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Abstract

Abstract

In the investigation results of potential large-scale landslides in the disaster areas,
Digital Terrain Model (DTM), which includes Digital Elevation Model (DEM) and
Digital Surface Model (DSM), provides important decision information for
government disaster prevention and mitigation planning and land conservation.
Therefore, National Land Surveying and Mapping Center, planning for “Updating
Taiwan DEM by LIDAR technique - 2019 & 2020”. Real World Engineering
Consultants Inc. (RW Company) are execute the first operating area. The first operating
area is required to establish DTM database of 1,250 square kilometers. The total
number of 1/5,000 sheets is expected to be 177+1. (The additional 1 sheets was the
information of sea dike around the survey area.)

The project is divided into two years, the second and the third phases need to
submit 40% (71 sheets )and 60% (107 sheets )of the total number of sheets. The major

work of this project includes:

1. Flight plan and application of the airborne LiDAR survey.
2. GNSS station control surveying.

3.Airborne LiDAR implementation and data acquirement.

4. Data processing of the point cloud data.

5. Production of DEM and DSM

6. Production of orthoimages

I. Flight plan and implementation

The flight operation was executed using Leica ALS70 sensor in the area. The
current survey operations total of 101 trajectories, measuring length of about 2,817
kilometers, flight height of about 0 to 2,300 meters, and LiDAR strips overlap of 50%.
The calibration was performed at Changhua Coastal Industrial Park on 24™ July, 2019 .

In order to ensure that the result is correct, the flight operation was confirmed on the
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Abstract

same day.The root mean square error of calibration results was 3.7 cm and 3.4 cm, and
confirmed flight root mean square error of 4.9cm and 4.9 cm, was in line with the

operating accuracy of 10 cm or less.

I1. Production of orthoimages

This project collected data by using airborne LiDAR and aerial photography at
the same time. In the fisrt operating area, aerial photos was acquired with PhaseOne
IXU camera with a forward overlap of 80% and side overlap of 50%. The current
number of actual used aerial photo was 9,755. Orthoimages production are all through
the tone adjustment, aerial triangulation, orthographic rectification, and mosaic
procedures. The orthoimages of this project generated with a ground resolution of 25
cm, and the total number of photos was 178. The standard deviation between

orthoimages and control points in the area was 28 cm.

I11. Post-processing and accuracy analysis

The average absolute errors of low altitude elevation areca are between
0.9cm~8.1cm, the root mean square error are between 4.6cm~8.9cm. The average
absolute errors of the low road cross section is 0.1cm, ths root mean square error is
4.9cm.

The average absolute errors of high altitude elevation area are between
2.7cm~7.3cm, the root mean square error are between 8.0cm~15.9cm. The average
absolute errors of the high road cross section is 4.7cm, ths root mean square error is

5.7cm.

Key Word:
Airborne LiDAR, Digital Terrain Model(DTM), Digital Surface Model(DSM) ~ Digital

Elevation Model(DEM)
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(m) | (m)
AO01| 31001-31027 90 | 929 | 2200 | 100 9 896 | 40 | 2151194 3.6 1590 51.6
A02| 31028-31043 | 180 | 807 | 2900 | 100 | 282 | 1400 | 40 | 18.1 | 105.0 2.9 1842 52
A03 | 31044-31058 | 180 | 475 | 3100 | 100 | 574 | 1863 | 40 | 19.8 | 100.8 34 1839 52
A04| 31059-31070 | 180 | 237 | 2800 | 100 | 403 | 1669 | 40 |16.1 | 93.4 3.3 1720 51.6
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31400 204 16.7 2600 100 13 45 40 18.3 106.2 1.1 909
31401 180 154 2700 100 128 292 40 18.4 106.8 1.2 785
31402 180 15.1 2900 100 317 597 40 19.2 106.4 1.2 848
31403 90 17.0 2900 100 303 1865 40 18.3 105.8 1.9 1773
31404 90 16.8 3100 100 417 2333 40 17.7 102.6 2.3 1955
31405 90 16.7 2900 100 360 1393 40 18.6 108.2 1.5 1662
31406 | 90 168 | 3000 | 100 | 450 | 1069 | 40 186 | 1078 | 13 | 1222
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v | v | Gm | Gn | G | B 3mSR | gx | a2 mar| xR

