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a  b  s  t  r  a  c  t

The  focus  of LiDAR  data  compression  and  reduction  has  been  raised  in  recent  years  due  to the  dramatically
huge  amount  of  points  cloud.  To  improve  the disposal  efficiency  of  LiDAR  data,  a data  reduction  method
assisted  by  optical  image  for 3D  reconstruction  of building  facade  is  proposed  in this  article.  The  method
involves  a series  of  procedures  of  “2D feature  line  extraction  –  3D  feature  line  converting  –  buffer  area  of
LiDAR  points”.  The  main  issue  here  is finding  out  a LiDAR  point  dataset  around  the  3D  feature  segment
converted  from  2D feature  lines,  which  benefits  to  improving  the  efficiency  of  post-processing  based
on  LiDAR  data.  The  reduced  LiDAR  data  can  be obtained  with  reliable  structures  and  accurate  geometric
position.  Furthermore,  the  experiment  of  the LiDAR  data  reduction  was  conducted  over  the  Xingyuan
Building  in  Nanjing  Normal  University.  The  reduction  method  in this  paper  proved  to  be  suit for  the
regular  objects  modeling,  on the basis  of the reliable  and  rigorous  mathematical  models  and  computer
algorithms,  and was  a fundamental  and  useful  approach  to  improve  the  efficiency  of  3D  reconstruction
of  building  with  the  higher  modeling  accuracy.

© 2014  Elsevier  GmbH.  All  rights  reserved.

1. Introduction

Terrestrial LiDAR (light detection and ranging) is a novel sen-
sor involving the technologies of laser ranging and digital CCD and
regular surveying, which is widely being used in geomatics-related
fields. With recent advances in hardware and software of laser scan-
ning system, 3D laser scanners have become more accurate and
the speed of data acquisition has increased dramatically, and the
terrestrial LiDAR is being increasingly used to 3D reconstruction
of building. However, they generate up to tens of thousands of
points per second, and the post processing of data still relatively
lags behind, especially on the handling the huge amount of LiDAR
points efficiently. Take Leica HDS7000, FARO Focus 3D 120 and
Riegl VZ4000 as instances, whose angle resolutions all are less than
0.001◦, and the point resolution extends to sub-millimeter level in
tens of meters range. High accuracy and huge LiDAR point data are
obtained simultaneously, causing great obstacles on the follow-up
data processing, data transmission and further application.
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For example, due to the uniform angular resolution scanning
there are many redundant data among the original data sampling
and modeling of building facade, and the redundant data, except-
ing the sampling points around the outlines and edges of building
construction, are nearly no use for feature extracting and modeling.
So it is very necessary to adapt or design corresponding methods
or algorithms to reduce the LiDAR data [1–3]. For a practical sim-
plification algorithm of point cloud, the data compression ratio,
the compressive error, the processing efficiency and the algorithm
applicability should be taken into consideration. The main issue
here is offering a reasonable algorithm to maximize to reduce the
redundant points under the premise of the prescribed reconstruc-
tion error tolerance and geometric feature preservation.

Aim at the drawback of the quantity and redundancy of LiDAR
points, a number of methods have been developed, which are
broadly divided into two categories. The first category is resam-
pling, namely resampling the points from raw LiDAR data by
uniform interval, which doubtlessly losing some useful informa-
tion due to the reduction on the same level. The second approach
is merging and resampling of LiDAR data in homogenous area.
That means merging redundant points and replacing the original
quantity of points with small amount of sample ones (or synthetic
sample points) based on some algorithms in the homogeneous area
(such as certain building’s facade), in order to achieve the pur-
pose of the data reduction. This method has obvious advantages
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because of the adaptive data resampling, reducing the amount of
scanned data while maintaining useful feature information and the
required accuracy [4]. Some research related to point data reduc-
tion is described.

