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Thesis Title Intelligent Sleeping Position determination System for Bed-Exit
Monitoring
Author MissSunisa Kamonwan
Major Program Electrical Engineering
Academy Year 2016
ABSTRACT

Bed-exit monitoring is critical for establishing the mobility trend of patients. The
development of an intelligent bed system can be designed to monitor and prevent the bed-exit and
to help immediately, especially for the elderly patients. In this paper present intelligent sleeping
position determination system for bed-exit monitoring, the detection of the subject using 100 lbs
FlexiForce sensors based on the basic amplifier was focused. Four sensors were installed at the
base of the bed to produce a voltage output and investigate the signs of emerging changes. An
analyzed mattress was divided into three parts (middle, left, right) to detect the patient motions in
a full coverage area before and after leaving the bed. In this case, the voltage variation would be
inputs of Support Vector Machine (SVM) classifier to identify the bed-exit mode, i.e., exit or not.
The performance evaluation of the classifier shows that middle, left and right are classified at
91.10%, 96.13% and 95.18% classification accuracy respectively. The overall accuracy is
94.12%. This indicates that the system can be used for the bed-exit monitoring to help the patients
in time.

Keywords: Bed-Exit monitoring, Force Sensors, Support Vector Machine



(M

pafanssnsemea

A a R Y
9 WANAAANYI LAZHBIo
Y
i AngangisarlndnlSnm

q

YOVDUNTLAM 509A1AATINIGG Yay193

%

o a J o S a A '
ANT19178 T1INT AUNUYY 61%158%ﬂ§'ﬂﬂ13%81uwu‘ﬁﬂﬂﬂ
o Y ¢ Y o aAw o a
uuzmmmgmﬂuﬂﬁﬂﬂ%u auuauunﬂq muiumamna ANDAIUUALNATINTSUIUNITIAA
o w Y g}z a a o o A 1 4
paz Iimaslalumsuddymsmisasaemuud lvinentinus Idauiivliedeanysal

4 o d @ 4
VDUBDUWISAM TOIAITATIITY AT. WITY NHNHANITIUUA Use51UNTTUMS

a

v A a P o o < g o a
aoutloanuIngiinus nlansanenearliadInwwuzihndlulse Teviaonisauiiu

q 9

a

Aaw a a 9 Y o 1 4
ﬂunﬂl,!,azm’mmummuwuﬂwmmu”lﬂaﬂwﬁuu“im

a a Y [

4 a 4 1
VDUBUNITLAN AT. NAAAY NOIWA UASHFIYAITANTINGTY AT. UNNY YYYU

L)

) a

v A a s A o o A d d a 4

nssumsaoutlosnuineriinus 7 ldnsangianarlddnls numuzihiiluilse Towi Ja150l
a a 9 Yo A [] 4
NZN"Iutmgﬁ5'3%1’]']1!'31’]8']1!W1!°ﬁ“lﬁﬂ%1!u"lﬂ@fJNﬁinﬁm

Y a <

VOUBUNIT AW 3@\1?”@'@]31%153]’ A3, UHNI %ummﬁ uag ﬁf]\iﬂ']ﬁﬁﬁ"lfmif]’

a Jd o 14 1 a a s ¥ a Y o o A

AUAD LIHHWAUIUUN ﬂiillﬂ'liﬁ’f]’UIﬂiﬂi1\1')‘1/]81uwuﬁﬂllﬂﬂ§m'lq‘ﬂﬁnﬁ11Wﬂ1!£u3u11ﬂ

Flulse Teminemsinisoauou

'
a

VDUDUNISANU i’lf]\?ﬁ'lﬁ@i'm?it’]) ﬂi.l,ﬂ%ﬂsl?ﬂ NoINY Lla$f]'li]1§gﬂ'lﬂaﬁ i(REN
a g’/ 4 a a a 4 a [ a 14
137 5'311VN'E)']ﬁ]'lﬁf]ﬂ']ﬂ')%']')ﬁ'lﬂﬁﬁﬂul‘l/\lﬁ'] AUZIAINTIVUAITAT UH1INIYTIVATUATUNG
1 A 9 Y o ) a <3 Y] a a 4
1@ﬂVIleﬂﬂgmflﬁmuuzmuasmmmmuﬂluﬂ”liﬂ’iuﬂgmﬁmlm%muwuﬁ
a J a o a S AN Yq Y
VDUBDUNISAWU AUSIAINTTIUAINAT WHIINYIAYTAIVATUATUNT ‘Vlklﬂclﬁ
A o o = [
ﬁﬂ'l'l!ﬂﬁ?ﬂiﬂﬂ?iﬁﬂﬂ'lﬁ'lﬂ?'lﬂg
o a A o a [ a d a [
VDVDUNWIEAY UUNAINYIAY UNINYIQYTIVAIUATUNT a‘vmwugmmclﬁmu
a Y Y Av A a a 4
‘VﬂfﬁﬂTﬁﬁUUﬁL‘lunu@‘ﬂWHH’J%EJLW@’NIEJTHWHT?
VDVDUNIEAYU UNANITUITINU Wi?ﬂﬁ'ﬁﬁ H"Nﬁ']:]ﬁuﬂ%f‘lnl L‘ﬁﬂlli]f UHNE
an A ~ A ) ) ¥ A A a
AT Vlf’)\iﬂiyﬁl"l W) INDUS) UBNE 'i:m‘mLinﬁumLmzuﬂmﬂimmmmmaﬁ’sﬂsmuh/\lﬁmﬂ
' A Y o o Yo w A
munnawugi vaglvmaclenawueomn
S Y 1 A a £ ] ) '
VDVDUWILAUDINITYNTDUNNINIY 1/]ﬂigﬁﬂ‘ﬁﬂigﬁ']ﬂﬂ'J'INEVI'NQ']HGI'N“]

