J. RS. GEOINF. RES. 1(2): 163-176, Summer & Autumn 2023

Journal of Remote Sensing and Geoinformation Research

(JRSGR)

Homepage: jrsgr.sru.ac.ir ng

ORIGINAL RESEARCH PAPER

Extracting FagadePoints of Urban Buildings from Mobile Laser Scanner Point Clouds

M.Heidarimozaffar™, S. A. Hosseini?

1 Department of Civil Engineering, Faculty of Engineering, Bu-Ali Sina University, Hamadan, Iran
2 Department of Surveying and Geomatics Engineering, Faculty of Civil Engineering and Transportation, University of

Isfahan, Isfahan, Iran

ABSTRACT

Received: 28 June 2023
Reviewed: 19 August 2023
Revised: 05 September 2023
Accepted: 15 October 2023

KEYWORDS:

Mobile Laser Scanner
DBSCAN

RANSAC

Building Modeling

Plane Extraction

Point Cloud Segmentation
Point Cloud Clustering

" Corresponding author
X m.heidarimozaffar@basu.ac.ir
@ (+98912) 5185925

EEICLIT T N SR In recent decades, geomatics science has made significant progress, and

these advances are due to advanced measurement tools and innovative technologies in the field of
geometric and spatial data acquisition. In this context, mobile laser scanners have been introduced as a
basic and efficient tool that has the ability to perform accurate and fast measurements of various objects
and environments, including urban spaces. These devices automatically record all the details of the urban
space in the form of point cloud. To extract the geometric information of buildings from these details, it
is necessary to use machine vision methods. In order to achieve accurate and reliable models of buildings,
a sequence of post-processing operations is implemented when processing point cloud data. One of the
most important stages of these processes is the segmentation of point cloud. These steps transform point
cloud data into more conceptual and analyzable information. One of the important issues in processing
point cloud data is the ability to extract planar surfaces of building facades (walls). These planar surfaces
are of special importance as basic components in modeling and analyzing the condition of buildings.
Accuracy in the information related to these planar surfaces allows for a more accurate and complete
distinction between different components of buildings. This is important in several applications including
urban planning, construction management, and energy consumption analysis of buildings.

In this article, MSAC and G-DBSCAN algorithms are used to extract planar surfaces from point
cloud data. These two algorithms are executed sequentially. First, the most probable planar surfaces in
the study area are extracted using MSAC, and then G-DBSCAN is used to separate the walls from these
planar surfaces. In this article, the GeoSLAM ZEB-HORIZON mobile laser scanner device is used to collect
data, and the area chosen for this purpose is the buildings of the Faculty of Engineering of Bo Ali Sina
University in Hamedan. Because this place has features such as architectural diversity, the presence of
non-planar and planar facades, different positions of the walls relative to each other with different
dimensions, and challenges related to the diverse architecture of the space around the buildings.

Comprehensive evaluation of this research that includes three separate buildings. The results

show an average Precision of over 93%, which guarantees accurate data extraction. In addition, it has
achieved an average Recall of over 94%, which captures the majority of elements in the view. As a result,
F1 score with an average value of 94% has been obtained. This research contributes to the progress in
the field of accurate building data extraction and architectural modeling. Of course, when dealing with
buildings and more complex environments, the algorithm faces challenges. Among the challenges that
can be mentioned are various architectural features of buildings and external obstacles. For example, in
buildings with large glass doors and windows, these algorithms may incorrectly extract interior walls.
Also, the presence of dense vegetation around the facade can create obstacles that hinder the laser
scanner's ability to fully capture the facade.
However, the results show that the algorithm in general was able to provide a significant
performance in extracting the facade information of buildings, especially in challenging architectural
scenarios. These developments are promising and create new possibilities in the field of spatial data
analysis and building modeling. This innovative approach can be used in various applications and help to
develop modern and data-based architectural models.
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Table 1: GeoSLAM ZEB-HORIZON mobile laser scanner information.
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Table 3: Manually segmented point cloud data of the second building

