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AbH5EE i 2 FUM BRI E Rl - FER SIS AR L S S
B PRI R 2 5 A HREE B RHE T B E A i 4P iy
FE R N — B B -

ABHFE R = BRE U B A4 - BN BhREE 7 77l (Global Navigation Satellite
System -Real Time Kinematic, GNSS-RTK)E1 8 T/ £ Bk 2 HIIF EIRE E NI L 48
(Electronic Global Navigation Satellite System, e-GNSS) i 77,7 » /F FyBEr $2EH =
ELEZ AT 2 SR » GNSS-RTK ZH4ifEE BB e-GNSS Z47 » {H —FFTHUTFHY
AR > BREV T BTG EAHE - BE=EFE R (3D Light Detection and
Ranging, 3D LiDAR)Ed UAV {HREHEEZ( UAV Oblique Photography) —f& J57% » /E 5 HL
RAFFEIHE 2 7775 » LE T RIS 2 72252 > 3D LiDAR 2 HI& 75 =0 r] i frE
BEATEIRE R - HItr A E A AR BB UAV (ERHEZAI AR TR
DL -

ABHFEFR 2 TTA LA E DT AR ES AR - 1538 GNSS 2B 2T 2
& 0 HUSFERIREALEEAEE - HATA 3D LiDAR JEHUK ERAYBEIREA L ER - (18 (&
Ui FELPERELY 30 AR PHEBEBAEAEEFSR L T)  BUMEBER EFEZEBUNE
HE AR B MEZEFREAER B - HiSE = 4ERE 2 plilE (50*50
Nor4ats ) BENEESEE (Digital Elevation Model, DEM) 20%20 /3 R4EH% 2
TR -

BRASERE ¢ MEEHIE - RGN E RS- EIREE rRdly - S baBki 2 RN
BIREL RS - 4T HITR - UAVIERHRS - BESEEL -

VBl AP A ERIFRERTAE 128 ) -
THLOCRPAERIERERTAZ IHE ko
*3 3 f’k’—‘ﬁ » TEL : (03)3800364#132 > E-mail : shinn0329@gmail.com °
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A Study on the Application of Multiple Measurement
Techniques for High-precision Cadastral Surveying

Lih-Shinn Hwang!*  Chien-Wen Wang?

Abstract

Using multiple measurement techniques for application on traditional general
cadastral survey, the benefit of terrain rapid survey procedure will be achieved. Then
point cloud data simultaneously be used to establish a numerical model which transforms
the cadastral thinking of the two-dimensional into the presentation of three-dimensional
effects.

In this study, two methods of GNSS-RTK and e-GNSS are used as point control
surveying. Comparative analysis of the results of the two methods , the accuracy of the
GNSS-RTK is better than the e-GNSS method. However, most of the coordinates
obtained by the two methods meet specification accuracy requirements. Choose two
methods of 3D LiDAR and UAV Oblique photography as the method to replace the
traditional mapping surveying. Comparative analysis of the results of the two methods ,
the method of 3D LiDAR can ensure the achievement of each point, and the plane
coordinates accuracy of 3D LiDAR is better than those of UAV Oblique photography.

This study proposes a variety of newly and multiple measurement techniques to
replace the old procedures. The control point coordinates can be obtained through GNSS
measurement, the large-scale mapping point data can be collected by 3D LiDAR(the
optimized distance of 18 stations is about 30 meters, and the point cloud stitching
accuracy is above and below the millimeter level), and use the point cloud data to
directly display the terrain and features within the survey area. Not only to achieve the

goal of rapid measurement, but also confirmed that the 3D point cloud (50*50
cm-grids)is better than the DEM( Digital Elevation Model > 20*20 m-grids) in accuracy.

Keywords: Cadastral Survey, GNSS-RTK, e-GNSS, 3D LiDAR, UAV Oblique
Photography, DEM.

! Associate Professor, Department of Environmental Information and Engineering, National Defense
University, C.C.L.T.

2 Master, Department of Environmental Information and Engineering, National Defense University,
C.C.IT.

* Corresponding Author, TEL: +886-3-3800364#132, E-mail: shinn0329@gmail.com.
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B3

H it 80 2 HUS i BE &R U774 B2 ML GPS fLa 2R/ EE =R+ -
WO DB RN &8 b0 #E T 2 e-GNSS 49 % (b Bl BF @) B E {1 & 4
(http://www.egnss.nlsc.gov.tw/) » ¥:5HEEHL 2 T DA mII & - EFREE
R > IR 25 P& EE - FR TR E RS R B ERE T 2 A %0 (GNSS)HIZETR
e SR A GRS EIRR B R Rl 2 H9teRE (S 0 2017) -
AR FEE A2 i B 2 &4 & RIS EhREHI 2 RTK #ilo (544 LS E F > 2005)E1 e-GNSS
Z BT EECRAREE - ARG FE A B ESUH AR E (B - 2017) 27N - FERI P2
M E G ERHEHYE 7T -

H AT A ZE A UAV fitda s fth s G R T R s Bl EARIR A RS -
3D THHFER (3D Laser Scanning Technique)fit & %555 (Point Cloud)ERIEEHEE - 1
e TERHEG R = EERAY A BEERR RV T HefE e
BBV E H s T ARTHEEBE AN TRHIE - TR ROt S5
JiTEl » AWFEATEREHSEE 3D LIDAR JIRAEE R S0 A AR R Rl - ZZ R
JESH AR AR &R -

EABTEEAIE RO R - 18E - fEREERIE AR R — - AT RHE S
FEMIE 4V EdE B =IIREDR - WA S —E R - B
HE SRR B E R RA A E AN - P HEFENRE - B ERIEE
HESEFEL B8R » IWERRRGEERIFEZEUIN -

iy Balt » AR FEA RS AR I E R o R E g m - 2R -
% HigEWHIEHE 7% -

R

S EHAH
(MEFREHUFEZYE GNSS /4

EERERH E 2 40(Global Navigation Satellite System, GNSS)ELFEF]FHZEEHY
GPS - {HZEH1HY GLONASS(Globalnaya navigatsionnaya sputnikovaya sistema) ~ Ex2H
#y Galileo ~ H1 [ /) BDS(Beidou Navigation Satellite System) 57 [& 8% Y H A 1Y
QZSS(Quasi-Zenith Satellite System)F1E[J & #Y IRNSS(Indian Regional Navigation
Satellite System) %12 TE il 240 HETEMTENL » ELAE 2G(GPS+GLONASS)IfH » B
AIREAIEUAIG 2 8 EREIPECE - SRR R E A S E - A
S EN RS E RN - SEERYHE I B E - R AEEAIHY IRNSS #2247
W E E R E R E R - R EE AR KIE - SRR BIAIR - FrLR P& BT
R B » EVEREbRZ B A RS F N 0 2017 5 5R3E58 » 2018) -

1. GNSS-RTK M 4H

BN ENREHIE (Real Time Kinematic)ff RTK » 271 HI e B 22 BIRIEFHTAE E i
Ay —REg U R R R R R > — BRI E R 2B - S —EbE s Eh - 1
ISR R R AN (E s - 2B UE BN RHE IR G RS - BB R R
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uy

KESFUEBIAR B KT C BUAE R » BB EETE - A DUMERSEIRYIRET »
IR BSR4 15 (Sickle, J. V., 2015) -

2. e-GNSS BIEFENEENL /148

AT > NN 148 o045 & 4 RS m AR B GNSS B E)RE E i F T
LimERNEEENEEE » RE 93 FhGEE o-GPS MR ALl e
RS > MR RE 97 FhGFE TR - NAERRE 102 £ 103 G50
SR A BT B e AU B e O R SR JAREI 103 29 H 1 H
T4l Fs T e-GNSS BIFFEIREE L 248 | > FH4RTE H AT B ORI RS 58T & o] [BIHF R
H 2G(GPS ~ GLONASS)## 2 245 &K} ~ FEkaR FHIF = 4 AMEEHA(TTG) k15
JRZ: 0% TWDO7 B AT IRTF94 7 fEZR - JARE] 104 4 5 H 1 Hed DAz i~ B 1 l4g o
OVETHZ Hl4g 0 (LSBO) AL H 25 BE » Wi B /225 e-GNSS[201 5] AR R (AT -
FRERREL 108 4 7 H 15 H FE AL RE £ 47 e-GNSS[2019] » S ALFEFEZR & (L E N ECED
(http://www.nlsc.gov.tw/)EEE] 101 4 3 H 30 HF A2 TWDI7[2010]4448 245
T sFERE 107 4 12 A 1 HERE 108 4 1 H 31 H3kEt 62 KEDIE RIS -
A ERE 108 4 9 HEftaste 2 2. (GPS+GLONASS+Beidou+Galileo+QZSS ) &k}
TENLARTS » HoA S 15 i 4 2 2 IR s e R IR A2 22 BR B A N A R A [ i i e RE (PR
fSEEE > 2015) -

# 1e-GNSS % Lg% %

=5 e-GPS e-GNSS (EEE %) e-GNSS (£2 %)

H3FFE] 2004-2014.08 2014.09-2019.09 2019.10-72%

(D)HEEDEESN 4R

— R ROCEREAL > AZEEOLE - EHEOLENMEDEE = GEIL(EE 0 2018) -
AR AT EEE Ry L » MRS CEE 28t DURIAR [ E b - 6 LA E
st AL U B R TR - hED U RS REE - R Z B ERE
MERE - HohEE f =Bt E AR T e8> EEARUERE - EECIERF
& BRI AN ETEE ALY ~ WIS ~ REENHVENE - AR T R [ R & R
Ry (R5%

St E R A XE (L R B Z1 A R A B S CIR R JRRA T B i — (B A & RIS
FER - DR EEAA TR X J56 > IS EEIE TR Y T3 - =BT
Fo Z 51 > AR AAOE | R RS S O E ST il B )% 1 SR aR e [ 1%
eI ZE AL 22 - ST E D CRELT R AV A - Hat R
FAE ATy = HEAAEEZZ(FRRAET - 2004 5 KEERIE - 2005 ¢ 322 > 2008) -
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Bl 1 6k i REkihRE LR

(M EREREE

REFBTREHFE I AR RS - Ry RN 107 S BN S - 38
TEHREE—/NEEAR i A TR (A06E 2) > f— BN B S ER - (T~ BEHEFK
e F I R T AT S SR AT A PSS (20 3) > EERIRIEfELY 6.2 A > HfZ
R R BRI SE 12 B - A 3D Mtz Bt B sefiE B E UAV 2
bbes -

B2 $4p 5 <57 B P - T2 W

71



B TG B ZE TR B LGSR

(D) BB R

1. BB BUR
# 2 Trimble R8S % & jx R A ~ ML it R4 %
gk R8SModel4
R GPS - GLONASS - BDS - Galileo /2 SBAS(QZSS)

GPS: L1C/A, L1C, L2C, L2E, L5
GLONASS: L1C/A, L1P, L2C/A, L2P, L3
SBAS: LI1C/A, L5 (for SBAS satellites that support L5)
BHiE Galileo: E1, ESA, E5B
BeiDou (COMPASS): B1, B2
* SBAS: QZSS, WAAS, EGNOS, GAGAN
* Positioning rates: 1 Hz, 2 Hz, 5 Hz, 10 Hz, and 20 Hz

