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Abstract In 3D reconstruction, point cloud plays an essential role in holding the
geometric information of the target object. After acquiring the data through the
3D laser scanner or image-based method, several point cloud software currently
available on the market is selected to analyze and process the point cloud. In this
paper, efforts are made to convert the point cloud into a simplified 3D model or
a geometric mesh model. Then, each software used in the Scan-to-BIM process is
evaluated exhaustively. Functional assessments for the software application include
formats that can be imported and exported, the ability to process and analyze data,
and the capability to model 3D models or meshes.

Keywords Point cloud processing + Comparative study - 3D reconstruction

1 Introduction

3D reconstruction is a reverse engineering method for creating the 3D model of
the existing physical object or scene. Nowadays, the techniques of 3D reconstruc-
tion have become more sophisticated and popularly used in various fields such as
civil engineering [1]. Currently, there are two main three-dimensional reconstruc-
tion techniques, which are laser-scanning-based and image-based [2]. By emitting
laser beams, the terrestrial laser scanner (TLS) can capture the spatial data as well as
texture information of the object from the reflected laser beam to build a point cloud.
For the image-based method, the depth, color, and spatial information of the target
object are computable from the pictures with the algorithms, such as SfM (Structure
from Motion) algorithm to construct the point cloud.
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The resulting point cloud often carries the geometric, spatial, and texture informa-
tion of the object, which is an indispensable core data for modeling. The accurate and
efficient processing techniques or algorithms of the point cloud is crucial to extract
semantic information from these massive 3D data [3]. These algorithms initiate by
classify point cloud into segments in the form of lines or surface and then gener-
ating the primitive 3D models from these segments [4]. Ideally, the early generation
models are able to be further processed into as-built models in the form of Computer-
Aided Design (CAD) [3, 6] or Building Information Models (BIM) [7, 8]. After that,
the applications such as automatic change detection and deformation monitoring of
structures can be realized [9, 10]. However, segmenting point clouds is challenge-
able, especially for infrastructures, since these dense 3D data is normally noisy, and
tend to have uneven point distribution (for both SfM and TLS). Some of the noise
caused by the laser scanner or camera sensors, unavoidable surveying conditions and
moving objects. Meanwhile, large-scale infrastructures, varying construction mate-
rials (from featureless to very texture-rich) and scene complexity are the common
causes of uneven point distribution [11]. Although in the commercial sphere, the
level of automation of software solution for processing point clouds, particular in
recognizing objects from dense points, remain limited [12], it is still a convenient and
effective way for the industry to get a quick primary as-built model of construction
site. Therefore, the selection of point cloud processing software is an essential step
for obtaining the desired 3D model.

2 Software Evaluation

In this paper, a few commercial software with similar featured function is chosen
for comparing and evaluating to find out the most suitable software in performing
a specific task. The evaluation progress begins by listing the overall point cloud
processing software and the background information. Then, the importing and
exporting of point cloud file formats are discussed. Next, the methods and difficulty
in processing and analyzing cloud point data in respective software will be intro-
duced, and finally, the process and outcome of 3D modeling are described. Figure 1
shows the covered aspects of software evaluation in this paper.

2.1 Overview of the Software Background Information

Table 1 shows a summary of the point cloud processing software that is tested and
discussed in this paper and it is composed of the version, operating system, year of
release, status of update, development team, installation size, availability and function
of the software. There are a total of nine software applications that are experimented
in the process of generating mesh and 3D models. The software is categorized in
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a) Point Cloud

Fig. 1 Results from Reality Capture

respective functions from generating a point cloud, analyzing and surveying of the
point cloud to the modeling of the 3D model.

