112 # 2 113 £ LiDAR 47 { #7#c{E ¥ 35657
= 5B iE
($11F%%)
2023 and 2024 Government Procurement for
Updating Taiwan DEM by LiDAR Technique
1 Work Zone

112 # B 1 T4 3F 2

Final Report in 2023

: NLSC—112—12

¥
W
£

|
O W
OE

v B
i

A
L A
o2

) 4~ E
:*E, ) 4=
oy 3m
a0

» (

PoE R R O112#& 12 7% 25 F



S Do LIDAR 3 & woif sl DTG of HR oy &

Nl 25 TN 2 N K )
(o0 1 & 2ot ) M SRR W 5 3

= ey



pam FLIRRE A plig P o

GRS Ly A Y e AR 497T AR
e nt o https://www.nlsc.gov.tw

s (04) 22522966

B2 :(04) 22592533




1125 R113FLIDARE M EMBEM BRI A TE(FELFEE) TIFERS
Abstract

&
#c e B 25 103 ( Digital Terrain Model, DTM» ¢ 3% Digital Elevation Model,
DEM % D1g1ta1 Suface Model, DSM ) T3t & Fe Bt * 2R H B A § & % >
WP R R ERTI BT REER AR TP By 34
AL P RERE DIM T 40 492 L dh ¥ AR PS4 5
FrRPE BIFFIIRT E&]”Nﬁ KeE & TR pFTIRER S (T
Peprdded TR AERL-R2REEFT {72 2182 4(105-109), & %
{6 » 2 38105 #4217 LiDAR $ v { ; ”Tﬁi:p"_f« VR A P Tk e L&
BRI Y (T AT 2)RAIPHE T112 #2 113 # LIDAR ##F{ #7
Bei s AR SRR TR ATER LR 1 TER o J RER
BB RSP (T GipED ﬂ)ka‘ﬁvﬂ\&‘i 112 # R % 1 ITE®R-t
BLIE T FHBTES S L0 £ F ¥ 27815 1/5000 FiE S 5
AEFZELRERCI2ERE 3% 12 54 E 13 EREFS
53 % 8K -HVY 5 2MERZHIABEEI0% S F 2 112405 % 3 A
THEIL BB MEEO60%> XX 166t > 1 ITPN F AR &S

1. ;ix%gfﬁp;,@w 2 E e %-

2.5 o GNSSA =34 B[ E o

3.7 47 SR e R T ALE S o

4.7 SR B2 TR AL .

5.4 E £ A1 (DSM) & #c e B A2 53] (DEM) #] 1% o

SRR E o

-~ eI EHE
F1ITE® %4 VQISOOI 7 £ EFrpy K& 7 H&fhp (T E 0 1T
ot B 136 iR > 2 1T S PIME RN 4420 22 (R FF -
R AR Z G R B 0 L 9 5 2,700 2R ~4300 27 s kEE S L
50%° VQISO0II Z ki 5 34t w @ 45, S 2 112820 16
SRR A S E SRR S 3 A A N X L
FE R P EE 2 (RG] B B FREL SRR TSR

RealWorld Surveying and Geomatics Corp. 2 ZEE] LA BR /LT

I




1124 R113FLIDARZINEH BIEM B L A RARTIREFER)_TIREHS
Abstract

AP L F Rk s ) FCINE L R P 2K 2. GNSS i =k 25
BIEE 2T b M- BEFSEEE > mIRITE XS EE 2 - R o

e s ki
*3+F 3 LIDAR e PFig (7 5ufp &R 1t % > % | 1% % 12 Phaseone
IXU-RS1000 #psie 74z 3R w2855 80%  fle £HF 9
40% BT L 2141056 o AU 5 2R L 25 A A 2 5 B 278
ty 0 R W B fr 4 BEI5 2 4L 5 183 o4 o

= TR ARILE HR AT

Lg% ? 0% - 2RI doif kB Rl % p 558 % A 5 4.07 2/m*;
S R FACFORBE SR N T OBRR L 615 B/m’

MAREFGRPFR ATHEEHFALL 56 2497 202 F 15>
JO L 5L 50 2A~11T A o MARF S R PORA > T8
L 5 67 204 > 313384 5 83 o0k o

BAKALKERPER ATHEHELL 105 24143 202 B oo
SHIEE G 06 AA~IS4 N A2 o BAKAE IR R PSINA > T
GHIEL L 130204 5353 L L 128 24 o

M4t 3 R~ BeE s ANCE] ~ Bele e A 0] B R AT

REE T AIRER T RealWorld Surveying and Geomatics Corp.



