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Abstract

The National Land Surveying and Mapping Center conducts the project ”
Updating Taiwan DEM by LiDAR technique in 2021”. CHS Surveying Co.
Limited won the contract for the first work zone, which covers Hsinchu, Taoyuan,
Taipei and New Taipei. It is about 1,712 square kilometers, equivalent to 266 map
sheets of 1/5,000 scale, which was divided into 107 sheets in sub-survey-area 1

and 159 sheets in sub-survey-area 2. The major works include:

I.  Flight planning and permission application for airborne laser scanning.
II. Ground Control Survey for GNSS base stations.

III. Airborne laser scanning and data acquisition.

IV. Data processing for laser scanning point clouds.

V. Digital surface model (DSM) and digital elevation model (DEM) production,
orthometric height correction, artificial quality checking, data editing, and map

mosaicking.
VI. Orthophoto production

The project uses Optech ALTM Pegasus to scan about 25 flight tracks with
flight height of 2300 m. Phase One iXU-R1000 aerial photography is also used.
We also take over 2.0 points clouds per meter square scanning density and 50%
overlap of scanning zones on all contiguous scanning strips to ensure the high

density and high quality results.

LiDAR calibration site is located in Changhua Coastal Industrial Park,
Changhua County. It covers mutually perpendicular flight in 4 direction and 2
altitudes. The LMS software is used to automatically search the tie plan as
conjugate matching for band strip adjustment. Least squares were used in
calibration calculations. In addition, the relative height among flights and the
overall distribution of the normal vectors of tie plans can be used to estimate the

reliability of the strip adjustment outcomes assessment. The results of calibration
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and the accuracy of the flight elevation must be confirmed to the accuracy of less

than 10 cm standard.

Trajectories are processed with kinematic GNSS raw data are combined with
base station data. There are 1 GNSS base stations settled for this project. The
front, middle, and tail parts of each flight are surveyed with static GNSS height
measurement. In total, there are 130 vertical adjustment points, 30 horizontal
adjustment control points, and 3 aero triangulation points. Characteristic lines and
planes were extracted from point clouds via the LMS and TerraMatch. After strip
adjustment, this project has an average of about 7.0 cm and 9.6 cm absolute height

difference between the overlapping flights in two sub-survey-areas.

Point clouds classification uses TerraSolid software for preliminary filtering.
In order to achieve high accuracy of the results, the point clouds must be followed
with manual editing. The final edited point clouds can be used to generate contour,
and used for self-check. CHS point cloud classification team has years of
experience. Regular group meetings and training were implemented to share
experiences, especially for this project, and to enhance the ability of team
members. After reviewing the recommendations of the parties, the self-
examination became integrity and efficient. A series of procedures with programs
are designed to check the quality of point cloud editing. Finally, the results of
manual editing point clouds completed continued to produce 1 m x 1 m DEM /
DSM. Different areas can be checked with different accuracy standards according

to different land cover.

The project uses LiDAR scanning with simultaneous aerial photography and
processed with aerial triangulation, orthorectification, color balance, mosaic, and
edge alignment. The final production of the orthophotos has a 25 cm resolution.
The boundary lines of water bodies can be described with these orthophotos, and

provide for the use of following LiDAR point clouds data editing for water points.

According to the experience, flight delays are due to climate reasons. We
meet the requirements of the contract specification and complete 186 sheets by

early standby.Integrated performance and higher precision of the DEM/DSM are
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performed by suitable flight planning and skill improvement of point cloud
classification. DEM/DSM can be used for various applications such as

environmental factor analysis on geological evaluations.

Keywords: Airborne LiDAR, Digital Terrain Model (DTM), Digital Surface
Model (DSM), Digital Elevation Model (DEM)
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Accuracy Verification - At Selected Tie Planes

Project: 110NLSCcal Block: B04 - Accuracy Analysis at Selected Tie Planes from Standard processing
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Ground line
302242 5p4178 .2 0.046 +0.245
2022 42 323060 .8 0064 -0.309

