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Accuracy Analyses of UAV Photogrammetry

and Direct Georeferencing

Jiann-Yeou Rau®’, Chih-Yang Chen?, Jyun-Ping, Jhan®,
Kircheis Liu*, William Lee®

Abstract
Comparing with manned aircraft, an Unmanned Aerial Vehicle (UAV) is a more flexible
with lower cost platform for aerial photo acquisition. However, its payload, space, and
endurance time is comparably lower and generally only light and small format consumer
grade digital camera can be carried out. That means, its footprint coverage will be
smaller and more images are necessary to cover the same area, and may contain only
forest within one image when flying over the mountainous area. Thus, it is a difficult to
utilize the conventional aerial triangulation (AT) procedure to obtain the images’ exterior
orientation parameters (EOPs) that requires uniform distributed tie-points within the
images. Because, it is difficult to match tie-points automatically due to the image context
has repetitive pattern, shadow, and homogeneous area. Since the geological hazard
happened frequently after heavy rainfall in Taiwan mountainous area, it is thus suggested
to utilize a fixed-wing UAV equipped with a tactical grade SPAN-CPT IMU together
with a dual-frequency GPS antenna, and a Canon EOS 5D Mark Il digital camera for
direct georeferencing (DG) particularly when fast response for hazard investigation is
required. In this paper, an in-door camera calibration field is designed for the calibration
of interior orientation parameters (IOPs) and an outdoor calibration field with two-step
boresight calibration procedure is applied for the purpose of DG. Detail about the system
calibration procedure and accuracy analyses will be provided in the paper. Experimental
results show that for flying height with 1200 m after DG and performing accuracy
assessment using space intersection through check points, the RMSE in planimetric and
vertical directions are less than 1 m and 4 m, respectively. It demonstrates that the
positing accuracy after DG is enough for the purpose of fast hazard area investigation.
On the test of topographic mapping, the internal precision of the generated DSM through
ground controlled and non-ground controlled aerial triangulation are all about 1 m, while
the planimetric accuracy in stereo-mapping is within 0.5 m. If two UAV image datasets
can be acquired before and after disaster, the landslide loss and deposit volume could
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also be estimated.

Keywords: System Calibration, Direct Georeferencing, Unmanned Aerial Vehicle,
Digital Surface Model.
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B P M2 T K o

GPS ,

Y,Z)"

B5 ERERFETTTIE

Ry T HEREES (IMU body-frame) 2 i B ELZRE  ELE (] UAV L2 GPS B
BRHERCH GPS 25 b 2 BUANE R EL GPS F] IMU Z [EE ' - #E{T DGPS 771 7E
fir - PEETEA IMU 2t 2 hIZR e Ed f 2 e OISR & (Tightly-coupled)f
SRS > HEL IMU Bie > 7 B B1ZRE(Chiang et al., 2011) » ff& NS EIHH#R
R () IMU #ife 2 fir BERRE - ASU(NBUR LAUER 2 BT - M Tih)2s
SR - HHE 5 TR RE 2 A B Ry = ([ B AR - AT BT

r(t)y = r(t)ghs — R()p atps (7
=1+ R(OFal + R(OFREs,rs (8)
Hrp
r(6)p RFEERBER (1) - GPS/IMU BEGfF R 1% IMU HEEAH R AT &
SR AR

ry AR M ARG P AEHE AR S 2 (L B
spRFRFAGURE p BIHYIRE P R & 7 & 2 K& (Scale) » siAHIM = 20 H
VLRGSR G KBTS
n AREGHZ BRI E -
bt 2 A W (E R R ik 2 il 7 (Boresight) (RS HESK T 15 B2 I B
(Lever-arm)Z:%i(a?) » —M 2B A PERIRG - FEACR G2 22 = PR R » HEfT—
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B I

PES BBl — P& B 2470223 7€ (Skaloud, 1999; Cramer and Stallmann, 2002)i75: - {HEHHAZE
= EEEER L (T B E A s B BRENNEES - EEEEE
ZREREATEE  RELAREBLU I ER L « AR Tofh 2 - 57
FFPEE R e AR EE E S 2 Smas Wil = LRl EEE—iEeE&
BRI E LR AR LB & (rd) - FFAEE GPS/IMU B G #EE 1%
Body-frame 1 s i ] (D) FH ¥ 2 st B AL 24 2 (i B R & (r (D)) » RIEARIE A =((9)
ALK R E E R () Z L B [ & -

a¢ = RO " —r(t);) (9)

FER AR T > e G il LUE R ZE = P13 EIAH B ST i e A A 2
e e EE (RY) - [F—iFfE th n] A48 GPS/IMU BEGHE % Body-frame {EiEE
[ (O AR St ] A AP 2 S0 2 HE AR (R(D)p) > INILARTRAREA Y IMU 2 s e
A A 2 (L0) >R M 15 > HE 1T R oK H AR i 5 /e =07y 22 . 75 (Mounting

angles) -
R? = R(ORRE (10)

AWTFEAH ERRE R A U(9) (L0 RERE M A Z i A BE e E 28
HP—iRIE R Bl R EGE 428 NIEHEEE P ECRERE AT R EE -
HEMAs T AR R DS R E R Z N EIRE T » &CH b HIRE Bl T 2578 E P2 2
TEML T AEEGRZE =V ERER KIS R B ZINT AL 28 - Bt - GPS
Rég -~ IMU gt Z B B R E R AR S A B T A A 8 e
FARAM IO ERAE BT B AR S A0 BBt i APE S e T
AT RIE AR E EE 2 REET RS EIE RGN > BITATHET K&
i [E B EM - R IR KIS 22 ME RGP RS BT - Bl sRsE% -

=~ &R

AgE 2 EEREAL N RS READ » EREEY 9 T A E o Ehgrh TR (EZR
RZ UAV it > fitim o3 A R 600 24 RU(12 (FRfATER)EL 1200 22 K (14 {FRAfiR) > 8 6 K
7 RN AR Z UAV SRETIET - EUFEIERIRE 2 o340 Rt GPS 251k
(NCKULIKN) ZAir & - [ o (el i Ry 22 =P 2= (A Z 2Bk > &Ll IRl fy 2
FREMH e EaE > HaE eSO HEigEy ) - EEER TSR 228
EH S G B E RSN LS EL -

(—) HEIEZERE

AW FH eGPS Ze&7HI 5 35 {[EHb [ 25 Bh > K15 TWDO7 S [ AL R B fF Bk =y
Hrb 10 {EEfBL S MEFIEESE GPS K4t 1.5 /NIFDL b7 BRFREEH] » G {#HE
Bernese© gL HAAE » e Hh BB A WA (E GPS #E4EER NG G441 Bl GS45 7T
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BERA - B ~ BT - BIE - 2OUE - AR B B RO E L 2 R A

GREE > DURTG SR O AR ~ (EE REER S - 528 R (4R T R R
TWD97(2010)~F-[FIAA45E » 1 F 1 A R MRL IRIEHA 2 37 - RIEIGF SR RS By
ek - FIFE 10 {EZEdRE A0 S SR A G T R R (B AR A 2 A S 8 > &
R A MHAE E B N HEsrpl B 48 Ar8-29 Nor 2 PiEE - ks
RZERERAER 4.9 N7 RERE T o7 NIEEIRER flim e (R 4722 =%
EAZIRIE ZFEEFRK ©

s, Google earth

Bl 6 600 = % 5F 2 #uh™ ~ b d o g A ‘zili%
F (¢ )

i ;.ﬁ'*f{”‘ &'

B(F ¢ f2)2 5 2 Bk

w0 Google earth

W7 1200 2 % i 2 buBh o~ 2o R AIEA T~ 22T E RERE S RS S A B
B B ¢ 1)
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B I

(2) EAMEEAE

1.GPS EBhZE ==

AREERILETRI(EZRTZ UAV fitH - fis oA Ry 600 24 KU 1200 AR #2458
Z Hii{% B A AR L F) B AR 77 ] s 80%EE 50% - {F 600 /A Rffiirs HAafs 1270 5R%
{8 > 1200 2 R AIHEE 1449 s B > AWTFeEEHIE 6 BlE 7 m il 2 2B
HEFTZE = PEERTR > Hh By TETRSSCR Australis B2 ISAT #EEFRIBER R I1EA
60% LA EEAEAR 52 - 3 4 Ry AlliE =M = RO R 2 e &
Fitm S RE 2 PIEOE R R s BN B 22 2 PR (Sigma0) » — R B (AR
VCHCAET 722 —~P7=H Sigma0 A% 0.3 {EET - {HiE3R 4 Z Sigmal {SAIATH H gt
i s H G MR E NER A2 0.63~1.2 {[@{GTT » FEFERZLL VAV (IHEEEM
AR > AT R RE MR - NEEE G A TR -

FEREI = RS ZE = PR EHIEE RMS IS fE B B L PR S = > £
JFRRIEASK E bk FH 50 mm §5250 - HAEF Al MERY 27 J& x 40 & - B besy
£ 0.05~0.2 2 > (H1G2E = PR R (TR sy - HEiE e i EEsE - 1M
Australis” s BRI HIBE RMS 2 b BTSSR S > FEER
Australis® 723 MR T2 5 PERIRELHITEA - (2 R TR R AT A
RSB PZERIREAH RNV AR 2GR - N2 A AR IR A A Z A - N E
gt - POTALZ RERFHEL UAV o IR - HERIEE TE 2 IGE
PR NG - BRI 2 BEETA RS - RGN R A LT
Gianis o BECVEKRE R TIEGE A S I I - NEEPZERTRE RMS
RRZERIUN

S5 > Pix4UAV STERCRE DR AEHE - (E{0 A B A R R P2
STRZSE MENEZHES - BREEEANERSTET - &IE&EFE ISAT 2=
SRS o T DR SIS NBR 2 E - P GOaIIE M ZERE - HimEd]
BAIEAG AR EASe iR a2 - R 5 BURAKERATEUE ZHEEH - & 6 R Guss
BHEE ZGET > BUNA 2/ VRS DR BB A SRR RS/ VI
Rl Dh 2 s - IR RN HER ot E S - LHANE 1200 24 REFER
FI*EE & B (double block) - [N erEUAIEHE S > ZZ2 =R TSRS - B2 =5
FipiZ B R R 2 A R NPREREE . FOV ke g{6 > BIH LL{EE NG BRI -
s tEER 2= e M= 1200 A REEMTS 600 A RK - RIZEERELEI R G i) A &
FEAHRE - AL ENTFT R 5 8 DA EH NS e (o B LR 2§55 - B0 24mm >
LIFETts Gefg i ~ B/H EL{E AR e - 0 H B TARR T - DU 5 i
SEZIRENE -
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A -~ BETS  EHRT - BV - OB ¢ S AR N E B E R E (L B A

