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A Study on Improving Spatial Data Retrieval Using
Dimension Reduction Algorithm

Ching-Yun Mu' Pin Kung?* Chien-Fu Chen® Ta-Chun Chou?

Abstract

In recent years, spatial information technology has been widely used in fleet
management to reduce positioning and coordinate conversion errors, which can avoid
affecting the planning of dispatch and vehicle management. In the past, when dealing with
coordinate conversion, we encountered the problem of converting large-scale batch
coordinate data at the same time. First, we used the linear conversion method to convert
the geographic coordinates to the plane coordinates of TM2 degrees commonly used in
Taiwan. In this study, a dimension reduction data table with Y-coordinates as the main
index is made from two-dimensional coordinate data, and the dimension reduction data
table is retrieved by a binary search method with missing points search, and then the
Euclidean distances are calculated for all candidate points to ensure that the nearest point
is found. The dimension reduction data table is made by using spatial data, and the nearest
road is found for large-scale GPS data by fast retrieval and reducing the computing time
using Euclidean distance to improve the efficiency of large fleet management. This study
randomly sampled 1,000 and 2,000 simulated coordinate points and performed 20
experiments to compare the difference between the results of the dimension reduction
retrieval with exhaustive method in the two-dimensional data table. Through empirical
study, the dimension reduction calculation can obviously improve the computational

efficiency and solve the retrieval problem of searching huge spatial point data.

Keywords : Large Fleet Management System, Global Positioning System, Binary Search

Method, Missing Points Search, Dimension Reduction Retrieval
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AT N5 4R - AErsREYI R Ry B RS » (B Bl 24 7 SK B il L 2020
SZHEHEERY) R EXNEZEE  WREKREHE (Logistics Fleet

Management ) Y5t HC 2% H ISR D HE 3 AR BAC B R - BB E A
EERETEENL 248 (Global Positioning System » GPS) il » Y GPS KE{FEFER
7= [ HEE R EIRAVEEEE R R BeT - mlRest BE A ERE] - MR D REI G =
AR o

BV R EREHE 24 - (EHEEEZ A T eEhey TA - Zliﬁﬂjm@ﬁﬂ =k ]

{TBh e [ 2 f T4k GPS A » W Higm GPS B AR N EIEEEE LAIELG] -

EEIB/\\K [EIHVARE AR E RN E] TR A A RE(E Y - %’— H AT4ges - ieft
AR T R H R H B PR EREH 2 5F IFE R EM ISR 2 A A
ERY o I H =4t e R A e — e g AR NRKEGANEES B8
TR BB 4R pREE - St AASHSE F Ja i R T EL A AT T Fo &84 1 TM2 [ERIE KK T
HAMEUFA 28 GBS A > 2017) - HEI{EEZE &5 B IEER RIS
RIS AR LG » RIS = 4RV BRI pe - T 4t » =@ RR g EAER
H o H=TEZ=REREMESnY WGS84 i3 AL S 7 £ ag FEidiita £y TWD 97 TM2 [ 5377
PRI DA TR X BLY HYERZE (BBEE » 2015) - HINE EAGHEE Bk S
& - AAENTIERGREE - & VML PSR/ - (B2 PHEE - &R R,
U FEREAHAT - BUR B/ NBORE AT B s B = /N GEEBHEE A > 2017 ) « TeFIRIFRA
GPS Hfifir WGS 84 £X&/EAME » BN A LR AR 71250 - BB @ Ers
2 {EEE R - DUR 2 73 i Y VAR 22 g 2% - BRI TWD 97 TM 2 ST ALAE -
KRR R duE N - ARORERITESS » TR B &Y #Eiise -

EFFEHEEAL RS ~ 2RI ~ fRES AR By B B 22 T B R A B
TE &1 S fi A TR R R BB Y B UCEC R E RS - EF R SR i AL I F
EHBEBEE E’%*@T&%’Jm%ﬁ ME o IRIIE » AEHFE R ARRET A Wﬁaﬁgﬂﬁg”
T’EB%Z&E B FEH Dot FOp DB IEREE T L& - SR E GPS ER ST

» DR E R -

Z é}?&ﬁb)&ﬁ

HEYR B B TR B T AT T - (o AMEEH R AR T 2 R 2=
P PR BERET - A R AL AR (7 1% 48 S B & 1S B8 ( Vehicle Routing Problem > VRP )
FEDEE NIt - AT T EE T 2—THIFE EEAVATE (S - BESUR
o AT A BRI ZURE - B2 E (2007) 2R ERENESNHE
BB E (Genetic Algorithm » GA ) B BB R m2RAY @ BEHE TWD67 EL TWD97 [y
AT S 5 PREAE BT 2089 (2007) AIZA il 4dps s Bm i TWD67 K¢
TWD97 7 [EjHY§EHA - 52K T (2010) FEHE TM 2 J& B A48 1y A SE A B (E 78 e
B e - BEE (2015) fRH AR T2 - LhidEia e iy aisL el GIS it
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#G T B e M E ~ IR (E © EERSEER » ST AR A E
AR B AR A A R 2T R A B NGRS - Ye T (2016) RZAEME %
SRR T TRRIRT SR BLER] - 248 (2017) (EHAE R 2 B R AR B AR
R PR N AA  IRIEIIRER RGN IRAGS S [FI R - IIRERRAS RN
TIREETTE R TWD6T 81 TWD97 AAE 24l - iz (2018) {4
AR i el A s (o AV P2 5 UM PR AR 2 R - Baa = 4t > &1
fii Google ~ ArcGIS ~ [+ [l4gFAHRH &} > W HERET i R 4t i S & g e
i