2 = v qY 1y gy
nalusdauazfagiinlvundmninlasnaen



®)

9
gameilvenswveunszantazious1Andelau1sal wazAsouATI NNAY

nlmsaduayunisunsane Insaivayulunng e Idasnuuaz ldmasle

aA ° 9 o o X a PN o2 A A v
p819ag9u1 lagnaoau1au Indszauanud s lududl vminInerdnusiinnuaoula

Y o PR a 1a & '
N']ﬁ]EJGU'E]Tﬂ&ﬂuﬂﬁn‘ﬂﬁn!ﬂﬂﬂ?lﬂﬁﬂ? HagYINIRITeNNNIU

Y

oy nuada



AR

M31ey
F19A15A15 14
F19MmsNNLsenov
PN
1. unin
1.1 anudrguazinvesindeite
Au A A 9 @ g ao
1.2 MSATINDNAIT UNANY LAZIIUIVENNeIT0In UL TLIAUIVE
Y] 4 a o
1.3 Iagilszasdavoamsig
1.4 UBUIUAUBINITIVY
4 { 1 [
1.5 dszTeminaaag1dsu
2. NOBRUATHANMS
Y A A 1 a o vy
2.1 dihendeanemsinansnaannmnay
A A Y a o Y
22 uInungihanamsnaaanvinau
23 matsziiutlitudesueaminaaanunau
24 malguadmsudosiumsndaanvnduy
< s 0
2.5 IHUEDIIAAULTING
= Yy 9y a 4
26 MIEIUIAWADUNUNDS
2.7 Msdalszansnin
A o a
3. AFAUUUMS
3.1 MIAIINAUNIYNOBNIINALY
a ?x’z < 4
32 MIARAUFUINDS
Y] < I ] aa o
33 msulasdyanaedoniudyguaana
o Y
34 mydszuanadynaniony
< Y
3.5 manuveya
3.6 NMSTWMUNAITATIVED

3.7 msdsaulszansmwueassuy

©)

nin

)
(10)
(12)

17
17
17
18
18
19
19
19
21
26
33
37
37
41
43
43
44
46

46



M58y (AD)

GIRERRL

a ) Ay v < s
4.1 wammmiwwﬁmmmw"lﬂmm«vm«mi

g 9

Aa A 9 A

42 wamsdsziuilszaninmaesszuumemsiengudoya
43 wamsdsziiuilszaninmuesszuumeyatoyanadow
unagluazdorauonny

51 unayq

5.2 ﬂT@LaumLuz

VITUIYNTU

NMARNUIN

o 9/
sz Iagivey

(10)

47
47
53
54
56
56
57
59
62
70



MIN

1-1

1-3

1-3

2-2
2-3

2-4
2-5

2-7
3-1

3-3

3-4

3-6

4-1

42

=h.

EUNIINITIN

U a 4 o o
gileluTsaneruaasvaiuniunindaananiReasnaiuszaunIu
JUUI
FLAUANUFULIINAAINMTHEAANDINAL

Av A [ 9 L4 =
aztunanuitenenumsleglnsainsaaeunisgneanainmen
a G Y =

ajlriiavesginsainleluszuuasrvaeumsgnoonainmes
AUANTARNIZYDA FlexiForce Sensor

d v dy 9 [ o 4 4 =~
WansuunuiugIudmsugwnesannno Jussy

= 1 1 [ = & = (3 J A A
Myfseumevuiangumsaauennagniufssumenudaiunmae
9
NINUA
@ ] Jdo v A an v = &£ =
aregalanudaaulaveddsmsaauennaznilaneniie
o 1 =1 =1 1 Iao) o
aedrwamsFouievuiazguu lusinu
HansaaduludennguusInIsAALEN
2 v a 4 1

ADUNIFULNNT N (Confusion Matrix) 41U 2 NQU

o v o

Mare1 lummiadyaausuniulaedsmaunae

o v o

mmednlumsiisadyyasuniulnedimaunae =n
mmedlumsmisadyanasuniulasiimaunie —ntl
AoumAIRGe

mmedlumsmisadyanasuniulasismaunie —ntl
naanAInGe

nquerenaiinsinageuluvazuouazgnesn N (NGUi 1)
nquenmainsinagenluvazueLIaZgNEBNINHE (NGUT 2)

ApuTl F UM NFUDINITATINTD UL LD ULAYYNDBNNIALIR BN
idengudoyauuunuiieens 10-Flod Cross Validation

