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Abstract: This study aims to evaluate whether the accuracy of LiDAR DEM is affected by the changes of the five input
levels (‘17,3%,°5’,*7” and ‘9’) of median parameter (Fmq), mean parameter (Fmq) of the Filtering Algorithm (FA) in the
GroundFilter module and median parameter (Img), mean parameter (Im,) of the Interpolation Algorithm (IA) in the
GridSurfaceCreate module of the FUSION in order to present the combination of parameter levels producing the most
accurate LiIDAR DEM. The accuracy is measured by the residuals calculated by difference between the field elevation
values and their corresponding DEM elevation values. A multi-way ANOVA is used to statistically examine whether there
are effects of parameter level changes on the means of the residuals. The Tukey HSD is conducted as a post-hoc test.
The results of the multi- way ANOVA test show that the changes in the levels of Fig, Fmn, Imn have significant effects
on the DEM accuracy with the significant interaction effect between Fing and Fmn. Therefore, the level of Fug, Fmn, and
the interaction between two variables are considered to be factors affecting the accuracy of LiDAR DEM as well as the
level of Imn. As the results of the Tukey HSD test on the combination levels of Fng*Fmn, the mean of residuals of the
‘9%3” combination provides the highest accuracy while the ‘1*1’ combination provides the lowest one. Regarding I, levels,
the mean of residuals of the both ‘3’ and ‘1’ provides the highest accuracy. This study can contribute to improve the
accuracy of the forest attributes as well as the topographic information extracted from the LiDAR data.
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Figure 1. The locations of the study sites
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Table 1. The cartographic coordinates and topographical characteristics of the study sites.

Study site Location (N, E) Slope (°) Altitude (m) Aspect
Hwacheon N 38°03'17" E 127°26'57" 24/0-54 784/670-933 E
Yangju N 37°49'02" E 127°06'58" 19/0-42 193/105-322 w
Pocheon N 37°45'52" E 127°0921" 22/0-45 224/160-300 E
Sejong N 36°25'53" E 127°14'11" 22/0-49 159/33-312 NW
Gyoengsan N 35°58'57" E 128°44'46" 25.5/0-57 600/495-716 N
Hwasun N 35°09'32" E 127°10'01" 30/0-58 530/329-766 E
Jangheung N 34°46'19" E 126 51'09" 29/0-53 245/130-345 W
Wando N 34°22'08" E 126 4028" 24/0-52 343/105-598 N
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Table 2. Areas and percentages of forest types for each individual study site.

Forest type (unit : ha(%))

Study site
Coniferous forest Deciduous forest Mixed forest Non-forest Total

Hwacheon 6.9 (15%) 38.5 (83%) 0.8 (2%) - 46.2 (100%)
Yangju 8.6 (39%) 11.2 (51%) 2.2 (10%) - 22.0 (100%)
Pocheon 7.9 (63%) 4.7 (37%) - - 12.6 (100%)
Sejong 5.3 (23%) 11.4 (51%) 4.1 (18%) 1.7 (8%) 22.5 (100%)
Gyoengsan 6.3 (34%) 7.5 (40%) 4.7 (26%) - 18.5 (100%)
Hwasun 1.5 (4%) 32.2 (90%) 1.5 (4%) 0.7 (2%) 35.9 (100%)
Jangheung 5.2 (28%) 12.1 (64%) 1.1 (6%) 0.3 (2%) 18.7 (100%)
Wando 10.4 (9%) 98.8 (89%) - 1.9 (2%) 111.1 (100%)

Table 3. The technical characteristics of LiDAR data used in the study.

Study site Data collection date Flight altitude (m) Flight velocity (kts/h) Dot density (points/m?)
Hwacheon May 2012 2,340 135
Yangju May 2012 2,000 135
Pocheon May 2012 2,100 135
Sejong May 2013 1,890 121 45
Gyeongsan June 2013 2,300 123
Hwasun May 2011 2,240 127
Jangheung May 2011 2,000 127
Wando May 2011 2,040 127
Filtering Interpolation
J—— (GroundFiller module) (GridSurfaceCreate module) 1 O1mAt conversion Fomjt conyetsion Finl
_—— Application of Application of From DTM to ASCII from ASCII to Raster LiDAR DEM

25 combination parameter levels 25 combination parameter levels (DTM2ASCII module) (ASCII To Raster module)

(respective Fea and Fee level: 1,3,5,7.9) (respective L, L level : 1,3,5,7.9)

Figure 2. The workflow of LIDAR DEM generation.
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Figure 3. Procedure for the evaluation of DEM accuracy based on the comparisons between DEM and field-retrieved elevation data.