FEBIR R B R AR 2 W7 - BB (2017) fREIBEAUR AR —4EdR
fEE R eI {E T A > A A B AR B R R A I H AR R R AR5 (A
Dlpa R B 2okt - BEHE A (2017) 12 A 8 BRI AT 22 M5 [T
R #5f + CELL #3574 > Yao B Li (2018) RINE[RIBAIT EHZERIRS 54 - I
K-D fgf ~ G e z= [l e R BUR BRI - e Al - RS [EEREEHE TS
FRIRE BRI > CHZE MR L B E R 4B - RTR BUINtRE R Ash
HIEHI T EUAMFPETIREVT T LAF - [ERESIARIRITET - 1R (2003) 2
= =% (Binary Search) ~ €gE:f=27% (Linear Search) K ri¥lE={2apit¥
=7 AR i - RS (2019) APRIREIRMEEE=L - Z0fsA - 1t
#=5)% (Interpolation Search ) H:=fHJj /AT - SRS RAVIFFR A 75 (Lo EEE
ERR - Bl Ted BT AU TS | AT AN e Ry
HARTERE TS | MRS SR s A B e B R ISR
HAF A EVCEC (Map Matching ) JHELARRH AR EFRA K B2 M E R i
T ERHE 2 EE T - Mu A (2021) ZEREE (2015) STRISE - 12t
FIRZ R 4G - & EHE i E B A e e s s SRS a R% -
RERR L R BNVERHAF N E S EBREEAGNE - $SRETNERFARENRL
R MEE I H A R B S 7 JE F I REZE ) -

= ‘p’i'-e‘s;;

—AEEE RN SRR EH AT - & AR R R E A SR RRCR
MR - AERT 2 BUEHERVRUE - SEMAAFERRE T SR PR AR R T %
TAEHZ - J1 E2KEEE LAY GPS ARG AE ML RIEHIFE » FTLIEMR S
R AT ROE YRR A TR E B - M R ITEG F HE VE RO Rt B GPS
PEUTEIRALATE > B S e ERYEES - FIE BRpTAE L BV ERS AR - 2RI E it
B VERCA B RS 2 [RE - T H 2238 IOy GPS [B{E &R R EARE i 2 E
ERHY[EIEELAL > DB R R T A E Y TERS » BT S b —RiERs - Rt
BET SRR R -

AHFEER AR I BT 7ARE A BT Bl PR e (R 2 3 A R T R TN
AE o FAFIE S E B e SRS B B AR RS B Amtlh - A s FAIHY RS o7 B S B B dimtls
RFERE - DU PRI RER GIS LAY EET-HIE - BUFER T OSRERER (B
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£ 2015) > H—RHVESESAEE APTER (Polyline) HYFEMALCIRERE LR -
A G2 BT - NERE(ERE P2 (E ) GIS $RAGHL A R iR o L AR Ay
[FEEER ETREEVIE]  EE L ORE R ETE (Buffer) K FRERARGREAAH K
TRERS Canlel 1) > & FREEVEERERY ) - fREEIY TRRLE eI - [HRIEEE R > G %
EFRELTAY TR B THREEE AT - AT RE Ity EREREL G - K
BFFE LA S0m EEEER S8 2% @R FE B SHHERES - & AUS IS LR EeHTHRR AT - &
FRE R R RN B EE A

W1 o BT (B %4 2019)

il AR BB R (I G5 BR (R TN R ERE - G IRR MM E
A ET - N EERE R DR X Y SRS AIRPERT - ATt B AR
#9 (2019) $RMHVHEIAMIES R AVIFTEERST - MEVEPBR AR o=k
FHE P L THE T ERR Z PRE - &R E=N - B EE AT EHEREE
GEOR o EFAE AR RL L - VR M BB ACRE (I BEEE R S i (B
A A RESE I HTHIRE(L - PEIF I A @i 8 (Missing Points Search) J77ARE(H LEH
RUEME— VR R B WL [H B R BE R - R R)5EaR - DL g RS ELL Y
PR ERSIMRGERRR - B s AR ERRRETIRER - DU R
RPN TR EHE - HATA (R RE U - ORI S R EE R T
o SRR IR MEANIE 2 - AW ERARIRE - IERERART - PR E]]
RIPRH R - RAER UV B B R B R (R > AR AR AR ZE R L &R Y
TRRE -

AWFE e FR B R AEIE - B (ER AR R C - R R EIER Y AR
EETHET R REE - SRR B e AR A R > AR e R
Fedem EEE R TR E - RIS R e R e Y TFE - BREEL Y &
FHERZS] RHE Y AR p R bS] - 3 B Y BRI TR - fEE
P =18 RS A E S b 5oy o ] (B AT TR » < BBl B Ay N el
RET—+F > BEEEHEGN—F > SRS EEERERN—F > FXRPE
EHE HEMEETIEE > EEILDER > BRI EIRAT CHYj 5 - fEEH =i
Al > Sl “HEE RIS TR R EERHIE IO RIUIREL B RS oA
BAFIPRA Y AR R EIBE T A REVNETHR R « DA Y ottt
HOEM > #E Y B NE T AR - feEREE e Bt R e E T YRS B - R
B 73 A B AE SRR (T BT A RERE » S E B B R (i Bt SR A N
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BITEGE F A3
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RS RTMHE
ZHRREMAMUER AT HHFR
NIBBEIR XA Wi ERF K