m | m | (&) | Hz) | (kHz) (m)
31800 218 12.0 2600 100 17 31 40 26.0 213.0 2.2 1880
31801 214 17.3 2600 100 9 44 40 26.0 212.0 2.2 1886
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Receiver B
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Use MNumber Eq . Z Laser Z Dz Use MNumber Eq . Z Laser Z Dz
= 1 m Receiver Az wwi|4[E 1 sy Receiver B po 20w 0
3 2 18 W3 22.980 +0.037 |F| C3 2 184 p43  22.972  +0.029 |
% 3 188209.94 2661649.36  22.910 22.915  +0.005 3 3 188299.94 2661649.36  22.910 22.981  +0.071
4 188209 .90 2661654.32 22.896 22.965  +0.069 4 188209 .90 2661654.32 22.896  22.931  +0.035
5 188209 94 2661659.31  22.866 22.963  +0.097 5 188299.94 2661659.31  22.866  22.894  +0.028
6 188299.94 2661664.35 22.850 22.886  +0.036 6 188299.94 2661664.35 22.850 22.863  +0.013
7 188299.85 2661669.36  22.832  22.867  +0.035 = i 188299.85 2661669.36  22.832  22.831 -0.001
8 188209 78 2661674 .40 22.814 22.870 +0.056 8 188299.78 2661674.40 22.814  22.860  +0.046
9 188209.70 2661679.42  22.812  22.869  +0.057 [ 9 188299.70 2661679.42 22.812 22.851  +0.039
Average magnitude 0.0260 hverage dz +0.0000 | Average magnitude 0.0283 Average dz -0.0027
Std deviation 0.0342 Minimum dz -0.1000 [[Std deviation 0.0364 Minimum dz -0.1200
Root mean square 0.0341 Maximum dz +0.1060 | Root mean square 0.0365 Maximum dz +0.1590
Show location [ Show location | Identify
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31-0001A | 207661.693 | 2696277.183 | 207660.897 | 2696277.545 0.874

