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Applications for spatial information and disaster
reduction with Unmanned Aircraft System

Chia-Yu Hsieh'", Hsin-An Chen?, Meng-Lun Tsai?, Yi-Shiang Lin?, Jui-Lung
Chang®, Cheng-Fang Lo®

Abstract

Unmanned Aircraft System (UAS) has become an emerging trend for remote sensing
and mapping applications recently. Numerous academic and studies have been conducted
on the development and application of UAV for aerial triangulation photogrammetry,
updating map, building 3D models, and disaster relief. Consequently, GEOSAT starts
developing a direct georeferencing based UAS platform which is relatively free of
regulations, inexpensive, easy to maintain, high mobility for small area surveys or rapid
spatial information acquisition. Since 2008, GEOSAT proposed new technology for
National Land Survey Center (NLSC). The working projects include making our own UAS,
integrated system, and collecting aerial images by UAS. There are at least 73 tasks finished.
For example, Taiwan Electronic Map of Freeway No.6 has update by processing these data.
It also can produce DTM or DSM extractions, orthophoto, and map realizations with
sufficient accuracy. Due to the advantages in high mobility and low cost, GEOSAT UAS
not only can capture near real time information with integrated system rapidly, but also aid
organization to analyze data for updating maps or disaster relief and assessment.

Keywords: 3D Modeling, Disaster Data Collection, Multi-spectral, Maps Updating, UAS
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HE 7 JENE S 12 88.46% > BURSMHEIAHEIAH 2 5 MR BAF > BRI UAS #2
H 2L EUHIES T A RUE R G oy TR IR EE EH S {H A -
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~ PRZSEY ~ TREREE -~ BEIETT ¢ AR S

s ~ BREZ - 25t

Bl 29 3 4 & 55 Uk W Bl 30 3= 4~ 4 B TR
E R A
Ground Truth (5 4 +*)

2 %] k| g 2 Bo | mprhe | g
kA8 91.64 1.93 1.12 0.84 12.16 13.37

i B 3.16 85.84 6.37 0.00 5.16 10.97
=g 0.51 8.27 82.83 0.08 4.65 17.53
1w 0.01 0.00 0.09 98.86 0.81 36.11
A FRLW 4.68 3.95 9.59 0.22 77.22 22.02
B 100.00 100.00 100.00 100.00 100.00 100.00

T~ BHgaEi

ATHE R~ UAS 14 SkyArrow EZHE « ALIAS ﬁﬁﬁﬁ UAS K ALPAS EgjjE

A1 UAS » Hri L)L SkyArrow Z 7ZE iR it - Hi(T & & g REN AN =
EEHZ AAAfESE  ALIAS XTER UAS i E S Eiﬁﬂxﬁ%gi’iﬁ  {BE

S REN M R S T R s 22 SRR SR ¢ 1T ALPAS HHjjESEAY UAS [
HERA  HAEE ALIAS /XE3E UAS BAH RG] » TR K#iE H %
TCE > 22 R EORHREETESE - BE4h - REIFRSS A E3EA Pterosaur ZEE(XIE 31)
Pterosaur 325E ~ BifEiEE & & 0.4 A7 @ (EHFALY 1 /N Z 72205 » JRa] DU T#E
KEE 7 ZZTERHEREE - H Pterosaur EEEHEA 77 (FiR(F L@t 2 (B He—
R (o F - il BE A T 22 PR B RHER R 2 -
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Bl 31 Pterosaur ¥ #¢

Ao RAREBER UAS $#2# GPS ~ IMU ~ FEAIE [ 24t ~ ER4Cskes e
{ir BRHRARIR S s > LS SRR S B = N B 2 G n RS AT > B
ThiESAHR RS RERAS ~ IER RS - MR B ENCR - WA E
BHEN - B K FEEFIHE ZREA - ERRZER EE R Z SkyArrow TE B
SO T HE - Sek 110 SPUTA BRI Z s ERETE 25 AR IR
& - FIFH ALIAS 7XTiE3 UAS Z Etdhid nl it S s A Bl 1T K I ZE T &Rt
RE > AREFRF SRR B 24 /NEFASERL 600 A H EEEZ G - R (I
AL 10 A7y Z PREE G BB RS e SRR B AL - (F BRI RS IR RS R
ZHAKEE - =B ALIAS NHER UAS IR B =4 ST FIES - AERE
HEPEZHEBLL ALIAS NHER UAS EC S AHE S GUETHTT - B ERER
ZHEEERSE R G PRSI B 2 4RI E - (SRR R 2 B
[ &R © DL ALPAS BiREEA UAS s i Eh 1 HIHEE BRcRHVR M - #8308
i RS ST LR TT e A T2 R SR - Bl e BB s TR T 5 Tt
HITHE > AESRRCRBURRA RGB &R R b2 E AR AT USR5y
FER - BRGNS 22 88.46% -

PRASC R R 2 NEHED ~ BIZE SEFBGRA 0N - FEEREAM 10 Z(EHBUFE
firF 2% 70 210 UAS RIEFRZEG - RAAE UAS BRI G &I {E
E o HHREINHIRCE RS AT SE R ERETT > 2 ~ BREEEHE R ERAY L o e B
2 ZE R PR R B EE  AVARRHIIEAIRE K - 1 UAS B ORI T
i HE AV EENERERE ] - BRI RN AT & A A2 - RN AERS |
#EFT5E Phase One EL5ES UAS H L T-E & Z 1 R IEHTEAHNE R AT — 2 Kigie T
A TAERYARE - FIRFAiREE e UAS FEZ eal jHIEs Kot (Light Detection
And Ranging, LiDAR) » w] DUE—25 #E1 Tl + B0 e - A T o 4 A A -
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PECERER 1 A4 0 » 2008 » ZOHRUIE #5145 2 1 A ) B o LR 2
%‘ o
=

NBCE B £ HI4g o0y - 2013 0 100 £ 103 4F/ & RN ST TEC AR T FEE T
a3t a=a=

PEERE 48 0 » 2014 » 100 7 103 72/Z 8 e A KT TECAMATR N TEFEF L

(EGE =

BRI oty > 2015 > 104 27/F 5 E I A TR T TRCRAITHI M FRF L TFAEH

gt
PG4 .0 2016 + 105 4/ BREAEA T THEANTHHE /15 T4
gt

Eisenbeiss, H., 2004, A mini unmanned aerial vehicle (UAV): system overview and image
acquisition, International Archives of Photogrammetry, Remote Sensing and Spatial
Information Sciences, 36(5/W1), pp.1-7.