U
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B2 27 42 H

el 3 ReBl > EEIE RIS E b #E R A A ST > LFYERASRL C 23T IE
EJTEIE N UTHRA I B AT REVEAE AR I HEE 2 A o R E YR ATRA L PR &
& HHRATEL - EFE S BRI RIS Y BRI - A ERAET
FBZHLS HIHY Y AARE(E Rofpeiged1] » Horp K1 ~ K2 ~ K3 =Bh8d P BLEERECEES - 3537 P
R ERATHR: > A2 3 (ERGAIAE HUH A B AT RE e BERE (I S LAY - DARTHAZEE R
s/ NI R A SRR LN YRR o R R R R SRR R A 1 AT RE R R
ARSI A2 > PEIMAE AR ZR sk TP PR B e B AR (L C BT HES « (AL >
A LR T = M RE IR A B R 70 o A DAERE TR E B AT B -
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* .
— ® — .
T T T = K3 T
D
34 4 k2| |
..j:.r
- o -9 *
. J » Lp
hell C
.- / .
1 -
HET f A : ¢
K1

B3 A ZEDNETPEER®ET o BiREE (¥ X455 2019)

SER A VR R TAF - PElc R et R B dn et 85 B B RE R 2 5
o I REFEANEEZEEP AV E T - SEEA R AE RA=EEEI7E 7
Al Fo B RERE ~ S NS TRERE R aR 72 BEAE - AT FEER B UEERE A (T BB SR 2 ]
VEERE - AbTFuEE e R IIaEE - FEEERERL - ERREEEFE T
oA AR E I G B S TR B -

AT REE AN

AU R E R ARIIYR B R DL 4G [ GPS AASEEE{ » T &R
H Aii{sE FI AV RS FR#E B Intel Core 17-4770 CPU @ 3.40GHZ » RAM 16 GB » {E3E£ £47
WA By Microsoft Windows 10 o A% i B i B Y TR AME A N 4 iRl > 484t
A 250 E(E DL_EAYEERCELAL - EEMIP BRI RV IEE - DA Y AR TR
5l BT REREHE TIEE  BArEERFI SRS & Y AR sE R B
DU R B4 NERERE - F—HET Y BEHE 341,073 71 S5 M2 1%
il X A8 TR — Y FIfa 20 X ALRER 53 {i# > FrA Y FI8Y X AREEIa(EEeE
7.6 {d ; Kb Y AAMEERAEZEH HAER - K Y AEEEAR KRRV NEY - HEE
Z HIERR N EEE - 1 X 2/ 0EF | ([H8E - 55 0 & Tk X AEEEER AR
IS EEFA E—M > BT DA X f vgmis =X /NECEE T X AR REEL  /NECRG %
TSRS o SRR TR TR R - BRI Y FIHY X AR - 58
$—FES LB VRS ELART - B FHERRARIEAVEGRY o SERIRHIFE BRI
STRRANR 1 o RIHSEIBE RTIY) s BB Ay BR[O (% GPS BBk} » EEHERE
FE RS T TIEE > BEMEELAE 1,000 25 ~ 2,000 &5 i ARBEy > HELA BT SEA
BN CEERRERGREIVERRE - HP AR a4 B R AV B VTR
EmiGESESRAHNE] - M H AT 20 REVIEF AT BRCRILEL - EEEE &7 AR FHE R
HEETHE -
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21 FATHRANABELEE T

Y X1 X2 X3 X51 X52 X53
375703 158091.2061 NULL NULL NULL NULL NULL
375702 154910.2061 NULL NULL NULL NULL NULL
375699 154946.2078 NULL NULL NULL NULL NULL
375698 159194.207 NULL NULL NULL NULL NULL
375697 154901.2061 158028.1401 159242.2029 NULL NULL NULL
375692 158166.2004 NULL NULL NULL NULL NULL
375690 159775.1401 NULL NULL NULL NULL NULL
375686 155024.2078 158196.2061 159274.207 NULL NULL NULL
375683 155004.2061 160086.1401 NULL NULL NULL NULL
375680 155022.2004 NULL NULL NULL NULL NULL
375678 154865.2004 158066.1402 NULL NULL NULL NULL
375677 158067.1402 158130.2046 160025.1402 NULL NULL NULL

PR LR B R T R SR e R e T RV R - B 1,000 AR,
{irfy - R B8R 250 S{EELAr AT HECGURERE - B 4 KTzl 1 X
AR ZRGERENE - ¥U(T 20 RAVGERBHNR 2> -PHYEEREZE 1,676.345 %0 - At
DI E DR 2 PO - BRI R R 341,073 SRR P Rk Ry
3.51 ¥ AL AR ELY 0.004 RO - FTLL 20 XAV PR BeRie T 477.59
& o PRI T R ERML G BERRE - WG ALHGER - FRVEGEETE
A G EB AR - 3% 2 VR - iR iEE bRy ] - (UREAER

TTREEFR > G 4B EERRE R RE -
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F2 H4 1,000 £EE 2 (Hi )
RE  CHECUERTERE RN

1 1,687.3 3.6
2 1,707.0 3.7
3 1,674.2 3.6
4 1,707.2 3.6
5 1,674.8 3.6
6 1,678.1 3.3
7 1,723.4 3.9
8 1,711.6 3.5
9 1,733.3 3.4
10 1,707.4 3.4
11 1,699.5 3.3
12 1,699.0 3.3
13 1,702.3 3.7
14 1,704.0 3.3
15 1,702.7 3.4
16 1,595.2 3.6
17 1,612.0 3.4
18 1,612.3 3.6
19 1,594.4 3.4
20 1,601.2 3.6
SEHRERY 1,676.345 3.51
PR 45.9164 0.1651