24 FZTEZFAALIT%

VAV B . em gn BV #2418 RMS (m) Sigma0  ##8 1% B RMSE (m)
B &g & E N H (Pixel) i E N H
568  Pix4UAV 0.1 9 0.117 0.116 0.660 NA
600 m 283 Australis 0.2 13 0.333 0.300 7.235 0.63 NA
ISAT 0.2 0.153 0.175 0474 1.20 4 0.197 0.359 1.214
679  Pix4UAV  0.05 8 0.045 0.120 0.330 NA
1200 m 239 Australis 0.1 13 0330 0.304 4961 0.77 NA
ISAT 01 8 0.151 0.243 0330 1.17 5 0.206 0.571 3.141
% 5ISAT 2= T X AP E R E 2 K T
g (m) 600 1200
Bl ik 54 (um) 3 3
By k5?2241 (m) 0.15 0.15
oo drdlgie A(m) To/g A 0.05/0.1 0.05/0.1
ok EEARKY A (M) 10,000 10,000
+ 6 B ijad gkt
#® 600 o = 4y 1200 = <
¥R g i SRR ) SRk T
2-3 1806674 2-3 2174890
4-5 197151 4-7 218532
6-7 34836 8-11 28412
8-9 12136 12 - 15 8143
10-11 3765 16-19 3331
12-13 817 20-23 1691
14 - 15 208 24 - 27 955
16 - 17 46 28-31 540
32-35 316
36 -39 180
40 - 43 44
SRR ah kR FEP o e
Median 9275 Median 9394
Min. 910 Min. 2612
Max. 17614 Max. 28424
Mean 9126.669 Mean 9473.127
2.FEHL DSM 7 ErE S BV SERE ST

Ry 1 LR A A AR A A S DSM ZEHERERYRZEE - fEAIH] Pix4AUAV
HEFTZE = P2 R BUE DSM I - R ELRA Sk e 2B 2 BICR - £ 600 /4 RUEE 1200
S R ks 2 s G 2 R 0 RGN Ry 7.7 12357 B 15.4 1353 BERTEE DSM
WS AN AR LA RER 2 AR BSARFURE Z etz Be £ Ees k> NI
£ DSM gz ot el il mde 2 ABHENE © 3% 7 RStz iER > BRI E 2
75 (65 Pt T 25 ARG > W R s A . DSM HL P ol B8 (s i ) B 42 90 A 43 A
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B -G BZE TR BB

EA AR RS - RUFTZEZE 2 DSM HERERE (P U7 RERAZE) I 7T 2 51-61 20y - {H
R A LTL AR - a2 A A SR - AlErA4Y 1.03 A REL 5.33 4
RZ &8 Rz > NI ReRE i 2 A - e 2 (T B YA & B/H EL{E
KA -

%7 DSM 3 #2302 A2 472 %

i (m) 600 1200
GSD (m) 1 2
B/H 0.1 0.05

GCP 4 P 1 F

3% & (m) 1.71 2.71 1.04 6.93

5] & (m) -0.63 -0.79 -0.59 3.75

TE (m) 0.14 1.03 0.06 5.33

ERHL (M) 0.39 0.86 0.51 0.88

3= 1 (m) 0.61 1.31 0.51 5.39

AT FEER AR EERO R KA A HES T R SERE 04T - FRF AR m] SERE A (IR
1B 2 erBUHE > (BRI 2 HEI 2 G ELRER DSM » F—(ER 1T
KRG REH B RHZ/ DREGENGEEAEH > I 2GR A nlaE s
Arghit - NI AL T — (R 2 A 5EE - BIASME st E R
DSM £ DTM BB E E s H 4 2 IEL > INILAWTIE /R 2 fo e 2
DSM B AN FEESLZ DSM HE{TH5E FELEHE B2 2204 HRERHAS H 58 -

8 HURMI(EZES - Hrhz= e i B i TREMAIRA TR dt - HilS
€7 1,600 AR FFHEHHA Ry 170 KHz » BEER# LY 1.4 B/ > FE2 DSM B Ry IS
—[EPEERLL Kriging (A EI4EHE DSM - 17 UAV ZEZLZ DSM &2 5k
600 AR5 0 18 8 LIREEREREZEL - FERHEICEE LS E
TR HE N - EHHYH R 52 B VTR B N e R s 1 R R i (5114 /22 TH /K AG)
B AR SO (R S ) & i Rl Ui 2 A EE M > T2 T SRR (R Z e -
RIEE Pix4UAV iR - NIMTERE 8 m AR — e iy > Foris et /5
/2 HEA: DSM -

FHIE 8 JR O EIZRE] > WifE 7 ABE 2 DSM A E & 2 MU - BERAR VAV %
Gz DSM HEHIEBEa5ef s - TR ERSAERIREEYIESR - NG
EREBEAE M - NIEIRE 122 UAV RS2 DSM B Ryt - (322
HOLEA KGR EM G SRR R - NIbER DSM fER AR =]
RESR BB VZER o EVIESUER G BB Z IR SR TUCRC
RS AN - HZEHEOLEE DMATRR = - A —C g ERENEEY)
25 NIEZE#OEE DSM £ g AL a8 g -

PR ARBFTRIE — DSM #ETTARTRG  LLEAL & 2 722 5 - [l 9 Jy—#iff -
HfE 9-1 RyzEsiot R DSM - [E 9-2 fy UAV il #{FZ DSM - [&] 9-3 i
HZAEE B 9-4 HEH LS4 > B 9-5 K DSM ZEZEHIJ5E - [E 9-6 fiE 9-3
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A -~ BETS  EHRT - BV - OB ¢ S AR N E B E R E (L B A

AR~ DSM Z2{H - HHfE 9 o] WL T S R A AT i YiE s » HPREIE G m 2 &
VgL E 9-7 » NIV S EING IR E 1 - i ZEEO R T A R R A
fisrimiess - Rt Eimeiibm R TR 7S R THE - B NFREL T IRk
EFL o EAME 9 HEIEIE 4R AR R A U7 (A1 5% i 2 AL & A B G & -
V55 @ A EE R - R CE 2t B E TH ARG E - RS B bl A BA
0 {2 UAV i QR R E R S 2 80% @ (RIL i ERL /) - &UBZ Uiz
RS E Y SR B 2 BEEE - SRR DSM 12 BRI S EE Jﬁt&l\ i DSM
FAEE JTE B A AR AE O fifiT - FREfRAEL 2 AR B E 2 —#
MEAEE S o RIS/ NEE 2 AR SOA PRAET T E BARY UAV STl - B8R
[ElFHH 2 DSM - Hﬁ“ﬁffkg;ﬁt{ﬁﬁﬁfﬁfﬁﬁZ/jrEF‘iEEI’]/}ILé’i MR EBERE
R EE ~ bk T EgKE 2 EEEHHEE RIVED) -
3.ILRRHIAE y %ﬁ%&%ﬁﬁ%ﬁﬁ*ﬁ

FH 7 R OH 2 fe] A5 A8 1 S A2 e 25 R FH BB FTUR) T F 5 (Digital Photogrammetry
Workstation, DPW)#E{TI7#EEUH R 4@ 8l - RSB AR y 5 - BFERHmAE
HENTIRS - WA TR LEE - & 7 ERsEFIH UAV $#£5&; DSLR S fE#{5 7]
ZFLEEY - IR T DO ASE AR ES y 177250 » W0 DATLAG SO A R = 4
[ A DASRE T H =4 e fir 2 AERESE

& 10 f{#E F ERDAS Imagine LPS #2 7 MicroStation\PROG600 5 4H #1717 AS i
2R BN B2 N -~ AN SECEEE N e BB G FH Yy HE
B]Ee - BlanfeE b ieaig b2 AL - B EfeG s y HRARAR
7= EL 1B7EI%BTEEﬁE/EJ§U7FEI_,llélﬁﬂt% FonaE IR G NHN TR S EED
HAME S Z EEY -

5 > HlE 10 Ffge 7o LEEIIRS SRR =4 RIS
B DIHERE e S Rt B AL - 7 B B a1 e B e 2 R A= o AT P
{EFHZ AT A 28Ry 1ISAT 28 = P2 AR » G R 8B iE SRR B (B IR R 2 o5 - 32 8
RIS EMIERZE AT AR » SR = (il 2 0T FRER 22 (RMSE) ~ B KERZE ~ /N
72 JOVHERS o W AETAIE] RMSE &3 #0450 2273 DA » Al %] 1:2500 S EiEE
ZHOK » {Hi=HE RMSE EEAFATA 1.8 (%% 5.8 £% » HEL(EEL B/H A SAHRE - tE)
1200 ARFimZ s8R - s RKEEmEE 6.16 AR filLiss2 G i/ VR Gy
HARE y (7% » W ENREEENGE » iGN 28IH B
a7 - FEFRIGEHE R G RISERT L -
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BERA - B ~ BT - BIE - 2OUE - AR B B RO E L 2 R A

il T oo WOV . 20605 1967 Y. 252050 Whdmeton__ Vot 05 0012 548 T meen__ @

500264 81nemn @

Bl 10 ~ DPW {7 = R8P (=87 YARZ » (+RB)&E YL

%8 HERFLILITSE

UAV #u8 (m) 600 1200
& ek 11 12
B/H 0.2 0.1
$hre E N H E N H
3% & (m) -0.40 -1.03 -1.62 -0.67 -0.73 -6.16
B & (m) 0.49 0.58 0.62 0.75 0.73 0.89
T35t (m) 0.06 -0.16 -0.60 -0.02 -0.19 -2.63
EEHBL (M) 0.30 0.41 0.78 0.39 0.42 2.13
o 3L (m) 0.29 0.42 0.96 0.37 0.44 3.33
(Z) B EN
1.l B e B R R S i

