically review deep learning-based methods for change detection in radar images, with

KEYWORDS: a focus on comparative analysis of architectures, their strengths and limitations, and future
Change Detection research directions.

Remote Sensing m This systematic review covers literature published between 2014 and 2025 and
Radar Image includes 44 selected studies from reputable databases such as IEEE, Elsevier, and MDPI.
Deep Learning Inclusion criteria involved the use of SAR data, application of deep learning algorithms,

availability of quantitative performance metrics (e.g., accuracy and Fl-score), and operational
relevance in domains such as urban monitoring, natural resource assessment, and disaster

* Corresponding author management. The studies were classified based on the type of learning approach (supervised,
Sremotesensing@ihu.ac.ir unsupervised, self-supervised, multi-source) and architecture used (MLP, CNN, U-Net,
@ (+9821) 77105385 Autoencoder, LSTM, GAN, MSCDUNet), and were analyzed using comparative tables.

The results indicate that supervised architectures such as U-Net performed best in

urban and disaster-related applications, achieving up to 95% accuracy and F1l-scores between
0.85 and 0.93. In unsupervised approaches, combining CNN with fuzzy clustering (FCM) reached
accuracy levels up to 99.6%. Autoencoder-based models were successful in denoising and
feature compression, while GAN architectures improved network performance through data
augmentation. Multi-source models like MSCDUNet, integrating radar and optical data,
reported F1-scores of up to 0.93. However, challenges persist, including inconsistent reporting
of standard metrics such as F1, limited generalizability of models, and the computational
complexity of processing heterogeneous datasets.
Despite significant advancements in the use of deep learning for change detection,
ongoing challenges include the scarcity of labeled data, lack of publicly available benchmark
multi-source datasets, and the limited availability of lightweight algorithms for real-time
applications. Future research should prioritize self-supervised methods such as contrastive
learning, the development of noise-resistant and lightweight architectures for UAV and edge
deployments, and the creation of standardized open-access datasets with comprehensive
metrics. This study, by offering a structured classification and comparative evaluation of
algorithms, aims to inform intelligent decision-making in the design of change detection
systems for researchers and developers alike.
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Fig. 1: Chart of number of change detection articles in radar images obtained from the search in the Scholar database
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neural network (CNN).
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Table 3: Comparative analysis of supervised and unsupervised learning methods for radar-based
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High sensitivity to speckle noise, difficulty in accurately
distinguishing changes in the absence of reference data
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More flexible for new and unknown data without the
need for labeling
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Remote environmental monitoring, analysis of gradual
changes in time series [25, 27, 29]
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Accuracy up to 99.6% in the FCM+GAN model for pixel-

based; F1-score up to 0.90 depending on the quality of
clustering [25, 26, 29]
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Dependent on data size, network architecture, and learning
parameters; high computational complexity
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Slower training process, but more accurate results if trained
properly
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High performance when rich training data is available; F1-
scores up to 0.95 have been reported [19]
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High cost of labeled data acquisition, sensitive to training data
quality
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Urban development monitoring, deforestation detection,
natural disaster management [7, 8, 19, 21]
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Accuracy up to 95% with U-Net; F1-scores in the range of 0.85
to 0.93 on SAR data [19, 34]; Kappa of 66% with MLP in forest
monitoring [7]
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Computational requirements and
model complexity
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Processing speed and execution time
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Common architectures
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EECCIERER ) JIEGITEY Optimizing the placement of surveillance cameras is a

fundamental component of intelligent urban traffic management systems. Proper camera
deployment significantly enhances traffic monitoring accuracy and reduces incident detection
time. As a result, the problem of optimal camera placement has long been a research
challenge for many scholars. Modern approaches employ multi-objective optimization
methods to enable simultaneous analysis of various influential parameters. Despite significant
advancements in optimization techniques, current methods rely on 2D and 3D grid-based
modeling of the study area, which faces major limitations in complex urban environments. In
these methods, the space is divided into a regular grid, and optimal camera locations are
selected with appropriate angular rotation. However, in real urban topologies, road networks
consist of nested and irregular paths, causing many computed points to fall outside accessible
routes. This mismatch between theoretical models and practical conditions severely
undermines the effectiveness of traditional methods. Given these limitations, developing a
new framework that simultaneously considers real urban topologies, physical constraints, and
urban planning requirements has become essential. New methods must integrate actual
traffic routes, permissible camera installation points, and mandatory angle adjustments into
their models. This requires using realistic virtual traffic data and applying artificial intelligence
algorithms for optimization.

The current research analyzes urban maps and requires a comprehensive and
precise city map to identify optimal locations based on real data. The map is represented as
a matrix—a 2D grid of points—where accessible paths and obstacles are defined by different
numerical values. Since a street's width includes multiple points, a central row is selected to
represent the path, restricting vehicle movement to this route and providing an ideal location
for surveillance cameras. The optimal placement process is systematically conducted in four
stages after matrix formation. First, origin-destination pairs are randomly generated using
population density-based probability distribution. Second, optimal routing for each pair is
simulated based on traffic behavior—shortest path selection during normal hours and
alternative routes during peak hours. Third, all generated routes are aggregated to create
virtual traffic, and path density is calculated for traffic-based optimization. Finally, considering
different camera types based on purchase cost and installation expenses, placement is
optimized for cost efficiency.

One hundred thousand new data points were generated, and two experiments were
conducted. The first experiment used a greedy algorithm to maximize camera coverage across
all paths. The second experiment applied the proposed method, first identifying high-traffic
points, then maximizing coverage in these areas while minimizing installation costs. Results
showed that the proposed method improves monitoring efficiency by 40% on new routes and
reduces project costs by 6.6%.

