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 Abstract 
 Airborne Light Detection and Ranging (LiDAR) technology has provided an efficient way to obtain topographic 
information by measuring the reflected pulses with a sensor and laser scanner for 3D modeling of disaster area. The 
main purpose of this study is to extract outlier points from raw data to produce terrain map modeling.                       A 
heterogeneous and mountainous terrain including the provinces of Artvin, Borçka and Ardanuç in Eastern Anatolia 
Region of Turkey has been selected as the study area. In this area, 4 different sites were identified in different terrains. 
Raw data analysis Framework (RDAF) and Adaptive Triangulation Irregular Network (ATIN) method was implemented 
in this process for the first time to increase the data cleaning performance. As a result of the process, the performance 
of the method was examined by calculating the errors. The ratios of outlier points to be removed from the data are as 
follows according to the comparison with respect to reference data with this application: 60% for site-1, 25% for site-2, 
33% for site-3, and 38% for site-4 have been cleaned from the data set. ATIN filtering method was applied to the 
remaining points with the aim of removing the remaining outlier points. The outliers point were cleaned by %99 and the 
performance of the process was greatly facilitated with these two methods.  
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1.INTRODUCTION

New techniques are constantly being explored about the representations of earth forms as nearest to reality. One of these 
techniques is Airborne Light Detection and Ranging technology (LiDAR) which has developed in parallel with the 
science of Remote Sensing. Today,  the public and private sectors, engineers, surveyors, energy circles, natural 
resource entrepreneurs are using LiDAR engineering applications on an International scale.  

Due to the fact that the LiDAR data in the dense point cloud feature contains height (z) information in addition to the 
planimetric (x, y) coordinate values, it is also considered as an appropriate data source for producing Digital Elevation 
Model (DEM).  

However, in order to obtain high accuracy DEM and classified data it is very important to clean the outliers point in the 
raw data (Chen et.al. 2016).   

Several studies with different approaches to LiDAR data filtering have been carried out until now. For example; Chen et 
al. (2017) proposed reduse the effect of outliers and misclassified non-ground points. Fort this aim, they used robust 
interpolation filter based on finite difference and predefined weight function. Chen et al. (2016) was proposed  a robust 
algorithm of multiquadric (MQ) methodology based on M-estimators (MQ-M)  in order to reduce the effect of outliers 
on DEM construction in other work. Hu et al. (2017) used model plausible trees method to create the best detail from 
the point cloud. Also they used normalized cut method to segment an individual tree point cloud and secondly, trunk 
points are added to supplement the incomplete point cloud and a connected graph is constructed by searching sufficient 
nearest neighbors for each point. Li et al (2011) transformed laser points elevations  into a histogram from 0 to 255 
elevation scales. In their study,  the histogram is split by some thresholds with a multilevel segmentation algorithm. In 
the next step, unclassified laser points KD tree and searches the number of points around each laser point in given 
querying radius. In other work, Li et al (2015) presents a novel algorithm of road detection of intensity data of  LiDAR 
point clouds. For the application, segmentation based filtering method was used to filter the Lidar data.  Lv &Ren 
(2015)  proposed a novel automatic registration method based on depth map using point-feature based and line-feature 
based registration on the processing.  In addition, outliers are removed with a two-level random sample consensus 
(RANSAC) algorithm to improve robustness and efficiency. Tian et al. (2012)  aimed on the kernel density estimation 
for removing the outliers. In implementation point cloud divided into many blocks and their methods combined 
distance-based method with density-based method. Yi et al. (2017) presented a method which is automatic recontruction 
of volumetric structures of urban building using raw LiDAR point data. They propose a novel algorithm, Spectral 
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Residual Clustering (SRC), to extract the primitive elements within the contours of blocks from the sectional point set. 
In their work, they used a divide-and conquer strategy to separate the grid point cloud data. Yong-Hua et al. (2017)   
aimed to remove noise points and used  appropriate correlation coefficient of the average distance between the 3D grid 
side scan.   

The objective of this study is to clean outlier points which will directly affect the classifications process and also   
production of high precision models.  For this purpose, Adaptive Triangulation Irregular Network (ATIN) filtering 
method has been used (Axelsson, 2000).  Before using this method,  Raw Data Analysis Framework (RDAF) has been 
applied as a new approach in this study. 

2.STUDY AREA AND USED DATA 

A forested area, encompassing the provinces of Artvin City, Borçka and Ardanuç in Eastern Anatolia Region of Turkey 
was selected as the study area (Figure 1).  

