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ABSTRACT:  
 
Point clouds are a digital representation of physical objects or buildings that exist in real world. There are many sources that a point 
cloud can come from such as a terrestrial laser scanner (TLS) or an unmanned aerial vehicle (UAV). This paper presents a simple 
method of integrating point clouds from two (2) data sources; TLS and UAV using simple alignment of rigid body transformation 
method known as Point Pair Picking (PPP). The point cloud data are the representation of details of a one-story building located in 
Johor Bahru, Malaysia. The process of aligning two (2) separate clouds into one (1) dataset requires initial processing such as noise 
removal before the alignment process was started. A laser (LAS) formatted data were formed so that it compatible with the PPP process. 
As the result, a high dense hybrid cloud-model was produced covering complete details of the building. This shows that integration of 
point clouds could improve 3D documentation assessment such as Building Information Modelling (BIM) by contributing richer 
semantic information.  
 
 

1. INTRODUCTION 

Point clouds are a digital representation of physical objects or 
buildings that exist in real world. Point clouds provide as-built 
features and geospatial information of the represented details 
such as as-is red-green-blue (RGB) colours, dimensional 
measurement, size and volumetric property. Point clouds are 
generated by powerful lens which capable to record the objects 
(Saptari, Hendriatiningsih, Bagaskara, & Apriani, 2019)   through 
Light Detection and Ranging system (LiDAR) which usually 
installed in a geodetic clouds instrument known as terrestrial 
laser scanner (TLS). Other than that, point clouds also can be 
generated from cheaper (Sharif, Hazumi, & Meli, 2018; Zięba, 
2016) and simpler platform compared to TLS but using imaging 
system known as UAV-photogrammetry.  
 
This paper presents the methods of incorporating two different 
point clouds data source; TLS and UAV becoming one (1) 
complete cloud model known as hybrid point clouds. Cloud 
registration is the process of generating hybrid point clouds. 
 
There are three (3) types of cloud registration method that are 
commonly applied in the industry namely, Iterative Closest 
Points (ICP) (Li, Wang, Wang, & Tao, 2020), Feature Extraction 
and Matching (FEM) (Liu, Kong, Zhao, Gong, & Han, 2018) and 
Match Box Bounding Centre (MBBC) (Ahmad Fuad, Yusoff, 
Ismail, & Majid, 2018). 
 
 

2. REALITY CAPTURE – GEODETIC TOOLS 

2.1 Terrestrial Laser Scanner 
  
Terrestrial laser scanner (TLS) is a land surveying tool which 
captures topography and details on the ground. It works as a 
terrestrial version of a LiDAR system where point clouds are 

generated from the scanning process covering 180° and 270° 
direction for horizontal and vertical captures respectively.  
 

 
Figure 1. TLS Scanning direction  (Cătălina & Andreea-

Florina) 

 
The capability of performing accurate measurement, efficient and 
able to produce millions of point clouds (Stober, Žarnić, Penava, 
Podmanicki, & Virgej-Đurašević, 2018)  makes this tool is better 
than conventional land surveying tool such as GNSS and total 
station. The advantage of TLS is that it records 3D geospatial data 
compared to GNSS and total station which limit to point- based 
data acquisition (Razali et al., 2020). TLS measures distance 
from a fixed position within the target area by transmitting laser 
pulses to the target. Millions of points that contain 3D 
coordinates are derived during the laser transmission or scanning 
process. These points are called point clouds. Point clouds 
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spatially represents geometry and as-built visualisation of the 
scanned object.  
 

 
Figure 2. TLS principle (Lichti, Stewart, Tsakiri, & Snow, 2000) 

 
2.2 UAV-Photogrammetry 
 
Unmanned aerial vehicle (UAV) or commonly known as a drone 
is an advanced imaging technology nowadays. UAV is used as a 
platform for photogrammetry surveying as an alternative for 
expensive airborne photogrammetry. Instead, UAV is much 
preferable especially when involves small area which airborne 
mapping is not worth it. For geomatics aspect, UAV-
photogrammetry is an image-based surveying technique where 
topographic properties such as area, volume, digital surface 
model (DSM), digital terrain model (DTM) and digital elevation 
model (DEM) are extracted. Figure 3 below shows the principle 
of UAV- photogrammetry mapping. The flight path is designed 
for image overlapping during data acquisition. 
 

