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Feasibility Study on the Application of Smartphone-
Embedded GNSS with RTK Technology for Building

Tilt Monitoring

Shiou-Gwo Lin*", Wei-Hsiang Kao? , Yen-Wei Chang®

Abstract

In recent years, incidents of neighboring houses collapsing or being damaged due to
urban renewal projects have become increasingly frequent. Before these incidents occurred,
affected residents almost always reported issues such as cracks in floors, ceilings, or walls.
However, due to the lack of scientific data validation, these concerns were consistently
disregarded by construction companies or relevant supervisory authorities. If measurement
results with centimeter-level precision could be provided, it should be possible to reduce
the occurrence of such serious incidents. This study utilized the built-in GNSS raw
observation data and an app on the Google Pixel 7 Pro to perform real-time RTK
positioning on the top floor of a building. The coordinate value was determined as the
average of the successfully fixed solutions from 10 minutes of observation data.
Positioning was conducted at different times over five days to analyze the precision of the
positioning. The repeatability precision was found to be 0.006, 0.012, and 0.031 meters in
the North, East, and Height directions, respectively. According to the Engineers
Association's regulations, a building with a tilt rate greater than 1/200 raises safety
concerns. For a five-story building with each floor at 3.2 meters high and a parapet wall of
1 meter, the total height is approximately 17 meters. A tilt of 1/200 corresponds to 0.085
meters. Using a smartphone for rapid static positioning demonstrates the capability to
detect building tilt at an early stage.

Keywords: Building Tilt Monitoring, Mobile Phone RTK
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- " FEI¥REp

(D EIE&EETR

EERERTEE Z4 (GNSS) T F AN E R E T i h s A

HARE SR TRAVERER L EFEEFR K Hmies - BE ek - Y Es
(AR) ~ fEAERRSE FE SR e FAVIEE - (HEr BBt e (SPP) HY 3 - 5 AREREL

BERIE TR > (efE TIREUEREL S,/ AEER IIZE 2 I = GNSS £¢ifg -

Ry BB S S E 138 » Google H Android 7.0 #EFFB GNSS JFAAETH
= (Raw Measurements ) (7 HUREFR > 07> Android 10 52| FEK 7 $E#E0 AH 7 ( Carrier
Phase )~ {FE( Pseudorange )~ &5 [N #j( Doppler )2 # 5 i H (Android Developers, 2025)°
HAil - 1 Android FHEC AR 90% ZHZILIIRE - sFA L% B A 275 Android
GNSS E 1 7 #&%1/7=](https://developer.android.com/guide/topics/sensors/gnss) ©

TERERG S5 2 J7 16 > %28 (Broadcom ) Ji% 2017 FF-HE Y E R FHEEHH GNSS &
BCM47755 (https://www.broadcom.com/products/wireless/gnss-gps-socs/becm47755) » &
% L1/L5 $8EF K262 Z (GPS -~ Galileo ~ BeiDou ~ QZSS) =#5#EUL - 2018 1% »
AIFE/ VK 8 ~ Samsung Galaxy S9 ZE M AIEGE IR HZ & o (OHBEHRFHREHS
WREEALES] - 781 ZIRNTHRRGERGT ~ it et IR HEFRE - Hil
A BB R BN E R M - L ERAISEIREE L (RTK) WIFREMEBIASEM: -

AT - AT GNSS B E FEVI BRI B RN - B
e

1. #MELE (C/No) B G.Li B J. Geng(2019) % 5 BHAHI AR SRR - %
GNSS :gE 1K 10-15 dB-Hz -

2. A NMERAA A © fREE R. Gao, L. Xu, B. Zhang, B T. Liu(2021){F4 B
SRS Ry =UE T BRI E > &fi C/NO EEREIA R E S 1E B
FHEEHIERT ISR -

3. BREEAIHRER: Lei Guo % A (2021) {5 /K 8 B A DN & (Mo —2 0 /Y 0 A
A EBEE Android API FrigfkayH M2 EE SREE A EHER f o R T RE
GEE T ER T A ERNEALESE -

EHLHTFEAE RIS - FHRBERTAG S KA - (BRI E R E - JIHERIEIE
EUERUASCE - Y aAERPE R T ERSREEE IR -
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(@] A

Et BACer 5= > AWTIE B ERSEE I B SR TR SEE GNSS & i -
AR HAERS K BTSRRI 7E ST - Bfe HAR T

1. EILTH GNSS B E R it

(1) fi##fT Android API it B JFAG AR OB AL ~ (RiE - #0 [ 8 ) #8#0fy RTKLIB
Fha RS AR -

2. BUEEREEMEEE
(1) 5IALL C/No Fyfz RIS el e B BE R 0RNE -
(2) BFEL SIS (Partial Ambiguity Resolution, PAR ) » f27TEREERIE [
MYEE# (Fix Rate) °

3. BRSO NE A AT

(1) G5 Web RIRFEZIZEERIN - BER PO R ETHEDIRE - Bl RNE
izl

THEAENRL -

(1) EFOHEGE I T4 GNSS BUIE X RTK &g M Z a1 -
(2) Teft—B(EpA ~ TR 2 B0 SOE LA - R B R 3 B

I
3) BTG GNSS BUNE RNV TEI A B Z IEFS S - (E R et &
A Z L -

(=) EEEEREGPBRRMS

Ry ARWFERERE i #E TR AGEUIE R SR BRI L - WIHASHE & Android
SEE T GNSS [FAAEUHEE (Raw Measurements ) ##E{TDIREEBLFRE MEETAL -
ERAEEEY Samsung B Google Pixel 51 < BEIHIGERER » Samsung &/EHTIGHA
(41 S20 ~ S21Ultra %5 ) HERHFHS E 3 8REEM GNSS &5 - EEw YR iAE0RE
MERMIARRE - BF KRR #HE TS g e APL IR - 755 RTK Er ZLU#ET -

FHEE T > Google Pixel £%(|H Pixel 4 #EHIEZ X5 GNSS [FAETHIER -
NN 2 e B2 Al b 9T Bs HEOR A A A% M BB 5 > 940 < AF RTK CHEDAFER] -
BUNSE 7y M8 25 B 2 0BHEEIT R U S A BB R © 4ra BB SRR S At
ZEEE Pixel 7Pro fERERILE - NMEEHFHEEMIIVES GNSS &&F » &
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SR BB R AR E APL Z5e8EThRE » B N AFE iR 2 RTK B
FEH -

S EBmA#H

R 148 Android GNSS B T FLEEEHE Android FHFTIEEATE
Rr B -

(—) Android GNSSIRZETHIE

1. Android GNSS &&= API

Google /2 2016 7 Android 7 (API 24)5i 46 <7 1% GNSS [R 44%E HI & » 17 #7172 Android
10 (APT 29) DA ERRAHYEEE VR $% GNSS JRAEUHIE AR - 82 H Al Ry 1L EgK
i 90%FVERA Android FHEHIEMFFIEHIELSR - (HEZ T+ GNSS FHF
5 > FritVEDIIE R —E S B aE A MBI E - AEEMESEE
HIEFEIARY Google Pixel 7 Pro {F FyBras BAE B - -

Android BA(fERRHYE B2 A1 APl (JERE= 1) sKREHAY - M Android
A EIRE A S & WA FRE APL BYRRCATEHr - fi GNSS E’]%ﬁzﬁ@ﬁfé =48 Android
EI’] Location API JEH(HY - {F Android 7 (AP124) 7 Fi > % APl W EFEaEE A B ¥

TR RAVIETE - GIAIRRENECRART GNSS &5 DL HUES NMEA ‘Mﬂ R HAL)
At » AR EAVEIESCE MDEBUARYEERE > Al GNSS &R NETE TRRE -
PHEs N B4 L APT BUEEE -

Acquniion & Taching nustion & lackng
Navigation
Meiiage
Puucorange Preudorange
Carram
ase
g
Peudomnges Pimedorange

and tonecthions g Cortethonm

PVT Computition PVT Compudaten

it Locator

B 1 Z# % Android 7 = » +# 5 Android 7 ¢ ¢ Location API (Android
Developers, 2025)

£ Android 7 %Z—FH}} » Location API #E{7 7 KIS > e T GNSS HH§E -
GNSS BUHIEA GNSS EfisfEFINRE - EX T ERRZ AN BRedfHE L&
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sT R ELFERE PR R ~ SR DU 2 EUE - o - GNSS s fl &z
e i P WAL e i LB 8 i 22 ﬁﬁ GNSS I & HIl 25 25 18 F AR (5 B R AL
ek 1 S T E A28 REE RN B S E T ERETE - -