SEEFEE:0.008 2\ K +1ppm RMS
RTK B L
T =S EHEE:0.015 /A K +1ppm RMS
o - SEETRETE:0.003 /5 /240, 1ppm RMS
R EFLRERE:0.035 /3 N +0.4ppm RMS
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A FEFT(E %85 &y Trimble R8S GNSS f# 2 #UL s - AI[EIFHEL GPS -
GLONASS - BDS - Galileo } QZSS % % fif B Z & all 9t » LL— {E B UL
2G(GPS+GLONASS)FEULE » BRI NIARF AV R da e BEU YR [EI4D - S alEigar
ZHNEMEZERFE - HIA&A05R 2 Frn(http:/www.ticgroup.com.tw/) o At & A5
ZREXEMNEEEE - BB TBC AIERHHIEE - (AHEHCEE] Trimble Zf7TA
H]FFE#¢ 2 TBC(Trimble Business Center)pd FIETEHAS » EE A BRI GNSS ~ Bf
EER - RBHDEEER -

2B AR RS
ATFE(E 2 2 = 4T AR R oG E i & RIEGL VZ-1000 > EHGHA TR
ERfE I EET » YA SRRV E SR - RS RE R R - DU SR
HVEDRHE S/ E - i A S AT BN A F & SR R Bl — (B R S e T2
EfmE - HAmEEE S 100 & (OKFEEE 70 > ACPET 30 &) > fEmHEE T
[FIHITTE T o SO S AT R R R A T - (A8 AR T SRR/ MY
AL EMAE BN RE . AT REREEEIE - stEfHEAS > (FR
55 360 [ et 5 s B (Em B fE -
# 3 RIEGL VZ-1000 37 & ¥+ & R %
s I5t

EEfELSE

RIEGL VZ-1000

REA(RL)

= ZE(HS)

Pl Er |

1,400 AR

450 AR

70kHz

300kHz

s

29,000 E5/Fb

122,000 B&/Fb

HE 9.6 N
NPT =Y = 32G

S 100 /360 1
(EEH /K e E

frrti AIEEAS

5 NE

T SR S

GELYS S PSR

w2 fi i R i 1 SR 2R P (Full waveform) S5 [BUREDIAE - 1 fivr i 2 (A
[ETER G345/ > Laser PRR) fs 5 AT %€ 450KHz » fEAN[EIEERERCE T > 0GR
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PHECE G HTAERR o AR FHEEE(E 9.6 N7 IRIGELERE H{E - WshEE GPS
EEEAL R nORAG R IR TR R][ERP4E & T E G R AR - REREE BF -
e BB R - Himif =] 0 B LU N » 5 2 5 =((High Speed, HS) I FEE
#{(Long Range, LR) » it & R MolE A S IR ERR s 2 1.4 8 Pus
PR PR 2 Al 450 AR SRS A1E% 3(RIEGL LASER MEASUREMENT
SYSTEMS GmbH, 2015) -

ABHZE R {5 P < S (5 HH R W B A1) RIEGL fifA 28 2 #cAG Riscan Pro (RIEGL
LASER MEASUREMENT SYSTEMS GmbH, 2016) » F SR B ANERTIRE ~ BLE
& - BRL RiScan Pro §REGT% » BE(EHRIE/HIRE 7 MUK © THA ~ fefii&Ert
I ~ VB e -

AREEG TR Y 3D EH M ALE ARG o o =1  WiHELIERR
SOCS(Scanners Own Coordinate System) ~ EZEA4HE 2.4 PRCS(Project Coordinate
System) Jz A HT AL FE Z.4% GLCS(Global Coordinate System)» DL N ABAE 24751 D B ST 4
BER

R R B &I e R Z EEY) ~ #E KRS E S R RB R ERE
Pt DLURMEER FH 2o fm e R ok 7y W I o PRI G (5] » P i oRAYREZE AL 21
GEIRAAEIE - A IR EGE DA & 720 B S B AE S OF A [E AR 21
&0 A RETT HA AT S A o TASBH 2T PR A2 R AL AT 2 4 -

RERRSERIEIT » FE(E ] 2 ALRE 24 fs SOCS ~ PRCS Fr GLCS =fi » {KFFHll
P ~ Por 2 Psy * 41 4 F(RIEGL LASER MEASUREMENT SYSTEMS GmbH,
2016) » M RIFR RAATHEHATEE » Y RiScan $HG NPT E F2HIMsop BIMpop FHH £y
dx4 HYFEPRAIE > AAFU( DA » iR Mgop £ 25 HIE AL R Sy B 22 AR 2 JH
FeH » ZRT Mpo p T 55 2 AL AR B R It AT 2 FE e -

M M

Sop;™! popt

@ 4 Riscan Pro #it#8 2. & &3 3% 7+ 3, B
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e
o M Hs
By By By b
Mpp =Mpop = ) . .y
B 152 Iy 4
O 9 0 1

(D Mgop * SRR AR FEd ;28
Mpop @ SRR AAE Z FE ¢« SPRE S8

TN RERELSYT
(—EFTHIE

1. e-GNSS EUHIE

AMEMHMET R ASHEN EZXHFHEERNEREHE RAR
(http://control-point-inquiry2.tyce.gov.tw/Normal )& 5 H] & ffif 37 22 $25 4] BE > f7
FEHNBUGE &R SN - EM AT T D& 2eEE 3 & 0 GGHS ~ GI03 ~ GI10 »
EfRELEHA 10 B - BK059 ~ BK060 ~ BK151 ~ BK152 ~ HK104 ~ HK105 ~ HK106 ~
HK106-1 ~ HK107 ~ HK108 - {H[EfRET BK059 AR S5 ZE 38 a5 - Flarn]
MREG Ry 9 B -

e-GNSS[2019]F{FARHE - (ZEH AP ] R4 o O LARF R4 1 E 28 2 AR IR 247
BUHSEIE VA E AN ARE TWDI7 24 [E - A BUEEE IE RS R R
A AP ASERERETEX - BIEJTE R FTA AR - SR AR
A —IREE - %2 N{ETAEIEE K-0.173 AR EETREEE R
0.478 AR 1951 : N HEIER ZHRKERZTE 0.039 AR ¢ E B IER Z B RKERZET
0.027 ARZR o fHft EHFEH e-GNSS[2019]AAE £ 4681 TWD97 224t A[E] - 4
TEETTELECES > JH L IHRCR AR (B — AR 2 D7 T TIRAZ » i LU &
S AL T BUE N ~ E{B 7[R 2B » HpERIGE a2 E Al S E—RE
UK » [EETRE - (EEFALAER N Z ST H » AR H#E HEZA &
AT 0 A 7 SEEEAGERETR 0 2020) o RNAHHZERAE - A B RN ERED
B R4 LA 2 TTG 247 BRI R R AL 24 22 TWDOT AL 245 |
PRI - MRS AR AT e-GNSS[2019] 5478 7 i SR A= 2 ©

FH e-GNSS i~ e-GNSS[TTGI7IR S » {45-H Helmert @772 7 S8 AR
2R K FH A RS 5 72 N 22 5K 157 A 2 TWD97 4442 % e-GNSS[2019] 4 f&iEi i1 22 TWD97
SEIH AR 2 %0 fe TWVD2001 572 21478 © HpR BN S TWD7 ALFEAHES - N {HiR 7=
1225y » EAHRRZELE 13 73 Wk 4 -
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% 4 Jr4I8 e-GNSS[TTGO7]% % & TWDO7 & & i £ % (B = 1 2 ?)

AN AE S IA=L Vo
I NEN 0.024 0.033 0.034
/IME 0.001 0.001 0.007
HEE -0.007 0.016 0.022
e 0.012 0.009 0.007

&L e-GNSS[TTGO7 g flI&E IR - HFR 1 BEPIEESER S 3 TR - FEREL
PHBRZESE 2 A BN i B Z B EARANE - AN AAEEE KA R (H BT
Ry BKIS1T 82 {H Ry 0.024 SR AE AR KRR ZZ(ERA L By GGHS » 822 {H F 0.033
AR WFR 4 FR -

2. GNSS-RTK EUHIE

AT » SIS R F 2 RAMTA R > BRITHY R 2 2 2 0A 5B GPS ~ {JEEHT
[y GLONASS ~ 1y BDS - B HiHY Galileo FrVUAEERERN L - T 2 # 2 Rl
EARRFENREEMLIES & AR S R & LR (S F 5 2017 5R5258 0 2018)
AT FE e AR R R A AR — N HAIRRE T TRAE ATIERS RAFAVIIE R
H o GNSS-RTK MIET7E » BERELA AT » N EHAAMER2(E-0.004~0.029 2%
R EHAAFERRZEAE-0.011~0.013 AR > 4155 -

%5 $#412L GNSS-RTK & % & TWD97 & % i & (H = 1 2 ¢)

AN AE SO IVA=L ¥923)
N 0.029 0.013 0.029
e/ IME -0.004 -0.011 0.003
FHE 0.007 0.001 0.012
TR 0.011 0.006 0.008

# 6 GNSS-RTK £ e-GNSS = w32z £ B '

GNSS-RTK e-GNSS
4 EuhEL
B = B
AEENAERS AR FaEER
pali=CElEd i FH /N A/NEH]
AT EV YN — NBIRT RS
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i 108014 SFPA
(EEEL 2N B4R IR i ey A

&8 GNSS-RTK fgHIG5 R » R AP IS 3 N7 HVESAL » BB 2 B2
{ERAE » N AR KAV A E R fy BK1S1 » 852 {H fy 0.029 AR > E AAERK
SR (EEE B GGHS » 8= {H By 0.013 AR » IE T BEHER B N ~ B A EE = H K
A (HE S EHEEUNT - I ZEEE 0.03 AR » fFa-Fri EwzE/ N
A3 NG 2 HHE » DL ERIEA] 2 GNSS-RTK EHIRE BT » BUHIGE S & m] 28
AR -

kR EE A B A2 A 43 HT 0 GNSS-RTK. B e-GNSS[TTG97]7 k& » GNSS-RTK
YR EOR RS R (B e-GNSS[TTGY7RIFFENREE I HIEHIRR - H2L
FH7E > W RFaiEEHEN - RERTE KR EMA R EHVEER - e-GNSS /Y
ANSTEER » AEE— A BT {E2 » #H#; GNSS-RTK HIZESE /D = A FYIEZE A7 5 5iH]
=& KR53 e-GNSS ZHiG & RHal {8 22 B -4 v 0 2 2 et E R O R R
Rl — R 2B 4540 300 TEHY{HFHER » 1) GNSS-RTK % i i 45 28 (il &chs @k » 77
B BORAG miR S AR - S E <38 EE > 7575 > o-GNSS AR 4RI B AR IR
BT > AREKRE > HHRRUGRA RS - FIRE BB ASUERE EME - fifE A2
FRAR G EEHE oA - BRIER 6 -

(DERATE

27 ERRES B ERELAE R k)

SR UAVIERHRR

S R e AU A VE SN2 S
BK060 -0.006 -0.006 0.008 0.011 -0.036 0.038

BK151 0.023 0.052 0.057 N\A
BK152 0.012 -0.087 0.088 -0.001 0.007 0.007
GGHS5 0.042 -0.003 0.042 0.01 0.025 0.027
GIO03 0.029 -0.021 0.036 0.011 -0.029 0.031
GI10 0.008 0.022 0.023 -3.431 -1.331 3.680
HK104 0.005 0.007 0.009 0.013 -0.003 0.013
HK105 -0.02 0.009 0.022 -0.005 0.009 0.010
HK106 -0.038 -0.052 0.064 0.039 -0.028 0.048
HK106-1 0.006 0.021 0.022 0.001 -0.037 0.037
HK107 0.026 0.003 0.026 0.025 -0.011 0.027

HK108 -0.009 0.094 0.094 N\A
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=HEEHTREENETT 0 AECREER AL YRR ER - UAV RS
RIESHM BT - 585U _EZ2A YR - RSO RERE L2 - Epd A
HOKERE - 41 BK151 ~ HK108 55 » 352 5% 7 -