AUl FuLNNInFU0INTATINED VYUY UDULAZANDBNIINIALIRIBYA

doyanadol

(an

13
15
24
30
31

32
33
33
35
43
44

44

44

45

45

54

55



sigmsmnlsznou

4
mwilsznaun

2-1
22
23
2-4

2-5

2-6

2-7

2-9

3-1

33
3-4
3-5

3-6

42

43

4-4

[ < v 1 1
anvae Iasead 9o usuEe s I T INALLUAIANNATUNIY
o < v 1 1
MUV UFULE DS A TINAULUAIANINATUNIY
anbauz InT9e319v04 FlexiForce Sensor
rvsvenedayaa i
[ Y 4 1 g [} (Y] 1 [ d' 9 =~
AaNuFuNU sz NnahnEnsuawseau Iihnldamsasueuvsd
FlexiForce Sensor
o o Y P Y o q YUY A A
mydiuanusuveudunwd i i dszezveunumniga
A 1 9 9
MsdenguioyaIlUIoay
A ) A ' A
M3AoNGUIDYAUVUANUNGINTI K NQW 11D K=4
N3 Laﬂﬂq‘ mﬁ’aymmu Leave-one-out Cross Validation
Y
MATUADUVDITLUVATIVNADUNITYNOONVINIALN
Ty
MIUDUNTINTUATIVAOUNIGNODNIINIAGY
' A A DA ' = &
MNuMsueursomanaou Inivesdihevazeguuae lasna il
] 1< o 1 g’/ o
MINAFDUTU IHAAVBIUFUIYDIIANITINANG 4 617
o VoA Y a 3’, <3 14
AU UIN 1% 1UNTAAA AT UL DS
a g’/ < 4
MIAAANUTUIFDS

i ldnnmsasaeudumiagueu

[ o

NHUS

(3 a9

o
<3 J 2
eu”aﬁaulmgmmﬂmuwai (S1-S4) mmﬂuuwwﬂﬁauuauuumm

U

=

=
e

@ < J A ] o '
3 aﬁﬂlutmmmﬂ!ﬁh'mch'@i (S1-S4) sllmg‘ﬂﬁﬂﬂﬁ@ﬂu@u@giu@nlﬁqu}iq
a

NANUDIUANEN

9 [ <3 14 A Y [l o [
VDYATYYIUIINLTULEDT (S1-S4) mmzm@mﬂﬁauuauagiumgmm

U 9

Y =
ATUFI1IUDUN N

A3

[ < 14 1 [l o [
pyadyYIUNNFUITOT (S1-S4) yuzNdnadouuouaglud g

U 9

e

Y =
ATUVYITUDIUNY

o < 2 Ay a v )
@Ha YYIUINUFULY DT (S1-S4) ﬂlmz%ﬁjﬂﬂﬁ@UQﬂﬂﬂﬂQTﬂmaQﬂ"ILlG]ﬂfJ

e

o < s A9 a9
mg,a UYIUINUFULY DT (S1-S4) ﬂlﬂ!%%lﬁjﬂﬂﬁf’]ﬂ@ﬂﬂﬂﬂmﬂmmﬂ"lLl“lJ’J”I

e

(12)

21
22
23
25
26

28
34
34
35
37
38
40
41
42
43
47
48

49

49

50

51

51



(13)

siwmsmnilseneu (Vii’))

4 v

mwilsznaun i
a o [ 9 1 A o 9 o v 9

4-8  maaanzvnguaeya 5 ngu Ml s luszuuasrndendumisduou 53

A 9 [ =
l‘W'E]i“]fﬁﬁ’Jﬁ]ﬂUﬂ15Qﬂ®@ﬂﬂ1ﬂLﬁﬂQ



2 [
Tuunilaznandanuazanud1AgyesIUITe N1IATINBNEITUNAY
Av A a 9 o S Aav o 4 av awv P
HazUININNEIToINUYT2AUITY 09152 aInveIIUIIe Vo UIUAYBINITITY 15y Torin

1 Yo é =~ = v 1 dal
ﬂ'l@')'ﬁ]gvlﬂﬁll G]f\?ﬂJfl"lEJﬁglﬁ]fJﬂ@\Wlﬂul‘]Ju

1.1 MNUazANNEIAYYINUIY

(=Y 4 a [ 9 =2 1 =\ d‘ 1 A o [

RUAMIAMIAANTAANUAALNLIBDI 31IMBUM I AEUNIMIHT DA MHU
& A oA oA W vy v a v o

nnMsuansedu asldegniulaeliulaasle [1] Tasaunguaninaninanuduwusves

[ 1 { g).l @ X [ Y
adenargedradnuinetos ansouen lanafadenmelutazmeusn Fetlasenielundlu

o o Y a [ k) F) 1 = A A 9 A

aungsnih liinamanaaanundu laun maldsunlamieaisimesuiloannnanuys
Tagdruluginnulugnuierguinnii 65 1 desediuiale wu nzduwd vseling

o v 9 Y A o Y a 1 KX a A 1T o Y dy ' o Y
qduau ‘]ji]i]EJ@TL!ﬂTi161581‘1/]‘1/]111’Hﬂ@161ﬂﬁﬂ’3\1‘§]m NPU ATNITUI NATUIUDDDULLIN Wﬂ%mu

i
[ 1 ~

a @ a o A > <3| 9 @ a 2 9y
WNRAYIIN IS ﬂj'lll@]uiaqﬂﬁ@'llllﬂlﬂaﬂuﬂ'l lﬂu@]u !Lagﬂ%%ﬂﬂ?ﬂu@ﬂlﬂﬂ%qﬂﬁﬁllﬂﬂaauﬂ

