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ABSTRACT: 

 

LiDAR systems become more and more popular because of the potential use for obtaining the point clouds of vegetation and man-

made objects on the earth surface in an accurate and quick way. Nowadays, these airborne systems have been frequently used in wide 

range of applications such as DEM/DSM generation, topographic mapping, object extraction, vegetation mapping, 3 dimensional 

(3D) modelling and simulation, change detection, engineering works, revision of maps, coastal management and bathymetry. The 3D 

building model generation is the one of the most prominent applications of LiDAR system, which has the major importance for 

urban planning, illegal construction monitoring, 3D city modelling, environmental simulation, tourism, security, telecommunication 

and mobile navigation etc. The manual or semi-automatic 3D building model generation is costly and very time-consuming process 

for these applications. Thus, an approach for automatic 3D building model generation is needed in a simple and quick way for many 

studies which includes building modelling. In this study, automatic 3D building models generation is aimed with airborne LiDAR 

data. An approach is proposed for automatic 3D building models generation including the automatic point based classification of raw 

LiDAR point cloud. The proposed point based classification includes the hierarchical rules, for the automatic production of 3D 

building models. The detailed analyses for the parameters which used in hierarchical rules have been performed to improve 

classification results using different test areas identified in the study area. The proposed approach have been tested in the study area 

which has partly open areas, forest areas and many types of the buildings, in Zekeriyakoy, Istanbul using the TerraScan module of 

TerraSolid. The 3D building model was generated automatically using the results of the automatic point based classification. The 

obtained results of this research on study area verified that automatic 3D building models can be generated successfully using raw 

LiDAR point cloud data. 
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1. INTRODUCTION 

Airborne laser scanning (ALS) is one of the fast and accurate 

active remote sensing techniques to map Earth topography, and 

obtained results are 3D point clouds (Mallet, 2010). The 

reduction of the system cost and the improvement of the LiDAR 

sensors accuracy enable the high level automation in data 

collecting, as a result, LiDAR point cloud data have been used 

in many fields (Forlani et al., 2006; Gu et al., 2016). The 3D 

city modelling, Digital Terrain Model (DTM) generation, bridge 

and power line detection, corridor, coastal or opencast mapping, 

forest management, change detection are the some of the 

application which uses the LiDAR data as well as metrology 

and cultural heritage (Sithole, 2005; Mallet, 2010). 

 

3D city model is a digital representation of the Earth’s surface 

and its related objects such as building, tree, vegetation, and 

some man-made feature which belong to urban area (Singh et 

al., 2013). In the last decades, 3D city models generally have 

been utilised for visualisation. However, nowadays 3D city 

models are increasingly employed in a number of different 

domains and for a large range of tasks beyond visualisation, e.g. 

estimation of solar irradiation, energy demand estimation, 

aiding positioning, determination of floor space and classifying 

building types (Biljecki et al., 2015; Liang et al., 2016). The 

generated buildings in this 3D city models also have many 

useful applications such as urban planning, cartography, 

surveillance, wireless network planning, entertainment, virtual 

tourism, geo-spatial web browsing, etc. (Verma et al., 2006). 

However, producing 3D building models for a variety of 

applications is very time consuming and challenging task by 

manual or semi-automatic methods. Nowadays, generation of 

3D building models in a simple and quick way has become 

important. A typical 3D building model is derived from various 

acquisition techniques, for instance, photogrammetry and laser 

scanning, synthetic aperture radar, architectural models and 

drawings (Biljecki vd., 2015). LiDAR point cloud data 

improves the success of the automated 3D building model 

generation methods (Oude Elberink and Vosselman, 2009; Uzar 

Dinlemek, 2012). LiDAR data processing steps are also very 

prominent for 3D building models production applications and 

should be handled in proper ways. 

 

The LiDAR point classification is the first step of LiDAR data 

processing in many applications such as 3D city modelling, 

building extraction, DEM generation. Therefore, it is necessary 

to classify the LiDAR point cloud correctly in order to obtain 

highly accurate results in such studies (Charaniya et al., 2004). 