% 1 Location API ¢ # * %k

28 I

TimeNanos GNSS FEULESHY A E G I $3 (H
TimeOffsetNanos U AT R E RV RS (AT By BT
FullBiasNanos TimeNanos BEi1EE GPS WY& R
BiasNanos R S R i s

State i EARRET

ReceivedSvTimeNanos TEH S [ FRULERY GNSS fi 2 EFfE
AccumulatedDeltaRangeMeters RET Y = rERE
AccumulatedDeltaRangeState BT EIEEEHIARREIE R
PseudorangeRateMetersPerSecond Joi $ P 2R

CnODbH:z #ikiebt (DL dB-Hz FyEAAfir)

2. [EBEEHEEE(SE

Hif> Location APT 75 H REFZ (251 S AV RE BUIEEEEOI & [N IHR S A B0uH
AT B FAGEUIEAR R s Ry RV e Bt E RN £ - i ﬁﬁﬁ%’&%‘%ﬁﬂg%ﬂ
I B ERAVE EZ R DR T RIS - Bt MMIFEIS T REEIEEE
YRR © AV NEIF ELRERR A Location APT f2{HAY S B4l M T AC > ﬁfﬁi‘i{ééﬁfﬁ%
A BREE NI E B EEEAIE -

trx = TimeNanos — (FullBiasNanos + BiasNanos) (D

Hof o tgy Ry GPST J:El’]?%ﬂél%‘“?aﬁ(ﬁﬁli%”ﬁ@) E@ﬁﬁ A EZZATE A ER
R Ry 25 B A HIIRF ] 2080 [F] > RR Rtz > BB (D0 AT UREA R 2 ZHIF
[ RS TR

trx = TimeNanos + TimeOffsetNanos — (FullBiasNanos + BiasNanos) (2)

HrTimeOffsetNanos £y GNSS & )5 itV & B E 58 7 = -

FENEHAEUIRF 1% - FE TR S AR S Y (AR ] o (BRI R i) DU S S 8
ReceivedSvTimeNanos &% @ HFEZEEAE > 2B HIRFH G ER R &
ERBBIFRI AR - L > TP DARIBAT (2) FEEINYE e il (R = T
i > HECRE TR T FTA R E RS OREF—2 > W4 —LL GPST Rk o DUNRAIH
LI GPST » BDT H1 GLONASST HfH Z&0 RAEBEHRNSE - 0t iy GPST %
e IR ] -
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GPST
ttx = ReceivedSvTimeNanos|ns] 3)
BDT-GPST
trx = ReceivedSvTimeNanos[ns] + 14[s] 4)
GLONASST-GPST
trx = ReceivedSvTimeNanos[ns] + DoW[s] — 3[h] + leap|s] (5)
o
DoW : —#ENFE 5K (sec)
leap : FEFD -
S B A DL GPST Ry B (EARFH 1% - T H 7R EC B Ra S s R AR Bkl e

SRR AT G HE R RN E - AT

P® = c(thx — try) (6)
IEES1 > Location APT A2 i 2 HYERGR [FEIZP/IRAE State » 5% 2B & — D figgfs
& A ReceivedSvTimeNanos 2T AFRIAEE - Fidt A B TIRIE State SHHEME
HAEHY AT M -
3. HORAHNAEL NN E SR
HOAH DB R AR AT
¢; = AccumulatedDeltaRangeMeters /s (7)

Hep o A Rz 20 B BN R o R THECRAR BN EHEHART - T2 e
A AE N Y AccumulatedDeltaRangeState fEZ5¢

# SR AT
D; s = PseudorangeRateMetersPerSecond/As (8)

FEHEFT APL (Sl {E{E ASOR A7 BLET B ARy A [E] 7 R S e A
B AFEHREE ARV R o N RS LU S B [ S feefd -
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(O BlEMER

RTKLIB 28 57 A E2 A E2 % Tomoji Takasu(2009)Z5ifI5H)5 RTK ( Real-Time
Kinematic ) JE{I/#i#s « RTKLIB {58 KHY 2 ERENT# 2 24t (GNSS) TE - &
S FESOR R PR 2 R R AU S - B SRR 1 A #A% =X ( Receiver Independent
Exchange Format, RINEX )~ G Z5 Al #5 fit45 25 4% i1 Z2 & & ( Radio Technical Commission
for Maritime Services, RTCM ) DLz 2 fl 2R AN [FAREURIEHE A = -

Takasu SHTHYRRASZ Y 2020 47 12 H 29 HIEAAHY 2.4.3 b34 it « FF 07855
REZRRASHEST T fork » B H CHYRA - AIHFEEEHAYE rtklibexplorer #84fiHY
demo5 b34h A - BZRRA ST ¥HEBCASHY B AR A AR R 1T T 8L - Frhl st
u-blox FEULE - [EA| » b34h fCARRRMA IR IL | = EAVEDIEER o AW T 225
/¥ RTKLIB H#y RTK JEEE » WA S 3 AR EE KRRl - DA AESE T
PRAVERF RTK EAL -

1. REMEK#E LAMBDA

A2 LA Tenuissen(1995)F2 H1HY LAMBDA Hl 3 Ry BB AE 1T R E (B oK g < 2R -
RTKLIB £R MM —RE T RILAE KR 12 B i HIEE S MR B &
I G AR EAE > W SRR 1% [ g [BIth  — 2= G Y4
FC A [ 7 g A TR

yi =B} =B} )

B!' =B} -9 (10)

)
+

R ARFAEL 1 EARAUREE n (Hi#E

Vit R IR R E(E

Vi EERE I R EE -

SEREFAR BT T
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e 2
R E YRR
g J
v
s N
LB RASAER (T 528
- J
- ~
(UHERNEEEE | [ EARENREEE
| asESE | (RESEPEmsKES)

r

[ sssBame—RESLL

LAMBDAZ &R 2
mEREEn—rESE) (. N
B | | EAREE=RESE
T gy R E RSy
S Y

B2 LAMBDA #jzinfe

2. HARIEEKEE

A TR EOR R P A B E R OR E B AR B ARSI - LR
B oy A B B A N B A TT SRR B AT > R U7 ARE K B0 3 R GE (B 5K % (Partial
Ambiguity Resolution, PAR) - J5{[E /T ARV EFRR £ FY T HY T AR EETEMERREIRHY GNSS
BN R DUBEBH — L 32 i K EOR E B AR BT - Teunissen(1998,1999)#¢
HE (1) F Rl PAR AR ELEE -

s = iz (ZCD (20;|1) B 1) (b

Hrr
n: REEBE
() - REtor it

Gagr  EH i MAREENGTHE - LK 1= {1, ., ( — DEREES
Rl -

FRZ AFA R, - BERG AR RS {6 BRI R PR AVSRAR - ALK AR
TE(E G TR EREEREHIRTIR © ZRIM - AREERUGE VA AIE (E ] R G plshfsd 4 - 1
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BEHUE 2 Al e iR Rl ER (B A - NIE - AR e (Y TR SR —(E B A
[T -

FEBEHUREE THREHT  AWFTEG B ST A BN EE TN - DR
EEAEEERIE A - HohEE DU = > BRI (Itay LLL ST - #5EH)
B AN £ R0 L AR B Z (L1 ~ LYBFRE il - #52  EiaEHE
HEEEE(CNOYRIAR E (B S R AR R RBOETTHEEET R > ARSI R R AVRE
R T4 - REEET R

Wir = CNOl,f + CNObias,f + Wipcr X Lock (12)

Sop -

CNO,,  BEHE i 5 £ IR RRLL
CNOpias,r + £AHECHL L1 SHECIE(E
Wiock * ARTENEHEER BRI 8
Lock + ARGE(EEGUKIRRIIATREL -
FHHS S PHEE IR P CNO A[E - [N Ry T iEORA RIS EL IRV REEEERRE LA

[EIRRAYEAEHET TEERE - AW T4 L1 B LS FAICN Opias pi% 9 3 * Wigekast iy 5 ° 58
AR ELT T -
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[ HEIEETRNRA J

Pﬁﬁﬂﬁﬁﬁlﬁﬁmmmﬂ
A

SEEFixBIELAR
Ratiod/\it k
g

E{ HHETER ]

EEENSY
Eo#1TPAR

& i[&ﬁllARttﬁ BRWL RS !]

v

[ HITPAR Fik ]