qQ e

I a

Y ] 1 1T A dy ~AA S A o A I Y = A
souUAITY taeaie hifeawe Aunau e twesnllvinageaniulal Judu Fegiianisal
v H Y

mananaaanunanluTseaneurannutesiniaungdnihnumsnniadtenielunaz ade
MeUDN [2]

dmsudiheniusnu 13 uTsamenainizinanmsnaaanusnafesdilae
Taeditaseniildinannu@es 1dun 01g anmidals Usziamsnndu ms ldsvemaroriia
A o w A’ FIAL =1 d‘ d' a [
Wiomsgnananianaou v 31lasmmizdiegeeigeziinnudssgeinamsnaaanain
=1 & ] 1 a3 o o A 1 Y a < 1 o j’ ~ [
@ee auulymdidgnezne ldinamsmauseninausuinluluvasnegly

< o [ g}/ 1
T5ane1018 NMTUIAIIUIINMTHEAANI IRV deTUdINaIToNINU1E V19518019
2 & 9 A Y A 1w d A a = 2 <
1ARLANY08 HID1U19T1IADIUTEAITABIDINTUIADUINVIAY HAZU19T19D19DIVULIAL
9 = 2Aa Y ) [ a = a @
Froussaudaunsiald (4] Svsululsaneunaasvaruasuniinsdssiuszauaiiy
d' a [ = a I'd = g’; 1= =K A,
JULTINANIAMINaAaNINAL Taglasznontaulszanaaauall wa. 2552 891 w.e.
@ d' Y o = 1 A o Y d' 1Y

2557 99013137 1-1 [5] una Tduanmsdrsdalull w.e. 2556 wunuswaugihenndann

a = = dy Y3 K o A A a dy [ A [ A &
UTIULAYININTADI 26 AU LlagGlfclﬁlﬁuﬂﬂ3S’Jﬂllﬂ’NlllﬁfNTllﬂﬂsllUﬂ‘]JEjﬂ’JfJﬂﬁﬁTi"NVl 1-2 %3



F
Y A4

@ { a @ I )
58ﬂUﬂ'ﬂllgull,ﬁ\‘l“ﬁLﬂﬂ%1ﬂﬂ'lﬁ‘Waﬂ551ﬂ‘l]'lﬂL?IfNHJuﬁ'llﬁﬂﬂl@ﬂﬂWﬁla’ﬂ%ﬂﬂ%Wu?u 2 AU NIULY

' ~ 9 2 Aaa DA A a o ~ A 2 9
'J'lﬂ%iJLl,u’ﬂlﬂJﬂ'lﬁm’ﬂslﬂﬂéll@\iﬂﬂ?ﬂﬂlﬂﬂﬂWﬂﬂWﬁWﬁﬂﬁﬂﬂWﬂLﬂfNLWiJQQGUUIﬂ‘EJ!ﬂW”IZQq@fJ']q

{ U a J o (%
A15190N 1-1 Ej‘]J’JfJGlUIi\‘leJ']’U'Iﬁﬁ'\‘]‘Ua11!?’]51!1’1i“l"laﬂﬂﬂ%']ﬂlaﬂﬂllﬂﬂﬂ'mﬁ%ﬂ‘ﬂﬂ'Nll';u!lﬁ\i

Yavdseana | 2552 2553 2554 2555 2556 2557

A
B
C 4 7 4 4 11 4
D 13 9 11 5 11 15
E 1 1 1 2 1
F
G
H
I 2

57 17 17 16 10 26 20

MINN 12 32AVANNFUUTINNAINNMITNAAANDINAEY

FTAUANNTUNI AesLY

IR 4 1 9q9a A
A m@gmsmcﬁmT’e)mmnfazﬂ’e)“lmﬂﬂmmmmmaau

a d‘ d? Y 1R 9
INAANUAFIANADUUU mellumggﬂ’m

U

B

a A o Y M 1o q YIy Yo o
C Lﬂﬂﬂ’ﬂﬂﬂﬁ?ﬂmﬁ@uﬂﬂﬁﬂ’lﬂ LmlliJVIﬂﬁWﬂ’JlelﬂiU@uﬁﬁﬂ

a d‘ Y] FAl 1 Yy =\ [ d‘ Y
D Lﬂﬂﬂ’ﬂhﬂﬁ1mﬂﬁ’€)uﬂﬂ@ﬂ’m ?NNﬂsl,ﬂﬁﬁ)\‘mﬂTiLﬁ1i$’NLW@1ﬂNH1%

] 1A w 1 Y
Nliinasuasieaodile

E aanuamandeunulie dawaliinaduasedins ez dedl
Msthiainy
a A Al 1 Jya o o Y

F maanuamadeunulile diwaliifasuasisdinsiuazdes

Y
uouT5ane11a H300g 15aNeNauIuAY

a A o Y ' Yya o A
Lﬂﬂﬂ?quﬂaqﬂlﬂa@uﬂUﬁﬂfJﬂ ﬁ\jWaiﬁlﬂﬂ@u@iqﬂﬂqjillﬂ%ﬂjﬂ

a d' v Y 1 Yy o 1 aa
Lﬂﬂﬂ’ﬂhﬂﬁ1mﬂﬁ€)uﬂﬂ@ﬂ’)ﬂ ﬁ\iWﬁi’Viﬁ’é)\Wﬂﬂﬁ%’JEJ“]f’M




A3 1-2 IAUANNFUUIINAADINMINAAANIINABY (51D)