 
Figure 3. UAV-photogrammetry mapping (F, 2011) 

For practicality aspect, UAV-photogrammetry can be utilised for 
mountainous (Karachaliou, Georgiou, Psaltis, & Stylianidis, 
2019) and high planar area (Jo & Hong, 2019). This technique is 
also suitable for non-topographic purpose such buildings data 
acquisition rooftop details are able to be captured which TLS and 
other geodetic tools are unable to support. Looking at the 
limitations of coverage area, Croce, Caroti, Piemonte, and 
Bevilacqua (2019) suggest that 3D reconstruction of architectural 
details by combining with other geodetic tools is applicable. 
Additionally, with its advantage of low cost surveying technique 
(Sharif et al., 2018; Zięba, 2016), UAV-photogrammetry has 
potential for infrastructure decision-making such as 
transportation management (Escobar-Wolf, Oommen, Brooks, 
Dobson, & Ahlborn, 2018). For cost effectiveness aspect, Ahmet 

and Yakar (2018) agree that this technique is safe, fast and 
accurate for detailing works.  
 
 
 

3. REGISTRATION METHOD 

3.1 Iterative Closest Point (ICP) 
 
ICP is the technique of aligning two entities of point cloud 
datasets. This process is called rigid body transformation where 
matrix T-translation and R-rotation are defined. According to 
Fujimoto, Kimura, Beniyama, Moriya, and Nakayama (2009), 
ICP is the process of geometrical alignment with initial 
approximation of relative pose is known. They added, the two 
sets of data used are iteratively transformed which point pairing 
on the surface is created and error metric is minimised. This was 
also supported by Li et al. (2020) where they emphasised that ICP 
runs iterative rigid body transformation between two sets of data. 
 

 
Figure 4. Concept of ICP 

Equation 1 shows the mathematical formula of ICP (Stachniss, 
2021).  
 

∑ �𝑦𝑦𝑖𝑖 − 𝑅𝑅𝑥𝑥𝑗𝑗 − 𝑡𝑡�2 → 𝑚𝑚𝑚𝑚𝑚𝑚(𝑖𝑖,𝑗𝑗)∈ 𝐶𝐶   (1) 
             

where, 
 

Y = Point cloud (source)  
X = Point cloud (target) 
R = Rotation matrix  
T = Translation vector 
 

Assuming coordinates of P and Q:  
 

Y = {𝑦𝑦𝑖𝑖  |1 = 1,2,3 …} 
X = {𝑥𝑥𝑖𝑖  |1 = 1,2,3 …} 

 
with correspondences 𝐶𝐶 =  {(𝑖𝑖, 𝑗𝑗)} 
 
 
3.2 Feature Extraction and Matching (FEM) 
 
FEM is an improvised method for point cloud registration. 
According to Liu et al. (2018), the mathematical model applies 
point match searching on the point clouds regions. Also, time 
spent for registration process is minimised without reducingpoint 
pairing accuracy and the algorithm speed is improved (Liu et al., 
2018).  
 

 
Figure 5. FEM processing phases 
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This method applies Equation 2 (Liu et al., 2018) to determine 
concave and convex point from regions body of point clouds.  
 
Let a point cloud dataset, P;  

𝑆𝑆(𝑝𝑝) = 1
2
− 1

𝜋𝜋
arctan 𝑘𝑘1(𝑝𝑝)+ 𝑘𝑘2(𝑝𝑝)

𝑘𝑘1(𝑝𝑝) − 𝑘𝑘2(𝑝𝑝)
  (2) 

𝑝𝑝𝑖𝑖  is a local convex point :  

𝑆𝑆(𝑝𝑝𝑖𝑖) max(𝑆𝑆(𝑝𝑝𝑖𝑖1) ,  𝑆𝑆(𝑝𝑝𝑖𝑖2),   … , 𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖)) 

𝑝𝑝𝑖𝑖 is a local concave point:  