Bl 3 = Acub il & o Rz s

~
HRICNORGRENREN R B WE
AAmeE

S/

e ~
HRNE S B AH RS
. J

s ™
LUlEaenof b et SF
i TLAMBDA

WERAR
Ratiof @it i
BB AR—X
AR Raiof91/3

fEERN S
TF—RANRE
Bl
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|

HRBAR
RatioM Wi T R R
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[ BB A FEE By 3 R > HEFI— R AT LAMBDA fEAYEERIE
HEAREEE 2 > e ET] 6K -
3. HEEREESRNs

fEfE R 2N (Extended Kalman Filter, EKF ) 27 F BRI EAR 1 21
SRH IR DI R &S H R E =2 80728 (Kalman Filter, KF ) fEIEGRMEIF I T HVIE
fefi o EKF 3= S92 28 W ([l PRS ER AI AR 2B {5 T 2 &R G - FEURIC Prediction )ER B 7( Update )e

TETEORIPE B EKF {5 3 F 4R M AVARRR RS LR AR A — B Z AR RE TR & AT
AREG - A ARG AE# ( State Transition Matrix ) #E{TERME(LEERE » DIETEARGE
flETTRE T 72 o TERDHTFE BE - AR FEUAIERY (Measurement Model ) & FifHI &1
ERHETAME I TILE: - R E SR RIS FET B - g TS (bR
{57 FH 2 A Pl S IR RS B ff 72 -

EKF 1) 2 4R B AR S AR T
Xk = f(xg—1,Ug—1) + Wi_1, We~N(0, Q) (13)
Zy = h(xk) + Vg, Uk"’N(O, Rk) (14)
Her s xy By k BFZIHUARREIAI & + wy fy k BFZIVIRERI R & wy By k I ZIRYIRRE R
s R B H R 5 Qp By k BRZIBUARAE 7 5 225008 5 () BIEAR Mo IRERIE L pr
z By K BEZVEHI S [H & 5 v By k BRZIVEDRE RN > B BEir el Ref k
W ZIHEUA & 1707 2= 00 - h() BIER M 2 = RIpR Y -
AWE AT 2 IREE IR B AR BE 177 7 22 4 PHQE A T -

x=[Px Py Pz Vx Vy V; ay ay a, By B, Bs]T e g9+3m)x1

(15)

H1 > py, vy, p2 iy ECEF A5 & EREENULAIE (m) § vy, vy, v, Fy ECEF 5452 E

BT (m/s) 3 ay, ay, a, 7y ECEF JAFE 5 EREBIUENNZRE(m/s?) ; By, By, Bs KyFiT
AR =3 BRI — =7 (cycles) ©

AT FERR A — 2= 0 U G I I R E (B AF RRRE & ey 280
BRI PRET R RIS 2 R F AR © BAVERAT T

T
B;=[Nuwi Nii - Nivil (16)

142



PR ~ mfEFl ~ R4 © TPV GNSS M RTK A EYEa i 2 v Tt se
Hrep EREREHAMEE - TR u BEBEIE S r HEUh 1 RIHEE Ny -

— RV R GEE (cycles) s m Ryf X0V R 28 (il GPS 32 fH +
Galileo 36 $8) -

HIERGIRRET T Z AR QT

0 0 0 0
0 0 0 0

Q=10 0 Qusxs O (17
00 0 o2l

Hrf o QR IEE R4 8 BE > DL ENU MBS FHF = MR of Fyi
USRI s

AWTFEATER A B IR A 2 B 8 177 5 2= JE PR E S T

z=[d; @, s P, P, P5]T e Rl6Wx1 (18)
T T
;= [D2; Pipy 0 Puri] Pi=[Piti Puni v Puril (19)

Hep EEAET REBAMEE 0 ME L 2, 5 BIEE - n REZICEEREA
B Z UL EF R EE © ©;  EOHAIBUIER i Y G P R R
BMER 1 SRERH 20T -

SR SR 7 2= B (R) & & BT E AV SR EE(C/NO)ZH AL » #EZALE GNSS
AL Hh A i {50 P e O A A THOME > {2 G. Li B J. Geng,(2019) ; R. Gao, L. Xu, B.
Zhang, 81 T.Liu(2021)%% - FHAVEUHE EAGER C/NO i~ 2 - BfSstE
FFATT

ok, 0 0 0 0 0 ]
0 o2, O 0 0 0
0 0 odi: O 0 0
R = ’ 2 (20)
0 0 0 o2, 0 0
0 0 0 0 g2, 0
2
| 0 0 0 0 0 sl .
2
Tp\o,f = Opjas + Gg|d>,f (21)
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0_;59|d>,f = ff’2|¢,f(012)ase + G%NO) (22)

O%NO — a(Z)(lo(CNOM—CNOmax)/lo + 10(CNOr—CNOmax)/10) (23)

Hep s 0fq p FHIE—REURITITE 5 ffiocko NEERSEREN T2 GE S 0hase
FylE EREE © opno RERERLLETEY T2 affy CNO SRZETEGEL  CNOy,, /5T ENLE/
FE CNO {H : CNO,pgx By CNO R R(H o

R REREFELSHT
REE M 4EH A APP(A-RTK) ~ BEEREARC R T
(—) BEEFHA-RTKA 48

A-RTK Z#F]F1% Andriod Location API Frfg it~ [RAaHEUHI &1 TR IRF i -
BLEEEGE S AR T RTK S0 R B & i E & - EAFE =CH (A
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A Study on the Integration of Taoyuan Canal and
Cadastral Surveying Map Information by Multiple
Measurement Techniques

Lih-Shinn Hwang'® Shi-Mai Xue 2

Abstract

Taoyuan Canal has been completed for 100 years and is still in continuous operation.
However, the accuracy of the existing positional measurements and image data is not
leveled with the current cadastral survey standards. In this study, we attempted to establish
a unified reference standard by using multiple measurement techniques, and completed a
tightly controlled survey and image data integration for Taoyuan Canal.

The aims of those studies are summarized as follow: 1.Collecting historical and
geographic information of the Taoyuan Canal, 2.Using e-GNSS to measure Canal control-
point coordinates, 3.Constructing Canal engineering data by Multiple Measurement
Techniques, 4.Comparing and verifying the monitoring results, 5.Combination of
Headrace Engineering and Cadastral Survey results,6.Displaying integration of Cadastral
Map Information.

By integrated map data, the results of this study show that It can indeed significantly
improve observation accuracy and efficiency, and provide important reference for future
related research and practical operations. It will became the first research to combine
headrace engineering and cadastral survey results, and confirm modern engineering
application and development of Taoyuan Canal.

Keywords: Cadastral Survey, Headrace Engineering, Integration of Cadastral Map
Information, Multiple Measurement Techniques, Taoyuan Canal
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BRI - RS THEREE « A0 > EEE MR EBOIEREND F > K
RFEFHEE NG ESMFE SR DRI B A 5E%: -

T T

B2 f B4 20K P spE S R RI(SE& S 2022)
(=) e-GNSS BIEFENREEALM4E
e-GNSS B[ 78 E fi7. .47 (Real-time Kinematic, RTK) & H 2B ERi# 2 240
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WIS ~ BRtE) © BT RN E R PR E A S R 4 & 2 e

(GNSS)H#ETTEIEF ~ SFEEHVE LRI « 3% 28054 7 21 GNSS 2 » A4E GPS »
GLONASS - Galileo F1 Beidou » DAfZ {5 AT SERTASHER E 7 AR 7% - e-GNSS Z &AL
A R PR 2 e A OR AR (i BRI PR EaE B D S A e 22 (B0 EE e e AE AR
JE e - LR EDRERAY EAEE (S5 > 2022) -

e-GNSS  B[J I ) B8 7€ i1 £ 4t HYAZ 0o 52 filir 6045 FE #2528 145 (Virtual Reference
Station, VRS)F1E[IH 78 B & [F 245 (Real-time Computation of Correction Parameters) -
i B RS ARG i 2 15 1 25 (8 B A AR I & H%ﬁﬁ—ﬂ?ﬁﬁﬁﬂ DA it
FEEMARTS » ERE AR AT RTK el AR BERR H

E AT > e-GNSS Z 4/t /B LA 1L T2 Ay EAE R4 ’EEEE£§%EEEE§§§%%
Wk E 2218l e ERVEBDRIEDRL - 17 2 e 4 PR AR et B T (e 2 261l Kot R O A TR Bl
o PERIFTRE P O AT K B ARV EUHIE R > AEBE RS BRI Efr
Hill > Nz EHmsEE SIS B o EERTERES - WE 3 Frr o {55
e-GNSS BIFFBhREEM A SpeSutE it miE e ~ BINFHYE AL ARFS » W AT 25 (@I
FEIEZHIEAFIRI O] (P fEHE - PRESER - 2023) -

