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Abstract

DTM, including both DEM and DSM, is the basic data of every major
infrastructures in modern time. It can provide works such as satellite image rectification,
water resource management, hydrological modeling, flood forecasting, engineering
design, and flight management with much precise topographic data. Therefore, on the
28th Central Disaster Prevention and Response Council of 2013, Executive Yuan
announced that, due to the capability of high resolution DTM, which can aid disaster
prevention and environmental conservation in hazard prone area, government should put
effort into short term, medium term, and long term project on producing DTM through
annual administrative plan. Ministry of the interior(MOI) has outsourced the update of
DTM data by LiDAR technique in 2019 and 2020 with the total amount of 1,066 map
sheets in three work zone, which are 348, 350, and 368 map sheets for each place.

In the project of 2020, there are 174 map sheets of maps in second work zone, which
most locate in Yuchi and Xinyi Township. Along provincial highway no. 21, The valley
in the south-west side of the work zone is very steep according to the heighest mountain
in Taiwan — Yusan mountain. In order to achieve the goal, Strongco planned to finish
following works, including flight planning for laser scanning, control surveying, point
cloud classification, DTM and orthophotos generating. In addition, an independent
checking team, assigned by agencies, will examine the effectiveness of project during
progress. Every stage of result will be delivered to the employer after been approved by
the checking team.

4 GNSS station and 25 flight missions, equipped with full-waveform airborne
LiDAR, were executed in our project, and the result has been approved by independent
checking company. Point cloud density is 4.27 point/ m? in first area, 5.13 point/ m? in
second area, and both results meet the contract’s standard. Unit weight mean square error
of point cloud adjustment is 8.1 cm in first area, 9.0 cm in second area, and both are also
in line with the standard (number should be within 10 cm). Im DEM derived from
automatic and manual edited point cloud and orthophoto with the resolution of 25cm are
both approve by the checking company and employer.

Keywords : Airborne LiDAR, Digital Terrain Model (DTM), Digital Surface Model
(DSM), Digital Elevation Model (DEM)







108 2 109 # /& LiDAR Hiv{ 37Hc® # 2553 & % 2l (4% (5 2 (v £ %) 109 & B 1 v 4R 2

YN 1] 8 ¢ L1 AR R PP PTPPPPPRRRRRPRRRN 111
B B ettt A\
B T B et e e e e e e e et e e e e ettt e e s e —t e e e s ettt eeeeanans VIII
23 2 OO IX
Bt B AT e —————— et e e e e e e —————aeeeaaaaaar—————aaan XII
B A 0 D it e et e te et e bt et e e ra e beeraebe et e bt e b e etsenbeereebeerteteensenes 1
Lo 2 3 R A e ettt 1

1-2 /P'J@l%[ﬁ .......................................................................................................... 1

| T R 25 - SRS 2
1-321 FE TP oot e e e e e 3

R R E g LR U 3

I RCIE A SRS £ Rl R Y 3

1-3-4 05 B B2 B 17 e 3

1-3-5 R IE3R2 2 v T IS AR 2 e 3

o2 BB JTTEIZ oot e et s et e e e e s e eeens 5

L-5 10 A B 2 T ettt 6
B AT B B T 7
o e R i TSSO RRRRRO 7
222 TR EBZE T oot e et et er et e e e s raereeeed 8
221 5 AR IR R cooereiisinienesnnneeesesne e 8

2-2-2 B HF I IMU oo 10

2-2-3 F T B T ettt 11

2-2-4 GNSS (BB Bl R ceeeiieeiee ettt e e e e eaae e e e e e s eea e e e eaee e s 13

2= B B BTt ] o et 14
D31 T B B oo s 14

2-3-2 109 2 Bt A ] o e e 15

2-3-3 B 535 ¥ e 16

v B3 TR



108 2 109 # & LiDAR i { 378 ¥ 5503 & % Bl 81 (T2 (% 2 T2 F) 109 & B 1 i3 47 2

2-4

2-6

2-7

e T L Y 17
Dodhel Z R E oo e e e s 17
R OO 21

2-5-1 3 G GNSS £ E Hh oo eeeeeee e ses s eee e eeeees 25
2-5-2 SF T LTI E TG 3R BRI EER] R 28
£ LR e L OSSO 43
R R R T e e Y 43
262 BEEAF BT B B oo st s e e 43

TR B ZE T T EIL (o 48
2-T-1 RAEBEZ FR B oot 48
2-7-2 BEZ B T E et 50
2-7-3 BE R A B oot 56

2-T-4 B0 5 BEFU F A BT e 60

2-8 DEM 22 DSM @ 1% % B MF AR 4% T ottt 63

2-8-1 BLITAR B oottt 63
2-8-2 HEFIEEHE Bl oottt 64
2-8-3 BBl E A 18 oottt 71
2-8-4 I B EEHE oottt 72
2-8-5 B AL EE T H 3 e 72
2-8-6 PR T AL 1T Lo 73
2-8-T B B JE 7T ettt ettt 74

2 7 7 A} N
2-9-2 i BRI TR % ¥ 80
1= w7 2 eeeeesececsessssesesssssssssssesesssscccccececnesessssssssssssssssssssssseses
=J-3 1 Brg2 B B ettt e et ——a e e e —————aaa———————

294 T 54 R T AL LT oo 83
2295 K EE HLET 70 AL B ZE oo 84

2-10 #fEat FFFE P FTINE B oo 85

) (A suzemmam



108 2 109 & & LiDAR $t/ { 378c @3 2507 & % I8l 1 (P3epb (% 2 (P £ %) 109 # & 1 (a4 2

o 230 5 R T A T ettt 86
3-1 BT B B3 e 86
32 BEZ Hni3 A 4 R B oo 86
33 BHUEIE A 4 R B oo 86
B B B T T e ettt e e e erae e eate e aree e 87

B T 3 B T B T oottt ettt et b e ns et eans 89
4-1 M5 s ﬁn‘?FJ ................................................................................................ 89
4-2 4T f‘;i ........................................................................................................ 89
B3 3 B BB A B L e ee e 90
4-4 B 8 B0 S FLREZR B oottt ettt 91

BoB-2 FE BEZE T oottt ettt ettt e e 92
B LA B 3T BT IE 2R oottt 96

h [ currmmemm



108 2 109 # & LiDAR P { #7dc® b 554 =~ SR E 1 (THREE(F 2 T4 ®) 109 # & 2 [F AR

it P &
M2 - ARR S (R A
i
i
ite Tg T L pdlghiea s £ BT )

T RERFE KD R F R (T

i Iy
=
g; !
5 <
» =

NN

B
PY o
ﬁ -n_H\(
%E T
E
.

(w
-
g
33 |
A
o
g -

i

M SR Sl A (T
RS B2 RATEA(T )
SRR gﬁ\-v’cﬁ\-ﬁz TFE (R
MY RESERE F P B ES(T SR
MR L R ERPIZES 1R R (T )
L - BT PR TR (R AR

il TRHECRAELLVAR

iELZ APRSMETALALTAR

VI B B3 TRBRHHRLE



108 2 109 # B LiDAR a5 #7#c @& 254 & S o @1 (v HEX(F 2174 %) N

WP &

Bl 1-1 109 # &% 2 T E%R@-2R %)M E F R T F o, 2
Bl 2-1 O T8 AR B oottt et ettt et ae e 7
B 2-2 =% i\- i Riegl LMS-Q780 F 5 P oo e 8
B 2-3 106 # IGIIMU B BLEF o F 3R 2 e 10
B] 2-4 PhaseONE IXU-RS 1000 F 58 ...cooveeeeeeeeeeeeeeeee ettt eee e eneeas 11
B] 2-5 PhaseOne IXA 180 F PR ..ooooeiiiie ettt 12
Bl 2-6 5 5 GNSS #E T RT B ITER oo 13
Bl 2-7 SRR BB oottt enee s 16
Bl 2-8 2 I i B 7T R BBl oottt 18
B 29 F;itqci ¥ :ﬁ\i}‘?—ﬂm‘sﬂ%ilpﬁ Bl e ——————_s 19
T PR o 19
Bl 2-11 i Rfr2 o WP G 2R REFFE IS JIFAEI % L 20
Bl 2-12 351 fo% & %3 GNSS ¥ A %} .................................................... 21
Bl 2-13  Lever arm & B 1F 2 BB oottt 22
Bl 2-14 3 B BEZ B 3 B T oo 23
Bl 2-15 N & K B 0B 00 18 BE T 210 oot e e e eaeeas 23
B 2-16 GNSS f 3= b0 2 20km$vlf§]ln\'ﬁ}§] ...................................................... 26
Bl 2-17 GNSS i3 sim FH R F L = % e, 27
Bl 2-18  HF T Z I HUBEA T ettt 28
Bl 2-19 T Z #4128 VBS-RTK L TF BB oot 29
Bl 220 BEF S 852 (A > B)oooooeeeeeoeeeeeeeeeeeeeeeoe e eeseee e eeseee e 36
B 221 5 ERFT B SEM 25 5 BIL oo eseenee e 37
B 2-22 AgiSoft MetaShape 3% i® % Bl veetreteeeeesseeree e et e te e b e e e e b e ste e b e eraenbeereenbeenas 37
Bl 2-23 Metashape 7 ¥ = & B8 T £ FH T30 o 38
R R L Y 39
Bl 2-25 B R TR RE R B R I E PR e 40
Bl 2-26 B 9T BB 1A B A T e 41
Bl 227 H U I BEIR I T T TERR oo 42
B 2-28 Z T AR TR T AP T R I AR 43
B1229 #HEFTRIFEEBRBI SR e 45
IX




108 2 109 # & LiDAR H:aF{ #78ciid 53 = SRl 1 (i (% 2 7% %) 109 & & 1 T8 4R 2

[l 2-30 ”i#@+£ BBEZ HAA T E 2 Bl 45

B12-31 & 2R 0 E I oo 46
Bl 2-32 109 Za3%- FRHEMGA2-IRF)AFREZERBE S % . 47
Bl2-33 109 3% FRHEMA22RF)AFREZERBE S % . 47
B 2-34 m%mMMN%@%;ﬁ%éF#ﬁ N = ;- Bl -2 48
Bl 2-35 Riegl RIPROCESS B 77 2 A 5 F AT E F G i 49
B 2-36 BEZ FH & SRR T B oo 49
B 2-37  BEE B0F T L IT E AT oot 50
B 2-38 BEZ HUH T Z ITZE B it 51
Bl 2-39 BLE S T AP -8 TR F@2-T B F) e, 51
B 2-40 ZEZ 5 T X PR o8 2 F BB (422 BT ) e, 52
B 2-41 BEZ FHAEE SR R ATEE R e, 57
B 2-42  LiDAR BEZ A BT FIEE T 55 oo, 58
Bl 2-43 M ATEFEEZ AT (877 B Bl 59
B 2-44  BLE Gid A BT B T R Bl e, 59
B 2-45 109 & % - F P % (4-2-1 B % )E 5 BETCF A T e, 61
Bl 2-46 109 & % = F ] % (4-2-2 B B )E G BETE T A T o, 61
Bl 2-47 109 & % — 3 P F (4-2-1 B % )E 5 BRI F BB e 62
B 2-48 109 & % = F BT (4-2-1 B % )5 5 BEIUF B R oo, 62
Bl 2-40 MAHZ P ELFEFE FRE RS FAABER . 64
Bl 2-50 K435 27 EEFEA P FEERPES R EEA e, 65
Bl 2-51 MAHZ P ELEFE RE RS R E 65
B 2-52 (5352 57 EEERE BRI RS R KB e, 66
B12-53 MA3E P VEEER R RE R PEES E N B, 66
Bl 2-54 MiA3E P ELFAE FEERPEES R ORE s 67
BI2-55 ¢ B4l B s SR P EE S R AR B E e 68
Bl 2-56 P BT H SR B R oA e 68
B 2-57 % B30 Bl B P D B oRE oo 69
Bl 2-58 % B L B E AP B B o BB e 69
B 2-59 P B3R LB ERPIED T3 e 70
Bl 2-60 AL E P EEE R RIEE B0 B R F e, 70
Bl 2-61 P B3R LTRIEE F-50 I D E e 71