𝑆𝑆(𝑝𝑝𝑖𝑖) m𝑖𝑖𝑖𝑖 (𝑆𝑆(𝑝𝑝𝑖𝑖1) ,  𝑆𝑆(𝑝𝑝𝑖𝑖2),  . . ,𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖)) 

𝑆𝑆(𝑝𝑝𝑖𝑖1), 𝑆𝑆(𝑝𝑝𝑖𝑖2),   … , 𝑆𝑆(𝑝𝑝𝑖𝑖𝑖𝑖)  

= 𝑆𝑆(𝑝𝑝) value of the point 𝑝𝑝𝑖𝑖 neighbourhood points. 
 
 
The dataset P are extracted by calculating the mean curvature of 
each point of the dataset. Mean μ and variance σ of the mean 
curvature are then computed. Feature points are then extracted 
when concave points are judged by the reserved points.  
 
 
3.3 Point Pair Picking (PPP) 
 
The PPP approach is used to detect common properties between 
two entities by manually selecting azt least three points in 
common. The more common spots chosen, the more similar the 
model will be. In comparison to ICP, PPP is the more robust 
technique for registering two sets of point clouds since it uses 
similar features checked by humans, whereas ICP automatically 
relies on inconsistent surface provided by both datasets. For 
example, if the first dataset is missing some surfaces/points, ICP 
is unable to detect its common entities to match with the second 
dataset identically. As a result, the two datasets may not perfectly 
overlap. 
 
3.4 Match Bounding Box Center (MBBC)  
 
MBBC is the simplest method among the other two methods 
where two box entities are matched. According to Ahmad Fuad 
et al. (2018), MBBC requires one reference entity (body of point 
cloud data) to mapped at the same place with second entity. A 
transformation matrix derived by MBBC is shown on Figure 6 
below while Figure 7 shows the matching process of two cloud 
bodies.  
 

 
 

Figure 6. MBBC 4x4 matrix (Ahmad Fuad et al., 2018) 

 
Figure 7. MBBC process (Ahmad Fuad et al., 2018) 

 
4. THE FORMATION OF HYBRID POINT CLOUDS 

The methodology of this project begins with some literature 
reviews, developing understanding on the basic and obtaining 
some idea about the recent projects. Next, data acquisition was 
carried out using TLS and UAV covering interior and exterior 
details of a one-storey building and rooftop area respectively.  
 

 
Figure 8. TLS setup 

 
Figure 9. Rooftop area covered by UAV 

 
Figure 10. Inaccessible area for TLS which UAV can cover 
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Next, data processing involving filtering, noise removal and 
georeferencing were done using Topcon Scan Master software 
reduce the density and size of the data. Figure 11 shows flowchart 
of point cloud processing.   
 

 
Figure 11. Point cloud processing 

 
Next, point cloud integration was done using CloudCompare 
software. The method used before a hybrid cloud was formed was 
the Point Pair Picking (PPP) method because it is more practical 
compared to other method. Plus, the matching process is not 
depending on computer interpretation which might cause 
inconsistent matching. For example, identical entities between 
the TLS and UAV data might not be exactly interpreted by the 
software. Hence, it requires human vision to decide which points 
are the same. However, PPP might be friendly for one (1) pair 
dataset (e.g. TLS + UAV) because it is manageable, but it might 
not be practical for many sets of data. Hence, automatic methods 
such as ICP or MBBC are preferable, but the point clouds must 
be optimally cleaned from noises so that it will not affect the 
pairing process.  
 

 
 

Figure 12. Hybrid point clouds formation 

 
Figure 13. UAV and TLS point cloud (top view) 

 
5. CONCLUSIONS 

The output of this project is a hybrid cloud model which is 
completely representing the whole area of the building including 
rooftop, interior and exterior of the building. The disadvantage of 
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hybrid clouds is that it limits to geometry without semantic value. 
Meanwhile, the advantage of hybrid clouds is that they have as- 
built visualisation and geometry which smoothing 3D modelling 
assessment. However, the rendering operation in 3D modelling 
reduces geometric measurement, but it has semantic information.  
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