Ground line
2022 42 3230562 0102 -0.307
302342 5pd174 2 0.073 40,244

Ground line
302242 5p4178 .4 0.017 40,262
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MOETERBS
.45 T ESMENEGEE S A
A B~ B (m) B | B (m) I 3218 (m) % 2 (m)
5 - TiagGHid 0.194 0.042 0.070 0.028
+ Bl % S =F 4 0.046 -0.083 -0.002 0.022
E TG Hid 0.190 0.043 0.096 0.036
=+ Bl S =F 4 0.186 -0.185 -0.001 0.046
246 F- TR HRERNEFAT LTS LENTE
LR T 315G % T 3ag ¥
Ptk Bk #c , ToZ € (m) Pfghic . T35% € (m)
A £ (m) % £ (m)
51005R0 66492572 0.155 0.003 34412042 0.049 0.011
51006R0 69044767 0.139 0.040 47151857 0.056 -0.009
51007R0 68564431 0.170 -0.054 46785505 0.059 0.006
51008R0 73448082 0.157 0.045 48941245 0.059 -0.017
51009R0 34574632 0.175 0.123 19423017 0.073 -0.014
51010R0 49593612 0.171 -0.090 34408287 0.058 0.001
51011R0 50483473 0.153 0.003 34472914 0.055 0.021
51012R0 48924606 0.147 0.114 32253396 0.054 -0.013
51013R0 49141144 0.116 0.041 32487147 0.051 0.012
51014R0 48582186 0.127 -0.029 33146776 0.047 0.008
51015R0 47029349 0.139 -0.013 33522640 0.048 0.002
51016R0 44327297 0.138 0.012 28676943 0.047 0.010
51017R0 42414665 0.179 0.109 22420041 0.051 0.008
51044R0 48812848 0.141 -0.030 40381564 0.076 0.015
51045R0 53500661 0.152 -0.068 41330255 0.091 0.031
51046R0 56794491 0.131 -0.004 45846012 0.092 -0.024
51047R0 58021951 0.129 -0.020 48115331 0.075 -0.003
51048R0 62229160 0.124 0.005 50685414 0.068 0.018
51049R0 62338369 0.160 -0.051 50551500 0.064 -0.004
51050R0 64211172 0.208 -0.129 52977352 0.083 -0.015
51051R0 65763900 0.227 0.094 55112741 0.086 0.026
51052R0 69541062 0.141 0.063 57695899 0.077 0.004
51053R0 72332673 0.117 0.033 60568128 0.069 -0.007
51054R0 71556795 0.110 -0.009 59708192 0.072 0.002
51055R0 71707181 0.138 -0.033 59062704 0.082 0.003
51056R0 66610481 0.141 -0.014 55984510 0.095 -0.022
51057R0 66021071 0.170 0.082 54509847 0.092 0.046
51058R0 68188590 0.149 0.015 50352416 0.072 0.011
51086R0 20683950 0.193 0.007 15424170 0.081 -0.015
51087R0 39006820 0.131 -0.007 31567007 0.051 0.019
51088R0 11872743 0.161 0.044 4290197 0.042 0.003
51090R0 46572566 0.254 -0.065 25771356 0.150 -0.083
51800R0 29623395 0.282 -0.108 26295776 0.194 -0.062
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51009R1 50856245 0.149 0.028 35341579 0.055 0.004
51010R1 32663499 0.141 -0.055 19378584 0.066 -0.008
51011R1 28879375 0.146 -0.041 17752831 0.060 -0.003
51012R1 23740133 0.143 -0.040 15778511 0.053 -0.009
51013R1 24411231 0.122 -0.012 14555958 0.049 -0.004
51014R1 25054875 0.137 -0.033 16796439 0.050 -0.008
51015R1 25070286 0.138 -0.055 17423114 0.052 -0.004
51016R1 22780962 0.198 -0.099 15510128 0.051 -0.010
51042R1 9732732 0.225 -0.145 8067125 0.063 0.002
51043R2 32976813 0.211 0.150 25032192 0.082 -0.023

*R1~R2 % 77 2408 % 23 0 (7 > 0t 8t o fu b 5 2 2 o o
%247 FZFRFIREGT LWL ENTE

T £ % T £

ELT ] T 3558 4 T35
B gk , T30 ¥ (m)| PHEhik " T394 ¥ (m)