108 2 109 # & LiDAR i { 378 ¥ 5503 & % Bl 81 (T2 (% 2 T2 F) 109 & B 1 i3 47 2

Bl 2-62 109 # B 2 % Bl A FL BBl oot 72
B12-63 P Fedk T FE B N0 ) P EE G 73

Bl 2-64 DEM 2238 T 2 & 7T R oo 73
B 2-65 4-2 8% ImDEM P BBFE BBl 74
B 2-66 4-2 B % ImDEM P BRIE B B-1 e 75
Bl 2-67 423 % IMDEM P BBIE B B2 oo 75
B 2-68 4-2 B % ImDSM B RIS F B oo 76
B 2-69 4-2 B % ImDSM B BBIEFBl- Lo 77
B 2-70 4-2 8% IMmDSM B BBIEBEBI-2u oo 77

Bl 2-71 I 532 B TT AR oo 78
Bl 2-72 #p B Hd A ITE B o, 79

B12-73 B GAE R T EE B s 79
Bl 2-74 Bt BE R BT E E B oo, 81
Bl 2-75 109 & B 42 BT 2 T 1 5B T B oo 82
B 2-76 T 5B R B T AT E B o 83
B 2-77 TR BT R F T R Bl e 83
B 2-78 109 & B 2 % RIBAE VA F s 84
Bl 2-79 108-109 # B #efE = % P FT3RE S B B SH2 e, 85

Bl 3-1 2 R A T ] oo 88
B 41 B F 080 2E ] oo essssne s sssnsssssses e 89

) (A suzemmam



108 2 109 # & LiDAR e { Atfcii # T HA] & & Rl (TR (F 2 7 %)

1 p &%

22-1 FPREEHF/HRIATFEREFEFEHER L 8
2 22 Riegl LMS-Q780 52 F .ot 9
223 BHAE IGIIMU 3502035 F e 10
% 2-4  PhaseONE IXU-RS 1000 ..........c.cocoiiieieeeeeeeeeeeeseeeese e esssssenas 11
7 2-5 PhaseOne IXA 180 2F 2 oottt eeee et ee e eeeseee e 12
26 MEBmMGWPTELT RE RBEALHEHBA-IXAL80 e, 12
# 27 AEFpFEF 22 6 GNSS #FE T RAJELEHE o 13
20 2-8 42 B T B D] BB, 15
22-9  F ZHGNSS BB 2 B 1 B e 22
e 2-10 2 B B BT e 23
Zo2-11  F 3B AR HEEH P 2 5 (1 ZH3) e 24
% 2-12 ¥ THF AR A BT S E (R F,\;ﬂnﬁﬁ{) ................................................. 24
%213 #FEFBERETEF GNSS Bb E 7] & e 25
F2-14 B ZE GNSS ZL B ZhFUZ e 26
% 2-15 ﬂm% T X B Ay 1B AE B A % (e-GNSS 2019) v 30
% 2-16 ¥ T g;rs ﬁi""ﬁfJ%TWDW [2010] 2 & e 33
2 2-17 #F T LT G 24124 B 2 % (6-GNSS 2019) e 35
% 2-18 J@ﬁﬁ;i’ iTa5 #"’%H“ALTWDW [2010] = % oo, 36
2219 Z9¢ 2 4P P T L AE - RABEE S ETELF o, 39
2220 Z¢ Z 4P BT A AE - RABEE ST RETIEOLE e, 39
221 RAEIPAFHFSRT ML F AR E e, 44
4 2-22 % s Find Fluctuations = % A 45 (H 20 25 ) e 52
4. 2-23 109 # % — F P % (4-2-1 7] % )DEMLAS 4 # 3 E ok 6 2% .. 60
4. 2-24 109 & % = F P % (4-2-2 B %)DEMLAS 4 3 % # e 4 2% .. 60
225 MAEHRZE P VELZEFE REERPTEAT R 64
3226 ¢ BARKLEREEBIEER D o 67
7227 EFERE T G R T 2 5 80
2228 FHEBEGTRHAEBRIIED 2 I A s 81
Zo4-1 RAEITE AR T 2 5235 e 89
XII

109 & A 1 (e pde s



108 2 109 # & LiDAR # i { #78HciE b 25803 = F Rl 1 (TR (% 2 (T2 %) 109 & & 1 T8 4R 2

B—% w3
1-1 3§ %4

fig» A (DTM > @ 42 DEM 2 DSM) 7t 2 B 3E 7 € < 2k hi
#o R iERELE BT vk?iﬁi#%ﬁf%‘ﬁ R R R T R R
BV A 4T s T ARG RG] s Hanw 2 IR O 3 AR 2 B TR
MR o (TR 102 £ ¢ 4 k%" Fﬁi’(ﬁfﬁéﬁ 28 =% g *3Por B A7 R DTM
TR R H A RBCHINA R S % N R CRBE R R o REE
Qﬁ%ﬁ?ﬂ’@%ﬁ%ﬁﬁﬁﬂ‘ﬁﬂlﬁ’ﬁﬁﬁﬁﬂ%ﬁﬁﬁféﬁ%ﬁ
B YL o

PECIRARE A F R s TERFERMY R RERT LA aE
(105-109) > %% p 105 & B4 > &~ # £ b 2 LiDAR 341 #7 DTM F AL > &
3107 4 & ok ey 2,111 i Bl (1/5000) f Bl @3 25503 £ 371 % > 108 %
109 & B 4] LiDAR Hae4I 5 1 (t£ % (348 15)~ 5 2 (£ % (350 1§)
2% 3 v£ % (368 tg) DTM { #74 B & 3+ 1,066 Bl tg (1/5000) > o il % Ak
B BEUF R RE] > oA lR R B2 i~ DTM B (52 $47 ~  sHR B 17
2% BT ALY LEMBRE (ITHAETRE )RR AR kP e T
0T R FIPH AT o

12 RIEFEF

109 & B 7" < B 5\7(4 2 P SP)-ﬂi T;‘?v“‘ R Bl F o 7}% g g 174 +& 1/5000 @] g »
DGR TR EERY A LF 1 FRFG2-D)LEF 23R FG-
22) He § 1 3R HE 5 72 05 1/5000 BIHe(9 41%) 5 % 2 F % ¢ 5 102
1/5000 B (%) 59%) > & + + | %3 4§ Fl4c® 1-1 -

[ sxeremmamL



108 2 109 # & LiDAR Hoii { ATdcie# A+ % R (PR (3 2 17 £ %) 109 & B 1 (Fi8 4R 2

:—,l,""

?ﬁtj | 4-2-]

4-22

0 S 10km

@ Bl

4-2FAIE
[ 4-2-1 : 72481/5000
[ 4-2-2 : 102061/5000
Lo smR

] 38R

W11 109 &R % 2FEERMU-2RT)LZIRTFF

1-3 1 iFm p

=

f

VERAHRE o AFBIGE LSRN L B R 2 1 T § RS R
21 FEFR HA TRAE S AR ES S U EOTRARR FREE

BEEE o

By TEBHARLE)

Swong Engineering Consuling Co Ant



108 2 109 & & LiDAR i { 3THcE & 583 & %8 1 ivd b2 (5 2 1% %) 109 # & 1 iTi iR

ﬁ%%g\ﬁﬁiﬁﬂ¢%ﬁﬁﬁﬁﬂ@*%r EiRsEeSUE S 8
EERP L ¢ G R RS R REF L R E %
Uk i 4 R wﬂ 22 T AJ2 -DEM ¥ DSM #] i~ 2 st A 8 1 1

1-32 Z{kdFpRaRde Y

- ~FtF e ?\;F DR BT ARRE 20 P oo i Mg i Pl R 2 i
BRI %aﬁ*ﬁy&i’ﬁg%ﬁwﬁﬁw’%wwwé

P@ﬂi'?%%U“vﬁ o TRl A e
CRFERDZFEFEPFOEFERES 7 A% 108 2 109 £ &P F
TRERRETRFTLER > R PR FRTER]
SR 109 E R PIE R FAEBRPEF 2L 108 E 100 1 p 2o

LRGN RS A s e AR £ cf A LI SR ARCEE STARE QR aiibS: N
FHP TR IZ R UG R (7R SR s e F)EE
FHEFPULER BRI R TR -

1-3-3 R pwm FRERS
Bl RFm a2 TP P FRREIHGF2 R f B (3
%W@wwwﬁiuﬁ#f'ﬁﬂaamai LAS #:5H)EEF FRF

R IR TAUR PSP E A m20 T PN B BB E i A
T 14 p A

1-3-4 & S48l 1%

LR S e v 2 s B PRI SRR B L R - A
Ry B B AR © BRI A E R iR S R
1-3-5 &34p4 4 ~ 11542
- CEFEEFHG IR REFHUIGE)
T¥EE T ZUTHP

oy

() = iTEFRRY (FERBRRTRE LR
(=) 7%?45IEB SR ARE N o
(Z) TERRE (Z2ALFREERY ) 2R FIHD VRP o

’ [A eseremmaman



108 2 109 & & LiDAR s { #78c e 3 544 & %l El 1 (P (% 2 T4 %) 109 & A 1 (e dp 2
(B)HAERPE BFE4 50 o
(1) &E®&R2 peg ®3 o
() H AP FALE i o

“HRARL PR ARE

(—) &P BEIFL RF BRI AE B 25 pakdy
HATIHRLAAEFECRAT B> N F e 72 75
FliFERE > FEEIERRANEY O ARTER NI FRBAEREL 1
WG FE o T B TR RS o
TEHENTEDFRIDLBLIRE R I UEBY 1 X5 R R
ﬁ}@#ﬁ/’\LE L 4F AR

puv

—_

J'!i

)

[

(

B e E R b d SHERRE 5
LR ER AR AT X E T RYZF L TER RMF R

LR > T k1 FEAEME G

::u

PR PSR PR

(—)°® & (ZMugF)-

(=) & =it o

(2) TERHZ TEFREEA TG EFD P F S TEDRRY] - OF
FARR G EEP S J{EFA

(Z)LIFIEP ~PE ~RE32~F2 3% o

(T) et N2 TR BRP o

(7)) > AL (4o AF]F WP ~ 21 0T A

(=) wit&Ek -

(M B AAMTREE R (FHREFE S L1 FEREDEEHRIT A%
W% &2 )o

FE R TRELHMT F e 2 Micorsoft Office Word #§# 3¢
2Pk A4 R B (SeixE ) o
SR - LT r:s;‘;—%g AR Bt pE 2 R B
%i“@%%éﬁi“%*?ﬁi’wauﬁ%%jﬁgn
. T _