B3 e-GNSS Fprds fie € iz 5 + 2o 2 imFojv (4L

54~ BEgdr 0 2023)
(1) SEEEN4E

St#ZE(LIDAR » 244 B Light Detection and Ranging)&—f& 23 gidL il » A
ST ARE AOH & B IRAVEERE R Hofth 28 - S R A BB —RE RN B
AEREUE H ARV S BV EE 5 ARIR B SR IR T I RIS S 5 ARG TR HAE )

HY=4EAAE © IETRROT R Z FE A ORIAE 22 ~ B e2 - HhEER « i fiEs « sEEER -k
5~ BRI SOR R YR ER S AR (ZERE » 2022) -

Y EE A AR AR T AR Y RE SR B HUK B0 = 4EBE &GN - 1L R TRy =4
TR IR EEEE AV = 0 B AT A DLy Ay zs it 2E (Airborne Laser Scanner, ALS) ~
ELE 2 (Mobile Laser Scanner, MLS) ~ iy (Terrestrial Laser Scanner, TLS) &z 5
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Frot#E(Hand-held Laser scanner, HLS)ZEVWHH » 4113% 1 Fro » AWTFE ({0 AT EDEEE
REBIHE -

M EEE AR E S | o AR AR A A G D] R S A R H AR T
g AR E LR S LB S e EER - fiaD ey ARSI e - B
AEMNERE B - DB R ~ MENEEHIBIE - NI - AT
RHEEEIRATHE - R ERR (B > 2012) - MR EDCERE S AR R
ftd T2 B EDEE B EE A » (RN BN A VB RE R E RS - Al
ZERIBE R R REMRE

201 2Rk A

PR (%22 asd Fiah | HEREF
)
B2 B AL
ki 9120 & % Iye
+ VIZOB | s 2 g 4 i #
9
, ' PR LU .
# kit | 2,000-5000 | ié" ; e
= e
10,000 B | FIE LK E B
pgag | 9100008 | AATKEEE « e
nl HUERIP RS F
kS VREE S
Lk 1,000~3000 | # » #F 45 §° ) B i B]
2 TR RRA o

N
(—) HEER

PREIRIINEYE /KBS S 402 GV R S E B /KH TR 2 — » E5 H A2k
[E SRR > IRE A E T - UK AMANRER BRI - 3%
AHERHANG KRR - 15 LS P AR K B R/ KRER E - ATt e bkE
RINEKES T HrakhgiE , R TARRFIRL AR A E] - 1996) (RFFE4R— 4Rt 24
HIERAVEEEFEK > [ 7 L FR AR RS B R F /KN Bk e B e (8 1 R 3- 255
) KAMEE IR - (LB REEWES - 51402008 REEKIETER - &
Sl B BB iE R  JIZE AR RIIEHRF AP a3 E R EKR SR
2 o

FESEEDEE /KA Dk E B B 11 (R 111 SE 2tk E i BURF U= e BT &
O EIRERE B /K S A B RS TRURy 73 B R B IR e e (5 > & iy o L)
BAFELUeENE T A R (E 3-2 9tk (18 5) B EN MmseE S 6 (HErm
KASHE (16 6) - AFRE S H2 SR R g e i R = 52 -
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__278166. 739

250 "61685L2

068 "£95ESL2

277843. 701

Ble  FYF < ¥3-20E =R BT R B(HFP T AR g e > 1996)

Blo ¢ EREFf R (WP IR LT A7 5 1996)
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B 6 AAFLETELBFP ARG L2 > 1996)
(&) Ehgeet BT
1. R
ARFERTE P Hes Ky Leica GS18- 4 7 For - GS18 U Leica RTKplus
M SmartLink £¢ fle > 32 £% Bl 05 8) && € fir > E fir 5 B 2 ¥ JE Ok &

(https://www.highrise.com.tw/ ) °

Bl 7 Leica GSIS GNSS wrfr :}4:-»]4: ri;(https //www hlghrlse com. tw/ )

PEVE 245 F Leica Captivate software » \fifid 75 Leica CS20 #7525 - slfBRaR
5y 8GB - iLEE T  AMEEIR S 12 VDC » N EEM O] SRR 7 /N
HFfE] o B O] S AR R AR SOBUE UL RR A > IR OT B FF 2 AN E R -
Leica GS18 GNSS f# £ BAUN BREL A RE RIS WIFR 2 s -
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WIS ~ BRtE) © BT RN E R PR E A S R 4 & 2 e

% 2 Leica GSI8 ik B jc ik & ~ i St &
(https://www. highrise. com. tw/ )

A5 Leica GS18
A EFE GPS ~ GLONASS ~ BeiDou ~ GALILEO %2 QZSS

GPS:L1,L2,L.2C,L5
GLONASS:LI1, L2,L.2C,L3
Galileo:E1,E5a,E5b,AItBOC,E6

By
= BeiDou(COMPASS):B11,B1C,B21,B2a,B31
QZSS:L1,L2,L5,L6
SBAS:WAAS ,EGNOS,MSAS,GAGAN
T g #F & :0.008m+0.5ppmRMS
RTK .
% #24 A :0.015m+0.5ppmRMS
TR
. T 5 #F & :0.003m+0. ppmRMS
‘i ‘
) 3 474 & :0.0035m+0.4ppmRMS

G EL 0 A N BG4 b0 S 2T i BRI B AR GRAEIE P78 458 JbINET
([E8) » A BMZIERE - REdpn H AR AR Past | - BB=UE A E
FHAEPAZDIRE » PR HEhEA cmpfE - MR TR -

B8 DINET #8847 % & 7 & B
2. 3D B HHmim s
AWTFEE 2 2 = 4 R b iR R (f RIEGL VZ-1000 (4E9) » 132
SR SRR SGT > YA S B EHIT RS EERER R > DUk
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B - 4G Bz TR SR =B

S B I RHEA /) T (RIEGL LASER MEASUREMENT SYSTEMS GmbH, 2015) «
RIEGL VZ-10008 S fifFEAR AR L FR3FTR -

B9 RIEGL VZ-1000 = 2§ #+4F 4 &R (RIEGL LASER MEASUREMENT SYSTEMS GmbH,
2015)

# 3 RIEGL VZ-1000 3 #+F#5 & L # (RIEGL LASER MEASUREMENT SYSTEMS GmbH,
2015)
xR EA5 RIEGIL, VZ-1000
4o st £ §E(RL) % i# (HS)
iP|3E § [F] 1,400 = = 450 2
BN S 70kHz 300kHz
Bk 29,000 BL/4) 122,000 Bt/%)
Z 9.6 27
(NPEECR X 1 32G
Bt Ffr b
(L% /-kRT)
40 BIFEA R
T B S 55
ik hEES R FF B A 1
ARWFEAT{E F 2 e (4 e R R B A RIEGL Firfe 38 2 #08& Riscan Pro » 52
PR IRy N EFTRT 2 BEEER} o FARL RiScan Pro #RAS1% » BE(EHR(E S iR o7 AU K&

100 & /360 &
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B« TR - fefE ke HE - st s s < -
(2) FEAIRRR

BEH RH/KHZ M EE R RE 111 sk E A EK s & RHEER T
= ZELHEHIEATRAE > & 3D il - EREEBENEG: - DIREFEEESS
IR E ML 2B 2 asr(TET R ¥ Z B g R H/KFE P EE R - 2022) -
1. 5T ERSE

12 R A Pk B /K B 2 4R 2 B R AR o > HERRIR BT 110 4%
SPEECHT SRR EEEL S A E > SIEE R 13 AE - [E 10 - FEDAEAF]
HETTHER BEAA DRI 1% - B2 Eh = B $EIC BT B SRt (2= Zoller
Frohlich 2\ &]8L&56 Z+FProfiler 9012) TRt (ES -

salll:log

Bl 10 B 111 & R F -~ 3ok e 24 1 e Rl & B(7 ek 0 2022)

2. &I

o BRI A BBk E R I =5 i PR B b DG TR R - 41 AR AR
F A K IR (K2 i K="K) - HEREor QBRI sy = se i
st LAF - A B =9t B uh A M e 2 R S A S AR, M4 HRNE
AR (8 11) Zziza N Eih meae e & > BT ERCRE K =5 - BOREGE -

B 11 ¢ &R P2 k(75 2022)
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() B7E57A