31-0002A | 208033.486 | 2695817.124 | 208033.335 | 2695817.244 0.193

31-0003A | 206484.326 | 2694286.673 | 206484.139 | 2694286.713 0.192

31-0004A | 206151.071 | 2692591.326 | 206150.904 | 2692591.436 0.200

31-0005A | 205042.903 | 2690926.956 | 205042.850 | 2690927.080 0.135

31-0006A | 201805.638 | 2689221.694 | 201805.620 | 2689221.836 0.143

31-0007A | 203810.197 | 2688594.357 | 203810.125 | 2688594.568 0.222
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31-0008A | 202731.534 | 2687194.215 | 202731.331 | 2687194.326 0.231
31-0009A | 202447.373 | 2685854.868 | 202447.374 | 2685855.079 0.211
31-0010A | 202062.641 | 2684096.239 | 202062.458 | 2684096.320 0.201
31-0011A | 201619.947 | 2682877.425 | 201619.875 | 2682877.443 0.074
31-0013A | 220495.183 | 2696028.869 | 220495.124 | 2696028.966 0.114
31-0014A | 220397.280 | 2695051.502 | 220397.110 | 2695051.637 0.217
31-0015A | 220414.766 | 2693739.239 | 220414.601 | 2693739.352 0.200
31-0016A | 220399.801 | 2692019.239 | 220399.622 | 2692019.311 0.193
31-0017A | 220355.702 | 2690279.380 | 220355.482 | 2690279.362 0.221
31-0018A | 220348.057 | 2688575.374 | 220348.132 | 2688575.321 0.092
31-0019A | 220729.940 | 2686896.644 | 220729.840 | 2686896.879 0.255
31-0020A | 220513.168 | 2685263.680 | 220512.980 | 2685263.752 0.201
31-0021A | 220593.626 | 2683488.858 | 220593.393 | 2683488.832 0.234
31-0022A | 220494.130 | 2682594.198 | 220494.039 | 2682594.135 0.111
31-0023A | 235540.318 | 2696241.401 | 235540.181 | 2696241.552 0.204
31-0024A | 235177.051 | 2694634.562 | 235176.911 | 2694634.690 0.190
31-0025A | 234792.536 | 2693381.864 | 234792.387 | 2693382.013 0.211
31-0026A | 234578.931 | 2692359.330 | 234578.663 | 2692359.536 0.338
31-0027A | 234834.816 | 2691630.832 | 234834.646 | 2691630.871 0.175
31-0028A | 234908.554 | 2690495.827 | 234908.445 | 2690495.845 0.110
31-0029A | 235024.901 | 2689326.097 | 235024.798 | 2689326.220 0.161
31-0030A | 235247.484 | 2688367.374 | 235247.375 | 2688367.499 0.166
31-0031A | 235057.185 | 2687063.163 | 235057.021 | 2687063.290 0.207
31-0032A | 235518.612 | 2685887.691 | 235518.606 | 2685887.867 0.176
31-0033A | 234644.405 | 2685159.926 | 234644.180 | 2685159.848 0.238
31-0034A | 234965.985 | 2683904.809 | 234965.400 | 2683904.864 0.588
31-0038A | 237660.480 | 2695585.122 | 237660.379 | 2695585.276 0.184
31-0040A | 239280.280 | 2696212.579 | 239280.295 | 2696212.862 0.283
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31-0041A | 242246.915 | 2694154.909 | 242246.846 | 2694154.789 0.138

31-0042A | 244089.986 | 2696149.928 | 244089.729 | 2696149.689 0.351

31-0045A | 247902.382 | 2695771.441 | 247902.522 | 2695771.262 0.227

31-0047A | 246083.543 | 2680917.649 | 246082.941 | 2680917.590 0.605

31-0049A | 247947.272 | 2680798.662 | 247947.156 | 2680798.709 0.125

31-0050A | 235982.361 | 2672792.873 | 235982.067 | 2672792.872 0.295

31-0051A | 237488.522 | 2674152.585 | 237488.385 | 2674152.588 0.137

31-0052A | 239360.393 | 2674060.043 | 239360.468 | 2674060.126 0.112

31-0053A | 240882.093 | 2674691.890 | 240881.898 | 2674691.870 0.196

31-0054A | 242670.477 | 2675158.483 | 242670.178 | 2675158.562 0.310

31-0055A | 244329.584 | 2673503.890 | 244328.846 | 2673504.414 0.905

31-0056A | 245335.569 | 2656308.448 | 245335.475 | 2656308.591 0.171

31-0057A | 246917.810 | 2656218.981 | 246917.525 | 2656219.125 0.319

31-0058A | 248564.008 | 2656442.277 | 248563.833 | 2656442.315 0.179

31-0059A | 236286.720 | 2646659.076 | 236286.546 | 2646659.093 0.175

31-0060A | 237281.987 | 2646798.643 | 237281.867 | 2646798.744 0.157

31-0062A | 240924.781 | 2647233.064 | 240924.712 | 2647233.169 0.125

31-0067A | 247343.010 | 2646678.820 | 247342.876 | 2646679.063 0.277

31-0068A | 248824.403 | 2646939.079 | 248824.375 | 2646939.131 0.059

B+ # £ (m) 0.905
] # £ (m) 0.059
¥ 42224 (m) 0.284

(2). & &4 R e L2 W 4

Plpsred oo 2 b F Z LT g BB w2 o AR R
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