1125 R113FLIDARE M EMBEM BRI A TE(FELFEE) TIFERS
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.There has been a complete DTM data generated by LiDAR
technique for the Taiwan Island. However, since Taiwan is susceptible to the
impacts of typhoon and earthquake, it is necessary to keep updating the DTM
data. The Ministry of Interior (MOI) has conducted a project for updating Taiwan
DTM since 2016. Therefore, National Land Surveying and Mapping Center,
planning for “Updating Taiwan DEM by LIDAR technique - 2023 & 2024”. Real
World Surveying and Geomatics Corp (RW Company) are execute the 1st work
zone. The 1st work zone across Miaoli Country, Taichung City, Hsinchu City and
Yilan County. The total number of 1/5,000 Map Sheets is 278.

The project is divided into two years, The first phase to forth phase were
completed in 2023 and the fifth phase began in 2024. The second and third phases
need to submit 40% (112 Map Sheets )and 60% (166 Map Sheets )of the total
number of Map 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 orthophotos

I. Flight plan and implementation

The flight work zone was executed using VQ1560II sensor in the area. The
current survey operations total of 136 trajectories, measuring length of about
4,420 kilometers, flight height of about 2,700 to 4,300 meters, and LiDAR strips
overlap of 50%. The calibration of VQ1560II was performed at Tanaka Town on
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16" February, 2023. In order to ensure that the result is correct, the flight operation
was confirmed on the same day.

There were 2 self-surveying GNSS base station set up in the flight work zone,
which was setting by dual main station method at 2 locations. Collect 25
continuous GNSS stations which were set up from the Central Weather Bureau,
the National Land Surveying and Mapping Center and the Central Geological
Survey. All of these 27 GNSS stations are computed at the same time, to ensure
the consistency of the frame.

I1. Production of orthophotos

This project collected data by using airborne LiDAR and aerial photography
at the same time. In the fisrt work zone, aerial photos was acquired by Phase One
[XU-RS1000 with 80% overlap and 50% sidelap. The current number of actual
used aerial photo was 21,410. The orthophotos of this project generated with a
ground resolution of 25 cm, and the total number of photos was 278. The standard
deviation between orthophotos and control points was 18.3 cm.

II1. Post-processing and accuracy analysis

In the 3rd work zone, the average point density of the first sub-zone which
exclude water body was 4.07 points/m?, the average point density of the second
sub-zone which exclude water body was 6.15 points/m?.

The average absolute errors of low altitude elevation area were between 5.6
cm ~ 9.7 cm, the root mean square error were between 5.1 cm ~ 11.7 cm. The
average absolute errors of the low road cross section was 6.7 cm, ths root mean
square error was 8.3 cm.

The average absolute errors of high altitude elevation area were between 10.5
cm ~ 14.3 cm, the root mean square error were between 9.6 cm ~ 15.4 cm. The
average absolute errors of the high road cross section was 13.0 cm, ths root mean

square error was 12.8 cm.
Key Word:

Airborne LiDAR, Digital Terrain Model(DTM), Digital Surface Model(DSM) ~
Digital Elevation Model(DEM)
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5.GNSS # & =
GNSS & F 4 4 # 4F LIDAR = %4 & > F10" 7 fd i 3fde ~ 2 cirh 3
B frd s ol 5 PR R L F B L EIFSER GNSS 23 &2 F 5 &
4-3 W 5 A= F 2T E GNSS & % § -
% 4-3 ~ GNSS # & 40 B = % B

Number of GPS.

MW

]
\

a0 0500

w7

PDOP & 4~ # [
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FEIE - =HLIDARIEH

Monument Description: «
GPS Receiver Type: TRIMBLE NETR9+ Epoch Interval: 0.5s+
Antenna Type: TRM57971.00 SCIT+

Elevation Mask: 10°

Elevation mask ~ BLiP|3E

R F Combined Separation

6. F 7 = %

AR & fh 7 7 (Boresight Angle Calibration)&#_12 7 e 2_ 4w ~ & B 2. LIDARSF B
TR I R e g2 iR (73 E > & @ * Riprocess#ic 8 Scan data Adjustmentfz & o
RiPROCESS#c#8 it p & @ Bl € fpsnd ¢ chT G kb4l (WA BF ~ 1. %)

