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ABSTRACT

Fall detection systems in the elderly are needful in the social environment that
has highly growth in the elderly population. However, many presented systems cannot be applied
in every situation, such as showers. This research offers another way to solve this problem by
using the principles of image processing on an embedded system to include all processing inside
the bathroom and report the result of fall down only. This ensures that picture information will
not be published or hacked during transfer from one place to another. However, the compact
algorithm is the main factor in the embedded system to allow real-time reporting. The algorithm
in this work used the frame difference of two consecutive frames in the analysis of the events.
Moreover, the experiments were to study the effects of lighting, perspective on how to install a
camera or even the effect of water during a shower. The results of these experiments can be used
to separate the behavior of falling out of normal behaviors at the height of 1.10 meters, 1.90
meters and 2.10 meters. The results can be summarized as the sensitivity of 100%, 98.53% and
98.97%, respectively, and the specificity of 99.92%, 98.0% and 97.0% respectively. Moreover,
the analysis presented above shows that the process is not complicated, and then this method has

the ability to process in various environments as well.

Keywords: Fall detection, frame difference, event classification, embedded systems, privacy.

“4)



naanssulsznma

] 4 @ a 3 J {
UVDVBUNIEAW élsl)"JfJﬁ”Iﬁ@iT%WﬁEJ AT.UNTT IUAUNYT Uses1UnIsUNSN

=1

= Ao Y Y o o Aw a Yo =< ) Y
Uspy1auIve Vlllﬂﬂiqil‘l"lalﬁﬂTiﬁuUﬁHuﬂWﬁﬂTﬁJﬂ ﬂiﬂﬂﬂﬂﬁnﬁTiﬁﬂTﬂ3ﬂ‘19]1l!1!$1!”|ﬂ’3”|3J§

a q

091/ a 9 0o Aw 9 [ I 1 a A 09/} [~ o w
ianmummmm“lumumﬁma% RIGEE ‘IJ’EJJJ‘]@@N“]L‘]JHGEJNQ i’)ﬂﬂﬂﬂ\‘ilﬂﬂﬂWﬁQ%ﬂHﬂ?i
Y A 9 a a 790 Yo A 1 1 4
LlﬂgﬂﬂJﬁWHﬂ"]Lﬁﬂﬁ AADAIUATIINTU Llﬁgllﬂulsll'lﬂﬂ”luwu‘ﬁclﬁﬂ'lluuQﬁ?ﬁulﬂ@ﬂﬁﬁﬂuﬁm

YDVDUNITZAY FHIGAITATINGTI A5.N5Fe WNHANTIUUA nazd5Ie

4 1 v A % A (= Av Ay Y Y o =
AITNIIVIT8 AT.ITTUTY dUADNITNG ﬂiillﬂTiVl’]JiﬂB"I\ﬂ‘Ll'Ji]ﬂﬂllﬂﬂim"l(lﬁﬂ”lﬂiﬂkﬂ

Q

a

o o Y ] A Yo
auzii vazlvauaemae luaud

v A og./} v o o w [
Y ’EJﬂ‘V]Qﬂﬂlﬂuﬂ1aQ1ﬂ1Uﬂ15llﬂﬂmﬁ1 ANDAIUBIY

9

a a o o a ] r'd
asrvmuud lyaneniinus 1 uiu ledreauysol
Y

YDUDUNTZAW T09ANAATINTG YyTay 1Fnadan 7 ldngangiisnaan

a9

I a a 4 FY a a 79 YA rd
ll'lLﬂu“]J‘i%‘ﬁ'luﬂiillﬂ1iﬁ’f]1j’31/]ﬂ1uW’Ll‘ﬁ ngﬁi’)%ﬂWHLLﬂVlﬂl’JﬂEJ'I‘I!WH‘ﬁGI,WiJﬂ’)'IiJﬁﬂJyjm

-4 [V 4 a { a
VDUDUNWICAY IDIAITNTITY AT INUNIA Lﬂ@‘ﬂ@\iﬁ ﬁﬂqmmmm’mw
a I~] 9 a a a Jd A 3 Y
mu‘ﬂmmgﬂuﬂimms@mmmgmiumiﬁaummuwuﬁ ’E]ﬂ‘ﬂ\i@i’)i]%1ullﬁ8!,!ﬂhlﬂl
a a I’ Y P d?
’JVIEHHWH‘D"iWiJﬂ’NiJﬁiJDﬂ‘imENﬂIH