ARSI T A S R T HVEIE B 0 PRt 5 EE B BEAN Y
FrA S EHI AT SERS - UAV HRHER IR RGA: » FEILZEIE A BKI151
1 HK108 WiEGAREEHITS > G0 HUIBEIEE A4 - (HEREFEIEEL » WERAR
KBRS RAEFL T LATHIRS: » (R IE(E 9 BhA T » AL AT IISHENER > IR
AT PAG BRI > B AE L o fEREESCT » 3D LiDAR 201 5 =X Al HE (R {EES
IR R

KL TWDO7 AR R TI ALY » EE T 2 AN~ AE B ERA R
0.042 AR Kz 0.094 AR - HYETS UAV HEHREZHIAN ~ AE B KT E-3.431 AR
Fe-1.331 AR o BRFEAERGE » EE NN SRR 0.094 AR EE
1 UAV B RIS 3.680 AR« gxa DL b Alfgghdl =4 stfadE o s
HEE S UAV ERHEZ IE = -

#Hi: 3D LiDAR 81 UAV FAEHIE 777k - KR UAV 0k i KA HIE Eifs > 37
T/ VBN ZF R AR EREH UAV RS » AGE TP E f -t Sk
HIEE D e FFa R E o B UAV fiE A Sk BERER vl i AN B AT e
DEEEEE > B A2 IRNIRRERZRRA - Bt A#EE 5 [N EERET RS
B FrLBREBUN &I A E R A (4 - UAV HRE] 109 4 3 A 31 HE
/A EEGIR - R IN{EZEERSS - 1] 3D LiDAR 7ER5854E [ » i UAV
REVgg - AHEHIEER L =472 ZRNIRER i UAV /N> [HE#
EREBS R EE UAV S HEFS - ER RNV E - HIRRioaizig - SLZnvFea
ARG T - WiE TESAFER » HA R 2 it > FF2RE 8 -
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Framework of Linked Data for The Topographic Feature

Jung-Hong Hong!  Chin-Sung Yang*®

Abstract

The topographic feature is a critical media to describe the various phenomena in
the real world. It refers to the common semantic classification of topographic feature,
which is modeled as an object-oriented framework. The topographic feature has the
characteristics of location, attribute, and identification. It is applied to many aspects of
services, not just viewing. If the topographic feature can be provided as a consistent
spatial reference for domestic domains, it can reduce the redundant construction of
resources and improve the efficiency of cross-domain data integration. In the past, most
of the operations used Dataset as a unit, allowing users to interface and use it through
the open interface of web services or APIs. The development of Linked Data in recent
years has brought new model to the web applications and open data services. The
topographic feature has the advantages of nationwide spatial reference and continuous
updating, which can provide cross-domain applications for smart land projects. The
adaption of linked data will bring a new generation of using of topographic feature. This
research proposes the basic rules and the framework of linked data for topographic
feature. Topographic feature is recorded with the format of resource description
framework (RDF), and has the ability of self-describing. With the design of identifier
URI, topographic features can link to each other, even other cross-domain resources.
This framework can enhance the possibility of exploring cross-domain data, and

creating more diverse value-added application.

Keywords : Linked Data, Resource Description Framework, Topographic Feature,

Sematic Web.
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<tp:Landmark rdf:about="http://igis.geomatics.ncku.edu.tw/tp/id/landmark/D0000004952">
S T EUF A BE T EC . (a</rdfs: label>
>D0000004992</tp:identifier>

<tp:hasPointGeometry rdf:resource="
http://igis.geomatics.ncku.edu.tw/tp/geometry/landmark/D0000004992" />

<tp:mapping rdf:source="http://igis.geomatics.ncku.edu.tw/tp/mappingspec/20164LandmarkSpec"/>

< ification rdf:resource="http://igis.geomatics.ncku.edu.tw/tp/classification/1/9910609"/>
*http://sws.gecnames.org/6589556/</owl:sameAs>
rdf:resource="http://igis.geomatics.ncku.edu.tw/tp/id/district/67000360"/>

if:about="http://igis.geomatics.ncku.edu.tw/tp/geometry/landmark,/D0000004992">

<geo:asWK df:datatype="http://www.opengis.net/ont/geosparglé#wktLiteral”><! [CDATA[

<http://www.opengis.net/def/crs/0GC/1.3/CRS84>POINT (120.18512702486028 22.992408419002984)]]></geo:asWKT>
</sf:Point>

B 10 # {& RDF 4 6|

HsA T [E = RDF N5 40fE] 11 > Class #47# &y tp:District » B EI R
HAEHIPEEE RA 2 tpidentifier (5#711%) - tp:identifierSystem (G [ 275 Z:.4%) ~
tp:code(P ) FBME - HEBRZEZE T RE @ SIS EZE2F 2 THREEAHELN
67000320 - time:Interval A& EER 2 IR EEN » 24421 hasPolygonGeometry ##4E 2
LB ARSI )4 MDA tp:mapping 45 E{#275 2 RIEIHHE > DL tp:classification
HEEH B 2 2 5y & AR i DA tp:geoNames F5[] GeoNames 7 [6]—EEE0k}
AAREER 7T L GeoSPARQL fRAEHEITECHE » DL sfiPolygon ZCEFHRIE 2 [HIRAREE » 54
geo:asWKT E0#:5 Tt fir Pt 228 82 1111 B Y T IR 5 BA Y (0l R 1 IR B 38 — (B B AR AR &
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<tp:District rdf:about="http://igis.geomatics.ncku.edu.tw/tp/id/district/67000320">
Hfh</rdfs:label>
<tp:identifier>67000320</tp:identifier>
lentifierSystem>ris</tp:identifierSystem>
>9240000</tp:code>
<tp:hasPolygonGeometry rdf:resource="
http://igis.geomatics.ncku.edu.tw/tp/geometry/district/67000320"/>
<tp:mapping rdf:source=" http://igis.geomatics.ncku.edu.tw/tp/mappingspec/20164DistrictSpec”/>
<tp:classification rdf:resource="http://igis.geomatics.ncku.edu.tw/tp/classification/1/9240000"/>
<time:Interval/>
<owl:sameAs>http://sws.geonames.org/11696346/</owl:samels>
sfWithin rdf:resource="http://igis.geomatics.ncku.edu.tw/tp/id/county/67000"/>

<geo:
</tp:District>
<sf:Polygon rdf:about="http://igis.geomatics.ncku.edu.tw/tp/geometry/district/67000320">
<geo:asWKT rdf:datatype="http://www.opengis.net/ont/geosparql#wktLiteral"><! [CDATA[

<http://www.opengis.net/def/crs/0GC/1.3/CRS84>Polygon ((120.2163775220015 22.965050184805424,))]1]1></
geo:asWKT>
</sf:Polygon>

Bl 11 #8453 % % RDF # i

P &Ry EZERE 2 RDF #&flalE 12 fiR - §—EPER B —%
" rdf:Description | f##ft » H A X B FE " tfcfichineseName | ~ I tfef:ienglishName |
tfcficode |~ ' tfefidefintion | J% [ tfcfireference | » F LI SE 2 R 4478 ~ T4
T~ RS - EREMSERIFEFEN -

<rdf:Description rdf:about="http://igis.geomatics.ncku.edu.tw/tp/classification/1/9240000">
<tfcf:code>9240000</tfcf:code>
<tfcf:chineseName>4f ($#H ~ 7 ~ & ) FR</tfcf:chineseName>
<tfcf:englishName>townships/cities/districts boundary</tfcf:englishName>
<tfcf:defintion># ~ §1 ~ REEE T 2 548 - DA EHEET ~ AT T EEE > FL47 - </tfcf:defintion>
<tfcf:reference>Hh FHIREESE </t fcf:reference>
<rdf:type rdf:resource="http://www.w3.0rg/2000/01/rdf-schema$Class"/>

</rdf:Description>

B 12 3 A5 3444 45 % 4§ RDF # i)
(Z)SPARQL &= HIER

KBTS Parliament BB H BIBBIA RO RIRT ST OREE - ST
BSD License » {[5a] & (i F] - Parliament Server [/ Java BREEIRIE - Ui %1% OGC
GeoSPARQL fe » AT A ELA A RDF 20K « 2T/ » /% Index B - f5
7€ Parliament ZE 1725255 [(Spatial Index) » DLZ#% OGC GeoSPARQL # ) - SPARQL
EEHEEERE T

PREFIX : RIS » A1 URI (SR AT Bl B e -
SELECT © #3ifith > 2 -
FROM : &% 7 Graph » RASFERIEE

WHERE : &2 %4 - DA=Jr4AF ARt > 1 HnT DL FILTER {E By —{&
subject BV, object HYETEE(R G-

B WSS — o A > B] i S T &5 - B SR A i
Hi o TR SNEREE Fy tp:Landmark > 37 HE57E 577 F T 9960204 | -
Parliament 7 &0 HUIE] 13 > LS RAE 14 -
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SELECT or CONSTRUCT query

PREFIX gen: chttp://ws opengis_net/ont/geospargles
PREFIX geof: <http://www.opengis !
eomatic

geomati z
Sunae w3, org 2000/ rdf - schema#s

PREFIX rdf: chttp://wead w3 org/1999/02/22-rdf-syntax-nst>

SELECT DISTINCT ?a ?b
WHERE {
?a rdf:type tp:Landmark .
?a tprcode T9960204" .
Pa rdfd:label b

If SELECT query, display as:
= HTML table

Count only

Bl 13 Ziaied 32 33

SPARQLer Query Results
Home Operations: Query  Explor=  SPARQL/Update  InsertData  Export  Indexes  Admin

Count: 869
hetp:/ iges. geomatics. nckou. edu. twi/tp/id/landmark/DO000005610 “FT TR TREL"

hetp:/ figis- peomatics. nokis. edu, twitp/ 1 landmark/ DOGO

hetp:/ igis.gecmatios. recku. edu. twitp/id/landmark/ DOOC000E 1 90 ~EEE"

hezp: f/igis- geomatics. ncku. du.tu/tp/id/1snamarky DOOGOOOE 1Y ~ElE"

hetp:/figis.geo cu.echu.twitp/id/landmark/ DOODOO0S 168 *

hezp:/fipis. geomatics. poku. edu. tw T/ id/andmark/ DOOCO00E 167 “ERS"

hetp: /igus. geomatics. ncleu. edu tw/tp, /D000 0005500 FECIET RS-SRS

IVt i guommantics. ok, edu, twi T/ I/ landmark/ DOOGO0DS 164 * K"

et/ igis-geomatics. ok edu. tw)

landmark/DI0000DEL5] " wmE"

hetp: f/igia. Geomatici-ndkar. edus tw/tp/id/landmark/DOODO00S 152

hetp: s ncku. edu twi/tp/1d/
natp: ks edu v tp/ I/ landmark DO
herp: u- s, v/ Ty i/ landmark;

B 14 285888 %

bR T B &R > Parliament 257 #% GeoSPARQL fE4E » [ m] DLgh{T 222 R i
Fth & REE S B R s L > e EERNER R - flaE
SRR T R SA T S A N 2 B B o 2 g - BN Z RS i = & N EEpr - Rl
SEHEE R SRR 799301017 > 28 AL HIE (4RIl 35 i H A E f (point)
G i#TE E(polygon)Hy geof:sfWithin 22 R (E 52K » h 22 LY HIER (A FHEUE 5E
SERK » I EREYREE Fy 9930101 23S RDF Bkl E So e phemge 2k - IEESH
o[ > PR fWKT 2 285 Mak RS 6700001082 ) 2 1T E & 2 2401
(R R bWKT 280 FE4EH geof:sfWithin ZS [ (E BT fWKT %1 bWKT5 R4
R EIEEE o LERESIEHET 4 ERER - EREERELE 15 - Eihss
FRANE 16 o HAHAZELATSA T 2 AL H% By B GeoSPARQL » &l T2 R[1%E &
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SPARQL &7 RDF &JF 2 5E7ALL URL i B3eon 2 il » [RIL » T &R
(B0 L &3 FR A HOAT R AT B )45 (i A 7R [6] RDF Graph {572 7] DUE(E » HEEAIEE R
Z Graph URI B[IFJ{FHY « (At - HEE2ZRAAMELL GeoSPARQL 7% GML B¢ WKT
FEAERLST > MR E R A AR - EJE% i GeoSPARQL = fir MH A A 1T 22 [ 4]
i &30 > fik GeoSPARQL ZE 17 7 #P [l {8 o] DA (i S & et —(EIEH B A2
EE{E 7 22 &R - ARSI AR A — 3R RIS (E Ry B ki > BLRE > &ith
Tl URL A& FErEfE sk -

Query
Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes Admin

SELECT or CONSTRUCT query

PREFIX geo: <http://www.opengis.net/ont/geosparqli>

PREFIX geof: <http://www.opengis.net/def/function/geosparqgl/>
PREFIX tp: <http://igis.geomatics.ncku.edu.tw/tp/ont/#:>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schemat>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

SELECT DISTINCT ?a ?name ?b
WHERE {

?a tp:hasPointGeometry ?fGeom .