B 2 2P R W ABERACERAER  HENAFTEEBGET
iR AR AR AR I EE S A E (Ot 8 Longnecker » 2015) » iR (R
i% (Null Hypothesis ) 5T R i 7ARPIBAHE - A —dEsbR g E bR a
5 > (R t fiE (Paired Sample ttest) - AHFFE(HFH SPSS &afiicha - ¥A1T
LR AHBEAHY P (EE A 72 5 o RS R EEHE 3R 3 1551 > 1£0=0.05 HYZKHEET
feEdiat & p [HEFR 0.000 /Nt 0.05 > NIEFESERE fik( - Fr DARSTEL /ARy
A —1RHY - AR ER  AREERRT EREREE AREIETT - |
% 4 v LUE HETEREESY DIE] 2,000 SEERACRL L - 8132 2 /Y 1000 FEAEELRE > 4
B PR T LB e A R Y PR RIS 2 (B DA B30 - 4B REREST R 20
K> FE 1,000 FEAEE AL AVEATEREE Ry 45.9164 ¢ 2,000 SERARLI - BATEAE
ERIERE IR 90.2505 - [EYERAVIEMERRZETER 20 X 0 1 1,000 SEEASRA I AR A
Rtz A 0.1651 0 £ 2,000 SERASRE I IR AR E 0.2291 > FEidlE 5 A[LUE
H IR AT T B R N RS SRE R AR

129



B HIE Bz AR BB

%3 T AHFEATIOHRESE

AR E
FRE 1000 R E A o E
THE vs R4 162.929 19 0.000

204 42,000 $EE L% (B )

RE — R R TR P st R TR

1 3,213 7.6
2 3,202.0 7.6
3 3,184.8 7.2
4 3,432.5 7.6
5 3,334.0 7.3
6 3,350.2 7.2
7 3,320.7 7.6
8 3,465.7 75
9 3,502.7 7.1
10 3,442.0 7.2
11 3,398.0 7.1
12 3,478.6 7.8
13 3,367.2 7.7
14 3,417.8 7.2
15 3,386.4 7.6
16 3,298.1 7.6
17 3,404.6 7.6
18 3,353.2 7.2
19 3,276.4 7.6
20 3,400.5 7.2

SEHHERS 3,361.835 7.425

A 90.2505 0.2291

WS A 2R L fiE s i
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I~BwmAAREY

BRHEHIE I S N B e T 2R > AR AR B BRI B T -
WVASERRT MR RIS - AW E e S ElR e BRI T s Rdmia s - K
ek VB EERE VR R - BRI TR - EEANEEAG BT LR - S
RAZE T » fef e E fete FHERNRE - (R EERRE I > NS
A2 e R AR R R 2R - & B TR A ZE B [ e A B B DA ZE ]
BREEEA RFEL N (EHEBERES A 7 GPS [H{EHAES S EEBER
AR S A (BBHE - 2015) - (ERHEAMZERRS DA e B R E &R EE A
R ERRS HIHE > BEATER AV ITE - AT LIS =R - I H S 1EE
it e VCRCHY B ARARL AL © AbTTTir FHERTUEERE - ARAHT 52 AT (5 F S M TR SR 52 e
BIERRSTHALER - TR REEIAY BRI S B R AT - R FHE S HAE R AE
BE

340 g

SERTT 0 2000 - REEERHG (TM) AAERELACE R - (HFEHIE) - 55 19 5 » 55 2
Hi > H 1-10 »

AT 5 2017 > (FREIIMEAERS I/ N IRV ATA = 4 AL fEiditn 7 9T ) » BT TR K2R
TARTAREZ SRS -

PREEA ~ 222585 0 2007 - JEFItEE RS HNFR &R TWD67 B TWD97 AsfFiitn
WH7e » (EELHAZE) - 551045 - 5B 1 H > H 53-69 -

FARET > 2019 » ORI BERLZ= M BUR AR 7 7A e T B B 2= M R E LSO ReR ) - 2
FRRE A st 2R A R A 5

HNEE 0 2018 - (HEPRMERSHNIE L EREIEPRET) - Bl 2B Al RS2 P22 2 0H
FEw L

B > 2003 > ( EFEFEE(LEE T TERST) » BIIERII R R TR 200+
i L

AR ~ KRR ~ B 0 2017 - (ZEfE & st B R B RE A - B R AR )
“h) o =L EREE AT -

S 2007 - (FHEEFREE TWD97 81 TWD67 [ TM AAHE#EHA 2 b5% ) -
TR REENEHE L 5w

BHEE 2015 (I &R M AL s R [F] 22 R &RV R 5 (45 e T 22 ) B B &R El
UCHCRER ) » A REE H AR ROKH TR 22 E2RE i 3w

Muy, C.-Y., Chou, T.-Y., Hoang, T.V., Kung, P., Fang, Y.-M., Chen, M.-H. and Yeh, M.-L.,

2021. Development of multilayer-based map matching to enhance performance in
large truck fleet dispatching. ISPRS Int. J. Geo-Inf., 10(2), pp. 79.
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Taiwan Journal of Geoinformatics

Vol. 10, No. 2, pp. 133~158

12 WebGIS 2 MIS % & 12 %

TEBETEIREL GEHFERT LN

iF T 10! Eﬁ%;ﬁjz ME 3 R s B B

Wit p dp 0 110.10. 15
w2 igzep g 111,05, 12
W X pE 111,05, 24
B 2

BT S 5 TR A A S B R R » B TR LR
TR B R AT A  Ho KR TA K FIB SRR AR R 2 %
MUY — » ST TR AR ERINGYE - 0 TAZENE - MRS & T2 T
S - 5 BT EVBRL Y MR - IR AR - BRATAGR
SR K FI T AT A2 A BRI R SR 120K - IV
SRR E AL M AR R R - DS KR IR T R s
(LY I -

