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FllB & 2 R EL B M(WHOM ) Tt | FF R > DY R ET 2 A%
LR AL B OIS > FREEAE S LT EORFTERY ETE Y g% 2
PR - EYF T AT AR AT RS SRR IR BRI ST ARZ TR N E R e kY
RREE R A P PRI R PSR F- BT RRAIRMAUE R LY REER Y T
Eh R EY c A% - FY > AP RANA T IT RN EE I E S REF ISR EE
FREIFY 0 AR ERRET G R RERERIM G ER o F S BN AR o &

FoEY > APRANRFAOTRENEE R LSRN ERRAR S ERE T kL IR
B~ (U AT G SERE m%%wb%iﬁﬁﬁo%&7”’éiﬁaﬁﬁﬁ&%?’ii
PR R ERFRAR - E R TBA R ARE DT T FRASF R AT
WFER o

MAEP L AUE R R AR H R B R a4 T

1L =344

m‘j—fﬁw Pm(mformatlon and communication technology, ICT) A ¥ j&_2001 & 4= F4 5 B 40—
AP ZRFFEAAFE > % ¢ 7 N S8 % (e-Taiwan) )~ T (78 5 %354 (m-Taiwan) |~ %
B e A é*L%(U Taiwan) ; % » @ S 7 E 2 24T Ad# 2 £FE % 5 2009 £ 1 2012 &
z. Toprg L4 (i-Taiwan) | %A R PRIA2ZE B30 R > %ﬁ‘ﬂ YA ELFTRE > LU FET
ARF O EFAEERE AR T2 2 5B F ?éi);l 7) e > R 2 2010 # 3 2015
£2 Tl g B> % > F S EFRFBERRRE PTG R o TAREEE
A2~ EREATEARNIRE  MBE A BHFAE A o s A e Z RRRE S S Aphfak 2§ o
R AEFERE O MAERTEGL Y > T E RO T U NAH 2 ETEK o RRY NG
2w RW(WHO) R & » o 415 %30 1903 £ @ fhig 4 v eh 7% & 3 T F &1t 42 ¢ (aging society) | -
2010 # 4 a4 F A v n10.7% 0 FE i 2017 & 4T EM-F A v Az 14% 0 i~ T B bt ¢
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(aged society) 0 FE e 2025 & 4R RS- B4 v AZiE 21% > s ~ T Ag 3 #2040 € (super-aged society) |
Peeb o SEFRTRERS A FANREBABRL R A AR ERT ST gt 57 ‘fé”ra‘%r"s ’
gEANAFEEaTE SIS0 R CFTBER G LARKE R OF NS 2RE AP DR
?g—om@@;4z&;%&ﬁfiﬂﬁ%mwwﬂmﬁﬂi’ﬁa?&aw%fﬁ%mﬁi
AAEF 4 Ao Ir B - BB A OERE MR YRR R ER R Fo
ZH-BER2-FEEFIEFTOLERE BRI ORPFLE R FE O LRI -

BEARE R A RA T RIVERET - 0 LR APSR O Y CERE e L~ A £ Foeg E (Saleem,
Muhammad, Martinez-Enriquez, 2010; Wang, Shi, 2012; Shoaib et al., 2010) » 5|4 : 2001 & & K #%
BIRE AR FHEE - #355 B EAR GBI f 0 HERYRp AT X HREE P > ¥
EEFSFIRGE 2003 e R @A o F TR R RENEIAE R E o FR L
Prc o RTEE X Mg R S A E o W R L 2 BAE R 0 Al EREELRE
2005 & p ~4% rg@xwﬁg;m EERUERE CBRBEE ~ BERFIRIE 2007 £ 2 RE D 2
Rtk i efrpr miEl P FEIREFLENNH: L3 - L4474 ~R2RFETHRRF
ﬁﬁ»i@*“Ek%ﬂﬁﬁi’ﬂ%%%ﬁ‘%ﬁﬁa‘ﬁﬁﬁ%ﬁﬁﬁﬁﬁ\iﬁégi%
BRIt o o4 2006 # At de "85k U-Care #4534 0 | F 22 DS A AE S
PREPRARE % ~ B RREIRIAE X ‘:’L’?féﬁ@é)aﬂzzﬂ‘ﬁ,) v Fods Tt A LY B
2 igpERE(telecare)i - M EALFREF B TR BAEIRIF T AR ST 2 T 5 R RS
TP ERERS FB%,1?Vﬂ%ipﬁ¢ﬁ4wfﬁ%£§¢’%ﬁ;ﬂaéw\ﬁﬁ
%mng S RMATIREY HT R A RE o wATRIEE R REIRIIRIEN ¢ 7 BRES A
B RIRA RIS it R CREL I - N A AR Rk A SR ﬂ#TM EFEfEE
éﬁi EPEREMpm o ORI EFFE - LA Baped > RAFH ST > =
B R REIRIRZL R

