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ABSTRACT

This thesis proposes the design and implementation of wearable devices with
the purpose of detecting accidental falls, classifying-movements of elderly people
and locating the area of accidents in case of indoor via wireless sensor network using
fuzzy logic. The proposed system uses fuzzy logic with variance and derivative of
acceleration to detecting falls and classifying nine movements include Stand (ST), Sit-
down (SD), Backward Fall (BF), Lying Down (LD), Right Fall (RF), Left fall (LF), Forward
Fall (FF), Walk (WK) and Run (RN). The results showed that the proposed system can
classifying movements with very high accuracy at 98%. In addition, an indoor
localization system also apply with the proposed system to locate the area of falling
people who wearing the device using weighted distance fingerprint (WDF) algorithm.
The indoor localization system can identify correctly with accuracy at 85%. The high
accuracy to detecting falls, classifying movements and locating fall areas make the

proposed system can apply to use in elderly home.
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Feature Seriesl Series2 Seriesl Pro Series2 Pro
Power
nout 3.3V @ 50mA 3.3V@ 40mA 3.3V @ 215mA 3.3V@ 295mA
npu
Max data
_ 250kbps 250kbps 250kbps 250kbps
rate (Air)
Power ImW output 2mW output 60mW output 50mW output
Output (+0dBm) (+3dBm) (+18dBm) (+17dBm)
. 300ft (100m) 400ft (120m) 1 mile (1500m) | 1 mile (1600m)
Distance
range range range range
Wire,Chip, Wire,Chip, Wire,Chip, Wire,Chip,
Antenna
UFL,SMA UFL,SMA UFL,SMA UFL,SMA
6 10-bit ADC 6 10-bit ADC 6 10-bit ADC 6 10-bit ADC
Peripheral input pins input pins input pins input pins
8 digital 1O pins | 8 digital IO pins | 8 digital IO pins | 8 digital 1O pins
Local(ZNET2.5) Local(ZNET2.5)
Upgrade . :
) Local or over-air Local or over-air
Firmware : ) ) )
configuration(ZB) configuration(ZB)
Point to point Point to point Point to point Point to point
Network | and multi-point multi-point and multi-point multi-point
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Mesh Network
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WERNGS 01R AT Biesk [~ ConPor| Pocket | Scrcen| Hor 1S BEEER | O7R VRIS Bkl :f,'.,"?},.."“ﬁ‘mt sl i
wuttichai putchana ) - wuttichai putchana -
123456?89agcde1’ :l Il]-.Jg3456?89e1 gdgf :I
|
|
|
|
Il y - e il sl /| S | =l
[ COM10 | 9600811 FLOWZNONE -~ ~Bx33bjes— { | 7 (COMS | 9500 8-N-1 FLOW-NONE "~ Fx 1Bbytes

() @)
Ui2.13msFuazdsdeyain)insodeansiumnesail 10 (v) Andedeasiiunasail 5
2.3 lulaspoulnsaiaas

lulasreulnsataesilalusuiseidneiuesPiC1sF2eke0 dadulilasaeulnsaiass

msena PIC Inefinneaziduanisinnuluusazvivedlilasaeulvsaaesuanidaguin 2.14

VCRRES[L® ~  28[]rRB7/PGDIRX
RAO/ANO [J2 27[] RB6/PGCITX
RA1/AN1[]3 26[] RB5/TOCK/CCP5

RA2/Rrr+/AN2 [|4 25[] RB4/AN9
RA3/Rer+/AN3 [|5 Y 24[] RB3/CANRX/INT3
RA4/VoocoreVear [6 ,Q 23[] RB2/CANTX/INT2
RAS5/AN4 7 % 22[]RB1/ANS/INT1
vss [|8 N 21[] RBO/AN10/INTO
RA7/0SC1[]9 CXD 20[] Voo

RA6/0sC2 [J10 o 19[] vss

RCO/SCLKI [J11 © 18[] RC7/CANRX/CCP4

RC1/SOSCI[[12 17[] RC6/CANTX/CCP3

Rc2/ccP2 13 16[] RC5/SDO
RC3/SCK [J14 15[] RC4/SDA/SDI

sUNn2.14dnvauzvadlilasnaulnsaaes
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AuauURvasialulasroulnsaaes

yhaulgaanil 20MHz

M9ULUU Pipe-line (F 2 vi0) ¥1li a1 anfavieu 2 egnandeugiulé
mheAnUNUsunsduiuu Flash Svwim 8Kword (1 word=14 Un)

T Ramun 368 lud

i1 Eepromauin 256 lus

1 A/D Converter WUy 10 U 97U2U 8 %84

fls3UU Usartdmsun1sdoaswuy R5232

NS R LD e

4 a .
2.4N%%a93n (Fuzzy Logic)
2.4.1 WuIRANUgIUNEINUTEUUNYTaaIN
HaTaodn (Fuzzy Logic) iumeadasuundslunsuiresnuidensiulyaussivg
& . . = o Y = A A v a £ 1 1

30 Artificial Intelligence (Al) Feunanladunisstlondrslunisdndulanigluldaulduiueu
vostayauarlindnuanaiirdien1nduukuUIsauAn Ndudouve gyl fudaadniidnuuei
AAYNIMTINEUULSUN(Boolean  Logic)  TasidluulAnidnisrevensludiuaesniiuass

(Partial True) TngA1AIINa399808 1 LY2951319959 (Completely True) Auiia (Completely

a1 Ayl L&

False) daunssnaansinnasilanduassiumamintudegui 2.15

Completely True Completely True

-

Partial True

| Completely False

| Completely False

Boolean logic Fuzzy logic

gﬂﬁ 2.15A55N¥WUUI3 U (Boolean Logic) fuiladasin (Fuzzy Losic) [12]

avunduiled (Fuzziness) §idei3ondt fafaud (Multivalance)  Fediaiiminanduy
au1NIINNT 2 A1 wazanaeiUluaIud (Bivalance) fifinnnanduanndnidios 2 A1 Hedin
(Fuzzy Set) Wupsesflonadamansiideds “mnuldutuou (Uncertainty)” Samninunii
autshufoaudiiiimiinunnd 75 Alandy reufinmesarlinainauiiihimin 74.50 Alansu
Lidaiduruiidruazaiuasimunguuuy (Modeling) wosdnwaizaruliuyusuiiduainy
aqutaTe aulinnef sawdsnnuviadoyauisdiu Tnonquivesiledionaglddnums
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AMUVINEAILYS (Linguistic) 1nNIUIUNa (Quantitative) UBIAILUST WU N1TIAUNUNY
v09 “auiidin”  azliaunsalimismmanudiuinsaiulasssyduniafen (dentical)
dmsuaudau we . arliaumingves ‘A mnedsauiifiiviinaannd 70 Alansu
we 9. I nduauiidminannd 75 Alansu Feiiaesnumauantaumeves
friaudulneFeuiiounasluyumomesiowmniminveswmy Tunsiedlugusesuuy
giuded Binary Sense) azldnaidu 14 wie udamdiuiyanaiiduaudiuwinitevay 75
Alan$u warfaudiHiyanatiazdvmin 75 Alandy uwimnfinsanainnguaviifdmiiniads 90
Alanfu yanatfarlidneglunduaudu wandifiuinmuduldldisnsagaruliuiey
wuuE Pnnsanudamiiag Tazuanataguuuudnumenisnszaevestym