Cyclone comes along with the purchase of Leica ScanStation P30 laser scanner
and is the only medium for exporting the raw scan data. Besides, it does have a
specific function such as cleaning noise, merging point cloud, and reducing the file
size before exportation. Then, Reality Capture and 3DF Zephyr have similar function
in producing and measuring of point cloud model. On the other hand, 3D Reshaper
and CloudCompare are featuring in the processing (e.g., segmentation and extraction
of point cloud) and analyzing (e.g., surveying and 3D comparison) of point cloud
model whereas 3D Reshaper, Rapidform XOR3, and Autodesk 3Ds Max can generate
mesh from the point cloud. Lastly, Autodesk Revit is the only commercial software for
constructing a BIM model from point cloud. Among the software in Table 1, only
Autodesk 3Ds Max and Autodesk Revit is not capable of measuring the distances
between points in point cloud model.

2.2 Importing and Exporting of File Formats

Table 2 shows the availability of file formats for importing and exporting (file format
for mesh is excluded) in each software. It is worth mentioning that the table may not
include all the formats for the point cloud. It is essential for the Scan-to-BIM process
that the file format is importable to other software without losing any information as
it benefits the process of 3D modeling. For example, the raw scan data acquired based
on the laser scanner is not a standard point cloud format that can be opened in every
software. Thus, the original data need to be imported into the Cyclone for exporting
to another acceptable file format such as ptx. The importation of point cloud into
Autodesk Revit is difficult without losing any color and texture information. The
software only accepts rcs, dxf and rcp file format and the only way to convert the
point cloud to these formats is by importing the point cloud into Autodesk Recap for
conversion. Table 2 can be used as a reference for format conversion for different
software.



S. Ge et al.

1270

(panunuoo)
4d4
ysow pue pnofo JO uoISIAIp Y
jutod sisA[eue ) pue Yoo sted X SO 9eIN ared
pue ss9001d |  9oInos-uadQ qIN 9¢ WOo9[L, | 9rep-03-dn S00T | “Xnur ‘smopurp 11C wo)HPNor)
ysow Jurjopouwr
pue pnopo jutod I 810C
SISATeUR ‘s$9001d owaqg a0 62’1 n3pouyday, | Aep-03-dn 9002 SMOPUIA 1'81 | Jodeysar qg
Q0UB)SIP QINSBIW
pue sa3ew
woij pnopd yurod
9SUAP AJBIOUSD) owd( gIN 18¢ MOLI(E | arep-o1-dn ¥10T SMOPUIAM vy | 1kydez g
Q0UB)SIP AINSBIW
pue sogeur
woly pnoyo jurod armdes
9SUIP OJeIAUAN) owa(J qGIN v | Anrear Suumde) | ojep-03-dny 910C SMOPUIM | 0T€9°€°0'T Ayeay
Surdwes-umop
pue Suraowar Aremprey
astou ‘urordg M Wo) qIN €9/ | woIsAsoan) eora | Qrep-0)-dn 800C SMOPUIA TEL QUO[OAD
wreo)
juowdoforap Surrepdn
uonoun,j ANMIqe[IeAy | 9ZIS uone[[eIsu] pUB [oIeasay arem)joS |  Jeak Sumyoune] SO UOISIOA rem)jos

aremijos Surssadoid pnopo juiod jo Arewrwing | J[qeY,



1271

Evaluation of Point Cloud Processing Software ..

[epowr J1AQI

d¢ SuI[opojN | [euoneonpyH gD 10C ysopomy | arep-03-dn 000¢ SMOPUIM 810¢ Jsepomy

XeJN sd¢e

ysow SUI[[OPOJN | [euoneonpy aD SLy ysopony | apep-01-dn 9661 SMOPUIM 810¢ Jsepomny
pnojo

jurod j10dxe pue deoax

P3SN | [euonEINPY dL6¢'1 ysopomy | arep-03-dn 10¢ SMOPUIM 12109 Jsepomy

ysour JIipa Kuedwo) IOX

pue Sul[[opoN ouweq D vl SNINT ueatoy] | aep-03-dn 000C SMOPUIM € uogpidey

wreo)
juowdoforap Surrepdn
uonoun, ANMIqe[IeAy | 9ZIS uone[[eIsu] pUB [oIeasay arem)joS |  Jeak Sumyoune] SO UOISIOA rem)jos