In classification steps of the LiDAR point clouds, each point is 

assigned to the meaningful classes such as ground, vegetation, 

building according to the characteristics of the LiDAR data 

(Yastikli and Cetin, 2016). Algorithms for classifying LiDAR 

point clouds can be grouped into two categories based on used 

data type: point clouds and raster range image. The first kind of 

algorithms is used on point clouds of LiDAR directly and 

second kind of algorithms work with a raster image, so the 

irregularly distributed LiDAR point cloud must be gridded (Bao 

et al., 2008). In second approach, most of the time LiDAR point 

cloud data transformed into image data, so the traditional pixel-

based classification or the object-based segmentation and 

classification techniques can be directly used for LiDAR data 
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classification (Gu et al., 2016). However, when the LiDAR 

point data are resampled into a grid space, the 3D data are 

converted into 2D grid and this process cause data losses in 

details such as building edges (Bao et al., 2008; El-Ashmawy 

and Shaker, 2014). Compared with the pixel in image, the 

LiDAR point cloud data can retain more 3D spatial information, 

because of that it is crucial to propose a methodology which use 

the original (raw) LiDAR point cloud data for urban land cover 

classification (Gu et al., 2016). For this reason, the use of the 

raw LiDAR point cloud used in the classification improves the 

accuracy of application. 

 

In this study, automatic generation of simple 3D building 

models were aimed with raw airborne LiDAR data. An 

approach for the production of automatic 3D building model 

has been proposed and tested in Zekeriyakoy, Istanbul. 

Considering this aim the paper is organized as follow: the next 

section describes the details of the automatic point based 

classification of raw LiDAR point cloud and automatic 

generation of 3D building models. This is followed by the study 

area, data set and the experimental section which provides the 

detailed information about automatic classification of the raw 

point cloud and 3D building models generation. The concluding 

remarks are given in last section. 

 

2. METHODOLOGY 

Classification of the LiDAR point cloud including building 

class is very critical for the 3D building models generation. In 

point classification, each irregularly distributed 3D LiDAR 

point is assigned to a semantic object class which it is belongs 

to (Niemeyer et al., 2014; Charaniya et al., 2004). The features 

of all points in the LiDAR point cloud are used in automatic 

point-based classification applications and appropriate 

parameters of these features are usually determined as a result of 

training steps according to the targeted classes in the 

classification stage (Kim and Sohn, 2010; Mallet et al., 2011; 

Kim and Sohn, 2013, Yastikli and Cetin, 2016). The used 

features in point based classification algorithms can be divided 

into 3 groups as spatial-based features, echo-based features and 

waveform-based features (Mallet et al., 2011). The local 

environment, height features, eigenvalue features, local plane 

features, surface-based features and vertical profile features are 

some of the popular spatial-based features (Kim and Sohn, 

2010; Mallet et al., 2011; Kim and Sohn, 2013; Chehata et al., 

2009). Multiple reflections of laser signal such as single return, 

first return, intermediate return and last return and different 

combinations of these returns are the echo-based features (Kim 

and Sohn, 2010). Echo amplitude, echo width, echo shape and 

echo cross-sections are waveform-based features can be 

obtained only full-waveform LiDAR systems (Chehata et al., 

2009).  

 

In this study, a classification approach was proposed that allow 

automatic point-based classification of point clouds for 3D 

building models generation using airborne LiDAR data. The 

proposed point-based classification method aims to separate the 

raw LiDAR point cloud data into the three basic land cover 

classes (ground, vegetation, and building). The features are 

determined for the classification and the hierarchical rule set 

was created for proposed approach with defined routines. The 

proposed approach includes both spatial and echo-based 

features. Figure 1 shows the workflow of the proposed strategy 

for 3D building models generation. 

 

 
 

Figure 1. Workflow of the proposed 3D building models 

generation 

 

In the point-based classification approach, each point is 

analysed according to its properties and automatically assigned 

to the belonging class using the created hierarchical rule sets. 

The most important point of this classification is deciding to the 

parameters which are used in the hierarchical rule sets. When 

the parameter values are optimum in the study area, the 

classification results also will be much more accurate. 

Therefore, detailed parameter analyses were performed to 

determine the parameters to be used in the rule sets for ground 

and building classes in order to ensure high classification 

accuracy. These analyses were performed in different pilot areas 

selected in the study area. In Figure 2, ortho image of the 

selected pilot area 1, the classification results with and without 

parameter analyses for ground are given. Similarly, ortho image 

of the selected pilot area 2, the classification results with and 

without parameter analyses for building class, are shown in 

Figure 3. 