gﬂﬁ 2.16 Jumsuansliiiuiuumslumsdadulevosymiamaiifiesdudesi
Judefiutueu (Certainty) Timdofedwiliuiueudsynousemuliniueuiifidnvazwuy
du wazganulinueuiiiidnvaunduiled visaguinie deiluinninfosas 40 nszdym
dunnifedostunisiniulavesyusingdnaulanuiuguesdnuesrudundn

gih?i 2.16aulsiwtueu (Uncertainty) [12]

fugazasnisnadinmansiuansieanuagunse amnuliiuusuvesssuuingvesiv
ANNARANSANvesIYYE Weansandiuysenauny luanuliwiuewieimuntoulaly
nssinaula (Decision Making) Tnsedeiamvssnnuniuaundn (Set Membership)

2.4.2 UAdUNISALDUNISVRINITAaIN

nsALiun1Tvesiedanin InAlAIENIT2  WUU AD ATlATSN1IMamdani-styletay
IBN15UUU Sugeno-style Usenaume 4 Tunousall
o .. . & 1 A o . ~ o A 2
1) A1 Fuzzification A a’JumLUa\T‘UEJJqJJaQ’m Crisp Input [NENINUATUIAVD TSGR
(Fuzzy Set) visafisanindumiwusmieniw (Linguistic Variable)
2) M3Rule  Evaluation Ao @uvesnsivuaisnisaiuay Felaangiietvgylu
sUkvuvemadeyaiiiunguesniw (Linguistic Rule)
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3) mIviAgeregation Ao nszuauMsluMIRTIRaRUTaIaTTazng wioldlunisiny
wingua Wunleunalndmsuruaunistdanudlunisudlatgm

4) msvihDefuzzification Ao daiudasieyaniladiinFuzzy Set) Mdusudsma
iy Crisp Output

® Mamdani-style
Tneunddruuinagldimainisnisues Mamdani-styleluilodaoindslud 1995

Professor  EbranimMamdanianumningndsasunsu adsszuunmsoyunldifuaiauen 3
ihlumuneiesinslevuasndotlnaldsmuamdimesoingg wu fedidauasnguosily
FarnuszaunisaivesdguaedosinsletuarndioidadussuuiledidanuieonlunsUfos
Huszuudusnmniiogluguuuugiungd-dadu (F-THEN rule-bass form)dmsuemiadedls
Gonszuuiledasdnduwuu Mamdani-style Wiy

8NFIRETU 2 Bunm 1 e viny wazdsznaulsie 3 ng

Rule: 1 Rule: 1

IF x is A3 IF Project funding is adequate
OR y is Bl OR Project staffing is small
THEN zis Cl THEN Risk is low

Rule: 2 Rule: 2

IF Xis A2 IF Project_funding is marginal
AND  vyis B2 AND  Project staffing is large
THEN ~zis C2 THEN Risk is high

Rule: 3 Rule: 3

IF x is Al IF Project_funding is inadequate
THEN zisC3 THEN Risk is high

Fa x y waz z (Project funding, Project staffinguas Risk) ABAILUTNIAIY
(Linguistic variable) @ Al A2 uag A3 (Adequate, marginaluas Inadequate) AosikUsn
mmﬁﬁmummnﬂs’zjs‘?jﬂ%mmm%@gﬁ x (Project funding) d@%3u B1 waz B2 (Smalliag large)
ﬁ@ﬁ’)LLU%VI’NJ]’]‘H’]VIIﬁﬂ%u&m’]ﬂﬁ‘d%ﬁﬁﬁlﬁum‘ﬁa%ﬁ y (Project_staffing) wagludiuved C1 C2 uay

C3 (Low Normaluae High) Resuusmentwiidvunaniledidnvesioya z (Risk)



Tnglassasranugiuvesiie@asInuuy Mamdani-styleaganinsananslanagun 2.17

Crisp input Crisp input
x1 ¥yl

Fuzzification
1
0.5 A2
0.2 -
0 x1 X
WUix=41) = 0.5 Wy=81 = 0.1
Uix=az) = 0.2 Wiy=g2) = 0.7

1 > | L F— 10
A3 B1 | fer\ /e2\ [/ c3
|
L 0.0 08— —er—\01
. (max)
0 x1 X 0 ¥yl 4 0 Z
' Rule 11 IF x is A3 (0.0) OR yis B1 (0.1) THEN zis C1(0.1)
1
| /8 2 o N,
0.2 B2 AND 02
| €70 Freqey | 2« A4 (min) /[
0 x1 X 0 yi Y | 5
‘ Rule 2: IF xis A2 (0.2) AND y is B2 (0.7) THEN zls C2(0.2)
1 " ] 1 b
________________ {05 Oy 025 ,E?,\ / &
p S /%t o § z
b RuIE ?1 IF x is {1:1_7(0.51 » : THEN Ny SO0 Zis C3 (0.5)
. . N N\ Er S S' E i), ___A_ggregatio_n_ofrul_e consequents
1 - - - 1 —— 11— - - - -
/ C3 l
c1 0.5 0.5 58—
0.1 0.2 - / .4 ',_,_/
0 Z 0 A 0 o z
| zis C1(0.1) —>| zIs €2 (0.2) — zIs €3 (0.5)| —

\} Defuzzification
Crisp output
z1

U 2.17 Tassaisitugunasitelaninuuy Mamdani-style [12]
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=

Y

Inglasaseiiuguvesiledasdnuuy Mamdani-style  dusudiagnstnaunandlasagy

2.182.1948% 2.20M1UAAU
JuABUR 1 N5 Fuzzification

AUUARIBILNY X = 35% Wetlununssuiunsitenduauduaundn(Membership
functionwasAlagagludinves Allinadequate) ldAanuiluaundniiaiiiu 0.5 wardiuves

A2 (Marginal) ArAnsduasndniianvindiu 0.2 ﬁ’qgﬂﬁ 2.18

U (X)
10" inadequate marginal adequate
AW/ \
0.2 feeccccccccccacccccto\cacaccccanncat
} { } } —p X
0 10 20 80 90 100

gﬂﬁz.lsﬁqﬁ%ummtﬂuam%ﬂ X (Projectfunding)

AyAUAAIUBILAY Y = 60% Weathluaunsyuiunsileiduaiuduandn(Membership
functionwasAlagagludiuves  Bl(Smal) laamnuluaundnianviniu 0.1 wazdiuveB2