K

4o

uﬁ; TR F ks SR TRy - BB g ‘—iv“gr:}jg(dementia) v & E G 10%3 15%3s
B i sk (mild cognitive impairment, MCI)%, € FE LA %,—‘“ o Ry iz ¢ 2010 £ T 2060
ELFACRIHELY DRRAT L l“ﬁ&;*i’ﬁ AR P ERE 2 AATRATE R TSR
Tl SHREELIRERTF 65~69 &k 5 1.2% ~ 70~74 f& 5 2.2% ~ 75~79 & 5 4.3% ~ 80~84
P 84%85~89 fk 5 163% 90 g b 5 309% BT g EE - AFEEGTFEF H?Eﬁf s 1L
ingfg 2009 # &2 2011 o F 2 A v i o 2009 #4ais 3 2060 &£ £ A v EE62F A 0 R

B 2011 &4 s ehiE s K X (L g@ AR A A #gs 10 225 62 4 > 3 2060
£ #3280 F 4 o Bt TR B Rt ws(WHO) 2 T ARt 0 A AP A B e 16.4% 0 & £ b
BA O @RBR AR D HER R rﬁﬁ&iﬁ’ﬂﬁ&i%ﬂfi.&% Fleef s~ o~ T RR AT
PR I RPN R FAERRERER Y TS RG . A AR
Lf i -

RputETE R e EEARY > AR 7439 - DR F T8HHL /g wx:
2o WA F R LA S b > et L B (A geo-social network-based outdoor safety assistive
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device for elders with/without dementia) ; @ * X317 (T 2 g/ 2% H2 = % 2 er &
BEAAMESR ATV E THHA TR/ SR UE ERAF S AT AFAF L TR ER kR
(A wearable exercise tracking device using the geofence-based power efficient mechanism for elders
with/without dementia) | #-:&— # 4 & 4 Fp/435i 52 R BAE Wi p 4 g » REE8E %45 L4
EEs 2 Y o sy R T ER -  (active aging) | FER o

2. BT PR E R

AL PR PRSP AR - T EBRE T L SR AE R AL o RS R R TR
QU IR 2 BB B AR N RS RERER L YR Y
LR T RE L B H QR E R AR AP P E L LR

B3 b E R PR AR ERLE I VAL XV RAa R T LE

EAP L NE-L T SE hIRTE B mr‘{l],;gy, g;? fgﬁ—*‘ v g BT ,-?‘Ht« s T 1__%5“" Pk

F_*

(1) & % i (healthy aging) © 4 7 ~ T b gk iR T L Bk LR A R KT

(2) = 7 it (successful aging) : B F B &AL g ¢ %5 hx2 p # donan A R T R

(3) EHEX i (active aging) | @ BER - B2~ % 2E DA 4§ BT 0 0 MAE R Rk i
Prend B AR RT R A ie g Pk enigAr o g PR Al e A
g IR ek = SRRV =30 I e o} A 3 iﬁﬁlﬁ?‘rm% T

ERFABF AT T ARz k= AR P ¥ 2 BB R g (activity of daily living, ADL) :
MEFR AL FT P ABAEA A 0 Bl AR TR S PR ASE S B MDA EER S
it (instrumental activity of daily living, IADL) : b= 4 7E 97 % & & hic 4 > Bldodm T35 PRE R 2
S PR R ERFM P ¥ A EE L (advanced activity of daily living, AADL) © = S At € ~ AL
frpded & 2 REES  EFR - RF > ABET NS oA TREEEL 2R T Ep F