?a rdfs:label ?name .

?a tp:code '9930101" .

>fGeom geo:asWKT 2FWKT .

?b tp:hasPolygonGeometry
<http://igis.geomatics.ncku.edu.tw/tp/geometry/district/67000010> .
<http://igis.geomatics.ncku.edu.tw/tp/geometry/district/67000010> geo:asWKT ?bWKT.
FILTER (geof:sfWithin(?fWKT, ?bWKT))
¥

If SELECT query, display as:
® HTML table

Count only

W15 24 294w h 4

SPARQLer Query Results

Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes Admin

Count: 4

http://igis.geomatics.ncku.edu.tw/tp/id/landmark/2.16.886.103.50028.100434. 100000 "sTEEF1E= | HHEEE" http://igis.geomatics.ncku.edu.tw/tp/id/district/67000010

http://igis.geomatics.ncku.edu.tw/tp/id/landmark/2.16.886.101.20003.20065.20050  "E&iEFsr BEE" http://igis.geomatics.ncku.edu.tw/tp/id/district/6 7000010
http://igis.geomatics.ncku.edu.tw/tp/id/landmark/2.16.886.119.90028.100143 g http://igis.geomatics.ncku.edu.tw/tp/id/ district/67000010
http://Igls.geomatics.ncku.edu.tw/tp/id/landmark/2.16.886.119.90028.100008 "E—-EEE" http://igis.geomatics.ncku.edu.tw/tp/id/district/67000010

Bl 16 & @AT4 %0 2 Fraps
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TR & SRR Mg ARG EsT - BA BT IEERI% - I H 2L GeoSPARQL ZC##
geo:sfWithin (% - [A] Parliament &¥#% GeoSPARQL X » w[#h 7717 & SR AYALAH
RAGRE - PIABEFIGFAUS 2 e 2 &kt iE 17 - SEENE—TER > 3
RIEERVE —(E geo:sfWithin BH{% > HAEEZ—{E County - 3%HIHEF 67000 - FLREAAE
TG ANHG A AR TH S uaka T A2 B R HEHRS A1 Pt 8 A2 =0 R RDF %/\ &l BH % -
. E 18 #U~Z SPARQL 3EA » AI AN ERT HHYSAET &R » B 19 BUREZEr Y

RDF &z -

Explore Repository

Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes  Admin

Showing statements for: http:/ /igis.geomatics.ncku.edu.tw /tp/id /district/67000010
Use resource labels in overview

Statements with this value as subject:

m__
.

B e crenais bt Ligis Bkl g bt

I = ittp://www.w3.0rg/2000/07 /owl #sameAs - I

http:/fwww.w3.org/ 2006/ time# Interval

hitp://igis.geomatics.ncku. edu. tw/tp/ont/ #classification http://igis.geomatics.ncku.edu.tw/tp/dassification/1/9240000

http://igis.geomatics.ncku.edu. tw/tp/ont/ # mapping htp://igis. geomatics.ncku.edu. bw/tp/mappingspec/ 20162 DistrictSpec
Default Graph - http://igis.geomatics.ncku.edu. tw/tp/ont/# Yo y http://igis. ncku.edu. twtp/g ry/district/67000010

hittp://igs.geomatics.ncku.edu. tw/tp/ont/ #code "9240000"

http://igis.geomatics. ncku.edu.tw,/tp/ont/ #identifierSystem “ris"

http://igis.geomatics.ncku.edu. tw/tp/ont/ #identifier "67000010"

hittp://www.w3.0rg/2000/01/rdf-schema#label it =3

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type http://igis.gecmatics.ncku.edu.tw/tp/ont/ # District

B 17 374 % ¢ RDF 7 3

Query

Home Operations: Query  Explore  SPARQU/Update  Insert Data  Export  Indexes
Admin

SELECT or CONSTRUCT query

PREFIX geo: <http://www.opengis.net/ont/geosparqlit>

PREFIX geof: <http://www.opengis.net/def/function/geospargl/>
PREFIX tp: <http://igis.geomatics.ncku.edu.tw/tp/ont/#>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

SELECT DISTINCT ?a Pname

WHERE {
fa rdf:type tp:District .
?a geo:sfWithin <http://igis.geomatics.ncku.edu.tw/tp/id/county/67000> .
?a rdfs:label ?name .

}

Bl 18 %34 75wk K+ 7 Fé & 9 SPARQL 3 2
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Explore Repository
Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes Admin

Showing statements for: http://igis.geomatics.ncku.edu.tw/tp/id/county /67000

Use resource labels in overview

Statements with this value as subject:

I = A S

http://www.w3.0rg/2000/07/owl#sameAs

- http://www.w3.0rg/2006/time#Interval -
- http://igis.geomatics.ncku.edu.tw/tp/ont/ #classification http://igis.geomatics.ncku.edu.tw/tp/classification/1/9230000
- http://igis.geomatics.ncku.edu.tw/tp/ont/ #mapping http://igis.geomatics.ncku.edu.tw/tp/mappingspec/2016# CountySpec
- http://igis.geomatics.ncku.edu.tw/tp/ont/ #hasPolygonGeometry http://igis.geomatics.ncku.edu. tw/tp/geometry/county/67000
B - http://igis.geomatics.ncku.edu.tw/tp/ont/ #code 9230000
- http://igis.geomatics.ncku.edu.tw/tp/ont/ #identifierSystem "ris”
http://igis.geomatics.ncku.edu.tw/tp/ont/ #identifier "67000"
http://www.w3.0rg/2000/01/rdf-schema#label =T
http://www.w3.0rg/1995/02/22-rdf-syntax-ns#type http://igis.geomatics.ncku.edu. tw)/tp/ont/# County

B 19 4 3 7 :HRDF 73
(S E A IR & A

Eokl—H T ﬁTu%Z%ﬂz%Jﬁ%& JOIN #e{EZ Mt » BIAE
SPARQL A Mﬂn% TELORE RN S Z A E T & 2 st AL
R EERHEE £y RDF » il B4 FEE RDF &iRHETL ([ rdfs:seeAlso(EfE i[5 2
BIRE% - LEE Parliament » HIfE FZ 88 SPARQL 45 & MfEREIERE » F4T
ﬁﬁﬁ@ﬂﬁ%@%iﬂkm Bkt o FrEl s EREGIaE 20 R e EREE S
(family) ~ 48 A [[1(popAll) ~ 58 A [[1(popMale)il % A [1(popFemale) » 2532 3B A 401 (&
21 Ff7R e

Explore Repository

Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes Admin

Showing statements for: http:/ /igis.geomatics.ncku.edu.tw/pop/id/population/67000010
Use resource labels in overview

Statements with this value as subject:

I e S S
http: //www.w3.org/2000/01/rdf-schemazseealso http: //igis.geomatics.ncku.edu. tw,/tp/id/ district/6 7000010
http://www.opengis. net/ont/geospargl#sfwithin http: //igis.geomatics.ncku.edu. tw/tp/id/county/67000
http://igis.geomatics.ncku.edu.tw/pop/ont/ #hasPolygonGeometry http://igis.geomatics.ncku.edu.tw/pop/geometry/population/67000010

http://igis.geomatics.ncku.edu. tw/pop/ont/ 2 popFemale "3%236.0"
http://igis.geomatics.ncku.edu.tw/pop/ont/#popMale "38430.0"
http://igis.geomatics. ncku, edu. tw/pop/ont/#popall "77666.0"
Default Graph - http://igis.geomatics.ncku.edu.tw/popy/ont/ #familyCount "29079.0"
http://igis.geomatics.ncku.edu. tw/pop/ont/# countyMame - -
http: //igis.geomatics. ncku.edu. tw/pop/ont/#countyTd "§7000"
http://igis.geomatics.ncku.edu. tw/pop/ont/ #townName "FEE"
http: //igis.geomatics.ncku.edu.tw/popyont/ #identifier "67000010"
hittp: //www.w3.0rg/2000/01/rdf-schemazlabel " Ot
http: /fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type http://igis.geomatics.ncku.edu.tw/pop/ont/#Population

B 20 4 %7 #7% %04 © 535 RDF 73t
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Query

Home Operations: Query Explore SPARQL/Update Insert Data Export Indexes
Admin

SELECT or CONSTRUCT query

PREFIX geo: <http://www.opengis.net/ont/geosparqgl#>
PREFIX geof: <http://www.opengis.net/def/function/geosparql/>
PREFIX tp: <http://igis.geomatics.ncku.edu.tw/tp/ont/#>
PREFIX pop: <http://igis.geomatics.ncku.edu.tw/pop/ont/#>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#t>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
SELECT DISTINCT ?a ?name
WHERE {
?a rdf:type pop:Population .
fa rdfs:seellso <http://igis.geomatics.ncku.edu.tw/tp/id/district/67000010> .