(Large) ApdnanduasnTnsianvitiu 0.7 Asgui 2.19

u(y)

A small large
1.0
0.7
0.5+ B2
0.1

} 4 —p Y
0 80 90 100

31J17i2.19ﬁqﬁ°ﬁummﬁuam%ﬂ y(Project Staffing)
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JUABUN 2 N15%1 Rule Evaluation

WA Lyeny =09, ypny =02, iy gy =01 g4 5, =0.7 TUldruteulaludiuves IF
Y94 Fuzzy Rules wagiiifeulvannnimisdeuls Fuzzy Operator(AND ¥3e OR) azgn
thanlFnnstunguitelildemadnianduves IF Whiusauiiosufior eeni (anuass
Truth value) 9zgmiiluldfiu Membership function flegfludiuues THEN dwfunisidenriu

voseululunsdlinly OR Geagld OperationUnionAuaMaNNguNISH 2.5
Haus (X) =max [:UA (X)) 14g (X)] (2.5)
uazdmsuiLian AND 1519x19 Operation Intersection AMUIANENNITA 2.6

Harg (X) = min[/uA(X)HuB (X)] (2.6)

saa 1 !

° v ad o o A - ! [ @ 1 ¥ (Y
dviuTsnnsiuinveddiaiion AND uag OR fiuandeiy Adeulvinadnsniauansig
fugaldazdondumudonisnumanzanninisussgndldnudmsunnsyiing inusisosilaly

FBN1TA1UINVD TR AND

Rule: 1 IF x is A; (0.0)
OR  yis B, (0.1)
THEN zis C, (0.1)
My (Z) = max [ g, (X), 45, (Y)] = max[0.0,0.1] = 0.1
Rule: 2 IF x is A, (0.2)
AND vy is B, (0.7)
THEN zis C,(0.2)
Heo (2) =minf 2, (X), 145, (y)] =min[0.2,0.7] = 0.2
Rule: 3 IF x is A; (0.5)
THEN  zis C5(0.5)

\floanlifl Fuzzy Operations a9



24

Junaui 3 N1V Aggregation

s o

Aggregation Wunszuiumssuwadnsfiduannnngusenandnienislaingag
° ¢ o & a ~ a A A a 1% IO,
ilaitupnuluasndnanynangignuauvisedimauisuudasunuiasnsiuiulvegly
Hle@gn(Fuzzy Set) uansdagui 2.20

1 1 1

0.5

0.1 0.2

0 z 0 r4 0 z
Zis C1(0.1) '—>| Zis C2(0.2) |—>| Zis C3 (0.5) '—>| Z

EUﬁZ.ZOm‘iVT’] Aggregation

UABUN 4 N1591 Defuzzification

M9 Defuzzificationtunsguiunisgaevesisnis Fuzzy Logicianadwsgnvineay
Ishdudeyasianiad input ¥eensEUIUNS Defuzzificationfionadmiifignsmfuainided
s wdnewinmdumataunisiiifinaueisnig Defuzzification sgvaeismedu usisn
fealdinnilanisviisiio Centroid Technique Bsitagviunislunuiunuuoudivilidunss
Tuwwaseas sfumbstiuils Agsrecate Set seniudesduieiu SdlumsndamansSoniy
Center Of Gravity(COG) AMNFORIUIUANALNIST 2.7

b
Z Ha (X)X
COG =*F——(27)

Z/JA(X)

(0+10+20)x01+(30+40+50+60)x02+{70+80+90+100)x05
0.1+0.1+0.1+0.2+0.2+0.2+0.2+0.5+0.5+0.5

COG =

3+36+170

=67.4
3.1
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Degree of Membership

1.0

0.8

0.6

0.4 /

0.2 / A
0.0 P hd

10 20 30 40 50 60 |70 80 90 100

67.4
§Uﬁ2.21 35n1sunCentroid d@1nsunnsyinDefuzzifiction

® Sugeno-style

dIMIUTINITUUY Sugeno-style  HATNSILADIQNAILINKUUNITNAAAUIEN (Centre

[
Y

of eravity) Fevziinududenlunisdiuanmazldinanlunisiiuvinuiu fauisnisuuy
Sugeno-style azefENIAIUIMLUY Singleton azldidunsmaflsituaauduaundnveng
padndu dwsuiBnstigminiauetuafausnlag MichioSugeno (Zadah of Japan) 1ut 1985
[12] TNSUUU Sugeno-style AgAAMUATIBAVIGNITUUU Mamdani-style TagANULANAIUDY
LUUSUgeno-styleaziin1sidsunlasamgdrduresngileduaylaiinsidenldileddunia
adiaransvosaulsBumldunuitetidn SeasdsUuuuvaangdll

IF X is A

OR y is B
THEN zis f(x,y)

9 x, y 4az z AeMuUININTYT d9u A waz B AofleTidnuastoya x uaz y 1o f (x,y)

Ao Hantunandinenans@edinunnaztlonly Zero-order Sugeno Fuzzy Model 1nUssgndld

[

Y = &
nunguesiled Al

IF X is A
OR yis B
THEN zisk

Tawan k 1JuAmsit lunsdlinadnsiildanunasnguesiledazilurai na1fenaves
ilarduauluaun@niMembership function) azgnunumewyiaies (Singleton spikes) Lans

LodsguR 2.22 wanenseuIunsveeiladasdnd miu zero-order Sugeno Fuzzy Model Lil
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v
Y1 aa U

a a = a a . <
fnsaSeuiieuiledaeiniuu Mamdaniuag Sugenodziiul@dnisn1suas dunaun1snig
ufianuadieadsiusgiaiulade Diiessianzngilinadandiduwianeiluidniswuy

Suginotyintiu

lnglaseasneiiugiuvesiledaedniuu Sugeno-style AzanTauanalaRIguN 2.22

Crisp input
x1
Fuzzification

x1 X
Hix=a1) = 0.5 Hy=81=0.1
Hx=a2) = 0.2 Ny=82) = 0.7

1 - 1.0
0.0 &_9:_1____ .| OR \O:1|
; (max)
0 X (6] yi Y Op k1 Z
Rule 1: IF xis A3 (0.0) OR yis B1 (0.1) THEN zis k1 (0.1)
1
1 0.7 1
O et
0.2 B2 AND \0.2
S -
| (min)
0 x1 X 0O yi Y o} k2 z
Rule 2: IF x Is A2 (0.2) AND y1s B2 (0.7) THEN zls k2 (0.2)
1 1
0.5 0.5
Al N B e e e e e e e e e e e e e e e Rttt ebE i
0 x1 X 0 k3 Z
Rule 3: IF x Is A1 (0.5) THEN Zls k3 (0.5)
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Aggregation of rule consequents

1 1 1 1
oal 0.5 |-——- 0555
0.1t : 1 0.1}y 1
o k1 Z o z 0 k3 =Z O k1 k2 k3 Z
zis k1 (0.1) | zis k2 (0.2) |——| zis k3 (0.5) — 3

