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Abstract

In order to develop UAS technology and promote its application, this
project develops and integrate the spatial information from aerial and
ground mobile mapping technology, improves UAS aerial photography
and image processing technology, and assists government agencies to
execute aerial photography in specific region. In the “Smart satellite
positioning and mobile measuring technology development project” (from
2023-2026), we aim to use UAS for collecting 3D space information in
2023 for enhancing space information collecting efficiency and image
update on partial regions, surveillance and disaster prevention.

The required area of 17 places were about 9,080 hectares, and actual
area of 23,839 hextares. UAV maintenance over the contract period (March
to December) is conducted. Aerial photography and image processing is
conducted for several government agencies in Taipei Shilin district, New
Taipei Xizhi district, Keelung Qidu district, Taoyuan Taoyuan district,
Hualien Shoufeng county and Fenglin town, Taichung Daan and Qingshui
district, Kaoshiung Dashe district and Pintung Liuying district.

Image processing is conducted for National Property Administration
in Chiayi Budai township, Tainan Qigu district, Pintung Gaoshu Township
and Hualien Fenglin town. Orthophotos were provided after processing for
government agencies communication.

Besides, the photography in Nantou was conducted for NLSC for
aerotriangulation camera correction.

According to the contract, a total of 10 times of UAS maintenance
from March to December in 2023 were conducted to make sure flight
safety and efficiency.

Keypoint: UAS, Mobile Mapping System, Orthophoto, aerotriangulation
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Fig. 1. Camera locations and image overlap.
Number of images: 1,542 Camera stations: 1,542
Flying altitude: 4lm Tie points: 2,416,161
Ground resolution: 6.68 cm/pix Projections: 9,046,156
Coverage area: 0211 km* Reprojection error: 1.6 pix
Camera Model Resolution | Focal Length | Pixel Size | Precalibrated
ILCE-TM3, ZEISS Loxia 2.8/21 (21mm) | 6000 x 4000 | 21.25 mm 59x59 pgm|No
Table 1. Cameras.
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Fig. 4. GCP locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape
Estimated GCP locations are marked with a dot or crossing

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
9 10.4964 6.09557 8.83613 12.138 15.0136
Table 4. Control points RMSE.

X - Easting, Y - Northing, Z - Altitude.
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AR REA A% 8 £(mm) ¥ B £ (mm) FaFH
3 En-E, Niw=N; R AF 4 LA (mm)
1 G001 4 -3 84
2 G006 -4 3 84
3 G008 6 -15 84
4 G010 2 15 84
5 GOl11 15 2 84
6 G012 11 -1 84
7 G016 5 -6 84
8 G017 2 0 84
9 G018 -17 25 84
10 P003 11 .1 84
11 P00S -9 2 84
12 P007 3 3 84
13 P009 3 24 84
14 PO13 3 -14 84
15 PO14 19 19 84
16 P15 -12 12 84
17 P017 6 -9 84
18 PO18 -1 5 84
19 P0O19 23 16 84
20 P020 -14 -14 84
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2.3 8 6 RATIXE

AR HEAR 2 5 £ (mm) HREFG
B Ho=he Ik 2 A K A (mm)
1 G001 -14 159
2 G006 -74 159
3 G008 -26 159
4 GO10 -22 159
5 GO11 -20 159
6 G012 -34 159
7 G016 23 159
8 G017 -57 159
9 G018 19 159
10 P003 64 159
11 P00S 13 159
12 P007 bR 159
13 P009 0 159
14 P013 23 159
15 POI14 14 159
16 POIS 29 159
17 PO17 26 159
18 POI18 12 159
19 PO19 25 159
20 P020 24 159

1. Ands PR MRA S

A% (m) 125
1% K #7%& & 4& £ (%) (Over-lap) 86
1% 5 B & & % (%) (Side-lap) 63
A A B (1%) 30
5 ) A7 A5 B (4%) 15
i 3t %) AL 4% 3§ (4%) 15
s @ 1A 47 & GSD (cm) 261
GPS(i#7 B & 4% & #2) 5 8% NA
IMUCKT 3] & o 44) 2 3% NA
2R HSH # %36 1 GEOSAT-CP-01-11-04-C
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A3 (mm) 21.6304