In urban surveillance camera placement, methods focusing solely on maximum
path coverage are ineffective, and traffic assessment is crucial for optimization. Additionally,
since geometric features of paths are eliminated in the proposed method, it is scalable and
applicable to any city and routing system. Furthermore, urban planners often purchase
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cameras with varying fields of view and brands, which can be leveraged as an opportunity for
cost optimization.
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Table 1: Research conducted
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Applicability in complex urban topology Research Application Year Reference
P ees wieils -l LB S e Sy b, AR (17]
Applicable - requires a special camera Tracking a Moving Object 2025
(6t S e wlge) (Salins )b asle Lols 0,515 gl o — 1>l s 2 Sibe sl o)l Yevy (18]
Not applicable - has a specific application such as dynamic load (urban Building Surveillance 2023
moving obstacles)
St 8l sl el b g celiali =12l 5 g b Sl gl YeYO (el
Applicable - unsuitable and unsafe for urban context Traffic Monitoring with Drones 2025
o 0313 el (sl ools aejls — > L6 o 650l LSl b YY) (201
Applicable - requires trained data Traffic Monitoring with Deep Learning 2021
UL 5l e 52 50 Ll sl moles s leds ol ys - 1ol LG obitle pojlla VeV (21]
Applicable - a difficult and time-consuming process to implement on every  Building Surveillance 2024
route of the street
U 5l s 553 12l sl e 5y T3 - 2 b8 ho a5 L ol YeYY 2]
Applicable - a difficult and time-consuming process to implement on Polygonal Location Monitoring 2024
every route of the street
Los 5l o gl 5l G1LF azejls -1l LB ooy Uiy alias Yove (23]
Applicable —requires a graph extracted from the environment Vertex Covering Problem 2024
Lo 3l o gl el GBS atejli 1,21 s S e B1F 55 e Yevy [24]
Applicable - requires a graph extracted from the environment Focusing on Urban Route Graph 2022
c e : e (o . 25
Yo Sz ble s o Jelse oo Sialen 5 lgd0 - 1] LB il (5 e e Yevy (25]
Applicable - difficulty in coordinating between agents in cities with high Participatory Monitoring System 2022
complexity
OLbS 3l s 2 53 121 sl ooy gl ganT b~ 12l LG obeile el o)l vem [26]
Applicable - a difficult and time-consuming process to implement on every Secure Building Surveillance 2021
route of the street
oy Sloladl sl 5 @Bl — 1,2l LG S8 oad iy alyy oyl VY. (271
Applicable - incomplete and requires further measures Planned Traffic Surveillance 2020
om Sboladl aiesls g Ladl - [l LG R S ICH PP N Yery (28]
Applicable - incomplete and requires further measures Surveillance Equipment Review 2021
Sed s (lwg s o S ln 2l G SPB 8 v, vem [29]
Applicable for urban parks and gardens Poaching Monitoring 2021
Gilises g5l syl SliamsS 3blis aiile ols 5 )l5e o 1] bl G A (55l A Yovy (30]
Applicable in special cases such as mountainous areas with different 3D Simulation 2022
heights
S Sl gl o) o 5 eliali 12| L5 sl Lol oYY (311
Applicable - unsuitable and unsafe for urban context Urban Surveillance 2022
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Fig. 1: A representation of a portion of an urban environment where paths

(streets) are marked in bold blue and non-paths in pale blue. The path skeleton is
the thin white line in the middle of the path.
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1: RL-Func{path):
2: Maze=gij[1352¥1551] Discrete Environment
3: Agent=A vehicle for traveling from origin to destination
4: Define Actions-Space=8 directions, States = Relationship(1)
5: Define Rewards MAX-Reward, Episode
&: for all {States, Actions) do

7: if Q(State Action)=’ Block’ then

B: Q(5tate Action)= MAX-Reward
g: else

10: 0|5tate Action)=0

11 end if

12:end for

13: for all Episode do

14 Update O-Table on Epsilon Greedy Policy
15 if Last 10 O-Table Values are Same then
16: 5ave path

17 break

18: end if

19:end for

20: return path
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: Define aij, pij, vij Matrices
: Define CAMI —Width, CAMi —Length, IntraCity—Trip — Count
In GEM Customize Environment
: for IntraCity —Trip — Count do
origin, Destination=Random-Select(zij ,pij |
All-Path=ASTAR — Algorithm(origin, Destination)
end for
8: for path in All-Path do
9: REE-Pathl=Length|path|= Average-Length(All-Path)
10 : end for
11: for path in RES-Pathl do
12: CAMiCount=0R-Func|Path)
1z :for CAM-Type in CAMiCount do
14: Wisible=Placement-Func(Path, CAM-Type)
15: vij Matrix < Vizible
16: end for
17: end for
18: for selected-paths in All-Path do
19: RL-Path =RL-Func [selected-path|origin, Destination))
20: end for
21: for path in RL-Path do
22: RES-PathZ=Length(path)= Average-Length(RL-Fath)
23: end for
24: for path in RE5-Path2 do
25: CAMiCount=0R-Func|Path)
26: for CAM-Type in CAMiCount do
27: Wizible=Placement-Func(Path, CAM-Type)
28: vij Matrix — Visible
29: end for
30: end for
31: OR-Func{path):
32: Model-Variables = CAMiCount
EER Meodel-Constraints=Relationship(11) ,Relationship(12], Relationship(13)
34: Medel-objective-Function=Relationship[13)
35: return CAMiCount=Maodel Sclved [}
3&: Placement-Func{Path, CAM-Type):
27 Slope=Delta¥ [ DeltaX for x,y on Pathlxi, yi)

S W

38: if0.2 =< slope <5 then

39 return Chlique-Rect-FOV|xi,yi)
40: elze ifslope < 0.2 then

41 : return Horizontal-Rect-FOW([xi, yi)
42: else ifslope = 5then

43: return Vertical-Rect-FOV|xi,yi)
44; end if
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EEL G EN TR SR Three-dimensional modeling and documentation of immovable
cultural heritage, especially in the fields of conservation, restoration, and sustainable

management of these assets, play a significant role in preserving the historical and cultural
identity of communities. This approach not only enables precise and comprehensive
recording of the physical and spatial characteristics of historical buildings and sites but also
provides a scientific basis for comparative analyses, defining heritage boundaries, damage
assessment, and designing restoration programs. Utilizing technologies such as drone-based
photogrammetry, as a non-destructive, accurate, and rapid method, allows for
comprehensive data acquisition of historical and natural structures with minimal human
intervention, facilitating documentation, analysis, and conservation/restoration planning
processes. One of the notable advantages of this method is the significant reduction in costs
and execution time compared to other surveying and documentation techniques, making it a
cost-effective and efficient option.

The importance of this method increases in areas with challenging geographical conditions,
including mountainous, inaccessible, or restricted-access regions, as it enables precise data
collection without the need for prolonged onsite presence. Therefore, drone-based
photogrammetry can be considered an innovative and practical solution for recording,
conserving, and optimizing planning in projects related to cultural heritage.

This research was conducted in three stages: library, field, and office. In the library
stage, basic information regarding the historical background, geographical location, and
condition of the studied site was collected. In the field stage, ground control points were first
surveyed using a dual-frequency satellite positioning receiver, and their precise coordinates
were recorded to enable data georeferencing. Then, to capture accurate data of the target
area, a DJI Mavic Mini 2 drone was used for aerial photography. During several planned flights,
the drone captured a series of high-resolution aerial images from different angles of the castle
and its surrounding environment. The images were acquired with appropriate overlap (80%
longitudinal and 50% lateral) to enable accurate three-dimensional modeling.