J { Defuzzification

1 | I

0 lzl z
Crisp output
z1

Ui 2.22 Tasaasiugiuesitsdasinuuy Sugeno-style [12]

2.5 5zuussymuLanielueInIg

ﬂa'ﬂﬁdLwﬁmaﬁlLﬁaﬂwm&‘lﬁﬂmﬁﬂﬁ’]ﬁ\iﬁmm’lm (Received Signal Strength Indicator:
RSSO zilaldreaunsailusailiunsnasdilifonisgunsaliadulududngg udeghs
fmsuiuheiliislumaiignuesmedaiiuanidenuutusitligain esaniiade
waleeg1afifinansznudeaniuvesdygin Tnamnigegsdinansenundainigv
(Multipath - Effect)  tutinnnsdgiouvesdeiad (Reflection) mslﬁmwumaaﬁmmm

(Diffraction) wazn13nsgidswesdyaad (Scattering) WWudu wansldnagui 2.23

| Transmission
Scattering [:g
Rx
% A _I:l

Diffraction

Reflection

5UN 2.23ua9ndaininanglueins

'
v o al

Feawgmariiinaviindsdyarandugesinladaiuntuniotesaininfiaisasidu

17

wazBaluannwindeunislue1nsidFNnvNuBEY MU wtsvias nteng Usen gau

U

wagdugdnuInue lmAeransenuandafnisnlade
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2.5.1 Fingerprint

1* sensor

! .9{'9\ l ;';'/;’;.—‘

[N | LA }3
> ) 4
st ) =
2" sensor oy \Diffraction ; K3

! % | Reflection
Reflection
. ) Reflection T
Scattering OF o
= - q|
S q N
i N &

3UN 224808 19d s 1auntasuraniaingiy

9 A a o= b s o a ) o a
1 wmquLﬂumqﬂﬂqﬂmﬂﬂﬂﬂL“UUL“Uaime‘V]]. f\]g‘lﬂﬁuwaf\nﬂﬂa@

]

INFUN 2.24a8u8ule

o
‘
.:4' v v U o ™

Wintdesndyg e futoyamasdymiiouiAulniinIszinsianudgete

o

v v @ [

e mtnAutayaiidedyuiunduweiudazdrinlaliviany wuluaniunisaliaisagly

2 Aala

o I

Utnvzeauidetenvdygasduresig 1 Talduinnindymiadueeiaa

g} o

[
YY) = o v o

syt nianglueensndausluinerdnusiagiinslvanuunsenedudyayiu

Ngugasisazdsulaliwindulaefinislisaeimen anwmataflanasUSURNINTNTZeE N

gATARINANNITN 2.8

M

dist, (x,,y, )= Z(rm —rssi, )2 (2.8)

m=1
de dist, (X, Y, ) feszezmgainsenineidsdyanaidusesinliwas mdsdyaialy

'
o v o A o v o ]

giutoya I, Aerasdyqrufiduigesaan m dala rssi; Aomddyyinegndnedd

lugrudeyaiidueesindan minld way mAeduudugesnamuanldlunisszydiuns

melusians

2.5.2 Weighted Distance Fingerprint

n1IAUINMISEEENNgAdaluaunisn 2.8aslvnueiieduidedyyrunudas

a Lo =

Wuwesinldwing fu Fennauyfigruindygianifunsnnglalududazidugesozlasuna

<9
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[
[ YY)

nddnRnIsnlimindy auddedeveswiardununsulanalsazlavinduy deiuisnis

T o

Wnauedsldnisarnihvdnlunisiwinmsseemegadauanslaaunisi 2.9

> w,(r, - rssin,m)2 (2.9)

1

dist, (X, Y,)

M
m=

[y

41' a9 o A T I ) Y] A & s o vy

LD W ﬂau’]‘WUﬂﬂﬁaﬂqﬂquuqL%@ﬂ@mi‘ﬂﬂ‘Uﬂq YU NEUVILDULYRD IR IN mi‘UvLﬂ
& a1 3 v A I3 i ~ ! I
LL531UU53Lﬂumaﬂqﬂ@ﬂqquUﬂmL‘Vill']gallﬂﬁi"\]gﬁl,ﬂuwni@l LN@LiWi@JaWNWiﬂWiWUI@'}q

o a & s v & Yo v a ¢ ] ~ dl I3 vy P
Fyaundugessulatu lasunaantafnisnuintesifiedda neineazidululaaenisld

v
o W w o

Joyan1eada lneninnudeyamdsdayaing luwdazandieds W& inseimiuing
wnzay 39smsitiauesimsinnguliyaidsdyaadlndidssiusglunguieidu Tag
maiamdadyg uiidnvusadiey fuarldsunanssundainivlndidssiu sndaeghs
1n3UTl 2 24lnemaifdsdnaiiduseit 2 Wl ldldegsiumidaneluiosuey

o o o ¥

wigpmasdyaruermeiuiazneanisinaanndainisnandumiduriosueuiinaimilouiug

fu wagndsaniidnngulvige Masdyg ailasunanniadnisnmiiouq dusgieiuuds fae

'
[ =

ihnspumdmtnvngalidusdasngumasdyyinmlunoureisnisse usuntanigly

‘J o U 1 v v v dll
o1sRuaELenInaItuiItada Ul



uni 3
NN59DNLUUKAZNISATUIN

TuAnenfinusatuil lRinn1sAn®IsEUUNTINTUNNTALLALIWUNDTEUALABILUNTT O
Snweuy A HU(ST: Stand) $53(SD: Sit Down) &UnTIN(FF: Forward Fall) umds(BF: Backward
Fall) augne(LF: Left Fall) auua(RF: Right Fall) weu(LD: Lying Down) WAu(WK: Walk) wag

'
a

(RN: Run)¥ayantagninluldluile@iasidn (Fuzzy Logiolun1simuadseuasiiaquenaintudy
sonuuuliaunsnssymunisngluanansla
AMNFIUTZUVTZUUATITUNITAULAZIILUND TV NUILAUDDONLUVTUIZATIITU
A ¥ 1 tﬂle 1 v I3 6 % L4 o 1
JEUUNSEUYeILENAUSTIRa A N@uees udibilulasreulvsaaesaiununisTuds
dygraewaenilasuannduges wwlanludyaruiinea antuihdygrunlaluiensgi

Jufanisaurse iwayszuuddinmsnudeyanldanndugesethrldluleseiinglduans

33uuale fagun 3.1

(&)