KHIZ /KR TAZ st S B 26 7 - HgdT N BiR e 2B R it
PHH ER P TRAREL Y B EIE » 1S KR TAE A B E SRR R A
[é# %5 & (Standard Operating Procedure, SOP) PAFIZERS N E78AE - 55 FRE ARG 548 T
T2 R S BE RS ZE S T HE TS B R SR VT8 F 0 8 A ZE TS & V(B8 Bl (Management
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Build Land Acquisition and Construction Lifecycle
Integration and Application System by integrating
WebGIS and MIS

Ya-Ling Lai ! Liang-Yu Ciou 2 Mei-Hsin Chen®  Sz-Yun Chen**
Ju-Min Cheng’

Abstract

The government established various major infrastructure or implement important
national policies. It can not only promote economic development, but also sustainably
improve people’s standard of living. Besides, water resources engineering is one of the
foundations for the development of major national construction and civil aid to the Water
Resources Agency. Various water resources engineering must be able to be implemented
smoothly. From project investigation, land acquisition to completion of engineering
construction, the data of the progress and execution content of each performing stage is
very important. To effectively record and preserve the life cycle of implementation of water
resources engineering and historical data of each stage, and provide the information of
spatial distribution. It needs to use the system-related technologies for e-management and
integrate relevant information to achieve the goal of intelligent management for water
resources engineering of Water Resources Agency.

Water resources engineering land acquisition and construction business of Water
Resources Agency, and its executors are all over Taiwan’s subordinate agencies. In order
to promote and publicize the business implementation process and precautions. Through
the establishment of SOP (standard operating procedures) of water resources engineering
land acquisition to let the sales executive follow. Besides, to effectively and promptly grasp
the land acquisition to obtain the overall business implementation progress and the
implementation of the results, we import the technology of MIS (Management Information
System) and GIS (Geographic Information System). Through the establishment of "Land
Acquisition and Construction Lifecycle Integration and Application System", we promote

the e-management of the business process of the land acquisition of Water Resources
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Assistant Enginee, Land Management Division. Water Resources Agency.
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Agency, and save important information over the years. In addition, through the assistance
of spatial information, it greatly reduces the time and labor costs of filing and information
collection before, and improve the effectiveness for control and management of land

acquisition.

Keywords : Water Resources Engineering, Land Acquisition, Spatial Information,

Information Integration
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A Study on 3D Stereo Map using Multi-Satellite
Measurement and 3D LiDAR technology

Lih-Shinn Hwang!® Ping-Yi Liu®

Abstract

This research is based on the following research purposes to conduct experiments: 1.
Test new equipment combined with the use of e-GNSS technology. 2. Using Multi-
Satellite Measurement and 3D LiDAR technology and "Supplementary Control Point Off
the Ground". 3. Establish a three-dimensional cadastral map.

According to the data analysis of this experiment, the 3 ground control points and 15
control points are arranged, and the difference of the plane position is between
0.006~0.052m, which is in full compliance with the cadastral survey implementation
regulations. The maximum error of the numerical method in the remeasurement area is
2~6¢cm. Requirements within.The 3D map produced by this research is far better than
traditional 2D cadastral maps in terms of detail and convenience. Therefore, this research

boldly concludes that the construction of 3D cadastral maps will be the future trend.

Keywords: 3D LiDAR, e-GNSS, Multi-Satellite Measurement, Supplementary Control
Point Off the Ground

!Associate Professor, Department of Environmental Information and Engineering, National Defense
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S" =S X cos(a)
Xp = S X sin( a) (1)

yp = S’ X cos(B) =S X cos(a) X cos(B)
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(Virtual Base Station, VBS ) A#EE#E(Landau et al., 2002). 2 489S (L RIRFBhEE E A7
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Bl 6 FARO Focus X300 & #+#F4s R(X LT 5 T2 2 » 2020)

(B)Trimble X7 3DEE 5wt 5

EEESRTHEIAERIIAS - FES =g T3DmIEE SRR T
{5 FHAVERES Ry Trimble X7 3DEE RHRHEER(REFKESTT » 2021) > Trimble X7 3DEHE &7
e U NTEE(EN LS > BRA T AR > R > RS IEEREE -
Trimble X7#&HBC Trimble Perspectivedi i » & B FETES M E RS R B & HY
ERHE o RILATHIUR RIS o T TR RS 2 S (1 I R Bl SR A i
EEf 3 A > DU & Trimble X7 3DE SHF I/ NEAE TR

Bl 7 Trimble X7 3D & #¥ & k(- H &R F 7 > 2021)

22 =M Wil kYR

ZRTHFER R | FHES S 2 HE RlEEH R | £ 8 B plAR
e 3x10MP > 14
FARO Focus X300 | 7 M # &2 " +3mm 4.2(kg) | 0.6~300(m)
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Trimble X7 3D +2mm 5.8(kg) | 0.6m~840(m)

TERRFE &

AE = EHFARO Focus X300 - ZAFREMSOM - BB HETTH I AR A E42
HTrimble X7 3D $@ftINELERR MISHTsCA - R2FWITE EREs RS Z EL#R -

(C) FARO SCENE#/ &4
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2. B FIUE 4
(A) Trimble R8S GNSS# £ BT %