BEZRRTHL ISAT 28 =5 RpCRE NI FEAE - A S A FH L R Tl A
B R > WAHA EIRTS 22 BB B T 100 SRAT 88 SRl A [
BRE - £ 9 BURRERR R ANEEE PR RZE) - R REEHRE 2 PIE
EAJRnE ER A E [E S - ek S A = EE e (2= B AE 0.05 =
0.15 A » LE SPAN-CPT Bty = f&f - FUASEAE FARAGEE A -

BESh - E 2 EIZE = PR R [EEE RIE Z R GH(dZ =% 46.57
5No1)  BENEERE RS - BB R = S 86.29 A7) o HAZE = A RH A T
O I BEHPZERE HA SR > BV 2 ZEREA RN 600-1200 A RUT - {3
GIERAHE R Z L B RS AR E S 2 5RE - NIEEAHT e (& 4 B R B e Ay -
TR L E B R E AR - I A TR G L &3 - FLIRAREZEh75
LRS- ARREHE - PEERE A - FEE R EPRE M EollEs 2B (L > W4
T EE - ATERE SR E G AR ST o 5500 - ik O N AT B Hi{EZE X
RERR(CHIE)VFHBAVER > SRR KE 04 & EHEFEAZERIORTT
AEE - FZREE IMU BRRRIRVHEZR 884 T 88 8h > 8 T R (B R 2s el By A
L
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B -G BZE TR BB

%9 PhEBF TR TN FEP IR

#i4  UAV Tio EEGL
i #%  dOmega dPhi dKappa dOmega dPhi dKappa
fhi 100 600-m -1.1337 -0.6126 -0.0324 0.0706 0.1463 0.1203
(&) 88 1200-m -0.7314 -0.9487 -0.0477  0.0447 0.0423 0.1108

dX dy dz dX dy dz

HEA 100 600-m 0.0568 -0.0850 0.4657 0.4221 0.4494 0.4496
(=%) 88 1200-m -0.1100 0.0045 0.0022 0.4840 0.6511 0.8629

2.DG EfrZRZE T

LI UAV 28T B RE B E (i H H B e B TP SO A - (Rl T &
MRS E KR HEE > NILARTFE LR A B R B e A KIS Z AT L 2% LA
AT 2 & Bt R (T 2 S B AR - SE T B I P RE LB EER HE 52 - fEHEAE
e LR REzum 28 BEEEE I AEERATENRIAR - £ 10
BUR =4 E MR 22 TR - DT R B Bple ARt Rk 4 sk
DA T &M G AR A AT 5 et EE B AT - E3RESHEL DG 28 [y [H
— iy BT RERE BN 1 AR ST RBES /IR 4 AR - B2 600
NRAIEZRESH - ERE 1200 ARfisOEZ2ZG E  AIRARRZEG AR 4
SR B REREEEES] 50 AR - JLERRBURHATEE IMU B 753 - 1E
UAV I TR IS Y R B & G A & A B B (s A 2L - HATERREUR > Bl
{# UAV BEREE H 7% 1200 AR (Al Z 8 PEDEALRRZEAE L AR > B PRE K
THEH & Z KA E e 4 -

410 EHERMIEITFEE AT

EET 1 8 600-m 4t 1200-m 4sn 600-m 4an
DG # i 600-m 4t 1200-m #sn 1200-m #sn
4% E N H E N H E N H

3+® (m 079 -089 548  -143 -102 -782 -7.97 -9.09 -50.87
3L & (m) 061 142 3.45 141 105 233 1079 733 3831
Ti@ (m) 015 026  -1.06 010 005 -228 183 012 -7.98
BE®HL (m) 046 069 3.06 077 071 299 637 478  29.07
AL (m) 046 071 3.09 074 068 366 639 460 29.05

LAkd 2 10 12 13

PEREY
2- > @

AHFELAREELY 15 3T 2 AL-40 UAV FE3EESH GPS KR ~ BiifrZEdlk IMU K
DSLR AR - ZERRHER ST UAV SEAMET T Ehs BRI E (i FIRE - RGP As
FEMISERER Z ATREME » DU T ERGAHT7E L ZBER -

L MR E BB

AWtFE LA — w2 B RRE S T2 HEHRE - FIRET 2581
BIE > PG EA BRI EE R G R R R > It —2 ] (K
28 = VBT RSB AE AT RE IS MR E MR y AR - tE5h >
REMEZE = PR H N AR E 2 TR L/ DG FEAR > (T
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A -~ BETS  EHRT - BV - OB ¢ S AR N E B E R E (L B A

EIE » IRATFRARZE = P72 A8 2 18R -

2. ZE=MgE
AWFFEE =R 2GS AT > Ausralis PRSI FIPERIBRYHIGEE - &
SRIHFRIEE R > FOV BUNEF - 4ERSREHST - HERPEIT IS B

BIERRE AR H5ESE » G > SR 7 (iR £ A5 B 2= F AL A Bl i s o
SN BEEEETIET M PixAUAV BRESHE AR E S TREDHIE 2 # -
AR EIRZE =R 2 T - ISAT By HlAg R s F 2 28 = F&
HRS o TR EEREE PR (BRI B AT 2 e ea i g
e  BEGe GAMEE a rh EsE (Sigma0) 2 1 &bl b ik B/H ELE
RN Z > PEHIBE R A% RMS fE S 2 SR 22 AR > RIS 22 R i
Rz HAEEE -
3. DSM AEREFTELT] FEE
ABFZE(F F Pix4UAV RS B DSM - I USRS I 2 PEhiBhE A% Bh > 505
HERERS > FER IR I AI7E 600 2 R o] DU B4 — /A K 2 DSM » 1200
N RS R & FE BN A R AEHS DSM 3522 = P2 il i 4 (60 F b 47 U
R E S4B S5 S T2 50-60 /N5 o A FIH e > Al A 24 mfe
%4y 1-5.3 AR > @EHEEH g N EE] 1.3-5.4 AR o K5 [EIFER 22 #
HEERESL Y DSM T SEE T FWHME 2 —EMHES » TEERE
SR EYE S (BRI AE K. DSM Nt 7 =UA BE ) Bei A (22 8 2
AIER oy B A R EE M) o N B A RS - ERLY DSM
HAEIEELIE 1 ARMA - FICEEAA UAV 24 iR Ar iRt B ER
[EIFHA > DSM - Aiger o] e T T AR R B ERR 2 (5 H -
4. 1rEEEdlE
FIFIAWTEAT R 2 VAV 2R B0RAE > al R D TN y 2R
T 37 B8 B AR A ST U5 [ ) 22 %] 1:2500 LR R > B S K -
5. FEFEHEE (I RS AT
AIFFERCRER > BIEAERTS 1200 A R A BBt E L% 2 4N T 28
ETHITRY » HPEERZEE 1 ARDMA » LB S IE R E
CEHEE 24 -
AU AEZEE - BFEHR R RE NS 2 G ERE - DU IR 24
mm 7 ZEESRTHDARR m a5 ~ Y0 FOV BLELGRTSI EL ~ PR RYTEME - (HERES
YR REEEINTES R RIER eSS DR iREE - ok
Ty THECR IMU B1AEHE > AHE R AA S DEDIERBERY 7 =UE & IMU ELFEH > DL
TR AR SRR TR R EE AR L - T s B R B e i 2 AR -

® ¥

AW FORSZ B G T 7T S (YeT: NSC 101-2119-M-006-004) K2 A EL Ef At
BUE]-102 18 2 V- 5 BIERO T3 2 88E ) > DU B8 TR BRI AR A =2t
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B -G BZE TR BB

ZEEOCEE R (EAMITEE DA o NSRS EE PRl B E EZ B
HHELHE B REER - (EASCE RS BBLIERE - (FERILE -
$4 %

a0 2013 » BIEBAMEAGGIAL - FREERE - (R = iR M E R
G 2 R AR RORMKEE TS &) > SRR T 58 -

PIECED » 2013 » BAEHI#ERAA -
http://bmap.nlsc.gov.tw/bmap/ch/index.php?option=com_jotloader&view=categori
es&cid=0_c60944e3e536492bf09e48dfe7f92f87 & Itemid=61&id=2 -
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HUEF4HiES JBR(road corridon)Hy =4EREEER] - N HEOEE 2SO RENVREE R
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[EIFR A B (A S FARE S ) S R (E E R > B RSt B R A5
HEEFFZHEN - NI > Ri5ERrE R Eé’;i/fElﬂﬁ‘&M%?’“Fﬁ““ﬂ%ﬁ%&%ﬂfqﬂﬂﬁ
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Modeling of Vertical Pole-Like Objects from

Vehicle-Borne LIiDAR Point Cloud
Shih-Hong Chio **, Chih-Wen Wu®

Abstract

With the development of mobile mapping system (MMS), vehicle-borne LIiDAR
system can obtain precise 3D point cloud of the detailed road corridor efficiently.
Because the vehicle-borne LIDAR system records numerous points cloud and
complicated information of road corridor, those point cloud can be used in reconstructing
the objects in road corridor after data preprocessing. In the objects of road corridor,
vertical pole-like objects is one of most important and basic objects. Therefore, this study
focuses on modeling vertical pole-like objects from vehicle-borne LiDAR point cloud. In
the vehicle-borne point cloud, the data might describe vertical pole-like objects
incompletely and might be always with many irrelevant points from the attached objects.
First of all, the ground points will be filtered through scene knowledge. Then, the
non-ground points will be clustered through the octree-structured voxel space and
connected-component labeling (CCL) algorithm. In the clustering LIiDAR points, they
cannot describe complete vertical pole-like objects and some points might belong to
attached objects. Therefore, the automatic algorithm based on RANSAC (RANdom
SAmple Consensus) is developed to extract and model vertical pole-like objects from
those clustering LIDAR points in this study. The result shows the omission of vertical
pole-like objects by the modeling approach developed by this study is 31.8% and the
commission of vertical pole-like objects is 60.5% under the complicated street
environment. Moreover, the circle parameters of vertical pole-like objects, i.e. the
coordinate of circular center and the circular radius, are compared with those measured
manually in this study. The RMSEs in X, Y coordinate components are 0.032m and
0.046m, respectively. The RMSE of circular radius is 0.031m.

