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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.




M. Heidarimozaffar, Z. Dalvand (YY) gl [y pibio (5 i po
NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
31 14 2

W Sl 55 B o 51 o S0l 6l sbg) b loss b SIS gbolias gunsgs duis ! sl

ol o>

gl [y il (5 ke o

ol olaas e Aoy oLl sgdigo g 8 oA (o fpac wdigo 09,5 !
Ol s lass i egs olSiily o porkigo oAl o pigecols 05,5

‘&S)L“"" =\.L¢.>)l alisee L;Laso)'y S QLQ.._>L.J ‘_sl.">|.> slalas GOmgd ALdS Cl)'?“‘“" R

Sod oSl ol Sl i gilre Saxdly o SL, (BIM) ezl Sledlbl (g5l Jos «g)ls paiis
o bl pl sosls &jso 1) ol gl 5 05,5 (6 S0l (6 yn o B0 L 1) lazme cwiin LSl ol o
e plesls (A3l slalad samge and zlsuul gl oledbl 8 ave bl pl gleesls .aiS o
938G 5ue 15155 g leislus (9,0 placl lawgs s slawsl o goxdan oo lish 5 25U 565 asile Jelse o Jlpll
S s, » 4SS L laizle (gamss asd gzl sl lal jo .0 o axlse il Ll ools g9 ol (o3le 5 bl
Sy YL oUle Jdoas Gaas 6,80l i s ig, el Gl e j0 9wl e plonl pwais SIS
oy S 1) gy () s WIS 55 50 oLl 5t 25l 55 a5 o0y cslasS)
o 6)5‘)[‘ 6&’&5) )| oolatwl b JoLm).nl sosls )| QLA.._>L..J A5J:>l‘) slas (GO9S Akl C‘f:u..ul 6‘)9 S
Ll ) slaeals 5 plozsl (L5315 slalid sanss 428 gl sl Sise wszlr K2 sy ol o IRD)
oozl ol il b Jow ol b, g silwosly dosls (o3ls g Jleie a8 avs Jolis a5 consl oo slpiiiey
Ll pl sloosls auS o ool )d S iy SO jo 1) Gaes (6,50L 5 S5 sla s, prdiinns dlie Sl
Tzl daoals (5310 0 i 8 5o el Jlas Lo )] e (3310 5 5 aiies ablcdlu é g ans lisle gl )l
Joe 50 o pl8 30 il als Slawlre (Sauomn U ol odgs o515 pglad (gamgs glad 4 bl pl call L
69355 Olsieas o515 palad g ad (g5lwesly Bla o SIS (o )55l 5 PiX2Pix 5 U-Net gae (5,500
S9y Bolejl wgolering gy oles byl pshiie 4 pse ol 5o ad esliil bagts, ol S e
csjgel 00l acgaze dus 4y (539,5 slaedls i plxl Structure3D 4 FloorNet s rws,s sleoshyacgess

Sl el 00l Jloel (pl53losls (SlaSiSS s pdypanns U1 jolaie 4 9 Wlodd mendl (19051 g (i Ltel]
.04 plsl loU 4 Dice Score sl Loss 51 oolaiwl b by Jow o Slos

ol 8T ) i cBo g attls Jgid b5 o Slae colouasl 2B slodiges 1 Grae (55l (slo o
Jcnlh .8l covs Dice Score [l ;0 AV Zds 4 Structure3D osls acgozes ;3 U-Net o oiga .isls
w3l blae o oS gzl sl JolS jeb 4y 1) aiis asciuilgn wisg slail s jle ol a5 sladiges o by o
Mg 50« Soides Sle asis pae Jdoa Ll cusls Jo8 BB o Shee bshs jasis ;o Sla has
@lr bz 5 905] iz o)l Cusgazme (A sleass gilodas gly eoliiul hB 5 pmeis slazg >
2 0,880 2l o dazgs BB (il el dajzal )by polie oodais

a8 oS slaosls 3575 & )50 50 Bee 5Tk sy, 45 B L Ghaghy cnl slaail FEFTEESE
olawil asjle a5 a8ly Laylps jo Ll aies blapl slaosls 5l (gamgs ais adbhcsle 5 5ds zl,5al

Sl ,lone 3 (6,50 00 yolaie Qi‘ Gy el 59,00 028G ools 4y Cod pglie (slo Joo dxwgs | ).m.)bg_awl
ozl ol o] G iR g% s Gos loosls L RGB glas ol JoSo Sledbl aolie 5l oolainl ¢ oS 5

VEF gl VFicdl o 4
VE-F olo,> Ve igyglo b
VEF Slo,e VY ol &1

VEF o0 V0 o dy

igoals o 3lg
Gongd ALE
Ll
ST
o 650k

JW QMy;*
m.heidarimozaffar@basu.ac.ir £
<AV Y-0VA04Y0 @




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

(YY) IFeF jul g o leawli o oylas o F alo o ilKo HleSlbl 5 459 51 Giaiw slaing s cale 4 i