£ (m) £ & (@m)
51001R0O 2883226 0.076 0.031 8638691 0.0738 -0.0074
51002R0 6633800 0.092 0.025 18514133 0.0853 0.027
51003R0O 8030158 0.122 0.019 22628976 0.1107 0.0165
51004R0 6359668 0.188 0.082 18198190 0.1196 0.0391
51005R0 3387377 0.055 0.003 6331497 0.0577 0.0369
51006R0O 423909 0.062 0.012 383869 0.0615 -0.012
51010RO 138421 0.129 -0.033 196421 0.129 -0.013
51016R0O 3646562 0.075 -0.009 1753136 0.0624 -0.0074
51017R0 16113774 0.093 0.014 12667725 0.0916 0.0375
51018R0O 12774479 0.110 0.017 10669141 0.1023 -0.0232
51019R0 16457138 0.156 -0.023 14548746 0.1243 0.0222
51020R0 20889966 0.186 0.074 15317030 0.1122 -0.0136
51021R0O 12454639 0.055 -0.005 17163697 0.0492 -0.0024
51022R0 10055589 0.047 -0.011 14437586 0.0462 0.0011
51023R0 9119642 0.052 -0.017 11354820 0.0568 -0.0062
51024R0 9313025 0.061 0.005 10698926 0.067 -0.0132
51025R0 8932219 0.071 -0.003 11825399 0.1014 -0.0191
51026R0 8456654 0.094 -0.010 10527445 0.1015 0.0095
51027R0 6210517 0.095 0.005 5307034 0.1107 0.0646
51028R0 7477014 0.083 0.027 6825534 0.0624 0.0065
51029R0 11933110 0.108 -0.025 12756294 0.0723 -0.0149
51030R0 10977636 0.095 -0.007 14033962 0.0733 -0.0068
51031R0O 10434525 0.111 -0.039 15395710 0.0833 -0.0116
51032R0 10078716 0.171 -0.113 17592824 0.1251 -0.0627
51033R0 3114736 0.112 0.007 9669241 0.1071 0.0176
51034R0 2679283 0.112 0.031 7870909 0.102 0.0142
51035R0 2341192 0.139 0.063 6535357 0.1341 0.0704
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51036R0 2796040 0.117 0.006 7299338 0.116 0.0219
51037R0 3316869 0.115 0.026 7879360 0.1098 0.0153
51038R0 3695078 0.148 0.030 10156603 0.1469 0.0598
51039R0 3565279 0.213 -0.071 12805742 0.121 -0.0852
51040R0 4544846 0.267 -0.151 12196414 0.167 -0.1643
51041R0 2932783 0.236 0.003 3837902 0.1723 -0.0264
51042R0 1659135 0.103 0.031 2290402 0.1042 0.0613
51043R0 2600509 0.109 -0.030 5339138 0.0937 -0.0119
51044R0 1770274 0.087 -0.001 107468 0.1384 0.0787
51045R0 1336172 0.107 0.015 348372 0.0721 0.0072
51046R0 1061803 0.087 0.034 392250 0.0681 -0.0096
51047R0 2064704 0.092 0.047 374601 0.0574 0.0167
51048R0 1643372 0.084 0.003 475002 0.0431 -0.0153
51049R0 1619546 0.075 0.011 432002 0.0443 0.0081
51050R0 1337776 0.069 0.004 470488 0.0556 -0.0106
51051R0 2198439 0.078 -0.003 614684 0.0627 -0.0226
51052R0 1643559 0.066 0.015 735268 0.0634 0.0012
51053R0 1781083 0.067 0.028 697691 0.052 -0.0117
51054R0 1607347 0.067 0.024 565758 0.0654 0.0342
51055R0 1871113 0.072 0.026 865316 0.0554 -0.0069
51056R0 1445533 0.084 0.047 4293071 0.0594 0.0103
51057R0 7954176 0.087 0.013 20062896 0.0723 0.0151
51058R0 7002221 0.069 0.027 16374388 0.0615 -0.0122
51059R0 7925187 0.117 0.003 18381124 0.1236 -0.0407
51060R0 7544257 0.109 -0.042 18984397 0.1184 -0.0582
51061R0 7797875 0.084 -0.003 18369556 0.0872 -0.0152
51062R0 7757033 0.080 -0.009 17745231 0.0753 -0.0111
51063R0 7125290 0.076 -0.003 16001372 0.0681 -0.0142
51064R0 7391022 0.080 0.011 16764397 0.0657 0.0061
51065R0 5916122 0.143 0.061 13798529 0.068 -0.0014
51066R0 5642351 0.141 -0.075 14430176 0.0687 -0.0038
51067R0 3783335 0.204 -0.100 9132097 0.1142 -0.0128
51068R0 3704677 0.208 -0.113 9116835 0.1102 -0.0183
51069R0 3827273 0.143 0.037 9325028 0.1179 0.0013
51070R0 3455744 0.150 0.049 9863035 0.1364 0.0128
51071R0 4697473 0.117 -0.052 13677941 0.0859 0.0144
51072R0 4937080 0.157 -0.092 13670149 0.1001 -0.0118
51073R0 4277049 0.202 -0.114 12203963 0.1336 -0.0626
51074R0 4613038 0.326 -0.236 10737048 0.1562 -0.0422
51075R0 4042207 0.236 0.127 9260722 0.116 0.0033
51076R0 4522274 0.104 0.009 12296467 0.085 -0.0196
51077R0 5141921 0.082 0.011 14411987 0.0788 -0.0079
51078R0 6308726 0.109 0.010 15536321 0.0902 0.0051
51079R0 6487434 0.147 0.061 12190981 0.0957 0.0115
51080R0 5868308 0.215 -0.098 12392490 0.1083 -0.0112