Keywords: Mobile Mapping, Vehicle-Borne LIDAR, Vertical Pole-Like Object

! Associate Professor, Department of Land Economics, National Chengchi University.
2 Graduate student, Department of Land Economics, National Chengchi University.
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g2 POS(Position and Orientation System) &1 1E [8] 2 4kE B IR » BEIZEOHI
48 %4t (Mobile Mapping System, MMS)fy# e #isi iR - POS ELE Al 24t T
H 1 2.4 (inertial navigation system, INS) 5z 4= Bk @ 2 B A7 247 (global positioning
system, GPS)Fri#fk » MMS théfi& POS Wi 2k & S 52 2= i B0 RHIV & HIECHIES > £
SRR AT - ZORERRECIIES - SNERRIEES - Hh N PUSEE NS
FY B B B 2 S R R RO 2 400 RE RIS FE AR B REERY 3D AR 51248
S B 2 B2 15 - 40 Optech Lynx Mobile Mapper V200 HiE £k 200kHz Bh&¢
53 (point repetition frequency , PRF) Bl i g fmifpERE 200m 1Y 1~2 {Efm b FERT4H
% ; 3D Laser Mapping 7\ E]HY StreetMapper 360 Hij{sE FH E. 300kHz PRF Hi i st
FEEE 300m /Y 1~2 {[i RIEGL VQ-250 fRffEEFraH e © 2558 At & (Finnish Geodetic
Institute) T3 =AY FGI Roamer HIJfHE 120kHz & HI5E%RAY Faro LS 880 fF el
NovAtel HG1700 SPAN58 INS %47fT4H A (Kukko et al., 2007) ; DL Kz RIEGL BY{TEf
fRft 2% VMX-250 » SRgEHEE M - 25N EENEE 24 » HIH BTG
BFEW G RIEGL 2D BHfmfiER VQ-250 ~ EMENEE « £KEEENEE » It
ZGE TS L ~ RO PG =4 AR ER - RIEGL VQ-250 i (% 85 5
SEHTARZAR s 300,000 BH/FD  Fy 2 PV ER St o nl HET T 360 il HAE RN iE
TR S T2 R 2 > He ACHIEE 500 m > #5710 mm » fFHE A RE 360 & (R
Bt EBATRAE » 2010) - PEIT 2004 FERH A EEEKE ST A SEA BRI SR AT 25
(Schwarz and EI-Sheimy, 2004) - #H 8 J5 2 HIj 0] 2:F5 (Petrie and Toth, 2009) -

HEOEE LA T D E B HAEY = 4= Bk, R r R G AV SR (road
corridor) & & » # i EEEREE AV = LB S 4k (documentation) A HH & Bl 4= © I FraH
BRI LA S B P 2 FE S IRIRAY S - ERS S o (F R 2 T aa T2
B AIEEER ~ BE - BB - ERRUERET MY o BRI A B A
T 2B P ER R A FE s W 55 R EABAT A ARRAIE ) B & Y ~ 0K ~ fE4k ~ &)
&~ SRR IR % (Mumtaz, 2007) - FE0T 5T B S AR & A1 AT A0 = iR (noise
modeling) - JEP& 44 ~ HEEE SAHR Rt 4ERE ~ (AR5 (location-based services) 5275,
BT NEf > B E 25 R AR Bt Bh 2247 (Future Driver Assistance System)(Brenner,
2009) -

FHR B 2 S M40 8 N ENVREE BRI R ARV ES AR - FRESEEH R - A ]
ARG P RRAIT: o FE AT SRS B & 51T RIC S T ) B 55 3t P W RHH -
PRIV EL SRR ~ BT ~ BT - AR RACETREEAT (B 4LARE) FY) © BE
S EFERS R ~ BN ~ HEIRY) - FIRE T o Hip o BEILEREE - EIR
BARIR R RSEEIR (B AL AR IE) B Z R I A TR - BRI ST S i i
FEE T E I ERAEEE - B ERREEAVERE A VR RE R HEOLE A ST
VR E A e RS BE E T BRI R - TR AR IR P ARV E N E B
2 EILENE ERVER A sE B M= N B AL EHE EAYYIRE (B S 1A ) TRV
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Rt fel H s £ s AR A e 8 H AL &5 F 2 AR nV R SR B R B BRI AZE A
e EERG - 1 H AT NETA O E AR E B R BRI e &) - LLEHRARY
W72 EHE(2009) 2009 7y Hrirat EHaiiis B (L E 24 2 A4 R H 1
I TE AL 2 R0EE 0 (B E R R SRS AL o T T BT - H HE R S 2 R
firfE% - PREDA T S B ME A B E R SE B R & BT ERAVERE ~ BT
AR KA BT (S 4L AR ) PR TR ) 2 BB 28 2 SCRRIEld - it ez h
EER B AR E B BN & HEHTREE R - MR AR BRI
AU (B DGR E I E L ERRAERAYER S LU U8R
[BIRF IR -

5t Lehtomaki et al. (2010)# H FH a5 S Fm i G 55 B Bh 2 IS S ~
KRR B IR (pole-like) A HELE - FaBBetRINY) B RIAT MR EEAT - oA R il & -
I N TR T2 E F A B BRIV IERERIE 77.7% ~ TEREEAIR Ry 81.0% - 3ZHE
ETTVUPEES - E—TEELEmIR I E BT —ImiEE RRE BRI AR -
PR REREE - B T ARSI IR HRE R - 55 B E e R R A A (R AR
i = (candidate pole clusters) - 55 =[& B AIE & HF e SRR A — AR - S5 VUPE ELRHiz:
BER S IR EARIRY) - (ERR R EE S SRR - &E ~ T
FIEEERTE o REB IRV AIetas Ry B /A IR A B B Al A - (REAT %
Jeg B SE o B B ASRHIY D7 A ERIELZEH (Bolles and Fischler, 1981; Lukacs et
al., 1998; Chaperon and Goulette, 2001; Marshall et al., 2001; Rabbani and van den
Heuvel, 2005; Schnabe et al. 2007; Luo and Wang, 2008) ; E.f{#if] Hough transform
(Rabbani and van den Heuvel, 2005) ~ RANSAC (RANdom SAmple Consensus) (Bolles
and Fischler, 1981; Chaperon and Goulette, 2001; Schnabel et al., 2007)F05z/N 3, A #E
&k H 28 (Lukacs et al., 1998; Marshall and Lukacs, 2001) - [H:4) » Brenner(2009){Ez
SNV BB - R IR O & - AMAE IR R G o B
(cylindrical stacks) i EL&hfE - EIZEWFAIEREE DL EAVHERBIFERGATRERC » &
e E F—HUB B NG ISR E fEE - SN & E M (ray density analysis) -
HE B % A R &IV REHE (S B 17 BV EIE (& - Manandhar and Shibasaki(2001)
AT EE Hin e 8InvEi S Bkt - il himeR b E E EEEL - MmN
EIRY - Chen et al.(2007) f tH FHRESE RIS G A HU S i e st (traffic signs and signals)
HYTT7E - SeiktBEE wE S A FI )RR s B e R F HIH - SR iRIRE 7 -1 7
JH[E (covariance matrix) 7y V4T EE (eigenvalue) BiTfa- e I AV AE T R ZE USRS -
£ Luo and Wang(2008) HITJ2 HH I 88 S P i < 2 P B = B R R R A H B oy
RIS R HARAR & o R E V) B & e I HH g IR E PSR AIR
B AR AUSTEIRES 2 o2 28 B L Al e B s S B0 RHAE (DU
NS S BAUS BES ARSI 2 2 8 e B AIREG - Bt Brenner(2009)
Manandhar and Shibasaki(2001)#1 Chen et al.(2007)F$g HAViE B B G &R E
TLERRHY A S R A BT BT - RIS AR RES =0T » TEEEIRY
L EEAMEYRE > SRR o PR TCBR g B O 24 Pl AR B R
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FESE RS B E E L EAR R AR RSN > AR AR R E AR S H
VLR ERVEL  IRRTRE B S E R BN B ERVYIRE (S S ) R ERE - BUT
ISPIREE NS &iz

S NFLRENE
F BB DR B A & R H AR T 15 2 BRI )R 2 0 2 B -
R A FERE 5 | APZ2 18 2 BRRRS S RIas - o AT e B SR B R Ry Ml S e

FHBLEE B H A HNE RS ER T  BEARAT Al RaE P A GS T B AL BT HY
JEELE o FUREEIAOME 1 AR o DA SRS A0E FUAR R AR -

R Iy B B
v
it R E R
!
JEHh R SR AE R L B o BT

v
BT FIR Y EE

Ml 8 fsim2? 5 ML
(—) EHFOLERE T BRE

B WEREOUE LG H R ERE GRS O R BT - IR
HHEOEEE S GPS Frécik 2 S T#EN - B AR 48 ARG (JOE 2) 5 tEHh - fa A -
AR R Al S T R ARG B BRI ESSS - NI R R BRE 2 B B SR
15 GPS Fralik < B THBIRIRLE Bl o1 By PEE FHRIE /) BRI IR R SR M T 1R
S PSR BUAR I H AT EIAR - GPS &gk 2 B THIEN 7 BO R RIE LT ac s A4
AR Y X~ Y A > SR HATR L B LA AN AL+
FEEVE Ry o Bl > At — 2BV TR B TR o3 B > MEARIR Sy B Bk R R 2 B o
FAR B B
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N

B2 &kt kst GPS “flk 2 B {7 puih T & W)
(Z) HEREERR

BEP BRI oy B R SR B o Z M TATRG e b iE LL R 2 iE S A fT7E EAVRLE
HHEAZREEREEHE - AIESH IR A SR R e B - R E P R E
VLEHRZEENE o INIEAI e P2 FE R R 5 5 KB b R o Bl o 1) 22 B
5 - BURREHEOCERIERT ATA sk < TR A BT 2 W) Z= M AT - FEE
TTHEFE R PRI AR » DUE 3 RBl  JEME A S —E R R =i
RS EEDC IR S8 L GPS Frécsk 2 oy BB  THNEN T Y P = R (ZGPS(i)) PA
Ko GPS RagrTE & h1(BIE 3 rf GPS(i)8h i HYE B rERE h1)HEF H AV 2~ i
e Z1 > B Z1 = Z(GPS(i))-h1 » ff i ek A 'y 5 =URIE DA s e oy B R SR T 2%
BhE R/ N s < M = 1S Z1 - i HAR R st R - DU RS