Eisenbeiss, H., K. Lambers, M. Sauerbier, and Z. Li, 2005, Photogrammetric
documentation of an archaeological site (Palpa, Peru) using an autonomous model
helicopter, In CIPA 2005, pp. 238-243.

Eisenbeiss, H., 2006, Applications of photogrammetric processing using an autonomous
model helicopter, International Archives of Photogrammetry, Remote Sensing and
Spatial Information Sciences, 36(185), pp.51-56.

Eugster, H., and S. Nebiker, 2008, UAV-based augmented monitoring-real-time
georeferencing and integration of video imagery with virtual globes, The
International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 37(PART B1).

Grenzdorffer, G. J., A. Engel, and B. Teichert, 2008, The photogrammetric potential of
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Photogrammetry, Remote Sensing and Spatial Information Sciences, 31(B3),
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Geospatial Big Data Infrastructure(GBDI) &5 F Elm L& & B &2 M & RHHY
T RIS ERE TR T - BT E RS ARG AR T A E
£ Amazon Earth on AWS -~ Google Earth Engine(GEE) - DigitalGlobe Geospatial Big Data
Solution ~ Planet Lab Planet Explorer 5z Data Cubes - 248 P& ETEAV B EE =
ZIGFPHE NG - A POREIEE it RAE— U BV 22 8L BRET IR EhRR IS
72 > DIGEEEsf » GEER HERHFHGZEIEITIE R T » I ERARMUCES - ACH
i B /M 4HEA GBD I & ZE M ERHHR S ~ V& ThEe KR - W DAGEE P & T
aEERE G MG - SREHGBDIRYRLE K ATREMER -
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* i f’F—‘ﬁ » TEL : (03)5712121 #% 54929 » E-mail : tateo@mail.nctu.edu.tw

97


mailto:tateo@mail.nctu.edu.tw

B - e BLZE R R SR NS

Introduction to Geospatial Big Data Infrastructure

Tee-Ann Teo, Chu-Chun Yang?, Yu-Ju Fu®

Abstract

Geospatial Big Data Infrastructure (GBDI) refers to a platform that integrates a huge
amount of spatial data on the same platform and is an important development in geospatial
technology. Several GBDI platforms has been established by government or company, for
example, Amazon Earth on AWS, Google Earth Engine (GEE), DigitalGlobe Geospatial
Big Data Solution, Planet Lab Planet Explorer, and Data Cube. The feature of these
platforms is the integration of huge amount of time-series satellite images, which can
quickly visualize and analyze the spatial-temporal variations of any position on the earth's
surface. Taking GEE as an example, GEE can directly access time-series satellite images
for different applications and analysis, e.g. global forest change. In order to introduce the
concept and possible applications of GBDI, this study introduces the existing GBDI
platforms in the way of data sets, functions and applications. Moreover, Taiwan cloud free
image generation by GEE was also provided as a case study.

Keywords: Geospatial Big Data, Open Data, Infrastructure, Satellite Imagery
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.2 -
AT %

WEE M 22 R E Rl BV e - B P RRIEOHIER Y 2 e e E R SR 77k » &
HUR EFEA LSRRV EREUIEES - AP aE 03 22 K 895 (Geospatial Big
Data) - #3322 IR EHE A & R BANFR BRS8N > WEFHERZ TN - TME
FH TR A FEFHHAIE - PRI o] S oA 2 RS i 1 e L R Y T B BE AR
=X o McFedries(2011)F2 £ PR By 805 A (E BOEE K/ D i A A ARV IR 5 248
B DT B Z BV E » B A RCRAYE RIS E T R IER - A
BRIV E RS - (EREE 2 FERE P F Sk DR A H I ] © HhEREDHI(Earth
Observation, EO){E KEHRIF R AEAIEE RIVE S » ¥rivBDHR 2/ ECHIZs G
R REA RENEIEES - Tl EE - FEFFIEEE 12 H AR A
Bk (Casu et al., 2017) - DB A 2248221 Sentinel-1A Kz Sentinel-1B Interferometric
Wide swath mode 5245 Rl » HAFAVERIGEEETAELY R 156TB » R 2T 7
FEHART - TRASEIEHL 1092TB iV ER & - MBS ERANIE - TEm-FE#
TR0 ~ M7~ EE BRI R KBV 25(Sugumaran et al., 2015) -

Big Data Infrastructure (BDI);Z 5 KBz Ay RMEZ24E > i Geospatial Big Data
Infrastructure (GBDI) & &1 ¥ 25 M & RHHBI R EIR EHEAEE - GBDI HYRHfEREE
eI REIEETINMEEN - (€M KRR KB TRV ER S - FrivERz
HUEE A K FE 2= (Application Programming Interface, API) (Wagner, 2015) - ¥
GBDI HyZEM#E {1 & 48 FH = I~ & Y E R AR =X FH e A 22 R R 88 »
FRHERFE R EA e T B = BN T E » DOEaiEmat B TiE
BOrAT > S HIE R U b &S SR oHME G A - s e r D A Bl 528
fil » RIS BRI ek D BDORHE I ] - AR E RV B R - L DA bm T R AR
FEFHRUEE - LERJESE CloudEO /5] HY G ZEE = (Business Model) & {31227 GBDI #YE]
4 (& 1) CloudEO F-&f14 722 &k Content Library) - JiE FHF2 2 (AP ~ 7 i (Store) »
e — AT ftik s (Service) - (EHF E R CloudEO ¥ & HHVER K EAEAE
FERTERIVE S - TR —fagrs2i= > GBDI 1EHEEAREEE » ARSI
BRI TTE » AE IR T LUK BRI & -

VB IR 2 PR I R R RV S - BRI EE R A B G E R - B
B B 1 > B S /E Y EO HHAF H B % - [RIbMHEEE T S BREUHI
BAHG T WA B A T AR E R B OB GRANEIE - B2 AT
J& GBDI {0 EAEE “RHEE A 35 R T B R4 %% (Bring the users (needs) and
their software (API) to the Data)” » ‘R E& RIS B R ILE T - em BT
RFE K A IENIEA - & EEEAEE % » g2 EO a4 7=
KA G H A GBDI 17 - JER—(E AR EO Bidg BT > st ZRsEm
“orH=CETR"(Node of Data Hub) - 55—7J51H » 48/ GBDI B & FEVICE R »
JREETERRITE RHAE A FERT - Xt GBDI 235 5L Open Innovation AYEEZTZ -
MEpSEE T - BRI TFA E R EETERE IR - (2 GBDI #E20V7% & K&-F
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SHIERAL > ASCHEY R 4EEA GBDI P& Kt » &P & T EVBERE K e
PR -