Arwgi i Ol g (gangs 4l gl sl gla g, wieplls samalie Cyz 48 Fhe o8 (agh cnl solpiing
D5 o Al 2Bly slao IS > Fass iy sl s sl

b Shy (Lol qan Jlop ausdse aile) wiis Sliogas
ko) line Sleogas b (5, b b5k cud aile) Sy yesol,
(Silwosls (samashd 5l Gas ail (el s o8 SO o4 Bl
Wb la pue g e Soodld judi 5 S0 g g (20,51
wile gan slodelos gl ol 5l ply a6 abar cosl bl |
2,5 oolatwl gamdw g (o slaaids gl 5l

5,595 39 0 IS sbar Gl e |y Al Gl sl oanialll sl
() 5 sl 3 welsd  (Gie sod S0, (1) 195 samail Lol
oy, Jolis Bues cass atus 6,53k p (e oo S,
Ol (555 0b (slans )5S0l 03 1 drasgi 5l g 4 Censl S
2elsd 5l slasgame 2 4SS Lo by, (nl w85 oo 5l 3 osliiul 590
Sngd Ak gl Sl y0 (oa 0ab et G I slagSl 5 e
2 Sz S0 4 Vgemo b g, 5l s ol (Jl ul b syl
900l g9 b calite (ol han (A3l 0 oy o el 380 lais
cho Gl wilize gjlose S b Gohate aslsd oL
DY siiin g BB Slasl o310 siojli 5 mls ogamlogsl
(59955 et Cuo 8 4y bapty )5S cnl sl (Sl (ol 1 (3958
15 s e ol £gie lmosls b agalye , 1y Loy T (g pydycilial
Ll ol 5l oads gl ymenl cwain o o8 iy 5l oslannl b (glastlas
3lo I Vb 4 5ol 5l 3lsl p (e ooyl e 2 (sl faome
i 2l 5 lagSIl 1 (e b Koo otpgly 5 comizran [V F]
D8] 5905 ats sladame olad Gonpmnd 4 pladl oo i o
phie pwaie LEle b ol )0 az e da b, 5l aiws ol
laaia b glalad o Ll wins oo oLis 053 5| olio 5,SLas
> slacodgame b (et gla b b plasel sz
Silaxlge

Otle 6550l (slaghy, w90 4 6Tk p (e slad S,
bl (550l laghy; 0 edios pedS Gres $p50b g
SBSSS 5 (g0 (iluding (sylel Gl ol glagy Sl
S92 ge 5 L b lagSl oLl jolais 4 SeudS (S &l
L lagll s glaytisle 8] Wes oo 438 S ools o
2 e gonades b Grdle 650k eSS S
w0l 55 g paie e (Slading Sl oslital b (oo gy «(Slee
DVYT Siloass 15l (RANSAC) Bolas (5,1 paiges glox!
Wi sl lons 5l sxSoye b Gres xSob slahs,
O odeZy g (b e Sl leoe Ul (orae slaasid
Golese 5l ailo 1y gamgs st slalizle g (699,5 slrools
lapl plee Jlail Luly, glil 5 loadsS olulid caz yoj9iy
pac o Jl onl b VAL 0T canvsay 4z o 1,5 15 o oalicil

w

doddio

i bgleasle, J3s sbolasw gumgs aia Sogs g5l
Sl paiss Slagon o S5 e ahadi (g5 ;S gl slaools
bl bl laie 4 a5 ainS Hlad sleosls acgass .ol
2 D ais S eea slbasky laSal el wgd
0975 Capotl Pl aiSS .l Z g Y X Slatsee gl ls alads jo ool
ool acgozs 5l lielsl BB CleMbl adgs 9 yi5ls 1 c(g 55051l
@ et Oygo 4 bl slaesls [T] cul sas 6 glaex
2 Oge a by Webioe RSl ) e Kty alws
lagg, U [¥] wigs o s (652l S35 slaby, b padions
gl 53 65 edgamme <83 s 4 (6,5 la Saag s el S
et i L a5 (LIDAR) S ity (333 (6 o5 S 9 o e
(position and orientation system) a> LS, (6,5 g Coxdge
Lf] ol 38 Jlons 09 o Slosiiy

o) S5 Sl Sl i saman cllsy slags slid anws L
Mobile ) & oo cliils yy sladailelus (Terrestrial Laser Scanning)
i 3 RGB-D ziwies s, Xu> (Mapping system
Simultaneous Localization and) ljeo (sjlwasds 5 oL
S Gl 5l rol> g 385 ca p Cudls Sl (Mapping
Lol sl sais gl gamanw blispl slacsls &g 4 lexsle
s 2o )8 )3 salS rdi esls (nl I gangs andi gl Sl
oMbl g5luJae dF] cmio 5 b siledae sl pasds
slaal ¢ oyl Co e [ V] (Building Information Model) oleizl
3boains 8] (slome cosdly s 5 Sl sl A o
Sl s ls sl slail g apks V-] Kie 3 @l e Laas
s LB 5 e sl il o Ll ) slaosls ot < Lol
A ools cpl Lo g ey el g sla B g Lo jo ool aisle
slawil cosgass 5l 5 blas g 55 aiile Jlelge 9529 Jodo 4y caiss
500l (Kiwgm pic (799 (5 pdy i § SEL o515 (occlusion)
ol izs [N ] el Jlgis g 5k alias S lismen (g5los sl
Gy pamis gly B8 alagby, I xS piliee San
oo 5 Sl bis g ol s 2y ol (Sl
Lol e wain