BESh - YR EREE ~ BARR RSl EE TP B ARG B 1L B AL AR
ST > DRI DA o B B T — PRGN 2 &I PR RS S5 s 2 BhEE

-
- ,

GPS(i) + ]
ni| h1:GPS(i) % ey & & 36 A6
of -?f' H
---------------------- @l Zu

B3 2o B2ty 6 BLIRIR AT 2 4 3 R R R i BT P
(2) FEEREE SR LR

SEIFEHLEIREE > 1% » HA% {1 H /\ 53 18] (octree-structured voxel space) &3 Fith i
ELERE(L 78 F CCL(connected-component labeling) & &4 (F 4k » 2011)BFEHE A
BEEEAGEEL B TT R R REEE -

HRE S R RrREE DL\ oo 2 7 N EER LRFPREEE 7 & 2B = 4 4ahs - g
gsor(voxel) - W& 4 Fw o Higst¥ & 2885t » LU CCL(Connected-Component
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Labeling)iE EUAHIETAG T 2 ABAME: - Wk 2 #eoc T LG > P EataE =
Té > ol R 6 AHAD ~ 18 AHAR - 26 AHAL(AINE 5) - AbTredtB = EiRE N E LB
ZEANEY EAT RN E S ER - B - HEEEL 2om~20em 53 » SECERTT
R/NRs 10em HETTIRMMIERLSE 2 /U lsS R Lo & - A IERE nT e G A 2R R
ey E] - Rt R By 82 522 » Iy CCL ARG (L e TR R RE
SFIIERAH 26 AHAD -

Z(K)

L4 s
) 2 + Oy(Xa Yo Zo) =
Oa

i) 4

(a)6 #p A% (b)18 #p 2% (C)26 #p A8
5 48~z 4p A 1(2 A 0 2011)

(T0) EILEFREEE

[P P e i P T R i At T bt [ R SR 45 A L B R AR Y RERT - IR 22 R iR S
HE 3T B4 55% (object knowledge) 2L RANSAC 572 (Fischler and Bolles, 1981)
HETRE R 2 B R A E S HILER - B S EIEREEEAIT LIS - R E 48
RZHHEILEE DA EMHEY)  BEUENAR S - WE 6 F— @R s mytatny
HILEE  BZHIIERREN 213 EE S HES ZHEY) > U3 NEsr A=Y -
BEz/D o REEABTFEI0 ARGEE 77 g FE 3 (Lou and Wang, 2008)#Jf8E: » K3 /E N2
BES R 2K SR E HEEE MU BB Z [BmE 28 -

29



B Mg BZE TR BB

8% MEY

A'ﬂ} e

‘ﬁ M%%

3

. £

»
g o)
" s

)
s TR
- .
¥ 2

o i

[T S .
.

P R I

iy

()3 & (D)~ & B2 BT kTG
B 7 B¥ A~ k24 Bl(Lou and Wang, 2008)

Lou and Wang(2008)i/15% £k A 2 BhSE B0 Ry LI B8 S i et > dCEC[EIARRS
L& I /KRR R EMREIME 2 s B R (aE 7(0)) > 28I s e
ZEfFm T il WEYEZE > BTN 2 BB /K Z B ESE
A e HE e HA £ PSRt - DA St E R 2 e 2 B ILERR 28R 5
PR NE 8 &2 9) » HorpilE 8 Ryt EW i/ 2 BAUER » T HAREE Y208
PRLSE 2 (fF e - 40 8(a)~(C)FTIs - A SRR E 7y JE IR FERE iR - AfE] 8(a) Ry alike

FRIE o KA IEEALERR BB ERMERTEEIIA - BClE 8(b) B 1L ERFRIERIEEA 2
POREHEBEESE - K2 > By R VEE > 40El 8(c) » K’ el L&Y BN EF
b2 EREELE D E I B RER TS Z 8 (B35 B E A NN AT REE 2R E
HFRHCAFIEN K E I ER Em S -
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(8) »3B2 2 AL

() # iz d T B2 2 AL
. 3
. Z:'.

€) #¢ ®HBZ 2 FALF (d) H ¥ %45 2L 2 RIARE

B8 Zw\ oW FFZEETRLERAS KT FARLE

e 9 Ryt B2 2 ENTIERT s3 A HA R 3 IR 2 53 I N E Z I HE]
AE 9(a)~(C)Ff7R « ISR E 7y IS LR Ity - 4NiE] 9(a)# 9(b) - HfE 8 JrHréd AN
[ A IEEILERR B S ERAVER I A ZA S (N K E B I EF EE 25
[z o By EIERER DR - ANiE 9(c) > R A E IUEEH ENLERT F 2 BiEER
EHESE > (B5 77 EEEAN - BilE 8 S iraa R AHlE - TR B SR B R
AFIEM FOK E EILEF RIS % -

RR{sE{E A o Tt e BRI - m383R oy T N RURE S B Rt A JEE LA
FEAVEEE(RUE 9(c)) » HUATZE L RANSAC kit B AR 4y g N B E Ek
FOREEIEREHSE > BARE T A NS E TR ZHE - Aitged 2
RANSAC @ KiE BB EIm S8 2 (FA SR N R E e 27K b 2t
B 2B > T = (8L ST EE O B E 2 BIm S A RANSAC
IS EE 61 dHAVEUE R - KA 61 HATIS 2 IS EFRY - B P B AR &
10 &H - 3t 21 gETRCH-FEE ~ Bl X B Y R 2 Bt » 58— BN Z B EERTK
TEZAAE ~ BIL X 8 Y AR =i = P E AN - AR =
HAZEA
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(b) # i d T HILD 2 AL F] (d)7r§ s BET AL ]

3: .
B 5
.

(©) #¢ FH2Z 2 iR F

BlO ZRIGEF2ZEEIFEELS KT PALE
SIAZEBEE L. RANSAC Bt 7 s AN/ BN EEE R R EHIL

EF B2 A > AWt7edes A N EILERYIZERPIHAIE > SR~ S EILE
FRZBEEE > (HRE L RANSAC Bkt 2 A NHIETR B & E1LER
EARER  ArAlEr S BB 2 B6EF R A DU B B 2 BeE R B E
VER s iR R o S EEEITER SR 0 DU SRR R A
Z E LB ZE RIS -

1.

BLEHE - Ae EILERRREE R E E AN HE > S RE A R g AR
EBFRRGAFHIEN SR E BN AR B 28 - HEREE 2 I (B B e A
WA > SHERRSSS & HALET 2 B E /7R 50 & -

. BV EREE | EIERZ SRR —E#5E A JﬁtTLLEbTT?E%EfEeW HAL

Bzt EaE - AR EREN S EILERR 2 &3yt - B
NELUERE > BLEE eI 2 HOILERE & LIS 1.5m~10m ZF'Eﬁ » R E AL [ERR
SEEREFN 1L.5m~10m 2/ > JREIREEE T i s B (KA SRR E 2 2 VA 5
1.5m~10m 7 & -

HIZEWRRE: HIZERREE RN — e sE > et E T RENE
I EWE AT LAEE © IR B Rl 1 - B8 1.2 S s sE B AL BT BLE AR
SN BB - ARG 10em > [ ARIEREZ BV ERR R A ERE
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i R - HAAREY Ry 2em o E#ER 2em~10em Ryl 2 82 5

br 7 EACE L ERYZEEERIE © ERERE - EILER SRR Z
FIEE(EST - BEEE L oy g 2 R FEZE R A Aa e/ Ut éS i LB A% 2 LB P UM
FIEIEAR - a5eAilE 6 for - WEIZEWR EE&EEANEY) > 5@yt » EEd
RS o RRANTEY) R - By R E R Ry L s E 2 (H ) R )5
JE° LUE] 6 Fyfyl> il 3 BT [ERR EAFFEITEY) g D292 4T K 80cm
EABHESEH AL AR NER rIRe B EEE BN I EEREN Z K EILE
12 FIEHEEY) 2 R EAISA 30cm~80cm [ » E1% 485y IE R BRI A (fE IV @ 7
JE IS Ry 50em - (i A BEA — 3@ NEREE AT DL RANSAC RyAct 2 B A R E EH 2
SAHIET L UnfefsS R bl e CCL B 2 BEEEELELVZ IR - A — 0 ENEE
LU RANSAC Ry s A K E Bl m S BRI HIETR A - B B B L2 R
N BRI > S AJeRTFTAL - RSy g e s TG IR FE e Ry 50em > BERKIHLL
RANSAC Fyiitlt 2 RUAST BB S8 BRI Ry 12 | AW LA — e
PELEERT LI RANSAC Bk 2 s RUACKE Bl S B A HET LR AR B B L AR - &7
EATACERET - R AT A B LB B Z PRI SAR R P T (B AR 1 - Hp DL
RANSAC Rkt 2 JEBA R E B SR RE XY AAEEAEZE N 10em 25 &
HIZERFH AT RE(ERE « HANERRA 2 LB Elee -

21 FFIRBRErIRF 2 oppEEL

L2 HE I Jis = 3 50 1 2
PR RER A+t 1.5m~10m
B2 ER 50cm

RANSAC & /5 ¢ i+ > ] # >+ 2cm~10cm

RANSAC & T8 % -] > 2cm

RANSAC X & {E4E i £ J-]** 10cm

RANSAC Y & iR £ -] ** 10cm

701 RANSAC & AAd#2 w82 2 flo S8 ki 1%
Z -3 eE

(—) EREEEREERE

AEERFT R ZBE B Ry RIEGL VMX-250 H#OEE AR 2 BB &
K WHRIE BTN E Ry B m BRSO BURHT A5 Fe B8 F— RS B (LIl 10)Z%E
EERAE 11 Fror)ETE R mE R A 22 STEVER - HopAmigiE 12 o -
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(2 HEREIEER