?a pop:townName ?name .
1
)

Bl 21 H378487 % A U 53 SPARQL 332 (MATHE ® & )

AT A S0 ] R A i 1L 2 Pl 2 RDF A&7 GeoSPARQL fEE4E
ERZEMEER AT > RIRTHE S Bkl - BRI S T AR A T
PEHY JOIN #21F » Blig PAZE I AR R (A Em gt R - DASLEE I B2 [ s

- 2L >
1 Y SpE

B R R R EAR R P A tHRA &R AT LL T ait(E ) B EETERLE
WRE SR HPE - HESS A RIRGOFUEERRE S > /R B RS
SIS BUERR ~ MERE  anE R © EIEER IS - HUP IR A A
A2 % & - BB B P e 2 B T UL IR - B AahRi
AlH T REE VR At —(E SR ) AV - MR ERIIVEUS - NE 2
HERIEMEZ 5201 ~ o E 2R ~ BRI A A0 i ORI BRI SRig T TR (it se B 2 N 7R
AR -
AWTFE LA BRI ER » SERGRGS BRI Z5aT - LR At 2 P e
EEHET BRI - BR TP E 2 URT ~ #PEEE (.2 URI - Ontology URI » JRELA
an'E R SRR A > (RSP B 2 A S ELsE M > B H iR Z AT AR R
TR AT
1. #PEEE B URL 49 AR oA Z aeat - AHECH S 2 s P Bl as &kt
SE H AT ERAI A A BT &) HAM#A S — (i RDF &JR{ES — (8
BT Z IR AR A FIRF R RO Z E ] - H B B Bl f URL 845 - &
LA IR T AT > ] C TN AT S R (R UGS BB IR A
Z W B E A -

2. (AL WP Bl s &k > AT iRt —(E R =R 2 E &R
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A AT B A ERE A S4B L1 T#4E  B4E GeoNames(www.geonames.org)
DBPedla E&ﬁﬁﬂ%ﬁﬁlﬁﬁ?ﬁﬁz 2k} - GeoNames {FERHE H K(HEHAR L&
EHE S ZERHE - MPEEeEcS B R g s &R 2 [ 2 Bif% - i B
*&H SPARPQ - BHE F &M &R

3. AW P ElfEE#ES &R PR GeoSPARQL 7 ALFEECER 7= » dlHAth 4
BRI FH PEATAE SO SR AR AlRT 7 2 R 22 F R (i A B B SPARQL £
S FES: o 14 » GeoNames {# ] W3C A 2003 4717 W3C Basic Geo
ontology (https://www.w3.0rg/2003/01/geo/) » Ef} 2 &E4&E 47 HI{E geo:lot
J¢ geo:lat ECEF S EL H IR RO HY GeoSPARQL AAMEEEEHFT A [ » KA
It B AifEA/E SPARQL Endpoint | B FEERE FIIE A [E] AAREFR R 7 20 2 #ah
&t o £ SPARQL Endpoint EFHAATRIRE 2 il - [t— SR SR
o [l 3 AT ELREY SPARQL (NEE S AH ST P&l 2 S GeoNames 2 22
BESEIIE
KU FERt P B S AR &R - T B A4S R (% TRt —TEZEE AR
VBRI ZAEE « AWFEseat < #AS BRI R eI IP Bl /8 ~ ZRFfERA
Je B IE R (B ES - ST E R P A - BERS ARG 2 2 I I E A
B HRA R Eﬁ{ﬁxﬂﬁﬁaﬁﬁﬁzﬁ A E AR AR E S '8 & & RDF 2 &R
HiREsE EHAEAHEEE

4%

TER -~ BRE BIFEE 0 2018 > ZHEANAR M ITHIE SRR A AEIT RUE 2t
2 B (PR HEEGEH) - F 62> H 125

7502017 > DISEERTEEE S LEEAES - PRASENEHEHTTE 5
e

SERTT > 2019 > P lE it 23R DT A B e AU S e o (HREIE ) - 56 38 &
F1H] > H 18-30 -

SFGE SO0 ~ 83 0 2012 0 SRR - sEGEE R AR AR BB RO ELER] -

(ERGELERN) - 55 1451 > H 102-109 -

PREREE - 2019 > 07 B S R HESmHV SR AL s S0 DU BB > TR R R E
BT AThE L

FRAESE > 2018 F%ﬁ?%&%%%’fé%&%ﬁiﬂl%% HEEVIAER &S > TR EREENTT
FITRE 15w

HERTE ~ TRETHE ~ BeRin Bﬁﬁb a » 2013 > Fﬁﬁiﬁi&ﬁ/lﬁ/«%ZEﬂn L1 FH R
BEhlE S B (HEEHIE) > 326 FH2 0> H 2847 -
wjz Bﬁﬁh KE > 2016 > B B Sa T EAE A > (B LM B ZE il i) o

Fa4L F1H > H1-24-
HRERTE ~ GEREE > 2010  FLEERTZE EIECRE 2 S5 R B I PRET > (HEGEHIE) > 55 29
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%’» B2 HA o H 14-33

HSRTE - SRR 0 2011 - EEE&? 1_?ﬁ@%ﬁ?ﬁ%ﬁ%’gﬁﬁF'aﬁ:éf%ﬂr%’féﬁlﬁ%%ﬁ%zﬁé
& (PERIKER]) B35 F 2 H 159-171 -

ALZETE ~ BRI 0 2018) P EIEESEE R ST » (B =1/ Vel & e 22
EiHETE ) -

ST BRI - 2008 » T EORURBIGRE T 2 I - CHOERHIR) - 5527 % - 5 1
HE > H 1-21 -

TREHE - 2013 - PR TS - SR

REHE ~ FRI58% ~ HLoR7E - 2014 - Eﬁzﬁféﬁﬁgﬁﬁ%ﬁﬁtﬁ/ Skl JE B - (5=
T =il E S 2 E T & B LAl R R g R ) -

R ~ MG > 2017 » DIAIE ARSI gAS Bk B [ B s I S N R
REAELE Z 3 — DA EIRERBA BB - (EF 2 ENRE) £ 43 5 5 1 1>
H 122-154 -

PBRAAE - 2019 » (DABHRCE R R B RE B S e M B B lie B e5e 248 ) - PIRAREER
EEITATIE LR

i) ~ A BWEMEF' ' 2011 » JEF] GIS FEF; KSR ISR ER 9T - (&
RS EH ) F5E - F4H H21-23-
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H Atz Eh U e 24 O 2 AR 22 & R TR F S B ERE L E
1] AR BC & 2 TS R AT IEORIES » (PI1E2E ~ AR - A H 22 ] S iRy — 4 & -
S EL TS SRS TIE R ENLE A R4 Ot AR FE 2 M E R R
fii > bR 7B S S - HAEHEEBOMEERZ - EERZEREERE G
Fl|28 2> — o SR HI4E B A S BR B 17 2 £ %% (Global Navigation Satellite System, GNSS)
s B B RO & - FrAl e S A T B e i o [ HEMEENT A4 (Inertial
Navigation System, INS) FIEIKEMHE AR 2 BE T I EBEZREAERRE
GRERFEIER A BAE - (FHEEALE AAEE IR o K T H -t il4g s GNSS
s A S I8 2 E AR - AT AED E fir B Y E F i (Simultaneous Localization
And Mapping, SLAM)H i R 5RE - S5 HEOCERIE - InZsTSmEhE >
i A b= o)L =N VA e (VR =4 (1 v b= 9): = N N ey =W i D) ] E S
A SRS o AW BN 910 2t RE 47 A B )% (Normal Distribution Transform,
NDT) » 17 [F]0F ZIRE = [ 2 VCBC B » 37 DO 2 BARET 2 SR (R 2R Kt =]
A EUHI & S5 fE B XK & JE Y 25 (Extended Kalman Filter, EKF) H] 2 B A 2
INS/GNSS &I s -
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il - HAEREUR - NDT HEUAREIR BLIgHE HLAS ERY R KR AU R - ifie%s
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& > HAWTFERIECR T Al ERant - B [E] RIS HIAH &2t s A B I 4E RE
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Using 3D LiDAR SLAM to Improve the Positioning

Accuracy of Mobile Mapping System

Surachet Srinara!, Chi-Ming Lee?, Syun Tsai®, Guang-Je Tsai*, Chung-Yen
Kuo®, Kai-Wei Chiang®, Chan-Hsiang Hsu’, Min-Shiung Wang®

Abstract

Recently, Mobile Mapping System (MMT) has been widely applied in the field of
geomatics engineering. By combining high-precision Positioning and Orientation Systems
(POSs) with multi-mapping sensors such as Light Detection and Ranging (LiDAR),
cameras, and others, 3D geospatial information can be then obtained precisely. The
LiDAR-mounted Mobile Mapping Systems (MMS), one of the best tools for collecting
geospatial information, integrates several technologies, such as POSs and LiDAR systems,
which can be used for producing maps with specific accuracy and it is also efficiently
exploited in different domain applications. However, the positioning accuracy will
significantly decrease in the areas, like urban areas or tunnels, where Global Navigation
Satellite System (GNSS) signals are blocked or contaminated by multipath effects. In order
to improve the positioning accuracy and ensure the reliability of the LiDAR-mounted
MMS in the GNSS-denied areas, this research aims to develop a technique based on
Simultaneous Localization And Mapping (SLAM), combining with LIDAR measurements
and the additional information from odometer to enhance the performance. In this study,
Normal Distribution Transform (NDT) will be tested. Further, NDT-based LiDAR
Odometry (LO) techniques have been introduced and developed by aiming to perform and
feed the LO-derived velocity and heading measurement update into Extended Kalman
Filter (EKF) model of INS/GNSS.

To analyze the performance of the proposed methodology, two experiments with
different environments (i.e. weak and semi-occulusion) are conducted. The obtained
results show that NDT algorithm can provide stable and accurate velocity and heading
measurements. From the overall positioning results, the statistic shows that adding NDT-

derived observations and odometer information can significantly improve the positioning

PhD student, Department of Geomatics National Cheng Kung University Tainan, Taiwan
PhD student, Department of Geomatics National Cheng Kung University Tainan, Taiwan
PhD student, Department of Geomatics National Cheng Kung University Tainan, Taiwan
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accuracy and achieve the requirement of high definition map (2D: 20 cm; 3D: 30 cm) in
semi-occlusion environment. Finally, it can be concluded that the combination of different

sensors is an effective way for enhancing the capability of the MMS.

Keywords: GNSS, INS, LiDAR Odometry, MMS, NDT, SLAM.
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» ._L
AR T 3

Mo Bl % O il Z 22 0] DAoy Ry Ratd > — 2 e fedly » 55— IR AR B E R -
TEEAZ LRl et RAVEMDEEEE DL INS/GNSS B A7 UEI R BT - K
TR INS HYEREES EE  Bo & RN =R & 45 (Extended Kalman Filter, EKF)
i1 Rauch-Tung-Striebel (RTS)25 a5y 1E M BT EE & A B AT AT 58 -0 B2 )= 3t JiE )
Pt 2 R ARG & i L (Chiang etal., 2012) - =N EA BT - HATHRE AHIRETHY
SYVEWIRE B EMERYE LRl - (DiEs NigZRe T Bl 8 HAREEE - e Nin
ST EDE R Fl s A\ i 285 TS o (E i sy Pl - At B T2EBERE » ic
Eies N mih i R R R T T8 b > DI R R 7 =R EE S AT
— I ZIMI AL E (Chong, 1997) - fit7 & EALEEVERE R FHNGE R Z A SR %
RAEEATEARCHIRSE) - FH LR F S8R0k 2 M2 & - #EECE N5k
HEDARRE » nE—DHEE I E T - B E & (Lategahn et al., 2012) -

[5]20 1€ fir Bl Y& ffi(Simultaneous Localization And Mapping, SLAM){E /2 f#zs
NS T F R BRI H 2 —(Wurm et al., 2010)  {I5A [Elih B 28 ELEE
SEEVE > TTHF SLAM 43 B R[5 7554 « SLAM KE4 TAE S5 B UL A& S 2y BEe=
Eifh o WA R REEEUCHC - A TR (B R EE - PV AH ET 8 (Ren et al., 2019) -
BEEVCHC R [F]20 7 (i BB R i Y ELRRE © 4678 WA 8l 2L A [F] 35T ARG E
M ISR EE A S M (EfR ey - Bl —4H R a2 8L et al,,
2020) - Bj LiDAR HYBREEVCHC 7 /AME 7 R =28 - (DERRAVITE 5 QAN FHE
HJ772 5 G)YEN 7 MiHY T A E N B R i T 0% -