@ 4

YOUDUNILAM FBI0MIAATI158 1389 AYTar nssumsaeulngesi uag

Y 9

aw A <3|

Y 9 14 Yo o A Jd 1 av dy
nssumMsdeuaNuANHInOUIteN Idnganldduusihndulse Teminnnuided
o a A @ a @ a d a [}
YOUDUNTZAY DUNAINGIAY VHIINGIROTIVAIUATUNS TN MR A ¥
A 9 @ o Aw 9 ] A 9 1
nldmsaivayunulumsiiitenaz ianusemaeaumsszauauaieg
a 4 a [ a s
YOUDUNTZAW ANULININTTUANAAT WHIINGIRoAVIUATUNS Nngan 1T
NulAaIfINTsULAT N
-4 9 Y d‘ a a 1 d'
Yoo UNTZAY ANI150 nazd i lumadandaanssu Iihmgng i 2
Yq Yo (=R v ) A Y o o 2 '
1a1ds 5 nu nazlimsaemae lumuagunTagaasa aunsznanuduiogai
{ 4 ogj a [ a 4 1
YoUoURW W HaztNoU TINNINBI UNINGIATAUAIUATUNS NNNIU
‘ 0 S & o w o < '
11819 ATne sauiailusidalalumsdeiiuedsdianeun
uazgatie wdveons1andenszanUeIla1NNIAT LAZATOUATI NNAY
nduasy eduayu Manwr Iddidalaundrwd lunngSesnasaurauilseauy
o o
AT
A o a a J
53Ana Teanialyd

&)



asvey

9
ATh!
TVTUTY oo 6
TN ITATT N oo e e oo e e e e 10
TN NT AT TEPDU oo oo e e e e e e e s s e e e s 11
Y % do 1 YR |
Y ANH DA VIOUALADIO oo eesseess s eeeeeeeseeennnns 14
d' o
TITIT T LTI oo oo e e e e e e s e e e e e e e s e s s s e s e s e s s e s sees 1
11 AMNAAYUAZANIUDIIIUITY oo 1
1.2 MIATINONANT UNANIY UALITUIVETUNE VDL oo 2
LY 4
1.3 FOQUTZAAR e 10
L UBDTIURUDINTT IVY oo e e e e e s e s e oo 10
09/’ AaA o a Aawv
1.5 UUAD WAL T AUTUGIUIVY oo 11
2 . -
151, TUADUNITA LI oo 11
=~ adAa v
15,2, FEIIIUIT IV oo e e 12
P 1 %
R E Rk AL R S R bk N 13
[ d' EX @
17 NSWONT N IB TP VT WU NTEUU oo 13
d' = %
VNN 2 NQBRUOZHANMT oo ssssssssssssssss s 14
9 o 1 o v A Y
2.1 Msau U nEUEA1 U LS TV T IIUDINITAN oo 14
Y [ [
30 U0 B R V10100 S 2 N YOO 14
2011 MIANlUNGUUBIIIRIIU oo 14
kY 1 9
2112 MO TUNGUUBIIGIDIE wovvvvoveeeeeeeeesesessossssosssssssssssssssssssssssssssssssssssssssssssnne 14
@ d’ 9
212 VDV TIGUDTNNTAN oo 15
9 9 a 4
2.2 ATLUIUMTNIAIUNTUTZUIANANTNAIIADUNUABDT oo 17
kY 9
22,1 MTIAMIVOVOUANIN ooooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 18



L v
222 MSUTZUIAHANINILOGAU oo 19
223 mmﬂqmﬂ%’@yjamw ............................................................................................ 19
224 MIUAAIAWNUUAZDTUIBVOUA ..ooorrrooeeeeeeeeeee e 19
225 MIFTWAEMTUUAAMUNNIG oo 19
2.3 MITUAAINIIWIAD coovoreeeeeeeeeeseeseee st 20
2.4 MIMMUAYANIITND T WUNNOANTTUMITAN oo 21
[ d‘o 1Y awv ~ [ [ 9
2.5 WIANTTUNIMTNAL IUNT IV TUNUAGINUNITATIVIUMTA e 22
1 Aav [ 9 ~ 9 S I PPN ]
2.5.1. NEUAUITETZVUATINIUMIANN 1B NIl oI NAAVUI NG .............. 22
1 Aav [ 9 ~ n Ya I P [
252, nguauIteszuuavtumsani bilddaglnssiigueresduuseme ......... 23
I~ Jo =
2.5.2.1  BEUIBOT IAUTTET oo e e e e s s s 23
<3 /A
2522 AFUIBDTOUNTUTO e 24
5 saq ¥ v
2523 1HWFDITNIBNITUTEUIAHAAVININ oo 25
a A A 4 FY
2.6 INANANTUTZUIAHANTNEND WATIZHOTTAN oveeeeeeeeeeeeeeeeeeeee oo 25
261 0and3sUMIUSIURGUA MU IIVOIAIN oo 25
262 8ANDITDUMTNNITANAIATUIDN oo 27
2.63 0andIBUMINIIAUIENHULVOIUTLIAMTIADOUN oo 28