Following the completion of field data collection and office-based processing, a set
of high-accuracy and high-quality digital products was generated, serving the objectives of
the research in documentation, restoration, and conservation of cultural heritage. These
products included a precise 3D model of the castle structure, a digital elevation model (DEM)
representing surface topography, a high-resolution Ortho mosaic map with geometric
corrections, and a 2D plan illustrating the dimensions and spatial layout of architectural
elements. The accuracy assessment of the 3D model, conducted using ground control points
(GCPs) measured around the study site, revealed planimetric and vertical errors of 2.4 cm and
1.9 cm, respectively, indicating a high level of precision in the final results. Additionally, a
topographic map featuring contour lines and a comprehensive site map encompassing all
natural and man-made features within the study area were produced. These data provide a
solid foundation for environmental analyses, boundary delineation, and risk assessments,
effectively supporting processes related to the conservation, restoration, and sustainable
management of cultural heritage.
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The use of drone-based photogrammetry in the documentation and three-
dimensional modeling of cultural heritage, as a non-destructive, accurate, and cost-effective
method, has brought a remarkable transformation in the approaches to recording and
conserving historical sites. This technology, utilizing high-resolution aerial images and image
processing techniques, enables the production of precise three-dimensional models of
buildings, sites, and cultural structures. The resulting data not only provides a realistic digital
representation of the current condition of the heritage assets but also serves as a reliable
basis for specialized analyses, conservation and restoration planning, and legal
documentation. One of the key applications of these data is the preparation of a three-
dimensional cadastral system for cultural heritage; a process in which spatial, descriptive, and
ownership information of historical assets is organized in an integrated and digital format.
The 3D cadaster, relying on accurate models generated by photogrammetry, facilitates
advanced spatial management, precise delineation of heritage boundaries, monitoring of
changes, and prevention of encroachments or environmental damages. Particularly in areas
with dense historical fabric or complex topographic conditions, this information can play a
central role in managerial and legal decision-making.
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Fig. 1: Structure of 3D modeling and documentation of the targeted archaeological site.
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Tablel: A summary of selected previous studies conducted by researchers in the field of UAV-based photogrammetry and 3D modeling of cultural heritage.
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In this study, 3D modeling of Dolatabad Castle was carried out for the purpose of
documentation and restoration. Ultimately, using the obtained results, this site
was registered on the National Heritage List[1].
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In this study, the effectiveness of photogrammetry as a non-destructive and
precise method for documenting and preserving cultural heritage has been
examined [2].
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In this study, 3D modeling of Haj Seyed Mohammad Bridge, a registered national
heritage site in Zanjan, was carried out using drone-based photogrammetry,
highlighting the method's effective role in the preservation, reconstruction, and
restoration of cultural heritage [12].
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In this study, 3D modeling of Dirgachin Caravanserai was carried out using drone-

based photogrammetry, and the results demonstrated the high capability of this
method in producing 3D models of architectural heritage[8].
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This study examines the role and effectiveness of geomatics engineering
methods, including photogrammetry and remote sensing, in the processes of

documentation, restoration, and preservation of cultural heritage, emphasizing
aspects such as accuracy, time, cost, and standardization of these methods[13].
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3D modeling for documentation, restoration, and boundary
determination of Dolatabad Castle in Qom using drone imagery.
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Introduction of the non-destructive photogrammetry

method in the study and surveying of historical buildings.
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Application of drone-based photogrammetry in 3D modeling of
archaeological sites.
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3D modeling of architectural heritage using drone
photogrammetry; Case study: Dirgachin Caravanserai.
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Investigation of the role of geomatics engineering in cultural
heritage, archaeology, and architectural applications.




J. RS. GEOINF. RES. 3(2): 271-286, Summer & Autumn 2025

(Yvvy)

TFeF sl g o lili oF o lais il o ilSo cledb] g 495 5l i sl iy s ole dy i

Results

9,

GehoS (lgie

Research title Row

@ bty 558 5 (e §)ed Sl LSS5 I (6 T0 e b aslllae
28 b Sy g auie (85 samlie 4 g aSls y Siv P Ol e (g5lediies

DVVEs51s 5 o0 Loty ol 51y
This study utilizes terrestrial laser scanning and drone photogrammetry

techniques for the documentation of cultural heritage, comparing the accuracy,
cost, and technical characteristics of each method [17].
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This study, by evaluating the accuracy of drone photogrammetry in 3D modeling
of the Pegulingan Temple stupa, demonstrates that this method is a highly
accurate and reliable tool for the documentation and protective management of
cultural heritage [26].
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In this study, drone photogrammetry was used for the precise monitoring and
documentation of the historic walls of Bergamo, a UNESCO World Heritage site,
providing a basis for effective protection and maintenance against environmental
and human-induced damage [27].
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In this study, drone-based photogrammetry was used for the documentation and
realistic 3D modeling of Gedik Ahmet Pasha Mosque; the results demonstrate the
high efficiency of this method in the preservation and recording of cultural
heritage [28].
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3D modeling using drone photogrammetry technique for the
digital documentation of cultural heritage buildings.
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Drone photogrammetry for cultural heritage preservation:
modeling and surveying the Venetian walls of Bergamo, Italy.
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Realistic 3D modeling using drones: Gedik Ahmet Pasha Mosque
in Afyonkarahisar, Turkey.
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Fig. 2: Aerial view of the archaeological site of Shirghaleh Shahmirzad.
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Fig. 3: Measurement and recording of ground control points (GCPs) around the castle using a positioning receiver
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Fig. 4: DJI Mavic Mini 2 UAV used in the aerial imaging operations of the project
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Table2: Technical specifications of the UAV and the corresponding sensor [32].