* Software / Apps

Content
APPS Geo-IT as

LIBRARY a Service
CONTENT CLOUDEO
LIBRARY STORE Content
EE——
DEVELOP § PRODUCE § MARKET as a Service

@B 1 CLOUDEO =iz fﬁl

- ~GBDI®R} T 4%

{EF] GBDI LS ERY V-5 1] 70 Ry sk RBUN B2 - % 1 51[8283 75 GBDI
P EHY ARSI - R E A S R 2 Y 4Ers E R T S Y 8 A SO -
7 #5EH] Earth on AWS ~ GEE ~ GDBX - Planet Explorer 5z Data Cube #7534 5 /1
&H - CEMS DUR(E ~ B ANE AR ZE fnde it Fs £ 2 H AR © Polar TEP $¥fl& ~ 5T
Ry R - REME R AR « BT - FEAIREEC - R ERTE - CEMS K
Polar TEP 4 H 97 52 B2 HVAA DR ZAREER B - (ER EREe it = MR ERER > B4
FOREHE M P 2T M4 -

i

% 1GBDI T~ - % %

i 5 T A=Y CEIn
1 Amazon: Earth on AWS https://aws.amazon.com/earth/?
ncl=h_ls

Google: Google Earth Engine (GEE) https://earthengine.google.com/
DigitalGlobe: Geospatial Big Data https://platform.digitalglobe.co

Platform (GDBX) m/gbdx
4 Planet lab: Planet Explorer https://www.planet.com/explor
er

! Harris Geospatial Solutions > http://www:.harrisgeospatial.com/Learn/Blogs/Blog-
Details/Tabld/2716/ArtM1D/10198/ArticlelD/15360/Tops-in-2015.aspx » f&ZZ HHA 2018 45 H -
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Open Data Cube https://www.opendatacube.org
United Kingdom: Climate, https://sa.catapult.org.uk/cems
Environment and Monitoring from
Space (CEMS)

7 ESA: Polar Thematic Exploitation http://p-tep.polarview.org
Platforms (Polar TEP)

(—) Earth on Amazon Web Service

Amazon Web Services (AWS)fEF5 % 2 EImik B & - feftiEREE T - &
BB ~ AR R A B f SRR EATLHAE - Earth on AWS FiIF
Amazon Simple Storage Service (S3){h {7 EREUAIMHEBE RS - 50 & ] DAPLZEEL
(S EREBUIE R - EITE st B R T - FFZLE5A3E GDBI L&
AWS FERFR T RRERYE R} - 40 NASA Earth Exchange(NEX) ~ DigitalGlobe
Open Data Program ~ The Australian Geoscience Data Cube 5 > B &4 Gk e EE
B AEERYRFHE - WA tR Mt PRV E I B NG T RARA - Earth on AWS £2
HEFZ 0] FENYZEMERIE?  fFla04Bk Landsat 8 2 5#(% + NEXRAD E5
B 7E ~ SpaceNet fe522 H /S5 (5 - Sentinel-2 #2525 - Modis #2525 7
i ~ OpenStreetMap H/[E& RIS » 35 2 BIHIA Earth on AWS Y22 &R} -

AWS P HEAY IR 15 50 8 H S b i R 7 M VRE T - BT BB R B o i
#INEm{ERE - FEILEAEREM A=A » #i4 ESRI CloudFormation
3]/ Earth on AWS HYE T WebGIS IiR#5 « Harris Geospatial Solution /5 ENVI
Analytics in the Cloud*HI[{# F AWS V&R KB EAE 7 BT BRI - i
2 ENVI [H#5E TH % Earth on AWS 1 fEFHFE -

Earth on AWS H&F25/ e A& » AL Sinergise fa2&1y EO Browser
RyBE{TEREH - EO Browser 2—{E{H Earth on AWS Fy/A B H#i5 » EO
Browser ££4% Landsat 5~ Landsat 7 ~ Landsat 8+ Sentinel-1 ~ Sentinel-2~ Sentinel-
3 FORHE S A4S - (B % FHESHIE USGS EarthExplorer & ESA
Copernicus Open Access Hub #Ef T&RHE = » HZEF B — EO Browser &0 E& 5} »
G AWS N - FETTBRIGE R RV E RS e -

# 2 Amazon Web Service #¥; &
BinEotE BUREERT
AWS B el Landsat 8 FY2(5 - BLEFTH
Landsat 8 52{5: LUK 2013 £EA1 2014 FERF AR

Landsat

2 Amazon: Earth on AWS - https://aws.amazon.com/tw/public-datasets - f%2< HH] 2018 /5 H -

3 ESRI CloudFormation - https://s3.amazonaws.com/esriarcgisserverrepository/10.3.1/index.html > 2%
HHA2018 =5 H -

4 Harris Geospatial Solutions » http://www.harrisgeospatial.com/Learn/CaseStudies/CaseStudies-
Detail/Tabld/2717/ArtMID/10204/userid/277078/ArticlelD/15199/Geospatial-Analytics-in-the-
Cloud.aspx » f@#z2d HHA 2018 5 H -
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BH >SS I

Parogiiy

EGE SRS

B

& > W RKFFF4E S Fr Landsat 8 5214 -

NEXRAD

NEXRAD E#EH 160 {E= e D [~ #(Doppler) s
EURER > AR RS E) - &L E
For#EEE—KER > WRRTERIEIZE R -

SpaceNet-f#

SpaceNet J2 2 AEHT & i 223 5 2 R HREAL DI A
(Annotation) 3/l G0k » ATHR{ETTIE A BB AT
SRR ELE - RN A% 1,900 T4