))>> Rounter Coordinator Data Processing Center

3
m
R
a
i3
€
-

UM 3.158uunTadunsauuazwundseuainiiaue

N13YUTBITEUUATITUNITANTNITYIIUINgUNSaiaed ey Ussneuliiey
WUasAULTe 3 wnuviutAlunssuanlsannisiedeuln lulaseeulnsaaesyinninalu

mssudeyann Wuwesanuse 3 unuwdvinisulasiandygiueuaondudyain



31

Adnea Mnlwimsdsdayaniuaseiedueesiiasasinisuannaluguuugldau

Uszaunsmin(Graphic User Interface:GUI) uagin1suaninsinvesdayainlasu

3.1MM399NLUUILYRSAANSE 3 wnwluaunsalauld

N1598NKUVIZUUNTIITUNITAULAZ T UND3ua Tidugunsaladuldazdasdlafiazes
N1598NLUUNATRRVLILENLazLTNIUY Derududeddntazyinmieuinluniseanuuulv

panurausaldulaasauazandeunnsamsseignisldnundug1dininaingunsal

[

didnnsedind drunsguanisungeinweunsalnldnundluusazasaiu duaraeaiause

9

<3 o 1 = ¥ o t% [ C Y
asraiansviaulaligeenn Jdldvinnseenwuuledlusdveainiudn

3.1.1 Mseanuuuasdstayauwuuliany

Y

esfddeyanuuliaeniuanduge sanNasiiiaunsalivihwinandnaedu 3 &
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1.54 1.52 -1.35 1.64 1.52 -1.35
1.34 -1.99 1.29 1.34 -1.85 1.19
1.36 -2.03 1 26 1.36 -2.13 1.25
1.30 -1.99 1.27 1.30 -1.97 1.20
1.34 -1.97 1.29 1.34 -1.87 1.25
1.43 1.45 1.86 1.33 1.40 1.76
1.45 1.40 1.85 1.40 1.30 1.75
1.43 1.45 1.86 1.40 1.35 1.87
1.41 1.43 1.89 1.46 1.33 1.88
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A B C D
1 0.11 1.3 0.27
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4 0.11 1.3 0.27
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6 0.27 0.82 0.65
7 0 0.82 -0.36
8 0.06 -0.4 0.97
9 0.16 -0.35 1.29
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12 -0.68 -0.03 -1.54
13 -0.68 -0.03 -1.54
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15, -0.68 -0.03 -1.54
16| -0.68 -0.03 -1.54
17 068 -0.03 -1.54
18 -0.68 -0.03 -1.54
19 -0.68 -0.03 -1.54
20 -0.68 -0.03 -1.54
21 -0.68  -0.03 = -1.54
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ANSYINFuzzification
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NegativeSmall wazilaidunuiduandnDegree of Membership)iiAwintu 18s3ud 4.5

egative Negative Positive Positive
1.0 ium | Small Small Medium
’ /4
/
0.664
0.5 - /
0.135 /\
T : : : : - X
-1.5 -1.0 -0.5 0 0.5
-0.85

5UN 4.5 dunnandumndnanasdduiuax wuussuui 1

dl U I 2 1 1 tdl U & @
LBAIAIULIIVBNY = -0.65m/s SQIU?{’JN“UEN‘W“U%L‘EMZGFO LLa%ﬂ’ﬁNﬂﬂ‘UUﬂ’l’]ﬂJLﬂu

AuIndAynnu O.835§1’qgﬂ1'7i 4.6

£(Y)
Negative Zero Positive
1.0 \
0.835 N &
0.5 4
e : —ty
2.0 0 0.5 1.0 1.5 2.0

JUN 4.6ilsrduninuduaundnarussluiuiywuuszuui 1

=

1 1 2 1 1 a . 1 & o
Weenaasslukuiun z = -1.25m/s egludiuvesiledignNegativednilandu

auduaun@ndaniiiu 0.67693UN 4.7
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1.0 Negative Zero Positive
0.67 |
0.5
} } } } } }
-2.0 -0.5 0 0.5 1.0 1.5 2.0

-1.25

SUN 4.7ilarduAuluandnanassluk el uzssuui 1

A15911 Rule evaluation

lutumauilagsdedly Fuzzy Operation lunisailumsiieldnisnsivaeungi

a £ o o ' ] 2, ! 2
VAATUENSU  ATAINULSI L UILALX = -0.85 m/s ﬂ’J’]ﬂJLi\‘ﬂ,ULLU’JLLﬂUy = -0.65 m/s wag

ATl UNLALNUZ=-1.25 m/s Laviaiun 36 rule Ao

Rule: 1 if x isPositive Small 0 =
and y is Positive 0 =
and 7 s Zetg\ 0 =
then Movement is STSD —> then min[0,0,0]

H(movement) = 0

Rule: 2 if
and

and

x isNegative Medium
y is Zero 0O

z is Zero 0

g 1

then Movement is RFthen min[0,G2y

u(movement) = 0

Rule: 3 if
and

and

x isNegative Small 1
y is Zero 0.835

z is Negative

then Movement is BFLD

u(movement) = 0.67

=
=
=
=

0.67
then min[1,0.835,0.67]
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Rule: 4 if x is Positive Medium = 0
and y is Zero O =
and z is Zero 0 =>
then Movement is LF th=» min[0,0,0]

u(movement) = 0

Rule: 5 if x is Positive Medium = 0
and y is Zero O =
and z is Positive 0O =
then Movement is FF then min[&2,0]

u(movement) = 0

Rule: 6 if x isPositive Medium = 0
and y is Zero — 0
and z is Positive =51 70
then Movement is FF — then min[0,0,0]

u(movement) = 0
Rule: 7-36 - lenaedny
u(movement) = 0
= i ' ] v &
31NN INAFRUUABUAIAIULSRgANsauEnNgianuala 3609 Taena 36n9ae
anunsaveniedseuamlulule ualuungazdidsevendululiinnnii 1 85ewadsdniudes

Tdnszuiums Ageregation wazDefuzzification sntaglunisusuendseuanduldldunian
N1391 Aggregation

Wunszuaunisuievinnsiuiusynituiasledisnlaefionsuinigean

o = LY ' ' N I 2 |

(Max)lun15vn AggregationfI8819A1Aggregation YOIAIULTILULUILAUX = -0.85 M/s AIULTY
2 ] 2 ) = 1% & A

Tukuaunuy = -0.65 m/s kasanusslubwinnuz = -1.25 m/s’ uanwaguil 4.8laduiunly

Aunnsingeazisseuamduldlafe aundsiuuey (BFLD)
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#(Movement)

BFLD LF FF

1.0

0.67
0.5 1

: y } +— Movement
50 60 70 80 90 100

Degree of membership

49.35

5UN 4.8n33uruN137Aggregationua Defuzzificationssuui 1

nanlnazirluAnsevasetualneldnssuiunisDefuzzification L@ 1UNSONILLENLEL

§3u1unfNaaINRule vanladuansdsetun wazwonwezlile
ANS¥11 Defuzzification

nsvuunsDefuzzification lgnann1sAR I8 UNITMINITMIAEULHWUDIINEG Center of
Gravity (COG) 138ni1nisvn Centroid Tun1s Defuzzification @wegsvasnszuaumsluns
funaiiani COG dmdu ArrusalustIunux = -0.85 m/s A1MIsluwIunly = -0.65
/s wazananguuuIuntz <1.25 m/s Megdlusuil 6.10 aunsaman Co6 Tnsmsmivudils