264 Sane3tumsinsanmsnlasunlasszninanundanazaugavesnn. 30

[ AaR a = [ o
2.6.5 9ano3suMINnIaNMIasunasvoaNENT U W 34
@ af Aa ~ < @
2.6.6 dane3sumsnsanmaasuuilainuEIvesIagTumn 36
v =Y=1 Y d’d d'
2.6.7 8andIBUMINUIAMNANMTUREUUUA oo 38
2.7 T U U T DI DINIR Y oo e oo e e e e oo 39
2.7.1. ARGV ITEUUANDINDFNAD oo, 39
o Ly %
2.7.2. B9ATLNOUUDIT LU ANOINARIA D coreeeeeeeeeeeeeeeeeeeeeeee e 40

(7



R B COD G TR T TC R (0 12 A 40
2722 TUIADIUD Do s 41
] o’d’ [
2723 AIUQUATAUFDUAD ....ooooeeeeeeeeeeee e 42
4 4
2724 HOWGUYT oo e 42
2.8 AT T VGTULUTITIHT oo 42
d A 4
R R TR L R 121 CEe 2N S LV 43
A 4
2,82, FEUUBONITIR TN oo 44
2.8.3. ARHAUZITHUBITEULTIHI oo 45
J v A
2.8.4. BIAUTENOUUBITLULITIUN covooeeoeeeeeeeeeeeeeee oo 48
PNN 3 MITODNUULAZITNATOUITEUL oreeeeeeoeeeeeeeoeeeeeeee oo 49
3.1 UUIAATUAITOOPLUTEUY oo 49
3.2 AN AUNNITOONUTITEU e e 50
3.3 AINT IUAIT OO AL LD ANDT DU e oo 51
331 @AUNDUMTTUUANGANTTH oo 53
332, AAUMTTUUANGANTTH oo e s eeeee 53
1 A 1Y 9 [ Y2 d' (] =
333, @WMITUTUMITAN LAz d T yIUNOVOANUTINNAD ..ooooeeeee.... 54
3.4 PTUTZITUNANITNATOUN IR oo 54
<
3.5 MINUTOYA UAZOONUUUMITNADD corroeeeeeeoeeeeeeeeeeeee oo oo 56
1 [ =Y=1 = =\ 1
351, %MMTNAAUDAN03 5UMSITeUNeUNAAIUOUNTY e 56

352, FNMINAFDUANUUNFDDOUDIOANDI DU

[~ = ]
MU TIUNSUNAATIUDUNTH e 57
353, MISOOAMUULAZNADDIDTIUME ARMO ..oooeoeoeeeeeeeeeeeeeeeeeeeeeeeern 60
VNN 4 HANTAUTTUTIUEDEIATVETHD oo 61

®)



4.1 waveaminaaod luaiuveinInaaeudanassumslSesumeunaniaveunlsy .61
4.2 HaU0IMINAA0d IUAIUVBINTNATOUANIUUUTODDUDN cereoeeeeoeeoeeeeeoeo
3 AR =) = 1
DaNDIBUMITIUTIUNIUNAATIUBUNTY <o 64
a 4 Aaov
4.3 PATIZHNANITNATOUADDANTT IVY 1veveeeeeeeeeeeeeeeeee e s e eeeees oo s s ses e 81
a 4 [ [ P 9
43.1. MINATIZHNa LA IUVBINAGNEN LADIANITNADDL oo 81
432. MINATZHHA U IUUOINAGNENNAM TAANAIAINNITNABD . 84
a 4 1 a a Y o
433, MSUATIEHNA TUAIUVDIUTLANTAIN LALMFT IENTWENDT oo, 86
A av Y
VNN 5 AFUHANTITIUAZ VDA UDUL oo 89
ST TTUMA e 89
U AR = = ]
5.1.1. NAAOUDAN®IBUNMTIUTIUMNIUNAAIUOUNTN covreeeeeeeeeeeeeeeee 90
1 a' = [ =Y=1 = =S 1
5.1.2. NAAOUANNUUFDDOVDIDANDI FUNTIUTUMNIUNAAIVOUNTY e 90
0o A a 4
5.2 Yy azgUassAveaNITMIINGTHNUT .....ooooeeee s 90
9
3 DU DS oo e e e e e e s e e e s e e e s 91
9 a
BNV ITO IO oo e e s e e s e e e s e s s s s e s e s e s e s s s s e s e s e s s s s s s s s s e s ses s s s s ressees e 94
DI oo e e e e e s e e e s s e e s s e s e s e s s e s e e e e e e e e s e e s s s s s s 96
MANUIN N VNANUNMIWM TN UaUs 1115280351015 ICESIT201 1 oo 97
a o
AIAHUIN U DITAARITEUL 1ooveeeeeeeeeee e s e s s s e s ses s see s s s sees s ses s s esessees s 105
UTETARITOU oo 109

