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Abstract

During the development of the data acquired by airborne laser scanning the important
issue is the fitting and georeferencing of ALS point clouds by means of the tie surfaces
and the reference planes. The process of scanning strips adjustment is based on mutual
integration of point clouds (scanning strips) and their adaptation to the reference planes.
In simultaneous adjustment all strips are combined into one geometrically coherent
block, to which the coordinates are given. In the process of determining discrepancies
between scanning strips it is important to determine the correct size of the shifts
(offsets). Authors propose to do this by using RANSAC algorithm.
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1. INTRODUCTION

One of the LIDAR technology (Light Detection And Ranging) is an airborne
laser scanning (ALS Airborne Laser Scanning), which allows for efficient
acquisition of data about the area. The result of the scanning is a collection of
spatial coordinates of points called a point cloud. The advantages of ALS is
relatively short data acquisition time compared to the classical methods and the
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ability to perform measurements at different weather conditions. On the one
hand, obtaining such data sets allows to perform a series of analyzes. On the
other hand, it can be a problem during development of such big sets. Therefore,
since the ALS technology has become one of the methods of obtaining spatial
data, many different algorithms for the development of such data are used and
new ones are still created [4], [8].

In the processing of raw data from airborne laser scanning the important task is
the identification of points belonging to the relevant groups of objects. The
above process is carried out by classification and filtering the point cloud.
Filtration is a process in which the two groups of points are obtained: points
representing terrain and points representing the situational details [2], [3]. The
classification is based on the division of the point cloud on the separate groups,
their number depends on the aim of adopted classification. The characteristics of
each group is related to the type of surface from which the laser light is
reflected, so the following groups can be distinguished: terrain, vegetation,
buildings, etc. [1].

Classification and filtration are certain stages that are repeated during the
development of point clouds. Another issue is the adjustment of ALS point
clouds. Due to the fact, that the data are collected during the flight point clouds
are in the form of the scanning strips with mutual coverage. These strips are
then combined into one larger set - LiDAR block. The adjustment of ALS
scanning strips is based on mutual integration of point clouds and their
adaptation to the reference planes. Fig. 1 shows the idea of block adjustment of
scanning strips on the basis of mutual belt coverage and reference planes.

Fig. 1. The idea of block adjustment of ALS scanning strips (source: [12])
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The block adjustment of scanning strips is conducted in stages presented in
Fig. 2.

Stage 1: Airplane trajectory determination in
relations to GNSS reference stations

v

Stage 2: Adjustment of scanning system’s position
and orientation

'

Stage 3: Input data from calibration into calculation

v

Stage 4: Mutual fitting and georeferencing of ALS
scanning strips in block

Fig. 2. Process of block adjustment of ALS scanning strips
(source: own work on the basis of [12])

During the adjustment of the ALS scanning strips, inter alia, the position and
orientation of the scanning system is calculated and the determination of
exterior orientation of the camera is conducted as well. An important step is
stage 4, where the mutual fitting of ALS scanning strips is made. For this
purpose, various methods of point cloud adjustment are used. In the literature
dealing with the subject of the ALS data development there is a lot of space
devoted to the adjustment of point clouds. It can be divided as follows:
1. Early methods of ALS data adjustment
- Kilian’s method: the procedure consists of two steps: (1) tie and control
points are calculated (2), then this information is used to connect the
individual scanning strips and to transform the entire block to an external
coordinate system [10], [7].
- Crombaghasa’s method: fitting of scanning strips is conducted by
estimating and removing the vertical differences in the coverage areas, as
well as differences in height measured by laser and by during external
measurement known as the reference. The values of discrepancies between
the strips act as tie points, while the reference measurement - as the control
points [5].
2. Adjustment methods based on the 3D transformation
- Vosselamn and Mass’s method: adjustment includes compensation for
horizontal differences because in authors’ opinion planimetric systematic
errors are often much more important than LiDAR vertical errors [16].
- Vosselman’s method of extracting linear elements: linear elements, such
as roof edges, ridges, ditches are used to determine the scope of the
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discrepancies between scanning strips. Correct estimation of shifts (offsets)
requires the application of appropriate geometric model which allows for
modeling linear elements. The measurement of the gap between the
scanning strips can be based on the extraction of ridge roof shape or on
extracting the ditch’s shape [15].

The use of linear objects such as eg. ditches, ridges of roofs, parts of the road
may have considerable importance especially in the development of cloud points
concerning rural areas. In these areas, linear elements, even minor, may be the
only ones that can be used to determine the horizontal offset between the
scanning strips. One of the described methods is fitting cosine curve in a point
cloud representing the road. Any function allowing for modeling linear element
can also be used.

The authors propose to determine a shift between scanning strips using two sets
of points representing the road. The sets of points are derived from two ALS
scanning strips. To determine the offset authors used the RANSAC method [11]
with function describing the plane. The aim of the work is fitting plane into a
point cloud representing the road, by applying the RANSAC method.

