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Hill > (GRBRE AL B S - KBTS MR E > Bl B ETTENmEE Kinect Fi-&Ek(E]
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Developing fall detection reporting system by an
integration of smart phone and Kinect

Hone-Jay Chu'’, Ye-Chi Wu?, Gang-Je Tsai*

Abstract

Since the ageing society exists in Taiwan, the elderly population care is worth
noticing. Obviously, falls in the elderly is a common problem. To deal with the problem,
this study considers location-based service for fall detection and reporting of the aged.

This study integrated smart phone and Kinect to fall detection, and provided fall
down information for senior care. This study applied a smart phone as the mobile
platform and applied accelerometers to detect the fall down in the aged. Moreover, the
Kinect was applied to detect the fall down in the room based on head velocity and height.
Fixed and location-based sensors can be combined for obtaining the sufficient fall down
information. Based on the images, location and time of fall detection, the results were
demonstrated in the Web GIS, and were sent to relatives and care units.

Keywords: Kinect, Fall Detection, Smart Phone
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. -
AR-T %

R &aEB NI FARFHEE(L - &FR AR —E S EEIHIERE - B
Sttt REBEFEARITEINTIF » KPS N EABUNZIER » —HR T
SR RAMRI - ARSI AL 55— IS REME A Bl A Y SR it & S B a Ry
el o AL - AR R SRR L Kinect BUHIES - 2z S — I REIAYEREI{E
HIEIHBH 2 8 E H SRR E (AT il 2 FE 5T 40 Kinect {5k fZ](Mastorakis
and Makris, 2014; Planinc and Kampel, 2013) ~ s2 {5 85542222 A @M R (PR R - 2013) ~
BRI LS - 2011) ~ 2MEUEREIBREMRHI(ZESOR » 2012)%% » phoh » Bk
HIETTE(Inertial Measurement Unit, IMU) BA HYNZEE 5T BLFRIE GRS = 4EATINEE
[ DU ZREE R - DASR BRI 2 FE T - JT 2RI 72 B2 R A B A AR A 2 A HY
EE > (AP INER ECHTEs (accelerometer) ~ FEERER(gyroscope) S AR gk I (A -
FRrSEIHVINREE R - Foa A ERYERREENGE - BRE R FHEHES
PR 1577 (He et al., 2012) - Fi|FH & BE% B 2 P (E AR B2 N2 A BRE - Fla
Mathie et al.(2002)#g H {57 5% & 71 & (signal vector magnitude, SVM) DL Kz fE A5 (tilt
angle, TA)EF Fy y Hili 188 ) () Y A5 (He et al., 2012)F Ry BT T Ry (HRIFE IR -
{6 FH & R 2 A TR B Y KRR S A LS RI ERIER 2] - 8 = Sl ek B 28
FrHIS SR AT Ry (ROHI A B8 38 A8 S0 2RI Y - 220048 - I HAHL Z S E DUHET A RS
EERRE - DU SIS E A 38 AR ARRIE R A S8 BB 00T ~ Hidm -
Mo AEH—A T ~ BB E IR (FETASE » 2013) » TS R ER A B
TTIEGH] » R EEHERT - FTEEIHY SVM L& - MUREREHIE T8 E - AT
PEPIE R E 22 T FBass B PR EIHET R - IRIEE RS RS - (IR E 58
2R Frae EHY SVM FIREAE HIETIERE] FLplcnh3e 125 ] 322 85% LA F (kT » 2013) -
EFRICER FARCSE ~ iR I SBE-1% L1430 - FiE I 7 s URE A e (E
A EARRE > ERERTY\BRE ~ 1RSSR E] - GHERE B EIFEE - BN s
H Rk EI(#RIALE - 2012) - FEBHIL T FUREA RO R EDRIERE] B ErasH] -

TR PR AERY Kinect BY T 2255 M E R HY O BERET - Kinect #LEH (1 24140
LRESHTES - RGB Bl asti - 4145 CMOS FRest (et » 2011) » seBlEIER
B GER - 3D FERGER - KEEER » #5HE SRR B RS
o5 o ZAM > Kinect EESSTRIERZRERIBREMNEG - 6 o] R s 2 30 iEE
GRS - BRIRENBEOCEIRAER - Ao FERFEEEE - Kinect [E1F 24
NES B 2R (BRE 5 » 2005):EHERL i » (R T8HRER 3 Kinect for Windows SDK 2R & -
Kinect SDK m]PAfE Kinect HYZREERE » Hrak i Kinect Jgl il EHY ARG EL = 4 2= ]
fir'E - SDK #2445 B A2 = AV E R 1 25 B AL AR R 2 f i B R A 5 &8 H
i BT AR R A BERS B DR R B A, - 21277 (2012)%5H Kinect
FREUE GUET RS T 2R - s RSB E - I TEREE R E L AR A A
EAERE - SOREEIY T SR E SHUEREE -
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AWt FeRa SRR EE MRS V& > DS SR TR E R TEmEk (2] (AL LL Kinect
TE R ZE PNERImEREHEM > Bier Android FHREAEER-- S HYEES - £ GPS ~ GIS
Tty - PR RUAIEREIRSE - PRI RIR O B AR &R -

S EERRERT o R

RS R SE (S > EA TS RAVER T - B AZRS AT
BRI 2O > At HERRER EA GRS - SR a =R &R ZERE
HNEE PG o AR EREEEN & - BEEBRENEE - SatE F—BREE B
G EEVEEE TSGR B EREER G OIS - Tk AR S
g o i 1 Rk Rl (OB i et ] > AT TR AR B 2 (DR BRI ~ (2)
TENL LB ERHEE o« ASUHRIFR M 4EF 5 2800 ~ EAT7E s e Z T8k
BRI & Kinect BREMEHAR T - S onEiEFa Z iR -

<

Road Routi ng

_ Fosifigr
Dara uRg

Tra nspe

2T ation

Bl B 0BT T LR P
(—) BB B & 400

2 Rk R 2 288 - BREMEN S S AR A] o) Rk B IR
fir (Fall Down Detection Techniques)Ea B2V & Wi B 71 BRENEAF i A H KR
H & A SRR EIE S - BB ENE - & REFERE - ek BIRyESEE 4
I > AT FERE 8 Z B (ETTEhER I AT ~ Kinect BRI G & 124
B~ ROEMERERERE T 5 » BREINNF SRR — SRR TR
5% > BEREIRSL N - -V SR ARk EEH APL > I API f—LL SOAP i)
TE ~ YARHE ] AR > #2207 o Ay Kinect (AR AT S TEA( LA B vl 3B 48
e R AR S R R R SV & o P5 DA E (E) k&5 (web server) )7 2R i
FRETEREHE R EAL AR T > MRV RGE SR E AN B AT LUE A H R
A MR HRE N E DB E - SRk - TREETRGETE > A REEANR
AIAERBS

90



RTZEIN ~ IR ~ 2068 (55 B THE Kinect 2 BREINIEL V- B hH 3
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W2 B RE T Sk SR
(SATEmER EME R

e PR R TE R A I MBS (E N - AREEE Ll Android P&
B RATENm AR (IR o B3¢ - EfT Bk B CHEGRE S - AR ANE 3 -
A TN NN A

BI3 {7 & s ik ig) o RIH T AL IR AR

B AR B A N T B B AT RS TR EHE IR P 5
FiTBH 8% 2 Bk B EHDE A L EARIR R B A 0% s sy =@ izl a S R T8 iR
EERREHETTRE S - A TE TR E RN > A0 4(a) - FERCS AT ERTE R xyz
=I5 Z N R T = a2 T A AT b - BT DUSHE T HIRRE - [ 4(D)
R R AVEERS (OB TN =BT BUE - TS Sl — ISR dh 4R E] - 1t
R TP RO S > 286& PSS > Hh 4R 8] T 53 5L Static(FF# &) 2 Take-up
() Z =M EEt BRI b nl AR IBIRREAY A [E] - R =dhhn2iat 2 8
(EREEa Rl
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Y Maid

F Bsiva

d X AwlE

¥ Axwis
WO ADC ¢ IEX 20090100

B4 Q@QFHzdbted PR RBEREGERA T » Z LW LRE X w05 Y

Bhi o~ DG 5 ZBhE )
W Fgure 1 =r=
2 Static i Take-
e—a N-axke
L = e - - Yeaxle
. %“‘.“ —s Z-axle
2
b,
R ™
(/) 2 L nn
a WWW-"M
2 ] FI1) 30 a0 50 3] £ B0
200+ nE

W4 (D) BedhirlsEw SR

ABIT g A 3% Z AT Ehk B R AE AR RE AR RN R B % 5 = Frlic 'y B 2 U T
P =Bl e T AE - LU T(E S & v BRI R ER EHRREHYHIE - 2% (He et al,
2012) SVM B TA A\F4TF -
Signal Vector Magnitude:
SVM = ,/a% + a% + a2 1)
Tilt Angle:

TA = sin™?! (a—§> )
RIESE R (Heetal, 2012) » EEDEAR  ROERQT > ay vay va, 5
R B IIRE(E » SVM Ry BRI T4 = il s [ 48 & (B m/s®) » DL
BIUACEREEIER W DL TA RV B A T ERE SR A (B °)- B DAL
{5 PR R A T M T 3 TR B T ERSISR RS B SVM > 2.5 mis” -

92



RTZEIN ~ IR ~ 2068 (55 B THE Kinect 2 BREINIEL V- B hH 3

TA<AOHYEE T - m[ARHIEE & R ERERRRE (He et al., 2012) » [NEEABTFELL
BEAF R T BN mEk (I (R4 -

AR ZEMRIEL R E Br 341 TEmEk 0] APP 4E] 5 B - BHEL APP 12 > HYEETARTA]
LIE S A T = Bl inE T EEIE - (8 v DAPARUESS Bk B & &P G
Z web service o AIE—AC » BRI TR (E SR R e RGE Y TR E = Bt
B - EBREATEEAE B =SS TEEE TR SVM K TA 1R8I
{E > 178) APP (&Y HCRE e (I B &l (ex: GPS) » i 2 il E Bk B A&

REETE -

TGl T2%E 1055 T30 Gl 72%E 1056

i1 FallDewnapp

8 FallDownapp

faceX: 1.072
SacoY: §.687 laccY: 8 887
focc?: 4.29 facc?” 429

’ accK: 1.072
saocY: 5516
facc? 8121

140.116.47.179:7789

Start Exit Stop Exit Stap Exit

Walting for start . SConntenting 10140.116.47 17977853 FConmtentng 1140116 471797789
LR R A
& WS £k