Sensor specifications

Drone specifications

CMOS (Complementary Metal—

Sensor type Oxide—Semiconductor)
Resolution 12 MP
Pixel size 1.55 um

Image size (maximum) 4000 x 3000 px (aspect ratio 4:3)

Electronic shutter speed 1/4 to 1/8000 s

24 mm equivalent focal length, 83°
FOV, /2.8 aperture
Camera stabilization

Lens

3-axis (Tilt, Roll, Pan)

Weight 249g

56 x 289 x 245 mm
16 m/s (approximately 57.6 km/h)
Up to 31 minutes (in no-wind
conditions)
OcuSync 2.0 (transmission range up
to 10 km in ideal conditions)

Dimensions (unfolded)
Maximum horizontal speed

Maximum flight time
Video transmission system

Flight battery 2250 mAh, 7.7 V, Li-Po

Supported memory microSD up to 256 GB
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Fig. 5: 3D model of Shirghaleh, Shahmirzad with realistic texture.
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Fig. 7: Orthomosaic image of the study area.
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Fig. 8: Topographic map of the study area generated in Autodesk Civil 3D software.
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Fig. 10: Documentation of information in the form of a final map of the historical site of Shirghaleh in Shahmirzad, including natural features, man-made elements, and
topographic data of the area.
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EEECICEG LNl EE Human activities and natural processes drive land use changes,
resulting in pressing issues such as deforestation, biodiversity loss, and heightened

vulnerability to natural disasters like floods. Population growth and increasing socio-economic
demands exert substantial pressure on land use and cover, often leading to unregulated
alterations primarily attributed to mismanagement in agriculture, urban development,
pasturelands, and forests. Integrating remote sensing and geographic information systems
(GIS) offers a potent approach to accurately assess and monitor land use changes across vast
areas. Satellite data, particularly from sources like Landsat's Multispectral Scanner (MSS),
Thematic Mapper (TM), and Advanced Thematic Mapper (ETM+), have been extensively
utilized to analyze land use changes, especially in forested and agricultural regions. This study
aims to analyze land use changes in paddy rice soil texture in Gilan, North Iran, from 1391 to
1401. Leveraging Landsat MSS and ETM+ data and GIS software, the study endeavors to
identify and characterize significant land use and cover changes, providing valuable insights
into regional landscape dynamics.

M In this research conducted in Gilan province, Landsat-8 satellite images from 2012
and 2022, featuring minimal cloud cover, were utilized. Geometric and radiometric
corrections were made on Landsat-8 satellite images to reduce errors. Employing the
maximum likelihood method, supervised classification of land use classes was determined.
This method calculates the probability of a pixel belonging to each predefined class and
assigns the pixel to the class with the highest probability. This comprehensive approach
enabled the analysis of land use dynamics in the study area, offering valuable insights into
environmental changes over time.

m The evaluation of land use classification maps revealed an overall accuracy of 80%
and a kappa coefficient exceeding 0.8, indicating substantial agreement with ground truth
classes. Forest area exploitation decreased from 46% in 2011 to 33% in 2011, signaling
ecosystem degradation. Similarly, pasture land decreased from 51% in 1391 to 42% in 1401.
Conversely, agricultural land witnessed significant growth, increasing by 7% from 2013 to
1401 (34% to 41%). Residential land area experienced a notable increase, rising by 34%. These
findings underscore significant land use changes, including forest decline and increased
residential expansion, highlighting the pressing need for sustainable land management
practices in the study area.

Forest cover in the study area declined by 13%, whereas residential land
witnessed a significant expansion of 34%. Data analysis indicated that the primary alterations
in land area were linked to changes in residential use. Remote sensing technology proved
instrumental in precisely, effectively, and economically estimating these changes, highlighting
its crucial role in environmental studies.
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A Web-Based GIS Framework for Optimal Bank Branch Selection Using MCDM
Algorithms
A. Pourbeik?, J. Saberian "2, S. Mohseni?

1 Department of GIS and Remote Sensing, Faculty of Natural Resources and Environment, Islamic Azad University, Science and
Research Branch, Tehran, Iran
2 Department of Surveying Engineering, Faculty of Engineering, Islamic Azad University, South Tehran Branch, Tehran, Iran

ABSTRACT

In the modern era, the banking industry is continuously
Received: 21 April 2025 developing solutions to provide faster, more convenient, and more intelligent services to its
Reviewed: 06 July 2025 customers. With the digitalization of nearly 80% of banking services, customer expectations
Revised: 14 August 2025 for personalized experiences have surged. In this context, Geographic Information Systems
Accepted: 04 October 2025 (GIS) have emerged as a powerful tool for location-based analysis and decision-making

optimization. Previous studies have demonstrated that GIS can play a vital role in selecting
new branch locations, assessing market share, and determining optimal routing.

KEYWORDS: However, a need persists for an integrated tool that empowers customers to select the most
GIS suitable branch based on their priorities. The loss of time and the confusion customers face
WebGIS when searching for a branch that offers their required services remain significant challenges
MCDM for in-person banking. The primary objective of this research is to design and develop an
AHP intelligent, user-centric Web-based Geographic Information System (WebGlIS) for the optimal
Smart Banking selection of bank branches. By integrating web technologies, GIS, and Multi-Criteria Decision-

Making (MCDM) algorithms, this system aims to streamline the branch selection process for
customers. The specific aims of this study include: creating an interactive platform for

iCorresponding author searching and displaying branch information; implementing an optimal routing functionality
£ j saberian@azad.ac.ir that accounts for real-world constraints; and, most importantly, providing a feature for
@ (+9821) 33722831 ranking branches based on user-personalized criteria, thereby enabling the most intelligent

choice in the minimum possible time.

In this research, a multi-stage approach was employed for the system's
development. Initially, a geospatial database was created within the ArcGIS Desktop
environment using the WGS84 Web Mercator coordinate system. Data about the branches of
Dey Bank, including both attribute data (name, address, code, services) and spatial
information, were stored in this database. To ensure optimal management and facilitate
concurrent user access, an Enterprise Geodatabase was utilized on the Microsoft SQL Server
platform. In the subsequent stage, the required map services, encompassing the branch layer
and the network analysis layer for routing, were published via ArcGIS for Server. The client-
side of the system was developed using the ArcGIS API for JavaScript, which provides
interactive functionalities such as searching, displaying information, filtering, and routing.
For the implementation of the intelligent selection component, the Analytic Hierarchy Process
(AHP), a prominent multi-criteria decision-making method, was adopted. The decision criteria
selected were: VIP branch status, availability of safe deposit boxes, provision of foreign
exchange services, and access to insurance services. Through a user interface, users can
perform pairwise comparisons of these criteria to specify their relative importance. The
system then utilizes these comparisons to construct a comparison matrix, normalizes it, and
calculates the final weight for each criterion. These weights are ultimately applied to compute
the final score and ranking for all bank branches.

The outcome of this research is a fully operational WebGIS system, successfully
accessible via web browsers across various platforms. Through this system, users can visualize
all bank branches on an interactive map and access comprehensive information by clicking on
any branch.

The most significant finding of this study is the successful implementation of the AHP
algorithm. The system ranks all branches based on these priorities and subsequently suggests
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the most suitable options to the user. Furthermore, a routing capability from the user's
current location to a selected branch is incorporated into the system. This feature considers
the traffic restriction zone layer as a barrier and renders the optimal route as a graphical line
on the map.