BRSO RIGHEEZHA
BB N R IMUG A B2 5 RIEE B S RTED S R do 4557 -
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B* B RZHEFTHMEY  RREEEELAL

M -

Eo

AT R AR AA TR IF LA T AL e AT RN ETEB T b
ZEECRAMLTEFRRE RS > AF B E P E RRESS S > @ R
& & 4oBl4-611 2 4 4-447 5
RiPROCESS Scan Data Adjustment Protocol
Project: 20230216
Protocol date: 2023-03-16 13:35
Operator: YUWEN
Commenis:

Program version:

RiPROCESS v1.9.2.2 (2021-12-22)

Computer: DESKTOP-P9LBHR6
Physical uniis: m, deg, s
Calculation parameters

Calculation mode: Analyze
Calculation time: 23 secs
Calculation mode: Least Square Fit
Tolerance: 0.000100
Use Manual Tie Objects: False
Search corresp. planes: False
Search radius [m]: 1.000
Angular tolerance |deg): 5.000
Max. normal dist. [m]: 1.000
Observations active: True
Observations count: 20099
Calculation results

Number of free par 42
Number of observations: 29999
Error (Std. deviation) [m]: 0.0181
Median abs, dev. [m]: 0.0134

1000 -

100 4 --

Count [1]

0.02

002

<01 -0.08 -0.06 -0.04 1] 0.04 0.06 0.08 0.1
Distance [m]
Bl4-6 ~ & % j2 8 & %

BHIFELUFER) _TIFRAERS
ZEELIDARTEZE

B RE A

# 4-4 ~ Boresight Angle & Z_i&

RE LI S8 P - F %

EERTY

Roll -0.13887

-0.13882

Pitch 0.21712

0.21828

Scanner 1
Yaw -0.01520

0.01479

X 0

0

RealWorld Surveying and Geomatics Corp.
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S50 - RS LIDARYER

RELHE | FEAR | F-oxFadE EEEE S
Y 0 0
Z 0.162 0.174
Scanner 2 27 Scanner 1§ § > & Z 4% Scanner 1 £ 73§
Bt bt RSk o R AR TR e r R 1~65hT LY 0 T E AT
PR ARG T LATRRL > L E A APH B4 2 AR TR kR

- 5y

- v AL v sl T
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ENE - EHLIDAREFE

Fl4-8 ~ T £ j2 5 s 4y

T % A2 BEZ AR SR TR

%45 kid kAT R ARA 4T AT A (1 R )

gy | EHE | I BAE | gy | EEE | B2 | FE
' % #(m) | §4#(m) | FZi(m) | % #2(m) | % #2(m) | #F-£ (m)

TC-75 73.052|  73.165| +0.113|TC-34 67.578| 67.557| -0.021
TC-35 67.684| 67.717] +0.033|TC-32 68.732| 68.710] -0.022
TC-53 67.778| 67.807| +0.029/TC-42 67.508| 67.483] -0.025
TC-74 71.724)  71.734| +0.010/TC-83 68.996| 68.970| -0.026
TC-63 68.595| 68.603| +0.008/TC-72 68.923| 68.894| -0.029
TC-22 66.984| 66.991| +0.007/TC-73 69.580| 69.549| -0.031
TC-95 69.957| 69.964 +0.007/TC-25 67.144| 67.113) -0.031
TC-54 68.772| 68.771 -0.001|TC-51 67.552| 67.520] -0.032
TC-33 67.523| 67.520] -0.003/TC-41 67.401| 67.368 -0.033
TC-45 68.690, 68.685] -0.005TC-13 66.490| 66.455] -0.035
TC-82 69.115| 69.110  -0.005TC-31 67.239] 67.203] -0.036
TC-62 68.671| 68.666/ -0.005TC-61 67.650| 67.613] -0.037
TC-93 69.671| 69.665 -0.006/TC-85 70.540 70.502| -0.038
TC-92 69.731| 69.723 -0.008|TC-81 68.874| 68.833] -0.041
TC-71 68.685 68.676/ -0.009TC-91 69.353] 69.312] -0.041
TC-55 69.050| 69.039| -0.011TC-12 66.490| 66.447) -0.043
TC-94 70.476|  70.463|  -0.013]TC-23 67.124| 67.080, -0.044
TC-43 68.557| 68.543] -0.014/TC-64 68.432| 68.388 -0.044
TC-44 68.571| 68.553 -0.018|TC-14 66.773| 66.723] -0.050
TC-52 67.729| 67.711 -0.018|TC-11 66.457| 66.406/ -0.051
RealWorld Surveying and Geomatics Corp. 5 ZER T RI&GR T
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$ME - Z=HLDARIFE
ey 2 1) e r'% y oy e 1 1 F% iz
S % #(m) | §4(m) | FL(m) K " ® #2(m) | B #2(m) | %4 (m)
TC-65 68.735]  68.716 -0.019|TC-24 67.482| 67.431 -0.051
TC-15 67.313]  67.259 -0.054/TC-21 66.703| 66.643 -0.060
TC-84 70.440, 70.381 -0.059
B~ £ 2 % (m) 0.113|L 354 & ¥ (m) -0.019
B £ 2 % (m) -0.060|¥ %% (m) 0.030
T.RERB R R
ALF I REFEFTSEIAEAF W112E027 16P & FRndl 7

