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Abstract

In 2008-2010 the LiDAR data were captured for all territory of Lithuania. According to the technical requirements, the density of the
points approximately is 4 points in 1 sq. m. This results in a very high resolution data set with a good spatial distribution. As was declared
in technical requirements the accuracy of any LiDAR data point should be not worse than 15 cm in height component, and not worse than
30 cm in plane position. We were investigating the accuracy of the Digital Terrain Model, based on this LiDAR data set. The additional
data of the first order vertical network points, gravity reference network points and geodetic reference network points were applied.
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1. Introduction

Digital Terrain Models (DTMs) are the necessary requirement for the great number of applications. Existing DTMs are
often not enough accurate, not detailed enough or too expensive [1, 2]. At present the LiDAR (Light Detection and
Ranging) data is usually used to create the most reliable DTMs of countries territories [3—5]. The main reasons to apply
LiDAR technology are the ability in short time to collect the big amount of information on Earth’s surface points [6—12].

The accuracy of DTMs based on LiDAR information has reached a high level — till few centimeters in height component.
Therefore some problem about the real accuracy is still exist. Published research results very often show pretty good results,
which, from authors point of view, are too optimistic. In this paper we are presenting some results of investigations on the
accuracy of DTM of Lithuanian territory.

2. Experimental data

In 20082010 the LiDAR data were captured for all territory of Lithuania. According to the technical requirements, the
density of the points approximately is 4 points in 1 sq. m. This results in a very high resolution data set with a good spatial
distribution. As was declared in technical requirements the accuracy of any LiDAR data point should be not worse than
15 cm in height component, and not worse than 30 cm in plane position.

In 2012 these data were used to produce DTM of 1x1 m resolution. Generation of DTM was done by a State enterprise
,»GIS Centras®. Let assign to this DTM a code DTM1 (Fig. 1).

Quality of elevation data is commonly expressed in terms of vertical accuracy. It can be determined using comparison
data that should be based on accurate and independent methods, such as (terrestrial) topographic surveys, or
photogrammetric techniques, allowing truly external and independent validation [5].

To evaluate the DTM of Lithuanian territory the following sets of geodetic data were used:

1. The normal heights of the Lithuanian first and second order geodetic vertical network points;
2. The normal heights of ground control points of orthophotomapping of Lithuanian territory;
3. The normal heights of Lithuanian State GPS network points.
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Fig. 1. Graphical view of DTM1 (1x1 m)

3. DTM1 evaluation
3.1. DTM1 evaluation against the normal heights of the Lithuanian first and second order geodetic vertical network points

The normal heights of the Lithuanian first and second order geodetic vertical network points were corrected by distances,
measured from the point mark till ground surface. The normal heights of the points from the DTM1 were derived by two
methods: (1 variant) by assigning the height value of a corresponding cell to a point or (2 variant) by the heights
interpolation between nearest cells. The calculated differences of the ground truth normal heights and heights derived from
DTMI are presented in Figure 2 and 3.
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Fig. 2. Differences of normal heights at the Lithuanian first and second order geodetic vertical network points (1 variant)
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Fig. 3. Differences of normal heights at the Lithuanian first and second order geodetic vertical network points (2 variant)

We could accept that gross errors are bigger than 2 m. We could eliminate points containing the gross errors and
calculate final statistical parameters (Fig. 4 and Fig. 5 and Table 1).
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Fig. 4. Differences of normal heights at the Lithuanian first and second order geodetic vertical network points after elimination of gross errors (1 variant)
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Fig. 5. Differences of normal heights at the Lithuanian first and second order geodetic vertical network points after elimination of gross errors (2 variant)

Table 1. DTM1 statistical parameters according to data of the Lithuanian first and second order geodetic
vertical network points

Statistical parameter (1 variant) (2 variant)
Mean, m 0.099 0.099
Standard Error, m 0.013 0.013
Median, m 0.082 0.080
Mode, m 0.095 -0.097
Standard Deviation, m 0.496 0.502
Sample Variance, m 0.246 0.252
Kurtosis, m 3.356 3470
Skewness, m 0.534 0.521
Range, m 3.965 3.978
Minimum, m -1.982 -1.981
Maximum, m 1.983 1.997
Sum, m 139.440 139.927
Number of points 1407 1410
Confidence Level(95.0%), m 0.026 0.026