Trimble R8S GNSSHEA 5 (Trimble A I4ENE » 20194 8T~ » B [E ik
GPS ~ GLONASS ~ BDS -~ Galileo &zSBAS(QZSS)f 2 Z 47 a 5k » bh—R%fE R
2G(GPS+GLONASS) AU - 2508 I LAV HR RO BRI AV B A » B Al Efi s
ZLANEVEZENGRT - HRRS RS -

4.3 Trimble R8SH A £ ix &R A %

A5 R8S Model 4
i EwELE GPS ~ GLONASS ~ BDS -~ Galileo %

GPS: L1 C/A, L1C, L2C, L2E, L5
GLONASS: L1 C/A,L1P, L2 C/A, L2P, L3
AR Galileo: E1, ESA, ESB

BeiDou (COMPASS): B1, B2

SBAS: QZSS, WAAS, EGNOS, GAGAN
T g % & 0.008(m)+1ppm RMS

% 24 & : 0.015(m)+1ppm RMS

T g & 0.003(m)+ 0.1ppm RMS
% A4 B 1 0.035(m)+ 0.4ppm RMS

RTK

LM R
%.;:
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Bl 8 Trimble R8S GNSS f# X% #% 1z & (Trimble » v %k > 2019)

(B) PMGI1 GNSS#zyzs

PMG1 GNSSFzU s Ry K EME B Z Fr i A B i3 2 f )R GNSS
PSS (MMERED > 2021) - PMG1 GNSSTEZHFE 288 20 PR ] RTK (Real Time
Kinematic)fiffy - RTKATFRAY L » 7] LUE B 17485 R Al (i F e #6E - HLPMG1
GNSSH# B BRI RAMFAFTR - THERMENREE - [EhR - FERE R IAE
fEz - WIPREE AARRERIR D R LU e-GNSSEH RIIRE Z 20K -
PMG1E—{CEEEHEAEIMGNSS-RTKEZE » Bl REMERIBA R I S i%
RO R - BN E RS ST TEh R B S B M4 oL BT B He-GNSS
KIBTRTH AR EEAERIME R DIRENE - PMG IS MEUR R B LB ORI -

# 4 PMG1-GNSSH## % iz ik 1% 4

A 5L PMGI
+ ¥ 1 |GPS ~ GLONASS ~ BDS -~ Galileo%# SBAS(QZSS)

GPS: L1 ~L2~L5

GLONASS: L1 C/A, L1P, L2 C/A, L2P, L3
A 3 Galileo: E1 ~ E6 ~ ESa ~ E5b

BDS :B1 ~ B2 ~ B2a ~ B3

SBAS : QZSS, WAAS, EGNOS, GAGAN

T g o & 0.008 2 & (m)+1ppm RMS

E_I A RIK % A2 A 0.0152 & (m)+1ppm RMS
4 o TG 4 A 0.0032 2 (m)+ 0.1ppm RMS
=% s R 0.0352 & (m)+ 0.4ppm RMS

%3:r |2 {GNSS ~ RTKZ% % & pejc (76 % % i 2e-GNSS
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#5 F B % (B)3B *HIvHm1I gL L R £

RIE - =2 S HE(N) =3 H L H(E)
H02C255 2748410.621 274988.253
H02C277 2748638.015 275028.820
H02C281 2748518.849 275209.723
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H02C281 2748518.849 275209.723 0.008 0.01 0.0128
%7 PMGl GNSS#r 2 2 4 4L % @ (m)
o2 PMGI1
Fiok 1) 1A " -~
N E AN AE
H02C255 2748410.621 274988.253 0.015 0.005 0.0158
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# con
+# co2
# cos
Bl 15 34 & (3 Bidl2h)
3. Btz ot
#8 10 BI4RBE L4827 2 pIx LR A (m)
4l A 18 Pi
1D E N 2Bz e 2.Z n dE dN ~ *% ﬁ_—%
R Z 1B
W10 275083.3317 | 2748541.482 275083.352 2748541.486 -0.001 0.006 0.006
D4 275045.2789 | 2748493.715 | 275045.2841 | 2748493.717 -0.005 -0.007 0.009
W13 275075.7855 | 2748530.223 | 275075.7868 | 2748530.221 -0.009 0.007 0.012
W12 275084.333 2748529.053 | 275084.3306 | 2748529.055 -0.01 0.007 0.012
S14 275097.0118 2748542.17 275097.0074 | 2748542.175 0.004 -0.014 0.015
W3 275040.7654 | 2748486.461 | 275040.7657 2748486.47 0.011 -0.013 0.017
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D2 275058.5838 | 2748484.493 | 275058.5815 | 2748484.484 0.015 0.02 0.025
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Study towards Matching for Cadastral Maps

From the Point-view of Surveying
Pen-Shan Hung ' Li-Wei Lu 2

Abstract

Cadastral maps serve as foundation of Land Information System. Boundaries of
neighboring maps or blocks encounter more or less shrinkage and discrepancy problems.
Since 2011, National Surveying and Mapping Center, Ministry of Interior, have made
progress in matching dititized cadastral maps in order to support GIS applications.
However, the matched maps are not used for land revision but for GIS. In this study, a
method is proposed to match cadastral maps for the useage of land revision by taking
into account relative accuracy of adjacent points. In order to maintain the relative
accuracy, the coordinates of surrounding points of neighboring parcels beside the block
boundary line are corrected by weighted means. The weight depends on the reciprocal
of distance or the square root of the distance to the points of the block boundary line, and
to make comparison with two weighted methods. In addition, the distances between
boundary points and the area of parcel will be compared before-after map-matching.
There are four blocks located in Nantou County, Taiwan, be tesed. Of the tested
graphical maps, the results are shown that the differences of the above-metioned
distances and the area are within tolerance error required. Of the tested numerical maps,
except that the difference of the distance between boundary points at the trimmed
numerical block reaches 0.09m, the other are less than 0.04m; except that the
discrepancies of the area of four parcels at the trimmed numerical block are at the level
of 0.5-0.8m?, the other are less than 0.3m2. Therefore, the matched cadastral maps

might be used for the job of land revision.