ANITINA U UALTHIAUILAINENNTA 4.1

b
z Ha (X)X
COG = ng‘i(ﬂf.l)

Z Ha(X)
X=a

COG = (32><0)+(35><0.3)+(42x0.67)+(45><O.67)+(50><0.67)+(55><0.67)+(60><O.5) +(65><O)

a 0.3+0.3+0.67+0.67+0.67+0.67+0.5+0.5
_ 211.22 _ 4935
4.48

ANLAWINAY  49.350unkansliINnN1skundseualaeldiedasInazrluriewedseuadaundany

1o UBFLD)TM599U7 booankuul)
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4.3.20aN15NNABINISDINRUUITZIUUN 2
A9 Fuzzification

. 1 | 2 [ 1
91NATOBNLUY MembershipianiAiauLsstukunux = -0.85m/s agiuaau
YosleTignNegativenar anduauiuaudn(Degree of Membership)iidwinfiu 1 fagui
4.9

H1(X) _
A Negative Positive

ccose

1.0

0.5+

25 2.0 -1.5 -1.
-0.85

U 4,995 FuAI UL TN AULT Il URUIXSZUUA 2

1 1 \ 2 S | y 4 l )
NANAIIULTIVDGY-axis = -0.65m/s BeludInTasiledion Necativeuazrilanduy

Aanuludundn(Degree of Membership)iiayindu 1 ﬁ&’gﬂ‘ﬁ 4.10

7¢% \

A Negative Positive
1.0 PR TR BT
0.5+ '

25 20 15 1005 o0 05 1.0 1.5
-0.65

>y

JUN 4.10Mndunnuiluanndnanussluwuayssuui 2
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1 | 2 I 1 A . N
WaTAIANSIWRZ = -1.25m/s egludiuvesiledignNesativelddaudy

aunInveIAIANUISIvRLZIAINAY 1 AsgUR 4.11

Rule: 2

Rule: 3

#(2)
1.0

Negative

0.5+

P

Positive

\J
N

25 20 -15/|-1.0 -
-1.25

O=

0.5

05 1.0 1.5

sun 4.1 198 FuRuduaInAanusslulzsEUUN 2

A75%1 Rule evaluation

Tudunauilazaodly FuzzyOperationlunisaitiunisiveldnisnsiaasungi

if X isPositive
and y is Positive 0
and z is Positive
then Movement is STSD
u(movement) = 0

if X isNegative
and y is Positive
and z is Negative
then Movement is RF
u(movement) = 0

if x isNegative 1
and y is Negative 1

and z is Negative

=
=
=
=

g

=0

g3

gida

0
then min[0,0,0]

1
then min[1,0,1]



then Movement is BFLD

u(movement) = 1

Rule: 4 if x is Positive 0.
and y is Negative 1
and z is Negative 1
then Movement is LF
u(movement) = 0

Rule: 5 if X is Positive 0
and y is Negative
and z is Negative 0
then Movement is FF
U(movement) = 0

Rule: 6 if x isNegative
and y is Negative
and z is Negative
then Movement is FF
u(movement) = 0

Rule: 7 if x isNegative
and y is Negative 1
and z is Negative
then Movement is BFLD
L(movement) = 0

Rule: 8 if x isNegative
and y is Negative 0
and z is Negative
then Movement is BFLD
u(movement) = 0

N19911 Aggregation

1

then

—=> then min[1,1,1]
=

=

=

= then min[0,1,1]
=>

=

=

—= then min[0,1,0]
ESRd |

=0, 10

= 0

—= then min[1,0,0]
= )

=

= 0
=—n[1,1,0]

=0

=

= 1

—=wnen min[0,0,1]
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1(Movement)
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Wireless Intelligent Fall Detection and Movement
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Abstract—Global population aging leads to increased interests
in preventive healthcare technology. As falls are the most
common cause of injury or death in old persons, fall detection
and movement classification is one of the key topics in this
research area. In this paper we propose a simple wireless
intelligent system prototype for fall detection and movement
classification for real-time monitoring of the elderly. The
portable sensor unit acquires data from a triaxial accelerometer
and sends the data wirelessly to a computer using Zigbee
technology. Alternative to classic methods, the movement data is
analyzed using a fuzzy inference system. The system is designed
to distinguish between four movement types: standing, sitting,
forward fall, and backward fall. Its classification accuracy is
investigated using experimental data. It is observed that the
system performs well with high sensitivity and excellent
specificity. Additionally, the system is applicable for monitoring
rehabilitative patients and is extendable to a larger class of
movements and postures.

Index Terms—Fall detection, fuzzy logic, movement
classification, triaxial accelerometer, Zigbee technology.

[. INTRODUCTION

Rapid population aging can be seen globally as a result of
decreased fertility and mortality rate. In year 2011, 11% of the
world populations are older persons (age 60 or older). The
proportion is projected to increase to 22% by 2050 and to an
alarming 30% by 2100 [1]. This phenomenon poses new
challenges for healthcare technologies as well as social
adaptations. One of the new research trends is healthcare
monitoring of the elderly. Among these, fall detection have
been garnered more interests in recent years because it is the
common cause of injury in the elderly [2].

Algorithms for fall detection may be categorized into three
main classes: acceleration-based, image-based, and template-
based. Acceleration-based techniques are the most popular, as
they require minimal hardware and have low computational
cost. Many methods, e.g., [3]-[6] use simple threholdings of
some scalar functions of accelerations (usually total
magnitude) to detect the fall. Because movements and postures
can vary significantly between persons, finding a single
threshold that is appropriate for all can be cumbersome. There
is also information loss in transforming multi-dimensional data
to a scalar parameter. On the other hand, the scalar parameter is
insufficient for reliable movement classification. More
complex approaches are required for this, for example in [7],

978-1-4673-4892-8/12/$31.00 ©2012 TEEE
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Fig. 1. Block diagram of the proposed system.

[8] but they are often computationally intensive for real-time
implementation.

Fuzzy logic [9] has often been used for applications in
system controls as well as in classifications, such as in [10],
[11]. The fuzzy inference system is beneficial in that data is not
required to train the system, as the rules can be designed based
on either prior data or expert knowledge of the data
characteristics. The inference procedure is also straightforward
and can be done quickly once the rules have been designed.

In this paper we propose a simple wireless intelligent
movement classification system for real-time monitoring of
elderly that can also detect a fall. The data is obtained from a
triaxial accelerometer and is sent wirelessly to a computer. The
portable sensing unit is compact and user-friendly. To keep the
computational cost low we utilize fuzzy logic for movement
analysis due to its simplicity and effectiveness. Fuzzy inference
is suitable for this type of data because the rules are subjective
and flexible. For our preliminary study the system prototype is
designed to classify four movement types: standing, sitting,
forward fall, and backward fall. Experimental data is used to
evaluate the classification accuracy of the proposed algorithm.