AFess &2 T HIER > LL e-GNSS RTK {2 8HI(Leica GS18) 53 » 17
b SR A S R AL 21 (TWDO7) 2 FEiIE - {1 3D LiDAR HIAUHIE 2 fiKiE - i
i#% 3D LIDAR Hiia I E(RIEGL VZ-1000)757% » S3HTEEBHCZEREERANE - B
PR SRR AT ENRR - B PkE R B K @ B B RN 2 B
Lo ATEE S A I R B -
1 #EBM

$2 N BB L4 b O ARAT T R T b R B R B AR E (L 2 e R 22 1
AR ) (Q02DFTEGHIE YA » LA g ol T R R PEER
s ERGR - B ERAEFEARSERRE N - 2T HHEEE DT
TESOREL > TR ZERIRGE A E AR > TR E Rt I ESE 2 A - R
4 Fs e-GNSS [FENREE AL AR A% -

% 4 e-GNSS Trpde fi TLimdfh % i 4

BRI T A 5 el v BRI 3 A A 2(Fixed)f3 & 55 #c 2180 %
% BLi~ ¥ RF on=20 mm 6g=20 mm c,=50 mm
e £ 145 EF AT 9T eRFEFRL AL Jlpr 3 B¢

WA 2 PEY AR o
2 plw A HET g # F S20mm 0 B A2 £ =50mm

2. FGEEETH

AR BN RSN B P R AR (A B LHE 0 T B RN E AR AR
2 (DINET)HEFTETR > Hat B 7R E 2R EhRE N E R TR AR R F S NI S
st BRI S P 2at - sTRSERE - HEL S HI P ERAEE
RS - iR B EAGHEINESE R BRI RAVEGRIE T
RN FEHE R EAEE - EE PR A E A - B D EREECR TN ENCRAVEE
FIE5EME  EESEREEHENENE-RSS -
3. BEEHHE

REHENFEAER AR E ~ AR E B B SR G G (E e 5
=R - BEEFR R RN B EsUs S RRE AR - #5E s
R E H ARG RIRT A G - A S ORI AT DGR 52 % - EaaEH =4
B - SR TR I A F R R E B I - M T M YR L
BEAIJTIA - HHEH HIRR RS 2 fHsE sy ME - USRI SiE Ry =4 -
T RAVESEPHE T VAAT © LR ROA T ~ 2. PSRRI A - 3L
BEOA ~ AdHEUVCEDA ~ 5 M ILHIRRA (SIS ~ fRaatm ~ DREERE ~ TS 2019) -

ABH5E H BRI RS /KRB R 22 L E > PRI 7Kg s st s (U B
& HEFENEFEK A S EE SRR > SO TR A R = -
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WIS ~ BRtE) © BT RN E R PR E A S R 4 & 2 e

T NFEr RN

AT TR A KY I BT ER A 2 - AT B A A i i A
KIS SR B > BIEAE RSB BN ESE 1% - HoHh s = TR TWD97
A ZGR > (Bt MRS B GEE HEEE - AMREZ TEN L -

M ACH KA S i B AR - ST A R T - BEDIBR A

e BER il e S B E K - E— IR E I EATRE S FIReR -

(—) #ZEHHIE

%5 AE112 # 10 * 19 & wELiFs: BRI 5 HE £
o | o | EaR | arad | cam | ocmm | an | e
;3 N(m) E(m) N(m) Em) | (m) | (m)
1 4014 2753851.302 278151.886 | 2753851.254 | 278151.881 | -0.048 | -0.005
2 GD18 | 2754284.945 278452.495 | 2754284.908 | 278452.508 | -0.037 | 0.013
3 GGB1 | 2752873.773 277752547 | 2752873.773 | 277752.547 | -0.000 | 0.000
4 GJ130 | 2753151.579 278556.820 | 2753151.530 | 278556.820 | -0.049 | 0.000
5 GM24 | 2753772.504 277548.873 | 2753772.466 | 277548.868 | -0.038 | -0.005
= -0.034 | 0.001
%6 AR 113 % 37 5 ¢ o dlmirk mal s w2
;j Bt ﬁx;‘(r':fq ﬁ"'EJ'(;’)“ < sk N(m) E;T dN(m) | dE(m)
1 4014 | 2753851.265 | 278151.876 | 2753851.254 | 278151.881 | -0.011 0.005
2 GD18 | 2754284.921 | 278452.487 | 2754284.908 | 278452.508 | -0.013 0.021
3 GGB1 | 2752873.755 | 277752.536 | 2752873.773 | 277752.547 0.018 0.011
4 GJ130 | 2753151.545 | 278556.810 | 2753151.530 | 278556.820 | -0.015 0.010
5 GM24 | 2753772.466 | 277548.868 | 2753772.466 | 277548.868 | -0.000 0.000
= -0.004 | 0.009

AT FEAIER B £ 4 AR R A1 e-GNSS RTK i 157 & TWD97
AR AR IHERIRG - 1 5y 3D LIDAR JHIEAAE - jRRE 112 4 10 H 19 H R 113 4
3 H 5 HfEFH e-GNSS RTK iy EE MBI T2 2 Zfill - DUEHUZERIRAA AL

B 2 T MIBER Y NIRIRRA1ZR 5 3% 6

SR

FHAIARE > $EE 2 TGS

o ST REERRAYRE AT AT SN - AR aE R - PRy A S A
oK HEOR AR AR R Y e b -
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B - 4G Bz TR SR =B

At FElE ik E R & B 57 LR B =T — R R ] (ANEDRAL AR R AL
H) o FEEFEAIEEGR GD18 %5 5 K » F5LL e-GNSS RTK # 2B =0 EK
I 1 A MR e BAOOL 5 7 BLIZEIRLIE 12 - w] A S IEm g - JR A e
RS RCER TSNS & -

278639.209

2754307 987

2752881.790

277463.361
W12 F 4% 2 % @i gl sn # ok F
307 £HIma B A

LS N(m) E(m) h(m) e
BA004 2753789.761 277970.471 145.034 BT
BAO00S 2753632.437 277970.268 145.287 ks Bl
BA006 2753601.599 277968.848 145.295 ER Ry
BB001 2753791.080 277965.346 145.080 g
BB002 2753753.777 277964.998 144.210 Aapde
BB003 2753598.026 277953.214 145.528 BEAT

AUERE 112 4£ 10 H 19 H & RE] 113 4£ 3 H 5 HEE 2 g 2E0H > I67F
2 KRt R BN LR O etz - HE T HRalEEF Mo
JE o AFTLARE] 112 45 10 H 19 HAVE— RGP E R FERE - FRUES M
I 4K &8 (Trimble S8) Ak {ef IS [ 4 Sh 2= AL AR R iy o5 (B AR RL AL AL > 1A Jhimfid a8
R4 %L(BB00L Kz BB002) » Flihixie A [1—%5(BB003) » £%1% LAILimkiE 1 BA0OS
BB001 & BB002 EiEgiifkiE 1 BAOO5 - BAO06 K, BB003 5 EhL (ALFERLHEANFE

169



WIS ~ BRtE) © BT RN E R PR E A S R 4 & 2 e

7) o B N EEIAHFE R E AR A AR
(D) KIITEEHEE

ACHIFFE 53 B I T K L0 o 50 B 1 R SR S P
FKHERILL 3D TR YIPTE - BEAPTEh R R P 83 - 3
BRSNS 5 RS S8 - AT B S BB - LI
SRR -

1. %% 3D WL

F—REHIHIRE 112 £ 12 H 11 H - AR 14 1 SEs
261,473,697 » HHIEEIE A 0.0057(m) - B 13 A8 — A & I RERR S S 15TH] -

Histogram of residues

sl
25

2
15

-l H['Ull

Count (1]

0
0000 000t 0001 0002 00C3 0003 0004 0004 0005 0005 Q006 0007 0007 0008 0008 0009 0008 0010 0011 0OM
Distance [m}

Bl 13 & - =x¥Ff & Rl EFAL A+ B

2. FBTR3D FEHITE
FHoRERHERE 113 £ 1 F 19 0 - AXfEmksT 14 uh > QRSN
263,709,441 - HFEEREIE Ky 0.0036(m) - [& 14 55 " Zm e MInhHF R 722 77 AilE] -

Histogram et residues

3
25
2
15

y , =
05 |
=

Court [1]

0
0.000 0.000 0001 0001 0002 0.002 0002 0003 0.003 0003 0004 0004 0005 0.005 0005 0006 0006 0.006 0.007 0.007
Distance [m]