Liu et al. [5] completed the compression of LiDAR data by a
series of procedures including resampling by uniform interval, and
median filtering and removal based on the elevation distance and
compression test by entropy calculation of echo intensity. Zuo et al.
[6] proposed a typical noise removal algorithm of LiDAR points
based on 3D finite-element analysis. Firstly, point clouds were par-
titioned into smaller and similar units by finite elements named
space hexahedron model. And then, all of the units were classified
into noise units or non-noise units with adjacency-based reason-
ing rules. Finally, the low noise was removed by iterative processing
with finer threshold. The form of finite-element analysis, namely
the Boolean function model, was selected to describe local solu-
tions in relatively simple circumstance. Some other forms should
be used to solve complex problems. Xu et al. [7] also presented
a simplification method for LIDAR ground points based on local
scatter characteristics of points. Here, scatter means the difference
of elevation between each original point and the even elevation.
The larger the difference, the more attribution to the terrain undu-
lation was. So, the point with larger difference of elevation was
remained while the one with smaller difference of elevation was
removed, and then the topographic patterns were maintained in
local region. Their method, however, had a drawback due to the
reduction error been sensitive to the threshold of scatter. Dobrucali
et al. [8] proposed a compression technique based on compressive
sensing by sampling the sparse signal using either simple cod-
ing or compressive sampling, which provided a reasonably good
compromise between reconstruction accuracy and speed and was
superior to some well-known lossy and lossless compression tech-
niques in encoding the scan data. The proposed technique involved
efficiently sampling the sparse signal obtained from the difference
between the current scan and its estimate, which was generated by
shifting the previous scan along the horizontal and vertical axes by
certain amounts. The method could be effectively used for 3D rep-
resentation of both indoor and outdoor environments [9], however,
could be improved by further coding the encoder output via loss-
less coding techniques. Luo et al. [4] suggested a method to reduce
point data based on quad-tree partition. In their method, the raw
data were totally partitioned in the designed minimize size grids
based on quad-tree firstly, and then the data in homogenous area
were merged and resampled from bottom to top according to cer-
tain homogenous decision rule. The algorithm was suitable for the
point reduction in a plan with high compression ratio, keeping the
edge of good performance, however, for data compression on the
surface (such as spherical, hyperboloid), due to the gradient vec-
tor normal, it was difficult to offer a reasonable threshold and the
corresponding improvement was needed. Lee et al. [2] proposed
non-uniform grid based point data reduction methods from the
point of view of part shape and z-axis error occurring in laser scan-
ning. These non-uniform grid methods were implemented either
by using one-directional or bi-directional non-uniform grids. The
proposed methods were applied to sample models having freeform
shapes, and the data reduction could be performed effectively while
maintaining the quality of the point data. However, these methods
were only useful if the registration of point clouds was performed
after reducing the data size for each point cloud. When a complete
3D model of a part needed to be processed, these 2D grid methods
might not be suitable, since they were projection-based techniques.
The reduction method dealing with 3D scanned data needed further
research.

Major research efforts in the existing data reduction methods lie
in manipulating polyhedral models. Various schemes are also used
to reduce the amount of point data from the initial point clouds;

however, none of the existing methods has considered the usage
of the characteristics of the geometric feature derived from optical
image, which is obtained easily from the most of 3D scanners. In my
paper, a novel method for reducing LiDAR data cued by geometric
feature derived from optical image is proposed, according to the
processing” 2D feature line – 3D feature line-buffer area of LiDAR
points”.

2. Methodology

2.1. Feature extraction from optical image and handling

Because straight line is the main structure boundary for most
regular buildings, straight line is chosen as the basic feature ele-
ment to analyze and detect more complex features in this article.
The feature extraction algorithm based on gradient direction infor-
mation of edge detection proposed by Von Gioi et al. [10] is adopted
in this paper. However, due to the shooting angle, light shadow,
non-geometric texture extraction et al., there still exist the follow-
ing problems: (1) the straight line segment is of fracture or overlap,
and so on; (2) the boundary lines are not closed or exceed both ends
in the corner of windows and walls, which leads to the lack of topol-
ogy information between line and line, not only being against of
the integrity of geographical objects and having an influence on
the modeling of building structure. So further processing based
on the structure integrity constraints should be executed for the
extracted feature more reliable and more photo-realistic to express
the building outlines.

For most of building facades, the geometric shapes of construc-
tion members are fairly regular, such as the boundary structure of
door and window generally is rectangular, and the edge of wall is
straight line, etc. So building facade features are defined in advance
to describe the semantic features, like the classification of ground
features in remote sensing image processing. The facade features
classification method proposed by Pu et al. [11] is adopted in this
paper, which can be divided into six types: walls, edges of walls,
doors, windows and other convex (hollow) edge lines, part of the
building roofs. According to the topological relationship between
the geometric feature lines and the feature attributes, the integrity
constraint rules of building structure are described to establish the
mathematical model for refining the feature extraction.

The post-processing of 2D features from images based on the
structural integrity constraint rules mainly includes the feature
lines merging and closure in the corner point. Lines merging are
based on some feature attributes, such as the directions and rela-
tive lengths of the line segments, and the attributes are regarded as
weight parameters to determine the line segments merging [12].
Lines closure in the corner point is based on the rule of wall edge
lines are vertical approximately at the wall corner by calculating
the intersection point of two  feature lines and then revising the
feature line segments.

2.2. Space mapping from 2D feature line to 3D feature line

In order to assist in reducing point clouds by 2D features, space
mapping is necessary. The space mapping from 2D features to
3D ones is to calculate the mathematic projection relation of the
image pixel coordinates and 3D point. For optical image, the spa-
tial location coordinates of every pixel are determined by the
camera imaging geometric model parameters. Take the simplest
pinhole camera model for instance, that means a series of coordi-
nate systems transformations during the camera imaging process.
The coordinate systems transformations include the world coor-
dinates to camera coordinates, the camera coordinates to image
coordinates and image coordinates to the pixel coordinates. After
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