L slass
X, Number of points

Color P Ve o Syl

Ref.1 Ref.2 Intersect

Vahe BN 2253173 2255037 2249295
Planel
¥ i

T’ DN 1461718 1450223 1449902
Plane2

Varie BN 809029 810876 803842
Plane3

Fario IS 212244 211398 207954
Plane4

Barmis B 272253 269991 265727
Plane5
S i

T O 2704105 2356967 2355506
Plane6

Ve 657221 661107 654031
Cylinderl
Y aslgzl

I 131569 137991 131440
Cylinder2
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Table 4: Manually segmented point cloud data of the third building
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Ref.1 Ref.2 Intersect
) s
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Planel2
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Table 2: Manually segmented point cloud data of the first building

L sloss
5_.') Number of points
Color Ve o Yooy Sl
Ref.1 Ref.2 Intersect
Vo B 687583 672946 649838
Planel
Y 117103 120940 113395
Plane2
Vi I 18328 18202 16918
Plane3
Famio DN 386689 378896 375303
Plane4
5 I 52489 52087 51512
Plane5
P mm 161621 163430 150834
Plane6
Vi s 19617 20186 18564
Plane7
A 104380 104686 102340
Plane8
amis | - | 53872 56108 53333
Plane9
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Planell
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Planel2
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Planel3
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Planel5
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Planel6
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Fig. 9: Shows how to determine the Minpoint value for the first building. This
value for this building is 7000 points, which has extracted 8 planes.

el 03,5 gl 3l | amio A slaws 45 Col alais Ve - -

Jol Sleitlos (sl o550l g el po gl ) - S
Figure\ : The results of the second step of the algorithm for the first building
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Fig. 7: Intersection results of two manual segmentations used to evaluate the
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Fig. 8: The results of the first step of the algorithm for the cloud point of the first
building



J. RS. GEOINF. RES. 1(2): 163-176, Summer & Autumn 2023 AN P sl g lawnl o o lads o) il o K0 leMb g 490 jI icminw slo yitgfy ole dy pii

(°"")9§J| (5‘)""‘ )l o= ool Cewddy C"L"' :Dde?

Table 5: Results obtained after running the algorithm.
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Building3 12 8 7 1 5 95 97 96
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Fig. 11: The results of the first step of the algorithm for the cloud point of the second building
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Fig. 12: Shows how to determine the Minpoint value for the second building. This value for this building is 13000 points, which has extracted 6 planes.
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Fig. 13: Results of the second step of the algorithm for the second building



M. Heidarimozaffar, A. Hosseini

e Jole e pibio (5 ydu> (o po

Oleimlu (slaind (69959 )0 3925 Cule 4y oLzl pl o 7l Sl
03,5 190 O 3l (sl a )3d Bl 5l (ool oo o5 oy 585
S5 30,8 918) e 055 el (515 slo w51 (52
live SBT3 (5)lons Sla S JoIo & o )5l crizeen (V7
oy bl ol S gl ] andlss 1) slaasle gl lgs O
pae 5 il slas SLLI LS g el 2yl Jole «
el sble o bla 385 0,6l cass @ gl xSl colls
205 o3k

Sges Dlas g phavs é (slo 90 (61)Io AT pow yloisl 8,50 0
Vicudion bl gpgy Foduzmn g)liw SO L et ysSl 09 o2
G obiwsaas o S gl cdo L) Lo I VY ggame 5l e
ol o e Bl S Gl bad e T30 5 @b (S8
Glass 00 0925 Jdo 4 bbyless 51 (SO Cangn £989 4 yloisLo
Ceond yidiloy 4y pomie a5 ol gzl Sl olidl 4y (689,540 S5
Sl gl (nl 0l il JSb g 5l g JB
ez o S8 pae Jlixl g ol glere la Sy 4 k)Xl
a5 O Consl aidlys o s8I iyl 2 osde S o s 1y 63,ls0
F1R LS Gdgy b () &lse 352y s 4], Ll Ko
B Joe s 4 il ol e gl plazsle slas
ol 0y @8lg o ols 3ble 4 aise (oS 1y LS ide wiile
@b 80 b Cunl anadlys 0,580 a5 sla Suuz 3529 b
Goges Slxio 5 plava é sbale b plozsle G 5l L slalses
sl Sy Jodo 4 lastw ol 5l (S o5 b o sles gl 2l |,
Er s ol YL Cds el ol &) ()1 Jelse g silene
FL S ool | Les gl el ciylis oo 0T oUls o bss aboish
235 ol Jobss sl oblgs w5l ()l g 0092 488 YL s score
b aexlye ,0 oy 4 UG (nl )8 00 Giules 4], lesile
£35 & Slpile ol ol 5 & ISae 5 ol
(B Jguz) Sl 13565 1 (Vb Sunoal 5l 0ign oo