FLAUANNTUUI fesLIY

a A [ Al = d a2 Aa
| Lﬂﬂﬂ?WNﬂﬁWﬂLﬂa@uﬂUPj‘ﬂﬁﬂ C]fﬂlﬂua’llﬁﬂﬂl@ﬂﬂ’lﬁlﬁﬂ%'lﬂ

a o o 1 [} 9 4 9Y o
51991UITITIUIUNIANUIINTHAAAN IRV 1815 N1 T
=\ J a =3 a Y1 Lﬂ'
Tsane1uia Iwansznuaegunimneuazguninialesn ludearavesdile imeaaanuy
d' d' =) (%) 1 1 1aad = (-3
@esinannmsnaaanlulsaweruia wunlulsanermadiulvgidasmslsaduile
d' 1 @ =} Aasy 1 A d' 9 PA 9
@eIADMINAAANIINALIHAINHA8ID 11 mstivuanud lumsdn ldquadile Tdmsgua
[ Ya v Y ~ 1 Y 9 o A 9 g}/ = A 9 a
a1 lnazanugilie 1 wesdedgua 1 au lsmsgniansonislesinunes vselsmsaa
A A I 9 [ g’/ as 1 dy ~ 1Y) o
P30 INAoY 1 UAY d9UATMIMaINa1T0aAnNUFSIaZ TN UAITHAAANDIN
Y [~ Aa A ] 1 o Y
mesIded e ludniseansamuas luieaneassuaudiheluTsaneuia (6]
) 1 o o Y [ 9 {
Tagiununiimswamuszuudhsz Jadihendannainifes Taglsaeani
% A . =2 Aq Y EA '
QY IUADY (Bed-Exit Alarm System) #1189 szuvnlylunmisasisaovaniuzyegilign
YA ' ~ A ' PXl 2 = a I o
yauzigiudirseguufoase I windiheGuilasueiszunnmsmsuewilunsus uas

Q U

] Y ]
wioufrzasnn@oslunanfoanuiu szlimsasranumsnlasunlasaz asdgyananiou

@ { 1 < 4 @
Tdaweruransedimidaua [7] eg19lsnanuniiesaindegiuiilsanervialulszinan
2y 4

Ifusmsluszuuiidesunn iiesnnszuudhsedadihenaaananidesniinnuinsenons il

Y E4 i1 [
alFnegelunmsanasszuuiiie 19 lunsquadilae 1 auae 1R uazdmsugiedh

=

v QA o A A 1o 9y Y an A o a
5$'NLﬂ1JWLﬁH1]ﬂlW3Jﬂ’]iG]5'Jfl]ﬁf’)U1/]LlllufJTIﬂfJﬂTﬁ1%ﬂﬁ@ﬂ‘Uu‘ﬂﬂ'JﬂI@ LW@L%TﬁQLﬂ@]WQ@]ﬂiﬁN

Y { s g}/ 1

wo3g1eaa0n 24 92 1us Mlddeunumsz Idnudmndeua Snndewaliddiea

LY

anuiluaiuda [8]

o 9 A

£
N1UA ﬂﬁ%ﬂﬁHﬁui’Jﬁzﬂﬂ@]ﬁ’mﬁﬂUﬁﬂlﬁu\iNMBULW61%}ﬁ53%ﬂUﬂTiQﬂﬂﬂﬂ

a o s 3 s a Lyy a y o ¥
NLHY Iﬂﬂﬂﬁﬂi%ﬁﬂﬁlﬁﬂaﬁﬂ]ﬂnmﬁﬂﬂ’EJ‘]Jﬂiml“ﬁulgﬁi’)ﬁﬂﬂﬂﬁﬂ@ﬂqiﬂiLﬁmiﬁﬂlilﬁﬂﬂﬂﬂ 4 N

g g E] U

a 3‘, . a o 1 o < 1 Y 3‘, 1
Usiranmsaaasiine ldinanusingdiae s lddihelinnuiudiuds snnalall

Y

HanszNURoKgUa szUVATdeUMIgnoenafeegnii1 g umsithss Tuazaaniy

P e

A A A Y = 1 A EA Y o 1 = I
lﬁﬂﬂiuﬂ‘imﬂﬂﬂ’)&lwEHEJHJQﬂ’E]’E]ﬂ%WﬂLGIENﬁnﬂiﬂ%’)&lmﬁﬁ)@ﬂ?&lklﬂ‘ﬂuﬂ’;lﬂ‘ﬂ Wiﬁ)lI‘VNL‘]Juﬂﬁ