(ponunuod) 1 AqqeL,



S. Ge et al.

1272

(panunuoo)

ueds

08

7d

3d

IS T BT B

qd

108

pod

A

xid

LS?

ze|

Mol x| R X

se|

ASO

<

sid

[T BT BT B B I

ZKxX

nau

<

ose

[T BT o T I T AT O B B B B B B

x)

JeuLIO)
91y yodwy

JIAQI
ysopoiny

xXew sg
Jsopony

deoax
ysepoiny

12:(0):¢
wioj

prdey

aredwo)pno[)

TN LT0T
Jadeysar g

1Kydoz
4d¢

aimded
Apeoy

QUO[OAD

aremiyos

QIeMIJOS JUIRJIP ul Jeurio] 11odxa pue podw] g dqeL,



1273

Evaluation of Point Cloud Processing Software ...

(panunuoo)

Xp

dox

dp

na

LS?

ze|

se[

ASD

R X x| X

sid

ZKX

nau

ose JeULIO)

[T o T o T BT B T B B B T B

X1 91y yodxyg

dox

xp

SaI

dp

dsx

sjz

Moo R x|

XK K| X

Sg

JIAQI
ysopoiny

xXew sg
Jsopony

deoax
ysepoiny

12:(0):¢
wioj

prdey

aredwo)pno[)

TN LT0T
Jadeysar g

1Kydoz
4d¢

aimded
Apeoy

QUO[OAD

aremiyos

(Ponunuod) g AqeL,



S. Ge et al.

1274

X o1
X X X xyd
X X X Ad
[2:(0):¢
J1AQI Xew Sq¢ deoax wIoj TN L10T 1Kydoz armdeo
ysopoiny ysapoiny ysapoiny pidey aredwoHpno[) 1odeysar ¢ Adg Ainreay QUOAD rem)jos

(Ponunuod) g AqeL,



Evaluation of Point Cloud Processing Software ... 1275
Table 3 Time needed for importing, exporting point cloud and processing
Software Time for Time for Time for Time for
importing point | exporting point | generating point | modelling mesh
cloud cloud cloud or 3D model
Cyclone 40 min 5 min - -
Reality capture - 3 min 5h
3DF Zephyr - 3 min 13h
3D reshaper 2018 | 3 min - - 5-10 min
MRI1
CloudCompare 5 min - - -
Rapidform XOR3 |2 min - - 6-10 min
Autodesk recap 2 min 1 min - -
Autodesk 3Ds max | 20 s - - 21 h (manually)
Autodesk revit 2 min - - 50 h (manually)

2.3 Generating Point Cloud, Mesh and 3D Model

The evaluation is divided into two parts, which are the time consume and the result
of modeling. This section compares the degree of Scan-to-BIM and the difficulty
of operation. Table 3 shows the time spent for importing and exporting of the point
cloud as well as the time spent for modeling and generating a point cloud for the
software used in the project. For image-based method, point cloud and mesh are
generated in Reality Capture and 3DF Zephyr automatically. Whereas for laser-
scanning-based method, 3D Reshaper and Rapidform are used for the automatic
modeling of meshes, and Autodesk 3ds MAX can only perform manually in producing
the mesh. Similarly, a simplified 3D model is constructed manually in Autodesk Revit.
Therefore, according to the data in Table 3, automated modeling software takes much
less time than manual modeling software.

2.3.1 Image-Based Point Cloud Model

The main function of Reality Capture and 3DF Zephyr is to produce point cloud
model from images. Therefore, evaluation is made in terms of the time for producing
and the resulting model. In Reality Capture, the point cloud and mesh model are
produced automatically in 5 h with normal setting. The total images utilized in the
generating process is 2968 out of 3214. A total of 80,341,877 points of point cloud
model and 160,285,002 polygons of mesh model are produced as shown in Fig. 1.
There are some missing points in the ceiling and the floor of the underground passage,
but the rest of the model is fine.