©)



NEUNIININ

v
HTU1
A a & Aa £ vy v v
AT NN 2-1 ETJLLUUﬂﬁ]ﬂﬁ3mwui1uﬂlﬂﬂmuqﬂqu1ﬁﬂﬂﬁﬁu ......................................................... 16
v Y v
A15199 3-1 MITAANILLIAZDIATINDITIUIUATINTINTNATOV oo 58

{ < ! [ a
A5 9N 4-1 G]Ti'Nﬁiq‘}JNﬁﬂ?i“l/lﬂa@Qf’nﬁ!ﬂ‘]Jsi’JJE]‘J;ljaGl.uﬁ?ﬂﬂl@ﬁﬂ?ﬁ‘ﬂﬂﬁ@ﬂﬂaﬂ’ﬂigﬂﬂ”ﬁ

P T IV UHAATIUDUNTU 1o eee e eeee e s e s s e s s s eesesees e 64
A1 4-2 minm;ﬂwamimammﬂmsﬁﬂgﬁmm@;N 110 EMRT o 68
A15149 4-3 minm;ﬂwamsmamﬂmmsﬁﬂﬁyqﬁmmqq 1.10 LUAS
(ATIVAOULUUINTUABINTU) oo esee 70
A5 4-4 minm;ﬂwamimammﬂmsﬁﬂgﬁmm@;N 1.90 EMRT oo 74
24

A15190 4-5 G]TiN’(?f‘iq‘]JNﬁﬂﬁ‘i/]@a’é]ﬂﬂ1ﬂﬂ1iaﬂ@\‘1‘ﬂﬂ31h’q\1 1.90 1913

(AT IVADUULUINTHADINTH) oo 75
v Y v
M13199 4-6 NI NATYHANITNAADINNNIAAAINADTINGD 2,10 BUAT oo 79
Y v

M13199 4-7 NI NATUHANINABDININNMIAAGINANNGA 2.10 1NA5
AT IVADUUUUINTUABINTI) oo 80

A5 4-8 ﬂﬁNﬁ'iq‘IJi’JiJﬂﬁ“l/]ﬂﬁ’f)ﬂﬂﬁﬁ']uum/‘li]aﬂiﬁu ....................................................... 81

[e))
e
x
=
)}
x®
5
e
=2
=)
—
N
=
N
ee
z
)
ko))
=
2
o}
—
=
o0
)
N

t:' =) = 1 1
MITNN 4-9 ﬂTﬁLﬂﬁﬂULﬂﬂUNﬁﬂWﬁﬂﬂa@ﬁiuLmﬁgﬂQNﬂu

(10)



swwmsmwilszneu

MWUTZNOU 1-1 MITUUANGANTTUMTAUANUITNITATE croeeeeeeeeeeeeeeeeeeerrrsessseereeee

av

AlsEnoY 1-2 aNHAULNTNINIUVDINIUIIBNN [3] e

av

AlsEney 1-3 aNHAULNTNINIUVDIIUIIBNN [A] o

aw

AMNUTENBY 1-4 MNTINNTNINUVDINIUIIENIN [6] e

aov

AMN5ENBY 1-5 MUTIWNTNINIUVINIUIIENN (7] e

aw

AMNUTENBY 1-6 MUTIMTNIIUYBINIUITIVIN [9] oo
AMNUTENBY 1-7 MUTINMTNIIUYBINIUITIVIN [10] coveeoee e
AMNUTENBY 1-8 MUTINMTNIIUYBINIUITIVIN [11] oo
A5V 1-9 A0E19WaINMTIUTIUNEUAITUATUOIA TN ceooeeee e
a3z 2-1 SnEALINMTEUTANUL08 TABULAMNGU T e
mnilsgnou 2-2 ﬂf?umuﬁ?ugmmmmiﬂizmawamwﬁ?ﬁma .........................................
ANUTLNOU 2-3 AINTEUUATADAUL IR coeereeeeeeeeeeeeeee e eeeseeeesseeesseeeseseeeseeeseeeeseees
MNznon 2-4 MINaAIINY IUFUUDUAII [15] v
AMW5ENOL 2-5 ANHULIFUEDS IAAMMITITULDUANY o
MNUTENDY 2-6 AHAULMTIINUVDUFUIYOTTATED oo
MNUTENBY 2-7 AIDEIUFUHOTUTZINN PIR oo
AMNUsENoY 2-8 A10819HANNMISIUTILNEUVAITUATIUOID TN ceoooeeeee
AMYseney 2-9 HaMsHNUYe 0 anes suMTLTsUREUANUAIVOIAIN ...
M50V 2-10 HADINMITHIRMHUVOIYAFUEDIUDININ oo