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51081R0 4996223 0.120 0.029 11352048 0.0974 -0.0341
51082R0 4040211 0.097 0.010 9763570 0.0927 0.0291
51083R0 3544684 0.099 -0.003 8950916 0.0918 0.0044
51084R0 3368385 0.116 0.032 9089709 0.1156 0.0241
51085R0 3579713 0.151 0.051 9218371 0.1145 0.0315
51086R0 318486 0.102 -0.048 472608 0.1053 -0.0728
51087R0 18107721 0.093 0.010 30524998 0.0791 0.0276
51088R0 9558455 0.115 -0.033 9045729 0.0866 0.0026
51089R0 15728907 0.159 -0.004 41634097 0.1355 0.0148
51090R0 7638363 0.162 0.103 12163054 0.1117 -0.0312
51800R0 4731143 0.363 -0.254 8183838 0.1894 -0.1845
51801R0 11573391 0.382 -0.153 8504705 0.1645 -0.0139
51802R0 6086851 0.254 0.109 16686128 0.1896 0.1295
51803R0 7533695 0.359 0.155 24936950 0.1698 -0.0143
51804R0 5473058 0.240 -0.081 20615337 0.1247 -0.0852
51805R0 2600351 0.202 0.042 4784326 0.1039 -0.0257
51003R1 318424 0.111 -0.048 256112 0.1229 -0.0729
51016R1 2293646 0.103 -0.065 1347054 0.1025 -0.0761
51018R1 15618021 0.063 0.008 19488463 0.0612 -0.0242
51019R1 15823777 0.062 -0.015 21023224 0.0544 -0.0047
51020R1 13691558 0.056 -0.010 20397294 0.0517 0.0036
51021R1 5317811 0.061 -0.010 11884383 0.0521 -0.0018
51022R1 3976394 0.057 -0.003 8967385 0.0599 0.0093
51023R1 10449943 0.078 0.018 11847604 0.0609 0.0064
51024R1 11275448 0.068 -0.004 12599865 0.0654 -0.0046
51025R1 4033856 0.056 -0.014 3563980 0.0597 0.013
51026R1 12035284 0.124 -0.022 12321497 0.1014 -0.0035
51027R1 15053271 0.330 -0.239 12383904 0.1774 -0.028
51028R1 9746611 0.261 -0.133 7261357 0.1497 0.0063
51033R1 971314 0.085 -0.004 2812811 0.079 0.0148
51039R1 4167783 0.240 -0.131 14465617 0.1411 -0.1458
51040R1 4875252 0.338 0.286 10999436 0.1868 0.1857
51042R1 5112134 0.269 -0.154 10230139 0.1449 0.0388
51044R1 4221952 0.087 -0.018 7735198 0.0866 0.0001
51045R1 5365509 0.081 -0.018 8606505 0.0686 -0.0044
51046R1 4829265 0.078 -0.013 8474508 0.0725 -0.0003
51047R1 5814971 0.079 -0.015 9134050 0.07 -0.006
51048R1 4682352 0.078 -0.007 8847705 0.0768 -0.0135
51049R1 5643562 0.085 -0.008 10170871 0.0789 0.0047
51050R1 5512027 0.110 0.021 11373005 0.1022 0.0202
51051R1 3407647 0.133 -0.026 8734862 0.1124 -0.017
51052R1 3975351 0.076 -0.008 9106868 0.0693 0.0021
51053R1 5691287 0.077 -0.007 12688208 0.0641 -0.0075
51054R1 8388516 0.074 -0.024 14774433 0.0645 -0.0092
51055R1 8271613 0.078 -0.018 16556797 0.0762 -0.0161
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51056R1 5588083 0.107 -0.026 15027553 0.0918 0.0008
51059R1 534140 0.127 -0.035 131984 0.0803 -0.0234
51067R1 476201 0.084 0.029 1182553 0.0725 -0.0019
51068R1 1217564 0.092 0.004 1895021 0.0793 -0.0054
51070R1 463097 0.100 0.019 798090 0.0824 -0.007
51074R1 283822 0.127 -0.006 446120 0.0871 0.0053
51080R1 406864 0.125 -0.019 620072 0.1033 -0.0197
51018R2 15069868 0.065 0.021 19248368 0.059 -0.0011
51019R2 17283345 0.059 -0.018 22763239 0.0534 0.0159
51020R2 5200241 0.072 -0.030 11575585 0.0601 -0.0023
51021R2 14842994 0.092 0.016 17214304 0.071 0.0056
51022R2 11010503 0.077 0.026 13921571 0.0591 -0.0024
51025R2 12630870 0.087 0.026 13509185 0.0773 -0.0159
51026R2 4573626 0.120 -0.024 7874447 0.1219 0.0554
51027R2 1179772 0.153 -0.053 938200 0.1043 -0.0244
51028R2 5759996 0.387 0.308 3483605 0.1545 0.0491
51039R2 5686638 0.273 0.200 14339101 0.1877 0.1853
51043R2 4011944 0.168 0.099 5531506 0.1152 -0.012
51051R2 3952197 0.090 -0.010 7140263 0.0932 -0.021
51052R2 7203149 0.082 -0.003 14299712 0.0738 -0.0024
51056R2 2275984 0.090 0.016 7802758 0.0799 -0.0023
51080R2 1660198 0.105 0.024 1930140 0.0944 -0.0093
51020R3 20101575 0.099 -0.001 24487108 0.0774 -0.0125
51027R3 9345984 0.259 0.275 6107053 0.1862 0.1593
51027R4 6011480 0.347 0.085 5290493 0.1902 0.0182
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Roof lines analysis Roof lines analysis