3.2. DTM1 evaluation against the normal heights of ground control points of orthophotomapping of Lithuanian territory

The normal heights of ground control points of orthophotomapping of Lithuanian territory are very suitable to evaluate the
DTMs, because they are distributes evenly over the whole territory of a country, the normal heights are measured at the
ground surface. The calculated differences of the ground truth normal heights and heights derived from DTM1 are presented
in Figure 6 and Figure 7.
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Fig. 6. Differences of normal heights at the ground control points (1 variant)

*
. *
* =

L
W veaves 0o o tles,

-

.®

. Bty 0
- ®

&

L

o s %
®

L I - @

<

-

bl ]
*

*

--1,000

+ -0,999 - 1000

& 1542
A 10011149

F Y

 th o »

-

ooﬂ_

Fig. 7. Differences of normal heights at the ground control points (2 variant)

We could accept that gross errors are bigger than 1 m. We could eliminate points containing the gross errors and

calculate final statistical parameters (Fig. 8 and Fig. 9 and Table 2).
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Fig. 8. Differences of normal heights at the ground control points after elimination of gross errors (1 variant)
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Fig. 9. Differences of normal heights at the ground control points after elimination of gross errors (2 variant)
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Table 2. DTM1 statistical parameters according to data of the ground control points

Statistical parameter (1 variant) (2 variant)
Mean, m 0.094 0.095
Standard Error, m 0.005 0.005
Median, m 0.101 0.100
Mode, m 0.011 0.018
Standard Deviation, m 0.256 0.255
Sample Variance, m 0.066 0.065
Kurtosis, m 0.950 0.902
Skewness, m -0.399 -0.360
Range, m 1.976 1.970
Minimum, m -0.995 -0.979
Maximum, m 0.981 0.990
Sum, m 257912 260.401
Number of points 2730 2728
Confidence Level(95.0%), m 0.010 0.010

3.3. DTM1 evaluation against the normal heights of Lithuanian State GPS network points

The normal heights of the Lithuanian State GPS network points were not corrected by distances, measured from the point
mark till ground surface, because such kind of measurements were not acquired into database. That means that the
evaluation of DTMs is not so reliable comparing to evaluation according to information of the vertical network or ground
control points. Therefore the high density and good distribution of the GPS points create the satisfactory premises for the
DTMs evaluation. The calculated differences of the ground truth normal heights and heights derived from DTMI are
presented in Figure 10 and Figure 11.
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Fig. 10. Differences of normal heights at the Lithuanian State GPS network points (1 variant)
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Fig. 11. Differences of normal heights at the Lithuanian State GPS network points (2 variant)

We could accept that gross errors are bigger than 2 m. We could eliminate points containing the gross errors and
calculate final statistical parameters (Fig. 12 and Fig. 13 and Table 3).
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Fig. 12. Differences of normal heights at the Lithuanian State GPS network points after elimination of gross errors (1 variant)
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Fig. 13. Differences of normal heights at the Lithuanian State GPS network points after elimination of gross errors (2 variant)

Table 3. DTM1 statistical parameters according to data of the Lithuanian State GPS network points

Statistical parameter (1 variantas) (2 variantas)
Mean, m 0.277 0.276
Standard Error, m 0.003 0.003
Median, m 0.292 0.290
Mode, m 0.405 0.246
Standard Deviation, m 0.344 0.341
Sample Variance, m 0.119 0.116
Kurtosis, m 3.626 3.559
Skewness, m -0.751 -0.716
Range, m 3.824 3915
Minimum, m -1.976 -1.981
Maximum, m 1.848 1.933
Sum, m 3024.042 3013.652
Number of points 10926 10925
Confidence Level(95.0%), m 0.006 0.006

4. Conclusions

1. The vertical accuracy of DTM 1x1 m resolution, which is based on LiDAR data, was investigated. The three data sets of
geodetic data were used: the Lithuanian first and second order geodetic vertical network points; the ground control points
of orthophotomapping of Lithuanian territory; the Lithuanian State GPS network points. Accordingly the standard
deviations of the height component were found to be 0.50 m, 0.25 m and 0.34 m.

2. It should be stated that some gross errors were eliminated from the vertical accuracy estimation procedure. These errors
may limit DTM suitability for certain applications. The currently available DTM should be improved by data cleaning.
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