ANUTLADU 2-11 FINMTINUVDI9AND3 FUMTIUS sUNEVANVANIVDININ ...

Mwlsenow 2-14 wamﬁﬁi}15m15z‘w:iNmmﬂmmﬂfgﬁquazmmqwmmw .................

v Jdaa Y o a A 9 ax A
Amsznou 2-15 AAANTNNINTUINITANNUNGANTIUDUAIYITNINTUN

BATIAIUTZNINANUGIADADIUNI N e

v o [ Yy 9 ad a A
nNYsznou 2-16 AINIIMNIUU0INITATIVUMTANAITNIS M aeuuas

i%ﬁ’jN"Ulﬂﬂﬂ’ﬂﬁJﬂ%NLLﬂ%ﬂ’NNQ\W@QﬂWW ...........................................



[ s A Y o a A 9 asn 19 4
mMnlsene 2-17 HAANTNNITTUIMNITANNUNHANITIUDUAIYITNITVIYNAND ... 34
o o ' ' 1Y Yy v
MNU5ENBY 2-18 AINITNINIUBEINIIIUDINITATIVIUNITONAIY coeoeeeeeeeeeee s 35
! ~ ' 3 o
nnilsenou 2-19 HANSILSOUNOUTEHINAIME IOULIAT oo 36

o a 4 [ v J y
MNsLNoU 2-20 MNLAAINMSIUUANGANTTUAZIENMTIATU IHIveIAUNUER I1Re4..37
o o [ Yy 9
MNU5EA0U 2-21 FINITRINIUUBINITATIVIUNTANAIY
as a ~ <3
AR R R TR R TS IRV TS 1 [ L2 e L5t DO 38

@ o [ Y
ﬂ']Wﬂigﬂ@U 2-22 FNNTITNINIUYDINITATIIIUNITAY

Y ax o A =
Q’JEJ'J‘ﬁﬂ'liuﬂi_]‘ﬂﬂWWﬂilﬂ'l‘ilﬂﬁEl‘LlLlf]Jﬁ\? ...................................................... 39
4 o W
ﬂTW’iJiZﬂf]“U 2-23 ’E]\iﬂﬂi$ﬂﬂﬂﬂl@\‘ligﬂﬂﬁﬂ\lﬂ\‘lﬂaﬁhﬁﬂ ............................................................. 40
J LYY d A 4
ﬂTW’iJiZﬂEJ‘U 2-24 ﬂﬂﬂﬂi$ﬂﬂﬂﬂl@\1§$ﬂﬂﬁ3\lﬂ\1ﬂﬁNQ@'JLL“U“U815@]!58@1]‘11/]% .............................. 44

AMM52noY 2-26 AIMTHUMIATIAOUMINATUVOANINTIIHAD ..o 45
Amilszney 2-27 AIMsnumMsAuINANdeweIMsaNINMIdszuanan i ....... 46

nmilsgnay 2-28 Fohfﬂi“ﬁ1Q1uﬂ15ﬁ1u3ﬂ!ﬂ’31ﬂlﬁﬂﬂﬂl@\1ﬂ']ﬁis{iJ%'lﬂﬂﬁ‘]JiZN’mwaﬂ']W ......... 47