30.809 (3.154q)
1201271 23.01

o
Rt S AR A -

1 GPS ik

B5 Tk i pl 2. APP BB
(Z)Kinect BREMERIFE AT

RESFA AR A F]RTEE 2 Kinect FRlIEs(F & e b (17 - HETTHHREE %
Hehr sk o B NS BUATIT AR ER I T - AP Kinect 24t - HY A\ Re B 2R 1H
A RSl FE FH R ER BRI - A SERES T S B AV AR > @71
e NI E > MR RIELFTRR R HY A TIERAS - FE(IBR BRSO 2 - Rl
WEFER P ARG FINREEFH BB - R ARGHy RS B —ZEH
HEEA S HBE) Fomite » REECHISs BN s A E - FrEBisE— ey S IayH
BfE > a0 BHENEE ~ BRI ROINERE S > AERGR S AT - LU
SR M 4E S AR BB SR R - Kinect FUHIEs A = (H$R0H - HIZEIMA 73 Bl R 4lI MR
I R i AL MR A BRI L P 90 R s R R R 3
FEE BRI R H R B B R AT AR BRI TR S LU T R EE ERL  Kinect SDK
RIS URIE T R R b AR ER L —  REEERIEREI &
it (Color stream) s 5[ #2552 it (Depth stream) > &EFREAHU IR - A4 ARG A
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iy &7 (Skeleton stream) = fERL&R T - E— AR Ha S (EARSA - ME—FHRT
N ELZAEA [F iR (Node)sH Ak - #E & BRI BB - ST rl Gt R A B AH R 8
PELAE Ry HI Ry 28 - AIBHEREE ~ BEEPERE ~ BAESINERE % - A se s Lo
CHE S HEITRASE - M ARFURELE 6 Fror - FIFR GG s B G s iR E
B BB RSP T DT BB AN S ARSI -
FESAERE T - R G E 5V & DR EHEr e -

R A A& R
BRAEMAR 2 &%
iﬂi‘ﬁ;;ﬁ&ﬁ. > FRERE

B6 Kinect j% ig| i B % sL2e g 2 i A

£ Kinect BHlas5EEh EAE (AR B B PR TAER A SATRESEHY SDK MR R
G R B U TR B - TERREIGESRAYHIET L - RIZpAT ARG 420V ER IR A R 58
53 b (E TR R AR BT TTEON] - 1M SR 4R M 2 g SRR TR R B B L
B SR ERFAIIEDL o (B 7(a) R 2 BRI A T > BEE) Kinect BEAGHVREZES - FEERH
ST AERERGHR - HEBER RS RER R o RIEREREEN R
TTERHYIHT RSB B SR R R R B G - Tl 7(0) Ryl AR BRI B
A 2 — - IEHEDIRIA R ARG E BRI G R o I HiAE
ERPHERML E A - TR GRS BT - M I &R T abe s
BTat o S EED R AT THE (E.(400 mm/s) BB = /NP P (EL(50 em)iky » 5%
TE e bt e R HE T e R AR -
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private vold Initial3tream()

i
this._mykinect.ColorStream.Enabledy; //EHEKinectEiFESEE £ RIBEE &
HsEMColorFrameRead v Bl Kinect_ColorFrameRead 3 4 R & =,
this._mvEinect.ColorFrameReady += KEinect_ColorFrameReadsy;
this. myKinect DepthFrameReady += Kinect DeepFrameReady;//FEHFEES % @&
this._myEinect.Depthitream.Enablel );
this._mvEinect.skeletonStream.Enable();
this. _mvEinect.2keletonF rameReady += Kinect_SkeletonFrameReadsy;

this, mykinect.Start{); //B0EIKinectEiFEZEIEAE
B7 (a)ﬁix 1R % 51| e A

private vold Kinect_SkeletonFrameReady(chject sender, SkeletorFrameReadvEventdregs g)
{
skeleton[] skeletons: //@ERME7I
Svstem, Windows Media Brush brush = System. Windows Media . Brshes Blue;
[/screen_capture();
using (SkeletonFrane frameData = e.OpenSkeletonFrame()) //EN{SEIEATBIESH
{
if (frameData == mll) /UIEFRERFFERE EEHESHREERA
{

return;
1
[IEHIEE
headOntput Children.Clear();
flaverDutput Children.Clear();
head¥output, Children, Clear();
riskOutput.Children.Clear();
HHEE R R BT
StickFigure,Children.Clear();
skeletons = new Skeleton[frameData, Skeletondrraylength];
frameData,CopySkeletonDataTo(skeletons);
headmiz.Content = "HEEE nELAE" + headdut max + "m/s\nHBEEA" + (int)hunan head speed + "mfs";
head¥max, Content = "HEFEE\nEALE" + head¥out max + "W ELS" + (int)((hunan. head v - feat)* IDD) +
righMax Content = "EMIEEN\aFAA" + riskout max + "uHAHES" + wnal;

w7 (b) ﬁi%ﬁﬁg%‘%&j%vj\

(—ATENmRR AR

=fENEEE(EE—) T hand-shock ~ (&g )50 walk-around ~ (53 =)
TEZRRKE 45§ ~ 25 walking-lie_down-getup % » W BRI B R B0 I LR &k
B o & 8 o FAEh KIS P BRI > dbth AR B R dE et 2 SVM (BT
Hh&RE g s - Hrp o FFTTUBEEHEFER —F - SVM TR/ TRIZHEF AT AN PR
F4 10 m/s” AYEE (BET 19) - 15 T-HeH AR - Al SVM BIZUAE 5~35 m/s® sy
{EREY » FEH LB RIS EIF] 10 m/s® FYSL{E © d st B o DU 7 fi% SVM 7£
EHEEHREATCRIVYEEZE(E 8) - EEE —F » FMECHEREMEM APP 7£2
N ELE BEES) - AT LIS IRAE BB BRE T SVM B{E B 7E 10~15 m/s® [RE%E - BIfE
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TEIEEERERA IR ERRr PUERY 7 2UEE) » SVM ({ELIFE 14 mis® (s -
BEDIZERE 15 mis” BLREIS EOR T — RO EEIS S - SVM (B E TEN - 1555
=i BFTERIRE - 28 DEH T AER ERE R 2R LS - A LU FEZ=
Bagrv B EE b aRE - E5 N EHE S HVENE 2T NEEORHT SVM BiE » H A
Fy— A8 T B EBIEIRRE - TTLUEE] SVM BUE 2 IS ACEIL 25 mis® » #2511
TERIE R4 M1 > ALY 15 m/s” (YIEE 1 (DRIE] - [ 9 Ryl = SVM & TA f51Z
SR RIDLLEE] > n LUEEHE SVM FEEEEURAVES Sy - PR NHYEREESE SVM 15
AT RE Z I E IS4 RGE T SVM PG (ESCERY 2.59 > [FIRFE TA F5IEE > N5
SRGIRARHVECE (B IR PAH) » TA FERERET 90° TR 20° /of - HEES
& > TA FEA SR 90° oty DL EHIGAEEE il LS - ARZFbH s Z 1T Bk F
(=M APP [R5 REBC A HIE B R L B S BG 2 A pa P AR IR AR » FE DU H B R
R PR EHRREAY AT RENE - INIEAEEIR = - DRERSH T BB E Rk BHRRE T
ERHERERELE -

A hand-shock

—r M

P ]

Y 00 150

200
Data
B8 {7 d xRk 5] 4R BdR R B (@) 4 hand-shock

i

— m
30

Walking around
S M"ﬁ“m”uwuzﬂ"f*

[ 0 4 i L] 106 120 140
Data

B8 {7y ki o R Eedp AR (b)Fh walk-around
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RN ~ R ~ 2001« S E T Kinect ZBREIFUNEIE VGBI

B9 HE® =2 SVM 2 TA #d;
(Z)Kinect BRENRHIGE RER

%l CHi2 BSR4 8L Kinect SDK (EHEN T » HFTREBS RS G ER—
figgEm b - AiE 10 Fors o 8 10a _EJ551E = [E&E R EmATaRE - BIR R A
Ao B AR E RGBT BT » JrarE T ot E BRI 2R (TR E
Fo NASHHEPHYRS Bl 2 (el BEL AL R B RD220K) » 1 o ] AR BN 1 FEE (4 B & om
AN RAE Ry 2 AR S A RE &N AT RV EhaiE - & A EE
A PR(400mm/s) BLEE R /NG 50 em > R B ISR MR R Iney T A G TR i iahats
8- AEENBREIFRE T - B EhRfE BrE R E R ERER T > gELsLEdT
GACER(E 10b) - N R EOEGEETETE > AeE R EIT R RINRER
o 3 HAERIRF R G i = 1 R E ks -
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BEHTEEEE BHEE Risk{&

1200

800 \(r\’ ‘“’_{,_.v!»._.__.‘__ﬁ
7 J\A A o] A

2/ /00 250 2700 T 2200 iy, SELL ZEEL Z0 EL
frame rumber

BEERERE iﬁ%ﬂ%ﬁ =rlE
B®AAL500mm/s Eﬁ?ﬂ%ZM £4530
BEHERIMM/s RERER101CM BENERD

frame number

W10  Kinect i | 1§ 7|22 5 % 47 #c(a)

e EE TR Riskf

L LAl /

3600 5650 STO0 5730 5800 5850 Fnun— nurn »—r’m Eaay =200 s Eo0t
frame number

GHEE A

A A1500mm/s EA&E2M ) £ 530
IR BE R 16mm/s REMERIICM B BE =20

frarme nusmber

B110 Kinect i 3] i il 22 2 *& 35 #c(b)
(S BREITR Z 48 SRR

FERESR (R ED S > AW ERRE N S TR B > 2haE T T
PAE BN EE - WACE Kinect BREIEIZ 4T - B BB RN fERREIE 5%
4ol > AT —BREAETT O] - 206 11 Z5(H1%s Kinect BRENEUHI 4R 1R — RN
HHEIABRETESMEA - MR —E A5 LR R - Lﬂ%ﬁ%ﬁﬁ%%*

BN A AR BIE - Mol 11 AR R THEREN I S i - 838 =k
FERTHIH - HIETE N EaARZIRBES: - Eﬁﬁﬁ?‘é*éEE%FﬂEﬁ*%_F 7 e %
FARE AN % b o B 12 Z2fI RV ERARIREIRE - B8R R
Kinect » 58{E F & m] DASE —IRF ] TSNS AEHVIRIE - B “axﬁ?iﬁ%%ﬁﬁjffﬁgiﬂﬂﬁﬁ
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no R G HHELE MEN - AR G E KR mehE - T (EEREEE - MlE
12 50 T (E X 2REY GPS e (i REL S35 N (M A A R 2 A B E 7y
T o BEIEENEAME il DR R SR SR AR [ AR AN, - S ] IR B RGE M -
TEEEFLE o (BER(E) - AR RS ieF A el 1 A B A B R © A2 AR5 T
P s PR Ry R A8 N RSBl - o5 iT DURSHC Kinect (A S SRS o] LUR D
HIFIHIEA > [F Kinect (M 248 AR &3 5 2R B RAI IR - B mfE S
Yok AT AR PR HEAAE TR » PETBTRECE T > RS HE Kinect (HIHERET T > TR
AR T E > BEZATAOE (M EIBIZ SR Bl H S8 25 5E > (E2AE Kinect (=%
FMRARRIL  BEHBILIEER AT CUHIEIRRE B TR A > AfE 138 RS E T
Kinect 47 - fERLE T AR PN ABREERHES - P65 WA
PRIy & SR — 2 > IR AT LUHIE I R 1 T B TR IR ©

BeE: BSE skl
ol ey, 0.22266077
= accy: 0.96426475
i accZ: 10757747
L1 \
\ I
i) &l’ /
= . Stop Exit
o An L
e g Hif Conntenting 10140.116.47.179.7789
it RiEE RHIER
A H1500mmys EARIM