In 3DF Zephyr, it took 13 h for generating the point cloud and mesh model
which is longer than Reality Capture with the setting set to default. The total images
employed in the computation are 1229 images out of 3241 images. The points in point
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a) Point Cloud b) Mesh

Fig. 2 Results from 3DF Zephyr

cloud model are 9,686,947 while the polygons number in mesh model are 19,562,159
which is lesser than the resulting model of Reality Capture. Although there is fewer
missing points in the ceiling and the floor, they both appear to be uneven and bumpy
as shown in Fig. 2.

2.3.2 Mesh Model

In 3D Reshaper, the imported point cloud model can be viewed with particular
RGB color that holds the intensity of the reflected signal of the laser scanner, as
shown in Fig. 3a. The texture information of the wall in the underground passage
remains in the point cloud model, although there is no color information. The software
can produce meshes automatically based on the point cloud. However, the proper
setting of distance between points is vital in the modeling preparation interface before
modeling mesh as it will affect the result of modeling. The ability to model the mesh
automatically saves a considerable amount of time, and the mesh produced has a
similar missing part as the point cloud model at the staircase, as shown in Fig. 3b.
Lack of texture information and dissatisfying accuracy can be noticed in the model.

a) Point Cloud b) Mesh

Fig. 3 Results from 3D reshaper
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a) Point Cloud

Fig. 4 Results from RapidForm XOR

RapidForm XOR can process extensive point cloud data rapidly. The software
employs both the point cloud data and texture information into the operations to
produce a textured mesh model automatically. Although the final mesh model retains
rich texture information, the model will have a lot of missing parts compared to the
previous mesh model. Figure 4a shows the point cloud model, while Fig. 4b shows
the mesh model with the texture preserved.

In Autodesk 3ds Max, point cloud need to be converted to rcp and rcs format
beforehand in Autodesk Recap. Figure 5b shows the point cloud in rcp format. The
modelling of mesh is performed manually in four different views to build the surface
in corresponding directions. The formation of the wall can be done by copying the
boundary line on the point cloud model from the top view as shown in Fig. 5a. Then,
by selecting extrude functions in the software, height and shape of the wall can be
inserted to form the wall. The process is repeated for other elements until the whole
underground passage is fully reconstructed. Figure 5¢ shows the components in the
model is totally flat and smooth. Compared with the model built automatically, the
boundary between the ground and the wall is clear and the mesh model does not have
any missing parts. However, the mesh model is composed of thin slices of surface
without thickness.

(a) Boundary of Point Cloud (b) Point Cloud (c) Mesh

Fig. 5 Modelling in 3Ds max
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a) Point Cloud Model b) Simplified 3D Model

Fig. 6 Results in Revit

2.3.3 Simplified 3D Model

In Autodesk Revit, a simplified 3D model can be constructed manually by using the
functions and tools. With the point cloud imported into the 3D space, the dimensions
of the component in the point cloud can be measured and recorded in the software
to form the desired shape with correct dimensions. Autodesk Revit comes along with
content libraries and families, which allows the simple construction of MEP and
light bulb on the ceiling. The built 3D model has high integrity, and each component
is built according to its respective height, length, and width measure along with the
point cloud model. Therefore, the built model has a higher accuracy compare to
automatically modeled one, as shown in Fig. 6.

3 Conclusion

Based on the evaluations in this paper, each software has its advantages in performing
different functions. A practical and time-saving method is the prior selection for the
software to reconstruct the model in this paper. Therefore, in the image-based method
point cloud and mesh modeling, Reality Capture outperforms 3DF Zephyr in terms
of time while 3D Reshaper is a better option to obtain the mesh model. However,
there is no other option to obtain a 3D model other than Autodesk Revit. Even though
the model produced is only a simplified geometry model, the software provides the
possibility for creating a BIM model by inputting semantic information into the
model. Future work will be focusing on the methods for the automatic modeling of
a 3D model that carry semantic information.
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