FaHEEDE R4 b GPS FTél s Z HITHBIE R DL GPS RARAY S & S ) 2E
RIS RS s RO PR 2 A S 1 - A TTE S RS2 IR B - A DA B
TR —EERER B D 2 QT R B REES S5 huE < B - 455 AlE 13 Fow - |
FLEETH S AT E R & TR - LEPE EL R PR TR < GPS KARAY S Al SRS &M -
IM#E T B TN — iR g s B E R i A T s U EE R &S - AR ERS
GPS K& RELY 2.3m - oy B B T8l it i B HI (R s R B AT I R A R
10m -

W13 mfH 5 B2k BT

(2) FERREREEER bR R

TS Z FEHIATRE LA 10em dF8 A IVRERESE DL/ Ul sS i b oy &1 > AL 26 AHAT
Z CCL HERUARER - HpRa ME 14 Frr - AFBAEFRAEREE - 26 HAZ
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The Design and Bundle Adjustment of a Portable

Panoramic Image Mapping System
Yung-Chuan Chen'", Po-Chin Tsai®, Ping-Chuan Wang?, Yi-Hsing Tseng®

Abstract

The car-based mobile mapping systems (MMSs) are usually equipped with the
navigation systems and the image sensors. These car-based systems can be used to gather
the spatial information and to generate the maps efficiently, and they can be applied to
collecting the spatial information of large areas. However, the portable mobile mapping
systems have a lot of advantages, such as convenience of portability, versatility of
mapping, and low cost. These portable systems can be used in remote areas that can’t be
accessed by car-based MMSs. This paper proposes a Portable Panoramic Image Mapping
System (PPIMS) which can be used to collect 3D spatial information quickly. The
PPIMS is not very heavy to carry, and it is also very efficient for mapping and
positioning. This system can be applied to mapping of remote areas, disaster areas,
mountains and forest areas. The PPIMS is equipped with six cameras, a GPS receiver and
a platform. The platform is very easy to carry and operate. The six cameras are rigidly
mounted on the platform to capture panoramic images, and the GPS can provide the
position information of the platform. The interior orientation of each camera has been
calibrated in advance, and then the relative position and orientation relationship between
cameras has been calibrated in an indoor calibration field where hundreds of
photogrammetric targets are well distributed along the walls, ceiling, and floor. Finally,
the relative position relationship between the platform center and the six cameras are
calibrated in an outdoor calibration field. The platform orientations of the stations can be
calculated even without any control point, and then the exterior orientation elements of
each image can be determined. Following this, the coordinates of the object points can be
computed using the intersection method. The bundle adjustment procedure for the
PPIMS is used to figure out the platform orientation. In this procedure, the observations
include the image coordinates of the tie points and the coordinates of the platform center
of different stations. Therefore, the relative position and orientation relationship between
the cameras and the GPS are constraint conditions. According to the experimental results,
the platform orientation of the stations can be calculated successfully even without any
control point. Using the check points to evaluate the positioning accuracy, the RMSD of

! Lecturer, Department of Construction Science and Engineering, De-Lin Institute of Technology.
2 Master, Department of Geomatics, National Cheng Kung University.

3 Professor, Department of Geomatics, National Cheng Kung University.
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the coordinate differences is better than 3cm, but the systematic error of Y coordinate is
about 6 cm. On the other hand, when three control points are used, the systematic error
can be improved, the average coordinate difference is not greater than 1cm, and the
RMSD of each coordinate difference is always better than 0.5 cm. Using only a few
control points, the precision of station orientation is better, and the accuracies of
positioning also can be improved significantly. The PPIMS is also used to generate a 3D
building model, thus the versatility and convenience of this equipment has been
demonstrated in this experiment.

Keyword: Bundle adjustment, Mobile mapping system, Panoramic image,
Photogrammetry, Portable
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PENJT AL EYRIE - AFEERRRRRE(T) ~ B Rh(principal point) A445(Co, ro) 15 e i
2= o M AGRHE— BT R AP R A PR AL B IR AT AR (x, y, -f) > HEE A AT
A(2) - ERUUREGE S 2 A nE() -

x=(c—cy)-ds
y=(0o—7)ds )
Hrpo
(c, r): FABALEE,
(Co, ro): 1 R GAME,;

ds: BT RST -
z Camera Frame
y
Perspective X
center
f C
Principal
point
/f Image Frame

Bl 11 A= R il imF S e i 7 & B
(Z)FELLEHENR(B Frame)

PPIMS 7XERHHI% B BB E P & L S B AEREZR AP & A AEHE 2R
BHERTA Y > FTLLF S AR ATV L F 2B HER - EEABEIEEN A
RS BIZURIAE 247 - BRI ENUEE 2 BT AAEER BV B AAEHEZR - YA
ZHURAEEEMENT A4 L GPS REg AR AL H0 B P A REHEZR Y R RE - 1T
AREEREZR 2 = (EAAIEER 275 28 Co I - DL Co MM R AEE - ¥ x-Sl 1 i@ 90
JE& > (i z-lhsH B (08 12 Fr) - Bl R P& A EEZREY 25 Bl > [NILE S AR A4
Y5 i Bz AR Y DT (i S S AR -
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y Z
(Y
X
z - L§
Co Frame B Frame

W12 & odffizse2 = B diRghsd 3 COpsen 5
(=) BB EHEZR(M Frame)

B AEAE IS E Y ZE M AR 25 2047 0 I DU (R E W =4 B A AL REAEZE -
SR 2 TR EHT TR S MK PALEESE (Local Coordinate Frame) ~ 3,
AsfEHEZE (Earth Centered Earth Fixed Coordinate Frame) ~ Sl & #r 82 AL FEREZR (41
TWDO7 HAFE 2455 ) 55 - [fl] PPIMS HY GPS BUHIGE SL 0 JH 75 8 LRI HE SRS » i e 8l
[ AATAESE » WP AV HIE R R 278 R4 — VAT A4 -

(P0) A REHEZR 2 1 B B A R

ASCEL r RFAFHER Z MR - H AR EFfSHHAAEER > mHET
FERIFR R A AT, - A0ME 13 okt A AAEHEZLH » P B A& (g ) Fma=(3) -
Py BEE Py BE AR (v p, )RR A (4) < 1M AAFEHER 2 78 (ir (Translation) & e 4
(Rotation) /N AR s R (ir 7] & (r) S EBSREFR(R) - 41l 14 Fonft A AAEHEAR R 2
B AUIEAEAL » Hobh r) RFEMALAE - R ARy el -

Xp
5 = |Yp @)
Zp
XPZ - XPl
h p, = | Y, = Yp, 4)
Zp, — Zp,
tz
p
A
f'p Y P2
A
P+ PP,
X
A Frame (A)

W13 % AdiRi=%d P25 PLEI P2g2 5§
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B
F/'ame (@

X

A Frame (A)
Bl 14 JLAZ Bz & ARi=7F @3 &

(FL)PPIMS 7 £ el {5

A& 10 > PPIMS BT & AL FEREZS A M Frame ~ B Frame K C;i Frame » [t
BNIEL P > )7 R B (G 2 [ B AR > 26 fn BE (A ] Fongl R ¢

rp' = 13" + RYTE + kRg’RgirPCi (5)
=
ry! t EEFFM Frame.” PEf[E &t -
ré"’ : M Frame % B Frame Zf&fir 6/ & ;

k : BRI G 2 RS

RY : B Frame % M Frame 7 jjgSiH i :
r2 : CiFrame Z B Frame K {ir[a & :
Rg,- : Cij Frame £ B Frame 2 jjgi#EfE ;

ro: SEFEN Ci Frame 2 P Bhf & -

(N)2RERE

ZIRFER HIE K H Ci Frame &£ B Frame 7 ##taRE {4 » f1& Cj Frame £ B
Frame 2 B[ &(rs) » SURE Ry tEH% 2 #5755 (lever arm) » LUKz Ci Frame Z B Frame 2
ﬁ’iﬁ%iﬁ@(Rg ) > A& 15 FirR » RSN E R RAERNRESE > ERNUEREE - K

FEMR Rt T B i S TR = N R E S - DA uEIni 2 FrA g - ORI PR
R AR & 2 SRR (R (W > 2012) -
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G

B 15 % kv #1472 CiFrame = B Frame ## 3% B i%
I~y

PPIMS w[HI[F GPS BUHIE - FEAnE P& ot il BAME - EREZ P52
REATEARA > ZHIE A FE L s AV SRS - DUCRIA P ARES AL P65
Fifir > HEEETRGEREGHIIINTAITER - HAPERAE 6 - HEUHWEE P2
Qe 7 K 8 EEAVEIE G R G A RIS 5 AR - IR B A
A 2 by SRR A R B 5 i - 1A FE AR P2 iRG - (B2 GPS ARz liUe
S 2 B A EAL - AT AR AR E A 5 -

() FEHTUER

MERARAIINTALTCE - SFEEITMITTE R r) R Ry » B2 SEEH O E
LA GPS BUAITI % AIEEIIARAIE VA FERERY (ki R F S
FIEE AP 22 S AU B A = 2GR A5 A ~ PR AL -
HBN7RE=T

AU+ V o, = kT RGRE (it — ) — kTIRGTE
P

AM — M
Tg +Vr,§‘” =71z

(6)
M+ Vrgl =7y

Hep AT A R = B R R SE S0 AT RS B SeRE A Hegr)
Ry )52 r) BARRIS R - TR G BEBUR 5 A2 A R A =0 FTR RS S B KON
PR o 8% n Ry GEARER - p Ry InhE - o RefZfilREE > m Ryisissmhgy - RISy
EEUI%U% 2n+3p+3q > MARKSEEE R 6p+3(q+m) - OV FER
R e A B AR AR 2% - AP +q) =23 -
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Bk - ZEMRE - TAUHE - MR TR SRR RS S B

(S)RBIINHAETE

fREE-EE % ARG T USBEAGREE B REEERE S
HISN AT » Het&E=aT -

il =1 + Ry ré

R = RYRE, )
=

e © EFAM Frame > C 27 (i E A &;