BERERSM

37 B RE6mm/s
5 e

BI11l  fEUplEE S e > Kinect 87 £ 5 % 4258 & 7] 1 p) % 4L
b3 TR bR ge) iU fay WS
Kinect 2015-08-03 163958 F- —
— Kinet B/ 5 APP GPS §ifilE:
APP GPS i o 0150808 16:30:58  (22.09,120.23), svu=20.75, =278

Rl12 HRiFEEHR e

99

o J015-08-03 16:24:34
o 20150803 16:24:48
& 20150803 16:24:43
o 20130803 16:24:36
& 20150731 01:10:45
» 2013-07-30 22:11:51
» 20150730 21:33:08
» 2015-07-30 21:53:03
o J015:07-30 21:52:58
» 2015-07-30 21:4%30
o 20150716 13:39:03
o 20150716 13:3%02
& 0150716 13:38:56
o 20150716 13:38:44
& 20150715 204239
o 20150715 20:42:38
& 20150715 204237
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(22.99.120.23), svin=27.84, ta=-44.79
(22.99,120.3), svm=26.81, ta=-47.01
(22.99.120.23), svi=27.88, ta=-44.70
(22.99,120.23), svie26.86, ta=14.43
(23.00.120.22), svu=24 86, ta=-28 88
(23.00,120.22), svie28.63, ta=-43.23
(23.00,12022), svin=33.97, ta=33.26
(23.00,120.22), svin=25.20, la=-33.67
(23.00,120.22), svin=27.61, ta=33.60
(23.00,120.22), svin=25.97, ta=-49.03
(nnknows,nknown), sva=26.03, tr=-48.90
(umknow,mknown), svm=29.10, t3=35 80
(uknowiinknown), svi=23 88, t3=-49.28
(umknownmknown), svmi=2624, ta=-45 38
(unknowiimknown), svim=33.10, 11=33.75
(nnknown wknown), svm=27 33, te=-42 66
(unknowiLimknown), svim=27 98 12=10.41
(nnkuown wknown), svm=27 86, te=-44.75
(2198.12023)
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R B A TR E R CERTE MR VR RS R - B UE M TR BRTH A
i BN EECERAY TR ANV ERE fiz v] DUR A 2 BK 2 T 5 2 £ %5 (Global
Navigation Satellite System, GNSS)ZEZfz5E A4E 1T {E 2 2 A e fir H0 70 F s SRR -
B ARA GNSS FRFFETTENTEN » It ZE N E LB 7 =UEE M 4 - 8
ZF ~ AR SR fiiT(Radio Frequency IDentification » RFID) ~ iBeacon 2 - S F{TE4:
B2 ik 245 (Micro Electro Mechanical Systems » MEMS)J& HY FEHE 2 B 2R S 5
Fil » AFEHREMERS N ST E N BN R REE 2 J730 0 RS RAGEH B RE
A Ry BB R S 2 EE R R ER - R FE (R A TR B
Fil e RN 775 8 24 R 2CHY Wolf method (E0RIPE (X 20 BAdE T RITI AR R R ZHEITHEK -
AT R BUR(E A Savitzky-Golay Filter A By R0 (AR ZERENE - HL5|
AR AP RAG ST SR T i N St iR A v DUBR 20 RAHE 149 3% -

BT - =L ~ DA~ B RAGET - Savitzky-Golay Filter
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2R W giist B ko
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The Study of Using Smart Mobile Device for Step
Length Estimation and Step Detection

Fang-Shii Ning"  Dong-Chi Wu**

Abstract

The widespread adoption of mobile device has improved the accuracy of navigation
and location. Since nowadays Global Navigation Satellite System (GNSS) is easier to be
installed in the mobile device to locate and navigate in the outdoors. Signals of GNSS are
obstructed indoors so navigation and positioning would be a hard task to be executed
indoors. Hence, methods of indoor positioning appear as the instruments of Bluetooth,
RFID, IBeacon etc. Every method of indoor positioning has its respective cost to affect
the selection of indoor positioning technique. In this study, use data of gyroscope and
accelerometer from Micro Electro Mechanical Systems (MEMS) and detect footsteps by
using filter to smooth the signal, and then estimate the step length by the ordinary least
square. Our results show that using the Savitzky-Golay Filter to detect footsteps can
improve 3% in the accuracy rate of step detection and apply leg length as parameter in
step length estimation can get the closer result with real step length.

Keywords : Indoor Navigation, Step Detection, Step Length Estimation, Savitzky-Golay
Filter

! Associate Professor, Department of Land Economics, National Chengchi University.
2 Master, Department of Land Economics, National Chengchi University.
* Corresponding Author, TEL: +886-2- 29393091 #270621 > E-mail: 130257027 @nccu.edu.tw
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. -
AR-T %

RS EANERTENMNAFER S EREN T 2 2% (Global Navigation Satellite System,
GNSS)&tE5t s @ A i AR PR A RCRAVEIUREE AR - R SEREN T2 A
LRy H T H & A E A aEGE Y TR 5 281 2= e s R 2 RaR 2 2I0ERE » Fr2A
& gE A iR BT fir(Radio Frequency ldentification, RFID) ~ Wireless 77 ~ BEZE
EAFEREBLGZEZS > 2014) « A =ENENM T2 BHEREEE R FAVEE
= o D—RERAINE » i ETENEMIYZE M B 1T4858(E Wireless Bt &
BT BB 7% 2055 iBeacon #FE SEaR A » (EGE N Er B —(E s & &R E L
Rl - RIAEREA R R E N E AL AYRCA » 1R A 538 2 PN E (R i iy 58 F PR R e
& -

EREATEN R E L T AF—1 > BERTEIEEE NETHER T 2
RELEINZ T » By TR L EMAES - Ui E 2% (Micro Electro Mechanical
System, MEMS) Ll Fy B B AN TEISS E RV ZFCHS » 2R N MRV ERES B8 ~ IR
5 YRR B [ 7 (i 7 (M DRE - B ZAE HETENRE T AR EE 248 - (MR EE 24
HIFEF T LAER e H > - fES AR ENEM T T » AN EZREEENE
AP ARE > Wireless 25 N (L 28/ D A 22 465 — (RS N UE A s TEh 4
B ARG SR8 S FE 12 (Received Signal Strength Indication , RSS2 EAL
Lo NE i L [EIRE FR S E AR R h - i {E A iBeacon fif Ry B 5 =AY 2 N E Az
RN N2 2o 58 ([ iBeacon 7 AR AR EE S a1 T AT IR » #5098 B AIHYE
& —HRHIE R EE D B T E L EENEM AN E T A -

1T AL AES A (Pedestrian Dead Reckoning, PDR) /A Ry (AR 2 == PIE L
J5% o (S EIE I TEN AR E N B i EE £.47% (Micro Electro Mechanical Systems, MEMS)
2 FeIEREREIR S B T BB SAAEE ] » Hoi £ SRR 2 AR Ry B
LSRR - FhVERERZE 2 BIRE T AN R AR 2 2 E I [ i i -
HEERE A REERE LA 8 3355 - R Al KB ER A T AR HER 2 RS » KB 5%
EZENFHREERERE R 1T ANUAER T EERER AR B2 P (R AR A AR B
RAET 28R RILAHZE A BRI PE R R = AR A T - DUB D E N E L
AR o

PR AR

R R TEIAE B AR EE 240 2 FRIR BN R B - W AT AN
U HER AT ENENL 2 R o R0 (R Rl - E RS IS &
EPE(# F Savitzky-Golay J& k7 (Schafer, 2011)Ed Fast Fourier Transform “Z/g{E1% @ {5
RINIZRE R (E - $RFET R MR 2 I RE - FRIREEIE Rt ingdte » IR
SRS R R T AR o D RAGETRI DA &AL B S PRI B T E RS A E
BENR R A o DB R AERE D RALE
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S b i Ry PR H AR - AHSTE FERSRRE M Ky 5.~ Fast Fourier Transform
i SG Filter(Savitzky-Golay Filter)#E{T#EENE[: - SG Filter HY{EELIT A L e HEEH A
TP RES[EI I HECREBUE VNN - 4EFFR RIS S (Schafer, 2011) » [RIFEAE 2R EHERHY
B e o IR R BEL R AEIE ARG o A FPMERE (RS EREE -

SG Filter FRS /N 3[R B A EOR? » (2l 2 i ABHE x[n]LAE LEleF IR
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x(m) or x(n)

morn

Bl2 %534 = I 5 78 3N & i) = 3k T i (Schafer, 2011)
Fe i N o [ A DU e =0 (L) Bt ATV EEE -

p(n) = Xy axn” @)

i N IRE T RV ey R F(2) ¢
EN = Z%:—M(P(n) —x[n ])2 = Zn —M(Zk Oakn — x[n])? 2)

M B DUR RS HE IR —FME - B 2 BYfEEHERE Ry 2M+1 - /s ay B R IEIEL R
M=2 ~ N=2 [y S 4R - MBS HIEFAZELL 2M+1 By—(E(hEt &R - fEadEw
% > BHEEEESE R - BIEEHEERY 0B n=0 BEhF] n=1 - FHE¥ET
—REAABES » WRILFEE TR ArA I ABIE TS - 75 n=0 BBt S 453
y[0] FB=(3) :

y[0] = p(0) = ao 3)
FZ0(3) o) PASHR A R B2 T =AY B B s v] PASE pidie = - Savitzky B Golay #%
SHAER B a0 OB RE o o A 7 5 T4 8 A B9 7 R 1822 € (Fimite. impulse
response, FIR)JER » it sk 0] L% 5 FE B Em (convolution theorem)Zk SERY » 7]
DAGS & S A BRI TR T - ZU(4)H hIm]BI S HRE R ER(E - FZREURREE -
AL et 45 SRy [n] A AR R =(4) -

y[nl = Xo——w hlmlx[n — m] = 20y hln — m]x[m] (4)

MHAERVNFFE T - Eey = min > ey S EESBHIRMITANEZ HZE - 02((05) :

% = M Mzn (p(n) - .X'[ ]) = M2n (Zk Oaknk — x[n]) =0 (5)
RIEE
Hn' = [n] (6)

s i DS EI(T) |
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N o(ZM _ynitk)ak =¥M _\ nix[n],i=0,1,-N (7)
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bix = Xn=-m Ginlni = Y=yttt = = by, (10)

e A B B 25 B AR X o RESR(AEUE R RyHE a
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TRIEB = AT AT DI ERIGHEM a > SR a sEF#Z DI AT A S & 280 155 SG Filter
HIEEA AR -
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a=(ATA) ATx = Hx (13)
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B (AR S B 2 IRt - AL R BT A 2 k38 - H Wolf method BAE 25
AT AL T - HEERRA A (K (Marschollek et al., 2008) » (L AHFZELL Wolf
method Ay BB ET T AR (R A > 2 XAy Wolf method ([ 3)7 s Al 2R
FE BB HRIE I R T IR B R I T M - 1T AT AR B E VB TS
ERmEELEIZL - RS A RS Wolf method (E0RIZE X - HiRfiE E L N i
PRI A PaTE > 1EME AR E -
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BB — N R T R EEERANZ A -
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M7 SKEG ReAbF TR « G T 130T 2 BB E U 55 B S B TR 2 15 - Kroger,
Tuomo et.al(2010)7M F T & & B T ESR R S TR G 2 5 %88 - Shin, SH
et.al(2007) Rl /2 2 i {7 B SRR B R 88 S S oK T Al B B - 28T s T B e &
BB BEAS R RNE » AFZEE Valérie Renaudin 7 (5T AT RIAH B 5
ERTNEEEARE —7%%% B e T ERR S — R AR RAS & S ELp] -
BE P TERR R - WA N IR (14) 5B BBk T=01% ] 52
A~X-~L:

StepLength = a - Height - fq;,,, + b - Height + ¢ (14)
[Heighty - foreps  Heighty 1) . StepLength,

_ | Height1:  fstep2 Hei{;ht2 1| X = lbl L= StepL(:ength2 (15)
Heighty, * fstepn Height, 1J ¢ StepLength,,

RIAS N “SREFIEVT PV = min > V B (EEARBEEREAIN R 2 28 0 P Al
S EE > PR T B EE - B TDRIGAERN T W

N1 = (4TpA)? (16)

W = ATPL (17)
a

X=N‘WV=[4 (18)

AR 2B aiFEHRE a b~ c> @%L{ﬁli%%%ﬁﬁff?;ZIK%ZT%ZIK%QTF%/@W%
AR Sy NTAE SR TR Sy T - R R AT 2 &R TR T S R A e
& EANECETE - ([ER RSB T
(1) R R A EE

FI AR HE R 7 12 20 e S U SRR A 20 RIVRT &t 2 e B A H A
SERIE SR E (48 (Coefficient of determination) » R? o Rl & fE SR A T 0] &8
HIEGER EE > A EREEHEXE ST - 7fﬁﬁR2ﬁx2&§é&/J\jZEz‘*§&
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ST SRR R B - RP GRS - Wb & 3 H R RE R R A A e
(M= ~ BRIEE > 2002) -
(2) HETREAA EERERE ) Z e © F ieiE

AR oA o] AR F A e skt e iR e =UA A B B B IRE B A &
ERERIRE ST > BRI E L R TR U & A 2 o R RS H o Ry e 5 e s\ S
FERE ST - BTG, R ildis iR s R AE

ERNE J3 I B

A AT MR SRR SRR S VR IS0 MRS
BERS HETAHTELG - S5 BB Bt BN B TR A PR (L e 75
HATR PR - 555 B Rt - DARR SR~ Tk = G P B
St SIS T EIFLLES B SRR R I BB (R
SEL

ARSI » B8 BB KT » R RS
RN FAGERT S S R E T TR (T ER T 2 i
FEEER (0% 1) - B H A A BB B (IR, - MBS BUA A
R - (A B T R TR I S RSB R T — R U2 (122 2) -
BTN R AT (e AR TR RA T
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SG Filter FFT Filter

FiE HEDH AL TE | EHERE TR

1 10 11 1 12 2

2 10 10 0 11 1

3 10 10 0 12 2

4 10 11 1 13 3

5 10 9 -1 10 0

6 10 8 -2 11 1

7 10 9 -1 12 2

8 10 11 1 8 -2

9 10 10 0 11 1

10 10 11 1 12 2

11 10 11 1 14 4

12 10 8 -2 10 0

13 10 9 -1 14 4

14 10 10 0 12 2

15 10 9 -1 12 2

IR AR 0.866 1.866

S 8.666% 18.666%

HiZR 1 el LUE M8 SG Filter S LB 1RAY IR RS AT (R0 20- (8L -
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22 PHRESRSH S HREE
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FHE% 2 a] DIFSAT > 1 SG Filter SEB{LI& B HIGE R - SF3gsEE A 120 0 M
FFT Filter HI[75 9 25 » H 3275 SG Filter AR SR [EIG#L FFT Filter Ak » R AT LASE
F o ETERET » PRERNGER TN 2T ES R - ZrblE A SR -
EHNETEEET - FE AT ERREE - BfTEEEEINREEEN %
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{KBE= 140 LIBRIHEIGHT) - S0t i 2 Hi(H_fstep) iU H 2280 >
F(STEP_LENGTH) U228 - 8] 6 (3 (BRI A FE 2 LAvE: B
Fere TE ;TR AR B AR S FIELY T8 B RE S REAGRSS
SR 4

T4 BN RABEESS R (E 28 HEIGHT ~ H_fstep)

Ordinary Least Square (HEIGHT, H_fstep)

Dep. Variable : STEP LENGTH | R? : 0.191
Model : OLS | Adj. R?: 0.178
Method : Least Squres | F-statistic : 14.79
Date : Thu, 03Dec 2015
Time : 20 : 55:50
No. Observation : 128
Df Residuals : 125
Df Model : 2
Covariance Type : Nonrobust

FEELVKAE 95% F > DL F AR E & REEFBERF > Fy 125005 ° R 2R
7 B EREHRE B IRTERE ST > SRR H adjusted RN » R E s iR 1AL E
BltafgRae ) - (HEREL AR - R RR AT RGETERERIVIERAE
FGA > A FIGEHE - BESRESURT S RAAIA R T RIEHEFEEN -
#he S E—E AR F KAE - A RE(EG TRRIGE Sd Ryt - 1808 7 HhokE - 1850
BAlEtFE =LY R 05~1.1 AR -

H EERMEA S S ~ 5 S8 TERRREES B SH R it B
o B BsRE AR AOE 7 BT o s E AR ZERT (R T A R e R R R U
AR -

0.0

o 20 A0 60 Bb lll)[) 120 140
78] - fRLIs*

AWFERR TEMSE - SEE T EMFRRE R B S B Ehais DL BRI
SR AR R 2 B SR SR RAS B & HIEES] - B &S T ERRIRGHELT
SRR R - 4IE 8 Fow ¢
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LEG_HEIGHT
B8 £ = 4 & % 5% (p %% LEG_HEIGHT ~ H_fstep)

HHELHRE 6 > BRALHY O RES S (SHEREEOIHY B BB AEE > N ARG
T _ERRRAL B S AV EEBIEA FR A ERVSERZ RN - HAER 5 5REUR - Lhid
TR (iE 5 SR A B G ARERRAVAE ST AT DU &

# 5 B = v fEie % (p %80 LEG_HEIGHT ~ H_fstep)
Ordinary Least Square (LEG_HEIGHT , H_fstep)

Dep. Variable : STEP_LENGTH | R? : 0.166
Model : OLS | Adj. R?: 0.153
Method : Least Squres | F-statistic : 12.47
Date : Mon,07Dec 2015
Time : 19:15:28
No. Observation : 128
Df Residuals : 125
Df Model : 2
Covariance Type : Nonrobust
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46 BATERI BT 2 % £

Hha— T
Sy 55~ e ERRIRE B ~ BB E R IR

e (E (BT - m) | AERER(BEAL - %) | BRZE(E(BEAL - m) | AERER (BRI * %)

0.043 94.15 -0.003 99.63
0.072 89.56 -0.032 95.37
0.186 69.49 -0.153 74.88
0.088 87.37 -0.053 92.42
0.131 77.31 -0.118 79.56
0.038 94.87 0.052 92.97
0.034 95.13 -0.023 96.74
0.101 84.39 -0.098 84.76
0.025 96.57 0.006 99.06
0.068 90.28 -0.026 96.22
0.064 89.94 -0.088 86.20
0.040 94.12 -0.025 96.30
Fig 0.074 88.60 -0.048 91.18

HH% 6 TTDASAN > DLE SRR R L BIfUR B BRI E R i ss R - P &7E
HZETEE RS AT 2 91.18% - (1] Valérie Renaudin(2012) L& 5 BT E AR oy H B8 2.
FRAGETER  HFUHIAERERH] Ky 88.6% -

I8 _LAtGE R T LIS > T ARBRERES 2 @Bk T RGE R - (e Ve
SR 2 AL HE MR HDERERNS » RS EER Lo IR
HALETHERERE - FEILIK PDR (FHESE EATs5REE -

LR

#EiB L E BRI - nLUSHIE Savitzky-Golay Filter 357 & SRS R R
FeEH AT UG B (e 2 IR, - R R E i EEVERY Fast Fourier
Transform> 1F 10 20 N8 7228 15 B 0.866 55> 129~135 S5 hf R = & g & 1 5 -
FEALETH 0 DL Valérie Renaudin 58 7 fhE 455 » HAERERREY Ry 88.6% > LUJD/\
BRI F1E R s oy i o0y B 888 W LB B AR N 2 BB A T Al s TR
B AR A R A B (S T R4 ] 22 91.18% - (A ‘”%‘Hi%%%ﬁ&ﬁ%ﬁ —
FEHIREE » TIARRRMEURE T i~ B S8 IR0 R et 2 2R - it -
ZEAM T Bl o ALK PDR EHRAMES 2 FERESRE » R E N EL 2
& o {E— R ] DU A E IR ENEAL 2 B -
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Analysis of Crustal Deformation Along the Northern

Longitudinal Valley from Satellite Geodesy

Wu-Lung Chang®", Ting-Yu Liu?, Chung-Pai Chang®

Abstract

While frequent earthquakes have occurred in eastern Taiwan due to the interactions
between the Philippine Sea and Eurasian plates, the northern portion of the Longitudinal
Valley (LV) has experienced few M>5 earthquakes in the past 20 years and is considered
locked interseismically, different from the southern portion where near-surface fault
creep and deep seismicity have been observed. Therefore surface deformation near the
northern LV fault is worth investigating for evaluating earthquake potential of eastern
Taiwan. Consedering the data advantages of three-component GPS (Global Positioning
System) and high-spatial-sampling PSINSAR (Persistent Scatterer INSAR), we apply a
velocity interpolation method to intergrate both geodetic observations for analyzing the
interseismic ground deformation of the northern LV area. Our results reveal a decrease
of horizontal ground motion to the north from 25 mm/yr to <10 mm/yr, and a clockwise
rotation near the northern end of LV. The vertical velocities show subsidence in most of
the study area with rates up to 10 mm/yr, which may relate to a postulation that the
northern Costal Range is subducting to the north under the Eurasian plate. In addition,
geodetic strain-rate field and earthquake focal mechanism point out that (1) the
occurrence of normal-faulting earthquakes in the eastern Central Range is consistent with
the observed extensional strain field; (2) while the northern LV has large magnitude of
strain-rate, no observation of fault creep and relative low rate of large (M>5) earthquakes
in the past 20 years may imply high earthquake potential in the area.