[A s remmEmL



108 2 109 # & LiDAR #a{ #78cid s 2557 & S pl 8 1 ivrpb k(% 2 (T4 %) 109 & B 1 iF24F 2

1-4 e
- NERJTIE P R PRI N
()i 2
1. wap %

(DDEM = % 9 ¥ 3 %3 6 & 7 2 o
QP Te 2B HAKRES

2. whiKE

(DDEM % % F ¥ 5%+ 5 P13 0 % 22 5 6 FFEyRT o £
o E-FBRICPA4 BRI E3ED 0 20 BiRPIE - ¥ 3
PR TRE YRR R E > Ao SR B 6 BRI &2
530 BieTIEE o

QIEHEGFHF T o B HARKE I $2-362 THEMELHE
Bh F-MEICNAEAIBEE £31 020 BRI

3. B RE
()DEM = % #h 245 % > & 5 it 90%(5 )4+ o
(2)&@1‘321’%&4%_‘1’& CE BRI E URP IR T LD
PTG SRR A B TE 0 2 A 25/2 a8 o

%ﬁ ﬁ)ﬁlt"“"ii‘o
Behée¢: tap1itlhRs

~ mw»

l\\

\'\,

/

RF AL 2+ %~ FIAUPRFREREFFEIR  RFEES 58
AT P RN EETE > M2 8 RE &
ANMNBER T ST FE AT B o
CWHAHRFHALSET SR AP RY 2 RE TR E A
IEWEd RFEAEFECLF o X MR R

T SRR RARALR PR FARAAEF 0 S R L EARE > J PR
FLEILSRI B ARG BRI

SRR AR LT AR A2 TERE LA R E 2 ot iR
FEHRNTAAHRF ERIED > AR TR RE O RFRBME Y P4 14
BPEAPMEF2RPIZBIE ETFHECEMPL EFER

4l

= I\
RER

Z‘

I

X1

[A s remmEmL



108 %

109 # B LiDAR 5 { #7#ciE 25407 & % o8 1 T2 (% 2 (T4 %) 109 # & 1 v dF 2

1-5

NRERERFUIESEPA 14 BPEIPFLRSE > I d S S
PERADIELAER AT A TEIBARE2 I T RAER Y
RBEXHEE "2 EHLEE 122 o

A EREAAPME AL RPREBMFELABIEL NG B

By RN EATRE B D AL DM -

3w AP MR

[N}

~N

N

~N

WHE TR gl B0 R R ITESRLE o o MR 1T
FepnAprfe e > Rp R Terd o TRt L SRR RIFBY o
ARTEEDE I PH I AL BHEAE > BT e v BHED -
BB RAEARR = % ~ TERIE M T g/ o BT
BUER -
ERAATF S H e AR AREZ A A B A H 2 X 5
TEFRPIED - THIEFAARFAERSLIBAS )R L
T2 F AT AR Ed PP RE A ERULE LI T
d o
AR BT A B AE R AR P FF R RAFEY 2 H A
%’%%&ﬁ@%ﬁﬂﬁ&%iﬁﬁﬁslwiio

% 8 f %krﬁaﬂklﬁﬁiﬁﬁw’%%$@Wﬁ
TEAKIFE ﬁﬁ@*&ﬁﬁ%ﬁﬁ30®5@*ﬁﬁ@%

W1 EEZ T E S A AR RAAESBER R L2 B o

[A s remmEmL



108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 # B 1 iF/83F 4

2-1 1

&

h=

L 2

FERE2ES R

* ok R B B YR T LRV AL T BIEE

LG G R ARG s 2R RS B AIRIE 2 P eI R R B2

LE o RELEEIR D MR AP TR (TR R(R 2-1)

:
L

T D

| Ep b
I aamnie Bl
| - Esmaz |, memzEs
B B
[ =RRmaCos o ||

I

-
Il_ En R T T :.,:-\:::-'
o —BEREHEIE s
—SFilE RN 1§
=HiEREHE
S0 T :

- |

e I

|

]

'S
(i e el e e
L
GPSEERR
&
RITEARER
e
v (]
EEREER EREH{CTiE
' L
= TR
mi
ENEREED
BRI R ¥
1 ATIEE

W 2-1 1 fEinsem

BRI ERHEEELE

Swong Engineering Consuling Co Ant



108 2 109 & & LiDAR 3§ #78icii b 240 & % IRl 1 (e (5 2 P £ %) 109 & & 1 e 37 2

22 REFKA
221 ZRREFHR

B FRiE gi\%@ﬁﬁé{;{% Riegl LMS-Q780 (Rl 2-2) > ixyp+3+4 3
PREHHRE A REHB AL 210 2EP A FERFE R D 107 2
127 pEp WY PlgY CREREREFHRETNEZREFLE G SF
¥ BEFERT(HT2 #p)o HARA PN 5 g 8&Jip\fz$%LiDAR
PO ATRER S S R PR B AR (T6 3 B4 12om; 427 @
i O8cm) FENTRTERFEL LB ARFE2Z TG FFEL 50cm 1

B AR AR 30cm) 0 R BHRFL 0L 220

221 ZPEEFBRIIEZRERBPLERZ

7 =% 7% p nE Q780
1 LR rr ik f@;i"}é& 51 R i+ &
2 ¥k B F ¥ 3 AP RIS 3 vk &
3 Tk R E @fw S5 256 FE(2Y) S
4 GNSS & /& & — w35k 3e 4 GNSS pF R B

BT s 2R RIEZ SREFRET

( American Society for Photogrammetry and

> B2 RSt Remote Sensing * ASPRS) | @ & _—F§\ 2k if a2 R e
TR ea (4 F LAS) 4 73 Ei

6 DRGFEHR RS AGTER &
i Roll ~ 5747 Pitch 2 # & (RMS) iz |

7 | R IMUMFR | 0015 & ; kEeYaw 24 & (RMS) &) 3t &
0.05 & -

8 # 3§ GNSS #?ETE* B GNSS X # B1 > FBEHRE &

£F BIT2 PSP FREL R SRR 5;

9 ‘%%ﬁ&% 351’}%;?5@?4'?7 *%Lﬁﬁ?lr&mrrlg‘%,i% —‘— =+ &

FEPFATIIBL B2 03 AEL ) AR (107.12)

2 BARA AR o

W 2-2 _1_;\4: Riegl LMS- Q780‘?#P€

8 B3 TRBRARLE

Savang Enginesring Consubing Co



108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

% 2-2 Riegl LMS-Q780 3#-tm#L#:

System Model

LMS-Q780

Serial Number

2220561

Laser Product
Classification

Class 3B Laser Product according to IEC60825-1:2007

The following clause applied for instruments delivered into the United States:
Complies with 21 CFR 1040.10 and 1040.11 except for deviations pursuant to
Laser Notice No.50, dated June 24, 2007.

Intensity Measurement

For each echo signal, high-resolution 16-bit intensity information is provided
which can be used for target discrimination and/or identification/classification.

Power Supply 18 - 32 VDC/approx. 7A @ 24 VDC
Main Dimensions (L x
W x H) 480 x 212 x 279 mm
Weight approx. 20 kg

Protection Class

IP54

Max. Flight Altitude

18500 ft (5600 m) above MSL - operating
18500 ft (5600 m) above MSL - not operating

Temperature Range

-5°C up to +40°C (Operation)

-10°C up to +50°C (Storage)

Mounting of IMU-
Sensor

Steel thread inserts on both sides of the laser scanner, rigidly connected to the inner

structure of the scanning mechanism

Full Laser Power (Laser Power Level: 100%)

Laser Pulse Natural Targets Natural Targets
Repetition Rate p=>20% p > 60%
Max. Measurement 100 kHz 4100 m 5800 m
Performance 200 kHz 3500 m 5100 m
300 kHz 3000 m 4500 m
400 kHz 2700 m 4100 m
Minimum Range 50 m
Accuracy 20 mm
Laser Pulse Repetition up to 400 kHz
Rate
Laser Wavelength Near Infrared

Laser Beam Divergence

<0.25 mrad

Number of Targets per
Pulse

Digitized waveform processing: unlimited (practically limited only by the
maximum data rate allowed for the RIEGL Data Recorder)

monitoring data output: first pulse

Scanning Mechanism

Rotating Polygon Mirror

Scan Pattern

Parallel Scan Lines

Scan Angle Range

+ 30° = 60° total

Scan Speed

14 - 200 lines/sec (laser power level > 50%)
10 - 200 lines/sec (laser power level < 50%)

Angle Measurement

Resolution 0.001
Scan Sync Option for synchronizing scan lines to external timing signal
Configuration TCP/IP Etherenet (10/100 MBit), RS232 (19.2 kBd)
Monitoring Data Output | TCP/IP Etherenet (10/100 MBit)
Digitized Data Output | High speed serial data link to RIEGL Data Recorder
it Serial RS232 interface, TTL input for 1 pps synchronization pulse, accepts

different data formats for GNSS-time information

[B Sy

109 # B 1 T4 3F 4
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GENERAL
high performance fibre-optic gyros (FOG)
durable robust design for high-vibration environments
adapter plate for IMU mounting to sensors
64 Hz
transmission rate 128 Hz
256 Hz
MU FOG-Bias: 0.1deg/h
FOG-RW: 0.02 deg / sart(h)
resolution: 0.0038 mrad (@ 128 Hz)
resolution: 0.0019 mrad (@ 256 Hz)
accelerometer bias: 0.5 mg
resolution: 0.122*10-"m /s (@ 128 Hz)
resolution: 0.061 *10 " m / s (@ 256 Hz)
internal 72-channel L1/ L2 / L-band triple frequency GPS+GLONASS receiver
Computer low noise, raw GPS data (2 Hz), DGPS ready
includes shock-absorbing tray for mounting
Data storage PC card, 512 MB
e TT |
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108 2 109 & & LiDAR $t/F { 378c @3 2507 & % I8l 1 (P3epb (% 2 (P2 %)

109 # B 1 T4 3F 4

S RPE 08 E 120 20 AR RMe R F RE T B R R

M d BT AR 2-14 0 F 2 fRE = Fdrdk 2-10 #BF&@:}E«* 3—41‘?‘:]‘1~ Ao
s '—-'___1'?;5_‘_— -
W 2-14 FIHFBEIIEET
% 2-10 F%% 3%k
hE LA %357 ¥R E S %3
Number of observations 27866
Error (Std. deviation) [m] 0.0352
Roll -0.19927 FEfEE %
Scanner 1 Pitch 0.11480
(Q780, 2220651) Yaw -0.19940
X 0.057
Y 0.019 R B E
Z 0.271
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108 2 109 # & LiDAR # i { #78HciE b 25803 = F Rl 1 (TR (% 2 (T2 %) 109 & & 1 T8 4R 2