B B 315
SEEER | w50 A8 © DU 220,504 (S
Pl is -
NAIP-E5 %%‘%%2{%5{-? Natic;nal Agriculture ImageryL )
e st Progr‘am (NAlP)TE1ﬁ%Hﬂ%§§FEﬁﬁ§$ﬁ§ 1m\ Z iz
3 & WMEFHLLE ~ &k - BEf ~ TALIMERES - 1]
- JERNEFERR -
Terrain Tiles F 2D R (Tiles) AU AR - 2 BREUE T oA -
GDELT HZFEMHPEAFRVEASER ~ EIH
GDEL-£%k M4 FrRIAE R - AfaE 100 HEES - H ol ik
e EkHE A~ L - HER - TR - RR - 158 - S
-
NASA Earth Exchange (NEX)a] 22 A\ B FHEEZ H
NASA Earth F AR E AR B BR R 240K - Amazon S3
Exchanges( feHtEY NEX ERMEEBEARERESEBHEM - 2
NEX) Bk MODIS tHAEF5IE > DU Landsat 2EK L HUHIE
&t -
OpenStreet OpenStreetMap(OSM) H FijA] 545 Amazon S3 {#
Map R > EEEThEE b fitithle - peap A aRin s -
Sentinel-2 5 10 Kf2ft— 22 RIFEATE 10m #2144 -
Sentinel-2 2 e wH A AER - B EF Sentinel Scientific
Hub SRRV NEHZ AT HUS: -
DigitalGlobe 2t &t 2 soG v IR =t
DigitalGlobe =~ R - BRSBTS - BT
EFEIR - FEFRFEESER - 282 KEIVERI M
EERHE -
i Amazon S3 i USGS A1 NASA iy MODIS
MODIS e e
FEMm AR o
DIRE M 57 IARPA F2{t a] i Rt a5 22 BUAV ISR E R » &
I [ HHEE AL S 62 4HEH A 1,000,000 sRHE 4
GOES-#&%13 EFFEZEFE KR4 National Oceanic and
2 Atmospheric Administration (NOAA)[EI/E £33
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E(GOES)&H} - GOES 2SR M Bzt =M
s Y RGN AR ZE IR -
TSRS 5 BB I P %4t UK Met Office

HE R Global and Regional Weather Forecasts (MOGREPS)
KATHR HYERE - TR T B N S T S R SR PR 2

BROR SR TH R ©

(=) Google Earth Engine

Google Earth Engine (GEE)LL PB(Petabyte)&ifih& Fy KU HEITRIEE 73 M Al
3 72 R B8R ] AR AL (Visualization) Y - & - 2 BE KR ~ B3R ROBUR 8
(Gorelick el al., 2017) - GEE “F & {7 i BB 2 PR ZE &k - W nI AR 2
BREEHYERHR) (Data Mining) © B Y 22 [ 82 L5 V0 26 AR 2RV R S sth Bk
% 0 2/VEVRTA 5.5PB HVEHE - HEUREWFRIEE G+ - GEE FRBHiHy
HIE S 2 M ERR S 4848 (Rasten) B4 - B AT AR A Bt e 75 Se Bz R 45
AFHCHERES - DL E{EE CAY49E (Raster) 845 5 [q) & (Vector) i
VE o (B (E FHEGZ Bt A 73 = - GEE P HAVEHE 77 MU M © #2458 (Imagery) ~
i Bk 97 B2 22 (Geophysical) ~ & {2 Bl K §& (Climate & Weather) ~ A [ £
(Demographic) » GEE Ff B Y EHR SRR 3 -

GEE A K& K Z MR A SL8#% - GEE - 5282t JavaScript A1 Python
DUk EoAth FE FHAZ =07 1 - $R AL KRB T 0 i IV A BZIEA » DA
IHIER 2 & GEE HYJEFHZEBI{EHEI TR

1. ERH P 7E 255 (Global Forest Cover Change)® : F1 5 L /2 Matt
Hansen $HZERYE[X (i H GEE ¥+ 2 FER R ERHMAE EHEE ~ JHA TR hIErT
T EHE - ETEMFTEEFRAE Science FERE L TSI A 2 BRAVEIEIRR TR bR
HITREY Ry 12880 A7~ H - fHET Landsat Y 1430 ({5 2 (22 IR
By 30m) o By TETTANILE T AU AT 0 GEE fFET-Eifkes F R TEE - gEhE
HBIEAR S - 2EHe - o BB A LA R -

2. ZERARMEIZZ(Global Forest Watch)® : £ ERARMEIZZ 402 —(E 4R -8)
FEAMMETI 240 FEEHVE Ry TA B AIARME BN (ReENEH] - 2ERARME
ZZUh (] GEE 2 SRR L (SE A 38 m] Ao A i 25 AR A B - 2014
FHEH RS OfdbZE - IREFIEE - BUNBUINEFRRIER] > DANT - 3EARRfAT
TR LB AL -

GEE WA 2 ARG - A/ 4E W8R8 2 vl A 5 (A RIE A E
FH#if5 : Google Timelapse’ k. GEE Explorer® - Google Timelapse &{f 5 B & 7E

5> Global Forest Change - https://earthenginepartners.appspot.com/science-2013-global-forest - %23 H i
2018 =5 H 23 H -

6 Global Forest Watch - http://www.globalforestwatch.org » 72 HH] 2018 /5 H -

7 Google Earth Engine - https://earthengine.google.com/timelapse > f&Z HHH 2018 /£ 5 H o

8 Google Earth Engine Explorer - https://explorer.earthengine.google.com » 2 HHY 2018 &5 H o
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G IRHEREKNE 1984 £ 2016 FHENFE GG  (EHBEANFZEZETT
THEFG 0 AREESKRE -G EAFERERERG BB & 22
FEFEIYEEEE - GEE Explorer L Web 7R (L  FI 3% 1 (Add Data) K5t 5 (Add
Computation)~¥- & AV EHE S » B4 IR AT A 23k Landsat & B2 (5 &
MODIS 7 i &g - WA TR ERAY AT (0 - A - BRAEEE) - St b A
SR -

# 3 Google Earth Engine #icd; &

EogE Syl B EtE Bz e

fefft Landsat &% 5
HEEFREBER MR RZG
A #E—SFE NDVI A1 EVI ZEHE
Eiraist S

Landsat

Sentinel ##E £ 5 Sentinel-1 F1
Sentinel-2 » H.H1 Sentinel-1 45
4% K] F Sentinel-1 Toolbox &
B > KPR speckle RS

Sentinel

%7 NASA 7 MODIS #iig e
REVER} - BFEFHP & - 16 K
BRDF X IE&AVHEFRR B > DL
KA RS EF5 &R -

MODIS
Imagery

H 2003 FELDIREREIREXEE
{5 51 & (NAIP) £2 {1t 3t (7 fi# A7 [
Im ERZE 525 IR SR
ANEIFTHR AR -

High-
Resolution
Imagery

2R E HoAth g B 22 Bl AT A GEE o
8 FH - & ¥  Defense
Meteorological Satellite Program'’s
Operational ~ Linescan  System
(DMSP-OLS H 1992 4 DIk figfr
&R LAE) -