Key Words: Global Positioning System, Longitudinal Valley, Persistent Scatterer INSAR
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SN

TERGEAALNEZE RS > BB SERBBRIRNE & » 7T Uk
BURRIAR » 2R4Y 150 A8 - WP T 4tmEng 24 - BUIERETRERtA =2
BB FREP R PR - R E R A R ERYEE . —(e.9., Yu and Kuo, 2001 ;
Champenois et al., 2012) » JTAERAHHE SRS T 1951 45 10 H & 12 HE3$4E0
{LE G HIZEF51(Ms=5.8~7.3) ~ 2005 7 4 H 30 HEFARFLETT &M T 10 A HIY
HFE(ML=5.6) ~ 2013 4 10 H 31 HAVE#EIZE(Mw=6.2) ~ F12014 45 H 21 H#4E
FIBARHIEE (MWw=5.4)% - H iR infdith B A48 B s Ry m PR 2 108 g - naEdn
S LLRES 2 %476 (Chuang et al., 2014; Lee et al., 2014) - [AHAL 2 B HIE . ] BEJE
JR AR %247 - Kuochen et al. (2004) 32 ## 3 2 7= R i ] (focal mechanism) &5 3 2=/ & 8 Hf
LTS By T - HAFSY 23.5°N DUIEAVHE S L&A IR = a1 IE 8T & K& =
MEEHE » EE4ERERIAS A FE LB R T2 2] 2 FE N BIREEFT A [E - BRIt
Z 4 » Ching et al. (2011)F[HFEE/KEMEEN &6 2 3B FRET) - BURKEA e
H RstaTt - AEAE4YI04E 23.4° DU LAY RIS Ry T g - BF Y MBIZ2 R de A FE B A TR
PR 3 R B S (creeping) 0 BEUR 4 7 FE B HY 4 R FE B 2 DLUB R R LR (e,
Champenois et al., 2012) » {HALESHIEFINERRIG R ZZ 28RS - BURILHe 8T g vl st
FAIN VR I

AT 20 SRR 2RI E R B FE R A W A E R e e I R 88 P DA S B g i
g - BT > Yu and Kuo (2001)fsE F &8 GPS BUHIE MR fC AR & 7 Iy it
FHEE) - (SR B Y R PR AR AR B4 43% AR Hie e RO R LRI » SR
SEsHt B g K B B A e KB e & - HAREE HETE )7 13 L R By
30-40 mm/yr [ = ALESHY 5 mmiyr o fE4h - PR FE EEHY P F 2 4t e g
Je FEEE T g e i » {EAEJLEERIR 26 70 B B V) e e LAY SR L (] Y 2 g
I o Hsu et al. (2009)fs FH IRE H(1993-1999 FE)FH¥HE25 H/DIE(S01R) 2 GPS 7KK
S35 » BURALIA e B g SRR RS /K 28 8l & 26-68 mmiyr 172 JL{m P 50 [ - [T
g e I 2 Rk 2R 5 R 22 18-35 mmiyr 1EIL{RPE 70 [ - iERE KLY 30 mmiyr /Y
RIS (BRI G 2R 82 mmlyr iV =737 —)» iE I B8 7 RS 1 2]
RE BTEN Mt T -

£ InSAR 1A » Hsu and Blirgmann(2006)7E ] 1993-1999 ERS(European Remote
Sensing)V# £ 5215 » FIFE Z2= 7717 DInSAR £ffi(Differential INSAR) A E ([l
Herrlats - SRR LB 2 R By M ALIaTT ~ TFEaFHaT AV » fRE
PHEYA 35 mmlyr - Peyret et al. (2011)2 Ik AR #7270+ PSINSAR £y
(Persistent Scatterer INSAR)EEFEAH[EY ERS 5245 » 45 RB K a G HER AR HIESA
5 mm/yr B > HHPEERINVA S - S5YMERTEAN(23°N-23.5°N) 8]
ZEESEE) -

%7 ERS 2 - HhIE A HAAIEON K 22 48% (European Space Agency @ ESA)
Ay Envisat 7 &2 & H AT E i ZE b2 254 (Japan Aerospace Exploration Agency °
JAXA)HJ ALOS (Advanced Land Observing Satellite)f 2 A fafEAys2 5 - Yen et al.
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At FeERI A R EZE LA (B 1) > Horp AR AG R A BE (U B AR PE (U FYER
SRR UL > SR IR ERE SRR R LR - DUSBESE T W LR HIAR
BREES LR - M ImSs Y NEA RI(EAE St S = H s - o35l R L8 %
AT 1L F P R R AL P G T H R s

B o PR R RO R S R BB R BRI R 2 AR I DL TR - B R P E [ Y T BT
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KoLk ERYEy 2T > % R e sy BRI E (1 1) - DUT 7 st 2R
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(—) K@ (MLF)

O SR A RO m TR o R S — RSB - (e I ~ K
BHPEE - FE Ee R 8 AH - AL EEEER - MEET S LrarHl - 77
iz A CICR A S 18 R IUILPEE A - Bl — RV St E Sy 1951 SE38 R RALiEESh
AR - RMERPY > LR SOk mET R A E A 2 858 > iR
TR ILEN & Ry /a8y B RV (Shyu et al., 2005) - S5AMRBIEIGIRHIE K=
&R - 15 oK mrll g B G 48 LR AR (A FRhE > 1974) -

(Z)&=EE(CMF)

RrFSEELNRFEY - ARG - 2ALRSHR 40507k - 49 30 4
B LR A S - (e EL(L956) 5 AT S B TR LT
F IS IV » 145 22 B0 - DRIk o S B S e 51 5
BB -

(E)aEEfEILE

e BT (VR E RGeS 1A - TS E SR - & 150 A - Dl
B PR TR R oy i B LR o TRt B R A AT E R R SRR (kIR
a3 R PP SCRT oy J VU > IR - SHTEEE - GnfEEns - e ROt E i
° M BT IR RBO L E R UINRPE &8 5 - AEIRE M A R et LB R S8 THER
JE MR TEEnE -

S8 HER e (LDF) L R e 2187 /e i 0P - JGREAEIEEI A L g ] Y S TR U ] o AEE fif
EHBEDEMREN (BT - 2008) » Ry ERVWETE - 2ILILEGE
[0 RJEL 30 N E - HF R EICRSEFRET RGP > R g LT TR R L
ATRPIRIEE » ILFH R EGA LRI ROR AR R - ISl mR s - RIE
PR BB e S AL EAE AT IR HETH A TSR (TR B > 1956) -

B PR (RSP IR A R B A - (A1 i op 22 T B g H B (PRSI - 2008) -
RE BB AE > HEABMWENZEE - ZRILER © 1951 F10E- 2 IERF A
11 A 25 HHVESEM: - ERmfEILT BRI AR R - 53 BIAL o LR
EAME A G i S g AR LLARPE R - RS (2006)F8 0 F B PR TV BT A i = 40
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AT @ AT — BRI RE £y 2013 4 10 H 31 HiFafEitiE (ML 6.3) » (B HZE=ENE
#5 H B MEm AT T 7Y T oL LLARERfZ (Shyu et al., 2006; Chuang et al., 2014) - i
o Jeg B o L LR e B 2 AH B R AR A R R 5T -

Z o R RIY FHRASEE AT
(—) PSINSAR BAE Y

IR A BT RS 7= oy T2 PSInSAR(Persistant Scatterer Interferometry SAR) /24t
TE— 2 FINFEHY & LR & EE (SAR) G Hh i & E A I 2 A = s EE(SNR)
HIGE » T Rk ABLHTRG(PS Bh) @ FHRFE SeBUN Ry oA RR 2= B T BAH L
B/ (unwrapping) » BIJAT {5 1327 2R - Pt PS BE78 B R s e
TRE T ENFUNIRE » Aaa ~ 35~ B FEREYS SN EYIEE - —fk
&t 0 PS BEAr B E Ry &I 7 A AR AR SR LA b > iR &R ot m] 22 5
FV T ABENAZR—ERVEOHRS - BREE L gl GPS Ik i E(e.q.,
Hooper et al., 2004) -

AL AT SAR s E R Ry 2k H BN Z2 448 (European Space Agency > ESA)
() Envisat DLR; H A 2o e b as ik (Japan Aerospace Exploration Agency »
JAXA)HJ ALOS (Advanced Land Observing Satellite) @i &2 - E 11§ ENVISAT £
{6 SR S By 2004/05/15-2008/06/28 (81 3E 45 5% Track461/Frame3123) - ifi 35 F 2007
2 H 24 H 2B (e Gt 2 I 22 4R R /10172 -528 22 309 A K1) 5 16 1fi ALOS
2o EIERH B 2007/01/12-2010/09/07 (81iE4R5% Track444/Framed60) » #5E5E T &2
% Fs 2009 £ 10 H 20 H(EER RN IEA 1414 A R[H) - Wit 2 B R s Y22
I ANE 1 AR -

FeMFF StaMPS fii4s 3.3b1 (Hooper et al., 2004)2 3 PSINSAR &} » iDL
GRS Doris RiUA 4.02 #ETT 72 0 FoPEE A T b ] DL AR i css SNAPHU
=S R HE TAE A7 (18 (unwraping) - B f& A E1E e R & 0I5 3R BT T RS5R
SIE ~ WUBEEE - WP DGRV B B ER - sal gt RE P& - +
AR S FAT AR K P Y S EEE S R B 517 (2015) -
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& H Envisat 81 ALOS Wi#H# 2 2 GUIERI ARG - BRI R ARG Ayt 2
RN LA e A BE T TERES o ABHITERFIRY Envisat 52{% Ryl (descending) 5=
FITERY > &0 2 pR L 1) e 2881 T B SR A P fa R (LOS BilsE Ek Ay 23°) » At LOS
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B {7 35°) » FiTLL LOS Ry IERIMRFRAFREAE NS » A T E R T - BT
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#1 A7 RGPS F R LA =8 - ERFRZ = 4§ L1048 B {rip 1

nh%4 BEAL &K Y | Ve(mmlyr) | o (mm/yr) |V (mmiyr) | o mmlyr) |V (mmiyr)| oo (mmiyr) | #EZGHFHE | &5 RS
BLOW CcwB 121.57 24.17 18.14 0.59 -4.62 0.79 0.93 0.45 2005.85 2013.58
CHNT CWB 121.66 24.15 16.49 0.80 -8.80 1.25 -5.99 0.54 2003.00 2013.58
CHTS IES 121.23 23.75 0.56 1.01 7.75 1.14 1.40 0.59 2006.26 2013.49
CHUN CwB 121.39 23.45 -18.71 0.76 29.32 1.12 -8.80 0.59 2006.05 2013.58
DCHU CwB 121.28 23.21 -17.98 0.79 28.70 0.90 241 0.56 2005.85 2013.58
DNDA IES 121.14 23.75 -8.47 0.81 415 0.91 10.79 0.54 2006.26 2013.49
DNFU CwB 121.48 23.69 -9.83 0.89 16.74 1.04 -9.91 0.57 2007.01 2013.58
DSIN CwB 121.40 23.63 -2.87 1.13 10.07 0.82 -10.33 0.67 2006.33 2013.58
FENP CwB 121.52 23.60 -19.96 0.97 34.85 1.09 -9.59 0.66 2006.17 2013.58
FLNM MOl 121.45 23.75 0.96 1.18 11.13 1.73 -9.07 0.89 2000.00 2013.58
FONB CwWB 121.52 23.60 -20.29 0.72 39.40 0.63 -19.28 0.45 2005.00 2007.08
GUFU MOI 121.39 23.60 -3.00 0.66 13.75 0.65 -18.93 0.59 2005.94 2007.08
HRGN CWB 121.41 23.56 -12.68 0.85 19.55 1.02 -13.82 0.73 2006.63 2013.58
HUAL CWB 121.61 23.98 1.43 1.68 3.90 1.50 -7.83 1.21 2000.00 2013.58
JPEI IES 121.37 23.53 -1.20 1.03 12.16 1.16 -12.62 0.78 2002.06 2013.58
JPIN IES 121.36 23.34 -15.16 1.05 33.01 0.96 6.70 0.79 2001.97 2013.58
JSUI CwB 121.42 23.49 -18.20 0.77 31.91 1.72 -1.97 0.66 2003.36 2013.58
JULI MOl 121.32 23.34 -0.28 0.63 14.73 0.58 -22.25 0.49 2005.00 2007.08
KNKO IES 121.51 23.47 -21.65 0.82 36.03 0.93 -11.43 0.63 2002.30 2013.58
MOTN IES 121.03 23.20 -5.37 1.20 -4.90 0.97 -2.02 0.71 2002.29 2013.58