18 £ 25 4 4% xp/ yp (mm) 0.2452/0.1168

AKX (4m) 45

HA B E (pixels) 7952/5304
Rows/Columns

FERROGERBHE (B) 1770

F AR ARSI (35) 37

EHEHBHE (%) 17

B HE () 20

IT. X EWA :

LAE B } 888
AHEAEE AR 2022 07 A 20 B RATAIERY - AXREREZRAR

ARITHREFANEHTEHMARTEEN » REFARETH RN 2
ERBAERASALTHE -

o > !
/\ \‘7 4 N
. o0 o

o\
SEMAHR

O aAMREHS 2ERRE

X MM eRmIR

b RPN RER

e it L S 1 3208
/ Qo MK
/ “ 0 » o ) XOm
 — )

e A AR BATECE N B R AR EAR DA

BIR £58” # B #% ' GEOSAT-CP-01-11-04-C

FERA PR F UL | B A B2 sk g



@ nEA SRR BYERR IR R KA AR ERRS ) 1 TR 2

2REF
20 AREMRBATRE " RAMI RGN B RTHE A SILERA g
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2.2 BB ZAREAR LR SAM o A A4 2R on Fim KA SRR
4 F :

2.2.1 R AR R 2 A7 B R A ARA] 1 GOOT 42 %4 4 (N = 2548938.495
m E=162175.6027m » h=22.981 m)A @ 4% WA » 28 $ Mg
Al B RALR 0 R B E) Y ACEAR IR AR A ()RR
MR R4 A 15 A ()RR TR BAE KIS S #(3)RRIBF R 50 -4k

222 #% M8 B & 4R & 34 R 12 M (Topeon Tools) 3t K 4 64 £ 3 &k
(Baseline) s & + 33+ MAREAR I AR AF IR ERLBRS
H15(Ev, Ny, 1) ©

2.3 SAFRI oA A IR A RE S MAT IR E AL - ATRTRAMER
PR EHARB R Y ZBRRL AN TR PATRVR QT ES T -

24 AR TR EAR LR FRE - 44 A Agisoft MetaShape Pro $itt
BA SIM #5873 & 34 K4 0 WA T ¢

241 o HRRA (D THEA  (2)SIM Ands £ 2345 G)EMIR
BB ERN(4)SM FACFHRE(ZEPZATH) RAMARE
B2 AR A -

242 XA BRI E MK 0 A SM FXBERITNIF S
BRI 1 iBAZ P ST HIBE AT A BT £ 0 R R BB d AR
MAMA FRANBMMEREAR F SRR EREMRR XK
25 JE3E H) A AEAR 2Z AR W A AR F WK (Ew, Nos, u)