4 [ v A
7N52no 2-29 99RUTENDUIUNITWAIVITEULTUN oo 48
MNUTZNOU 3-1 AINTINUBINITODALUTEUIL cvrreeeeeeeeeeereereee s es e es e ssess s 50
ANUTEND 3-2 AN IVUBINITODAUUUDANDT DM eoveeoeeeeoeeeeeoeeeeoeeeeeee oo 52
1 1 d' a d? 9 c;y
AMU5ENBY 3-3 MINNANGNOIVUNATUNIG TUTDITIT oo 56
M5l 3-4 ATZVIUMTHINTNAADULTIVNIUNAAIUOUNTH e 57
v v
MN152N0U 3-5 AUNUINTAAAINADINYUOIR U 3 AWNUL ..o 59
MN5ENoY 4-1 ATZVIUMTNABULTIVNSUNAAIUOUNTY wovoeeeeeees 62
4 a I~ 4 ]
amilszneu 42 mandeu Tuanlndanusalumandon T 1igann 63
4 a <
ANERo 4-3 M3aaou 11 IUnAA NS AN ARSINITEY oo 63
9 a
RN R A L T R e O Lo SV L Yoo SO 63
a 0311 d' a Y] = 3 d'
MN1l3zneY 4-5 HAIINMIAAAINANNGS 1.10 14T wazdalw TUNIASIN 1 e 65
Y v v ]
AMN152N0U 4-6 WAIINMIAAAINANUEY 1.10 twas taza W TuinATIN 2 e 66
a :JI d' a Y = 3 d'
Ailszneu 4-7 waanMsaaReNnNUga 1.10 was uazta W Tuiinasan 3 ... 66
a :JI d' o U =1 z d'
Ailszneu 4-8 HanINMsAARINANUEY 1.10 was uazila W Tuinasafi 1 ... 66
a :JI d' o U =1 z d'
Ailszney 4-9 HannMsaaRInAUga 1.10 was uazidla W Tuiinasesn 2 ... 67



9 | 9 v
AM5ENeY 4-10 HAINMTAAAINIANNEY 1.10 1was wazilalw TuinasaINn 3 ..., 67
9 | 9 v
AM5ENoY 4-11 HAINMTAAAINANNEGY 1.10 1UAT HUDTAY TUNNATIN 1..oovvrreeee.. 67
Y Y
AM15ENoY 4-12 HAYINMIAAAINANNEGS 1.10 IUAT UUDTAY TUANATIN 2.....ovveeeee.. 68
a oA A o o 4
AN1lsznou 4-13 HAINMSARAINANNEGY 1.90 twas uaztla T Tuinasai 1 ... 71
a oA A o o 4
AN1l5ENoU 4-14 HAINMSAAAINANNEGY 1.90 twas waztla T Tuinasan 2 ... 71
a o4 A o o 4
AN1l5ENow 4-15 HAINMSARAINANNEY 1.90 twas uaztla T Tuinasan 3 ... 71
a :j { IS v K aaz’ A
Ailszney 4-16 HAINMIAAAINANNEGS 1.90 twas wazidlaly Tuinasen 1 ... 72
a qs/l A IS v K aaz’ A
Ailszney 4-17 HanINMsAAAINANNES 1.90 twas wazidlaly Tuinasan 2 ... 72
o 2 2 d
Ailszneu 4-18 HAYINMSAAAINANNES 1.90 twas wazidlalW Tuinasen 3 ... 72
k4 Y 1
Awilszno 4-19 HATINMISAARIAANNGY 1.90 AT LUUTIAY TURAATIA 1. 73
k4 | Y 1
AM15ENoY 4-20 HAYINMTAAAINANINES 1.90 IWAT UUDTAY TUANATIN 2.....oooecee.. 73
a 3 IS L= c?/‘ d’
AMWlsznou 4-21 HAINMIAAAIN mmqq 2.10 a3 uazdla W TUANATIA 1 v 76
v 9 v
amszney 4-22 Hannmsanasiinn g 2.10 was wazda il TufinaSaR 2 76
9 9
MWzno 4-23 HAINMIAAAIN ﬂ%WNQQZ1OLN@3Uﬁwﬂﬂ1W‘Uuﬂﬂﬂ§ﬁﬁ3 .................... 76
a QBJ} IS C= a’/‘ d'
awilszne 4-24 HannMmsAadafianugs 2.10 mwas uazida Tl TufnAFai 1 ... 77
a 3 d‘ IS CA= 3 dl
AMilsEneY 4-25 HAINMTAAAINIANNES 2.10 1was wazidla lw TuNnATIN 2 ... 77
a 3 = IS CA= 3 d'
AM1lsEneY 4-26 HAINMTAAAINIANNES 2.10 1was wazidlalw TuNnATIN 3 e 77
9 9
asznen 4-27 HanINMIRARAIANNGS 2.10 AT LUUTIAY TURAATIR 1. 78
9 9
mwilseneu 4-28 Wamﬂmmﬂﬁmmmqq 2.10 105 LAY TUTAATIN 2.0 78
AMUSZNBY 4-29 A ROUTZH NN UUTITUHAIINHADATH 85
[ a 09.1’ Y :j
Milszney 4-30 anpazmsanaaraen IWMeTURI e 85
a a 3 Y AN Y v A v o
ailszneu 4-31 anuAanananmsaaainassluyuuei lildegluszau@eanyiag se
=1 =1 4 a d‘i Q' a a @
mwilsenau 4-31 manfSeumeusinvesginsal 2 yuaweinlssansamlumsian 87
[ a <
AM5zno 5-1 I TUMINIITUUTIU 2 VBUUR oo 92
Y o af = ~ ] a 4
Mwilszney 5-2 Ha9 NI 1E9aneI Tu)TEUMEUNAAIUATIEN .oooveeeeeeeeeeneinenennnen 93