This research demonstrates that integrating WebGIS technology with multi-
criteria decision-making algorithms, such as AHP, offers a highly effective solution to the real-
world challenge of optimal service selection. By providing a suitable and intelligent platform,
the developed system significantly mitigates the time loss and confusion experienced by
customers, empowering them to make an informed choice that is fully aligned with their
personal needs.

This intelligent selection process enhances the customer experience for in-person banking,
representing a significant step toward increasing customer satisfaction and loyalty. The study
confirms that investing in intelligent location-based systems is value-adding not only for
customers but also for organizations, enabling them to optimize services and gain a better
understanding of demand patterns. This creates a win-win scenario for both service providers

and their clientele.
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Table 2: Values of the comparison matrix based on the criteria's importance.

Insurance services Safe deposit box Currency branch VIP

5 3 9 1 VIP

1
1 5 1 3 Currency branch

1 1
3 1 — — Safe deposit box

5 3
1 l 1 l Insurance services

3 5
10 9.33 11.2 1.64 Sum of column
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Table 3: Normalized matrix values and the average of each row(w)).

w; Insurance services Safe deposit box Currency branch VIP
0.555 0.50 0.32 0.80 0.60 VIP
0.192 0.10 0.53 0.08 0.06 Currency branch
0.152 0.30 0.10 0.01 0.20 Safe deposit box
0.082 0.10 0.03 0.08 0.12 Insurance services
1 1 1 1 Sum of column
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Table 4: Ranking Day Bank branches based on criteria.

Rank Priority Branch number Rank Priority Branch number Rank Priority Branch number
44 0/0101592 37 14 0/0152766 19 1 0/0186008 1
47 0/0099896 38 34 0/0123592 20 2 0/0185486 2
43 0/0104419 39 31 0/0128761 21 3 0/0183361 3
33 0/0126768 40 21 0/0140877 22 4 0/0176669 4
24 0/0137304 41 22 0/0139787 23 5 0/0170463 5
46 0/010148 42 17 0/0146295 24 8 0/0165564 6
38 0/0111466 43 30 0/012961 25 9 0/0162555 7
29 0/0130784 44 35 0/0118219 26 6 0/0168237 8
49 0/0098012 45 28 0/0131089 27 13 0/015585 9
51 0/0089822 46 16 0/0148605 28 15 0/0148828 10
32 0/0128667 47 23 0/0138102 29 7 0/0166018 11
50 0/0090106 48 40 0/0110041 30 10 0/016231 12
54 0/0076465 49 41 0/0107884 31 11 0/0160781 13
53 0/0079409 50 27 0/0134094 32 18 0/0146016 14
37 0/0115346 51 36 0/0117735 33 20 0/0143248 15
52 0/0089617 52 48 0/0098974 34 12 0/0158962 16
42 0/0106369 53 25 0/0134561 35 19 0/0144084 17
39 0/0110616 54 45 0/0101541 36 26 0/0134519 18
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Fig.4: Analysis of the nearest branch and drawing a polyline for the route from
the current coordinates to the desired branch.
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EEEIT G RET T Mo  JIG\EH Spatial data, as one of the fundamental components of

urban information systems, plays a crucial role in analysis, planning, decision-making, and
policy evaluation processes. In recent decades, the rapid growth of urbanization, the
emergence of smart cities, and the expansion of sensor networks and the Internet of
Things (IoT) have led to an exponential increase in the volume and diversity of spatial data.
These data are collected from multiple sources such as Geographic Information Systems
(GIS), satellite imagery, remote sensing, intelligent transportation systems, and citizen-
generated data. Consequently, the effective management of these datasets has become
one of the major challenges in contemporary urban management. The absence of
standardized and integrated infrastructures often leads to inconsistency among executive
organizations, data redundancy, and reduced accuracy in data-driven decision-making.
m To address these challenges, this study proposes a novel framework based on
Service-Oriented Architecture (SOA) for establishing an integrated spatial data
infrastructure in urban management. SOA, with its core principles of service
independence, reusability, composability, and interoperability, provides a flexible and
scalable foundation for developing distributed spatial systems. Additionally, the research
utilizes international OGC standards, including Web Map Service (WMS), Web Feature
Service (WFS), and Web Processing Service (WPS), to establish a unified technical
framework for the exchange, processing, and visualization of spatial data across
heterogeneous environments. The use of these standards enables various urban
subsystems to interact dynamically and seamlessly without dependency on specific
technologies or programming languages.

MThe findings indicate that the proposed framework consists of three main layers:
the spatial data service layer for storing, managing, and accessing distributed datasets;
the processing service layer for analyzing, integrating, and extracting spatial patterns at
different decision-making levels; and the interaction management layer for service
orchestration, data flow control, and quality assurance in heterogeneous environments.
This three-layered structure was designed to enhance scalability, minimize inter-
component dependencies, and improve interoperability among diverse urban systems. A
case study was implemented in a real urban management environment to empirically
evaluate the performance, stability, and reliability of the proposed framework in terms of
response time, processing volume, and coordination among services.

The results demonstrated that implementing the integrated SOA-OGC
framework led to an average 30% reduction in response time, improved scalability in
handling large spatial datasets, and simplified service maintenance and expansion.
Moreover, interoperability among urban systems in various domains—such as
transportation, environment, and public services—was significantly enhanced. However,
challenges including data security assurance, user access control, system stability under
high network load, and Quality of Service (QoS) remain critical issues requiring further
investigation. In summary, the study concludes that adopting a service-oriented approach
in conjunction with OGC standards provides an effective foundation for developing spatial
data infrastructures in urban management. This framework not only strengthens data-
driven decision-making but also paves the way toward smart city realization, sustainable
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resource management, and improved quality of urban life. Future research is
recommended to integrate Cloud GIS, Big Spatial Data processing, and Artificial
Intelligence (Al)-based spatial analytics within this architecture to further enhance the
performance, scalability, and security of urban spatial systems.
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Table 2: Performance Comparison between Previous Systems and the Proposed System
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Monitoring and Analysis of Land Subsidence in Eastern Shiraz Using the DInSAR
Technique

P. Barzabadi, A. Razaghpour, M. Aslani, A. Sharifi *

Department of Geoinformation and Geomatics Engineering, Faculty of Civil, Water, and Environment Engineering,
Shahid Beheshti University, Tehran, Iran

ABSTRACT

Land subsidence is considered one of the most significant
Received: 06 April 2025 geomorphological hazards in arid and semi-arid regions, threatening groundwater resources,
Reviewed: 17 May 2025 urban infrastructure, and agricultural lands for decades. In Iran, unregulated urban expansion
Revised: 27 June 2025 and excessive groundwater extraction have intensified this phenomenon in major cities such
Accepted: 26 October 2025 as Tehran, Mashhad, Isfahan, and Shiraz. In particular, the eastern areas of Shiraz,

characterized by alluvial soils, high building density, and sharp declines in groundwater levels,
have become one of the primary hotspots of subsidence in southern Iran. Given the high

KEYWORDS: potential of Sentinel-1 radar data for analyzing land deformation and the effectiveness of
Subsidence DINSAR in rapid monitoring, this study aims to analyze the spatiotemporal patterns of land
Radar data subsidence in eastern Shiraz, investigate natural and anthropogenic contributing factors, and
Interferogram propose solutions for risk mitigation and support of sustainable urban development.