Keywords: Block, Graphical Cadastral Map, Land Revision Survey, Matching,
Numerical Cadastral Map,

' A/Prof., Dept. of Land Management, Feng-Chia Uni.
2 Surveyor, Caotun Land Administration Office, Nantou County
*Corresponding Author, TEL:+886-4-245172750 ext.4708, E-mail: pshung@fcu.edu.tw
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A study on improving the accuracy of 3D coordinate
transformation on e-GNSS real-time kinematic

positioning system

Feng-Fu Chuang!® He-Chin Chen?

ABSTRACT

The e-GNSS real-time kinematic positioning system of the National Land Surveying
and Mapping Center (e-GNSS) provided 3D coordinate transformation service for users to
determine the legal coordinates from e-GNSS coordinates easily by RTCM3.1 Typel021
and Typel023 since 2014, the accuracy of e-GNSS after transformed by 3D coordinate
transformation service was about Scm in horizontal and 10cm in vertical. Consideration of
the systematic errors in some area where were not enough common points, we tried to
improve the transformation accuracy and solve the systematic errors of transformation
model by considering the distribution and using more common points for transformation

mode.

Keywords: 3D Coordinate Transformation, The e-GNSS Real-time Kinematic
Positioning System, VBS-RTK
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Evaluation of the accuracy of drawing 1/1,000

topographic map using a three-dimensional mesh model
Chan Hsiang Hsu'® Lu Chun Lin> Min Shiung Wang?

Abstract

The purpose of this project is to verify whether the method of drawing map using a
three-dimensional mesh model satisfies the accuracy of 1/1,000 topographic map.

This study summarized the influencing factors based on the content of the analysis
reference documents, such as: camera type (large, medium, and small frame camera that
stability are different), ground sample distance (GSD) of aerial photography, fly-planning
(such like oblique photogrammetry, image overlap rate), etc. According to the most likely
to cause impact, coordinate the data providers that may be processed or obtained, and draw
up the final feasible experimental design plan. Using traditional photogrammetry results
as a control group, the accuracy of the mapping results of the true-ortho images and mesh
model was compared to verify whether it meets the requirements of 1/1,000 topographic
mapping accuracy.

In conclusion, the method of drawing map using a three-dimensional mesh model
cannot meet the accuracy requirements of 1/1,000 topographic maps. Although the digital
mapping method of true-ortho images meets the accuracy requirements of 1/1,000
topographic mapping, its reliability is low, and it needs to be used with professional

experience to judge and select the applicable area.

Keywords: 1/1,000 Topographic Map, 3D Mesh Model, Ortho-Image.
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True Ortho Max. (m) 0.327 0.316 0.284
(60%) ycienl 91.1% 93.3% 95.2%
MAFETER 45 45 42
Agisoft RMSE (m) 0.243 0.563 0.756
Metashape Max. (m) 0.586 0.901 1.073
mesh ycienl 60.0% 20.0% 27.9%
(60%) MAFETRE 45 45 43

H BB NG_AOSS K NG _UXcam HJHIERE R R BT R E > (CHS
NG_300 ~ ML ~ EZ B3 FE IR EARER - NG {URm S - ML Ryisg 28I
& - EZ RyZ T -

LgRa BT BT B IR B

BohRaT BB R MR G B RS R > —OIGR BN GE s g 5%
pe bt~ RIGIEGHE - (5 BA BRI HARE N 5 i 28] g i 2RI E A5
B IRER T~ RIEBIBEIEAEZ AL - FrLlE RAVEEREE T - REIEG e
BN EESR > T/ NMEIE G A BRI - BEAR #at Ry MEIE G
RyFEE ARG -

HZR TSR L AT B bR R AT RMSE $7% 7% 0.160 ~0.196 m [ » &
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BN RR BT EE R G ERIA R BRI E—T 0 2 — P EDAIESE S
5K o ME Max AKY RMSE &9 2 {520 E » SFEEEFRE/ NS 95% » FrERN—T
7y Z — M EDHIES - HORELE S A 5ErRE -

Z A Agisoft Metashape mesh FEEIEEAYRK S - H RMSE HIF% A 0.392 ~ 0.508
m [ SURGE A SN G E E AN G RN Z R A - (HREETE—
Tz —PEDAIEE S TR K - HERELEIEE/NG 50% » RoRH T e AER R —
T \Z—iﬂlﬁ/l*”l °

Him b E o ARG A DGR E HREMAECGR » JRENAGHRITEK
ﬁi%ﬁﬂﬁﬁ@%:”ﬁ%ﬁ AIDUEAD - REBIEEARIIBCGRIEZ R T ~ /INMEIR G A R
S (BB iR R TR B AR IV ELUE IR 8T 5215 f mesh F5RY P28 7 T8 L B [ 5 »
A AR B A G AT 22 = i RV E S - HP HE IEH 2GR LICRAY RMSE %=
FIERENS & 2R E ISR B SN A G R - (HE mesh FAIEERRRAY
RMSE ##5 - e efiAE R BN GRBIEE A= R » LA RER
mesh FERIISE AT 7S RCHY 3572 DA MBI 22 = B ES - 15 8 IBUR#EST mesh 154
RIFESIN AR - B CRAE (BUE) WRRREEIRE RAY -