S E LRSS

() SRR PRI L A LR ARy A B2 T E R R
¥ ARG A T e A ARG RO LB RPN
B rBE G FRZFRLELE]T0 24 o

(:)ﬁ;&‘ﬁff’r7 5@%. *3}7%\1\%5'.15‘_5, E-p,u’if‘f7’ﬁ'—3‘.t- F\,}_l‘,
FEGRD A 2 +5@mg%ﬁ§’i@x% 5 IR g B
P
r’gﬁij‘:k 1}%‘%—_@' wf /J~ %'\ 10 Q\A\ °

1
(i
W
ok
\m

(Z) & 0 FFe P8 R Rhac T 102 & & 51 FRERB R R - F A
2 - HeEHup] GIS # RIRIE S SU % ) B BRE+S %% 68
WEF T RBE T L AR AR AR LA ARG
TerraScan #i- 2.2 Output control report 2 # it » i 7| & 74| BB 1T 2. 5k
FEplgh, PPy H e pedlats AR L (£ 2-11 12 & 2-12) 0 = %35
BERAHARSE £
#2-11 F T3 ARLFIBERS F (& R
B ARIT 42 - o mop
2LEL E N 7 ¥ B2 % AR B AL
ST1304 199200.341 2667417.881 26.850 26.837 -0.013
ST1308 199066.653 2668158.878 26.550 27.593 0.022
ST1317 198308.166 2667334.217 26.201 26.240 0.039
ST1320 199270.786 2666911.524 27.007 27.006 -0.001
ST1329 198587.336 2667697.951 25.959 25.904 -0.055
F 2-12 F IR AL TS (RRAR)
B AR o o ooe v
LS B N Z v LI RAL % AEFE AL
ST1304 199200.341 2667417.881 26.850 26.840 -0.010
ST1308 199066.653 2668158.878 26.550 26.593 0.022
ST1317 198308.166 2667334.217 26.201 26.267 0.066
ST1320 199270.786 2666911.524 27.007 27.017 0.010
ST1329 198587.336 2667697.951 25.959 25.909 -0.050

1~ A3% 108 # 127 20 p «*wz“;i“%%iff FAEE > #3109 £ 4 7 8
PHREZPEEFTHFLE(P 1 FH 108045376 55) 0 £ 109 & 4 7
30 p EFTFEEF P < FAET 5 1081103677 55) > 49 b &~ 2%
ot iE— o
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108 2 109 # & LiDAR H:aF{ #78ciid 583 = SRl 1 (i (% 2 T %) 109 & & 1 T8 4R 2

2-5 ¥Hdlpf
2-5-1 # & GNSS &3 =

- EPRETHERFE BEFR ESN 20 2 2 EFIN EP2 800
2 %7 R E(r A 10 B @S G GNSS Fhi o

o~ BET G g TWDO7 e % %o 3% p prdfEiroat 2 A %

BATHF T WEIR B kLo

3 GNSS #HplE > HARFPEP IR TAARBIEF FRA ) 24 BT

TR R Ao

S HMALRIERER e FRY 2 TG 2 gAEE G IFIEAS T RE P
B2 e~ BEAHE T B RPBEBIERE o R4opLpl ot T 5 22
S8 R EBELR 0 R P B A AR R e LR iy o

It

T~ R RYRITER P H SAUF B2 5 GNSS AR 2 0h 4 20 2 2
w’iaﬁi%%amaqgﬁmﬁjGmsng*m%%zm’i

SF R R B IR 2 LR T 2 e B R A 5 (ST10~
Snlsnzsna’Uﬁié¢%ﬂum &ﬁﬂ&iwﬂ%%’ﬁﬁ

w2 ikt Bh2 B sRREE 20 22 0 K iR ORI E K B B (A0 2-16)

& O b 3 27 ’\‘1‘%15‘5,%{5&“&»%]"’:] 4134:{7'?']?\3’*??&?? SR
AR A F R (ot 2 - )0 B9 2 IR Fle fec 3 fEasindiar
-?3#%1@&1985@?%&3@%S%$%i§ﬁ%“$3&%

Bt - o E RS R A A 2 Ly R A AT e 2 R 283K GNSS Ak
AR EATRGT a PR I IRF Ry s 2 LK T IR AR B

&L ZE K GNSS A h(F ek 2-14) o
2213 3+ 3 %P Y% F%EF GNSS A =52
23 ¥ s 7 7 % PReg x | PEk y
CHIU LA F ok 1= 5 R B4 232586 | 2648985
CN09 H CNO9 2648712659179
CN16 HiH > CNI16 237256 | 2606345
KFN2 | A gegn @t gl @ 3 3 BB i= 8 SR AL % K F 261885 | 2653669
PLIM | p #c38@ 2 Plg @ o ¥a BB 24 248169 (2652131
SANL THEINE %A PRIk B R BT 4R 226392 2617886
SINY | p sz3R@ 2 Plg ¢ 7 & 2 HELG BRG é&ﬂ ® % ¢ & 1235030 (2621419
SUN1 THIF kR prEgl B PR 240667 | 2641874
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108 2 109 # & LiDAR HAv{ 378ci® # A3 & % plela v (52 7% %)

109 # B 1 iF/83F 4

25 g #® ¢ (ki P x| Py
TATA LHIE R A BB 4 B KRR G &SR 238463 | 2597597
WANS LEINF R B R B IR &R 2382842611561
YUSN LHIF % B 3 B BRI & R 2458272598246

% 2-14 B 2 GNSS & ¥ =54

250 i = #* ¢ 7w P x| Py
ST10 D 241 B AR RR G &SRS 244843 2632237
STI1 EIES w412 B BRI B R DI 244843 | 2632237
ST12 I3 Ly 1 BB %, w*ﬁ 242556 | 2606474
ST13 I3 LH 2 3 PHELG HRAY H 242559 | 2606472
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P
-

GNSSE s
STEIZREDS : 4t
PRESS 605
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BB : 208
B BESME20km
O 1095t iE
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W 2-16 GNSS #5122 20km = Fl & # §
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108 2 109 & & LiDAR i #7#cE» 507 & % Rl 8l 1 it pE% (5 2 (T¥ %) 109 & B 1 e 4F 2
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108 2 109 # & LiDAR s { #7#icimd 543 & R 1 (T x(% 2 T4 %) 109 # & 1 iFg iR

2-5-2 &HUF T L PrdIBL: T g bk dieke
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108 2 109 & & LiDAR # i { #78cE 3 254 & %P1 THMEX(F 2 7% W)

109 # B 1 iF/83F 4

42-0055A

W 2-19 T 1L ¥ $18 VBS-RTK 1 TR
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 # B 1 T4 3F 4

# 2-15 s T £ 3 234|846 Rl = % (e-GNSS 2019)
w, ¢ HAEN) | FLEE) | FE0) | T 3 A2 4 PR
2 AR PR % A2 & A | BARL ~
- HAEN) | BLEE) | # 4
2646190.366 | 236163.361 | 559.800
42-0001A 0.011 -0.031 2646190.367 236163.366 559.816
2646190.368 | 236163.372 | 559.831
2644809.917 | 236298.267 | 704.365
42-0002A 0.030 0.025 2644809.932 | 236298.270 704.353
2644809.946 | 236298.273 | 704.340
2643556.630 | 236662.212 | 598.421
42-0003A 0.020 -0.026 2643556.639 | 236662.214 598.434
2643556.649 | 236662.217 | 598.446
2642379.122 | 236959.555 | 556.832
42-0004A 0.007 -0.006 2642379.122 | 236959.551 556.835
2642379.122 | 236959.548 | 556.838
2641252.118 | 237260.930 | 480.934
42-0005A 0.009 0.029 2641252.121 237260.926 480.919
2641252.124 | 237260.923 | 480.905
2640552.298 | 236888.392 | 484.751
42-0006A 0.011 -0.010 2640552.294 | 236888.396 484.756
2640552.291 | 236888.400 | 484.761
2639502.667 | 236675.692 | 481.225
42-0007A 0.011 0.017 2639502.671 236675.688 481.217
2639502.674 | 236675.684 | 481.208
2638880.808 | 236573.274 | 467.988
42-0008A 0.020 -0.082 2638880.810 | 236573.264 468.029
2638880.811 | 236573.254 | 468.070
2638071.353 | 235963.232 | 468.856
42-0009A 0.008 0.027 2638071.357 235963.233 468.843
2638071.360 | 235963.235 | 468.829
2637332.643 | 235753.274 | 422.111
42-0010A 0.030 0.018 2637332.637 | 235753.288 422.101
2637332.630 | 235753.302 | 422.092
2636418.404 | 236374.673 | 345.027
42-0011A 0.004 0.015 2636418.403 236374.675 345.019
2636418.402 | 236374.677 | 345.012
2635862.532 | 235963.715 | 340.474
42-0012A 0.030 0.003 2635862.544 | 235963.725 340.472
2635862.555 | 235963.735 | 340.471
2633151.019 | 235880.638 | 351.446
42-0013A 0.019 0.035 2633151.016 | 235880.647 351.429
2633151.012 | 235880.655 | 351.411
2632472.816 | 236406.317 | 384.128
42-0014A 0.005 -0.002 2632472.817 | 236406.319 384.129
2632472.818 | 236406.321 384.131
2631479.753 | 237065.975 | 341.772
42-0015A 0.005 0.047 2631479.751 237065.974 341.748
2631479.749 | 237065.973 | 341.725
2630085.246 | 236322.446 | 343.422
42-0016A 0.008 -0.019 2630085.242 | 236322.444 343.431
2630085.238 | 236322.442 | 343.441
2629364.891 | 236325.393 | 386.373
42-0017A 0.009 -0.016 2629364.889 | 236325.397 386.381
2629364.886 | 236325.401 386.389
2628509.566 | 236179.616 | 414.601
42-0018A 0.007 -0.015 2628509.566 | 236179.619 414.608
2628509.566 | 236179.623 | 414.616
2626796.194 | 235706.334 | 427.985
42-0019A 0.018 0.002 2626796.188 235706.341 427.984
2626796.182 | 235706.348 | 427.983
2620104.253 | 236135.471 | 548.784
42-0020A 0.012 0.000 2620104.249 | 236135.466 548.784
2620104.246 | 236135.461 | 548.784
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 # B 1 T4 3F 4

7, ¢ LEN) | HLEE) | #Amh) | Ta L | g S HREPR

g Rk w2 T B A% ‘WA B AT A .

i HAEN) | HLEE) | #ah)
2618089.118 | 237140.752 | 598.969

42-0021A 0.009 0.004 2618089.114 | 237140.754 598.967
2618089.110 | 237140.756 | 598.965
2616329.351 | 237878.695 | 663.012

42-0022A 0.009 0.010 2616329.354 | 237878.699 663.007
2616329.357 | 237878.702 | 663.001
2613851.351 | 238609.662 | 716.584

42-0023A 0.011 -0.003 2613851.353 | 238609.667 716.586
2613851.355 | 238609.672 | 716.587
2611853.123 | 239074.713 | 774.376

42-0024A 0.022 0.035 2611853.131 239074.720 774.359
2611853.139 | 239074.728 | 774.341
2607641.661 | 239800.925 | 1345.422

42-0025A 0.000 -0.033 2607641.662 | 239800.925 | 1345.438
2607641.662 | 239800.925 | 1345.454
2607532.557 | 239040.294 | 1329.211

42-0026A 0.008 -0.055 2607532.554 | 239040.296 | 1329.238
2607532.550 | 239040.297 | 1329.265
2606616.368 | 238171.592 | 1247.620