This study employed 24 Sentinel-1A SAR images (IW mode, VV polarization) from
2015 to 2025. Processing was conducted in SNAP software. Orbital corrections were applied

* Corresponding author using POD files, followed by radiometric calibration to extract Sigma® values. A 7x7 Lee filter
= a_sharifii@sbu.ac.ir was used to reduce speckle noise. Fifteen image pairs with temporal baselines less than 365
@ (+9821) 73932477 days and perpendicular baselines below 150 meters were selected to generate

interferograms. Phase unwrapping was performed using the SNAPHU algorithm with the
Minimum Cost Flow (MCF) method. To minimize atmospheric effects, image pairs with similar
humidity were chosen, and additional filtering included the Goldstein filter, topographic
masking, and variogram analysis. The final phase data were analyzed statistically using mean,
skewness, and kurtosis, as well as spatially through Moran’s |. Multiple regression analysis
was also conducted to evaluate the influence of groundwater extraction, soil type, building
density, and slope on the observed subsidence rates.

The results showed an average subsidence rate of 18.4 mm/year with a standard
deviation of 8.2 mm. Three main subsidence hotspots with rates of 25-45 mm/year were
identified in the north, center, and south of the study area. Statistical analysis indicated a
positively skewed distribution (1.23) with a kurtosis of 2.87. Multivariate regression analysis
showed that groundwater extraction (B = 0.78, p < 0.001) was the most influential factor. Soil
type (clay), building density, and slope also had significant effects, with positive and negative
contributions. Moran’s, | test confirmed a clustered spatial pattern of subsidence (I = 0.742).
DInSAR proved to be an effective and relatively accurate tool for monitoring land
subsidence, especially in regions with limited in-situ data. This study underscores the
significant role of human activities in exacerbating land subsidence and highlights the need
for continuous monitoring, smart supervisory systems, and a reassessment of urban
development patterns. Suggested future directions include developing machine learning
models with Sentinel-1 data, integrating GNSS observations to enhance accuracy, and
conducting land use change analysis using Landsat and Sentinel-2 imagery. The main
limitations of the study were the lack of up-to-date groundwater level data and the temporal
sparsity of some satellite images.
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Table 1: Detailed Parameters of DInSAR Processing

Step Settings

Lee Filter, 7x7
SRTM 1Sec (30 m)
SNAPHU — Minimum Cost Flow
0.3

Noise Filtering
DEM
Unwrapping Method
Coherence Threshold

Interferogram Type Differential, Master—Slave Pairs

Slave
images

Master
images

Coregister images

Generate interferogram

Generate coherence

Pixel removal

Filter phase noise

Phase unwrapping

Generate subsidence map

SIS g,y ) S

Fig. 1: Overall Research Workflow
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Fig. 2: Radar backscatter intensity map
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Fig. 4: Generated interferogram
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Table 2: Descriptive Statistics of Subsidence Rate (mm/year)
Statistical Index Value
Mean 18.4+8.2
Median 16.7
Mode 12.3
Range 2.1-47.8
Skewness 1.23
Kurtosis 2.87
Coefficient of Variation 44.6%
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Fig. 6: Subsidence Rate Map in the Eastern Regions of Shiraz
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Table 3: Regression Coefficients of Factors Affecting Land Subsidence

B

Standard

Variable Coefficient Error R? p-value t-value
Groundwater 0.78 012 645 <0001 061
Extraction
Soil Type (Clay) 0.34 0.08 4.23 <0.01 0.18
Building Density 0.28 0.09 3.11 <0.05 0.12
Slope -0.19 0.06 -3.17 <0.05 0.08
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ORIGINAL RESEARCH PAPER
Monitoring methane emissions in Iran using Sentinel-P5 satellite data: Analyzing
emission trends and identifying critical sources (2019-2023)

B. Babaei’, R. Dousti*", E. Javadnia®”, S. Kiaei*, A.H Abdi?, H. Karami?

1 Department of Geomatics Engineering, Faculty of Engineering, University of Zanjan, Zanjan, Iran
2 Iranian Space Research Center, Tehran, Iran

ABSTRACT

Methane, as the second most important greenhouse gas after
Received: 14 May 2025 carbon dioxide, plays a significant role in intensifying global warming. Its global warming
Reviewed: 05 July 2025 potential (GWP) over a 100-year period is estimated to be about 28 times greater than that
Revised: 09 September 2025 of carbon dioxide. According to reports by the Intergovernmental Panel on Climate Change
Accepted: 22 November 2025 (IPCC), approximately 40% of anthropogenic methane emissions are linked to the energy

sector, particularly the oil and gas industries. As one of the major producers of oil and gas
worldwide, Iran faces serious challenges in monitoring and controlling methane emissions—

KEYWORDS: a matter of particular importance within the framework of international commitments such
Methane Emissions as the Paris Agreement. The Sentinel-5P satellite, equipped with the TROPOMI sensor,
Climate Change provides high spatial resolution and daily coverage, enabling continuous monitoring and
Sentinel-5p Satellite quantification of methane emissions on a global scale. This study aims to examine the
TROPOMII Sensor temporal trends of methane emissions in Iran over a five-year period (2019-2023) and to
Remote Sensing identify critical areas in terms of emission intensity.

This research was conducted using a descriptive—analytical approach based on
time-series data derived from the TROPOMI sensor onboard the Sentinel-5P satellite within

* Corresponding authors the Google Earth Engine platform. Methane concentration data with a spatial resolution of
@javadnia@znu.ac.ir 5.5 x 7 km were extracted for the entire geographical extent of Iran and processed to obtain
&, dousti@znu.ac.ir annual, seasonal, and monthly averages. To analyze temporal trends and spatial patterns,
) (1_-9824) 33054504 five-year variation maps and charts were generated to identify dominant trends and high-

emission regions.