Four test zones were selected in this area which distributed through different geographical characteristics depending on 
natural and artificial objects in addition to the plant cover ratio on the land surface.  

 

 

Figıre 1.  Study area 
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Table 1.  Raw LiDAR data system parameters 

System Parameters  

Airspeed 110knot (203 720 km/h) 

Flying height 1000m (3281 feet) 

Average swath width  1154m 

Scan angle 60° 

Pulse repetition rate 100 000 (1/sec) 

Beam divergence angle 0.5mrad 

Raw point density  2.4 point/m2 

Footprint diameter 1m 

Nominal point spacing 0.87m 

 

LiDAR data which was used in this study,  obtained between 8.32 and 11.52 hours on June, 08th 2011 and between 6.56 
and 11.37 hours on June 06th 2011, on the Artvin-Borçka-Georgia route.  A Riegl LMS-Q560 LiDAR scanner was used 
for the flight. The system parameters of the data used in he study have been in Table 1. 

3.METHOD  

In this study, it is aimed to improve the performance of the ATIN method and the extraction of noisy points from the 
raw LiDAR data as a land feature in a steep, heterogeneous and forested area. The following process steps have been 
carried out for this intended target.  

• Reference  data were generated manually using TerraSolid (Soinian, 2015) software using raw LiDAR   data.   

• For this implementation, orthophoto, google earth etc. were used.  Raw data analysis was performed.  

• As method, a height diagram and a data distribution model were   created.  

• ATIN method was applied after RDAF analysed data.  The search radius parameter was used as the parameter 
value.  From the results obtained, the error percentages of the outlier points were calculated. 

4.RESULTS 

4.1 RDAF Framework 

Raw LiDAR data contains noisy point in addition to real earth points. Those  points named outlier points  that is  
originate from low flying and multiple reflections, sensors, dust, bird etc. objects in the sky. At the same time, these 
points have elevation values that are lower or higher than the real earth elevation (Matkan et.al., 2014). 

It is absolutely necessary to extract these points before proceeding to classification. The presence of these points that do 
not represent real earth points will affect both geometric and DEM accuracy. 

Firstly,  reference data were generated by way of used manually to process raw data.  Secondly,  RDAF method was 
performed .  

The creation of the data distribution chart is done as follows. Places where the dense point cloud is shows the real earth 
in the data distrubition chart. The points outside the density set were chosen as possible outlier points.  

Approximately, two parallel lines were drawn which is contained with a cluster of dense point clouds (Figure 2). The 
minimum and maximum heights corresponding to the height axis were determined for each test site.   
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Figure 2.  Data distribution chart and height diagram for  test sites, a) Test1 b) Test2 c)Test3 d) Test4 
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Table 2.   Height values results from data distribution model  

 

These determined heights were compared with the real heights in the reference data and the differences were found 
(Table 2).  Higher and lower height values which is outside the two parallel lines were removed. Those points out of  
the threshold were considered outlier points. As a result, these points below and upper the threshold value were 
removed before using ATIN method. 

 4.2 ATIN Method  

ATIN method was  applied to remaining points (Axelsson, 2000).  As a parameter value  the  search radius parameter is 
used (Table 3).  A threshold value was selected  0.3m.  

Table  3.  Parameters used for outlier point extraction in ATIN method 

 

A group of outlier points were extracted with the RDAF analysis which is applied to the raw LiDAR data. The ATIN 
filtering method has been applied to extract outliers that can not be extracted by this method.  An accuracy analysis was 
performed to test applied method.  The inlier points correctly filtered in both reference data and filtered data were called 
an “a” point. The point that was an inlier point in the reference data but which was identified as an outlier point in the 
filtered data was called a "b" (false inlier) point.  The point which was an outlier in the reference data, but was 
identified as an inlier point in the filtered data was called a "c" (false outlier) point. In addition, the points which were 
identified as outlier points in both the reference and filtered data were called "d" (correct outlier) points (Matkan et.al., 
2014); (Table 4).   