42-0027A 0.012 -0.060 2606616.362 | 238171.594 | 1247.650
2606616.357 | 238171.596 | 1247.680
2605996.396 | 237258.710 | 1119.181

42-0028A 0.008 -0.019 2605996.397 237258.713 | 1119.191
2605996.399 | 237258.717 | 1119.200
2604758.394 | 236201.487 | 1026.933

42-0029A 0.015 -0.004 2604758.387 | 236201.488 | 1026.935
2604758.379 | 236201.490 | 1026.937
2603488.507 | 235811.165 | 1268.820

42-0030A 0.018 -0.051 2603488.513 | 235811.171 | 1268.846
2603488.520 | 235811.177 | 1268.871
2602698.178 | 235570.365 | 1229.173

42-0031A 0.007 -0.044 2602698.177 | 235570.362 | 1229.196
2602698.175 | 235570.359 | 1229.218
2606066.029 | 240655.638 | 1428.042

42-0032A 0.016 -0.028 2606066.028 240655.630 | 1428.056
2606066.027 | 240655.623 | 1428.069
2605082.317 | 241157.647 | 1493.247

42-0033A 0.002 -0.014 2605082.318 241157.647 | 1493.253
2605082.319 | 241157.647 | 1493.260
2603191.221 | 241261.183 | 1652.283

42-0034A 0.027 -0.015 2603191.227 241261.171 1652.291
2603191.233 | 241261.159 | 1652.299
2603197.830 | 239894.868 | 2181.308

42-0035A 0.005 -0.019 2603197.832 | 239894.866 | 2181.318
2603197.833 | 239894.864 | 2181.327
2607785.636 | 241759.038 | 1216.441

42-0036A 0.009 0.008 2607785.638 | 241759.042 | 1216.437
2607785.640 | 241759.045 | 1216.433
2646264.358 | 242119.216 | 630.175

42-0037A 0.006 -0.020 2646264.355 | 242119.216 630.185
2646264.352 | 242119.217 | 630.195
2645680.073 | 242517.019 | 657.689

42-0038A 0.007 0.004 2645680.069 | 242517.019 657.687
2645680.065 | 242517.020 | 657.685
2644223.879 | 242746.171 663.275

42-0039A 0.008 0.016 2644223.875 242746.174 663.267
2644223.872 | 242746.177 | 663.259
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 # B 1 T4 3F 4

m ¢ KEN) | B LHEE) | B b)) | TF § A2 & S HREPR

g Rk w2 T B A% ‘WA B AT A .

. HAEN) | BEEE) | % D)
2643155.570 | 242263.694 | 683.604

42-0040A 0.013 0.010 2643155.564 | 242263.696 683.599
2643155.558 | 242263.697 | 683.594
2642028.388 | 241893.102 | 710.068

42-0041A 0.008 0.011 2642028.390 | 241893.106 710.063
2642028.392 | 241893.109 | 710.057
2640750.714 | 242544.557 | 831.338

42-0042A 0.009 -0.025 2640750.719 | 242544.556 831.351
2640750.723 | 242544.555 | 831.363
2640021.503 | 243635.552 | 803.001

42-0043A 0.008 0.031 2640021.500 | 243635.552 802.985
2640021.496 | 243635.552 | 802.970
2639254.282 | 243886.959 | 807.320

42-0044A 0.017 0.059 2639254281 243886.967 807.290
2639254279 | 243886.975 | 807.261
2638530.800 | 243484.501 | 791.671

42-0045A 0.016 -0.053 2638530.804 | 243484.508 791.697
2638530.807 | 243484.515 | 791.724
2637541.261 | 241719.937 | 844.174

42-0046A 0.010 0.036 2637541.256 | 241719.938 844.156
2637541.251 | 241719.939 | 844.137
2636945.176 | 241612.746 | 793.611

42-0047A 0.003 0.001 2636945.175 241612.746 793.611
2636945.173 | 241612.746 | 793.611
2636257.599 | 239231.905 | 672.178

42-0048A 0.014 0.008 2636257.598 | 239231.912 672.174
2636257.596 | 239231.919 | 672.170
2635044.333 | 238516.176 | 683.818

42-0049A 0.026 0.016 2635044.328 | 238516.187 683.810
2635044.322 | 238516.199 | 683.801
2633760.001 | 238247.604 | 588.095

42-0050A 0.025 0.034 2633760.013 | 238247.602 588.078
2633760.026 | 238247.599 | 588.061
2635170.801 | 243921.199 | 746.530

42-0051A 0.014 0.003 2635170.806 | 243921.204 746.528
2635170.810 | 243921.210 | 746.527
2634107.026 | 244135.866 | 582.630

42-0052A 0.016 0.020 2634107.025 244135.874 582.620
2634107.024 | 244135.882 | 582.610
2632695.184 | 243777.924 | 440.302

42-0053A 0.008 -0.010 2632695.187 243777.922 440.307
2632695.190 | 243777919 | 440.311
2631896.241 | 243621.144 | 399.813

42-0054A 0.018 0.007 2631896.249 | 243621.149 399.810
2631896.257 | 243621.153 | 399.806
2643036.045 | 246682.297 | 675.046

42-0055A 0.008 -0.022 2643036.045 | 246682.301 675.057
2643036.046 | 246682.305 | 675.067
2641863.243 | 247053.852 | 722.516

42-0056A 0.011 0.035 2641863.243 | 247053.858 722.499
2641863.243 | 247053.863 | 722.481
2640906.308 | 247335.949 | 761.022

42-0057A 0.004 -0.010 2640906.307 | 247335.948 761.027
2640906.306 | 247335946 | 761.032
2631414.935 | 251094.116 | 493.037

42-0058A 0.018 0.003 2631414942 | 251094.121 493.036
2631414.950 | 251094.126 | 493.034
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 & & 1 (T dp 2

% FE(N) | S HRE) | #Ah) | T ; 4 SHEOE

B2 R Pl B #2 ‘h O£ B AL E -

" ' HAEN) | BLEE | 380
2646283.654 | 250404.044 | 606.846

42-0059A 0.014 0.010 2646283.660 250404.046 606.841
2646283.667 | 250404.048 | 606.835
2645118.752 | 250882.626 | 729.326

42-0060A 0.005 0.024 2645118.751 250882.624 729.314
2645118.751 | 250882.622 | 729.302
2646019.286 | 252624.953 | 1391.199

42-0061A 0.017 -0.015 2646019.289 | 252624.945 | 1391.206
2646019.292 | 252624.937 | 1391.214
2645673.628 | 253380.769 | 1251.934

42-0062A 0.004 0.034 2645673.626 | 253380.767 | 1251.917
2645673.625 | 253380.766 | 1251.900
2644732.897 | 253922.555 | 845.659

42-0063A 0.010 -0.040 2644732.903 253922.557 845.679
2644732.908 | 253922.558 | 845.699
2644988.926 | 255311.212 | 777.036

42-0064A 0.004 -0.020 2644988.924 255311.212 777.046
2644988.923 | 255311.213 | 777.056
2645337.685 | 256113.939 | 802.000

42-0065A 0.008 -0.005 2645337.683 256113.943 802.003
2645337.682 | 256113.946 | 802.005
2646499.966 | 257286.673 | 825.376

42-0066A 0.004 0.038 2646499.967 257286.671 825.358
2646499.967 | 257286.669 | 825.339
2649235.344 | 259748.860 | 1309.860

42-0067A 0.017 0.006 2649235.350 | 259748.867 | 1309.857
2649235.356 | 259748.873 | 1309.854
2649357.097 | 262518.484 | 1040.848

42-0068A 0.003 0.019 2649357.095 262518.483 | 1040.838
2649357.094 | 262518.483 | 1040.829

4 2-16 ¥ T £ 3 f24-3)8 TWD97 [2010)] = %

s 4 3 % (e-GNSS2019) ## 4 15 (TWD97 [2010] )

- N E h(iesk %) N E 2F  |h(FEE)
42-0001A | 2,646,190.367 | 236,163.366 | 559.816 | 2,646,190.258 | 236,163.542 | 537.399 559.715
42-0002A | 2,644,809.932 | 236,298.270 | 704.353 | 2,644,809.823 | 236,298.453 | 681.844 704.247
42-0003A | 2,643,556.639 | 236,662.214 | 598.434 | 2,643,556.529 | 236,662.405 | 575.817 598.322
42-0004A | 2,642,379.122 | 236,959.551 | 556.835 | 2,642,379.011 | 236,959.748 | 534.118 556.719
42-0005A | 2,641,252.121 | 237,260.926 | 480.919 | 2,641,252.011 | 237,261.128 | 458.102 480.800
42-0006A | 2,640,552.294 | 236,888.396 | 484.756 | 2,640,552.186 | 236,888.597 | 461.942 484.638
42-0007A | 2,639,502.671 | 236,675.688 | 481.217 | 2,639,502.566 | 236,675.890 | 458.369 481.100
42-0008A | 2,638,880.810 | 236,573.264 | 468.029 | 2,638,880.707 | 236,573.466 | 445.159 467.912
42-0009A | 2,638,071.357 | 235,963.233 | 468.843 | 2,638,071.257 | 235,963.432 | 445.998 468.729
42-0010A | 2,637,332.637 | 235,753.288 | 422.101 | 2,637,332.540 | 235,753.487 | 399.239 421.988
42-0011A 1| 2,636,418.403 | 236,374.675 | 345.019 | 2,636,418.306 | 236,374.880 | 322.032 344.903
42-0012A | 2,635,862.544 | 235,963.725 | 340.472 | 2,635,862.450 | 235,963.928 | 317.498 340.358
42-0013A 1| 2,633,151.016 | 235,880.647 | 351.429 | 2,633,150.929 | 235,880.853 | 328.269 351.317
42-0014A | 2,632,472.817 | 236,406.319 | 384.129 | 2,632,472.731 | 236,406.529 | 360.846 384.015
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108 2 109 # & LiDAR e { #7#icio # 2 & % pl il (2 (5 2 (T4 %) I