R¢. : C; Frame % M Frame 2 jgiisH[E -

AN WA RPN

HERIYWIEL Sy > B ER IR T KR S EALRE REMIE > 55 3oy RS RE I 22 1

HY R ©
(—)E AL I

BEE S A L D R B R A & 2 B T IR A o e (T - 3
ToAwbatss )5 5 HUEVIRIRE E AT > 5 IR /3 Bl 4w K EO~E4 > 41[E 16 Ak
AE R LY L AE R BT o R feh Rt - A BhdmbS Ry LUbS o BURIES K
YIRS > 1R RIS RS > A8 17 P o FTA tefzoRt B i A e AR LARTT
G AN RS AR - BUWBL AR RS 2 2297 - AEERLL PPIMS fhife
b > &V BRI REEEREEGIVIINTIITER - HEBZHGHITT G
FBUAIREAL A A - TREFT IS HY ARG (i AP B AR B AL AR EE R AT E (IR

i)
§ A EO
s @ P2
ff : W-L
IR

Bl 16 < if R &R B RRS
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B 17 HA%%FMH5-E0EF 2 o 24 T B

AREELAE 16 th S1 ~ S2 J S3 & 3 @ AnEry &kt A el &Rl » S DUz
a7 FETT 2 M- & RS - Z1& 0 PL~ P2 Kz P3 5 3 {l{ZiEq 2
B > 43RG R4S SR B IZ BELL o WG ERETE o fefedl BV fgsE
SR B A R AR A (E A0FR 2 i > S AR E RV BT Rl 18 » 2 AR
FEF9E ~ 9 5R2{E (Root Mean Square Difference, RMSD) ~ K7 £ A 75 5
BEEGHENFE 3 o FPHIRHIRCREUR Y BRI 6 ARSI RE - M
X ko Z B EEmAE RIS 1A% SAEEER RMSD #4E 3 273 PA
W o IR ER T - EEHEIN S B M E— B4R L W ER R E
TR B &R - WSa A 2= R 8 > 2R EL @i EAVERER 2K 4 E106
E108 - k& E112 Y X B Y AAREERZ R F] 20 2 30 gy » E2 @ik A
WESRFEI Y > 54 E245 ~ E250 ~ E251 K E254 fy X B Y ApfEizi sy HilEEF] 10
2 20 gy HERBH AAERRAZERAE 10 oy Z A o B AT RE Y fif S pl S Bl A
IXBER AR AFR 4 B SR EAY E DT EE 19 » B AAEEERE
{H ~ RMSD ~ i KEREFSETENFR 5 o AEHIRAV AR EUR RN £
FMERE - NP REE SN 1 A SAEEER RMSD #)7E
0.5 AT DA - B A =R E - MG KRB E 24 EL 2&Yf&m £
HEREZECHESR 13 AW - BURNIIA TR E » Ao oK s RS
HEGERE o] AN ERYRZ AR RIE SIS T AL R AVER S - SeHENL 25
[§ - RILE R FAEEURIRCR By 250K - w] DA EaRy 7 sCAETTEUN - 14
FEFAFE K Ryt MR » AT =5 @i A /D S HUHEHIRY -

%2 BIAIE S RIHEY SR AP gk R L E -

Point dX (m) dy (m) dz (m) Point dX (m) dy (m) dz (m)
E001 -0.009 0.076 -0.064 E254 -0.152 0.111 0.085
E002 -0.008 0.054 -0.062 E304 -0.046 0.070 0.068
E004 -0.009 0.030 -0.072 E306 -0.059 0.060 0.098
E009 -0.002 0.059 -0.051 E316 -0.013 0.055 0.087
E010 -0.009 0.020 -0.052 E318 -0.026 0.045 0.094
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BRKR ~ £ - TWAE - BRE - iR ENE ARG 2 e TR RA =
E012 0.005 0.036 -0.063 E321 0.010 0.057 0.072
E015 0.005 0.074 -0.039 E323 0.001 0.032 0.091
E016 -0.005 0.020 -0.060 E327 0.015 0.036 0.084
E026 0.025 0.066 -0.091 E329 0.006 0.018 0.090
E029 0.041 0.100 -0.069 E337 0.009 0.017 0.089
E032 0.069 0.128 -0.039 E403 -0.004 -0.016 0.035
E043 0.097 0.080 -0.040 E405 -0.003 -0.023 0.033
E106 0.211 0.220 0.020 E406 -0.003 -0.003 0.014
E108 0.328 0.247 -0.007 E410 0.008 -0.019 0.015
E112 0.312 0.201 0.047 E420 -0.021 -0.018 -0.016
E245 -0.180 0.192 0.039 E428 -0.016 -0.010 -0.048
E250 -0.130 0.146 0.023 E429 -0.015 -0.014 -0.049
E251 -0.131 0.138 0.032 E430 -0.011 -0.023 -0.048

!
02 015 01 005 0 005 01 016 02 025 03

0
01 -008 006 004 002 0 002 004 006 008 01

dX (m) dY (m) dz (m)
Bl 18 mird|Bjzh + %2R Pghd il B2 3838 2 F
%3 EIAIEEE SRS R BOd R B2 A 4T
dX (m) dY (m) dZ (m) Norm (m)
Average 0.008 0.063 0.007 0.064
RMSD +0.027 +0.017 +0.005 +0.032
Max 0.328 0.247 0.098 0.422
4 FEAIEET G g2 R - R
Point dX (m) dy (m) dz (m) | Point dX (m) dy (m) dz (m)
E001 0.006 -0.006 -0.004 | E254 -0.027 -0.022 -0.006
E002 0.003 -0.007 -0.007 | E304 -0.012 -0.028 -0.007
E004 0.000 -0.007 -0.007 | E306 -0.016 -0.032 0.002
E009 0.004 0.000 -0.004 | E316 0.000 -0.041 0.015
E010 -0.003 -0.004 0.005 E318 -0.013 -0.027 0.007
E012 0.000 -0.002 0012 | E321 0.015 -0.032 0.006
E015 0.009 0.008 0.007 E323 0.000 -0.015 0.002
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e A T R e = S 1

EO16 -0.002 -0.007 0.006 E327 0.009 -0.031 0.003
E026 0.011 0.008 -0.015 E329 0.003 -0.038 -0.001
E029 0.019 0.019 -0.006 E337 -0.003 -0.019 0.000
E032 0.039 0.037 0.006 E403 -0.004 0.000 0.001
E043 0.034 0.007 -0.007 E405 -0.002 0.000 0.003
E106 0.086 0.055 0.022 E406 -0.004 -0.006 -0.003
E108 0.125 0.069 0.015 E410 -0.009 -0.010 0.000
El12 0.128 0.048 0.027 E420 -0.005 -0.014 -0.002
E245 -0.088 0.047 -0.006 E428 -0.001 -0.009 -0.004
E250 -0.038 0.003 -0.022 E429 0.003 -0.010 -0.002
E251 -0.036 -0.008 -0.017 E430 0.003 -0.013 -0.002

0
0.025 0.02 -0.015 0.01 -0.005 0 0005 0.01 0.015 0.02 0.025

dz

DECEE RS I R R S SV S S 8 I T
%5 farfleisd S r P el B B2 it A e
dX (m) dy (m) dZ (m) Norm (m)
Average 0.007 -0.002 0.000 0.007
RMSD +0.004 +0.001 +0.005 +0.006
Max 0.128 0.069 0.027 0.148

(SEREBIRE

ARE LA R E Y R EF B - e DA PG U5 U T 2 Ih P

EDALIA AR

/—~_

T =

FrA s & J7 i -

I -
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e Pe BRI AR 4g - AR H AR & 7 (EDAInE L 20 -
rhiaE 2 Nk BAE 21 > faife 2 BRI GAE 22 - LX%’??EJJYISH%%
HhP-E AL Z R EAIR 6

S

ﬁp/—;— A=}

ZREA 2R EEAE 0.01 2
1.60 FER] - A S B 2 REREIE(E 4.4 Loy DA > A U5 (7 A R AR 2




BRKR ~ £ - TWAE - BRE - iR ENE ARG 2 e TR RA =

5

[e]

B 20 =4 0plig % b2 R endp Einl b A F R

I 5

1% 4 % 3 % 2 % 1 1% 0

() EVthtIisAs: (d) BV HzZE
B 22 24Pl ko rdp 2 P IRES R
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26 ZP Pl EHZBIET LS SR HAE

A | ®EEE | RBEE | ®RBEE | ®RBEEE | RBEE | RBEE
ih | 6,(deg.) | Gp(deg) | Gi(deg) Gx(m) Gy(m) Gz(m)
1 0.19 0.10 0.12 0.020 0.019 0.022
2 0.19 0.11 0.11 0.023 0.021 0.022
3 0.30 0.12 0.09 0.023 0.022 0.023
4 0.15 0.39 0.19 0.040 0.039 0.044
5 0.03 0.01 0.01 0.002 0.002 0.002
6 0.36 1.60 0.31 0.027 0.028 0.028
7 0.09 0.36 0.06 0.008 0.01 0.009

FAHTEEENEE AL sTESREG 2N S K B H S > 46
T S EIE A = 4ETEEHES PhotoModeler tf > 1T B2 Z4EBARIVEE IR
AEA B = 45 FRTS R SEA0E 23 - HERZEGIE R PPIMS FEREYIH4EH
ATTME -

S BRAEH

L BRI A A FETH AR Eh U4 2402 rITHY > AT
iy PPIMS &5 &7 B BRHR A ke GPS BEULERIN— (B 7 (E il Rl ERy /N1
5 NESHH IR PRSI E eV & DG HER = 2248 - WLA GPS (T V& 2L -
PPIMS RIFEA s FIFZERIREAE L N RS MNP & T LR WS AR BHY
ST R E TV ZE RO NG - BEERZE B L etz Rt g - BURS AR
Z[EHY RMSD #E 3 AT LA - M Y AREAEEY 6 AOTHY RS RZE » EIIAVE
PERBLRT T HEANGE 2 i R - (B =m R PaREES /N L A &4
SLAZ{EHT RMSD #4E 0.5 2257 LAY - PPIMS R TR 5 22 = 4R AUE T4 - ASIE
IR = BTGy E IR R T (1 - PPIMS SRR I4E 2tk i i 2 M
& > $R Ot 7 —HEE A HARCRAZE R EEREY T2 - JHRE B e ez Eo4E 240
HAREGBY LIS B e 8 ZE T A -
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TR T PPIMS BET B HIBISEY 5455 16 Aol R 17 B AR b S