II. METHODS

The proposed monitoring system depicted in Fig. 1 consists
of a hardware unit attachable to the belt of the user and a
fuzzy-logic based computer software for classifying user's
movements and detecting any possible falls. In case of the falls,
the system also sends out an alarm to the appropriate response
unit.

A. Hardware Design

Figure 2 depicts the design of our hardware. The movement
data is collected using a triaxial accelerometer ET-MMA7331L
(ETT Co., Ltd). The data is sampled at 5 Hz. The signal
outputs of the accelerometer are proportional to the magnitude
of accelerations in the x-, y-, and z-direction. The
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PIC18F26K80 microcontroller (Microchip Technology Inc.)
converts the voltages received from the sensor from analog to
digital with its built-in A/D converter and sends the digitized
data to a computer via a wireless communications module
using Zigbee technology. For our prototype, Xbee Pro Series 2
model EWLMO074 (Digi International Inc.) is used. The overall
size of the sensor unit, including the microcontroller and the
wireless transmitter, is 5.3 cm tall x 3 cm wide with 1.5 cm
thickness. It is small enough to be attached to a belt without
obstructing any regular bodily movements.

For usage, the sensor unit is mounted such that in a
standing position the y-axis of the accelerometer points
vertically downward. The x-z plane is parallel to the ground,
with the x-axis pointing from right to left of the body; the z-
axis points from front to back, as illustrated in Fig. 3(a). Hence,
while standing upright the measured data in the y-direction is
ideally -1g when g is the acceleration due to gravity (9.8 m/s?).
Similarly, accelerations in the x- and z-direction are ideally
zero. When the user sits, falls forward, or falls backward, the
sensor is rotated accordingly. For example, after a forward fall
a subject lies face down on the floor. The z-axis rotates upward
and experiences an acceleration of +1g. The y-axis rotates with
the body. Thus it is parallel to the ground and detects no
acceleration, while the x-axis remains in the same orientation.
An illustration of the axis rotations during a forward fall is
shown in Fig. 3(b), with the corresponding sensor
measurements in Fig. 4(c).

@ (b

Fig. 3. Rotation of sensor axes from standing to forward fall.
(a) Standing. (b) Forward Fall.

B. Fuzzy Inference System

Subsequently, the received signal from the sensor is
analyzed to identify the user's current movement. In this
preliminary study we have developed an algorithm using fuzzy
logic theory to classify four elderly movements of interest:
standing (ST), sitting (SI), forward fall (FF), and backward fall
(BF). The first two movements are typical activities of daily
living (ADL), whereas the last two represent undesired
incidents of a fall. Examples of single-trial sensor recordings
for the four movements are depicted in Fig. 4, with the user
starting in a standing posture before transitioning to the other
three positions. It is observed that during the changes in
movement the accelerations rapidly and largely fluctuate
before stabilizing. Notice also the variations in acceleration
magnitudes and directions in each axis between different
movements. For our analysis, only stationary data, i.e., the data
during which the user stays relatively stationary in that
position, is used to design the classifier. To eliminate the
transient period, the measured signals are downsampled to 1
Hz before processing.

Fuzzy inference system (FIS) is a process of mapping a
given input to an output using the theory of fuzzy sets. We
construct an FIS based on the Mamdani technique [12] with
three inputs (x-axis, y-axis, and z-axis accelerations) and one
output (the inferred movement) using Matlab R2009b
(Mathworks Inc.), as depicted in Fig. 5. Here we design the
rules and the membership functions based on the training
datasets. Alternatively, they can be designed based on prior
knowledge or expert knowledge of the movement
characteristics.

For each input, the input range of -1.5g to +1.5g are divided
using trapezoidal membership functions into five regions of
negative medium (NM), negative small (NS), zero (Z), positive
small (PS) and positive medium (PM), as shown on Fig. 6(a)-
6(c). In addition, the membership function is derived for the
movement output [Fig. 6(d)]. Table I describes the rules of the
FIS.

To understand the procedure of the fuzzy inference,
consider an exemplary three-dimensional acceleration vector
s(t) = [a. a,, a.] =[0.28g, -0.19g, 1.02g] measured at time .
Fuzzy movement inference for this data is completed in four
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steps.  First, the so-called fuzzification step takes the crisp
inputs and determines the degree to which these inputs belong
to each of the appropriate fuzzy sets. The degrees of
membership s for a,, a,, and a. are obtained from the
membership functions in Fig. 6(a)-6(c) as

a.=72) =1
wa,=7)  =04342
wa,=NM) =0
a.=PM) =1
Ma.=NM) =0
a.=NS) =0
a.=7) =0



Next, this set of fuzzified inputs is applied to the
fuzzy rules in the rule evaluation step. The fuzzy operators are
used to obtain a single number that represents the result of the
evaluation and then applied to the consequent membership
function. In our case, only AND (min) operation is used to
evaluate the four rule consequents as follows.

Rule I: if a. =7 — if 1
and a,=7Z — and 0.4342
and ¢,=PM — and 1
then movement is FF — then min{1,0.4342,1}
= 0.4342 = ypp(movement)
Rule 2: if a.=27 — if 1
and a,=Z — and 0.4342
and &.=NM — and 0
then movement is BF — then min{1,0.4342.,0}
=0 = ugp(movement)
Rule 3: if a=7 - if 1
and ¢,=NM — and 0
and a,=NS — and 0
then movement is SI — then min{1,0,0}
= 0 = Us(movement)
Rule 4: if a.=27 — if 1
and a,=NM_ — and 0
and a,=Z7Z — and 0
then movement is ST — then min{1,0,0}

= 0 = Usr(movement)

The outputs of all rules are combined in the subsequent step
into a single fuzzy set corresponding to the output (movement)
membership function. Because tgr = s = st =0, we obtain
the aggregated output fuzzy set depicted in Fig. 7. Next, the
aggregated output fuzzy set is converted to the crisp output
using defuzzification. Here we use the centroid method to
calculate the center of gravity (CoG),

30
Z M(movement) X movement

__ movement=0
CoG = =

Z M(movement)

movement=0

=~11.66

Finally, the crisp output of 1166 is compared with the
movement membership function in Fig. 6(d) to conclude that
the classification output is FF (Forward Fall) with the degree of
membership equals to 1. This process is repeated for the
acceleration vector at each time points to provide the real-time
classification of the subject's movement.

0.4342+

N N
10 15 20 25 30

h—

Fig. 7. The aggregated output fuzzy set and CoG.

TABLE I. RULES OF THE PROPOSED FIS.