(13)



TP (True Positive)
FP (False Positive)
TN (True Negative)
FN (False Negative)

Sen (Sensitivity)

Spc (Specificity)

Acc (Accuracy)

NA (Not Applicable)
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1.2.1. A preliminary study of fall detection for Thai elderly [3]
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1.2.2. A Method for Automatic Fall Detection of Elderly People Using Floor

Vibrations and Sound—Proof of Concept on Human Mimicking Doll Falls [4]
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1.2.3. Fall Detection for Elderly using Image Processing [6]
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1.2.4. Fall Detection from Human Shape and Motion History Using Video

Surveillance [7]
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1.2.5. Automatic detection of human fall in video [9]
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1.2.6. Fall Incidents Detection for Intelligent Video Surveillance [10]
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1.2.7. An address-event fall detector for assisted living applications [11]
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1.2.8. Design of Embedded Video Capture System Based on ARM9 [12]
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(6) Embedded Linux 8150141101 ARM



UNN 2

nguYuazHanms

Y
9y @

dy dy U = Y A a1 A A a a 4
DT IUNUNATIONANUIWUITULASNHHH AN NENTIVDINVINYTIUNUT

=< 9 =

14 ! 14 @ 1 o R o Yy a Ay o o Ao A
llﬂllﬂ ﬂ?ﬁﬁﬂiﬂﬁﬂﬂﬂ!%@n\?‘]ﬂu G]Nﬂ$‘Vl11ﬂqﬁjﬂ\11"lﬁ]ﬂﬂﬁiuﬂﬁ3flu@q3@1ﬂ 570091 vedean

a
E4

! Y a 4 o Y I =K 9 J ° o 1 Aov A °
ﬁ\‘]Wﬁiﬁ!ﬂﬂﬂTﬁaN Vl'lcl.ﬁlﬁua\‘iﬂ'ﬂuﬂNﬂWiuﬂ’]iVﬂﬂ”ﬁWﬁNu’]ﬁ@ u@ﬂﬂ’]ﬂu&ﬁmﬂWﬁu’]Lﬁu@iu
1 [ Ld'd a o td' ti' v 9 = o 1 9
AIUVDIUIANTTUNUNITIYNNYINUNITAN NﬂWﬁuﬁllﬁu@iuﬁ’Jum@Qﬂ']ﬁTJﬁgN'JﬁWﬁﬂ']Wﬂ’JfJ
a J a o a <3| ) o
ﬂ@ﬂwjlﬁﬂﬁiuﬁﬁ']ﬂc]Lﬂﬂuﬂﬁa']ﬂc]Eﬂllﬂﬂm@ﬂﬂaﬂ'ﬂﬁ%m Llagq@ﬁ']ﬂlﬂuﬂ MTUUTUDANHUS

9
ﬂlﬂﬂ?jﬂllﬂﬂﬂ']fi"]‘u@Qﬁgﬂﬂﬁﬂﬂ\‘lﬂaoﬂ\‘]ﬁj ﬁﬁ'ﬁ]ﬂﬂuLlug1:1']W%I@NﬁﬂﬂﬁﬂTﬂﬂTﬁﬁWﬂ?ulLﬂﬂﬁgﬂﬂ

L=

NUN (Real-time system)

% w 1 U U d‘ Y
2.1 myduludnvazenagiu saziledudaaveanisdu
21,1 msanludnyazeng

[ 4
msaunulszua 1 u 3 veudgeerg@niieng 60 Yyu'll) [2] uamsiia

= =2 o

A . g a o 3 oo <]
Qﬂﬂlﬁﬁﬂﬁulliﬁﬁﬂmuﬂ11%&ﬂﬂﬂi$ﬂﬂﬂﬂﬁ]$7\lﬂlﬁﬂﬂ %}f’)ﬂag 3-5 sllﬂﬁﬂ'lﬁf?llll‘ﬂﬂﬁllﬂ LL@]’E]?J']thﬁﬂ

q Q

9 v
=2 =

A a Y <A [ 9 o k) oaJ‘ 1 ) Y ] a
ATULUBDLNANTITANVUNANATNNINAD mm’mquqmq%zﬂmmiauﬂimﬂﬂ Vl'l{lﬁnlﬂJfJf’Jllmu
A a9 ~ =2 a A Y} q ¥ Y 1w
NIV UUDYAN {Iifg‘WTﬂ@'I1113J']%\‘]Lﬂﬂﬂ'ﬂulﬁﬂllsllﬂﬂﬁll@ﬂizﬂﬂ A8 ﬂ1ﬂﬂ1§“lu1%ﬁ1u"lﬂlwuﬂu