(Verification)i B 07 Frel 8 7 AR o

B E H e LE 2 BT

o WFE3LALAR

Bk BARLAIEEE VR R AR 46 U FERI TR LR L A
Bl4-9 -
Fe 4-6 ~ K iE K ALEF T B ARA PTG A (A )

gy | GEFIE | om2 | FA | gL | Edlm | B2 | Fa

i % #2(m) | §#(m)  FL(m) | % #2(m) | % 42(m) | 4 (m)
TC-43 68.557| 68.598 0.041|TC-94 70.476/ 70.465 -0.011
TC-95 69.957|  69.986 0.029/TC-41 67.401| 67.384] -0.017
TC-32 68.732|  68.748 0.016/TC-25 67.144| 67.125| -0.019
TC-35 67.684|  67.696 0.012|TC-45 68.690| 68.671| -0.019
TC-53 67.778|  67.787 0.009/TC-72 68.923| 68.904/ -0.019
TC-14 66.773|  66.780 0.007/TC-92 69.731]  69.711] -0.020
TC-62 68.671| 68.677 0.006/TC-12 66.490| 66.468 -0.022
TC-33 67.523|  67.525 0.002|TC-13 66.490| 66.465] -0.025
TC-22 66.984|  66.984 0.000/TC-34 67.578| 67.553] -0.025
TC-63 68.595|  68.593|  -0.002|TC-54 68.772| 68.747| -0.025
TC-51 67.552| 67.549] -0.003|TC-24 67.482| 67.455] -0.027
TC-23 67.124|  67.120, -0.004/TC-93 69.671| 69.644| -0.027
TC-15 67.313| 67.308) -0.005/TC-85 70.540| 70.511] -0.029
TC-73 69.580| 69.574| -0.006/TC-64 68.432] 68.399] -0.033
TC-65 68.735| 68.728)  -0.007/TC-31 67.239] 67.204] -0.035
TC-42 67.508| 67.498) -0.010[TC-71 68.685| 68.646/ —0.039
TC-91 69.353| 69.342] -0.011|TC-61 67.650 67.605| -0.045
B+ L2 ¥ (m) 0.041| T 2% % ¥ (m) -0.011
B 2% 3 (m) -0.045/¢ %4 (m) 0.019
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B4-9 s B A F T %

42 LESF > %

X BEERFR T P F T AT E RS 2 I MRS R TR
S FERITE AT
() BB AR T R F L RBH 2 ﬁfﬁ’iﬁ%??}ﬁiﬁj” W Y o
B2 odp RERTEZRRAZ 2B ABAFTRZEHJ|TH > 22 2558
2 AP K Aok 4-7 PTF o
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SEINE - Z=HLIDAREZ

Fo 4-7 ~ Bothp ke b4

2 NI Rk B T 3

ExiE:, g #4688 112/07/07
W V1560 _ AOS ONE e
W XU L DMCHL
3:12:00
ALELEAEE | GPS & A(R) | srd () | suik(kis) | HBEH(AL) | HHEFRI(:L) | PRR(khz) | SR(lps) | LaserPower(%) | A # HHALZHIAY #Hiz
405 LR 270 84 0811 0812 155 45 100 13 R1 _ L21403
405 3858 270 87 0820 0822 155 45 100 19 R2 _ L21405
&4 10827 0 90 0831 0843 175 45 100 1870 R3 _ L21064
&7 10827 180 BE 0847 0857 175 45 100 164 R4 _ L21067
& 10827 0] BE 0901 0912 175 45 100 175 RS _ L21065
=3 10827 180 8y 0916 0927 175 45 100 155 R& _ |L21068
=] 10827 0 £6 0930 0941 175 45 100 169 R7 _ |L21066
2] 10827 180 85 0945 0936 175 45 100 148 B8 _ |L21069
(2) &% B % VQIS6OI % if tk B¢ Phase One IXU-1000 » % th B % #pF

b bR AR R

Hz ikl =¥ o7

% 4o @) 4-10 -
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ENE - =HLIDAREFE