Other
Imagery
Data

2Bk DEM - fi41 30m fEiT &
Shuttle Radar Topography Mission
Geophysical Terrain (SRTM)##% » DL S (e 58 = fd AT
Y DEM ZE4 T WWF 1Y
HydroSHEDS 7K Z #{E & -
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BEARA 5 Z fl

Land Cover

TS S o B NASA 1
MODIS T HYAF R 13t 7 5 3
+ ESA #y GlobCover Fz USGS
BRlZR It SR

Cropland

e HEE - WS=EIRESEED NASS
EH%E > DL Global Food
Security-Support  Analysis Data
(GFSAD)EH R H#E ~ BIEY)
SR -

Surface
Temperature

b T 4AHY Landsat FAELYMNEHE
S LS 2 (8 R A i B
AR EEE - B4 MODIS
ASTER I AVHRR -

Other
Geophysical
Data

GEE /Mt IR MEL > 4
=Rt W o A N R
HITR - BEREENHEIEEFR Fire
Information for Resource
Management System(FIRMS) #1
Global Forest Watch /5] FORMA 2%

H

Climate &
Weather

Atmospheric
Data

KRR Z RABIEARAR
NASA f/J TOMS F1 OMI L&,
MODIS & H #ts AR -

Weather

KA TEH A NOAA Global
Forecast System (GFS)A1 NCEP
Climate Forecast System (CFSv2)
LUK Tropical Rainfall Measuring
Mission (TRMM) [EiHI2S 8% -

Climate

A& EH NCEP / NCAR FZE 5434785
B2 411 NLDAS-2 fil GridMET %
PN RS DU ER RS
MACAV2-METDATA g J(EfER]
F1 NASA Earth Exchange /NS

HYSRETEN] -

Demographic

WorldPop

LRSS AT NN S6E
BIFEA EIHF R R S ~ JEM
HIER B S -
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GEE &7 Oxford Malaria Atlas
Malaria Data Project Pt (itAyEdE > fEaIEMN
Pf malaria B2 FIRITH -

(=) DigitalGlobe GDBX

DigitalGlobe /.~ E#H £ 2 P H =@t 2 - Hr IKONOS H 1999 45
TEN R4 B B BRI HRIY » DigitalGlobe 4 254 90PB Y= 224
fRATE 2 BN - RBe ARV IIME R 8 L S i 5 25215 > DigitalGlobe
Fi=% GBDX & K gbdxtools #1T KEIEE R 7#7(DigitalGlobe, 2016) » H %
SR BIBNEHBEE R  EF KMt 7 E (WE 2) -
DigitalGlobe B At GBDI HyZ=52/E > GBDX E FHHYRE IR &R Ry 50 772U
T EfEATREREAS - 140 WorldView-3 ~ WorldView-2 ~ WorldView-1 » Efiir#
#2384 GeoEye-1-+ IKONOS - QuickBird - RADARSAT-2 #1 Landsat-8 > GBDX
HERAERHEEHNZR 4 -

GBDX i ¥ &2k H Tomnod 5 Y N TA AR & TREEE  # GBDX
A H B LR 2 b e T R G R SRR E Y DU 73Rl L GBDX
5215 2 B G R R RIS BRI EEm A By FE F R B E T TR A

1. m s YR rE FH° © Protogen(Protocol Generator)E GBDX iy T.E > — »
Z TR aa i 5 # ek B AR  H B iy RSB E SIS A A
= HIERZMECE AWS §YERRE T 7F 15 73§ A58 Oklahoma Worldview-
2 2R HETEEH -

2 RIZE R A TR A - N T DR St s 28 » (HEEEEy
PR (E N TR M AR LB EF 2405 - (It GBDX 455 Tomnod “E&5HY
AN TREERHVERSEY IS TR Y » R S sCavall el A - FIRsll sl
LA SR SR IR > IR S| SRS B YRR R I R AR s (R T -
H B R (A LS B EE @I, - sZ A ZE PR 11 R kA mn @i i 2 52
GHETTHRS > PR H B LAUAEEEY) -

A A eF w5 I FE A EEBIEN B GBDX &t o sEffHE A& BT a]{H
FIAIREY GBDX IhEE @ i F & IRt AR E R R R BRI
(Moldestad, 2016) - [R By /& rG F~F & » A8 H & E5E &R DigitalGlobe &}
KEFEYETHIThEE(E 3)  Flal LA H > EE > FEEEEG
GBDX University £253 S S HIFTA DIEE -

® GBDX Stories  http://gbdxstories.digitalglobe.com/oil-tanks » #Z HH 2018 £ 5 H -
10 GBDX Stories » http://ghdxstories.digitalglobe.com/building-detection » f&#Z HH] 2018 5 H -
1 DigitalGlobe - https://platform.digitalglobe.com/gbdx > fZX HEH 2018 45 H -
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<> = ) e =) ™
/ = alul
ALGORITHM ALGORITHMS GBDX DERIVED APPLICATION | | ACTIONABLE CONSUMERS
DEVELOPERS PLATFORM DATA DEVELOPER INFORMATION
T |

{ INFORMATION DEMAND |

] 2 DigitalGlobe GDBX x vzt 4@12

Xt ot
5 e

i ew

@ 3 DigitalGlobe GDBX = 7342 ;% &

% 4 GBDX #c} &

IR BT IR R/

2017 4F 2 HEERNMUEEERS » nHEHE 0.31 AR ZE
IR 2 RE R 1.24 )N R et s -

2014 £ 8 HEAMAERIIEERS » mTHEft 0.31 AR 2
WorldView-3 RS - 1.24 SR URBES a8 3.7 AR JUR
FLRZETIMSWIR)5245: -

2009 4F 10 H Bt ERMUEE(ETS > TIHeft 0.46 AR 4
WorldView-2 ARG > 1.84 AR UN RSk s - HTT DK
Sz 100 EFE A EMRE G -

2007 4 9 A ERITEERS - mTHEft 0.46 AR 2
WorldView-1 BRE G > & H DI EE S 7E 100 &5 75N AT R
g

2008 4 9 HEAMAERHTE(ETS - GeoEye-1 U4 0.46
N EERT 1.84 /N R S sEs g o

IKONOS Fys5—{lR S BRI S i 25
IKONOS IKONOS H&fEif# 12 F£HY 0.8 AR5 3.2
R 2 s G - Wi HiE: 1999 4% 2014 4F -
QuickBird Ui £E 0.61 /N R (REFT 2.44 N R % yERER
QuickBird % » QuickBird CLEEfTHIEREY 7 B 2R - CUERLY
6.36 (-7 A AV AT S Bk Fo 5 - I R