& 4% 70 (e-GNSS2019) # 3% 12 (TWD97 [2010] )
N E h(iFsk %) N E it §  |h(Fss)
42-0015A | 2,631,479.751 | 237,065.974 | 341.748 | 2,631,479.666 | 237,066.190 | 318.302 | 341.632
42-0016A | 2,630,085.242 | 236,322.444 | 343.431 | 2,630,085.162 | 236,322.657 | 319.923 | 343.319
42-0017A | 2,629,364.889 | 236,325.397 | 386.381 | 2,629,364.811 | 236,325.611 | 362.795 | 386.269
42-0018A | 2,628,509.566 | 236,179.619 | 414.608 | 2,628,509.491 | 236,179.833 | 390.947 | 414.497
42-0019A | 2,626,796.188 | 235,706.341 | 427.984 | 2,626,796.118 | 235,706.555 | 404.202 | 427.876
42-0020A | 2,620,104.249 | 236,135.466 | 548.784 | 2,620,104.189 | 236,135.694 | 524.287 | 548.681
42-0021A 1 2,618,089.114 | 237,140.754 | 598.967 | 2,618,089.048 | 237,140.990 | 574.133 | 598.868
42-0022A| 2,616,329.354 | 237,878.699 | 663.007 | 2,616,329.283 | 237,878.941 | 637.898 | 662.912
42-0023A| 2,613,851.353 | 238,609.667 | 716.586 | 2,613,851.277 | 238,609.916 | 691.142 | 716.497
42-0024A| 2,611,853.131 | 239,074.720 | 774.359 | 2,611,853.051 | 239,074.975 | 748.663 | 774.276
42-0025A| 2,607,641.662 | 239,800.925 | 1,345.438 | 2,607,641.583 | 239,801.194 | 1,319.343 | 1,345.385
42-0026A | 2,607,532.554 | 239,040.296 | 1,329.238 | 2,607,532.477 | 239,040.564 | 1,303.184 | 1,329.186
42-0027A | 2,606,616.362 | 238,171.594 | 1,247.650 | 2,606,616.288 | 238,171.863 | 1,221.588 | 1,247.606
42-0028A | 2,605,996.397 | 237,258.713 | 1,119.191 | 2,605,996.326 | 237,258.982 | 1,093.162 | 1,119.153
42-0029A | 2,604,758.387 | 236,201.488 | 1,026.935 | 2,604,758.321 | 236,201.757 | 1,000.891 | 1,026.907
42-0030A | 2,603,488.513 | 235,811.171 | 1,268.846 | 2,603,488.450 | 235,811.445 | 1,242.769 | 1,268.828
42-0031A 1 2,602,698.177 | 235,570.362 | 1,229.196 | 2,602,698.115 | 235,570.639 | 1,203.078 | 1,229.183
42-0032A| 2,606,066.028 | 240,655.630 | 1,428.056 | 2,606,065.948 | 240,655.906 | 1,401.679 | 1,428.013
42-0033A| 2,605,082.318 | 241,157.647 | 1,493.253 | 2,605,082.237 | 241,157.927 | 1,466.742 | 1,493.216
42-0034A| 2,603,191.227 | 241,261.171 | 1,652.291 | 2,603,191.145 | 241,261.460 | 1,625.639 | 1,652.267
42-0035A| 2,603,197.832 | 239,894.866 | 2,181.318 | 2,603,197.752 | 239,895.158 | 2,154.829 | 2,181.298
42-0036A | 2,607,785.638 | 241,759.042 | 1,216.437 | 2,607,785.557 | 241,759.311 | 1,189.997 | 1,216.381
42-0037A | 2,646,264.355 | 242,119.216 | 630.185 | 2,646,264.226 | 242,119.425 | 607.163 | 630.062
42-0038A | 2,645,680.069 | 242,517.019 | 657.687 | 2,645,679.940 | 242,517.232 | 634.588 | 657.562
42-0039A | 2,644,223.875 | 242,746.174 | 663.267 | 2,644,223.747 | 242,746.395 | 640.031 | 663.137
42-0040A | 2,643,155.564 | 242,263.696 | 683.599 | 2,643,155.437 | 242,263.921 | 660.350 | 683.466
42-0041A | 2,642,028.390 | 241,893.106 | 710.063 | 2,642,028.265 | 241,893.334 | 686.778 | 709.927
42-0042A| 2,640,750.719 | 242,544.556 | 831.351 | 2,640,750.597 | 242,544.790 | 807.899 | 831.215
42-0043A| 2,640,021.500 | 243,635.552 | 802.985 | 2,640,021.380 | 243,635.791 | 779.336 | 802.849
42-0044A| 2,639,254.281 | 243,886.967 | 807.290 | 2,639,254.163 | 243,887.209 | 783.545 | 807.154
42-0045A | 2,638,530.804 | 243,484.508 | 791.697 | 2,638,530.688 | 243,484.750 | 767.955 | 791.561
42-0046A | 2,637,541.256 | 241,719.938 | 844.156 | 2,637,541.144 | 241,720.174 | 820.597 | 844.022
42-0047A | 2,636,945.175 | 241,612.746 | 793.611 | 2,636,945.065 | 241,612.982 | 770.031 | 793.478
42-0048A | 2,636,257.598 | 239,231.912 | 672.174 | 2,636,257.494 | 239,232.136 | 648.850 | 672.047
42-0049A | 2,635,044.328 | 238,516.187 | 683.810 | 2,635,044.230 | 238,516.408 | 660.488 | 683.687
42-0050A | 2,633,760.013 | 238,247.602 | 588.078 | 2,633,759.919 | 238,247.823 | 564.686 | 587.957
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F) 109 £ B 1 i3 47 2

- ## 4% 7 (e-GNSS2019) #7315 (TWD97 [2010]) )

”“ N E h(fesk % ) N E 1A |h(FEER)
42-0051A | 2,635,170.806 | 243,921.204 | 746.528 | 2,635,170.700 | 243,921.453 | 722.522 746.394
42-0052A | 2,634,107.025 | 244,135.874 | 582.620 | 2,634,106.922 | 244,136.125 | 558.521 582.487
42-0053A | 2,632,695.187 | 243,777.922 | 440.307 | 2,632,695.088 | 243,778.173 | 416.159 440.176
42-0054A | 2,631,896.249 | 243,621.149 | 399.810 | 2,631,896.152 | 243,621.400 | 375.614 399.680
42-0055A | 2,643,036.045 | 246,682.301 | 675.057 | 2,643,035.921 | 246,682.538 | 651.285 674.928
42-0056A | 2,641,863.243 | 247,053.858 | 722.499 | 2,641,863.121 | 247,054.100 | 698.570 722.369
42-0057A | 2,640,906.307 | 247,335.948 | 761.027 | 2,640,906.187 | 247,336.194 | 736.971 760.896
42-0058A 1| 2,631,414.942 | 251,094.121 | 493.036 | 2,631,414.844 | 251,094.395 | 468.027 492.909
42-0059A | 2,646,283.660 | 250,404.046 | 606.841 | 2,646,283.537 | 250,404.279 | 582.872 606.726
42-0060A | 2,645,118.751 | 250,882.624 | 729.314 | 2,645,118.629 | 250,882.863 | 705.196 729.197
42-0061A | 2,646,019.289 | 252,624.945 | 1,391.206 | 2,646,019.168 | 252,625.185 | 1,366.955 | 1,391.094
42-0062A | 2,645,673.626 | 253,380.767 | 1,251.917 | 2,645,673.505 | 253,381.010 | 1,227.550 | 1,251.805
42-0063A | 2,644,732.903 | 253,922.557 | 845.679 | 2,644,732.783 | 253,922.804 | 821.184 845.565
42-0064A | 2,644,988.924 | 255,311.212 | 777.046 | 2,644,988.805 | 255,311.461 | 752.408 776.935
42-0065A | 2,645,337.683 | 256,113.943 | 802.003 | 2,645,337.564 | 256,114.193 | 777.290 801.894
42-0066A | 2,646,499.967 | 257,286.671 | 825.358 | 2,646,499.848 | 257,286.920 | 800.556 825.252
42-0067A | 2,649,235.350 | 259,748.867 | 1,309.857 | 2,649,235.231 | 259,749.116 | 1,284.909 | 1,309.758
42-0068A | 2,649,357.095 | 262,518.483 | 1,040.838 | 2,649,356.978 | 262,518.733 | 1,015.555 | 1,040.742

% 2-17 ¥ T LT G pod| 2R 2 % (e-GNSS 2019)
Lt FEN) | SHERE) | # 42h) | T ¥ R
*BL L | AR R % A2 Ta L RAEL .
HAEN) | L EE) | F 20
2646207.664 | 236158.894 | 562.709
42-0001B 0.007 | -0.015 | 2646207.668 | 236158.894 | 562.716
2646207.671 | 236158.895 | 562.723
2638883.271 | 236576.185 | 470.108
42-0008B 0.018 | 0.071 | 2638883.262 | 236576.186 | 470.072
2638883.253 | 236576.187 | 470.037
2629356.721 | 236330.932 | 389.778
42-0017B 0.012 | -0.025 | 2629356.725 | 236330.928 | 389.790
2629356.728 | 236330.923 | 389.803
2646042.025 | 242385.975 | 646.384
42-0037B 0.014 | -0.016 | 2646042.018 | 242385.978 | 646.391
2646042.011 | 242385.980 | 646.399
2644242 558 | 242762.180 | 668.006
42-0039B 0.016 | -0.022 | 2644242.556 | 242762.172 | 668.016
2644242 554 | 242762.165 | 668.027
2639264.773 | 243915.366 | 807.297
42-0044B 0.019 | 0.010 | 2639264.782 | 243915.368 | 807.292
2639264.792 | 243915.370 | 807.287
2642948.796 | 246578.731 | 681.901
42-0055B 0.006 | 0.029 | 2642948.796 | 246578.728 | 681.886
2642948.796 | 246578.725 | 681.871
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108 2 109 # & LiDAR i { 378ci ¥ 5503 & % B8l 1 (rH % (% 2 v F)

109 & B 1 fraadp s

LT3
i L | RWEHERN) | HEHRE) | st [ Te 4| FAaL :
) HEBN) | B LHRE) | § 2D
2645567.366 | 250523.918 | 665.936
42-0060B 0.003 | -0.006 | 2645567.367 | 250523.919 | 665.939
2645567.368 | 250523.920 | 665.942
2646443.538 | 252684.247 | 1398.460
42-0061B 0.009 | -0.018 | 2646443.542 | 252684.245 | 1398.468
2646443.547 | 252684.243 | 1398.477
2646492.982 | 257301.697 | 828.343
42-0066B 0.006 | 0.021 | 2646492.979 | 257301.696 | 828.333
2646492.977 | 257301.694 | 828.323
% 2-18 ¥ T £ T g -4 gL TWDO7 [2010) = %

ot i 3 7 (e-GNSS2019) # 4 15 (TWD97 [2010] )

T N E st 3 N E EF | s
42-0001B | 2646207.668 | 236158.894 | 562.716 | 2646207.559 | 236159.070 | 540.301 | 562.615
42-0008B | 2638883.262 | 236576.186 | 470.072 | 2638883.159 | 236576.388 | 447.202 | 469.955
42-0017B | 2629356.725 | 236330.928 | 389.790 | 2629356.647 | 236331.142 | 366.202 | 389.678
42-0037B | 2646042.018 | 242385978 | 646.391 | 2646041.889 | 242386.189 | 623.327 | 646.267
42-0039B | 2644242.556 | 242762.172 | 668.016 | 2644242.428 | 242762.393 | 644.780 | 667.886
42-0044B | 2639264.782 | 243915.368 | 807.292 | 2639264.664 | 243915.610 | 783.544 | 807.156
42-0055B | 2642948.796 | 246578.728 | 681.886 | 2642948.672 | 246578.965 | 658.118 | 681.757
42-0060B | 2645567.367 | 250523.919 | 665.939 | 2645567.244 | 250524.155 | 641.904 | 665.822
42-0061B | 2646443.542 | 252684.245 | 1398.468 | 2646443.420 | 252684.483 | 1374.232 | 1398.357
42-0066B | 2646492.979 | 257301.696 | 828.333 | 2646492.860 | 257301.945 | 803.529 | 828.227
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Fig. 1. Camera locations and image overlap.
Number of images: 6,248 Camera stations: 6,177
Flying altitude: 2.5km Tie points: 50,098,785
Ground resolution: 22.5 cm/pix Projections: 124,915,093
Coverage area: 1.05e+003 km? Reprojction error: 0.411 pix
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108 2 109 # & LiDAR # i { #78HciE b 25803 = F Rl 1 (TR (% 2 (T2 %) 109 & & 1 T4 4p 2