B4-11~ 7 & 5 % &b fwmk £ B
2. Hodr A F T E
B A B R B EREEFSE A KT A a1 GNSSEIMU k 5o Hi2
FH 0 TR R T4 i R E R T E AR T R R
AR TR SEFERY F AR T LT G 2 TR £
A TE A 0 Ao Bl4-12 o

(3
D)
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Bl4-12 ~ s 5 dedp o

3. oS &

FUTERFOCEXRITER(F & FAAMLIR T 422 F)7) R
B3 427420 L (5 I REAUE P F SR S R SR AT 2 E AT Al 2
P E4420202 R E R 3% B - H B A HFaF L5440 T AT
BALT A2 52602 2 o & FXH TR R Jpdl it o4 4-8977 0 SLddp
PACE4-13577 o ATFE R I RLUER ~ P F HUA - IR A F A8 wdpER
o FFRR FEH Y X F o

#4-8~ Pl® & BRI

T PR
A 2R F BRIBE AR
S

1

P10M03-2023042809 224

P10M03-2023050308 412 IR
P10M03-2023050507 440 L
P10M03-2023050607 209 B
P10M03-2023051007 96 B R
P10M03-2023052207 447 B2
P10M03-2023052607 174 R
P10M03-2023052807 485 B RR
P10M03-2023060608 137 IR
P10M03-2023061909 149 IR
P10M03-2023062107 420 B AD
P10M03-2023070508 276 IR
P10M03-2023070607 544 IR
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1 i H 1 ZRR & 5 ERIwIE LB E Bt
P10M03-2023070708 I
112.07.07 261 o
P10M03-2023070714 i
112.08.14 P10M03-2023081408 54 it 2
112.08.15 P10M03-2023081507 92 it 2

FLoL ] 2B} L]

2640000
26420000

260000d 2620000
2620000

2600000

2580000
L]
2580000

2 e 2B L

Bl4-13 ~ L Frpr ? »
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4.GNSS FH &4z Brige

Ak GPS Bl R A2 PFF vt e HFpe & 3v2. GPS BRI A4 FF R 5 10 » 480
TR E IR k2 GPS BIEM B FO 10 4 4 0 4 P1OMO3-
2023070708 2 =t k E #py % 5v GNSS B P 5 2023/07/07 07:36~2023/07/07
10:30 » GPS B P BF 5 2023/07/06 08:00~2023/07/08 07:59 GPS £ =k 45 4 30 5L
FiERrATRp > 2+ 5 GNSS AREITRT - EHKE s 1 Hk

EPFE RS TE TR G(PEI0R 1 Rifr) 2 A B st Ry )
32202 2 > 4ofl4-14477% (P1OM03-2023070708 % = ) =

e

— T
.—-:.h"‘“-]l'- 3
)
=t

| e § S CHUN

Bl4-14 ~ 3 =k & SUR PP R4

P et B P sk 2 PDOPE s H B E /| 3> @ Bz - kdH
B2 % 2. GNSS & 45PDOP & # 1 % 2t4 > 4o B4-15 ~ Bl4-16%7 7% (2 = P1OMO3-
20230707082 = %) ° PDOP =VHDOP? + VDOP? 4 - v 4y (7 40 % % 15 £ % o
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1l
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1 L | [~ =a_ | [
NE NR—— - o
) VI TS NS [t {4y
| i [ |
U Ly | L

B4-15 ~ A =:YUL1 PDOP &

PGP

= i
I h“‘ | | fhﬁ
‘ l.‘ _Tl-",'.']_ff II;MJI""!,_l_g_l_ J' l‘;’_ lih{ I

& i

®14-16 ~ 4 §*GNSS_PDOP &
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43 FFlRlE