Bl 14 % = S8 d & Rlab 45 B304 0 % )

RN SEAS LS 1% 28 A » B AT AN SEE5{H 5-0.017(m) ~ AE S5

{8 F 0.038(m) > 40122 8 For > ALt 1 AN SEE5{# Fy 0.015(m)~ AE SF-H5{H Fy 0.024(m)

A1 9 FT7R » IR SR MR B AR I (PUEED - 2023)35 73 ik > it

MERBEENGE > SO ERRBER/NA ZHE > M E Rt E S8
R -
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% 8 FEHAMTARARTERY - Py E R Ry R R

2L5. N(m) E(m) AN(m) AE(m)
001 S1 2753652.673 277962.895
-0.022 0.041
002 _S1 2753652.695 277962.854
001 _S2 2753652.695 277962.922
-0.011 0.037
002 S2 2753652.706 277962.885
001 _S3 2753651.829 277959.897
-0.017 0.035
002 _S3 2753651.846 277959.862
= -0.017 0.038

29 Aspdic oAk

\\\?{r

TELy - Blr s - Bl iR S R R

2L5. N(m) E(m) AN(m) AE(m)
001 N1 2753742.891 277960.623
0.017 0.025
002 N1 2753742.874 277960.598
001 N2 2753742.840 277960.676
0.025 0.023
002 N2 2753742.815 277960.653
001 N3 2753743.665 277957.634
0.002 0.023
002 N3 2753743.663 277957.611
= 0.015 0.024

(=) PEAERRLE T

RSN /KA Dk e B 7Y BRI 111 St i U & 0 S R E R T2
Kt ERIRERT S HETENE B ERK A SR B (S5 B AR R AR
10)E (i B E - BB MBI GIRIES - ASGEH I HE SR E - DItbisasg
AR IARCR 2 B[] AWTFEEE — IIF MR e ln 2 5 B AR E 2 AN S {E R
0.154 A KU~ AE “FI{E 5 0.010 AR JLlim 25 BhAMEEE 2 AN SFES{E R 0.118 14
R~ AE SPE{E R 0.037 AR« 55 IR R R Flin S BHAAKREGE 2 AN SPH{H R
0.171 23R~ AE “PH5{H £5-0.028 AR > dLim S SRR E . AN SPH{E Ry 0.104 2%
RO~ AE SPH{E Ry 0.014 23 R - BT B L 3 5t i B i S e Ut i e 2 il
fEZE > ARIRASCEEZ 3-2 SRR EHER T ORISR T2 » BT SRS A
EAE
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=L ~ BEE) - ZoTEAREA N RERIYI Rt A R & 4 & 2 5T

2010 Wi KA R BRI S

2E5L N(m) E(m)
S1 2753652.536 277962.916
S2 2753652.523 277962.884
S3 2753651.675 277959.885
N1 2753742.772 277960.583
N2 2753742.717 277960.641
N3 2753743.552 277957.597

AHTFEN 3-2 SR EAE AR BN - IIEPIER KRER Y - 3R E/KE T2
EEERE - MIMGEE R DI 5 R E Bl - (HAEBON RE] 113 48 3 AFEIRE
HREE FH/KHIE pEE B B e 12 0t 2 th U E B - 461K BUITE (A =9t E
B e > HERE ) & HEYOLEZImHACR - RZ2RNAT Y71~ 5
Sk R MR ARYINE /K Z [R A > AW S A =R m i e -

() ESHFRENERE

AP SE R R SE A ol SR B R SR B /KM Bt E B 1 ER I 111 AR5tk
[ T BUR L BUS S E AR E Y E K A B RS TH R oy BIE SRR (8 15) BB > K
BFSE B — 20 WER R AT TR R B B PR MR SR ] 2 B2 0 T B o B K B i T
L& - 2 HX&EJ?@JDWEQAﬁAé/EJ%%It[:@xﬁﬂ?ﬁﬁzﬁé—ﬁ@ HHERRZE
Z o B HERY T FENEFKRAUZE 73 FHAE

(https://www.land.moi.gov.tw/law/chhtml/) -

Bl 15 3-2 5L ki = A B+ % 7 L B
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B - 4G Bz TR SR =B

W16 FAVHEERD S %5 L H

EETEER oy K S G E RS T AL E L0 MK - & 16 > A B © JElwmBHZRE AR H] - B JR
JbmPZaEFPT o CER - FlmBHZEENARMH - D R © mlmBHZRENER M - &KERE TR
(& 16 ) AHF5¢ 3D BEEZH P EIAAEAC SR 111 FERK R T BUR R 2 BRI
BKEEHFETE Ry oy BIEZE B MM AR - A TR 4 (BB R 77 A1 By + 0.013(m) »
0.013(m) ~ 0.011(m) % 0.007(m) - B & 7 {E%k{r T2 FEls= 43 21  0.008(m) ~ 0.010(m) ~
0.029(m)~0.001(m)+0.008(m)~0.015(m) } 0.025(m)- C [ 4 {[H % {ir T fEi 34 1 0.028(m)~
0.006(m)~0.032(m) & 0.032(m)-D [ 4 {HBf{r T fE#% :0.019(m)~0.002(m) - 0.016(m)
J¢ 0.054(m) » BLEE#E AL AR SEELEHIBE AL B9/ NN 2 2 6 N7 0 Fraths
HIEF A Z HE
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il
=
i

* BEUHED - ZoTENRE R A ER I St E R B 4 & 2 e

(fi) BAHFEEE

278126.180

3.672

2753568632

277897068

Bl 17 3-2 %hrgi oid 105 £ 3 R €0l 2 %

PREIAIIN 3-2 BB ALy R R B PE T EL IR A B2 B 105 SR iR (el 2EM
TS > MRS E SN RCRANE 17 Fror > HoKER (L& 2 EHIECR - 2 DUHANE Huth B9
& > SIEEGE A RS EHEE R > B E T /KYIM B R S A e S R
BRRAIHSS -

1. ReEARBEFEE

AR R AR B ST KR B8 3D BEERICR i R #iE - sl K

YIS B RR - AlE 18 -

278126.180

2753783.672

2753508.632

277897.068

B 18 jw};r_r ig 3-2 FLrgsE hHAE T B
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SR BRI /KA bk B E B 0 (R 111 SE bk E i BURF st S AR R
Y /KERAr BN FE TR 7 BIESE R - A i BURF HLBUS A A B i s & 2 B
R EFEGEHRTECNE 2eERE - B 19 AlRkE 3-2 8B -

2TR045.823

2753798,694

2753580.952

277855.036

B19 #F7 sofp rch &7 BRI R R 3-22 28 BT

18 R AWFiESg 3-2 S IEI MG R E NS - [ 19 HHkE BT HESS
B TR Al B B g i 3-2 ZAU BB - A FTR R & Rl % [F L BAH B =4 piE 20-

278091.005

2753854.115

277841391

Bl 20 3-2 BLugif 4 % 7 4 W

20 B ARB UGS AR B ENRR (18] 17) FoKpt 2@ S E (B 18) -
e REN R - AT E SRR FTIHEE LR E s B R FE i &
AR ZIBTE > A 3-2 Sl G A uE B > WEH B R EAIIG e H
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A Support Vector Regression Approach on the
Estimation of Paddy Rice of Image Classification

Shiuan Wan !, Che-yuan Li 2, Yu-Hsin Cheng **

Abstract

In view of paddy rice plays an important role in human life, estimating its production
remains a challenging task. Traditionally, difference image classification combined with
levees has been a major approach for identifying the location and distribution of paddy
fields. This method accounts for variations in vegetation indicators. However, the relative
error in estimating paddy rice production using regression equations tends to be quite
large. This study proposes an innovative method using the Regional Object-Oriented
Classification (ROC) technique and Support Vector Regression (SVR) to generate a
series of simulations for production density. The spectral range of core factors affecting
paddy rice is analyzed, compared to the parallel study of using raw data analysis.
Consequently, the prediction of production errors can be reduced. This method
contributes to improving agricultural value and efficiency. The computational accuracy
of SVR is approximately 4.2%, while the RSES(Rough Set Exploration System) core
factor achieves about 3.4%.
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1. Introduction

Agricultural Spatial Decision Support Systems (ASDSS) (Sugumaran,2013) are
computer-based systems that integrate the geographic storage, search, and retrieval
capabilities of Geographic Information Systems (GIS) with decision models and
optimization algorithms to support agricultural production estimations. This study
proposes an optimized Region Object-Oriented Classification (ROC) process to analyze
paddy rice production using image data (Wan et al.,2010). Surface information from the
study area, Y-Pu, was collected to compute the paddy rice production by taking UAV
(Unmanned Aerial Vehicle) image data. Additionally, hyperspectral data, along with
various texture information and vegetation indices, were gathered to analyze the study area.
UAVs can operate with varying degrees of autonomy, either under remote control by a
human operator or autonomously via a computer program. In this study, images of the
study area were captured as part of the data collection process and used as materials for
analysis.