  Raw data 

(m) 

Reference data 

 (m) 

 

Filtered data 

 (m) 

 

Reference -filtered      
difference  (m) 

Test-1 Min. h 469.35 98.24 99.25 1.01 

 Max. h 1750.45 414.82 410.30 7.52 

Test-2 Min. h -204.45 196.22 195.80 -0.42 

 Max. h 1981.96 585.80 582.20 -3.60 

     Test-3 Min. h 885.58 1036.02 1120 83.98 

 Max. h 2732.64 1518.38 1500.20 -18.15 

Test-4 Min. h 158.51 464.94 468.00 3.06 

 Max. h 2188.81 841.63 840.50 1.13 

   

     Parameter 

  

Search radius parameter 

(m) 

Threshold 

(m) 

            A 10 0.3 

            B 15 0.3 

            C 20 0.3 
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Table 4.   Accuracy analysis parameters 

 

As a result of the comparison made with  respect to the reference data in the performed filtering process, Type-I errors 

denoted those errors due to a wrong indication of inlier points whereas Type-II errors denoted those due to a wrong  

indication of outlier points 

 

 

Filtered data  

 

Referans data  

 

 

inlier 

 

 

 

      outlier 

 

 

inlier 

 

 

a (correct inliner) 

                       

                      b (false inlier) 

outlier 

 

c (false outlier) 

 

 

                    d  (correct  outlier) 
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   Figure 3.  Surface Model which is before and after outlier filtering for  test sites,  a) Test1 b) Test2 c)Test3          d) 
Test4 
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Table 5.   Accuracy analysis parameters 

 

    parameter 

Reference 
data 

         RDAF filtered method 

Before        After                With 

RDAF        RDAF            RDAF 

ATIN filtered method 

         a            b         c           d        Type-I      Type-II 

(ATIN
+ 

RDAF) 

  P o i n t   n u m b e r % P o i n t   n u m b e r % % % 

1 A 980575 986615 982941   60 978780 3044 21 1096 0.3097 0.0021 99.68 

 B     979779 2030 21 1111 0.2065 0.0021 99.79 

 C     980711 1093 22 1115 0.1112 0.0022 99.89 

2 A 759869 797371 796731 25 795822 281 59 569 0.0353 0.0074 99.96 

 B     795872 229 62 568 0.0287 0.0078 99.96 

    C     795905 190 62 574 0.0238 0.0078 99.97 

3 A 851342 854409 853420 33 852126 594 4 696 0.0696 0.0005 99.93 

 B     852206 474 24 716 0.0555 0.0028 99.94 

 C     852283 385 30 722 0.0451 0.0035 99.95 

4 A 1044159 1046804 1045812 38 1044603 311 4 894 0.0297 0.0004 99.97 

 B     1044626 282 10 894 0.0270 0.0010 99.97 

 C     1044634 264 10 904 0.0252 0.0010 99.97 

 

Table 5 shows the results of Type-I and Type-II errors obtained as a extraction of outlier points from raw data.  It was 
observed following an evaluation of the acquired results that Type-I error percentage  resulted in higher values in 
comparison with Type-II error percentages for both inlier and outlier point. The large search radius (parameter C) is 
better than the small search radius (parameter A and B) as a parameter value. 

The ratios of outlier points to be  removed from the data are as follows :  60% for site-1, 25% for site-2, 33% for site-3, 
and 38% for site-4 have been cleaned with RDAF method from the raw LiDAR data set. Accuracy analysis was done 
according to the reference dataset.  ATIN filtering method was applied to the remaining points to cleaning all outlier 
points. As aresult, the outliers point were cleaned by %99 and the performance of the process was greatly facilitated 
with these two methods.          

5. DISCUSSION 

In the map production studies; especially in highly heterogeneous landscapes with high slopes, woodland and dense 
vegetation; it is very difficult to create a product with high geometric accuracy.  

In this study, it is intended to show the availability of Airborne  LiDAR technology  at rate  the exraction of outliers 
point that directly affect the accuracy of classification. When the results are evaluated; an accuracy of 100% has not 
been achieved in the method for outlier point extraction from LiDAR data. In order to increase geometric accuracy and 
to minimize model errors, it is very important that these points be removed completely. However, it is inevitable to 
apply manual methods to remove outliers that can not be removed. Since the LiDAR data contains a large number of 
irregular point clouds, it is difficult to produce a 100% accurate result. That's why; at least some additional methods 
should be developed to reduce the manual editing minumum. 

In this study, histogram diagram and data distribution graph were applied to support ATIN method.Thus,  planning and 
especially mapping of the disaster area will be implemented with LiDAR technique which makes it possible to obtain 
fast and three-dimensional coordinates  in all types of terrain.   
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