U

2 aa 9 ' 91 o Yo 9 A o o
MuguMyIalumsquadgiey aan e vazdaausalsnudirennninelulsg

A d‘ o [ 9 ] = a A
naa “I"ii’é]‘VI“INﬂ’é)1ﬁ€lul@’é)ﬂ1\1hﬂi$ﬁ1/l‘ﬁﬂ1w



b 4 U

1.2 M3ATIVDNAT UNANY Az ﬂﬁ!ﬁﬂ)ﬂlﬂﬁﬂﬂﬂiglﬁuﬁﬁuﬂ
Aq ¥ ~ Y g a av A
531JUTI1‘H11Jﬂ15@5’J‘1]’€T@1Jﬂ1§Qﬂ’E]’E]ﬂi]1ﬂmﬂﬂﬂ]@ﬂ@)ﬂ?ﬂuuuﬂu]ﬂfJ“VI
= Y Ry Yo Aa Jdo 1 t
Meteeae lasumsanunasae 11l
1.2.1 Estimation of bed-ridden human’s gross and slight movement based on
pressure sensors distribution bed [9]
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1.2.2 Identifying movement onset times for a bed-based pressure sensor
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1.2.3 In-bed patients behavior monitoring system [11]
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1.2.4 Sleeping patterns observation for bedsores and bed-side falls
prevention [12]
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1.2.5 A new bed-exiting alarm system for welfare facility residents [13]
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1.2.6 Determination of sit-to-stand transfer duration using bed and floor
pressure sequences [14]
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1.2.7 Elderly-care motion sensor using UWB-IR [15]
uwmmﬁﬁwmumzuumﬁmnaaumsmﬁauﬂmmmé’qqmqiu
aganganeluiearinadiuda Tasldiduises (Ultra-Wideband Impulse-Radio, UWB-IR)
fanuiures 1 ludeadihemilodszqniaeen 0.2 mas ieassnaeumandewlnives

91 ' L2 g s A da oAy a o 1Y Yy v oA
Eﬂjﬂi“ﬁﬂ’lugﬁ’lﬁﬂ GINLCBHLclf'ﬁ]iulll;ﬂ_luﬂ')ﬂ‘ﬁ1/]ﬂ'J'NLlaSﬁllﬂ’]iiuaﬂm@uﬁﬂ]ﬂﬁmm’]mwaaﬂ

U )

a A

[ @ { d o 1w :
uay 1t ldanlnasuiindaunn ImsldgunsaiSunaz dedyanauuuduwad Falszunana
@ a 4 I 14 1
A108ane3 Ny HAIINNsATIIAOUMIIAREU ladiadures UWB-IR Tudniugaieg ueq
Y Y o a < a a a 9 o a
Athelaun MsveurauUWRes MIgNUIUWAes MsannInAes Msauludein nisau

Wazimueenaniszg nuNTANNINUEININT 95%

1.2.8 Measurement of sit-to-stand timing and symmetry from bed pressure
sensors [16]
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1.2.9 Detection of bouncing during sit-to-stand transfers with sequential
pressure images [17]
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1.2.10 Implementation of wireless sensor network based human fall detection
system [18]
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1.2.12 Differentiating assisted and unassisted bed exits using ultrasonic sensor
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1.2.13 Lying and sitting posture recognition and transition detection using a
pressure sensor array [21]
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1.2.14 Computer vision applications for patients monitoring system [22]
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1.2.15 Activity monitoring system for elderly in a context of smart home [23]
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1.2.16 Sensor enabled wearable RFID technology for mitigating the risk of
falls near beds [24]
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1.2.17 Design and assessment of a real-time accelerometer-based lying-to-sit-
sensing system for bed fall prevention [25]
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1.2.18 Low cost and battery less sensor-enabled radio frequency identification
tag based approaches to identify patient bed entry and exit posture transitions [26]
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1.2.19 Intelligent bed sensor system: design, experimentation and results [27]
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1.2.20 Measuring nightly activity, body weight and body weight change rate
with a sensor equipped bed [28]
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A13197 2-1 ﬂmﬁuﬂ’ﬁmwwmm FlexiForce Sensor

Sensor Properties

Thickness 0.208 mm
Length 152 mm
Width 14 mm

Sensing Area

9.53 mm (diameter)

Connector

Connector 3-pin male square pin (center pin is inactive)

Typical Performance

Force Ranges

0-100 lbs (440 N)

Operating Temperature

Range 15°F to 140°F (-9°C to 60°C)

Linearity (Error) +/- 3%

Repeatability +/- 2.5% of full scale (conditioned sensor, 80% force applied)
Hysteresis <4.5% of full scale (conditioned sensor, 80% force applied)

Drift <5% per logarithmic time scale (constant load of 90% sensor rating)

Response Time

<5 microseconds
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Real-Time Intelligent Bed-Exit Monitoring System Using
Support Vector Machine

S. Kamonwan, B. Wongkittisuksa and S. Tanthanuch

Abstract— Bed-exit monitoring is critical for establishing the
mobility trend of patients. The development of an intelligent bed
system can be designed to monitor and prevent the bed-exit and to help
immediately, especially for the elderly patients. In this paper, the
detection of the patient using 100 Ibs FlexiForce sensors based on the
basic amplifier was fc d. Four were installed at the base of
the bed to produce a voltage output and investigate the signs of
emerging changes. An analyzed mattress was divided into three parts
(middle, left, right) to detect the patient motions in a full coverage area
before and after leaving the bed. In this case, the voltage variation
would be inputs of Support Vector Machine (SVM) classifier to
identify the bed-exit mode, i.e., exit or not, which would then be
shown on the monitor in real-time mode and the accompanied with an
alarm sound. This indicates that the system can be used for the bed-exit
monitoring to help the patients in time.