Table 4. The specification of X91+ GPS/GNSS performance.

Surveying way Attribute
. . . Horizontal accuracy 8mm+1ppm
Real Time Kinematics (RTK)

Vertical accuracy 15Smm+1ppm RMS

Horizontal accuracy 3mm+0.5ppm RMS

Post processing static Vertical accuracy Smm+0.5ppm RMS

Baseline Length <300km
SEY 2% THRT, AN BeYH Azol 2 5= olgstel ZYSIUrkFigure 3).
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Table 5. The number of field GPS sampling points for each
individual study site.

Study site Number of sampling points
Hwacheon 10
Yangju 12
Pocheon 5
Sejong 16
Gyeongsan 10
Hwasun 2
Jangheung 16
Wando 4
Total 75
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Table 6. Results from multi-way ANOVA test for effects on the mean residuals from DEM and field measured elevation by the

FA and TIA parameter level changes.

SS df MS F P
Corrected Model 1478.757 624 2.370 7.077** .000
Intercept 17347.143 1 17347.143 51807.764%* .000
Fid 259.787 4 64.947 193.965%* .000
Fron 311.074 4 77.768 232.258** .000
Ind 1.938 4 484 1.447 216
Linn 15.000 4 3.750 11.200%** .000
Find*Frnn 849.916 16 53.120 158.644%** .000
Fina*Imd 4.260 16 266 795 .693
Fund*Iinn 2.977 16 .186 .556 918
Frun*Imd 2.349 16 .147 438 973
Fron*Imn 7.604 16 A75 1.419 122
Ind*Iinn .900 16 .056 .168 1.000
Frnd*Funn*Imd 7.473 64 117 .349 1.000
Frnd*Frn*Imn 9.269 64 .145 433 1.000
Fond®Ima™Tonn 991 64 .015 .046 1.000
Foun*Lna*linn 2.047 64 .032 .096 1.000
Find*Frnn*Imd*lmn 3.173 256 .012 .037 1.000
Error 15486.200 46250 335
Total 34312.099 46875
Corrected Total 16964.956 46874

dependent variables : residuals

**: p<0.01, *: p<0.05

SS : Sum of squares, MS : Mean of Sum of squares, df : degree of freedom, p :

between F parameter and I parameter

significant probability, F*I : interaction effect
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Table 7. Tukey HSD test results regarding multiple comparisons
among the means of the residuals of the Fnq level groups.
Parameter levels are listed in ascending order of mean of residuals
for each level.

Groups (mean of residuals (m))

Fmd parameter level

1 2 3
5 .5556
7 .5580
9 5742
3 5992
1 7540
p 216 1.000 1.000

p : significant probability, p < 0.05, post hoc : Tukey HSD test
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Table 8. Tukey HSD test results regarding multiple comparisons
among the means of the residuals of the F., level groups.
Parameter levels are listed in ascending order of mean of residuals
for each level.
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Table 9. Tukey HSD test results regarding multiple comparisons
among the means of the residuals of the Fiq*Fnn combination
level groups. The levels are listed in ascending order of mean
of residuals for each level.

groups (mean of residuals (m))

Fmn parameter level

1 2 3
5 5583
7 .5601
3 .5630
9 .5908
1 7695
p 981 1.000 1.000

p : significant probability, p < 0.05, post hoc : Tukey HSD test
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Fmd * Groups (mean of residuals (m))
Fmn combination level 1 2 3 4
9*3 5444
7*1 .5450
9%*] 5457
7*5 5467
7*3 .5481
5%3 .5489
5%7 .5501
7*7 5507
3*7 5520
5*5 5537
9*5 .5543
3*9 .5560
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5%9 .5665
3*3 .5669
9*7 5724
1*7 5752
1*9 .5780
1*5 5784
7*9 5994 5994
1*3 .6068  .6068
9*9 .6540
3*1 7629
1*1 1.4322
p .143 379 1.000 1.000

p : significant probability, p < 0.05, post hoc : Tukey HSD test
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Table 10. Tukey HSD test results regarding multiple comparisons
among the means of the residuals of the I.. level groups.
Parameter levels are listed in ascending order of mean of residuals
for each level.

groups (mean of residuals (m))

Imn parameter level

1 2 3
3 .5901
1 .5901
5 .6064 .6064
7 .6175 .6175
9 .6375
p .302 .682 127

p : significant probability, p < 0.05, post hoc : Tukey HSD test
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