25 MBR R MRAREZRERRYLIBLFME RE P =[P L5 KT
2 ERRHAREAM 0 3 20 8 RATBEHN > SEATETEK

PoF
AE E,
AN |=( N, || N,
Ah h,

AE: T+ @it F @B L - AN FRUMTOEEL -
Ah: SRAGEE -
Em Nu, b * REARAAS T M < B, N, by ¢ ARERERSAE -

L

N
h

"
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AR ERAR RS
Lo RS SO A A REIRE AR WAL ELE B # HRENY | RESH
. STONEX/SOIII/
meeak | ST D220153A | 202448228 3%
. STONEX/SOIII/
MERE | o D20IS4A | 202445228 3
MR || STONSRALS D20I1SSA | 20244828 | 3% | mraem
S9C236321024TW -4
o Hi-Target / V30 0688
#i B ZAnk, 10223329 D210343A 2021 -84 518 3 ¥ (NO688)
Hi-Target / V30
R Rk 10223336 D210344A 2021 48458 3%
A Hi-Target / V30 ‘
# 2R 10223342 D210345A 2021 %8858 3
TAIIMA/ZII/
MR pyerps A08-03-197-01 | 2019%3 5228 6%
TAIIMA/ZIV/
MR ke K08-06-382-02 | 2019 %6 A 27 a 6%
MR TANMA AN K08-06-382-03 | 2019 46 A 27 & 6% | gmmin
A080319703
TAJIMA/ZII ok Ll
: AF-1735
1R ity K08-06-382-04 | 2019 %6 A 27 a 64 | T )
TAJIMA/ZIU
MHR vtz K08-06-382-05 | 2019 %6 B 27 & 6%
TAJIMA/ZII/
MR ey K08-06-382-06 | 2019 %6 £ 27 @ 6 %
wERE T
A F e = | DY200206c.006 | 202042 8 12 8 3% | RERRT
(TAF-3036)
R ST A

4] AREAMBBATRE RAARBREMNSERTREARENFTELE
WA ) DA IR -
42 AREREPZRARREE » hASBREREXANE AR F(FRL
BAEO k=203 HRFG k=206 K * ARHBHH 95 %I HA
1}_ °
5.4t
5.0 ARG AR ARR FRAFRETHERT > B LMERM -
M. £4%H
17 A AR gk R B BATIE & R EA A GEOSAT-CP-01 » 1.6 J% » 48
AR A A H R3] 2020 -
2.7 & AR AR B B BATHLE A # 8 SR AR B IR45 4R 4, GEOSAT-VR-01 +
1.4 3% » SR AR K AR A R 3) » 2020 % -

BSA KSR R %% 1 GEOSAT-CP-01-11-04-C
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R 4E 3T 1 J202303140201
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AR NEGIR LN PO
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LAXSALAR P CAHERERERRE (RTHAELATRE) T
MRS BR YRR EFEFRTHSAREER)MALORESR
HANAREN EHAREMFAT -

2ARENOHBERATREFRTRTREMFHLER - BREM X
BOEAF 0 RB 2R AR AR A B 2R BT RAR AR M T

BAFHARRERE  AREAFHHRA I 22 MR MRS-
4. B RARA A Z R 0 WA AT R X AR o BRI -
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AHSFELAEP SR FTRELETRE
FPTHLERAK 2K 97 44E

HAEIR A MR ARALIE MR

W& 5 1202303140201
8112404 5068

g : SONY HEMATI)BH (112503 8148
A 1 ILCE-TM3 5 2L © MR R AT 3R B R AR
-3k 4884604 V A fAE X F RS 11201
HEMERT 24mmx36mm £AMBAHAAK 112401 A308
HESRRRN
— M EHX
1. @ 7 &) #& 7 A E
. RWER | HLFESE(mm) | LR S 2(mm) & % 8 £(mm) ¥ i F &y
% Ev-E, NN, AS=(Ew—E)+(No-Np)™ | BEF 5K ZH(mm)
1 A031 30 -30 40 130
2 A033 10 20 20 130
3 A054 -20 40 50 130
4 A067 -70 20 70 130
5 A089 -110 -200 230 130
6 Al08 90 -60 110 130
7 Al109 -10 -50 50 130
8 AllS 100 -80 130 130
9 All17 120 -30 120 130
10 Al2l 10 -40 40 130
11 | Al24 -30 30 40 130
12 A127 70 60 100 130
13 | AI129 110 -20 110 130
14 Al3l 60 -20 60 130
15 | Al49 -20 80 80 130
16 Al150 -40 20 50 130
17 AlSl] -80 10 80 130
18 Al152 -30 0 30 130
19 Al155 -50 -20 50 130
20 | Al67 -80 -170 190 130
21 | AI72 -10 50 50 130
22 Al73 20 10 20 130
23 | A177 -50 30 60 130
24 Al179 -20 70 70 130
25 | AlS0 -70 70 100 130
26 AlS82 -60 20 70 130
27 | Al84 0 60 60 130
28 | Al187 20 -40 40 130
29 | AlS88 140 60 150 130
29
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28R 5B B Rk e B ks g ke sms 1 rawe (@)