In addition, texture information refers to the spatial arrangement and variation of pixel
intensities or patterns in an image. It provides important visual cues about the surface
structure and composition of objects, such as smoothness, roughness, or regularity (Shahi
et al.,2022). In image classification, texture plays a key role—especially in tasks where
color or shape alone is not sufficient to distinguish between different classes (Carr,1996).
Texture features capture repetitive patterns, frequency components, or statistical properties
in an image. Generally speaking, texture features capture repetitive patterns, frequency
components, or statistical properties in an image. It contains : (a)First-order statistics:
Based on individual pixel values (e.g., mean, variance, entropy).(b)Second-order statistics:
Analyze pixel pairs, like in the Gray-Level Co-occurrence Matrix (GLCM), which
measures how often pairs of pixel values occur at a given spatial offset and orientation
(Chica and Abarca,2000).

Previous studies in Taiwan have employed regression-based models to estimate land
area using image data. However, past research on agricultural monitoring has primarily
relied on pixel-based classification methods. A major drawback of these decision support
systems (DSS) is the presence of "salt-and-pepper” noise, which confuse the decision-
makers. To address this issue, this study aims to develop a region-based classification
model optimized for size and similarity variables. This new approach is designed to handle
variations in paddy rice field sizes to achieve more accurate estimations (Regression,2000).
In the past, the accuracy for in-situ investigation of production on paddy rice correlated to
real image data was very poor. Hence, this study will propose an innovative method that
combines ROC with an image classifier to analyze the context of each paddy rice pattern
area. In high-spatial-resolution images, a group of pixels can better represent the
characteristics of land cover compared to individual pixels. Therefore, we organize
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adjacent pixels into objects and treat each object as the minimum classification unit.
Human image interpretation typically relies on multiple visual features, such as relative
size, shape, texture, pattern, and spatial distribution, which aggregate to form
distinguishable objects. To replicate this process, image segmentation is required to
analyze the spatial clustering of pixels, ensuring that homogeneous areas are identified at
an appropriate scale. Leveraging these advantages, object-based image analysis has been
widely applied over the past decade to improve classification accuracy, especially when
dealing with images of low spectral dimensionality.

2. Study area and Data
2.1 Study Area

The study area is located at Y-Pu, Taichung County (24°18°N, 120°38’E Please Refer
to Figure 1). The total area is about 200 ha. There are 95% of the ground surface is paddy
rice and 5% of other crops. The resolution is 10cm x 10cm. The north area is a river
platform and the south is an embankment that surrounds the study area. The study mainly
collected two series of survey data of 2013 and 2014 respectively. The production of paddy
rice is collected from scenario 1 of 2013 by 19 places of paddy rice zone. Figure 1(a) also
collected the data from them. Figure 1(b) presents the distribution point. A moving widow
with 3x3 (9 pixels) or 8 to 7 pixels is selected as a different sample to describe the edges
or borders. The sensor for high resolution hyperspectral is Leica in this study.

0153 6L a1 76 1633 ] 11203 |
(ONREE, T B T Y T

Figure 1 (a) Study Area
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Figure 1 The study area and sample distribution

2.2 Study plans

The Study flowchart is presents on Figure 2
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2.2.1 Step 1 Input NDVI as vegetation indicator

To determine the density of vegetation on a patch of land, researchers must observe
the distinct colors (wavelengths) of visible and near-infrared sunlight reflected by the
plants. As can be seen through a prism, many different wavelengths make up the spectrum
of sunlight. Nearly all the vegetation indices employ this difference formula to quantify
the density of plant growth on the earth—near-infrared radiation (NIR) minus red radiation
(R) divided by the near-infrared radiation plus red radiation. The result of this formula is
called the Normalized Difference Vegetation Index (NDVI). The values for NDVI are
obtained from ADS-40 image. The range of this value is [-1, 1].
2.2.2 Step 2 Input Grey level co-occurrence matrix (GLCM) as texture feature

Texture features have long been used in remote sensing applications for representing
and retrieving regions similar to a query region (Chica and Abarca,2000) . Texture is a real
structure in image that defines local spatial organization of variations on spectral values
that is repeated in a region of larger spatial scale spatially. Thus, the perception of texture
is a function of spatial and radiometric scales. Various representations of texture have been
proposed through statistical, geometrical, model-based methods and signal processing
methods that include Fourier transforms, convolution filters, co-occurrence matrix, spatial
autocorrelation, fractals, variogram, etc. The GLCM and associated texture feature
calculations are the basic image analysis process in this study. It is a statistical method for
the spatial relationship of pixels, also known as the Grey-level spatial dependence matrix.
Given an image composed of pixels each with an intensity (a specific Grey level), the
GLCM is a tabulation of how often different combinations of Grey levels co-occur in an
image or image section. The texture feature uses the contents of the GLCM to give a
measure of the variation in intensity (a.k.a. image texture) at the pixel of interest. In general,
there are also three stages: (1) creating a Grey level co-occurrence matrix, (2) specifying
the offsets, and (3) deriving statistics index from a GLCM. The basic statistics from the
GLCM method are contrast index (measures the local variations in the Grey-level co-
occurrence matrix), correlation index (measures the joint probability occurrence of the
specified pixel pairs), energy index (provides the sum of squared elements in the GLCM),
and homogeneity index (measures the closeness of the distribution of elements in the
GLCM to the GLCM diagonal). However, NDVI, R-Entropy, B-Entropy, G-Entropy, and
IR-Entropy are used for indicator and texture on image classification. The window size of
the texture method is 3x3, and the preventive data of format is a floating single type for
easy extraction of knowledge information. Hence, the image of this study contains B, G,
R, IR with NDVI, R-Entropy, B-Entropy, G-Entropy, and IR-Entropy bands to estimate
the production of paddy rice.
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2.2.3 Step 3 The process of multi-bands to single band

In this study, the appropriate synthesized image for the regional growth (RG) method
Is based on the Grey-level image transformation and the map transformation concept. In
this process, some of the same Grey level values of the given bands in the multispectral
image are multiplied by the probability value of the same Grey level for the whole image.
Then, the calculation function is applied to the accumulation of digital values with regard
to the different bands at the same location for the whole image. Through this process, the
multi-information of the bands is transformed into a one-dimensional image data to keep
the majority of information for each category of every band. The probability values of each
Grey level are counted by the number of outcomes of a given image and then they are
divided into the total number of pixels in the image for each band. After all the bands on
the image are transformed, it is used to count the total value of the synthetic image at the
same location of every band. Finally, the multi-bands are successfully transformed into
one-dimensional information by using this process. However, in this study, 55 of the
hyperspectral image with NIR, NDVI, R-homogeneity, G-homogeneity, and NIR-
homogeneity bands are used and they are transformed into one-dimensional Grey level
images (Qian et al.,2012). Those are all derived from Lica a high-resolution airborne
digital sensor.
2.2.4 Step 4 used image segmentation to ROC (Regional Object based classification)

Using image segmentation for ROC (Region/Object-based Classification) is a
powerful approach that improves classification by analyzing meaningful regions instead
of individual pixels (Wan et al.,2014). The accuracy of the classification heavily depends
on the quality of the initial segmentation. Over-segmentation (too many small regions) or
under-segmentation (large regions containing multiple classes) can negatively impact
results. By considering groups of pixels, this method incorporates spatial context, which
can be helpful in distinguishing objects with similar spectral properties but different spatial
arrangements. It is especially useful in high-resolution imagery, where pixel-based
methods can be noisy or mislead classification due to spectral variability within objects
(Blaschke,2010). As usual, different segmentation techniques can be used depending on
the application (Hay and Castilla,2000):
(@) Multi-resolution Segmentation: Groups spectrally similar adjacent pixels while
considering spatial and textural features.
(b)Thresholding & Region Growing: Simple methods that segment based on pixel intensity
values.
(c)Machine Learning-Based Segmentation: Uses deep learning models to segment objects
in complex images.
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2.2.5 Step 5 used Rough Set Exploration System(RSES) to construct the model

The Rough Set Exploration System (RSES) is a software toolkit designed for
analyzing tabular data using methods derived from Rough Set Theory (Pawlak,1982). It
features a user-friendly graphical interface and a computational kernel, making it
accessible for data exploration, classification support, and knowledge discovery. RSES is
freely available for non-commercial use and has been developed by research teams at
institutions like the University of Warsaw and the University of Rzeszéw in Poland (Chang
and Wan,2015). The attributes of R, G, B, NIR, NDVI, R-homogeneity, G-homogeneity,
and NIR-homogeneity bands will plug into the RSES to retrieve the core factor which
governs the production of paddy-rice.