3‘: i\‘LlDA ‘i }%@/:. '}:{1‘— ;}r,}%l 'QF,F f'ﬁg;ﬁ'] ‘% I)v . ﬁiﬁ‘ﬂﬁ-ﬁ“rbﬁﬁpos)?;g
%2 LiDARR 4-8E2 A 1 > Bl4-175 B2 23 & W adZin /2B -

T EmkERGARNRE

k4

‘“ﬂ%

L 4

POSTEMI R & 5 AlEE R

|

4
EHREGNSS IMUE #
I

=HEERED
RIGHEERT

WATER e

BETEER

®4-17 ~ 2 L 24 AT I AZH
TOREREE >
W@ 5 GNSS Ale ATl s S F BB SRl LR

\

A Lr;.lﬁ Lo 7w i\‘ LiDAR ﬁ%ﬁﬁvﬁ\g GNSS & IMU F #0112 e B4 5 R e
2. LiDAR #pg5 & #uiss POS f2 5
{1 * POSPac MMS ¥ & 4-GNSS/IMU T 42 {2 /B 25 » 12 115 F dcqliz- & - 12
B inlg & 7 3R Sgiesk(Extract Log) » ¥ * kFgiud 7 2 GNSSPF & ~ 4l fe
Wik TR E AT 7 LK (Gaps)E T3 o
o GNSSZ = F AL 2 4845 & 2L 2 GNSSF 4L i fi A & B3 B AT
P F W~ 5 GNSSHAsh2 @ rdifkiE o X HIMUT 194;4{%@;;/ P e
(Lever Arm)fiy » > i@ L fFp prifm R Pl B X B> - 845
SBET 42 7 3 4 B]4-18 ©

H-de
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SEINE - Z=HLIDARESX
SE e |
" . B 7 A =
e | foatue Soieis Ao | Tise i | s e | S| e
o — - — i o e 2 |

B 4-18 ~ EHlFpy L2 5

4 & LIDARZ POS Sbetirif* 7 &2 F

Y E SRR REEF R (FF R & B EEE) 0 4o »
IE fff‘;%%; X TSl HARPE Sl B

2

v

PR R
% # 7 ENhI% Time Stamp > Bl4-19% » %

';{-ﬂm‘ﬁ T\ﬁﬁ#f‘? izr,,‘_hff ?fl

B 4-19 ~ & X B2 & % F]
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= niﬂﬁﬁl}ﬁ'ﬁpﬂé—’f AN ZRERKB TR ST LRI RAEF SIS
R L3 20 57 X8 A I 2 AR 0 An 24990 o B - R R Aeif oK
R p\ T ok % B 5 4.072L/m? > o) 3t 1.08E/m? G 5] 90% 0 4 352.0~1.08
/m?E Bk 5] 0% + A 22E/m2100% - % = 3 Bl R B A Ay KSR R PN T
8L B R % 6.158/m? > ) 3 1.08E/m2 ¢ B0t 5] 90.0% 0 4 352.0~1.08/m2 F it ]
0% > % 32BE/MPE100% > F 7 E & R

249~ P BET 2 P
f;?——'—j-fﬁ'rgv o3

41905

A WA

IETE
i

/

AR

g

o

i o
s < e
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- F R FE -3 pE
2-1-1RE 2-12E
BIERREE e HiEREEE HE
=] D>2.0 81,242 100.0% =] D>2.0 115,476 100.0%
2.0>D>1.0 32 0.0% 2.0>D>1.0 8 0.0%
= 1.0>D 0 0.0% = 1.0>D 0 0.0%
[ v/ $ 17 2 e B 7k 53 = eeee-
BEHEge 81,276 SEHiEge 115,537
DASIENENEE » KIS ETRALR DASIENBLE » KIS HERAAL
BETIEE 4.07 &/m? BETIBE 6.15 B4/m?

Aff AT £ 2 gD \afﬁn‘%aﬁu TR RS A E AL (30

3
AUASPIIIE SN e & § TREAEFREF LITE i * RIPROCESS #ix §8 -
» T

) A
e A B2 ApRg L PR GFLFRF03m-3m: [ 33024 § Bor &

TS AMINC ERETG I 0 hoBlA-209n 0 BRI FES R S AER R

BRPSMNEEL R AERY 52 DRA IR ESH A ET R AR
A

421 Pk Frind 3 7

B 420~ R4pBLZ AT 3L EHI (T8 5 L0 Fk)

b b dbedt o1
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44 s T L AP I RIFR
4 GNSSEIMU 4 s34 ¢ WK T T SRl 2= AL BB EHAE > 57
SR Uk M > k% ¥4k * RIPROCESSH M T £ - 1% 4 £ &5 18 £ #
% B ® A2 Intensity B3 B e § 0 UFERE ﬁ'é’@%h N IRER G BB
(Latypov, 2002) » i&— # 2@ % 5038 % o ¥ 305 S bh T £ ¥ &4 > ) 2
BRI & A AGE R G N ARB Y 0 FA IR D R ML T £AT
FRivE o MEFRE AL (T E e §4-22 .