[S(andud processing = [Reﬁned processing v
Parameter Dim Mean RMS Minimum Maximum ‘ Parameter Dim Mean RMS Minimum Maximum
Delta East [m] 0.065 0244 -0.586 0.707 Delta East {m) -0.003 0.115 -0414 0456
Delta Height [m] -0.013 0.067 -0.382 0.244 Delta Height {m] 0.005 0.027 -0.079 0.116
Delta North {m] -0.053 0.164 -0.935 0426 Delta North fm] -0.019 0074 -0.393 0313
Horizontal Separation [m] -0.063 0.293 -0.718 0.948 Horizontal Separation  [m) 0.008 0.136 -0.544 0429
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4Bl 4.29 -
248 TapilRb IRl (H e
TG e 2 EREEBLHE E*% | N=w%
25 T id
E N E N ES i¥
51-0002B | 305516.484 | 2798084.029 | 305516.346 | 2798084.299 -0.138 0.270 0.303
51-0004B | 305346.983 2751714.09 305347.115 2751714.41 0.132 0.320 0.346
51-0006B | 241930.983 | 2748757.261 | 241930.888 | 2748757.299 -0.095 0.038 0.102
51-0007B | 296912.892 | 2793469.939 | 296913.114 | 2793469.794 0.222 -0.145 0.265
51-0010B | 304889.398 | 2776614.263 | 304889.051 | 2776614.332 -0.347 0.069 0.354
51-0012B | 269838.556 | 2776345.445 | 269838.722 | 2776345.638 0.166 0.193 0.255
51-0014B | 278917.277 | 2768012.831 | 278917.029 | 2768012.512 -0.248 -0.319 0.404
51-0016B | 256653.755 | 2770081.486 | 256653.976 | 2770081.234 0.221 -0.252 0.335
51-0017B | 249630.218 | 2760226.581 | 249630.403 | 2760226.561 0.185 -0.020 0.186
51-0019B | 305122.808 | 2760424.211 | 305122.434 | 2760424.331 -0.374 0.120 0.393
51-0021B | 279027.163 | 2751524.047 | 279026.822 | 2751523.816 -0.341 -0.231 0.412
51-0023B | 245259.246 2751602.25 245259.34 2751602.416 0.094 0.166 0.191
51-0025B | 260434.478 | 2748729.295 | 260434.229 | 2748729.446 -0.249 0.151 0.291
51-0027B | 252086.099 | 2750808.943 | 252086.027 | 2750808.982 -0.072 0.039 0.082
51-0028B | 304900.683 | 2758099.584 | 304900.755 | 2758099.826 0.072 0.242 0.252
51-0032B | 263342.192 | 2753044.574 263342.02 2753044 .485 -0.172 -0.089 0.194
51-0036B | 286565.013 | 2755511.025 | 286565.327 | 2755511.147 0.314 0.122 0.337
51-0039B | 303259.687 | 2790269.632 | 303259.804 | 2790269.725 0.117 0.093 0.149
51-0043B | 278834.547 | 2763742.184 | 278834.54 | 2763742.463 -0.007 0.279 0.279
51-0059B | 288714.874 2776970.4 288715.284 | 2776970.526 0.410 0.126 0.429
51-0061B | 275297.93 2778574.151 | 275298.061 | 2778573.904 0.131 -0.247 0.280
51-0071B | 298718.747 | 2785118.616 | 298718.777 | 2785118.577 0.030 -0.039 0.049
51-0094B | 304304.12 | 2784749.221 | 304303.972 | 2784749.313 -0.148 0.092 0.174
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p B3 (DSM)R R e 12 ® AR J(DEM)m‘@i TR AT RFEA
R ety o BRIBEA B 3 G (Ground) g3 2t L g Pl EL (Non -ground) °