Axes
Movement - - -
X-axis y-axis z-axis
Forward Fall Z Z PM
Backward Fall Z V4 NM
Sitting Z NM NS
Standing Z NM V4

III. RESULTS

Laboratory-based experimental recordings from 5 subjects
(3 males, 2 females) between 20-30 years of age are used to
evaluate the efficacy of the proposed fuzzy movement
classifier. Ten recordings per movement are collected for a
total of 50 recordings from each subject. Each recording after
downsampling contains approximately 10 time points. Out of
the 50 datasets, 10 are randomly selected and examined to
design the membership functions. The remaining datasets are
used to test the algorithm at all time points. Since the algorithm
operates in real time, on a time-point by time-point basis, the
numbers of test data samples are 328 FF samples, 351 BF
samples, 419 SI samples, and 686 ST samples (1784 samples
total). The classification result is presented in Table II. The
inference system is sufficiently accurate. It performs at the
highest accuracy of 99.56% for a standing position. This is
expected, since standing is the simplest posture. The accuracy
for forward fall is also high, at 96.34%. The performance
efficiency of the system drops for backward fall and sitting. It
is suspected that the body alignments during backward fall and
sitting are usually at an incline, which may cause the input
values to deviate from the FIS rules. If desired, it is also
possible to modify the membership functions and the rules
such that the classifying power is tailored to a specific
movement of interest.

If we only concern about the fall detection capability, the
system can detect the falls (forward and backward) at 86.60%
sensitivity and 100% specificity, where



TABLE II. MOVEMENT CLASSIFICATION RESULTS.

. True Movements
Predicted
Movement
FF BF SI ST
316
FF (96.34%) - - -
272
BE ) (77.49%) ) )
374
ST 12 79 (89.26%) 3
683
ST ) ) 4 (99.56%)
e # of true positives
sensitivity = — -
# of true positives + # of false negatives
o # of true negatives
specificity =

# of true negatives + # of false positives

IV. DISCUSSION

A fuzzy inference system with hardware prototype has been
proposed for fall detection and movement classification. The
proposed system is useful for monitoring the elderly as well as
rehabilitative patients after joint or muscle surgery. In the
preliminary study the system performs fairly well in real-time
for classifying simple movements. Nevertheless, the
experimental data comes from younger subjects, whose
movements are somewhat different from those of older
persons. In practice, the system may need some fine-tuning of
the FIS.

It is noted that hardware placement is crucial in obtaining
proper sensing of axial accelerations. The signals from
different subject vary slightly according to each subject's
natural movements. Therefore, the system is customizable to
each user by designing the fuzzy memberships and rules
according to that particular user's sample data, which should
also improve its classification accuracy in actual usage.

A closer examination of the fuzzy rules suggests that the
differences between a forward fall and a backward fall and
between standing and sitting only manifest in the z-axis value.
This corresponds to the similarity of body alignments of the
said pairs of movements. In fact, the rule for the x-axis input is
the same for all movements, suggesting that for these simple
movements only 2 axes of acceleration may be suffice.
Nevertheless, to classify more complex movements such as
walking and running, all three axes or a set of modified inputs
would be necessary. For example, to differentiate between a
backward fall and lying down, transient data or derivatives of
the inputs may be advantageous. Extension of the fuzzy
inference system to cover more variety of ADLs and different
types of falls is a topic for our future study.

ACKNOWLEDGMENT

The authors would like to acknowledge funding from
Faculty of Engineering, King Mongkut's Institute of
Technology Ladkrabang. We also thank Mr. Parmon
Yongwattananun and Mr. Kantapit Kaewsuwan for
experimental data collection.

REFERENCES
[1] United Nations, “World population prospects: The 2010
revision, volume [I: Comprehensive tables.” 2011,
sT/ESA/SER.A/313.

[2] M. Vu, N.Weintraub, and L.Z.Rubenstein, “Falls in the nursing
home: are they preventable?” J.Am. Med. Dir. Assoc., vol. 5, no.
6, pp. 401406, 2004.

[3] J.Chen, K. Kwong, D. Chang, J. Luk, and R. Bajcsy, “Wearable
sensors for reliable fall detection,” in Proceedings of the 27th
IEEE Engineering in Medicine and Biology Annual Conference,
Shanghai, China, September 2005, pp. 3551-3554.

[4] A. Bourke, J. O’Brien, and G. Lyons, “Evaluation of a
threshold-based tri-axial accelerometer fall detection algorithm,”
J. Gait and Posture, vol. 26, no. 2, pp. 194-199, 2007.

[5] J. Dai, X. Bai, Z. Yang, Z. Shen, and D. Xuan, “PerFallD: A
pervasive fall detection system using mobile phones,” in
Proceedings of the 8" IEEE International conference on
Pervasive  computing and — communications — workshops
(PERCOM), Mannheim, Germany, March 2010, pp. 292-297.

[6] D. Chen, W. Feng, Y. Zhang, X. Li, and T. Wang, “A wearable
wireless fall detection system with accelerators,” in Proceedings
of the 2011 IEEE International Conference on Robotics and
Biomimetics, Phuket, Thailand, December 2011.

[7] D. Karantonis, M. Narayanan, M. Mathie, N. Lovell, and B.
Celler, “Implementation of a real-time human movement
classifier using a triaxial accelerometer for ambulatory
monitoring,” IEEE Trans. Info. Tech. in Biomed., vol. 10, no. 1,
pp- 156-167, 2006.

[8] S. Paiyarom, P. Tangamchit, R. Keinprasit, and P. Kayasith,
“Fall detection and activity monitoring system using dynamic
time warping for elderly and disabled people,” in Proceedings of
the 3rd International Convention on Rehabilitation Engineering
and Assistive Technology, Singapore, 2009.

[9] L. Zadeh, “Outline of a new approach to the analysis of complex
systems and decision processes,” IEEE Trans. Systems, Man,
and Cybernetics, vol. SMC-3, no. 1, pp. 2844, 1973.

[10] X. Binglei, H. Zheng, and M. Hongwei, “Fuzzy-logic-based
traffic incident detection algorithm for freeway,” in Proc. 7th
International conference on Machine Learning and Cybernetics,
vol. 3, Jul 2008, pp. 1254-1259.

[11] T. Li, J. Yang, and Z. Chen, “Land evaluation algorithms based
on simplified fuzzy classification association rules and grouping
fuzzy decision,” in Proc. 2010 7th International conference on
Fuzzy Systems and Knowledge Discovery, vol. 1, Aug 2010, pp.
191-195.

[12] E. Mamdani and S. Assilian, “An experiment in linguistic
synthesis with a fuzzy logic controller,” International Journal of
Man-Machine Studies, vol. 7, no. 1, pp. 1-13, 1975.



	ปกแข็ง
	Fulltext Wuttichai Putchana
	ปก
	ใบรับรองปริญญา
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	Chapter_1
	Chapter_2
	Chapter_3
	Chapter_4
	Chapter_5
	11Wireless  Intelligence  Bodily  movement  Identification  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