The results indicated an increasing trend in the annual mean methane concentration
over Iran during the study period, with an estimated annual growth rate of about 0.03%. On
average, methane concentrations exceeded the IPCC threshold of 1800 ppb by approximately
101.21 ppb. Seasonal analyses revealed that the highest concentrations occurred in autumn
and winter, likely due to increased gas extraction activities and reduced efficiency of leakage
control systems during colder periods. The total cumulative methane concentration from all
sources during the five-year study period reached a considerable value of 1,487,134,705 ppb.
The findings highlight a serious challenge for Iran in managing and controlling
methane emissions. The observed upward trend underscores the urgent need to formulate
and implement effective mitigation policies. In this regard, the deployment of advanced leak
detection systems and investment in modern emission control technologies can play a
significant role in reducing the environmental impacts of methane.
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Fig. 3: Annual Average Methane Concentration Trends in Iran (2019-2023)
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EECCITERELR el JEE7E Optimal management of humanitarian supply chains and

distribution of relief items after natural disasters is a major challenge in the field of crisis
management. Despite the importance of optimal allocation of local distribution centers in
post-disaster situations, many existing decision-making tools lack spatial capabilities,
flexibility in scenario building, and ease of access. Aiming to fill the gap in previous studies,
this paper designs a web-based system that utilizes geographic information systems (GIS) and
meta-heuristic algorithms to enable optimal allocation of distribution centers and
management of relief items.

In this study, an intelligent web-based spatial decision support system has been
developed that helps decision makers allocate relief distribution centers more efficiently in
different post-crisis scenarios. This system consists of three main parts, including a database,
a decision engine, and a web-based user interface, and can be fully implemented in a browser
without the need to install additional software. Also, genetic and forbidden search algorithms
have been integrated to optimize resource allocation and distribution of relief items in this
system. Users can edit input data, define different scenarios, and visually view the results on
a map. In this system, common uncertainties after disasters, including different rates of
affected populations, as well as five different planning periods ranging from 8 to 72 hours (i.e.
8, 16, 24, 48, and 72 hours), have been considered. The system's high flexibility in defining
and analyzing various scenarios makes it an effective tool for improving decision-making in
planning relief aid distribution operations.

m Results show that the proposed hybrid algorithm has been able to improve the
optimal allocation of distribution centers and the effective distribution of items and reduce
the amount of unmet demand. However, depending on the number of iterations of the
algorithm, different scenarios, and some input parameters, the results have sometimes been
unstable, which can be investigated and analyzed more precisely in future studies.

This study presents a comprehensive, web-based decision support system for the
optimal management of relief distribution, which can significantly increase the efficiency of
crisis operations. The combined use of meta-heuristic algorithms and geographic data in this
system enables rapid response and accurate decision-making. Future development and
improvements of this system can include support for different types of items and diverse
disaster situations to play a more effective role in reducing human and financial losses.
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Solution Information Inventory Decisions Service Decisions

Model Reports

Additional inventory

Solution Information

Unmet demand

Solution Status :

Optimal solution found

Iterations : [ 1000

Solution Time (sec) : 827.2141172885895

Total Distance : 707699.22094056

Total LDC Used : 44

Total Unmet Demand Amount : 0

2919.4875936857975

Total Additional Inventory :
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Fig. 8: General report table of model solution
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Solution Information  Inventory Decisions ervice Decision: Additional inventory  Unmet demand
‘LM\‘::‘\N:M Hun Search. | =
Quantity of Water Quantity of Food Quantity of Medical_Kits Quantity of Shelter Total Commodities

€MD Name LDC Name Storage Storage Storage Storage Storage

Hakimien Migdad Elementary Scnool 24460.69 29346.96 3257.51 2934.70 59999.86
Hakimien Mansour Nafar Boys' High School 24460.72 29347.00 3257.52 2934.70 59999.94
Hakimich Sontane Qmid Girts' Elementary 2446057 29346.82 325750 2934.68 59999.57
Shahid Ebadi Saadi Gins' Government Model 24460.56 29346.81 3257.50 2934.68 59999.55

First Year High School

Shanid Ebadi Nabaovvat Girs' First Year High 2446074 29347.02 3257.52 2934.70 50999.98
Shahid Ebadi Ghaffari Boys' High School 24460.62 29346.88 3257.50 2934.69 59999.69
Shahid Ebadi Ghaffari High Senool 24460.71 29346.98 3257.51 2934.70 59999.90
Shahid Ebadi ST AreT Nasab Elementary 24460.50 29346.73 3257.49 2934.67 5999939
Shahid Ebadi Religious Studies School 24460.71 29346.98 3257.51 2934.70 59999.90

(oo @35 STy 609250 laie) (dome ma3s5 55T, a4 slowal oL 51 Jlu )l YIS jlade (5,155 Jou A s
Fig. 9: Table reporting the amount of goods sent from the aid station to local distribution centers (local distribution center inventory amount)

slution Infermation Inventory Decisions Service Decisions Additional inventory Unmet demand

LDC Search.. |[ec search =
y of Water y of Food y of Medical_Kits Quantity of Shelter Total Commeodities

LDC Name EC Name shipped shipped shipped shipped shipped

Fgiang,Faucational Gomplex. Ostad Khodabakhsh School 1245.25 1494.00 165.83 149.40 3054.48

:‘j’gﬁzﬂfd“““““‘ Gomplex, Homaye Rahmat School 5334.82 6400.50 710.46 640.05 13085.82

Famang Educalional COmPIEX.  uaien Nasir Park 1788060 2145243 2301.22 2145.24 43850.50

‘Shania Zelnugdin High School Rezvan School 776.40 931.50 103.40 93.15 1904.45

Shahid Zeinuddin High School Pooya School 1999.15 2398.50 266.23 230.85 4903.73

Shahid Zeinuddin High Schoal Khajen Nasir Park 11700.31 14037.57 155817 1403.76 28699.80

Shahid Zeinuddin High School Narges Educational Complex  9014.30 10815.00 1200.47 1081.50 2211127

Shania Zeinuadin High Scnool Ferdowsi School 27.24 32.68 3.63 3.27 66.82

Manarat Amoz Elementary School  Hossein Hamed Park 9566.91 11478.00 1274.06 1147.80 23466.77

Maharat Amoz Elementary School ;L’:“Z" Abdullah Ansari High 1861.62 2233.50 247.92 223.35 4566.39 .

a5 55150 4 e 2355 55150 51 (o) VIS e 555 g )+ U5

Fig. 10: Table reporting the quantity of goods shipped from local distribution centers to discharge centers
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nventory Decisions  Service Decisions