{E I {H4EHY INS/GNSS F&T7% - AIFEAEMEI AR B EHZERE - NRE
GNSS FHsR B A A PREAVER ST 1 (I BB RE A an 2 g FEl DR A
e By TR fva B RS 8MASEREMAE TE  Fhl 2 ERHIES -
PRI AT DU G iR e MM AR ERE 2 BESE BN By T AR T A2 G
STERERT TRV BB AR » BN FHEAUIR G UCEC 77 A S SLAM i s pld sy £
g THZEEA B ENFEECTENERE S FHRRBYTIRINICE - SEZH
JFEFH B  RiE T LA By LIDAR Odometry and mapping (LOAM) (Zhang & Singh,
2014) » Ry H M 2 B E(Shan & Englot, 2018) » #7473 » Chang Z A (2020) % Liu
% N(2020)F2HH T INS/GNSS B2 E R S 40 BLEL R F##HY LIDAR-SLAM HYREH & 78
if > B AU A E R & DIVERE T > (ERECZ IR EREER S T > 18
BEEER R BV R TIR I AL 2 07 TR R A EEUS B S EE (Liet
al., 2020) o fy | &G H B SNV UCEC 7 AW PRI E I & & R - Bt
FEHER BRI o MY RE (i B HA(NDT) B A(Biber & Strafer, 2003) © Magnusson
% AN(2015) {12 EIUmREUCHCHYRCR 5 4S5 - B R BERY UCHC U7 /A48
tb - fEFH NDT JEEEmEE TR M - S alSERVRCR - FiAlE & Im i SR s
INECHIARE 4G E G TSR o (R » ARBFFTARFY GNSS FHSR 2 il Ay ER 5 (52
INS/GNSS/NDT-SLAM K #EBo g s JRA 2 et & R & 7 Z DI 48
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B ENEE » A—REI AT He At HHRA B B TR S 5 2 M4a e - il zE Sy
=k [E (High Definition Map, HD map) ©

SEE
£ GNSS SBIETEL A B HOREIIERAE - SERRTH(ir TSRS RR A 3OS
S 97455 INS/GNSS #5317 5 BRRATRS « AHIFEHE LR LIDAR i NDT $70

UCHC 77 5B {# 47 INS/GNSS $ 477 2 T2 BUN gsmt & « B 1 B ATHZefe thinvE &
TIEZ AR o TS T A RN =R 2 8K 25 (EKF)#4 & INS ~ GNSS ~ NDT-
SLAM Kiig st &l o FEECE S EEESIA > A IR 28 R a s SR
SR H B TRRIHIAG L i BB R REE R - AET#EREH EKF 2B EH
NDT-SLAM 2 fig E i fe

o id 5t ; _
Accelerometers iy ﬁﬁ‘ﬁ“ #
INS
FE B 1R Mechanization
Gyroscope

T WA FRLBAES

Feedback Bias and Scale Factor Filtered Nav. —
Bias:{& 5 Solution =

Scale Factor: F_FE B

SHREMM R A %| GNSS RTSF %
NDT: % & 57 8k [igni Jﬁ 3% Smoothin,

e . __ i Proposed NDT- De-noising ' Jocity Smoothed Te o &n

rit| LIDAR -." based SLAM }.[ Process J: g Nl

: A7 45 fi Initial Guess
i st | Odometer

) ) . Mg[mn . ZUPT, ZIHR, NHC
onstramnts ZUPT: %k # &7
ZIHR.: iy # &)
NHC: 4 #4089 8]
Bl 1B L %A
(—) EKF &4

WE 1 R A FTHE R R & 281 00 A P 90 =0 = 08 85 (EKF) B &
INS/GNSS/NDT SLAM/§g#fzt 2 BUHIE - H > JEE=-R SN 25 (EKF) & 2R
A > TRl Fs 5 A (System model) S #H & 154 (Measurement model) o Z 4 f5 4
fEETIRRRRERS I LAV T Ry DA SRR R R A e OB DR & 40 o] B 2 e i A R Y
TREE 2 HERE % o INS gAY A aEss i = =) :

Xp+1 = Prrr1Xp + Wi (1)

HAp MEE k ARERER » xpp Ko By k1 Jo k WA ZREEHE » x =
[6r v & by by S5 Salby. RiRREEE > BEME -~ BT - BERE N TIR
ARG 2 (R 7= (bias) f REER = (scale factor) o @y yy g Xy Sy BEHUREFE 5 wi Sy (EHF
I FE R (t, tor BRI AR I A U8R Py [REAV S FE IR - BUAISE A 2 B R =0
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ERANEE ~ IEES ~ 254 - 250 BEE VTR - SRR - Uk
FIH] 3D LiDAR SLAM i 7 S ilfs Bh=U B ] S840 e k1
Fora=(Q2) ¢
Zi = Hpxp + € (2)

Hort Hi By ke W52 2 s TR 5 2 By kWG Z BRI RN © e RyBURIEIREE © 1M
Ri Ry ORI S 2 8575 — Tin 8 U5 4B -

AHFEER A NDT RS2 R S AU E - W 2 iR iR =
A EA@FTR

82, = Upay — ﬁ1711dt (3)
62<p = Prav — (ﬁrridt “4)

Horty B REEmATE2E  o FBfilE A Oy S Vnqe 77 ll/E INS/GNSS 1 NDT-
SLAM FrfSst i RTE2RE o i @nay K Pra: 73 HITE INS/GNSS 1 NDT-SLAM Frffst
FIML RIS o HRPS 2RI Reffiiinl /G B Y EKF H 2 jiRRE (A S » B Al A EaR 2 iR =
B I IRRE [m B AR TR - SRAHE TR S EERE HT 275 Shin (2005) ~ Tsai (2020) -

(=) NDT UCHZ

NDT JEEES 5 B ok E ARy ZE M4l o R AR Al 482 (2D) 8L /i #E(3D)
PGS S SO T iR T R P EqE G € - HAFR R

1
q= -X1X (5)

n

C= — Y (- —qT (6)

n-1

Hf xi=1,03, 0 RIS EOL 7RG T 2 BE5E
RGBT AT Nq, Ot BRAERFE 8L x HUPHR L i 3 (Probability density
function, PDF) » HFEIRAIFU(TFTR

(x-q)TC(x—q)
- f) (7

p(x) = Zexp(

T B SRR 2 e R R B R T A & p 2o p = [tir|gl t = [t ty, t] B ERE
T = 1,1, | B = e ¢ R EEA - Ak > EREES x PR R T
AR R

T(p,x)=rx+t (8)

LA A T Y22 Y PDF A e E R Pose(E i B R ZREHY
BEE - B KR

s(p) = — X pdf (T(p, x:)) 9)

=) AT%1 - — B4GEE RS Hp - BI0[iE4#E PDF pRERIEHR T2 (TR E i
IMERTE - BB L A BURETIER R - SRt B R HEEBIE R
Magnusson (2009) °

117



BBz TR B IUESE I

[ FASIH hokyin
L Initial Guess

Smoothed Navigation
Solution J

M ¥ Pre-processing |
L ]

L.
Registration
i HA T ( gy f) B 4/ M 4E )
LiDAR * Pre-processed | Time Synchronization &
point clouds Interpolation y
NDT NDT: 4 f& 4 A7 $h 4 ik

hb. L] #i 13
Map
Construction

ud A s kS
Derived Measurements

De-noising/Smoothing
Process

[ Ko/ T 72

Bl 2 it SLAM(NDT ;)3 7 %

2 PR B ARWFTE Y NDT SLAM RUARVET T40ME - 2 BUAR A VO T 2R
HUBE - EESr4g T
L FEERH © E 5 RETHRE I HAY RS ERBEEHE - (5 Rt R PR B i s
ZHE - U ] A B TR PR AR R E A E DU DR EE TR o TH
i P — A B 2 5% E MR PRl (Limit range) ~ # PR Ei L (Remove ground
points) ~ [FLEEE I (De-noising) 5z [F 4% (Down-sampling) °
2. BHEEVCHC © B UCHC RN~ R E W15/ 2 5 B (E]E) 9 H Ailkh
E (B E] 2 EHARR (R (2 V1% ST - 1MAE UCECHY AR o 75 A it
BRI IEMEYRE 0 BFEEHITLAAE GPS Time 2 J7 X HUS K H
INS/GNSS 5 Effi#t(GNSS #Ux B4z )E¢ INS(GNSS i ) I iL &
BIZREENE
3. BEEMEAL - B AN FIAREE - THERHEESE K ICP/NDT FKiG 2 BEZE R 2 HiHA
B4 HHAYEBEBENSTE | Hz (VBRI A LUE(L Pose(B N1 E K
fB) » 3 By N —4HVCHCRE = s ]
4. [RNE A BRI TR SLAM JEAAH Y 2 RIS K A A UHIE DL
feft EKF F2ERY SR E - MAEAHZE B s AR 7 0A Ry Nz e 2
(Wavelet de-nosing) (Donoho, 1995) -

118



FROVE ~ FRER - Zfly ~ 2O - FIEE TR - FRRRE - TR
FFH 3D LiDAR SLAM £ s aichs B S iEl 240 E (a1

Z R RRPRP

(—) EERSIER

AWTFEEEE SR b E AR N R U R E e A8 3 Fne
AR BRI R (E B B - BELRIERIS Ry 59U R (GNSS S8 10-15%) > Ky GNSS
AT BAr 2 553 ALARIE IS R~ A i 5 (GNSS S5 50-60%) » LA~
SN GEEI T T B2 ERICE B K s s R I T 5 B AR RS KE (L (7]
R BAEER LEEPEC R - SHER AR 1 o - Eig
LAY RBEERAYTTEAE 2 SLAM JEEIERNA[F GNSS #2305 MR Hl4E =
BERG e L E R FRIET T 2 58

—— 55iERE(1006A)
— ¥IEWME(1006B)

Bl 3 pi‘?vii\ﬁ‘ﬁgl

%1 FHRFERB R

RERER RE%D
p BIEAE BB 4 it
(km) (km/hr)
338 ﬁ’f?ﬂ
1/4 i B2 230 % 2 %
20201006 1006A 941 . 30/40
/4R A B E %
2/4 - B R(RRBES)
LR
20201006 1006B 9.87 N L L 30/40
BABE SR ET PR

O BERAGEE
4 Fons Ry AW e Z A B & EAVREESECE o Mt SRS H AR S
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H1$E NovAtel ProPak6 GNSS #2Ui{% - NovAtel FSAS B fiiZE4) IMU k7 Z+F Profiler
TR o B T BRES AT SR AT IR AT SLAM SEEDE - AR EEINER: Velodyne
VLP-16 Szl - AW9E EZ M Velodyne VLP-16 SR ERAVEEE R F
Fi NDT SLAM JEBEUEZHUR S KAt =) A B2 DI #piE L E k5 - 1f Z+F
Profiler SRR 2 = 2 B R AN E F & 28 s BL s i TS b e~ FERATEA -

I ABHSE 2 78 A7 € (7 BB & A S PE TR SRR B 4N 2t iNAV-RQH
FIAR AL AIE 5 Bl EEEE i BCRAS [ ARG A S Fba s s B A 2 34s - &
B2 (EME)FTE A Z INAV-RQH IMU BLHIEK £:47% Novatel IMU-FSAS FF& LRI
2 frr > R ATEN AN R E SRS SRR R E M o REREMHZ
BRI B ENIE RS - RUMERSFREER -