/ BwER S
v

[ A B R ]
(

RIANALYZE - RiIWROLD)

HMEHES
(AL - 8%

h 4

[ﬁ&’%ﬁﬂ%ﬂﬁ%ﬂi&%
(roll,pitch,yaw,h)

v

MEFEEBERN
EEARRRE

M AEERZE<20cm
FEEREME
PERZE<10cm

HEHL
RIERRAF

Bl 4-22 ~ &k T £ 1T E AR

441 HFFRLITE T L AJD

LIDARFF R = % 2 HEFF A 2 BAEMFRZ T o RS VL > FAENA D

R LT fR S 2T RR] o P oW LIDARF R Bcp £ B R A TRT
T_* ;% > ¢ #£Crombaghs % (2000) ~ & ”533(2005)),%’3* = S T ARG A
B g B bR gh2 gL B AR RS ) %ﬁiﬁx a3t

T B B Al
e, Seft 14 o Behan(2000)#-h 42 8E2 TG d MBS VA 42

SD el p) g 4%,
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FHEFT LT e o Latypov(2002)3+ & st £ % N L G BB B ART
R ERERL B ERERERLIGE T LR RS E R RTIOE LR
£ 0 UFEEG kM A o Maas(2000) ~ Vosselman and Mass(2001) ~ Mass(2002) 7
A RPN Z bR B B D RETREFE TG ELRF R TG
S b AR E o

AFEERNHF LT EPE R A EAFELR BT 2R s
TAFE )‘ﬁgﬂl"ﬂi}i@*%i ERFEHT LA G ERHFERT T BAR
A RS BEZ TORGD oG BEp B A SRS EHET B ow BV R AT O
4

i EEE TR E R R B EFE L (- b o5 Bhenghi
BRI AR ) @ F B TR RS T o it aRF P F - 5 xS K RN gk
ZEOFR/LVPRE T T EFRRA AT P R RO EL PR X
- TR EEL P S AEEE5 XS ﬁ:%_ﬂ%}p\ hEE2 TR H T 55 A2 Ac R
423> PR E L c BRFRPFRM B2 3 RLEEHL 0 BELR Y K
Bip A X305 K h%E o F R G PHERPTIOF AR 7 FRCLERE
“,f TERERES S HLREERPEREE

Rt R id 32 PEVRPAHIBLCEIRBREG T
§|]fu/_€:£ :

ILBE AT %E > P HE R R 10 R

QIFRELISY BENL GRS
SEREE B E T
- g~ - -
TSI AT .
Alew i memwsia o =
oy T4

T
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d LiDAR % {2 B2 % I & 59 1 R0 L 4082 44k B R P
PECEARFERREGLT A FL FAPFRCRI S AL B
LIDAR ¥ » 3L ¥ L3 5F 27 =3 5 i
@ LIDAR 6§ oA 515 § 2 7 e {508 B 2G84 2 8
rgﬁi}ij‘i’(Iﬁ.‘?7lfﬁ1E ﬂm%—liﬁzi°fi'§‘}'-ﬁi%bﬁg? %
FoPErmELR o

L343 st 7 a2

ZE R TGS AT EE & POSPAC ff 1% & 2GR AL

# % GNSS F Z_ A=k 78 2 LiDAR # 22 # f5 GNSS & IMU #icdp 78 > & &2
Em;ﬁﬁ@ﬁm¢%ﬁﬁa;ﬁ@ﬁiﬁm*Awwf%memMS@w,
%@ﬁ“?wﬁ@%éﬁﬁwpf fAE AT SEE 2 = ARy o 2 )
2oz g B2 Ay > R H TP 2§ ow ik (Multiple Echoes) 12 18 » 5B~ §
v

2% - wagrer— w0 B iTHcE R £ B J(DSM) FEBRF P 2 Rfsw g
P Wk o B ITHcE R B AR (DEM) o d 3t £ 2 3 P R F A i 45 AR S
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