2219 P24 RETLT LSS REBEFET S LFTIHLE

X error (m) | Y error (m) | Z error (m) | XY error (m) | Total error (m)
1.01125 0.949731 0.711497 1.3873 1.55912

%220 P24 RE T LA RAEBRPEFLILTIBLE
Yaw error (") | Pitch error (*) | Roll error (*) | Total error (°)
0.0312559 0.0300251 0.0864524 0.096708
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108 % 109 & & LiDAR e 378cid 3 5404 & % |81 (e (% 2 (T4 F) 109 & B 1 i1 3F 2

TEFTFHE R R ER ) T AAcdk 2210 ¥k
Bo LEXFAEERTLEL L IR -

1221 LEINFHRTAZFTELE

B = e Aar = 37 3EAY | FELE
1| PIIM11_2020011008 | 42001 ~ 42002 109.03.06 | &
42003 ~ 42004 ~ 42005 ~ 42006 42007 + 42008 -
2| PLIMI1_2020011409 109.03.06 | &t

42009 ~ 42010 ~ 42011 ~ 42012
42013 ~42014 ~ 42015 ~42016 ~ 42017 ~ 42018 ~

3 P11M11_2020011508 109.03.06 &
42019 ~ 42020 ~ 42021 ~ 42022 ~ 42023

4 P11M11_2020011511 | 42024 ~ 42025 ~ 42026 ~ 42027 ~ 42028 ~ 42029 | 109.03.06 8

P11M11_2020011910 | 42030 109.03.06 ol 8

42031 ~ 42032 ~ 42033 ~ 42034 ~ 42035 ~ 42036 ~

6 P11M11_2020012111 109.03.06 &
42037 ~ 42070

7 P11M11_2020013111 | 42038 ~ 42039 ~ 42040 ~ 42041 ~ 42042 109.03.06 £ ¥

8 P11M11_2020020111 | 42043 109.03.06 &
42044 ~ 42045 ~ 42081 ~ 42082 ~ 42083 ~ 42084 ~

9 P11M11_2020020208 109.03.06 o 8
42085 ~ 42086
42071 ~ 42203 ~ 42204 ~ 42046 ~ 42047 ~ 42048 ~

10 P11M11_2020022011 109.06.02 & ¥
42049 ~ 42050 ~ 42051 ~ 42052

11 P11M11_2020022209 | 42053 ~ 42054 109.06.02 &

12 P11M11_2020022411 | 42055 ~ 42056 109.08.21 ol S

13 P11M11_2020022709 | 42072 ~ 42073 ~ 42074 ~ 42075 ~ 42201 ~ 42202 | 109.06.02 &
42076 ~ 42077 ~ 42078 ~ 42079 ~ 42080 ~ 42090 ~
14 P11M11_2020022809 109.08.21 R S
42091 ~ 42092 ~ 42093 ~ 42094 ~ 42095

42081(R1)~42082(R1)~42083(R1)~42084(R1)~

15 P11M11_2020030108 109.06.02 &
42087 ~ 42088 ~ 42089 ~ 42096

16 P11M11_2020030208 | 42060 ~ 42069 ~ 42205 109.06.02 P 8

17 P11M11_2020032208 | 42127 109.05.28 Pl 8

18 P11M11_2020032909 | 42057 ~ 42058 ~ 42059 ~ 42061 ~ 42062 ~ 42097 | 109.08.21 & ¥

19 P11M11_2020041011 | 42107 ~ 42108 ~ 42109 ~ 42110 109.08.21 Pl 8

20 P11M10_2020061207 | 42063 ~ 42064 ~ 42065 ~ 42066 ~ 42067 ~ 42068 | 109.08.21 &
42098 ~ 42099 ~ 42100 ~ 42101 ~ 42102 ~ 42103 ~
21 P11M10_2020061707 109.08.21 &%
42104 ~ 42105 ~ 42106 ~ 42206