Keywords—monitoring, bed sensor, real-time, Support Vector
Machine

I. INTRODUCTION

The major problem of injury in elderly persons is the
bed-exit. Hospitalized elderly patients have a risk for bed-exit
that significantly leads to the minor injury during hospital stay
as well as the additional treatment costs or directly results in
death [1]. Therefore, restraint in a medical setting for patient
movement limitation is important to reduce the risk of bed exits
in elderly patients with prolonged hospitalization. In addition,
the 24 hours observation by hospital caregiver is also necessary
for hospitalized elderly patients. However, the hospital
caregiver cannot be available to observe the patient behaviors.
Hence, behavioral sensing system is required to identify the
patient movement before and during getting out of bed [2].

The bed-exit alarm system has been extensively developed
that is used for monitoring the appearance of patient in the bed.
In [3], [4], the monitoring system using image processing is
applied to observe the behavior of patient bed-exit
continuously, but it leads to the loss of patient privacy. The use
of bed surrounding sensors such as infrared sensors [5], [6] and
ultrasonic sensors [7] were used to avoid the loss of patient
privacy problem. The ability of sensor detection and response
depends on equipment set up. However, this method difficultly
detects between patient and others. Thus, some researchers
proposed the under mattress bed pressure sensors for
determining patient movement [8-10]. The number of sensors
covering the expected areas should be considered. In addition,
measurement of the resident weight in bed and the distribution
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of a magnetic wave around the bed have been proposed in [11].
The weight was measured by four weight sensors attached under
the four legs of the bed frame. The magnetic system, which is
considered to have no biological effects, is emitted a magnetic
wave to the patient. The distributions of the magnetic field
indicate the location and movement of the resident in the bed.
However, the system can affect both the resident and the
hospital caregiver. Thus, this purpose of this study is to improve
the monitoring system for user acceptance. The proposed
method is a real-time intelligent bed-exit monitoring system to
automatically observe the patient welfare using four force
sensors installed under four legs of a bed. Our system can
monitor the change of area on the small bed and does not affect
to the patient privacy. The patient movement can be recorded in
voltage unit as the real-time application, which can be observed
by the hospital caregiver.

This paper is divided into three remaining sections including
introduction in Section I. Section II describes the details of
proposed system. The proposed system was composed of 5 parts
consisting of data collecting, force sensor circuit, analog to
digital conversion, support vector machine classifier, and
monitoring alarm. Section III presents the results of bed-exit
monitoring system. Finally, the conclusions of the paper and the
future work are described in Section IV.

II. PROPOSED SYSTEM

The functional block diagram of the proposed bed-exit
monitoring system and bed sensor circuit are shown in Fig. 1
and Fig. 2, respectively. The system consists of four parts: bed
sensor, amplifier circuit, Data Acquisition card (DAQ), and
classification. Firstly, the output of each bed sensor (S1-S4) was
obtained and amplified by bed sensor circuit as shown in Fig. 2.
Subsequently, the output analogue obtained from amplifier
circuit (A1-A4) was converted to digital signal by DAQ, the
output voltage from the DAQ (D1-D4) was classified by SVM
classifier. Finally, the classification result was shown on the
online monitor. The program was set to real-time alarm mode
when the subject was in warning zones.
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The main parts for monitoring are as follows:
eMiddle is center position of the person on the bed
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eRight and left is warning zones while the weight of the
person was transferred to either side.
Seven subjects participated in the experiments, which
their weights ranged from 40 kg to 70 kg.

B. Force Sensor Circuit

The Tekscan's FlexiForce Sensors were used in bed-exit
monitoring system [ 12], which can measure force rang up to 100
Ibs. Application of an external force to the “active sensing area”
of the sensor results in a change in the resistance of the sensing
element which is inversely proportional to the force applied on
the sensor. This force sensor will be accomplished by setting up
a force-to-voltage and in order to get the analogue voltage
signals from the sensors, an inverting operational amplifier
circuit is used, as shown in figure 2. In this circuit, the force
range can be extended by reducing the drive voltage, V1, or the
resistance value of the feedback resistor, Ry. Conversely, the
sensitivity can be increased for measurement of lower forces by
increasing Vy or Rg. Ry is the FlexiForce sensor. Figure 2 shows
the circuitry for one sensor only; the same is required for the
other three sensors.

Re
ool
6\ g.:- d—oVour
MCP 6002
-J&ﬁ» +5V
Rs Vr -
POWER -

Fig. 2 Bed sensor circuit.

In this study, the 100 Ibs FlexiForce sensor was used in the
monitoring system. The force to voltage characteristic was
measured that the relationship between force and voltage is
shown in Fig. 3. The load levels were applied from 1 kg to 30 kg
with an increment of 1 kg. Testing the voltage changed when the
load levels was changed, so this characteristic was used for the
system analysis. The maximum average weight of the subject
and the bed was the total weight that was distributed from bed
center about 30 kg to each sensor, corresponding to the voltage
of 2.45V as shown in Fig 3. Since, the changing in position

95

1 3 8 79183818108
Force (kg)

Fig.3. Force to voltage characteristics of the sensor.
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The four force sensors were installed under four legs of the
bed [13-15], which are strategically placed underneath the bed
posts to determine if a force is being exerted on the bed. The
sensors were sandwiched between flat acrylic plates with the
same diameter as the sensing part of the sensor. These plates
were used to ensure that equal amount of force was distributed
to every point in the sensing head of the sensor. The bed sizes
and zones used for monitoring are shown in Fig. 4.