R EMPAROE I+ LU AR AR S ST IS RO 1

1. ARG - A e B T 6 BT R BRI 7
& ETMAESAIFIRFE (T » (L T IS M) 5 5 OB
(S M T TR » 78 AR SR TR I ST SN 775
{TRmE - DIk R LR -

2. TEGFHIN - ARGHEASE Sony Nex-3 FIHEDIBTRUEAT TG 25
Wiy - (BHEERALR 5 [+ H5EER aTARLESE « PRI
T TSR B B A TR B R K TR R TR R
B AR E RS RSB 2 B T FITE SR B fas -

3. AR » At B 72 E AR AR SRR 408 4 FT » DL
e T e S RIEL EL 5 53 081 » PR TSR A G0 T B (3 2T
R <

4. FUSEREE IR AR AL — I8 AEE RSB T  BRASGr E
ST — T b+ e Y T -

5. /2 PPIMS SERTIEMIEE + 04T 62 GPS st MG BT
TP TR 2 W+ SR B ~ IR HIE% - MR 53
FYIBE WR R 5 IS BT R ARG B A e PR
245 LU B SR ST TR RIS (G o AR IR
FZ BB

ST % MRS BRI S0 7 RS9 » R PTE R
Bz S TR BARTCRLARET » st 0 B A e
T S5 ECREFRIFABIIBFAREL |+ DR S Sn e R BA S 7 R
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Ellum, C. M., 2001, The development of a backpack mobile mapping system, UCGE
Report NO. 20101, Department of Geomatics Engineering, University of Calgary.
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TILIREFETERE I AR
NEPHEURT 2 A RLFG
Epp el 4 L

w2 it p #p 1 102.10.08
w2 gz p ¥ 102.10.22
W~ X p i 102.11.14

£ 2

M B L BUfE £ 47 (Mobile Mapping System, MMS)# g £ 5 » EAHE R -
HsP G FEHEGENLE M A5 WEESENECHIES - HPprssieik@m 2 e 295
( Global Position System, GPS ) ELA =518 ~ h#E ~ H{EELFE(ELL - IS MMS #2
#HY GPS #2528 Ryt i B » L7 =B AR CR A =SB (E B I R I R & -
WS aBNBEE Mg .O0RE T —EE Lk E SRR E I A4%
(e-GPS) I LI HI RN EhREEfir - HIZEH B —25 15 RTK Ay EE IR - K5
P~ I {ERYEAL R « HEMEE 2 R B M ERYZRER » B B A ZERY H
HY o AR E G AR T FI RV EnRE & i T - BRI pR A TR e - SE3R BN pR AT
AR i BB U - BRI Ry B AVARE » RLEEINAS A E 7 5e - EhREE
HBLHIE L AR Be i K s - S B SR FENHPE4E -

R - RIRfasE - EEEE B RE A4 - SRR - b eikE R AR EREE
(RS

VAL RS R FREEIFFAL K -
2 I W=+ EpE2 ;Fgﬁ;%?,f‘ .
i suirg o TEL © (06)2757575# 63801 » E-mail: myang@mail.ncku.edu.tw -
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A Feasibility Study of Using e-GPS

for Mobile Mapping System
Yi-Hsiang Chang', Ming Yang*

Abstract

Mobile Mapping System (MMS) has been developed quite maturely. MMS is
equipped with positioning and orientation systems, including a variety of sensors. One of
the sensors is Global Position System (GPS). It has many advantages, such as high
precision, fast and convenient positioning. Most of GPS data processing for MMS is
post-processing. Post-processing can maintain high accuracy, but it cannot position in
real-time. National Land Surveying and Mapping Center has constructed a network
real-time kinematic (RTK) system named e-GPS. The e-GPS brings faster and more
convenient positioning results. This research aims at using e-GPS for MMS, but the
feasibility of e-GPS for MMS s still unclear, so we attempt to compare post-processing
and real-time processing. Because environment condition will significantly affect the
position accuracy of GPS, we tested MMS in three different types of environment
conditions. The results show that real-time processing uses more strict standards for
producing virtual reference station (VRS) observations. The results of real-time
processing are quite reliable, but real-time processing deletes satellite observations more
than post-processing, so real-time processing sometimes leads to reduced number of
positioning results.

Keywords: e-GPS, Mobile Mapping System, Post-processed, Real-time

! Master, Department of Geomatics, National Cheng Kung University.
2 professor, Department of Geomatics, National Cheng Kung University.
“ Corresponding Author, TEL: +886-6-2757575# 63801, E-mail: myang@mail.ncku.edu.tw.
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wRaafl ~ 14 ¢ BT bR B 2 AR EhRRE (L 240 fE I R s BB E V- & B (L R 2 5E

2r
AT %

R EEN Z4C ( Global Position System, GPS )&z £ 4 &G 305 YT
] > (NGPSE A SIEE ~ Thak -~ JH{EELMER - RItEFNSESIFENEZ bR
TEHEBEFHATRR - EyOllE TAZEE - @2 IR 25 » GPSEEMTHYRT
BFER] - TRk g e o iy haf - GPSENREI & A ime DARIRFERE E (i ( Real
Time Kinematic, RTK )5 = » Bi/2 AN R R FEAY T3 =X 101 & DLSCERT R IE
EEEFMIER - BEMt 7 A FE AR SRR AR - DU EE S 75 K = HIis sl
T H A EL[E £:475( Mobile Mapping System, MMS) ~ & F 5 I R Rt E R BT ELE AL -
Zeth T ERIAE R TR E L E R - S fEeEE S A =2 AV FE R (Lachapelle and Alves,
2002) -

PEE IS BRI - 22 M &R AR 38 R B E kil 2 7T - 251
HaldU s - B2 ERASEEBE A TEDEIESE > T MMS » KB EATE
RIS e SRR - B PURBEEZERTE AR R - MBI E A T THS R E Y
J7=C 0 IR NIRERZHI A TI DL (B EE - 2010) - BIANIRE 2 EAH R MMS
HUEF SIS FECLELESE > 2011) -

RN MMS L& EREMEFEES - BaH GPS ~ EMEEM 4 (Inertial
Navigation System,INS) - fIZEE & ~ FEIZ - #im2E 51 (EI-Sheimy, 1996; Ellum and
El-Sheimy, 2002) » [ &8 E AL E [ e E TR S A BN e ik B — &40 2 tfRL > I
HEATET T EMUEE i 2 BRBREE - Hrr GPS s 2 iRt HE  MMS
HYZE L E -

{1/ GPS 7= MMS ERVEIERH » & HIEE ZHVIRR N R & g i a2 Nk
Bratl o B0« REEARIZAVER TR ~ 22/ NIV ~ RS WA 2 1778 ~ BRIE (EH G -
2009){Efit AU E] GPS YNGR 2 [FlHF - gy sz 23 GPS HYE LA  GPS HYETH]
&= 0 0] Doy RSB E DR EC AR BN & > SO AR i BRI 2 0VRE RS EL B RSB
EIFE A S (Leick, 1995) o SRR Z N A2 & E 0T HEE —& MMS » #
Ky GPSVan » #4535 L REREUN EEIBHY GPS BASUE » IRILE g 2[RI GPS SEIEHIIE
FE 55 HAE R E] 1 m (Ellum and EI-Sheimy, 2002) - H1% B EF MMS (9B ADIERE -
BitaE GPS EUM A AT AU ERIEE Y MMS | DR S EALKEFE o (58 F &R A A gl
= VA S E RO AE - A BE A S RIS RS S B iz (Seeber, 1993; Leick,
1995)

FIAEE E A2 A S hrea 2= — i Ravcsk - e - R A2H 5
T EE R 2 1R AR B ZE R AHRR M > TTDAREHHZE T2 RS an A T
THBREGEFFE o RTK B A FFHBERES:  DHBRAZEEAY A sR 22 - $ERC B K
TEEATEEE > TR Sk B B 58 E (17 (Seeber, 1993) - {H47 B —2: 15 RTK
HA A ESERERE A % B HYEI[El (Lachapelle and Alves, 2002) » (R fsF B—275 1k
FUIES S o & EEEEE R - S EUREBS B Y R ZE AR MR - B AR TER
7= (BB - HE DU BERRE ) ISR E D ZE 8 T N EBEA R HER (Leick,
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1995; Fotopoulos and Cannon, 2001) -

Rt A S BEB TN EETTE » e B — 2B b2 s B R A &k
B e Hodr o I 2 275k 4 —(E/E R EhnERY I AT AY R #6275 1 (Virtual Reference
Station, VRS) » WiESAEEREERHIRGG (I L - TR E D - RERGESE
JHBR - T DUA R Y RS ik Bl 25 E R Y pEEfE(Fotopoulos and Cannon, 2001) -

Applanix 23 =]jf> 2008 F4EH SmartBase £ it » H - FE 2 2 IR IR FR Y 70
N R TR i B B Rk UL - M R RZ A E AT 88 R Y JE ALE RIS
POSPac MMS - BZER G #E AT NIV E#G 2B URERHE L VRS HOEIT1£ R - A1
—K » BEILFE AT E U REF 20 A HAYEERE - AlAIf 2 100 A H - A[DUKIE
eI Bk B 2222 iR EERE - 7 HATYREERT 15 2270 HYZE 7S & (Huttona et al., 2008)-
ERBIEEERES R EE) BRI T A 2 @ > Rt HEEs B i &8
A e S FE Y -

[ R O P R B Y S S T 2 BB b R RN B AR E (i1 24 (e-GPS) Rl
B EAERERTKE L 24 - W2 H LAVRSHIR T FotZols » 4S5 EHEENL - TARMEREEL
e - FRTENER En - BREE e EKE RS TURTRIY R - DUZEE]
RITFSF P B = S FEE Y B R T (i Za e (N B R L% oo - 2011) -

e-GPS w] DUZF R 20 - 1 MMS kB _ERYEAMFT Az HER R4S ~ DURGERK
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(Hoffmann-Wellenhof et al., 2001) - 3fi H B E RS Ehubry R S E 2R - thf B
{2 ERAEREU -
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