R AR

#%ft R T b 2R R AR R B LR T 7 g
AR TR N BRIl o e R kAR (L A5 B N At 4 AT

Jo s MEFTGHIN 0 P HEERSE o FERBEEE > AAAPF
2EEE(ADL) 1 L2 p ¥ 2 E e (IADL) & § RS MR p b EjpieFle €1 155 FliH
FAEED247% LR Bld B DR A SR 4EB (127%) R (FB.9%) B B K P &
(8.0%) ~ = T 35(B.7%) 11 2 AL & 4 (5.8%) 1 { i&— H » vt 4 B5~T4 & 4UE o2 75 it b A %
PRHFRTS KR A RRHE AR E 2 2R3 o 08 1355 0 f G - 25 5 iy
& 121%% 42% > f kG = FIEEE & 10.0% 0 Bk bR R e F SEH o A 45
SRR R R G A T ﬁ%’u%W%w’ﬁ?IQi—mﬁéﬁﬂ R CR AR Al
o PR AL > 75 prn b 4R R 30%E 5 B o 2 FEE ~ 40%i F pEE AT SR RS ~ T0%F &
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yiﬁﬁivF—*ﬁ’@&%ﬁﬁﬁﬁ%ﬁﬁ%%mmﬁﬁégﬁﬁﬁ#%ﬂm@ﬁk’uﬁ
WAL c R ER TR RREA TS AL Y XY > R AT ESERELL L SR
oA ¥ LR A REEEd s P IR ERATRREE TV DA A
RN 2B s aF- BPHEARE > s HP VAFARE Lo BRI T4
BT v B Tl R R i AR T A A A B TR T dh o o JUE R i ek
B ohe e ok o SBRE X A g R P R E R R R R A A B d A g ande
ARG PR RESTIE AR 0 L TR S E IS R DG

x;ﬁ@?ﬁ)’ﬁf%‘fmi& » de P oA B R AR R A @tﬁ\,\,_‘\#g P2 R ER o 2
FIREFT HAFE LEPREY DER P o RPRErRFEL FRAREE B 1996 &
32007 FiEfre T AR R XE L AL E A ERIREDEHAE | (B 1)’65;%«-.'11 LRy
Wl 2 v B4 S 5 56.0% ~ 60.9% ~ 64.0% ~ 65.7% 0 10 & RFEE = £ 10% 0 4riv g = A2 - 4
B g @0 PR ok RBEUAEER S TG ER Y qu&;?rg“rsww'r_t s S i PR
BT E I R EE Y sUE R b At 38 39.1% ~ & §75) 29.6% 0 5 EH Y | “ﬁﬁvzﬁéﬁ*ﬁf“
B et 3059 17.9% ~ % 3059 26.1% > B 0 E F ~ F B VAR PRE R S o k- H AT
§ %f 'Fﬁ S4TE b I (15.9%) & 7 5 (204%) 2 T A W BuE 2 5 (10.9%) AT F @ﬁ?
> Fmﬁ{;’&(Zl 1% ~ 25.3% -~ 173%) Bt ERYROREEE L0 - BE M
L : & Fh Y Pméﬁl%&xi’ﬁ}k,ﬁ&;"glﬁ
R ? gy amﬁ%a iﬂi%rréﬁz@?%@ﬂcﬁ&@ AVt DR A R T
% jp oo AP¥H A AR AR R - B2 S k&% 8 (Sugihara et al., 2012; Lin et al., 2012; Vuong et al.,
2011; Sposaro et al., 2010; Kim et al., 2009)’5»&?75 el r & AR EEFR YR B2 R G
MR EEEL  FER -

i N 494
& 62.7 50 H43.3 450 449 :
5 7 w1 i SR
& o ® 20 BEHALRLT
EEMIESR
% | %6.2 2
W& E
54 10
5 . : : 0
1996 1999 2003

Wl cARESEFHF2LACHE (FRRAR AP FEARRIIEZFREDEHRD L L5
FLBATH)

@ %uif = (4 PR 7% (Location-based Service, LBS)&_12 i * i 4 #H éx 4%k B (Personal Navigation
Device, PND) & & #* # 4% % i(In-car Navigation System):=i¢ * F & 1 (Salem et al., 2012; Aloquili et
al., 2009) VEEEFEAIER A 2 > Fhg e 'riﬂﬁiiz»(Mobile LBS)éie * ¥ (+ ?{g@q%y%

{Fif B MR IR * ) Hfgcg Flad 8 B* 4258 m < & 3 4 (Moloo, Digumber, 2011;
Greenwald et al., 2011) - xx:}f; Market Info Group 2. A 0 K 2013 & 3 2020 & if B HPRAET Hok-a
[ RN 2 194
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P EAF L AR K A7 12% 0 4t ¢F Berg Insight 2. 22 & &7 (] 2) if & 1R3> 2012 & Fe
PRV EFEID BTN EFTHET ER:E 835w i F 2017 F P BB EL T 825
REC A FE P B E T 1205 fFc o i IR (geofence) KT H A P 2 4 B4 14 PR G Hope(Reclus
and Drouard, 2009; Bareth et al., 2010; Tarnauca et al., 2013) » B2 2% 3+ 32 B4 & 2L 372 Fpe o 2R m g
FUDBRMRZEFIEEN ¥ 37— A28~ £ % 3 Ldadf(push notification) C E BN
# (Local Search) 4+ % 4§ (Social Network) s ¢ - &5 ABI Research 3¢ @] » & 2017 # 3+ 12 [
WHERBE 3 REA AT FTHUFEFFTL AL HMEE S e o JI% & G 2EME 2 T
Wk - 24 7 #41(Ryoo et al., 2012; Bareth, 2012; Nakagawa et al., 2013) » 2 2 £ & # 3¢ B2 % &%
ZPRIAER > R 2R s AP ¥ A RS e