St 3l S (Semantic Segmentation) | ol (guiaskd
ookl LB sladsss 4 blas ol glaools baws sl Sislop Jolhm
b a5 cul ganlp bl pl jo samankd [V Y] 358 o Gomeo
S Ths b plbacsemen) & Gamaw bl ) Glegazo o
4>l S onia)lis dalad ;o a5 (glaisSay (gl oo el S i
el algi oo S e slo Fhg il 4o 3 Ren Lo b



M. Heidarimozaffar, Z. Dalvand (YYY)

Wiglls [ pilho 5 ek o po

&)l At g (5 lome 039> ;0 blaspl (S3lo slaan18 0 (65,00
D950 sledas Jluzo

aiis glpial 6l Fhe oazlr SO all (Ghagh cnl 5yls
G (55 S8l BRIl g lais e (s slalaze (gango
oleiing by, p 4t glysul anl b lasaig, (V) JS8 0 ol
T T I C 1 I = JORLIO WA K o

gl sn JSiT (599,9 blaipl 4y by je o515 pgal (Jsl o5 50 0
oy Se b o515 e 5l gumed atd glial pgs 8 50 0
Silw ook Gres 62Tk slao S, 5l esliinl b g 9 S5

pedly> oad (ilwosky laJae @bS (obj)l & g o5 )3 O

S50l b S5 9,805, 99 51 (S0 » e (et slagieg e
Alio lp @l ©ozslar Ko Gyl cnl 5o el 55 505 Gees
kol Ban ol oals @l g, atws 90 ol blaie b5, s Juloo
S gbeasbe (A2l glalad gamgs adss lzenl (agh o)
3,529, 99 dmlie g (55luooly G5l 5l eis)5ed HSil blEs pl (slaools
lacol caalal jo cunl Baos (6,500 § SIS (sl g, Jolis Jaiuwe
Sl Sl e taisd oo (B e oolitul 8,50 slaools acgors
by, cnl szl 5l dols mbs cales ,o g 4l olering b,

S 50 )18 S 3550 9 1S

B oyloss b A1 slvlamxe (gamaw Sl bl pl

3D point clouds of interior building environments

I

Ul 1 05155 s oS

Density image formation from point clouds

G Shesh 4o oS ol slasll Gaile all s o
ab (Byre oz 5l glacgame 4 (D (Gobprnd 5 (e slasles
yobar 6Ll e ISS ove Sledlbl (gl yguw )5 5l oolanwl b oS
e siales callB o ,Sug, ol ax 510V AL ws o ] Sl s
L pdaiol gl bole ioles o Ll oS o @m0l 3 1) Ell awass
s giluJoe g Gy g 99 Gy b wog axlee Zudgase
g odbdpe sloaldsS b o alosiz 5l slacgome lgicds (samgo
LY T cls p Gilasl CuiS 50 50 e (A5 e Jobo
phel sla Jlgs o wile plo il b plzes (g, ol (Jl=
G280 (g5lusl yo s piman g Solay adgl slo aloaiz 5l ol
Syiie glaadsS Sluld ;o (6,5 5w b Bi> o 4 o albaix

©O9 9,49,
Slopt ;55 g Gaoe S0k slaghs, o w3l lacd i 999 b
ML&.&LA L_SLDOQ‘O 6‘)-’ LQL}’"?) L)"‘ g.n.l.“-‘ (emas LsLlM\iH» > Ls».».».ﬂ
s Sodaio yo Lasdi 3, Slos g Wloads b Jgym slalao b
‘_,.Jl> L ‘@515 c,‘..;’;laﬁ .]a.a‘),w 30 ohgdy “51>L> oduzro sl b
gl 61y paend B g 5230 (g, (Saxmg g (nl 5l el 4zl
b ocgaman byl 5l Jsls slolae gamgs sloasds [Soqs

&3k ol igdngs ilwsl g bjlps e olulid p S pes

b

Division of data into training, validation, and testing samples

09031 5 iy liel o oliael (slbaiges 4 LodlS s

I

)0l swesld (55Lugyg 9
Data augmentation for training data

|

Y

G S50 Joo 90 g5lwesly
Implementation of two deep learning models

S (g5 S gibwesly

Implementation of a classical method

v v

h 4

Pix2Pix oo U-NET Ju

Pix2Pix model U-NET model

Hough Transforms g,

Hough Transforms method

¥ ¥

¥

@b b))
Evaluation of theresults

Gomdw JaLEJ).g\ )‘l LQULQ..;L..; é?’b é‘l.b)a..;m (GO9S AL Cl):ﬁr.‘;.w\ LSI)'.' (G uJ 2 Lgol.gr.m...: o9y ;) JS.M:
Fig. 1: The proposed method in this study for extracting 2D floorplans of indoor building environments from 3D point clouds



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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Fig. 10: Results of the proposed method on three test samples from the Structure3D dataset
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