NEHB LRGP CRFRERLETRE

EPThHLBRABL 2 M7 HR 44
G 1202303140201

WEAR | KRS E(mm) | 2RIES E(mm) F-d0 % ) § £(mm) FRHd
ke 3 En—Er Na-N, AS=((Ew-E) +(NaNJ)** | $h 5 & B (mm)
30 | AlI89 0 20 20 130
31 A190 -50 0 50 130
32 B124 -80 -80 110 130
33 B126 -130 -90 160 130

FaHe BEHHRME D 90mm
HHRAERBEARRARBLEZ AR  RESHKAXRREH AQ BB LERT  PAFOEL
b JEEEABOTZ AR S 2 RRALRS 2N M 8 d R PRI NEY &

W
2. R &) SATHE
P HEAR K@ & £(mm) WG H
% bty 4% % A & & & (mm)

1 A031 -10 280

2 A033 80 280

3 A054 -120 280

4 A067 100 280

5 A089 -330 280
6 A108 -130 280

7 A109 -140 280

8 AllS -160 280
9 All7 -210 280
10 Al21 -170 280
11 Al24 -160 280
12 Al127 -250 280
13 Al129 -60 280
14 Al31 -210 280
15 A149 -110 280
16 Al50 -120 280
17 AlS1 -140 280
18 Al152 -240 280
19 Al55 -50 280
20 A167 -300 280
21 Al72 70 280
22 Al73 20 280
23 Al77 -120 280
24 Al179 180 280
25 A180 50 280
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ANEBRALEME PR TRERETRE

EPThHEERRABL 2K 97K 448
|4 ¢ 1202303140201

P REIE HEFEE £(mm) WK
%R Pt AT E(mm)

26 Al82 80 280

27 Al84 20 280

28 A187 -170 280

29 Al188 -390 280

30 A189 -170 280

31 A190 30 280

32 B124 60 280

33 B126 -30 280

HAEH @B EMHIRME © 160 mm

3.4 8N

3 ARELUNHN T —F o2 -—HARIGHBEARBREFERE,(111FE124 148
ST ) 2P BB F A% -

32 RGO EWIRM Z AR RN ik A A T —F o2 — BAANEA B R RS
£8% (111512 A 14 BHT) #ITHE -

3.3 FAM TSR

& £ 34 AL (mm) #4812 F(mm) FIBr s R
Fare 90 250 8
MY G 160 300 i85
3R RERYRMER
AR E (BF) 12
fib e AR E (1R) 6
REGAMEHTE (4F) 6
B AWK F&FE Endlap (%) 95
ARG ELF Side lap (%) 65
A AL A 2K % (m) 350
e b % AGL (Above Ground Level; m) 155
b 4§ A AR 47 GSD (cm) 5
2 EP=ZAFEE MR
EIE (mm) 21.7025 V
£ £ 25448 (mm) -0.0953,0.015 v
LA LR TS &
BAKND (£m) 6x6 v

B AR s AU | i pa

Wiz D@
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NHFELAEP R ERERETRE

EP T LB RAS2 K97 I4E
#HE545 ¢ J202303140201

FEEROREBEE (B) V223
F £ b B A EARA R (%) V|43
I HE () /{10
kiR in g2 & (25) V{33

I3 0 ORRE TR R R TR
EMBAERT R £ e E¥MR(Undistortion)
SRR X B E R A

&
Agisoft Metashape/1.7.3
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/P AAE (E=215272.362 m » N =2647269.617 m » h=201.201 m) % it
2 3 E 4 WA P A% o 1AM AR A R AR -
2224 M 5@ TR RS 2 R K R EUAF) SRR EAR o B RET R SR K
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IR e LI TR R R T S FERE U R}