WorldView-4

GeoEye-1

2 DigitalGlobe - https://platform.digitalglobe.com/gbdx > fZX HEH 2018 45 H -
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2002 % 2014 £ -

2013 4 3 ARt & RIS - RADARSAT-2 2
RADARSAT- | #R{IL=f#f7E SAR 2% » RADARSAT-2 22 fgA g
2 Ry LE100 AR - EHiRsGieft 144 2 250,000 -5
NEWEEHE -

REEREEII R ZE RN {E GBDX &
LT o

Landsat-8

(F9) Planet Labs Explorer

Planet Labs Byt 240 3R 5 5 KR 2 Ef (Satellite Constellation) » filf# 2
HIAR/INFy 10cm x 10cm x 30cm HEEE{# £ 4kg B i 2 A B - i
AR R ZE [ —#UE MR T 20U 2 R R 2 T S IR R 2 R HU
(Butler, 2014) - it 252G AR/ » EBEBERS HEEEHTR > HTEEKX
EiE 2% > Planet Labs {# ] AWS #EfTEIHERE » FF2¢ Planet Platform i
Rt B G e e bR GH Fa(E 4) - Va8 R EmmE I
1E4Y 5TB #Y51% > DAFI[ & ERERER B - Planet Labs #Y#5#5 82612 PlanetScope »
Skysat 1 RapidEye —¥Hf# 2 - iELbf 2HVILE R LRV =040 > 7]
FETHIF R e I BRI 5 -

—
® AUTOMATED
DATA PIPELINE PLATFORM
PLANETSCOPE
ARCHIVE GUI
MOSAIC &
PROCESSING
ENGINE IMAGE
RAPIDEYE PROCESSING
3RD PARTY
LANDSAT 8 APPS
API - RESTful & JSON
INGESTION |
API WEB TILES CATALOG ANALYTICS <
ANALYSIS API
SENTINEL-2 TOOLS

B] 4 Planet Platform 1 i% ;4213

KIGRES BB —THEE BIVAREE - AR EIRFSRE RS Fy Planet Labs (1Y
JEFZE P TE o - R ZE P BRI RE RS - AIfEA] Planet Labs ZEF
T LA PR M M » P Planet Labs Explorer A AR5 i
3 N RZE[EIRRT SR Friz(s: - 7248 Planet Labs Explorer £ AP HEf
G s % - 75 geo-detectives T H D Descartes Lab’s visual search tool H
B RIHEE RSN > IR IhEVEHIZZ ARG RE RS S -

Planet Explorer o] 5 25 RS A TE R A R0 S 2 RS AR L 04

13 Planet - https://www.planet.com/open-california » #ZX HEH 2018 4£ 5 H -
14 Planet Stories - https://medium.com/planet-stories/renewable-solar-energy-spreads-across-the-globe-
7d2al164410ae > fz HH 2018 4£5 H 23 -
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{EFA#E e E(#H Open California®&islEr Tl - EHEFEE 2L Slide
Fade 172 Lo MTRIRIAR AV R - th e DUFE A Planet $2(EAT API Tk K&
¥ Open California B9& ¥k} -

# 5 Planet Lab Explorer #c¥y #

HIESE4TE | PlanetScope RapidEye SkySat
. . 5 R %
4 B 5 B o
y (B~ 4 4T
R ARATT (B &%~ 40 - 4T | (85~ %~ 40~ 4138 AT i
LA - 2o
1) 51
)
LB LEMS
s LR bES © B E SRR
EE = = P27 =2 = N IR
- 255 ESS ¢ EUHIS R 3.5 s
4. 53T b
R FAYN
CREL - 2
22 TR IS 3AR 5AR & S
I/AYN
()
8 bits 8 bits
(L) VB
BRI AT _ 16 bits
16 bits
(7 ~ SEasE -
G )
SREER)
B INFY 10 AR Z IR R

(#1) Data Cube

Data Cube (Lexis et al.,

Agency)Ffrak e 2 £ -
LL#%3#% Open Data Cube ™ Hy {5 s 5 1
A ZER5E Data Cube 45 (ISP s 0k R B 2t

T242% Data Cube &

2017) &2 £y i BRI 35 S %2 B CEOS (The
Committee on Earth Observation Satellites) £ B | & 2% H7 .0 (Australian Space
Data Cube 5% Open Source FYHE & EsfE - B o]
[T {5E & AR A
ETE R R -

Data Cube SE-4 Y& R4 3 9 By Landsat-5/7/8 ~ Sentinel-1/2 ~ ALOS-1/2 -
MODIS # 2 MFRER » (KBS BN T KRB ER - BT 25K
FEEIEVHEE R/ NI K Cube » S & Hr [EIRHE LR & IE AN J77A K T A (@K
B RABAESRE)  KHEmEREERER - (FHEIRA{EA Python F2GES

5 Planet - https://www.planet.com/open-california » #ZX HEH 2018 45 H -
16 Open Data Cube - https://www.opendatacube.org - f&2 HH{ 2018 £5 H -
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FAEE RN FACFEFHYER - [ Data Cube 25488 2% (] R ERGT HiZ I -
Data Cube A #EHLEI A 4747 & FH(Analysis Ready Data, ARD) » {EFE&EAEEH
TWEER SO TE R AR (& ol B [E— B S R G T T
AT B HE T E R R R AR BRI R - KIB IR &R EE B RAE « BEAD -
LW Fr i 2 E R AT E RIBIHRYIF 2208 - BN A RS E T LETER
Data Cube “F&1TEEE: - FAE GBDI fy#fE » OGC W iEE it (G EiE
DataCube B/ IZ#: -

H AiffsE FH HE 4272 & Data Cube ~F & HYEIRGEL B GE ~ Figt ~ 56T
658 W% - GEEHTTE R ETZ B g MERERAT - B% 5 S BlE
Frul ~ BZRZE 0 S B HEEN S ZR5% Taiwan Data Cube(Hftfréi » 2017) -
%t 1) Data Cube S AH ¥R » & DLy Swiss Data Cube (SDC)Y Ry il { 7557
BH » Data Cube Y411 7] LLoYERF & Web Interface {ti F& /11l fz 1% & Jupyter
Notebook [FH# 71 » ERIF 5 A Web Interface % » AJE%E TAFEEIE S a5 E(E
BRI H B ~ Bellestifiss) - st NNV ERER A& R ER
F20#E1T Cloud Coverage, Coastal Change, Custom Mosaic, Fractional Cover,
NDVI Anomaly, Slip, Urbanization, Water Detection, Water Quality TSM Z 3 »
LIP3 MR JTHE T » BB SR - A0SR G FOR
ETRERME - AIERR AR 0 DL Python sE = TIEFHAZ (G % -