CWB: g &5 ¢ CAT: fJHEL TE 5 : MO
Ve~ Vn Vo @ Sl EER ~ [adh -~ (al ERYZEREE > B (FHES SO1R)

Ot ~ On -~ OU - 7y Al BylAsE ~ [midL ~ (7] B 2R 7 B Y —(Ef554E 7= (one standard deviation)
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B 4 Mg Bl e AR S5 PGSR I
L1(H) AR R IGPS AR LAE S E C BRIPER 2 2 AR T 0w R fofh k£

e k==Lis KR | &5 Ve (mmlyr) |oe (mmiyr) |V (mmiyr) | On (mmlyr) [Vy (mmiyr) oy (mmlyr) | BEAGIFRT | 45 A ]
NDHU CwB 121.55 | 23.90 -1.06 0.74 8.00 1.04 -10.26 0.63 2005.24 2013.58
NGAO IES 121.28 | 24.05 3.87 0.90 8.08 1.17 -2.76 0.64 2006.30 2013.21
NHSI cwB 121.45 | 2341 -18.07 0.77 36.00 1.09 -5.53 0.67 2005.66 2013.58
PEPU cwB 121.61 24.02 8.65 0.76 -1.08 0.85 -4.00 0.55 2001.83 2013.58
PING IES 121.45 | 23.32 -19.18 1.06 37.11 0.81 -3.16 0.60 2002.06 2013.58
PNSI IES 121.40 | 24.01 8.63 1.16 5.07 144 4.25 0.66 2006.40 2013.49
S058 IES 121.45 | 23.32 -29.33 0.97 42.24 1.04 -3.29 0.61 2000.00 2002.96
SCHN IES 121.65 | 24.13 13.21 0.79 -6.38 1.01 -3.75 0.65 2008.80 2013.58
SHUL cwB 121.56 | 23.79 -1.67 0.67 21.17 0.92 -14.06 0.60 2005.50 2013.58
SICH MOl 121.65 | 24.13 15.14 0.56 -5.23 0.59 -9.47 0.48 2005.94 2007.08
SLIN MOl 121.44 | 23.81 1.19 1.19 7.81 1.23 -5.30 0.59 2001.83 2013.58
SOFN MOl 121.60 | 23.87 0.23 0.50 17.99 0.49 -22.14 0.44 2005.94 2007.08
SPAO CwB 121.48 24.21 18.82 0.83 -0.83 0.93 7.87 0.54 2004.27 2013.58
TUNM CwB 121.49 | 23.97 3.95 1.06 5.12 0.76 2.23 0.57 2001.83 2013.58
WARO MOl 121.44 | 23.81 1.81 0.67 9.62 0.69 -8.37 0.52 2005.94 2007.08
YENL cwB 121.60 | 23.90 0.43 0.97 16.39 1.54 -12.33 0.63 2003.00 2013.58
YUL1 cwB 121.30 | 23.32 -1.76 0.60 10.95 0.91 -13.59 0.43 2010.97 2013.58
YULI CcwB 121.30 | 23.34 -3.35 0.91 12.89 0.88 -12.04 0.59 2001.97 2010.92

CWB: thitg )5 » MOI: B+ Hsg 0, 5 IES

L RO R R ER A ST F

Ve~ Vn -~ Vu & 3Rl R AR ~ [dE ~ [ RSy & (FH % SO1R)
Ot ~ On -~ OU = 73 Al Byl s ~ [y dE ~ 1a) B 2E1E 5 &Y — (@54 72 (one standard deviation)
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SRAHE ~ BIY - ke - FIR R R E R T E R e A LB SRR

(Z) GEHRPIEES

FyldiE PSINSAR BUHI 7 #3REE) » IV RE R PS B BREAIFRL
SAR SRR > BN OIS 2R AR LOS J5 [ 2 S HEE, - |t
PSINSAR £ GPS EUHME W IEAEE—SF L4 > By 7 bhl R R 418 M S
5 FRiEEE - EEHERENILE SR - ZEIUER PS BiAHE R
[ 5t ER R (18 2 K 8 3) > FRAPTEESE T AL e A i s FE R 2205 NDHU {05y GPS B2 InSAR
IS [E] S % [H BE(E 4) o fH NDHU A AYE BT ETE(H] > A0 % B s
] S BRTE R B B E AL A AT B B R Yy 2 ) o

6 5 GPS Ei PSINSAR B HIEAH % NDHU FYSE35 3RS 1S o EHif GPS /K34y
BETRMBETE L RIS IIREI DL 25~30 mm/yr 2 B pE IR E) - AP
TERAEARIMER 5 mmiyr > (RIFERVEL N ES kAR A B U T 49 20 mm/yr fY7K SR8
& o 50 HEHE~23.7°N DIIEE s 10 mmiyr [sidE - a4 T e b fEE
17 (~24°N) I P 5 5] 5 77 LA 10~20 mm/yr (Y ZE[E 748 - Chen et al. (2014)FH7%
fj(campaign-mode) GPS &} K BRAG 74U (block modeling) 73t 2 i 1Ly 2 42
1 - PR VE R LAk PE I A R PR R A 24 1 (S A E 3 T R dy e M AT R IERs £ e
LG BB A SR kRN B B B E 6 RIS 2 - 559b > Chen
et al. (2014)5% Fy PE R 75 R o] BE [FIRF i BOK # & 3 R AR @I nyar - tEillE 6
PARAELY 23.5°N DIAEZ By FEE] T i b A SO R da T+ GPS = BB =
V)& o

Ky T ¥} PSINSAR £ GPS BUHIE T — 2 » FFIER T = GPS =2 HE
BERERE > LOS HiA L

GPS

U

GPSLOS:[ cosd -sin@dcosa —sin@sina} GPS, |- )
GPS

N

Hra B 2R TR 717 2 J7 A O ir A BE AL EE B e 2 /A1) 6 F LOS
77 1A B SR EAGR 2 A o AR AU WA 2 Envisat 81 ALOS H 553 7
B 1 Envisat » a=-167° ~ #=23° ; ALOS » 0=-12° - 6=35° - [& 6 TV =AFEEEE S
Aii% % GPS JHIIGRY LOS ZE[E(H » 45581~ GPS Bl PSINSAR Al ith @8 K 2%
—EL > ZFELILE 5 mmlyr > MEA/DEHIE NLE S R EEEE(GUFU - [ 6a)#lz 5
/e LR (& 6b)AHEHE A [E] i EZEEHY GUFU Ihiy GPS BUHIEFE(EA 1
1F24(2005.94-2007.08) » HARMEKL 1 £ 2 i HRVERIZERR - AT 5
B DIEGZUEHY GPS S a+ Rl A - 5550 » 2147 (2015)547~ ALOS HyZE
FEEUHITE =T 28 g DL e R L IR R aR 22 (— AR Z2 1] 22>8 mmliyr) > TJEE2
G RV E 6b Hr L& PSINSAR i1 GPS DA S R YA -
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Envisat |
L L 1. |

202N A

239N

238N kL
e ¢

PEY TR e w7 £

236N

235N ol
2aan T

B16 GPS 22 PSINSAR #Lip|2 # 4 & $ 3 = B2 - B A 4 & Envisat 22 ALOS e
PIFEE > F B¢ 4 PSINSAR #1ipl2 # % LOS it & o o d 212 & H g A v
R4t GPS AP A B4 b NDHU 2k T2 -2 i & > = & 250854 Bl 4
Foiekbz LOS@ & i o n8d 4 %43 LOS = b 21Tk » 44 4 N4 Bahr
% o

R
() 465 GPS B InSAR BRI HIR= 4

FHPY SAR # 2R A HEET = E(~60° » & 1) - HETH¥HREE ISk
R Ry BURL > IREAEGR D /KPR BRI AHI T - IE(EHY LOS ZRAH, #fifthe Rybth Feda Tt (5]
B - K2 ARy N LR 2 A E)) - B/ EED 5% LOS 2eRA —E R fE
s o BRI S o (8 6 thLE S EEAE Envisat 81 ALOS LI EE A A [ S, 5
2 ¢ A LOS MRIE Ry IEMRE AT E(E - H GPS BIATRUNETT - BN i
16 ] SR e /KPR 3 ) P IC PSR Y Envisat $2 (2T AV IE(E LOS #AR (Biia
FHEIED) » S B R ILERfRAY ALOS F2 {1t ik =AY & m) LOS 2B (8L A
(&) - FEE I AR E AL e R = 8 A LUAR A& (~23.7°N)

Fo T EIFIEEL GPS =41 &8l InSAR 2 ] HUBE R AV HIESS Btk A 38 {1
GPS ik - AL Envisat k2 ALOS 73l AJ15-%] 55332 1 95819 {EAIREEL) » A5
B a4 G s TR B R A P2 i M 3R = 4 RS 5 22 F LB 53 AT » Wang and Wright
(2012)F1 Walters et al. (2014) {4 £ tH S e ERdgk o i 26 = AP aghs - I Rl
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S ~ FEERMEEL > RIGERARIE IR (GPS = INSAR)HYZRE v Bl
At 2 —BTREHIERRE va, vo, va RIVRBE R AI R Ay

v (x5, 1)
V(x’J’):[Nl N,  Ny|v,(x;, ;) @)
V(X3 73)
Horp N B URTRE (e, v) RIS @ (EIERRE (x, y,) IRV IR e/ (shape function) :
N, =ai+bl.x+cl.y, i=1 2,3 (3)
AN eSS 1
a,=(x,p, = x,) A b =(y,-v,) A ¢ =(x,—x,)A" 4)

ARy = AR 2 R -
TRIE DL 48RS 75 > Wang and Wright (2012) L R3S AR S L & BB =
TEREL

sar  sar sar  sar

w.G.. [m.]=| W,.d4, | 5)

k’V? 0

Hfim,, GOESEHH I =080 G BG  I55]FE INSAR N1 GPS AHEAHIRE A
PRED s Eﬁ/EJ!ﬁEﬁﬁﬁ!ﬁE’ﬁ/HkLII%ZLAE&Hﬂ;ﬁi HREESERE LOS JF Ry LEL ;
dsar 22 gps Jj/l:J‘J/t?I InSAR & GPS %/EJHE,]}E)_@{E k2 %ﬁ%”%%ﬁ!ﬁ‘%rqz/ﬁ
(smoothing)fZfE VS » DIV s sl B g EBLREE A aR s » v RirghirEE 1
(Laplacian operator) 5 w,, BiW, Fll53 AR PSINSAR Je GPS R EEAZEAE 72 VT FY
FE 1 B FE [ (diagonal weighting matrix) - 7 )b HVURE B8 (B R AR 22 Y (318
)R G m=d, » BISEIB = 5y BT A A A R
IJefi# (weighted least-squares solution) 28 FE 7
r;lvel = (Gv]\;GW)_lG\ZdW (6)