3. Research Method

Estimating paddy rice production using Region/Object-based classification (ROC)
and Support Vector Regression (SVR) involves combining spatial data analysis with
machine learning regression techniques. Below is a step-by-step methodology:

3.1 Region/Object-based classification (ROC)

Regional-based Classification (ROC) could refer to methods that focus on analyzing
specific regions within an image to improve classification accuracy. This approach is often
used in tasks like object detection or segmentation, where identifying and classifying
distinct regions of an image is crucial. There are two parts of the procedure:

3.1.1 Obiject Detection: Identifying and classifying objects within specific regions of an
image (e.g., detecting cars, pedestrians, or traffic signs in a photo).

3.1.2 Image Segmentation: Dividing an image into meaningful regions and classifying
each region (e.g., separating a medical scan into areas of healthy tissue and
abnormalities).

3.2 RSES(Rough Set Exploration System) extract core factors

Rough Set Theory (RST) is a mathematical approach to dealing with vagueness and
uncertainty in data analysis. It was introduced by Zdzistaw Pawlak in the early 1980s as a
tool to handle incomplete or imprecise information. Unlike traditional set theory, which
requires precise definitions for set membership, rough set theory allows for the
approximation of sets when exact information is not available.

The central concept of RST is the approximation of a set using two crisp (precise) sets

called the lower approximation and the upper approximation. These approximations are

derived from the data itself without requiring any external parameters or prior assumptions
about the data, such as probability distributions.

3.3 Support Vector Regression(SVR)

Support Vector Machine is applied to classification problems as well as the case of
regression. It contains the major influenced factor that characterize maximum margin
algorithm: a non-linear function is leaned by linear learning machine mapping into high
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dimensional kernel induced feature space. The capacity of the system is controlled by
parameters that do not depend on the dimensionality of feature space. The testing data also
can predict by applying the training data to the testing data.

The support vector regression has two parameters for observing the error range
(Smola,2004). In the Bayesian framework, predictions for a regression problem are
expressed in terms of a distribution of output values. The mode of this distribution
corresponds to the most probable output, while the uncertainty associated with the
predictions can conveniently be expressed in terms of error bars. The evaluation of error
bars has been considered in the context of the class of generalized linear regression models
and provided insights into the dependence of the error bars on the location of the data
points. It derived an upper bound on the true error bars in terms of the contributions from
individual data points which are themselves easily evaluated.

4. Results

Support vector regression has been introduced to solve regression and prediction
problems. It has become a hot topic of intensive study due to its successful application in
classification tasks and regression tasks, especially on time series prediction and financial-
related applications. The support vector regression (SVR) is for regression and function
approximation. The combination of clustering and a state-of-the-art technique has been
proposed for knowledge gain and accuracy improvement in a complex prediction problem.
Figure 4 shows two different initial random conditions for learning epochs (x-axis) vs
estimation errors(y-axis).

Figure 4 the example of ¢=9.3 g=27.8 convergence diagram for SVR

Figure 5 presents the production of the actual and predicted of SVR. The x-axis and
y-axis shows the predicted production of the ratio the min to max of Figure 1 (the green
Table).
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Figure 6 (b) SVR parameter selection of 3X3 sample

Figure 6 (a)shows the ¢ value and g value with the difference of estimating the CVmse.
The CV value is the difference between predictor and true value of each 3X3 pixels
production of paddy rice (see Figure 1 green Table). It is found that while ¢=9.19 and
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g=27.86 obtained the lowest CVmse =0.1024. Figure 6(b) shows the relative difference of
predictor and true value of the paddy rice productions. The Figure 6(b) is the optimal ¢ and
g by using grid search approach. It is found that 84% of the samples point falls into the
range of 10%.
4.1 Case A without feature extraction
From Figure 1, the X1, X2 ... X, represents the input bands of neural network. The
first stage is using the original data with 59 bands to the system. We take 3X3 (about
9m?). The average of prediction error is about -5.51 of 129.21 for the overall area. The
error rate is 4.2%.
4.2 Case B using RSES as feature extraction
The second stage is considered to use RSES as feature extraction. We input the
original data (59 bands) into RSES and the decision is paddy rice vs non-paddy-rice.
The extraction image-bands are NDVI, R-Entropy, Band B and IR. The average of
prediction error is about 1.72 of 129.21 for the overall area. The error rate is about
1.3%.
Summary and Conclusion

The study applied hyperspectral image data to predict rice production in a given field.
Specifically, the selected areas include multiple surveyed production sites managed by
various farmers, with data collected using hyperspectral imaging. In contrast, the
unknown paddy rice fields only have cultivation information derived from images
provided by different farmers.

The first stage involves applying a region-based object-oriented classification (ROC)
technique to identify the boundaries of each paddy field. Each pixel within the defined
margins is then counted. In the second stage, the collected data is used in a Support Vector
Regression (SVR) approach. To enhance the accuracy of the model, a 3x3 moving
window is applied. Finally, the SVR estimations are compared with actual paddy rice
cultivation data. The error rate of SVR is approximately 4.2% with using feature
extraction from RSES and 1.2% without it, respectively. The error rate of SVR is around

3.4% and 1.9% when using the optimal values for parameters C and y (gamma).
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From Military Zone to Tourism Hub: The Impact of
Land Use Change on Carbon Storage Spatial Patterns
in Kinmen Island

Yao-Lin Chang® , Kan-Chung Huang? , Cheng-Ting Wu*"

Abstract

With the increasing frequency of extreme climate events, global attention to
greenhouse gas emission control and carbon balance has continued to intensify. Since the
adoption of the Kyoto Protocol (1997), the Paris Agreement (2015), and the 26th UN
Climate Change Conference (COP26) in 2021, the international community has set a clear
target of achieving net-zero emissions by 2050. The acquisition and disclosure of carbon
storage data have thus become fundamental to climate governance and spatial planning.
This study takes Kinmen County—a representative offshore island in Taiwan—as the case
study area to investigate how land use changes driven by the transition from military
governance (lifted in 1992) to cross-strait tourism development (initiated in 2001) have
affected ecosystem carbon storage and its spatial distribution. Using the Integrated
Valuation of Ecosystem Services and Tradeoffs (InVEST) carbon storage and sequestration
model, we analyze land use data from four time points: 2006, 2013, 2021, and a projected
scenario based on the National Land Functional Zoning draft. The study evaluates the
relationship between land use transformations and carbon storage variations over time. The
results provide a valuable reference for future spatial planning and carbon sink policies on
offshore islands, contributing to the promotion of ecosystem service sustainability and the
advancement of carbon neutrality goals. The findings also offer practical implications for
land management and policy-making in the context of climate change.

Keywords: Carbon Storage, InNVEST Model, Island Land Use Change, National Land

Functional Zoning
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Observing Long-term Territorial Changes Through

Spatial Big Data: A Case Study of Waisanding Sand Bar
Yu-Xin Chen?!, Hone-Jay Chu?*, Wei-Shiun Lu?®

Abstract

This study analyzes the long-term changes in national territory using
satellite big data, focusing on the coastal changes of Waisanding sand bar
located outside of Dongshi Fishing Harbor. By interpreting and processing
satellite imagery, including edge detection, we identify the coastline changes of
Waisanding sand bar. We estimate the movement changes of the island's region
by observing satellite images from 1991 to 2021 over nearly three decades.
Waisanding sand bar, influenced by waves, coastal currents, and the northeast
monsoon, is drifting towards the southwest. We have also estimated the
displacement of Waisanding sand bar over the past 30 years. The total
displacement of the northern part of the island is approximately 3,312 meters,
while the southern part has moved about 3,708 meters.

Through the analysis of long-term change rates and rapid spatial
information estimation, we found that the top of Waisanding sand bar moves
southwestward by about 90 meters per year, while the southern end moves
eastward by approximately 150 meters annually. This information is of great
importance and should be taken into consideration by relevant authorities.

Keywords: edge detection, sand bar, satellite big data, Waisanding sand bar
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