S RTHOIUGEET s M R RIHE

WEFUCREET RO T REREREE - B R B R EAYIN
g NIEBSZRAFRRHENZGRELREZG HEBEANEERE - E4AK
SEEPRUAEAZRAFEREZE > LR TERENEESRIER > BE
P RE I RIS - GEE “Fa B &y Landsat 24 » HE B EK S
ST R ERETOUE R PR B TR e SO (EET T 0T - DAPREE R (&
7t EHREEGTHZRE T > AER S EERERE G - AR GEE ‘P&
TTHERZEBI 1T - TR BRI & EEME G - BIEP A GEE HIiFfF
Landsat-8 £{% - AR GEE HYfEFERHSE/ MEE AR e Bk B R G > W2
Ll GEE HySE st AR SE et R > FRF a8 BRI AT T 04 - AT H AT Ry
=35 GBDI ‘P SHVEFIVES] - #UBRE P RS EM YR 2 8 -

(—) BtFET57%
GEE “V- & &R mie it 22 BB Ko thohae  Plans G-
HiEEE ~ MRS B P Gt - iy e G o i phe 6 i 21

530 At EA R A B e PR R VR ME ~ TE - PIE - P
7= (EEEEE > DUEFZERE T E— A B A A E D ENE R 28R

17 Swiss Data Cube - http://www.swissdatacube.org/ » fZ HE] 2018 45 H -
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{8 - NEEE ARSI HE » AREGHRE R Tife > PRsEs s (ERL
BRAGRREEEBRESEESG - WP ERFEG LSRR 28/ ME
(Minimum) ~ ti{g (Median)#21% 5 53-fir 55 Tz #i(Last 5%) - FEIEAAIRES RAE
R FrE R TR G R - WRERE LR R G R -

BHFE B Landsat-8 #2845 - G FR SRR RIS B AT
Z Level-1T » UG Z=MIfRATEE B 30 AR I EREEEA 11 i > s a8
AR R AR DI E R 2588 2013 22 H 11 HE 2018 2 H 28 [ -

(Z) AERBRHE

BRI 3 I FH (1) A R G R E BT A R A IR R LR 24
SR EE R (e e (L ER AR T & e e BRI T T o0 > SERR TR R A S Y
HERILEEARRREERLG B Mot A FE R A G
FER > ATTE o I Al e/ IME ~ A EHR 5 o LR T B =R A S RS R
SRATHIRAS » B PG 0 IEEE fy 2013 4 2 H 11 HE 2018 2 H 28 H - &
6 LEf —fiaEt R A AT GAYRICR - Horp - BEHUR - afst h Z PEAVRICRAT S
TR RNEEEBNEEVT R xRS - RE SR ERE - i
NEEZR PG RELLEMtYIRGE st R s/ MERTER EE RV B
B/ MEZ G REERESFREG R - MBAIEENEIERR  EEco G b HERET
ZI2s o REER Rt ER A LB B METREITAAE n PR T
WY EERESRRIZ R 8 NIL SRR R T o LSS L BOU7% -

%6 FRE N2 ik %

T
J=
S

B R AT ik

FE G A R G R AT GV B RA A URE T RR 5 0
S A B EA 2 —FHTA#2(2013 42 A 11 H
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£ 2018 F= 2 A 28 H) - sHlEHV TR EALFTARGARIIES E - 5
S & EERHEER 2 BV E R e R G A TR B E EEEt
HEAREGE 5 Z L EEREER) fREREE R AR FEE A E &,
)\II%H}}@%}%@? [ S HLIER ORI - 2016 SERYER T > H ik
e P A E AR S HE 3Rk 25RERT) - HRMKESH &
/INRHE S RS R R 6 HENIRE NN PR EN G THEE SRR
BINE > B RO EESTUL - BUZ BRI E R AR R - HToe P Eln

5 Y SERHEL R E By 0205 LLERHIEEE & 0.105 - iR st R R AEREGZ
SERGER8) LR 81FH - 4-6 HIVEaEEILHMES » [RINE 56 H R

SIEHINEMI R - S EHRIALE TR - AL - R - BRENS - S
@hrEEED  D—EHaMR o EraE R A ek EEEY

/INFY 1% -

27 LFZREFE £
ikp & B g
2016.01~03 0.25 (7.5&?‘» W)
2016.04~06 0.22(‘;&# %) /0.105(1 %)
2016.07~09 0.106 (1 %)
2016.10~12 0.205 (),S;rz—ri F)
%8 ¥tz 28 N34
‘FKT‘F =\5‘:V L ?r—'
- Ap &t - Ap %t
(pixel) £ (%) ( pixel) £ (%)
3" 2016.01~03 5879 1.89 1008 0.28
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37 2016.04~06 29816 | 9.57 6473 1.81
37 2016.07~09 2088 0.67 1668 0.47
37 2016.10~12 3013 0.97 1720 0.48

1 2016.01~2016.12 237 0.08 674 0.19
37 2017.01~03 73081 | 23.47 | 2663 0.75
37 2017.04~06 213098 | 68.43 | 16072 | 4.50
37 2017.07~09 3729 1.20 3899 1.09
37 2017.10~12 2385 0.77 2208 0.62

1# 2017.01~2017.12 648 0.21 1460 0.41

5# 2013.02.11~2018.02.28 207 0.07 776 0.22

(2) BHEAR- B EEETE

1% » DL GEE ~E& 5 FIT Landsat-8 &k f—iREEARSHER
{5 > 1% GEE ~EAE AR T B B2 Ry 30 A RZERS AT -
SAAGUENE [y 24950pixels 2 39698pixels - Lt/ IME K& H 7 iL 5 LA B E
GEE “FafVEERLIER 15 2 30 478 » HAHE RN EIEFEAEL - TEE
{EIIR 28 - BOERSEEEE - $RA GEE V& Al USSR EE R - WA
EERERII AT HEIFE - TR G ERATRCE

19 LAE BRI

\

d

E N | B NI S S

30 & 45

2013.02.11

~2018.02.2
8
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AN 2R

Ry PRIE R BRERERE » 22 170 M v A1 A BRI Y R T B 5 I 22 75
Mt o s LR R & ROE R B EE — AP - AR AT - BT T
RN BB T - (2B TR TES  SREHAR - BEME
RHVERI RN RERN » B0y T AR A A RCRAVAETT A7 > 1M1 GBDI Y& J75L
R R BIEREE T E e FHZERAEEERRE S N EAIFEER - WA
Elms T B JARCRAVETZE BB » BT — P TR E 2 &R R
-