2. RANSAC ALGORITHM

The RANSAC method was developed to estimate the parameters of the model
based on a data set containing a large number of outliers [11]. Initially it was
used mainly for computer vision, allowing to identify objects even when the
data set contains many outliers. RANSAC belongs to a group of numerical
methods, it is an iterative fitting of the model to the data set having a number of
observations. The advantage of this method is the possibility of using it in a
situation when the data set consists of a large number of outliers. Most
estimation methods belonging to the gross error resistant group allow to detect
this type of observation to a certain level of their occurrence. If it is above 40-
50%, these methods do not provide the desired results. The advantage of
RANSAC method is that correct results can be obtained even in case when the
contents of outliers is above 50% of the entire data set [9], [14].

The number of iterations is determined by the following formula:

log &
T, =——
iter log (1-q) (2.1)
where:
¢ - the probability of the model misidentification,
g - parameter calculated by the following equation:
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AAY 2.2
1= (N) (22)

wherein:

N; - points that belong to a identified set,

N - total number of points in the input data set,

k - the minimum number of data which are necessary to unambiguously

determine the model.

Additional information, which are used in the process of fitting the model are:
minimum number of observations required to model estimation, minimum
number of iterations, tolerance range, in which there are valid data (ie. inliers)
and volume of set, which allows the completion of the iteration.

The RANSAC algorithm consists of the following steps:

1. Determining the type of model.

2. Selection of the minimum number of points required to determine the
parameters of the model.

3. Random selection of model parameters.

4. Determination of the tolerance range.

5. Determining the minimum amount of data, which is to meet the tolerance
range, to create a final model.

6. Identify how many points from all of the analyzed set fits into the model
with the assumed tolerance (inliers set).

7. If it turns out that the number of data from the inliers set is insufficient and
exceeds a defined threshold, the model parameters are determined again
using all identified inliers.

8. Repeat steps 3-8 in N iterations (the maximum number of iterations is
determined by the user).

Fig. 3 shows an example of a simple fitting of a line into a set of points; many of
them are outliers. Fig. 3a shows the entire data set, and Fig. 3b shows a straight
line fitted to the correct observation excluding the outliers.

In this study the RANSAC method with function of a plane was tested. In the
case of fitting the plane into the data set, the minimum number of points needed
to estimate such model is 3. The minimum number of iterations is calculated
according to formula (2.1). File size and the tolerance range, which contains the
correct data (inliers) are selected for a particular task.

Algorithm is based on an iterative repetition of two stages: hypothesis and tests.
Stage of hypothesis is associated with the concept of a minimum set (the
minimal sample set). It is the smallest number of points that are needed to
calculate the model parameters. The minimum number is determined by the
selected function describing the model. In the case of extraction of plane the set
will require a minimum of three points. On the basis of randomly selected
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observation the starting model (hypothetical) is estimated. All other data are
tested for fitting the hypothetical model. If any or all of the selected points are
outliers, then a hypothetical model does not fit with the rest of the data.
Therefore, the algorithm will skip this model and the next set of three points for
a different hypothetical model will be randomly selected. In testing step it is
checked iteratively whether the observations of the entire data set are consistent
with the hypothetical model.
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Fig. 3. a) The set of points with outliers,
b) Simple fitting of line using RANSAC (source: [9])

The estimated model is correct, if it has a sufficient number of points that have
been classified as a set of valid observations (inliers). Best collection of
observation, which is selected from the entire data set is called a set of
consensus (Consensus Set).

3. THE RESEARCH OBJECT

The research object was a fragment of a point cloud covering the street Sielska
in Olsztyn (Poland). The study area is indicated in Fig. 4. Airborne laser
scanning was made by Visimind Ltd. In tests a fragment of the results of the
measurement (scanning strips with double coverage) was used. Scanning angle
was 60 degrees, with a scan rate of 10,000 Hz. Scanning was performed during
the helicopter flight with speed of 50 km / h at a height of 70 m.



APPLYING RANSAC ALGORITHM FOR FITTING SCANNING STRIPS FROM 35
AIRBORNE LASER SCANNING

Fig. 4. Map of the Olsztyn with a fragment of the analyzed area
(source: www.geoportal.gov.pl)

A fragment of the original ALS data set, which was used as an object of
research work is presented in Fig. 5. Presented fragment comes from a scanning
strip no. 1.

a) b)

Fig. 5. The fragment of the original ALS point cloud, a) perspective view, b) top
view(source: own work developed in DTMaster v.5.4)

In this work it was decided that fitting of the scanning strips will be conducted
by means of data covering a lane (road and ditches) visible on measured area,
located in dual coverage (the result of the ALS measurement). In order to
accurately extract the set of points showing the lane, the filtration was carried
out first. The algorithm of hierarchical linear prediction (Pfeifer et al. 2001)
built-in program DTMaster (Demo v.5.4) was used for this purpose. Cloud point
after filtration is shown in Fig. 6.
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Fig. 6. The fragment of ALS point cloud after filtration, the top view
(source: own work developed in DTMaster v.5.4)

In Fig. 6 a line defining the cross section is indicated. Lane’s "cut" is of width
of 50 cm and it also the way how two sets of points from double coverage
representing the lane are selected. These sets are presented in Fig. 7.