AIFF P p PRI E T F Y 0t TerraScan 1 £ % » TerraScan
Jo SR BL T iR AR A R (Axelsson 2000) ~ }*Jc HE e HAARE Y
AEH BN MBS B B /~—-,‘:*ﬂf§‘_:f7s * TIN WA AT 4ot G
PRIGEEEZET > M7 ERIE R 2 fEF B DTIN =2 £ 6 p o 35
nghes = & g oehd- B FE3f(iteration distance) ! % & iT= & w TR B
(iteration angle) » % +- 3 FEE-| ¥ > 4 o7 iFERIEEAE TAzde & | BE
-8 JEHE-| 3T ‘Te%?‘ B K A AR 5 B o Bh(iteration angle *| %77 - 32)
G R BRI T e G BRE B  BE BRE I AT R AT T AN G o
B 2| 5% & () 4. 32)
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] '\‘ﬁ e
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7 === s
4 (s
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- e li@?ii%&«é ?ﬁi’ﬂ’“ TerraScan §x 448 {7 2 #6874 F 2§
M BZTHAN A ARG L THEREREES > ARANEY
PG E A 2 2t G RIBRE B G RIBEBE S T o B F 088 TerraScan ¥
L2 FOREFTER GHMAER G BT B2 2 R b

i\ 7l
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1. % #% 1= 3| (Digital Elevation Model - DEM)
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2. Hcie £ #-A](Digital Surface Model » DSM)
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(d) DSM T 3+ = % (96232059)
Bl 438 DEM/DSM L 3 T 3o =0 5 [§]

4-5-4 APk ¥

PR AR E LR B35 PRk 5 42 8 sk 8 (Ellipsoid
Height) » 2 — S 3 4 * @ 2 chB A2 TR &0 XA 2 KRB G A28 chi 3
(Orthometric Height) » 7x 3 & #-4Frf 3 @ 2 g ke H s TR DEFE LR
F oo AIFF R MLt 4 20 103 E < ko4 k58 (Geoid model) 0 d K %
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