oleile 5 51 L sl lgns gl 3l 45 w55 s Slas (IS jobo 4y
Sl Cnl 5 038 s B (g09as Slxio 5 phavee é (slalod b
Olaebl BB g siay) Jlpl o plre @ oi)o8l nl o aa o
Sgise syl calizee Ll o L gl sl Gyllsy (o

iyl o phane il (slod 90 Slyls AT pgs leiSle 5j5e 4o
Wi gl sl Coddge b el £ sles .ciile Jgd I o Sles
oaiaslas a5 ol JAY 5 Al s G4y pliws 4 e pl &S
=l Gbi)l cwl sl Zlmaul slaylgs o Gl YU mlaw
oS o8 Zlsaul |y obeyles o 65 00 g0 o aS sl lis
udgioms dgg 4y B0 ;0 ladi (pl aigd cod alid Lo olgie
Candlgi god Hgilnl 25 00,5 g0 jb oSl anlp o glaille
w25 IS Slae Jlo il b s ol JlS' &5 41y (5
Gl ()T 0125 oS 05 emlie jlen 138 VL oleisl 5 L
F1 aS oo plolid J5e job @], (a8ly oo 3190 plad Lo, a5
g B0 Gl Jobss bl SUlgy oo o1l g 0050 147 Ll score
o5 slp 1) ol laebl cobld 5 o o olis 1, Sbsb
(B Jgaz) 055 (o0 Cu gl Les 5kl

L e oMSie peo gleasle Sl o (sl plesle B>,
a1 el ol ol oot sl iSul &8 > s 3g0s sl g0
YL oledsh 25 0oyl caws a4 Sl 5 0iS o ool | 2l Seil
A5 e alyp 25 5o alS 5y

olitle Kl L o lge zlhsuwl ;o Vb o b o ,sSl ol by
S5 1y VU oy aloisly U155 5 03,5 Joe lannased sloles
Ny, a5 005y )15 &ilge Jdo s Cdel S5z slo syl .l 00ld
w5l a5 B o lis Cudge ol i o 8 lices 1) Sl
Sl Senl 5l L 385 gl il oS plasp )5 6l (ol
wlse Slas 4y il Hlo 95

paw Sleizle gl b

5 po Sletle alalipl 59, a2 yos) sl 4l (s3luosly 51
odds zlysunl Glxas ol a5 08 oo canlice ol S gincd w3
b A e (o 85 ko 5l g 4o adgl (6099 4 Cunnd (285
zl el Slrao olass oas jo 4 Gl bl olaws JBlas olgim
OO 9V USKs) canl ¥ oplys o] Jlade 5 cold ool

pdeizme plgie & amio A oy )80l pgo al>se 5l sgee 5l
amio ¥ dzmio A cpl Gl 5lasad gl sl Gleisle sles Olxas
zlhpel Cds 4 a5 oy gleisle Jgpm sl slojlas B
sleizle 3l glad 5l oliil 4y amian S a5 Jb (o wiloas

po oSl adais pl ly 0,651 Jgl > o mlis N F S
Fig. 14: The results of the first step of the algorithm for the superpoint of the third building
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Fig. 15: Shows how to determine the Minpoint value for the second building. This amount for this building is 8000 points, which has extracted the number of
2 planes.
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Fig.16: The results of the second step of the algorithm for the third building (red box: the wrongly extracted wall).
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