P e St

s,

-~ — e m——

cross section of the lane (road and ditches)
Origin: scanning strip no.1 from ALS measurement

cross section of the lane (road and ditches)

Origin: scanning strip no.2 from ALS measurement

Fig. 7. The sets of points showing a lane, a cross section of the roadway
(source: own work)

The extracted fragments of point clouds of two ALS scanning strips were then
integrated by means of RANSAC method.
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4. TESTS

In order to confirm the effectiveness of the proposed solution the numerical tests
were performed.
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@ Points representing lane from ALS scanning strip no.1

@ Points representing plane fitted by means of the least squares method

@ Points representing plane fitted by means of RANSAC method

Fig. 8. The plane fitted to the set of points from ALS scanning strip no. 1
(source: own study)
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@ Points representing lane from ALS scanning strip no.2
@ Points representing plane fitted by means of the least squares method

@ Points representing plane fitted by means of RANSAC method

Fig. 9. The plane fitted to the set of points from ALS scanning strip no. 2
(source: own study)
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Fig. 10. The planes fitted into a set of points for the scanning strip no. 1 and scanning
strip no. 2 (source: own study)

The method of RANSAC applied a plane equation. As it was already mentioned,
this function has particular advantage of resistance of more than 80% to outliers.
As it can be seen in Figure 9 and Fig. 10, data which were developed,
represented the fragment of roadway (lane with the roadside ditches). The task
was performed by fitting a plane into a lane in such way that the points
belonging to the roadside ditches and embankments were not taken into account.
For comparison, in Fig. 8 and Fig. 9 the results of fitting the plane by means of
the least squares method is also presented. The authors wanted that the plane
covered only the lane.

The tolerance range of 0,02m was used, while the number of iteration was 20.

In the Fig. 10 the two planes fitted into scanning strips no.1 and no.2 by
means of RANSAC method is shown.

By using the proposed method two surfaces were achieved. Then four lines
perpendicular to these surfaces were established and in this way four points for
each plane were selected. The distances between these points were calculated,
and the mean value of these distances were taken as the value of the offset
planes, and thus the offset between the ALS scanning strips (offset values). This
value was 35 cm.
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5. CONCLUSIONS

Airborne laser scanning provides large data sets. Although the technology has

been around for several years, there are still areas that require individual studies

and solutions. There is not always the possibility of applying a universal

solution, hence so many studies in the literature concerning the adjustment of

ALS scanning strips can be found e.g.: [6], [13]. The method proposed in this

work is one of the approaches to the subject. The RANSAC method has

particular advantage in the form of resistance to a large number of outliers.

Therefore it enables the search for the best possible solution. In addition, the

parameters are selected individually for each case.

Examples presented in this paper confirmed the possibility of using the

RANSAC method in the process of ALS scanning strips adjustment and from

the work the following conclusions can be drawn:

1. The RANSAC method may be used for fitting the ALS scanning strips.

2. The roadway may be a linear object used in the process of fitting strips,
especially in areas where it is not easy to extract linear elements.

3. Fitting of two planes into two sets of points representing roadway allows
gave two planes spaced 35cm.

4. A calculation of shift range between the ALS scanning strips allows to
obtain a single, complete set of ALS points.
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WYKORZYSTANIE ALGORYTMU RANSAC PRZY WPASOWANIU
SZEREGOW ALS

Streszczenie

Podczas opracowywania danych pozyskanych w wyniku lotniczego skaningu
laserowego istotng kwestig jest wpasowanie i nadanie georeferencji szeregom ALS
W oparciu 0 powierzchnie wigzace oraz plaszczyzny referencyjne. Proces wyréwnania
szeregdw polega na wzajemnym wpasowaniu szeregow oraz ich dopasowaniu do
plaszczyzn referencyjnych. W jednoczesnym procesie wyrdwnawczym wigze si¢
wszystkie szeregi w jeden spojny geometrycznie blok, ktoremu nadaje si¢ wspotrzedne
terenowe. W procesie wyznaczania rozbieznos$ci szeregdw istotne jest okreslenie
prawidlowej wielkosci przesuni¢¢ (offsetow). Autorzy proponuja w tym celu
wykorzystanie algorytmu RANSAC.

Stowa kluczowe:  lotniczy skaning laserowy, algorytm RANSAC, wpasowanie
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