GDBI E=E Y3 E 768 222 E2 3 (Machine Learning) K% 4347 (Time Series
Analysis)% - T & HIFAG R 2 25T 2 R MIERVAIE - (EREF G E RN (Data) 5 8 LHF
ot & 2fl(Information) 2 A EERVEE I - BAREEE NS » mfEERE KREEEHIS
MmAESRESHRAIPKE KEAVEEE - T GBDI sia e iRt IHR T - FEElEIwTY
SRR R (E ] AR A R AR A Rl B S B E A - t4) » GBDI &
RHELEHY ZZHFT(Multi-temporal) g2 G A7 ARF P s G iis A BTG ET &
HHAEIFZE ST T4

GBDI b 1 gt E E &R RV - A HIik & BapkEk (Klein etal., 2017,
Robinson, etal., 2017) » FIAI IR EERIBVAEISLEE R G - HARE T ITHIAES 21
B G BER RS AT » FIE AR RIS R g A E AR - e
HIER S HERE 247 > Rl i iR 828 o ERIIE > DA ZEBRSS T IR 2 ER R 0 s 250
YIEER 2Bk 4ERE 2458 (Discrete Global Grid Systems) (Purss et al., 2016)% - GBDI
T A RAYEREGE - B BRI AUSBUE R A A ZHEENS - Qe BB 2 &k
FORARIRARIRERE - BE0EA R E R RIS HIEE -

28 L OGC OpenDataCube fyZe g B 22 M REIRE & - s P EIRCE
EEEHIEN Landsat ZYFES#EFZ G - B _5TH 2004 F%2 2016 £ - ELH
BREGEMENEERE 2 AR RZRE 8 AR ZHEEF G tEifE St EsG
fRAtLh Landsat {77 2 SRRV ZE AT - A 22T S ESS - BN &8I
B G le RN FIE 2T RE - thAh > SR N TR A& T T 2 e
Tk B A e AR E PR R R R GBI R RIE el —ITHEE T
{E -

MEKEFENE » SKHEEFEE R EEVEERET) » s DR EHEE
RHTEE SR ERRes - W BRI K Z e &R G BRI K - AREENIE
FEAN > BRBEERCARAVIRT - AT LR e BB 2 REE &R BT K - stE R
BINE » BAVYEDENZEER & T - SRR M E B e B
SEERMR RS RIE » BEMESEE MRt E M K EEN 71T - BLUiEE
HEIME @ FERMIEEAE B THEEAREVIRE - Rt iZ = EE RS S
HIBSFE - FEEETE AR SNAY S A - DA AR =Ny B A A -
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P-E GNSSHYZE RN » —fis [ I GNSSHFRE M EACE - EIFURS F AR EER - 4T
A [ MRS RIS SRR E (L RiT E R Rt sh - BA RN R EAIM: - HEBRER
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FATAIWAN 24578 S TTG_TWD7 Z5t) o T BHR B E 1 - Bl A DR IR 2E 5
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Evaluation of simplified e-GNSS operating procedure
for cadastral surveying: case study on North Taiwan

Ta-Kang Yeh!*, Shu-Chuan Chang?

Abstract

With the development of GNSS, people often use static positioning to get mapping
control point and coordinates data. For the past few years, the use of VRS-RTK technology
has become a trend with its instantaneity and convenience. Besides, Taiwan moves forward
from using e-GPS to e-GNSS, which improves work efficiency a lot. Therefore, The
purpose of this study was to investigate using e-GNSS simplified-process measuring
densification control point and supplementary control survey. And analysis accuracy of the
observation result. Our study area was in the jurisdictional area of Taoyuan Aerotropolis
and Shulin Land Office. Applying e-GNSS system (using TAIWAN system and
TTG_TWD97 system) to the surveying of the root point, and Comparing our results with
TWD97 map root coordinates (which have been announced). In this thesis, we used Case
A method (receiving 180 fixed solutions, with a one-hour interval between each) and Case
B method (receiving 10 fixed solutions, each requiring re-initializations) respectively to
analyze the relationship between time measurement and accuracy. Both results are in line
with existing operation. It was discovered that the accuracy of Case A is better than Case
B, however, it takes more time. As the result, in case of high-accuracy demand, Case A is
suggested. Otherwise, if the task range of allowable error more than 10%, which has higher
efficiency, Case B was suggested.

Keywords: Cadastral surveying, e-GNSS, Supplementary control point surveying, TTG
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.2 -
AT %

sl & FEENE e IRESEGEENANE A T HI AR E R 2
AR - 1994) » ZRITHEIEEACE AT 2/ V=N B RE B RS
ERER - HHINFE RIS EUSRERG JT ~ K5 Rl RuREL o IRIEY 2007 FR4gps N
R Bk 2B e-GPS RIIFEHREE 1 240 B r A B UG » 45 & I i R ilo Fe R
BERSAELE » R E A2 G S ARG » BE PR SEReR ~ kb A T Sebe s b 4B -

1E e-GPS Zfir - HfEZA ] DUE 8 i e AL B U B 8 B8 € i (Virtual Reference
Station Real-Time Kinematic, VRS-RTK) AR %545 1ty » ELE (5 & ] 22\ 9724 - Vollath
et al.(2001)2 B EN S5 VRS-RTK EIISEISE & A F S > tin s
PERIFER GG LR - EEN B AR ERE 2 8 BN EH A4
PS> EAERSEIR I E A - EEERIE - EHUE(2005) - fEESE(2007) 65T LAFE
- H BB EELL e-GPS A4 B NI AR E TR S 80 IR 2 F 2.7~
1.9 cm > G A ECGR HR EaR DA ] — 4 2 B e S R e 25 s e o B 2 8
s B S SR IF AR -

I — R SVAEE R A E A S LB BT MR — BV AR R
HERNEEREEEZE > BRI e-GPS Z 4B A A1 FH AT 2 BT
HBUE > tnREfSElErE e Z AR IR (Yeh et al., 2012) - PYEEEd M4 41.0,(2007)
JEFH 2= B e-GPS B[R SRR IE fiL 22 S hn 242 il S AR & » DA SR A HE G
Ryttt » &850 e-GPS JI 2 R R B ALRER IR A R MR 2= A AT - WAEEC NS 80
Wy N SRICEV A TENETE - e SN ERR » BIFE(2010) ~ Fr{EE
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