22 P11M10_2020061808 | 42111 ~ 42112 ~42113 ~42114 ~ 42115 ~42116 | 109.08.21 P 8

23 P11M10_2020062208 | 42117 ~ 42118 ~ 42119 ~ 42120 109.08.21 ol 8
24 P11M11_2020062407 | 42121 ~ 42122 ~ 42123 ~ 42124 ~ 42125 ~ 42126 | 109.08.21 P 8
25 P11M11_2020070407 | 42058(R1) ~ 42901 ~ 42902 ~ 42903 109.08.25 &
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42001 [-0.110| 0.104 |-0.003 0.003 0.023 | 0.010 | 0.025 |-0.001 0.001 0.005
42002 [-0.028| 0.014 |-0.006 0.006 0.090 | -0.016 | 0.003 |-0.001 0.001 0.018
42003 [-0.035| 0.096 | 0.028 0.028 0.016 | 0.024 | 0.023 | 0.007 0.007 0.003
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42004 |-0.164| 0.022 |-0.065 0.065 0.035 | -0.045 | 0.005 |-0.016 0.016 0.007
42005 |-0.261| 0.071 |-0.086 0.086 0.064 | -0.087 | 0.017 |-0.021 0.021 0.013
42006 |-0.009| 0.134 | 0.057 0.057 0.048 | 0.015 | 0.032 | 0.014 0.014 0.010
42007 |-0.250| 0.049 |-0.091 0.091 0.105 | -0.106 | 0.012 | -0.022 0.022 0.021
42008 |-0.130| 0.139 | 0.004 0.004 0.004 | -0.071 | 0.033 | 0.001 0.001 0.001
42009 |-0.220| 0.165 |-0.025 0.025 0.081 | -0.079 | 0.040 | -0.006 0.006 0.016
42010 [-0.062| 0.124 | 0.029 0.029 0.018 | -0.042 | 0.030 | 0.007 0.007 0.004
42011 |-0.071 | 0.048 |-0.010 0.010 0.035 | -0.053 | 0.012 | -0.002 0.002 0.007
42012 |-0.138 | 0.055 |-0.038 0.038 0.062 | -0.058 | 0.013 | -0.009 0.009 0.012
42013 | 0.013 | 0.100 | 0.052 0.052 0.018 | 0.017 | 0.024 | 0.012 0.012 0.004
42014 |-0.150| 0.077 |-0.033 0.033 0.066 | -0.092 | 0.018 | -0.008 0.008 0.013
42015 |-0.141{ 0.181 | 0.019 0.019 0.081 | -0.088 | 0.044 | 0.004 0.004 0.016
42016 |-0.150| 0.025 |-0.057 0.057 0.002 | -0.053 | 0.006 |-0.014 0.014 0.000
42017 |-0.074| 0.129 | 0.025 0.025 0.012 | -0.044 | 0.031 | 0.006 0.006 0.002
42018 |-0.084| 0.118 | 0.016 0.016 0.042 | 0.041 | 0.028 | 0.004 0.004 0.008
42019 |-0.268 | 0.165 |-0.047 0.047 0.040 | -0.094 | 0.040 |-0.011 0.011 0.008
42020 |-0.150| 0.101 |-0.022 0.022 0.013 | 0.020 | 0.024 | -0.005 0.005 0.003
42021 |-0.272 | 0.074 |-0.090 0.090 0.076 | -0.112 | 0.018 | -0.022 0.022 0.015
42022 |-0.125| 0.118 |-0.003 0.003 0.094 | -0.099 | 0.028 | -0.001 0.001 0.019
42023 |-0.253| 0.107 |-0.066 0.066 0.065 | -0.072 | 0.026 |-0.016 0.016 0.013
42024 |-0.126 | 0.073 |-0.024 0.024 0.071 | -0.019 | 0.018 | -0.006 0.006 0.014
42025 |-0.201{-0.026 | -0.103 0.103 0.004 | -0.083 | -0.006 | -0.025 0.025 0.001
42026 |-0.159| 0.140 |-0.008 0.008 0.045 | 0.005 | 0.034 | -0.002 0.002 0.009
42027 |-0.198| 0.015 |-0.083 0.083 0.090 | -0.090 | 0.004 |-0.020 0.020 0.018
42028 |-0.166| 0.174 | 0.004 0.004 0.091 | -0.099 | 0.042 | 0.001 0.001 0.018
42029 |-0.170| 0.017 |-0.070 0.070 0.037 | -0.076 | 0.004 |-0.017 0.017 0.007
42030 |-0.302| 0.033 |-0.123 0.123 0.016 | -0.113 | 0.008 |-0.029 0.029 0.003
42031 |-0.136| 0.057 |-0.036 0.036 0.067 | -0.067 | 0.014 | -0.009 0.009 0.013
42032 |-0.261| 0.083 |-0.081 0.081 0.027 | -0.065 | 0.020 |-0.019 0.019 0.005
42033 |-0.259| 0.084 |-0.080 0.080 0.005 | -0.104 | 0.020 |-0.019 0.019 0.001
42034 |-0.126| 0.041 |-0.038 0.038 0.090 | -0.047 | 0.010 |-0.009 0.009 0.018
42035 |-0.229] 0.165 |-0.029 0.029 0.073 | -0.094 | 0.040 | -0.007 0.007 0.015
42036 | 0.000 | 0.091 | 0.042 0.042 0.076 | 0.031 | 0.022 | 0.010 0.010 0.015
42037 |-0.128 | 0.088 |-0.018 0.018 0.047 | 0.038 | 0.021 | -0.004 0.004 0.009
42038 | 0.014 | 0.130 | 0.065 0.065 0.091 | 0.044 | 0.031 | 0.016 0.016 0.018
42039 | 0.010 | 0.136 | 0.066 0.066 0.013 | 0.018 | 0.033 | 0.016 0.016 0.003
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42040 |-0.198]| 0.068 |-0.059 0.059 0.030 | -0.004 | 0.016 |-0.014 0.014 0.006
42041 |-0.026| 0.137 | 0.051 0.051 0.075 | 0.045 | 0.033 | 0.012 0.012 0.015
42042 |-0.153| 0.133 |-0.009 0.009 0.031 | -0.041 | 0.032 | -0.002 0.002 0.006
42043 |-0.001 | 0.092 | 0.041 0.041 0.013 | 0.046 | 0.022 | 0.010 0.010 0.003
42044 |-0.020| 0.174 | 0.070 0.070 0.007 | -0.015 | 0.042 | 0.017 0.017 0.001
42045 |-0.035| 0.029 |-0.003 0.003 0.053 | -0.033 | 0.007 |-0.001 0.001 0.011
42046 |-0.188| 0.069 |-0.054 0.054 0.089 | -0.065 | 0.017 | -0.013 0.013 0.018
42047 |-0.095] 0.111 | 0.007 0.007 0.020 | -0.078 | 0.027 | 0.002 0.002 0.004
42048 |-0.031| 0.119 | 0.040 0.040 0.044 | -0.004 | 0.029 | 0.010 0.010 0.009
42049 |-0.150] 0.178 | 0.013 0.013 0.081 | -0.106 | 0.043 | 0.003 0.003 0.016
42050 |-0.088| 0.158 | 0.032 0.032 0.010 | -0.013 | 0.038 | 0.008 0.008 0.002
42051 |-0.224| 0.066 |-0.072 0.072 0.049 | -0.098 | 0.016 |-0.017 0.017 0.010
42052 |-0.052| 0.144 | 0.042 0.042 0.094 | 0.084 | 0.035 | 0.010 0.010 0.019
42053 |-0.095| 0.115 | 0.009 0.009 0.004 | -0.078 | 0.028 | 0.002 0.002 0.001
42054 |-0.090| 0.105 | 0.007 0.007 0.017 | -0.011 | 0.025 | 0.002 0.002 0.003
42055 |-0.047| 0.175 | 0.058 0.058 0.003 [ -0.017 | 0.042 | 0.014 0.014 0.001
42056 |-0.253 | 0.124 |-0.059 0.059 0.015 | -0.060 | 0.030 | -0.014 0.014 0.003
42057 |-0.191 | 0.129 |-0.028 0.028 0.079 | -0.063 | 0.031 | -0.007 0.007 0.016
42058 |-0.110| 0.062 |-0.022 0.022 0.075 | -0.076 | 0.015 | -0.005 0.005 0.015
42059 |-0.013| 0.077 | 0.029 0.029 0.057 | 0.013 | 0.019 | 0.007 0.007 0.011
42060 |-0.176{-0.032 |-0.095 0.095 0.009 | -0.096 | -0.008 | -0.023 0.023 0.002
42061 |-0.137| 0.109 [-0.013 0.013 0.040 | 0.014 | 0.026 | -0.003 0.003 0.008
42062 |-0.106| 0.089 |-0.008 0.008 0.075 | -0.071 | 0.021 | -0.002 0.002 0.015
42063 |-0.087| 0.103 | 0.007 0.007 0.042 | -0.079 | 0.025 | 0.002 0.002 0.008
42064 |-0.138| 0.036 |-0.047 0.047 0.018 | -0.072 | 0.009 |-0.011 0.011 0.004
42065 |-0.178| 0.173 |-0.002 0.002 0.016 | -0.093 | 0.042 | 0.000 0.000 0.003
42066 |-0.281|-0.007 | -0.131 0.131 0.075 | -0.106 | -0.002 | -0.031 0.031 0.015
42067 | 0.021 | 0.180 | 0.091 0.091 0.012 | 0.040 | 0.043 | 0.022 0.022 0.002
42068 |-0.185] 0.064 |-0.055 0.055 0.029 | -0.083 | 0.015 | -0.013 0.013 0.006
42069 |-0.275] 0.059 |-0.098 0.098 0.039 | -0.081 | 0.014 | -0.024 0.024 0.008
42070 |-0.180|-0.065|-0.111 0.111 0.087 | -0.068 | -0.016 | -0.027 0.027 0.017
42071 |-0.210| 0.081 |-0.059 0.059 0.071 | -0.033 | 0.019 |-0.014 0.014 0.014
42072 |-0.126|-0.002 | -0.058 0.058 0.096 | -0.091 | 0.000 |-0.014 0.014 0.019
42073 |-0.122 | 0.103 |-0.009 0.009 0.009 | -0.069 | 0.025 | -0.002 0.002 0.002
42074 |-0.163| 0.047 |-0.053 0.053 0.011 | -0.094 | 0.011 | -0.013 0.013 0.002
42075 |-0.129| 0.006 |-0.056 0.056 0.080 | -0.100 | 0.001 | -0.013 0.013 0.016
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42076 |-0.124] 0.103 |-0.009 0.009 0.025 | -0.022 | 0.025 | -0.002 0.002 0.005
42077 |-0.095]| 0.052 |-0.020 0.020 0.000 | -0.005 | 0.012 | -0.005 0.005 0.000
42078 |-0.186| 0.102 |-0.038 0.038 0.029 | -0.034 | 0.025 | -0.009 0.009 0.006
42079 |-0.104 | 0.124 | 0.009 0.009 0.024 | -0.036 | 0.030 | 0.002 0.002 0.005
42080 | 0.035 | 0.126 | 0.073 0.073 0.086 | 0.054 | 0.030 | 0.017 0.017 0.017
42081 |-0.0421| 0.152 | 0.050 0.050 0.051 | 0.033 | 0.036 | 0.012 0.012 0.010
42082 |-0.091 | 0.089 |-0.001 0.001 0.072 | -0.027 | 0.021 | 0.000 0.000 0.014
42083 |-0.178| 0.035 |-0.065 0.065 0.009 | -0.016 | 0.008 |-0.016 0.016 0.002
42084 |-0.217| 0.177 |-0.018 0.018 0.018 | -0.067 | 0.042 | -0.004 0.004 0.004
42085 |-0.147| 0.184 | 0.017 0.017 0.095 | -0.074 | 0.044 | 0.004 0.004 0.019
42086 |-0.132| 0.054 |-0.035 0.035 0.016 | -0.007 | 0.013 | -0.008 0.008 0.003
42087 |-0.036| 0.108 | 0.032 0.032 0.007 | 0.067 | 0.026 | 0.008 0.008 0.001
42088 |-0.066| 0.073 | 0.003 0.003 0.062 | -0.065 | 0.018 | 0.001 0.001 0.012
42089 |-0.036| 0.125 | 0.040 0.040 0.052 | -0.024 | 0.030 | 0.010 0.010 0.010
42090 |-0.1521 0.141 |-0.005 0.005 0.078 | 0.019 | 0.034 | -0.001 0.001 0.016
42091 |-0.212| 0.095 |-0.053 0.053 0.005 | -0.028 | 0.023 | -0.013 0.013 0.001
42092 |-0.128 | 0.089 |-0.018 0.018 0.089 | 0.014 | 0.021 | -0.004 0.004 0.018
42093 |-0.077| 0.110 | 0.015 0.015 0.028 | -0.075 | 0.026 | 0.004 0.004 0.006
42094 |-0.128 | 0.142 | 0.006 0.006 0.049 | -0.090 | 0.034 | 0.002 0.002 0.010
42095 |-0.037| 0.067 | 0.014 0.014 0.053 | -0.010 | 0.016 | 0.003 0.003 0.011
42096 |-0.096| 0.137 | 0.019 0.019 0.030 | 0.024 | 0.033 | 0.005 0.005 0.006
42097 | 0.012 | 0.056 | 0.031 0.031 0.074 | 0.017 | 0.013 | 0.007 0.007 0.015
42098 |-0.135] 0.113 [-0.010 0.010 0.005 | -0.055 | 0.027 | -0.002 0.002 0.001
42099 |-0.2241-0.032|-0.116 0.116 0.099 | -0.080 | -0.008 | -0.028 0.028 0.020
42100 |-0.119] 0.096 |-0.010 0.010 0.098 | 0.057 | 0.023 | -0.002 0.002 0.020
42101 |-0.072] 0.111 | 0.018 0.018 0.002 | -0.033 | 0.027 | 0.004 0.004 0.000
42102 |-0.291| 0.115 |-0.080 0.080 0.028 | -0.095 | 0.028 | -0.019 0.019 0.006
42103 |-0.109| 0.096 |-0.006 0.006 0.092 | -0.032 | 0.023 |-0.001 0.001 0.018
42104 |-0.172 | 0.131 |-0.019 0.019 0.047 | -0.069 | 0.031 |-0.004 0.004 0.009
42105 |-0.0781 0.077 | 0.000 0.000 0.092 | 0.049 | 0.019 | 0.000 0.000 0.018
42106 |-0.147| 0.084 |-0.029 0.029 0.031 | 0.031 | 0.020 |-0.007 0.007 0.006
42107 |-0.008| 0.119 | 0.050 0.050 0.094 | 0.073 | 0.029 | 0.012 0.012 0.019
42108 [-0.069 | 0.169 | 0.046 0.046 0.025 | 0.056 | 0.041 | 0.011 0.011 0.005
42109 |-0.040| 0.064 | 0.011 0.011 0.088 | -0.021 | 0.015 | 0.003 0.003 0.018
42110 |-0.043| 0.054 | 0.005 0.005 0.090 | -0.037 | 0.013 | 0.001 0.001 0.018
42111 |-0.229| 0.074 |-0.070 0.070 0.100 | -0.084 | 0.018 | -0.017 0.017 0.020
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42112 |-0.044| 0.146 | 0.046 0.046 0.011 | 0.067 | 0.035 | 0.011 0.011 0.002
42113 |-0.022| 0.074 | 0.024 0.024 0.076 | -0.007 | 0.018 | 0.006 0.006 0.015
42114 |-0.106 | 0.150 | 0.020 0.020 0.028 | -0.048 | 0.036 | 0.005 0.005 0.006
42115 |-0.107 | 0.106 |-0.001 0.001 0.030 | 0.013 | 0.025 | 0.000 0.000 0.006
42116 |-0.139| 0.069 |-0.032 0.032 0.018 | -0.081 | 0.016 | -0.008 0.008 0.004
42117 |-0.233| 0.100 |-0.060 0.060 0.066 | -0.113 | 0.024 |-0.015 0.015 0.013
42118 |-0.163 | 0.152 |-0.005 0.005 0.076 | -0.063 | 0.037 | -0.001 0.001 0.015
42119 |-0.068 | 0.116 | 0.022 0.022 0.085 | 0.010 | 0.028 | 0.005 0.005 0.017
42120 | 0.001 | 0.091 | 0.042 0.042 0.076 | 0.056 | 0.022 | 0.010 0.010 0.015
42121 |-0.194| 0.176 |-0.008 0.008 0.021 | -0.051 | 0.042 |-0.002 0.002 0.004
42122 |-0.133| 0.081 |-0.024 0.024 0.096 | -0.027 | 0.019 |-0.006 0.006 0.019
42123 |-0.196 | 0.021 |-0.079 0.079 0.003 | -0.149 | 0.005 | -0.019 0.019 0.001
42124 |-0.196 | 0.044 |-0.069 0.069 0.071 | -0.060 | 0.011 |-0.017 0.017 0.014
42125 |-0.213 | 0.071 |-0.065 0.065 0.002 | -0.080 | 0.017 |-0.016 0.016 0.000
42126 |-0.190-0.076 |-0.121 0.121 0.007 | -0.125 | -0.018 | -0.029 0.029 0.001
42127 1-0.230| 0.016 |-0.097 0.097 0.062 | -0.105 | 0.004 |-0.023 0.023 0.012
42201 |-0.224| 0.175 |-0.022 0.022 0.058 | -0.066 | 0.042 | -0.005 0.005 0.012
42202 |-0.060 | 0.124 | 0.029 0.029 0.047 | 0.030 | 0.030 | 0.007 0.007 0.009
42203 |-0.278 | 0.022 |-0.117 0.117 0.034 | -0.098 | 0.005 |-0.028 0.028 0.007
42204 |-0.029| 0.128 | 0.045 0.045 0.085 | 0.057 | 0.031 | 0.011 0.011 0.017
42205 |-0.235| 0.162 |-0.033 0.033 0.096 | -0.102 | 0.039 | -0.008 0.008 0.019
42206 |-0.084 | 0.079 |-0.002 0.002 0.064 | 0.077 | 0.019 | -0.001 0.001 0.013
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