8 B N e R R R A o D U L= DA 3 I s o i 2 9B i i
TSR AR HEE(0.06° % 0.12°R %) - SHEN » JuBEFIEL Envisat kz ALOS BUHI
RFfEIE AR GPS el P I HE TR TR - PR S U457 )58 Envisat A1 ALOS
Z LOS MGG S - M RFE I P SRR B2 BE(NDHU) Y 4R 5
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(a) Envisat+GPS (2004-2008) \- (b) ALOS+GPS (2007-2010)

242N ~ | g . y
N SN
I o | ~e L
24.0N- —_ . ) /._[
<« | A o
b 'S oo
23.8'N- @ b |

23.6 N~ ) I

23.2°N - l

| !; N

M7 i * (a) 2004-2008 # GPS £ Envisat % (b) 2007-2010 & GPS $1 ALOS jiw.if] 7
MBS LR RS FIB R FFEE S AR L S KT L
@R A AFEL iz d 2124 BEERIA B 5 GPS sh2 gl E kT
B oo

T RURPLEAVEER o & T E(EETE R FERY A (EE - JFETESENE
d!, (f1F% GPS £ InSAR)EATEHIE d) Ry J7H9HR (root mean square » RMS)5E 72 fy
CHIRER

" d-d )
RMS = \/Z’ﬂ( o) : @)
n
B n BEEEREE - §REUR 2004-2008 EfH(GPS B Envisat) 2 fE& RMS £ 2.5
mmiyr > 2007-2010 (GPS i1 ALOS)HII458 5 mmiyr - Hth ALOS (R E G5 R g
FYLLITE SR REERE » PRI =iy RMS {8 R i HABE S AR I -

FR S BT 74 DU R R A= S R et S REEE - [T GPS HY/K PR SR A2 L TR
HE/NRZE 1) RELAEERR KPR E T EAZ 5] GPS BUAHE RS2 EH0K - (B 7 5
IR S B LU GPS G AR & S st S Y EfRE /K P BN L GPS BRI S5
(& 6)FHAT - RELDA 20-25 mm/yr [mPHILIAR AR S 5 10 mmiyr > F7Y 24°N L4976
AT LUACE Ry 5-10 mmiyr §HEREF » Bl —2 - B E - = GPS BUIKY
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VAL DAPE S rh gLt » HoK S ey s Elia Fy 2658 > {(HREUE 23.6°N LIRS &y
SRR ] H B 7 DU ZE AB 7e A8 BR A A S )y - S T R DABS A A B IRt )
IR R s -

EEEHFEHEE L - B SAR &2 BN A5 mFEr i3 A4% - NIt
EAIEEET 251 PSINSAR EUHIFR (L T FZAVE R - [B 7 SRy B DU 2 LUAR
BRI AT 23.4°N~24°N % 23 5-10 mmlyr "R - {EAELIF R ULAA 10-15mmiyr $5
Fo 5540 LRI IR 22 A S W R i B 7 DA 15-20 mmyr Hy$6F By - Ching
et al. (2011)%3#fr 2000 42 2008 42 &4t 1843 {[Ef52 /K AE N 2 HGEL 199 (& GPS
HENEEERL - fi5 TS 28R B AR T 5 SR80 Bl Su e e = LAk
faFt > MPEERRE L LFF RSN i » W R R0 E RGeS Fy N Faim s A fart
IR AL 7Y 23.4°N-23.5°N JE » BAFR{FIEEHAYE B E5 8 (E—2 -

R TRt AL B EE E M BN > Wu et al. (2009, 2014)FR% & /& HTHIE
SRR > R A B R NI EER R SRR T B (R A B SE R A
I WAEM A ILER AP IEFE T R G 2L EE 2 T RIEE4Y 23.7°N DUIEAYEFELL
AR OTRE /2 (EAERS G HAVIERZEUBIRIER —3 - S (AR n] s B R LIARIEERHY
TEB ] e R R G HVAE R - AE R AV R B HIRIAR SRR 1 DAFEF F = - 55
—7J718 > Huang et al. (2010)f{s A 58 4 2 ko8 14: (viscoelastic) g #i i /A i R 2k e &
2=E T ELEPE E A (Hsieh et al., 2004)Fr{5 > 4 it = B 2 S 3581 1992-1999 117 GPS
WS > GSREUECETR LR T2 HER 20 A% > MHEYNELT 30 km &
—PaEET R ILEERIEA 35-55 mmlyr Y&t BRVEIEE > WiEHAA IR T
Fea i By m] BE B L4/ Mg fig (offshore fault) YE VT2 HRH LS > Chemenda et al.
(2001)£:2 Bos et al. (2003)573 HIIF] A /D AE LY ALY K s AR BRI 2 HH S (E P Y N
EnfEiiF1E - Wal Ay B EEEEU IR s Ibr 2 KRR TS -

(Z) HhRFEE AT, Bl I 7 B R Al

R A2 EIE B AE PG & 7 AR FE SR RE (strain energy) » K/ NERESE K T 5 IE
b (e.g., Chou and Pagano, 1992) - [A|[H: il Z= e 8% (strain rate) fIi X AYEE & B R R
BEVIR A - A o] R AR = 88 A 5 (e.g., Ward, 1998) o FH e 8358 oy B
HyZ2 iR RIEEFRFILAE] 7h o ALOS Eil GPS LIRS 5 Kl -
FH e st N\ S oRE T B B & = A4 EIEE R A/ N T ¢

b= (6 +6,)+ 5 (- 8 oo 2(a- )] ®)

Hort & Ry R ARG (FE L R A% B Ik 45 (Daseline) (SR 2R » o R FEERIVITALFY > ¢,
Ko &, Ry R R/ NFEIESEER - p ARy R FHES Ay 50/ - HfRE 7b 248tk
FY =BRGP (i = FRALGRAV ISR > [N bR (8) =\ I R L% 48 MR ~P25 L
G~ &, KB

8a TR FEEISY EREEEAR R/ NTT A AR SR Ao - Hrp {8 RS
SEEIYEE N8 (second invariant - /2, + e2,+2¢2,) » Ty i JE S BLET E S (1) 44
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FIRME (e.g., Kreemer et al., 2003) : [fi[&] 8b HIIEE T 1995-2009 FHA A HA = A Hh EE A= T
FeRE TR (Wu et al., 2014) - S RECHIER Ry ml (isotropic) Ak} - RiHhF 1 e s 6
F-FE T 77151/ —%L - Chang et al. (2003)LLi# = & GPS BUHI K 5B M4k g 8% 77
[F1] Ffr Y e S22 AR 5 BB £ 7% (borehole breakouts) K st s RE A% Gl TS0 ME 1 5
5] R AW A — BN ZE M AR AE - [ESh > Hsu et al. (2009)F 1999 £ &=
ARy GPS RS S EIHNEE P IR W] B R HE AR Lt 32 3 FE S B A [E] 56 FE Ay 5 1) 45
SREURHN R B IR LY A E ) T [ FE AR b o ARIB DL EAVIRSE - FROPMEGR
e I R D} P AS-AY  HE 88 7 1] E ] S e i R R A e o T B S BRURS o

(a)

| ; > [~
[ /1‘/\ /< Extension
23.40™ | ¢ —+—— Contraction
= 5 [ )
=gl I 5 pstrainfyr
- ! -
i “ T | Q.
s 0 1 2 3 4 5
Tt 2" |nvariant (ustrain/yr)
_ [ 2 f) km /-
23.20™| { L F B
Y 0 10 20 ‘- )

P T ™ I I T T I = B =
B8 (a) ¢ Bl Th i Bk TiE Bt B bt (o d B ) e Aol (4 B )a ¥
o F B LRI RARREIER N - AR VAL G BEE T
Jo % iAoy o (b) 1995-2009 & FF A4 352 12 & A (B 2009 & 155 4 34
G HAFA T et BRI R(BATS ¥ RBP4 - s B¢ jh s
AR AR A FABER S R A &S RIS H TR & 457 ehs & (Frohlich,
2001) -

el 5 23.6°N PAAGHY T SR LR 3 22 R e AT 7Y AL —ER e ) il 5 (extension) A
RE - EEIEER AN IER i E R E T & - Bos et al. (2003)317 578
il 1990-1995 Y GPS ZE LS » f5HI b A PHIL—AR B R {FoRAY EEEA > Th A fe
AT REA cF o LLFRER T F G e e (AR it R EE (exhumation) A 88 - Wu et al. (2004)H1]
SEPR 1999 FELEFEIR T 2002 FEfEAE TP R IR MIBRAG LHIRET 2% [EET R S - S8 RIS
ARE SRR R R AR T e AR AV R PEE B AT IS R - AR EUR I Y
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2004-2010 MR AEE A UYL R (R SR ESE 55 - DAL R e B it s AR e
FyfHRR - BRI S 7 23.30~23.7°N 2 U4 3t A7 HARE(>5% 107 yr) FLA/ IV
Fy fifi R B2 4 e (contraction) 1 e SR » RS U EIAYE VBT Fe @R IR - &
AL T 2 BRI R Y LB na AR SRR A R Y E A E A - (EfS e
B HEZANIMERHE I S YRR (8] 8b theZfHy R HEA M) - [HNG=
HFRTERSESTE - BUR LSS e i B B ERRE © LA 20 FEAR(E A B
AU FLEVHHERE » HRHY & 2013 £ 10 A 31 H Mw=6.4 {yEfE = (Lee et al.,
2014) > g L AR R DRV TR AR R AR AT RE M = A R VR -

T~

Ii~% @

BT TE B L B M ST iy LB TR S R R S E B I BHE - AR SE 43 R
{55 F GPS BLHI& 5H(2000-2013) Fz 7k A Bl bt s iz 7 45 T35 R i (PSINSAR) B i B 7
Envisat (2004-2008)§1 ALOS (2007-2010)f# 584 5 A fE HURF 92 6 3 N Y 22 A e - 5
FE GPS =4y R ELHIEL PSINSAR =2 R S (BEL » BT = Aaara 4
T ARG S BRSNS E S A S DR S g FE e A - S5 RER
FEEHAMEAIEIH(GPS 3k NDHU) » 467 Ko LRAEL DL 20-25 mm/yr Bp5 L iEE)
A AR, > (EFEEELUILREE R 5-10 mmiyr BHERES - % RS S LIRE
23.49N~24°N Z 5 5-10 mm/yr 3 - HeHIL i o] fE B E R BRI A T4 2B
SR RE o BN o HIMH R T 23.30~23.70N (4 A HE E BT A A E A A
S (>5x10° yrt) » i F3@Zs 20 4F X LI A W (BRI A AL HTHIE » 4
S T E S A B A T R S S T H S B

® P

SR B EEENE S SR AN ERSER - PR S R I
O~ RO FAZE b R LR RS2 ~ PECERER 4 48 b0 R AERTH48 GPS BLHIER! -
LR S R R A Y B 4 (BATS SR LT HIE R - DU P G5 G245
MOTC-CWB-103-E-02) i{ T b fH% 3 (5122 4555 103-2116-M-008-015-)F2 (HLhff524%
WL 1L —OFEGH -