bl
Il
%

€ million

1000

[9] Europe  [M] North America

800
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200

Year

201 2012 2013 2014 2015 2016 2017

W] 2. i 3 HFRFEW HF-3F & (http://www.berginsight.com/ReportPDF/ProductSheet/bi-1bs7-ps.pdf)

ITE R TGV (wearable device)inEE B E 0 B RE A RE LI ENTENVEE
EEE N o B3 A A P H AT N ER T2 P TR o 2 IDC IR 5 6] 0 2014 &
PHTEANER I FN P RRTE 1920 F 5 0 1 2018 £ &7 i 112 @ - ; TECHnalysis
Research Rl3f fz 2014 # 23 £ A EE 3 F N PRBNF 9907 - ~F 921 mE~ H¥Y £ R
TEEWERATHE NEPREHL T0F - P ELT REA ORI 20183}_5.#?#“"’9* B0

f s £ 7000 *“;4 CTEH 120 RE A FE-HRRF TESKE A A (DFES
(head-worn) : #F £ 4% ~ (2)%e 4 55 (Wrist-worn) @ 7 i~ H A XA E £ g %F%fi éﬁ (@) B AR

(ear-worn) : FFE 3 ¥ (4):}F, £ ;% (finger-worn) : ﬁ"mﬁw‘fﬂ ~(B)H 8 I AFEIEME o
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Wearables (wristbands, watches, glasses, ... )
Million of shipments worldwide

-
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A -
016 1l
il ERR
|

10/2012 02/2013 082013 09/2013 10/2013 10/2013 04/2014
IMS Research ABI Research Juniper Business Insider Berg Insight Strategy Analytics IDC

W 3. 7 & ¥R 7 -7 & (http://insightfulcharts.com/top)

B4:2FN2F RN KEFHI G HP? Ry IDC v 4 > = & (Samsung) e 480 % 40 %
PAEE > PR AREECRH T RN S8 ¥ H35 Gartner 033 4 > 5 #c(Google) 7 Google
Glass 2 P A R BB iV %8 » #4562 E 52 50% A M8 d 28R X2 7T
PATLARANAE e SEKCANEL BRASEERS TR 2LE ﬁ T35 BN 4P
M A % % 2. %3 (Morietal., 2009; Kikhia et al., 2009; Jordan et al., 2013; Geddes, 2010) -

35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000 B I
R | N | MU | T | | B (|

2014 2015 2016 2017 2018
m Headworn Wearables Wristworn Wearables--Watches = Wristworn Wearables--Bracelets

m Earworn Wearables  Fingerworn Wearables m Other Wearables

W4 7 k353527 38K E 3 338 & (http://techpinions.com/a-wearables-forecast/29032)
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i PRARE E B R 3K K (end device)#E§t 2 T a0 4oid i GPS AUELBIE S~ R 4B
s AR 2 (2 7 WIi-Fi & 3G/3.5G/4G T 3 i )P A R T8 B RSHERT B~
AR - Iﬁ‘i;‘; B F 3t ends LRk se(Geographic Information System, GIS) » % & * 4
¥ L34 B 04 i@ PR 73 (Morton et al., 2012; Mori et al., 2009)« 1345 & * % B 0 47t L i ¥ 2 47
BATHEREL B ERE TN AR SEMPRY > 2 5 (DFH R - AR
Tin g o Aed) FEHL ST 2 E0 5 2 A 5k (251 Fw L AR AT 0 o g —*ﬁ'é‘ﬂ'iﬁd"ri*’" 7
Bo i QYBA STy > o @e RP P FERE S D HESHBRIL Q) FHRER L
ﬁf?ﬂ'ﬁ g e raii*#%l T ARREFEFEF ST B)B A F FIEAR o Ao DT g B