Force sensor 4 Force sensor
.§
Ja— ,/‘—"/-ﬁ
{ p———
2 ," e
IGEE (”—*’}‘-A 5
=z & ) ¥
——
T
]
[ & 207 cm ®
Force sensor 1 Force sensor 2

Fig.4. Experimental setup using a bed.

C. Analog-to-Digital Conversion
The voltage of the ADC converter of the DAQ NI
USB-6009 (8 inputs, 14-bit, multifunction I/O) was 5V.
Therefore, the maximum output response of the sensor should
be below or equal to 5V. This was done by adjusting the Ry
potentiometer (Fig. 2) as the driven voltage fixed at 5V.

D. Support Vector Machine
Data from analog to digital were normalized before fed to
Support Vector machine (SVM). SVM is a supervised
classification method. The basic idea is to find a hyperplane
which separates the d-dimensional data perfectly into its two
classes [16]. A set of known objects is called training set. Each
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object of the training set consists of a feature vector and a
belonging class value. Based on the training data, the learning
algorithm extracts a decision function to classify the unknown
input data [17] SVM are binary classifiers. However, in real
cases, data is to be classified into more than 2 classes. This is
done by using multiclass SVM. Multiclass SVM is implemented
using bed-exit monitoring system.

For evaluating the performance of the proposed system, the
voltage signal record from four force sensors was analyzed. It
consisted of three parts of voltage signal acquired at a sampling
for activity of subjects shown in figure 5, we used three
statistical values: the sensitivity (SEN), the positive predictive
rate (PPR), and the error rate (ER). These values can be
computed as follows:

) )
SEN = WX 100%

9.4
PPR = pbp x100% @
ER = TEE x100% ®

where true-positive (TP) is the number of correct bed-exit
monitoring by the SVM, false-negative (FN) is the number of
mistake bed-exit monitoring, and false-positive (FP) is the
number of incorrect bed-exit monitoring by the SVM.

E. Monitoring alarm

The classification result was shown on the online monitor.
The program was set to real-time alarm mode when the subject
was in warning zones.

III. RESULTS AND DISCUSSIONS

The test case with the subjects were detecting the presence in
different zones and ensured that the detection algorithm was
working properly. We devised a lot of different test cases to
detect. There are 7 different possible stages for each of the
subject test case as shown in figure 5.

The first transition shows stage (a) is no load or no subject on
the bed, (b) and (e) shows the subject on the bed on middle zone,
(c)and (f) shows the subject sleep on left (c) and right (f) side,
and finally (d) and (g) shows the subject moving left (d) and
right (g) on warning zones.

This is an activity of the subject being tested, the trend
changed to the voltage of four force sensors were tested in the
weight range mentioned of the above. This system is designed
for monitoring into three parts: the middle (b), (c), (¢) and (f)
this activity of these were predicted to be on the middle of the
bed. The system would be alarm when the subject was in
warning zones, such as (d) and (g).

Noltoge (V)
1

~— | T o
© i ® ©
Fig.5. Experimental result on real time mode: (a) no load, (b) and
(e) middle, (c) and (f) sleep on left and right side, (d) and (g) warning
zones left and right.

TABLEI
PERFORMANCE EVALUATION OF THE PROPOSED SYSTEM

Weight(kg) TP FN  FP SEN(%) PPR(%) ER (%)
a 458 19 23 96.02 9522 381
43 450 14 36 9698 9259 1078
54 439 13 48 9712 90.14 13.50
56 437 12 51 9733 89.55 14.03
67 440 12 48 9735 90.16 1327
69 440 11 49 9756 89.98 13.30
72 439 8 53 9821 89.23 13.65
Total 3103 89 308 9722 90.98 12.48

TABLE 1 shows the performance evaluation from all
subjects. In this study, we have shown that multiclass
classification of activity with different weight. The performance
evaluation results show that, the minimum weight we found
SEN, PPR, and ER values are 96.02%, 89.23%, and 8.81%
respectively. Furthermore, the maximum weight shows that
SEN and PPR values are 97.22% and 95.22%. In the part of ER
value is maximum as the weight is 56 kg. However, when the
weight of subject increases, the number of FN will decrease, in
the other hand, the number of FP will increase. The voltage
output while subject sleep on one side is close to the voltage
warning zone limit. It is difficult to distinguish.

In this study, we used small size bed at width 95 ¢cm and
length 207 cm, when the weight of the subject is high, then the
weight distribution will be higher than the subject is low weight.
The present study has some limitations, the results obtained
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on

need to use bed with a larger size.

IV. CONCLUSIONS

This paper presents a real-time intelligent bed-exit
monitoring system using SVM. The sensors were successfully
tested for various conditions and weights. It has been observed
from this real-time testing that the classification between the
weight and the activity was very reliable.

However, in this study must have been two force sensors were
installed under two legs of the bed. The bed was placed at either
edge of the wall. This pattern helps us to identify the lifestyle of
the person effectively. The developed system is not only
applicable to welfare facility residents, but could also be useful
for at-home elderly people and hospital patients.

In the future, we can apply another classifier i.e., Decision
Tree or Neural Network for comparison this results.
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