2. P85 GSD 524

HHEET GSD (Ground Sample Distance ) ¥ EUE [FS 85 8L Kz mesh FHEAT 8
{B55 2 FEHIE A2 - —REE R GSD )N » s aiRa AmEncdl - alEsry
TSR AT DU 1 ﬁﬁx%}i%iéﬁﬂ@ﬁﬁﬁﬁ'ﬁﬁﬁﬁ% {HIEIE AR GSD /)N - EfE
Y SRR AN FE RS RAVEEEIL GSD RAVEEEZ= - AAETHE 2
W7 EAE EIVERER e E R T - R [EIFY GSD s2 G HE IR 525 K mesh 15
BB LAg ERCR AR 2 -

EF 1 NG 300 - NG AOS5 ~ NG UXcam HYERIHE GSD £ 5 ~ 6 cm 17 fy[E]—
HERHE GSD 8K » MACHE S ML ~ EZ HYE R GSD £y 3 ~4 om 7 Fy[F—4H
EiHZR GSD #/ N -

FHEE RS G bRCR AT DLIEEHL GSD #oR—4HH RMSE 75772 0.160 ~ 0.196
m [8] ; GSD #/v—4HE: RMSE J%1* 0.157 ~0.180 m 7 [&] - BE/x GSD $I A EST &
GREALECRAZEA R » HACRE R & —T 0 2 — P EDAIEFE R K - B2
Max fE-NEFE GSD #AR B NTREL RS RMSE 49 2 %20 F > HESEERS
/INR 95% » TP GSD 28 » Hpl SR E A — T 2 — P ERIEU A 5ERE -

5240 > mesh FERIE LR » GSD #5AFE H RMSE 3%~ 0.392 ~ 0.508 m 7 [ ;
GSD #5/N&H RMSE 3%7iA 0.356 ~0.451 m 7 [#]-GSD %ﬁ%ﬁ%%%ﬂ%ﬁixﬁ?ﬁ%’
HF#& GSD i EfFa—T 70 2 —HPEIHIEUE L REK - Het& bR EE E R
53.5% » FoRHFTRIOAER N —T 70 2 —tPE#E -

EFRAS R RO G GSD B i iEE b7 B S e s e &
23 GSD HUEfR e FiFE S mBE Y rTREME - (B dE I EU R E
R EME RS E N DA AN EE IESN G EE & mesh HAIE(ETS
NIME @ &5 2 EEE TR ZE BB ARE LR A4 - i GSD
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FFRERE ~ PREEEY ~ TR - A =4 A BT 2 — P B R T

(X538 Fress BrVEIE -
3EEETHIR EARR
ECHAE RS RBEERAE - S EERA RMES /5 0.160m~0.196m 2
> (REEAERNY RMES £ 0.131 m~0.179 m 2 [ o o] DASFR B By 45 R i bk
AT o 1 BARE BRI SR ELEIRETT 2 90% 2L I (2B EATRIE 95%HIF I -
F mesh FERIEEAVEERACE » S EBRAY RMES /5 0.392 m ~ 0.508 m Zf] -
{REE B RMES £ 0.243 m ~ 0.756 m [ o {9 CLE R G 37 - SeHR A Ll
& o BEANE R EERAGE REERIG LA e —T 77 2 —HP B R EE
&b BERNEREIEIE A E e REBRNMEEEIE
S GBAEECR B A B2 - (B2 mesh RIS bRl AR = R o A A Er
HE LAY, -

(—)ARWFFEER A Over 5 AFZHAY SIM TAEJRAR - FC & #E AR 58 ( Gradual selection )
T HEEIL = 4ERESEER > DIg% = 4R R T R b RE - BEIEE A
S3EELR (0.392 ~ 0.508 m) » EFSELBIZITE 5 B > AT &— T 2 — P E &Y

(D)AWL ATEM RN = 4B E A HE IES P DZEE FH oG
TTHYEEE » HAFZLITE 20 cm DAY (0.160 ~ 0.196 m) » &ASEEBILIAE 8 1K, -
T — T2 — PR HEREE K - HEAEERE > EARFREELLE
S B Pk 58 P S 3 B 5 | 2 oA = 4 aTigEy -

(=) RIS IR E A AT mesh REHUIE FE G fEAEE 2 (RIR AW iR 2=
BUNNEERFE > EARKANRE R R BR N - iR s A E ] -
(PAARBFFERE T - (ERERHR MK mesh FSATERE > HEORIER Ffg A
GSD b KEIRVCHC R AR R S ROE R - MRIEZE B MR

—H K -

(FL)E A = 448l e sl —T-0y > — P BIAHIE S = - BRI S AR
B—TF 2 —HPEHEEE TR - BN B AR B Bk
AR = HE RS IR FE B IITRE > FECRAE A WA 1R - Fal b E By
N AT § 5590 » AHFEREEREE ENGEL7=0 BrfFa—T7
2 — I B S R R K > TSR N e o (S IR R A FC B SR K B Bk
I P IS | H A = 4 sl B - (BB IEE Ba A EISEE
foh 2z — o

Rl &
NEGR - 2011 > (REEGE— T 2 —BEHUIBEE FEE TEFM) - NEGED
100 52 2 H 9 HE WIS 1000025069 SFRAEET -
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