Solution Information

Additional inventory

Unmet demand

Additional inventery Info

Amount of excess Water  Amount of excess Food  Amount of excess Medical kit  Amount of excess Shelter  Total inventory amount

LDC Name

Jelveh Danesh2 Preschool and

Elementary School 42224 506.59
Narges Art School 76797 921.38

56.23 50.66 1035.72

102.27 92.14 1883.77

e g8 STye olile gosz g0 (1)) Jsaz N JSS

Fig. 11: Local Distribution Centers Excess Inventory Report Table
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Table 5: Performance Measures (PMs) for Different Model Configurations (MCs) and Planning Periods (PPs) for a Population Rate Affected by 75%

Configuration PP1 (8h) PP2 (16h) PP3 (24h) PP4 (48h) PP5 (72h)
MC1-OF1 683,700.68 681,095.50 978,225.36 937,754.36 885,068.36
MC1-OF2 24 26 68 97 97
MC1-0F3 2,994.09 1,637.78 0 1,947,381.70 5,765,291.64
MC1-OF4 2,362.85 227.92 3,129.95 0 0

Solution Time (sec) 626.66 617.33 717.23 770.08 657.76
MC2-OF1 690,169.79 7,870,086.24 763,076.92 379,950.14 326,032.59
MC2-0F2 24 46 60 60 60
MC2-0F3 0 0 348,817.21 4,167,381.70 7,985,291.64
MC2-OF4 1,941.56 2,001.00 0 0 0

Solution Time (sec) 647.12 688.61 684.81 414.93 318.74
MC3-OF1 553,110.01 690,747.38 846,135.64 826,390.77 799,666.27
MC3-0OF2 21 43 65 95 97
MC3-0F3 145,056.22 118,573.28 804,90.62 2,067,381.70 5,765,291.64
MC3-0F4 444.18 0 0 0 0

Solution Time (sec) 497.44 616.26 692.24 588.28 583.29
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Table 6: Performance metrics (PMs) for different model configurations (MCs) and planning periods (PPs) for the 95% affected population rate

Configuration PP1 (8h) PP2 (16h) PP3 (24h) PP4 (48h) PP5 (72h)
MC1-OF1 718,033.77 901,111.60 1,123,391.90 869,233.47 790,362.44
MC1-0F2 31 59 86 97 97
MC1-0F3 0 0 0 4,018,683.50 8,854,702.74
MC1-OF4 2,228.86 1,744.34 8,479.42 0 0

Solution Time (sec) 582.87 685.83 733.54 582.71 533.10
MC2-OF1 754,463.01 905,279.51 547,994.16 382,413.74 276,165.45
MC2-0F2 30 60 60 60 60
MC2-0F3 0 803.85 1,401,835.16 6,238,683.50 11,074,702.74
MC2-OF4 3158.11 0 0 0 0

Solution Time (sec) 562.73 669.79 516.23 393.10 338.03
MC3-0F1 690,982.99 8,320,93.18 1,021,458.54 790,246.94 669,417.09
MC3-0OF2 29 57 82 97 97
MC3-0F3 65,147.06 32,867.67 113,044.46 4,018,683.5 8,854,702.74
MC3-OF4 832.62 0 0 0 0

Solution Time (sec) 589.64 717.50 696.95 666.96 489.63
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Fig. 12: Fitness function diagram obtained from the genetic algorithm
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Fig. 13: Fitness function graph resulting from the forbidden search algorithm
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EEECREN o AR With the rapid expansion of urbanization, the need for

automatic updating of change maps has become increasingly important. Accurate and up-to-
date spatial information is essential for monitoring construction activities and tracking the
development of urban areas. Traditional approaches to change detection are mostly limited
to two-dimensional analysis and often lack sensitivity to vertical changes. This shortcoming
fails to identify multi-story constructions, thereby limiting the completeness of monitoring
outcomes. Recent advances in remote sensing and deep learning have enabled three-
dimensional urban change detection, providing superior results compared to classical
methods. This study aims to improve the performance of 3D urban change detection by
introducing a deep learning approach that integrates multi-source data. The primary objective
is to automatically identify and distinguish four types of building-related changes—new
construction, complete demolition, height increase, and height decrease—alongside
unchanged areas, to generate a comprehensive 3D change map.

The dataset employed in this research consists of high-resolution RGB aerial
imagery and corresponding Digital Surface Model (DSM) data acquired from two different
periods over Valladolid, Spain. The input data were prepared by stacking RGB images and
DSMs from both epochs into an eight-band input, allowing the network to jointly analyze
spectral and elevation information. The dataset was divided into training (90%) and testing
(10%) subsets. To increase variability in the training data and reduce overfitting,
augmentation techniques such as horizontal and vertical flipping, random rotation, and
Gaussian blurring were applied. The proposed model architecture combines a ResNet-34
backbone for feature extraction with a UNet++ decoder for pixel-level change reconstruction.
Model parameters were updated using the Adam optimizer. In the first stage, the deep
network was trained in a binary setting (change/no-change) and evaluated against classical
approaches, including Random Forest, image differencing/ratioing, and a PCA-K-Means
hybrid method. In the second stage, the network was retrained for five-class classification,
including the four change categories and the unchanged class, using a loss function optimized
directly for the Intersection-over-Union (loU) metric. Model performance was assessed using
Accuracy, Recall, Precision, and F1-score.

In the binary classification stage, after 50 epochs of training, the network
successfully identified most real changes while maintaining a low false alarm rate. Evaluation
metrics confirmed this performance, with Recall and Accuracy both reaching 98.5% and an
Fl-score of 0.92, considerably outperforming the classical methods. Unlike traditional
approaches, the deep learning model was able to detect almost all small-scale constructions
and demolitions. In the five-class stage, the model effectively identified and classified change
types, achieving a Recall of 96.32%, an Accuracy of 96%, and an F1-score of 0.95. All newly
constructed and fully demolished buildings were correctly labeled in the output maps, and a
large proportion of unchanged areas received no misclassification.

The findings demonstrate that combining elevation data with 2D imagery and
leveraging deep learning architectures significantly mitigates the limitations of traditional
change detection approaches and enhances accuracy. The developed model is capable of
detecting not only the location but also the type of change. This approach has strong potential
applications in monitoring unauthorized constructions, updating spatial databases, and
assessing urban development. However, its effectiveness relies on the availability of accurate
DSM data, which may not be consistently accessible for all urban areas. Additionally, the
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training of deep networks requires extensive labeled datasets and considerable
computational resources, which could limit their applicability in operational contexts.
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