—

ProPaké

B 5 %% % %n——iNAV-RQH
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% 2 IMU #4251t i

iNAV-RQH
Accelerometer Gyroscope
Bias Instability < 15 pg < 0.002°/hr
Random Walk Noise 8 ng/VHz 0.0018°/vhr
Novatel IMU-FSAS
Accelerometer Gyroscope
Bias Instability < 1 mg < 0.75°/hr
Random Walk Noise - < 0.1°/vVhr

s R ELE S

IR B UCHC 2[RI (i Bl B[R] 2400V AR > (RIIL R TREEAIEE - B8
kSN - DMEE AR EERE R E I RIS HETE - SRS 3D B
VSR A T2 EDAECRIRREAS - ABF9EEER VLP-16 Skt » HiEt NDT [E20E iz
BB E R AR o By T B G S SR M > 53 B1){5 A Inertial Explorer (1E)
PRS2 B S B SRR INS/GNSS FVERMGE RAE B2 2 HHELZRER - AN
ETRAAE DA WA A (ST E B 23 B (1) [0 i i B il ol ey B 2 B At EH7J<
RS R T ) DAR(2)E INS/GNSS -~ St BV &R 2 B3 » I
PR PUfE R & 52 2 i B ¢ INS/GNSS ~ INS/GNSS/NDT - INS/GNSS/fify i 51 );‘z
INS/GNSS/Ef#E1/NDT o

(—) BEEg—  S5ERIE(GNSS KiH%K 10-15%)

FH NDT SLAM P >RGS2 8 B ] AU & 2 SR 2= i3k 3 Fiors > H
FA[EHAEH NDT SLAM m[J&{5:E1 INS/GNSS B &fghain 2 EINE ST - 550 -
HhiE 6 KIE 7 JRa[FH NDT SLAM FsKiG 2 ~V- [H Z28 15 s it [m) A 81 2 B 4A
INS/GNSS & &fif i 275 2802 — 8k -

B — 2 B EZRECE RDFRE DR 4~ £ 5 s o HER 4 w1883 e
F e fE gL & 5 N E Y R ER 2 (Root-Mean-Square Error, RMSE) & B 5 45 INS/GNSS
O - HNER—RHITERISE - & GNSS sl A RRE FE 2 BE
Rt St R P (I INS/GNSS E SRR Z T RAFAUREE - & 5 AIBURER
INS/GNSS/Odometer/NDT 7 #4152, » ¥ Roll Headlng A RIAE 1% 5%
# o HF 12V > NDT fRlif ISR BRI E R BURL - & = E 22 0R i > 2 (o 45
YN TREEYE AT - RIEA NDT JEEDAEEIR T E A I 2 -
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Velocity (m/s)

Velocity (m/s)

FhEFH

4 3NDT SLAM 24 A 45 (% % — )

NDT-Only INS/GNSS
Error VE VN Heading Ve VN Heading
(m/s) (mfs) (deg) (m/s) (m/s) (deg.)
STD 0.15 0.12 1.53 0.03 0.03 1.00
RMSE 0.15 0.12 1.54 0.03 0.03 1.00

East Velocity Comparison

INS/GMES
5 SLAM only .
v\ (\‘\L—’ﬁ smoothed SLAM
ok \J | Reference |
k_/ﬂ
M \_’—fw_
1.806 1.807 1.B08 1.809 1.8 1.811  1.812 1813 1.814
GPS Second of Week (second){tD = 180517 400) T h
MNeorth Velocity Comparison
or INSIGNSS i
SLAM only ‘\1
ar V*wl Smoothed SLAM
Reference
D - II_II y I| 4
| f——/
° Wl |
_1D 1 i 1 1 1 i 1 1 1
1.806 1.807 1.B08 1.809 1.8 1.811  1.812 1813 1.814
GPS Second of Week (second){t0 = 180517 .400) 407

Bl 7 Lok B RBI(F &)
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Heading Comparison

INS/GNSS
150 NDT-SLAM only i
| NDT-Smoothed SLAM
Reference
100 - | T i
e J——Y
L B0 i
£
g |
ik}
=
] 0or |
=
E [ |L--‘\-J
T -50r | _
-100 B | | LI
-160 T
1.806 1.807 1.808 1.809 1.81 1.811 1.812 1.813 1.814
GPS Second of Week (second)(tD = 180517.400) «10°
Bl 8 s &1t R BI(F %)
14 R B At (B )
Error INS/GNSS INS/GNSS/Odom INS/GNSS/NDT INS/GNSS/Odom/NDT
(m.) E N U E N U E N U E N U
Max. 1.25 1.60 321 121 160 321 121 125 3.21 1.21 1.67 3.20
Mean 0.02 0.03 -0.03 0.02 0.03 -0.03 0.02 0.03 -0.03 0.02 0.03 -0.03
STD 0.18 0.18 030 0.18 0.18 030 0.18 0.18 0.30 0.18 0.18 0.30
RMSE 0.19 0.18 030 0.19 0.18 030 0.19 0.18 0.30 0.19 0.19 0.30
RMSE 2D 3D 2D 3D 2D 3D 2D 3D
2D & 3D 0.26 0.40 0.26 0.40 0.26 0.40 0.26 0.40
Improvement 2D 3D 2D 3D 2D 3D 2D 3D
2D & 3D(%) - - 0% 0% 0% 0% 0% 0%
2S5 FRFLALSN (F%k-)
Error INS/GNSS INS/GNSS/Odom INS/GNSS/NDT INS/GNSS/Odom/NDT
(degree) P R H P R H P R H P R H
Max 400 173 340 4.00 173 340 400 1.73 340 3.97 1.73  3.38
Mean 1.50 0.79 -0.17 150 079 -0.17 150 0.79 -0.17 1.49 0.79 -0.18
STD 0.57 0.77 1.16 057 077 1.16 057 077 1.16 0.57 0.77 1.10
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RMSE 1.60 1.11 1.17 160 1.11 1.17 160 1.11 1.17 1.59 1.11

Improvement (%) 0% 0% 0% 0% 0% 0% 1% 0%

5%

Note: R = Roll angle; P = Pitch angle; H = Heading angle

() Tha = FIERER(GNSS KK 50-60%)

FE . NDT SLAM AR HAVEUHIEREE 0% 6 Fx - 0l S 2EE K fim
AEIERE SR gl — » TEFERIERETT NDT ITECE &4 INS/GNSS #
HEIERIIAE - AN ER _BUNERIEEE T » GNSS Sia RIFEAEZIEE
INS X &A BRI GNSS BUHIEHIEM R SRR A > # INS/GNSS #E&ffaR
WK o ZR1M 0 HHIE 8 & 9 JRA[FE Y NDT SLAM A K5 2 S 285 Kt ia) A
2B 4A INS/GNSS BEE R K 278 245 2 — 8 > HEUHIEIR ] GNSS sHatk
PHIF R L 2 B BUH 2 DR B2 88 E AL E IR S -

B 2 B RRECERERENZE 6 ~ F T Fn » HE 6 Al B RHEA
iR HEE) - EH NDT-SLAM -~ [EH# 1 Adm2RET & NDT-SLAM ¥ iz EAa A
TEHEEET T - SPHEEE 525 2Tt 61% ~ —4EEE 2 nlHETt 54% o R R
HERZRIE - GNSS HGE & HETEUE A 2K B EYEGs 486 2 25 BRI SUE T B B s
SR GNSS BUHIE » NI EETERREE SLAM Sk 2 31 Ko i e i & R B A &
TEZ R B E AL EKF JER S - FILERINEEH - & SLAM |7 = HVHERE#H
BIERTHEMLIERE » BB R TIV RGBSR - fEF NDT SLAM nlfE&{5[H
BRAVRER » JRE NDT SLAM B HUlmst 2 A o 55— 5 T > AR DA HI4E s GNSS
TERPRR TR > AR R EM AR SR A EME S » HHER 6 IRT] 3837
JOA SLAM FifrdfBhiz - HE AEE O a7 eahE iR oK CREEAFE © 20
cm s Z4ETEADERE 1 30cm) > #75] A SLAM 5 {iiliEEh R A = EALE H 250 R/ 0k
CEAT B A2 BRI R R A

HE—RNE  BER 1T EESERKEHEARRE - 2 e &k
K ZenE 2 NssE gy A 4] HBEEN RS - 7F NDT UCfgth - S
AT AE B E R = KA WA E (R B INS/GNSS B2 &fF) » AEIEERL RS & A B
BB ST R Y 77 (INS/GNSS) A GNSS SHE 84T 4 A ER - 5248 > 2 7 7R
HETHIA NDT-SLAM $Z 105 » fiAAE 1%-4%HES | » SRt EsE e Ema
—ENIBIE

% 6 NDT SLAM 24 ~ 45 (F % =)
NDT-Only INS/GNSS
Error VE VN  Heading Ve VN Heading
(m/s) (m/s) (deg.) (m/s) (m/s) (deg.)

STD 043 0.32 1.43 0.03 0.02 1.11
124




FROVE ~ FRER - Zfly ~ 2O - FIEE TR - FRRRE - TR
FFH 3D LiDAR SLAM £ s aichs B S iEl 240 E (a1

RMSE 043 0.32 1.43 0.03 0.02 1.11

East Velocity Comparison

INSIGMES
=5t MOT-SLAM only
E MOT-Smoocthed SLAM
e Reference
2 L
£ 0 W—U’TJ_\I_\‘JLJ 1]
2
[=1]
= -BF 4
1.838 1.84 1.842 1.844 1.846 1.848
GPS Second of Week (second)(td = 183615.500) 100
North Velocity Comparison
10F T T T T T T =
INSIGMNSS
% 5 NOT-SLAM only B
"E" MOT-Smocthed SLAM
e Reference
e -
=]
[=1]
> =5 &
10 I I I I I I -
1.838 1.84 1.842 1.844 1.846 1.848
GPS Second of Week (second)(tD = 183615.500) <107
B9 Lok R WREB(FHRS)
Heading Comparison
T T T T ll T
] INSIGNSS
150 |~ MNDOT-SLAM anly 7
NDOT-Smoothed SLAM
Reference
100 T 4
o ]1 = M
o 50T |
[3]
s
=2
o 0or a
=
= A l__.'-_d
@
]
I -50F T
-100 | T
_'Wﬂ'_] | Sy—
-150 1

1.838 1.84 1.842 1.844 1.846 1.848
GPS Second of Week (second)(t0 = 183615.500) %107

B 10 fup & v S BI(F %)
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7 T ELLY (FE%k-)

Error INS/GNSS INS/GNSS/Odom INS/GNSS/NDT INS/GNSS/Odom/NDT
(m.) E N U E N U E N U E N U
Max 376 079 1.81 0.58 0.56 0.84 058 0.55 0.89 0.52 0.56  0.66
Mean 0.07 0.03 -0.05 0.01 002 -0.07 0.00 0.02 -0.07 0.00 0.02 -0.07
STD 049 015 028 0.16 0.13 0.18 0.15 0.13 0.18 0.15 0.13 0.17

RMSE 049 016 028 0.16 013 020 0.15 0.13 0.19 0.15 0.13 0.18

RMSE 2D 3D 2D 3D 2D 3D 2D 3D
2D & 3D 0.51 0.59 0.21 0.29 0.20 0.28 0.20 0.27
Improvement 2D 3D 2D 3D 2D 3D 2D 3D
2D & 3D(%) - - 60% 51% 61% 52% 61% 54%

18 TR L AN (F%o)

Error INS/GNSS INS/GNSS/Odom INS/GNSS/NDT  INS/GNSS/Odom/NDT
(degree) P R H P R H P R H P R H
Max 395 1.70 15.07 392 171 1374 395 170 15.09 3.92 1.71 13.71