S m"kéiﬁ FFEMWE o

@ % %% g 12 429 (location-based query) )t B3 i 3 PR B LAV AR 2
# 34 (spatial query)£? p= i 4 24 (temporal query) » H ¢ pFRF 3257 £ & =i 4§ 4 74 (continuous query)
fr(2) 2412 4 4 39 (non-continuous query) o i ﬁ;ﬁ—i Frks o ¥ Loz & 43973 (1) Range Query
(RQ) : dp T s f 4583 § 45 £ 260 &> Range Query & fB H 45 T ehge 12 248 0 7 #5 &0
A H > x A = Static Range Query &2 Moving/Mobile Range Query = # ; (2) Nearest Neighbor
(NN) : 13354p T3 R AR FHERE Tl TP & > BRAFH O 28 5 ko P K-NN £
g W AR FH 5 K BEER ST iy TP & -

b 32 B £ - f s 0 BR Ao(virtual perimeter awareness)H i o ¥ AR & i b MR FREIE o 4o
Wit A PH PR RS R EPF RS ARG RO IRT DR ERRL R T
P e R 0 R B TR b AR D R F R TR0 L R 2R AT ORI A
m?%ﬂ%ﬁiﬁﬂ—%@ﬁ%@’—E%%g@»aiﬁwyﬁ@ﬁm%wﬁﬂ&%@m%@
Sipe JLF M 4 @IRFE > B 20— ‘ix‘?ﬂz”‘%%mkl‘i’%}ﬁ? s Pl F A @%ﬁ;’ﬁfyg?z‘%ﬁqgfggﬁﬂ

Yo EPRTE o L F EFF R LR ETE T g X EE 0T ¥ A £ g 0 P v Broadcom £
Qualcomm @ 2K+ 1M Jo2_ g@ﬁgﬁ s F o R REER R R ER DR F T E > 6l4e Google
#2013 & Google I/O B 5 % & ¢ + %4 4 L 4 Android 2 Google Geofence APl » & i * & 7 14 j
FOEATERE T T @ H e S e AP R I e 18 g e 4 & #1501 = AT AP

LAEHE TR T F IR RS PR R R DL ATF o R LR T R o L
R s AR R~ = T R Boisen® 8 > bldedg % de ) eh iBeacon 1 * i< x4 45 ¢ Bluetooth Low Energy
(BLE)#z p Z_i > ¥ & i+ Geofence API & i * i}gf 7R App » Qualcomm = % fs 42 J) Gimbal
BB ¥ pEL 4% Android 2 10S S A AFE AL T S Tt o e B REIFE -6 2 5 AIRTRY
o T g ATPRIF 0L B IR o

T_i+ % T (power saving for positioning) ¥k £ #F N EE AT RN ER L B - B0 F L %E
R A RRERE > BRDT A P EREERIRBF R e BHE SR Y HIRIEY #T2 8
TR AT e SRS R LT RAR I TR T M A A 2 A 47(Xiao et al., 2011; Ouyang et
al.,2010) » p & = ¢ g i3 & 53 GPS (¥ 5 =272 > e £ GPS 2 =% g Bl & i %L«’f‘_“' 4o IR
PP AHCPSEPHEFE LT E 2 MR ek T HNEEHCERRE R EIHFNEE v B2 B
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TAb o iEm T I E RETE R P GPS @iz # a0 MR GPS R 2 74
T REfad RT3 2 I RiRes:  PEFREADTF BE{ot
A FEEAGPS Tk FIP B ERF L o EB R T2 RRIEE 0 UK
GPSzPHF  vEITH &42 8 mo"!f PR Avig Rz ko v Py e iR GSM & Wi-Fi A&
B BB A2 TREFAR S22 ket ;ﬁ Lt GPS 7z 427
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A wearable exercise tracking device using the geofence-based power
efficient mechanism for elders with/without dementia

Lee, Chao-Hsien
Abstract

Due to the global trend of population ageing, active ageing proposed by World Health Organization
allows people to realize their potential for physical, social and mental well-being throughout the life course.
At the same time, by participating in society, people can accept adequate protection, security and care when
they need. Based on the essence of active ageing, the goal of this project is to design and implement a
wearable exercise tracking device to let elders with/without mild dementia keep exercise in a long term. In the
1% year of this project, we focus on how to track the exercise trajectory and the body activity. Different from
previous work, we utilize flex sensors to detect the range of motion of joints and then recognize the
corresponding body activity. In the 2nd year of this project, we focus on how to record (1) the exercise
intensity, which is measured based on the heart rate, and (2) the body balance, which can be detected from the
gait. Furthermore, we design a geofence-based power efficient mechanism to reduce unnecessary power
consumption for positioning and then keep the required positioning accuracy.

Keywords: elderly, mild dementia, geofence, exercise tracking, power saving
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