34 R

{A$0RE - 1974 > [CHEOT RS ER Y 08 - CEE&T]) > 128 51

39-47 -
BR4CHy 0 2011 > (FIFH GPS BLHIERHES GIbhE 2 il ) » BTy ho ke

Hh BRI ST BT L3
BB > 1956 - SIEEREERLIRE - (ZEAHERETATE /3 - 5

39-63 -
ZI=4F > 2015 > (FIFHMER T E M AL LS )+ BT R g A,

BRRLE 2 E A5
BSTLLL > 2006 > HbEEHYES 07 K B e s T T B e i B ST
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sTEEEHE) - — - REERZEL I EATT - (SR ES St B S A A R AR
94-08 445%) - H 93-96 ; H 103-125 -

BROCLL ~ Mg IE ~ BE—8) ~ B8k ~ &S - =RElE - MBCC - PREDRE - GRERE -
BIEK ~ Mo - AFEAE - BEF T 0 2008 » (e EEAFTEL GPS ERHAR Mt e
Erfgny R o (SUBE I ERR AR T) 0 55 20 5% > H 165-191 -
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Ant Colony Optimization Solutions for Logistic Route
Planning with Pick-up and Delivery

Eric Hsueh-Chan Lu""  Ya-Wen Yang’
Abstract

Recently, with the development of wireless communication and popularity of mobile
smart devices, there are something different in our life. People normally buy things
online, because it is very convenient to buy anything anytime anywhere. The change of
consuming behaviors produce raising economic profit and there are a lot of products
need to be transported by logistic companies. Meanwhile, the researches on logistics
have attracted attention. Among these researches, one popular topic is logistic route
planning. Although researchers have studied this issue for a long term, considering the
limitation of logistic in reality, this solution cannot directly solve real problem. In reality,
we need to consider capacity of vehicle, requests from customers, etc. In this paper, we
want to know classical Ant Colony Optimization (ACO) is it can efficiently improve
routing result. To compare with it, we use a concept of modified ACO in VRP. We use
this concept and apply it to logistic problem. After experiment, we find that modified

concept is not suitable in logistic routing problem.

Key words: Data Mining, Location-Based Service, Logistic, Route Planning
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Vs EHE MER FR AN E S BIRIERIRE (Traveling Salesman Problem »
TSP) > TSP B ANZ HIVERAHR SR » MR ZOR DL —ER S > FFahse e
Hyihig » X [ofERENVFFREAE R R iR AR o (HAE s > R AN &Y
B EHEATRESEENIIR S SR A DL — R SE T A B E FE LAY EE 5K 0 1 TSP
e HEREHRE - B/ NHAFSIFREE > AT H S — (SR A B R Ry
HERPS AR E(EE (Vehicle Routing Problem » VRP) < AHE > TSP » VRP FREYTY)
JREENVRESK - RN B BT 40 & i ZE MR AINTATIR T $ReE—(EFEEhs e
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( Exact Algorithm ) FIErZ¢=EE A (Heuristic Algorithm ) » PSS B A AR
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141



[ - g Bz TR R SR IUE S

RETE RSB DEREAE TR  GEEER)ER)A (Simulated Annealing ) ~
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TERRBIHE T YR R BRAVERE - 110 B AT E R8RSR AR T =0 - Rl
G o IRFIMOARFEL - HEEFHIR BRI HElRE K T &2 R A
A WA MRS B BT » RREBGEFT K IEVER T - ZREZZF A
R DA S ZE [ e S 1R P IE L R Y B RS -

FADL B > IR T b E B A YR R CHR B R - R —(EEEE
FFR RO AT EVHVERNE » B SR TR N - F i sE oA
e REHEE S SR T EARSS » FTDUE BT B Itk - v DAE A ER4E B wth
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5y B =R Sy Rl e Bl (Traveling Salesman Problem » TSP) ~ Hiffif&
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FrA & PR [AFEIE E > s/ MEFESHIEF AT M aY 35 & B 44 EheE Rk (Karl
Menger, 1932) - TSP EL4%4%56E Fy NP-hard RHH » FEAYAY R REAE S FRAVHE R A i
AR » FTLART 2T E AR (UHED AR TSP - Greedy Sub Tour Mutation
(GSTM) Ry UHBEDEN—HE - BT AR EREE AL M - iR/ METTEE
FEEE By H AL TER IS FR £ ( Albayraka and Allahverdib, 2011 ) - Combinatorial Artificial
Bee Colony (ABC) Z#A GSTM HYEUHEE » FEIHE A F GSTM # i FHEH
=HAPAT R (Karaboga and Gorkemli, 2011) - ZAMAE B A EF » EEGINILUE T
FEETEAY » PP RS RAl 5 vl EEt s BUARE . Asymmetric TSP (ATSP )

M - A n (% SIS EE RS & O(log n/ log log n)  (Asadpour et al., 2010 ) » £y
TEERCER R ATSP i - EEiEa i UERE - i RIRIVERERV AN —L
(BAEERES » R — D IERER (Xing et al., 2008) - 7 TSP [ 145 H/RARAE 77
R 2 RS - BT SEREEE TR E R B e — R IR Y I R BR  » HE T PR ZRER
FT DA A (Lysgaard, 2015)  A[fE » TSP Alfie 5 EHEE Y A B R E T

FENFERE TSP HIFRE] A Z E A& AV E ERE] > (£15 TSP FERTH
FHRAVER TR » A —ERES 2 B IRAVE R B 2R -

(=) HERRRKHHEINRE (Vehicle Routing Problem » VRP)

BRSSO &8 ( Vehicle Routing Problem » VRP ) & HF2 R - Y —Fd Y
FEEHY TSP SRR SR EIMRE - VRP (YHIVEHEE T EEEH T - 72
H— 4R SR FT A RS ISR G o REN/TIVIRFTET R F 2 B B AR
VRP-{F Descent J57AF i (EAVE B A A BEEGR KO DR EE T8 5=)%( Osman, 1993 )-
FENIRETERN VRP » GEREH N REREF AR MRS (Tunjongsirigul and
Pongchairerks, 2010) 559N B 2N sEE T HH EARCRN 7L » G2
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BEFEFRCE (Chen et al., 2012) - (HE BRI EYR th ol s HIR L B EIIET - #EH
WA P B R — P ER A 7 A RE AR L RTRE > AR E S I — P R B AR T EAS BT
WP By J57% (Lim and Wang, 2005 ) - fff s EEE RO R A 2R RE R ARE AR
figgi it VRP [5E (Li-xia, 2009 ) - #fE#R VRP E4CH &7 M Ry # S 8EH - (=
AAE R BT NI EYZBE T+ - EEREAT - (CEEI BT
YN Bk - HUR METREEIIARTS « RIIL PR SR S %% &0 AEY)
TSR I [EIRF R R E A BB RAYIR R K -

(=) ZRWENEHEHRKHERIE (Vehicle Routing Problem with Backhaul >
VRPB)

SIS AR K H [ ( Vehicle Routing Problem with Backhaul - VRPB )
ZEH VRP [ > FFEESEEAHFEFRKNEE - F8E—HEEF0 -
e ERRHINEER DR —sH AR KR S5 » VRPB & & Bl R #I Y
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SVRPCB ( Battarra et al., 2015 ) - ZE{ft VRPCB » 6 = ikl 75 8 f R SRR 1K
HHE > 2Rk T —(E R —EeAYE - VRPCB with 3D Loading Constraints( 3L-VRPCB )
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JEF 3. Vrms4EE (Logistic Graph) :

G, = (V, E) > V, E(XFEE84EE FrVETREEES (Vertices) FIESHEE (Edges)» V
IF AR R R D 1 e M AR BRI S REBEAR L - V = { w, d(@™)), ..., dg™),
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EF 4. HEHig (Vehicle) :

Hig v REAEYINVEEE - A & HIEREIRS] cap(v) - BHEj_EATESHEIYE
MHEE Fy G G FFE e IR A (1) -
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EFE 5. Y (Logistic Route) :
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Ingd - 4iAF (2) - Hot ED(p, 9)(F% p, ¢ ZERYJCHLEERE - 400E 2 Fior - SRS
Fr<w, g3, go, w>IFF » JEESISAA Ry 30 +20 +44 =95 -

m—1
5(p) = ED(w,g,)+ Y ED(g,.g..,)+ ED(g,,, W) )

i=1

- )
63 AN
- ’ I \ ~
- e v -
G Start  Dest Vol ’ ______ Y PR TR ‘
- ’ L e ¢ !
w d 4 R 55 56 a” -
81 1 VN Tl Tl ’
1 hs ’ [ _‘4 ]
& w d; 7 TN RN 70-7 L 3(-']
] -
b >< i " .
p - -
83 w dS 5 '? "<‘6 - \‘ﬂ.‘ 33 \ '
- [ - ]
d 5 : e - 1 © s i
g oow LS S SR
- ~ 1 i’ S~
gs dz w 8  (Ay}----een--n - t\'"SS"‘:‘"",L ----- 1w )
~. N ' J PPty
86 dy w 2 el “\ 1S - U
30‘\‘\ \\ : ," _’-25

F2 5 ol

145



AR SIS

PRI F 2 - IR AR G, - B LS G RS O LUK
EE v R AORE] > BAPIHIRFERAR B — REC R AT THIERAE 01, 02, ... 0 * BET
TEATEEY g € (GYUG™) HEIseaR » BB aTAEh b (AR B H A 4B
KEvisism K@) » BEWFFERHIA B4 TRIRS ISR - DUE] 2 Byl » AEIFEGER SH
TR RRAS » 750 v ESRAE AR w 555 gl g5 » HHERRSERICE ds TR g5
BEEHIME dy [ERSHCEE g AMIER g0 FIE da CEE g5 » BB AT w o IERRSAS o)
=<w, g3, g1, 84, 5, WA Ry 30 + 64 + 0+ 26 + 58 = 178 - 52l iE &R IE%E > T T
Bt 5 o0 FIUCES g6 PEEES — RUP/Q IR v 1E R w S 159 o HEHSIEHTE &
BLE oo » BEEATRE dy U0 g6+ BURIEIATE w o BEIRHSTE 02 = <w, 2, g6, WWEA Ry
25+ 56 + 44 = 125 - FrA BV B SEREE N Ay 178 + 125 =303 » 555—4H#1
EIREACHR Sy 01 = <w, &2, 26, €15 &4, W> > 92 = <W, g3, gs, w> > (B ILAHARAERCAC Sy 369
MBS —dH AR ARy -

o~ 3 ;‘é

FEARFEE T > B 4ERTR L HVPIR S (AR B 574 - RS SR T
J&— il NP-Hard HYRTRE » SAIFE AT REZ BRI A > HRetH A (DU (RS A B e Ry AT
FHIEEEE - (B R RHEFAER b - #iH 505 (Ant Colony
Optimization > ACO) SZ2&LH s A NP-Hard i oy — K BB 0L > BLNER
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(2) XA ACO HybtZEd - {58 FH R H punyaRITREERE - (5 RE S [#5iE mAviR
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