AEFEA LGP CRATRERETRE

FPTHLERARL 2K 7RI
44 #6531 1202303140201

223 3 M 45 2 A AN F WA R 2 $a8 3 563 K 48 (Baseline) & R - HHRMAF @
HIEA BRSOV T EAAKBT R HATABM GUNOH) EREERNA
oA IERSAAHHERPRE - WA ARETRERAN - RIRAR
BEHEANH AR BRTBIMESTFERE I SHERERSA M=
Ry ek (ELNLh) -

2.3 MBI MARL AL B PAT IR ERI AT RREPZATFERE FRARA
Lo EMXSEREREMER 2 BRARERLERETRZI ST SHT R (3F
PR A NEF LA TN AR EMITEMECEMS T - AR ERIEMBRHE
B2 AR A R B 3T A o AT MR IS A0 IR R ATALE 0 -

2.4 /MR WS AT 3B B0 BRI AR A EAR A% M E - AR 2 b = AR E e RT3
HAfiLTF :

241 VAR HG TSSO NMERA R YR BT RZPZANE EHNEFZA2
EERERFAAAREARZ AR AAR - RARRERMMAEIMLHRIDZ 5 @R EHNR
$IBBHY  RITEFZ AT P2 AR KA B ARIE
FHEAARERMNERE L 5 GHIFRMA R L RELERR
AT AR AR RS

242 MR ER 4 RS B4 50 1 B R P BB 2 850 A3 10 WILER
AZPZAFEEHS  ABRIFRDERLY Y A ERFHREE
ARBFEPZAFENE > REF MR ES 2P LR IRE (B N,
hy) e

2.5 A5 B AR AL IRAT R Z AL EARAR AR A A RE ¥ = f P 23 WA AL B4R
VAR EAME 333 BATBENHE > BSEANAFRKLTF:

AE E,
AN [=| N, || N,
h,

Ah
AE: Fakth @B L AV FaMTaB L A GRIGEEL -

E,
Nm
h,

Ew, Now, hw * &iﬂﬂtﬂikﬂﬁ ° En Ny, he: &11# ﬂ#**ﬁ .

3 ER TARIE R
TRk LR AL S REMREGE | RTREDN | REZH R E R4
LEY §.207H
| Leica/GR50/1832190 D210593A 110/11/23 3% ERRE
(N0668)
BEE ¥R
2 Leica/GR50/1832197 D200618A 109/12/16 3% ARRE
(NO688)
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AHEA AL P CRAFRERETRE

AP T HLERNAB 2K 497K 448
4 #3% 1202303140201

AR B R P/ I3 REMSHE | RANEAH | MERNY HEFAL
DES S 208
3 Leica/GR50/1832208 D200619A 109/12/16 KR 2 ES 9%
(N0688)
REEEHR
4 Leica/GR50/1832209 D210592A 110/11/23 34 ES 9%
(N0688)
B EE IR
5 TOPCON/NET-G3A/61800316 D200549A 109/10/23 34 ES 20X
(NO688)
AR L5
1% e aBR
BEREXRE
(2218)
AL E LN
®PonFR
BRERME
(2218)
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P WER
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(2218)
L 4 EX ]
Wy onER
BNEXRE
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PSR 2
BEREYRE
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AR E £33
HrorER
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R EX )
oM ER
BHEX®RE
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R EX
1% R SRS 37
BREXRE
(2218)
by ER )
oM ER
BENEXRE
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6 Trimble/NetR9/5215K84225 | D202110040109 110/11/12

7 Trimble/R8S/5947R00952 D202005080304 109/06/12 3

8 Trimble/R8S/5947R00951 D202206160202 111/07/11 3%

9 Trimble/R8S/5905R91276 D202211180101 111/12/14 35

10 Trimble/R8S/S905R91257 | D202206160201 1o

11 TOPCON/GR-3/4421748 D202201220103 111/03/02 3

12 TOPCON/GR-3/4421740 D202101180104 110/03/05 35

13 Trimble/NetR9/5218K84844 | D202110040107 110/11/11

14 Trimble/NetR9/5303K57599 | D202110040106 110/11/11 3
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