Mean 1.38 1.01 009 138 101 0.09 137 1.01 009 137 1.01 0.09

STD 062 045 1.17 062 045 1.18 0.62 045 1.13 0.62 045 1.13

RMSE .51 11 118 151 111 118 150 1.1 113 150 1.11 1.14

Improvement 0% 0% 0% 1% 0% 4% 0% 0% 3%

Note: R = Roll angle; P = Pitch angle; H = Heading angle

I~ RBmBEk

AWTFEEEIHAIH] NDT-SLAM Y GNSS Bz s il il 2 3 H i )il =
ZENLREIE » FL4E R =4 RMSE 3l 51 307 ~ 59 o FEE 20 257 ~ 28 18
73 53 61%K S2%HERTHIRE © 554h » B — - Bl thEEA > £z
Pl S gy 2 - (£ NDT HEUARIRRA RS - Ot Eh-F RS A
sz a8 NDT JEEASER ST ERAVEE) - W EBE AR R
L R EEHAEL Y NDT 2ot BReE e i iU ia T 2 Al - R AR M il
st Z MA@ HAGRZE— AP - &7 BRIl - ZRGITENE G RHEB BRI E R E
BE 4 X

Sy 70 > MHELAE ISR GNSS BENAREE TR - AT EHm
PEHIRS ARG HH BN s B R > AWFEREgRRE SLAM SR RSN > JRm 3
HHIA SLAM % - HoE i (B e =) EAF G IR Tt E e AL 7 K CP
TEALAAIE * 20 cm s =—HEEIAFE © 30 em) » #05[ A SLAM Rty Bh il H R A 2 2
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FRAUEE ~ PR - M~ 20T - FIES - TTElE - ST B
M 3D LiDAR SLAM Fffirfe sl i eh = S ] £ 40 (e
(7 BT 258 PR & SR AT 2 IR BRI A -

RACH BB E RS TR B L SLAM JEEE BNk 51 & B2 Ayimmting
(Scan frame) DU & P SEAVHIIE] (Hu et al., 2021) = 55515 T At etk tb s Eh RE A E)
(U= R T B B E ) 2 NDT fRlf ULFC AR L 5 e (58 I B 2 A E T [ R e
fH e > T A EISE T Z TR (Wen et al., 2018) -

N
ARWFEIERT B LM% 0 SCRE - WTFEaRdmsiy NLSC-109-13 -

54
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Discuss the Use of Small Rotor Drones to Monitor the
Slope of the Reservoir Feasibility: Take Taipei Feicui
Reservoir as An Example

Jo-Hsuan Chang!, Chih-Chan Chiang?*, Chih-Ling Wu?, Chih-Wei Kuan*

Abstract

Reservoirs are essential to water collection in Taiwan. In order to maintain the
environment around the water catchment area of the reservoir, this research used multi-
rotor drones as the image-capture tool for environmental monitoring, environment
differential investigation and analysis. With the rapid development of drones, drone
operations are relatively unaffected by the weather and airspace. Especially in cloudy days
after typhoon, we can obtain instant information of disaster, reducing the manpower
required to have better image quality simultaneously. In this study, we used spliced
lorthophotos to analyze the landslides variation. Through overlapping the potential slope
variation, current situation analysis can be provided to the management unit as the
reference for investigation and monitoring. Eventually, comparing the methods of manual
visual inspection and unmanned aerial vehicle shooting, the effectiveness of manpower,

time-consuming were analyzed to maximize the benefits.

Keywords : Collapse ground interpretation, Quantitative analysis, Unmanned Aerial
Vehicle, Variation analysis.

! Master, International Master Program for Smart City, Feng Chia University

2 Assistant Planner, EasyMap Digital Technology Inc.
3 Planner, EasyMap Digital Technology Inc.
4 Deputy Director, EasyMap Digital Technology Inc.
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THECRKEE B RE A - RIE OKBEE/KEEEREHENE) Dk (OKESE
KEPREEETE) > &ML EaHE - B RKE RS B A R R
HEFF RAr > HEERCR A (E IR @I T EEEB S -

At FE LA EZKE Rl - F5EUKEERRE] 76 RIS LIFnE K 2
SE 30 ZE > HoKE/KIEER HEREEE EKEt A RTER - BERES
KA —E RPN REIRRE > AR IR - R ARG N e B AR = R
SIMTHIEEY -

KA ER R A = - DA N T H AR A 7 AR 00 1 A= REER I fe ZE ]
AR > INAZBRI A pa L 2 2 8 > R 5 I i s v] K - BARGR R 1
FNZE - EEEELNITE TR -

I NPT SRR B2 MEFIAE AU i ~ RSP S~ 2o B oaik > Hi it A%
BtE o A EBRTERERUNYR: - EEARMARN TR > SEEEATH
1T EAVSEA - BT AR B e Bl 2 e 5 o BB AT S AR A 0 ) A3 R
PRIV ENTRGR - AR AR ROV R B o - AT 5 e s A
PETTIORRETE T 2RI A T EIR R RA » ISR e - $HEUHAT R
&2 HEFHREEE T - B8 GISTAEHEh o1 - Fris BRI G KEE R
RGN EELTT= -

S EL RS
SRR 58 D ROK R RE AR E IR KR B ER R K
FAIILUR 2 A RAHR B » (353K Ay 2K & ARSI - 5 7

IHFUKERY K BEE » FFESEK & AT Y T RO T SRRy Fa R B A - 1%
B AR HIRE - SRR SR s UK TR TR & -

FEFKEEKIRAL P b abEl - ¥R SOmdt% 2 ERVESZKEE(AE 1)
FEEZIETEEY 30 N EB - WGS84 HHHARE By 24°54'33" N, 121°34'48" E(Y1[E 2) - 35
SUKB/KISRES 23 A8 > Z/KEE AR E 1,452 N By 1225 AR P
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EEHFEGEHEILEKEERF - 2019) - SERIAEESAR S H 2 10 HHyHeR
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(3). fHEERIEZ 1,240 B 25K/ 4,000 x 3,000pixels - HF9 1/8000 #H %
3 -

B3 A3 it 2 g A (www.dji.com)
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EHABFEE
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EERASRT
BRAT

l

ERTBEE

BRB(EDHT

W4 75 ink
OORBRIES A
AIFFCR R F RSl - DL UAV s Gt R =4k > |l=
R YR > EEHREER AR (Digital Surface Model » DSM) > fifikf DSM f4
Roiics 0% > (S REEN VAV RRENSHELRNTZG > HLUEHELENE
g > EHEEMPER -

1LIEE FE &R > Structure From Motion (SFM)

SR R R 15 A S i Sel-Calibration) » B R p T 598 — 4
A YA L B (Maybank and Faugeras, 1992 ; Faugeras, 1992 ; Pollefeys, 1999; Lei
et al., 2001) » HIEREAH PR LRGN =41 AG5 5= o FRIAEATE AL B E M S LIS -
WAl AR EHEAT SR - ERHERRE R CFENEEHWE S)FEE
7% 0 2011;Westoby et al., 2012) » &AM REEBLTORE(G: - STRIHERT
WAVSENHET ~ AR T 28 - FRfT = 4EREEE - EREEfHSEE > WA s Lk
EEE =45t H IR 5B LS » 2016) - HA SRR K88
HIAL B R R AR R - R A B R 2K AR R R S )
HJ7 1A > BT RIRE G VAR5 - FRIRDEROEE » SRR AYALE -
HAE 2402 HEN FEP A LG EFE 0 2011) -
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Feature of
interest

K U

B 5 SFM /& 32 (Westoby et al., 2012)
2 IEH B TTE

AWH5EiEE Agisoft Photoscan —7d — 4EEHIHGIAS » BEN A2 R fl 2 FH B2 i
BEET YN = Z&{ﬁﬁﬁ}’i\iﬁjﬂjﬁ(ﬂsher et al., 2005 ; Szeliski » 2010) » ZEF(F
Boekig - Frfad o o B2 s s G UL » BB M s s Rt - AR ETIE
**f%tr/\ = RSN EJ”r%uLBVUF'E%EﬁZ%%{%Z%ZﬁZ‘WH PR IT H R AR

AR IESR 726 K DSM (Y] 6) -

A UM

£ RDSM -
=04
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3. JZethIBEERY

AUFE R PRS0 AT > B TG IIREHEREE » FR B N & BE 0 & (R R - H
FERRE R TR AR B2 Y ~ R - REFRIFHEECR 58 8) 2 B
iz FFEEHTE - 2014 5 GRADETELEE T > 2013) > FEHTRES5 09 70 75 2 ke fl Bk
> HEEEEIrEE R R E R - RS2 FERENCR TR A EY
IRt 6 (AL b2 E iR T AR (L& > 2002) © REABTSERTHRR 2 I
Jr BE AR R R YT IR BT TACIE > AR EBRHT 10 {Rr A8 /R 3 1 422 i) G
(Ground Control Point, GCP) - I UAS A 12 HilBhY & s Frahg iy e = Bk
ZHEERA > A = SRR S AT - BlEER 150 AR M BT R S 207
et AP ELY Ry 10-20 237y - A ZEHIRET - AFERIS LY 5 AR
(Douterloigne et al., 2010) °

(1) BERCPH5 53 R 10 (i i e (R Rttt e P22 RE(GCP)

Bl7 54 bl8ei 6§
F 1 % 248 & H#E(TWD97)

pointl | 313335.0679 | 2757715.7460

point2 | 310720.6866 | 2757576.2850
point3 | 319893.0486 | 2758397.7570
point4 | 319006.6784 | 2758688.1220
point5 | 318058.0328 | 2758469.0870
point6 | 309983.9387 | 2754375.0220
point7 | 308399.2578 | 2756033.7160
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TRAHE

point8 | 316606.2258 | 2758812.4810
point9 | 3123753711 | 2754662.8580
pointl0 | 320474.6007 | 2758586.4460

(2) Ptz RE AR E  BEHCT S HY 10 {(EREoRE Rttt -

B8 Kt EA R
% 2 %2 R (TWDI7)

pointll | 314171.9175| 2759485.4215
Point12 | 315051.6059 | 2758453.2269
Point13 | 316701.0481| 2758692.5166
Pointl4 | 318967.5476| 2758659.5494
Pointl5 | 310282.3250| 2754620.7189
Pointl6 | 311225.0902| 2755865.3213
Pointl7 | 320652.6366| 2758740.2896
Point18 | 313553.8092| 2757715.3129
Pointl9 | 308516.7294| 2755628.9908
Point20 | 308114.9852| 2755779.4861
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B HEEE

600m~800m » T&IAFH = R S - THIRE R AL - B AT ERE

ARSI AT E Ry 26.7 273 » KIS 25 o3 ZHE »
AR ZEAH PR EE B 2 B AR (DSM)BERT Iy 29.5 /AR
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Research on Dividing Aggregate 3D Building Model
into Individual Ones

Hsin-Chu Lin'*, Shih-Che Lin!, Mei-Hua Tang?, Shih-I Chen?,

Feng-Ming You?®, Cheng-Jian Lin*

Abstract

In order to upgrade Taiwan National Base Map from 2D to 3D, nationwide LOD1 3D
building model is completed by the National Land Surveying and Mapping Center in 2019.
However, nearly 90% 3D building models are aggregate block models of adjacent
buildings, which means the models may not meet the expeatation in terms of visual impact
and application. For the enhancing of the application potential and the development of the
sustainable update mechanism, the high efficiency dividing method against the aggregate
building block of Taiwan e-Map is developed through this project. Based on cadastral data
classification technology and supplemented by height difference segmentation technology,
the aggregate building blocks are divided through automated method first, and are

processed through manual editing for further improvement.

This project choice 4 Townships as test area and empirically evaluates the success
rate and data quality. In suburban and urban mixed areas, success rate of blocks refinement
with cadastral maps is about 70%~80%. In suburban area, success rate is about 40% initial
and upgrade 75% by introducing manual editing. The project using empirical research has

confirmed the flow of data processing to be workable and a cost-reduction way.

Keywords: 3D building Model, ,Block of adjacent buildings, Refinement, Taiwan
National Base Map.
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