 

   
 

Figure 2. Ortho image of the selected pilot area 1, the 

classification results without (b) and with (c) parameter analyses 

for ground classes 

 

 

   
 

Selection of the features for point based classification 

Hierarchical rule set creation for proposed approach with 

spatial-based and echo-based features 

Parameter analysis for classification  

 

 

 

Automatic point based classification 

 

 

 
3D building models generation 

 

 

 

Selection of the features for 3D building model generation 

Parameter analysis for 3D building model generation 
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a b c 
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Figure 3. Ortho image of the selected pilot area 2, the 

classification results without (b) and with (c) parameter analyses 

for building classes 

 

3. GENERATION OF AUTOMATIC 3D BUILDING 

MODELS 

For the generation of simple 3D building models, Zekeriyakoy, 

which is located in the Sarıyer district of Istanbul, is determined 

as the study area. The study area has small open areas and forest 

areas and many buildings. The ortho image of the study area is 

given in Figure 4a. The LiDAR data of the study area was 

collected with ‘Riegl LSM-Q680i’ full-waveform laser scanner 

mounted ‘Eurocopter AS350’ in September, 2013. The obtained 

point cloud from Istanbul Metropolitan Municipality with the 

density of 16 points/m2 was in LAS (Log ASCII Standard) 

format and classified with standard parameters including the 

ground, low vegetation, medium vegetation, high vegetation, 

building, low point and air point classes (see Figure 4b).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The ortho image of the study area (a) and roughly 

classified point cloud with standard parameters (b) 

 

The point cloud data of the study area was classified by the 

proposed point-based approach, which use the spatial and echo-

based features of LiDAR points, as a first step of the generation 

of automatic 3D building model. TerraScan module of 

TerraSolid software was used for the classification process. The 

proposed approach used in this classification automatically 

performs the classification process with the hierarchical rule 

sets created by using the parameters determined as the result of 

the parameter analysis. The obtained classes were ground, low 

vegetation, medium vegetation, high vegetation, building, 

default, low point and air point as a result of the automatic point 

based classification. The low, medium and high vegetation 

classes were combined into a single ‘vegetation’ class and 

default, low point and air point classes were also combined into 

a single ‘other’ class at the end of the automatic classification 

process. Figure 5a shows the 3D view of the automatic point 

based classification results using the spatial and echo-based 

features of LiDAR points for the study area. The ground class 

obtained more accurately with the proposed approach in 

comparison to the roughly classified point cloud (Figure 4b) 

using the standard parameters. A large majority of roads passing 

through buildings in the study area were correctly assigned to 

the ground and the building classes using the proposed 

approach. The obtained classification results verify the success 

of the proposed automatic point-based classification method for 

3D building model generation.  

 

After classification step, simple 3D building models were 

produced in the study area using the building points classified 

by proposed approach based on the spatial and echo-based 

features of LiDAR points. First, parameters were determined for 

the features such as planarity, slope, area, etc. based on the 

classified building points and then the 3D building models were 

generated automatically using these determined parameters in 

TerraScan module of TerraSolid. Figure 5b shows the generated 

3D building models in study area. A closer 3D view of the 

automatically generated 3D building models which bordered 

with red rectangle in Figure 5b is given in Figure 6a and the 3D 

building models overlapped with building class points is given 

in Figure 6b. When the 3D building modelling results are 

examined, it is seen that the 3D models can be successfully 

produced for the buildings using classified building points with 

the proposed approach. It is possible to use proposed approach 

to achieve realistic 3D model which require building models 

such as 3D city model production. 

 

 

 
 

 

 

Figure 5. Automatic point based classification results of 

proposed approach (a) and 3D building models generated using 

building class points (b) 

 

  

Figure 6. A closer 3D view of the automatically generated 3D 

building models (a) and 3D building models overlapping 

building class points obtained using proposed approach (b) 

 

4. CONCLUSIONS 

In this study, 3D building models generation was carried out 

with raw airborne LiDAR data to use in studies like 3D city 

modelling. A point based classification approach based on 

hierarchical rules was proposed as a result of detailed parameter 

analyses in pilot areas for the accurate and quick 3D building 

model generations. The airborne LiDAR data of the study area 

in Zekeriyakoy, Istanbul was classified by the proposed 

approach based on the spatial and echo-based features.  

 

One of the most critical issues in this automatic 3D building 

model generation study is the classification of the LiDAR point 

a 

a 

b 

b 

b a 
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cloud. The determination of the more realistic parameters in the 

rule sets for point based classification will increase the 

classification accuracy. Because of the fact that, the detailed 

parameters analyses have been performed in the pilot area 1 and 

pilot area 2 in study area separately. The more accurate 3D 

building models were generated using the improved 

classification results with the help of the detailed parameters 

analyses. 

 

The obtained results of this research on study area verified that 

automatic 3D building models can be generated successfully 

using raw LiDAR point cloud data. The produced 3D building 

models can be used in different applications such as 3D city 

modelling, environmental simulation, telecommunication and 

mobile navigation. According to this study, classification of 

airborne LiDAR points with point-based classification method 

is very important for 3D building models generations correctly 

so that point-based classification of raw LiDAR data using 

hierarchical rules obtained with detailed parameter analysis is 

highly recommended. As the accuracy of classification 

increases, the accuracy of 3D building models can be increased. 
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