Aav 4 ) ] { Y] 1 1 1
flnﬂ\‘ﬂu']i]EJT]1\‘]fﬂiLL‘W‘VIEJ‘W'U:]']GH!LTTLNﬁ‘W“LlﬂigﬂﬂWﬂQTﬂﬂ15€]}N]‘1ﬁ}U®ﬂ fﬂlﬂiﬂll‘ﬂﬂllé} 2 IGEY
@ Yy & g v A A A o Y
mllaﬂymzmimlml,ﬂuﬂi]i]ﬂmﬂmmmﬂumqllmm
2.1.1.1 msanlunguueadaiay
A VA a My 1 " o ' v v v v
ﬂqnunJuﬂqnﬂmmmmuhlﬂﬂamuﬂm Nﬂi]%Wﬂ'J'lﬂ%ﬁﬂJvlﬂﬂJW\iﬂuWWﬁ@iJ
[ YA o dy @ A 1 dy 1 Qy 1 A o I
ﬂUiGﬁNﬂﬂuwu@ﬁﬂWWﬂigﬂ@U‘ﬂ 2-1(n) ﬂuqluﬂﬁ]lluEﬂg‘W‘U'J']GIﬂJﬁ'JuGUﬂQﬂﬁgﬁﬂﬂﬁﬂﬂglﬂu

a Y Y A < 9
Uﬁ!jmﬂﬁgﬂﬂﬂa’]ﬂllmu NITANAULUUU NITANVIND wuau

QU

Y

2.1.1.2 mydulunguvasdgiaiy

Q

1 dy I P Aa 9 Y v A = o o Y v [
ﬂquufﬂzzﬂuﬂqwmum ﬂﬁﬁllllﬂlﬂﬂ‘ﬂ"Iﬂﬂﬁ!ﬁﬂﬂ?i‘ﬂiQ@]’JTHTHWU’J”WHE’IJJ

H 1 4 2
nnalnnuIzdunmedunaidinmlsznoui 2-1 (v) aulunquilaznunFuaiuves
A o <3 a Y a ~ & Aav o =
nszgnNtinazdluusne Joay Inn nzgmFInI v taznszgnilnse et lumsidedanuon
1 luseiinanszgniin Tasmmizdoas Tnniin azlinnununann tazdasNsaeneuig

a2 9
guonNAeY

14



15

Ltz Bda

(Nanbuzmsanveanguisiinu () ANHUZMTANVOIGFIY

AMlsgnew 2-1 anpaizmamsaninules Iaoutisaunguio[2]

212 iaduagvesmsan
[ { 1 a [ 1 ] I~
hadadosaansduaunsana lavaieilade uasiansoudoon lalu 2
PYavendna ldun
[y [y d
2.1.2.1 adsandinipdng
<3 [
(1) msueaviuhida
@) szuvlvateulanauaziinle
1 9y o 9 dy 1
3) e 1wy Tedniay NI UL
@) MuAutazminseralnd wuludihenasaaoaduos Isavesluduna
a a A d‘
ANUANLNA MTDANUTDUVDIAVDY
v Y
(5) nszwzilaangiauralng dlidgeegdeus Guiag liidhdeat

(6) ANuUANIBIURIEATlyy1 MITui aueudou FuAs1 nielannila

U

(7) waaReaNAMITUIYszIanaee

2.1.2.2 fladameauenaindunndon
Paveninnreuenina ldvindunguaronsdl wu udsainglufisane vie
1 a dy A 2 dy ' Y 9 :} [ o V9
anaunvwin i AudunTeiuasszau Jymineludteni Jymvesginssianuasting
A YA 1 ' A 2 v
uazin3oa 19 imunzayludimvesvine nioanug Wudu

dy awv 1 =\ o o [ 9 A a d?
wonnHluanudIdeluandszmaiimsidrisrvansaemsannnadulu

Y Y

v
woadu[13] Tasanuiaulatazanuaeandeaiuvysanuilsunsairasumsanluies

9y A @

Fufo AnEAUZNINNDTNVINUNUITeIROMTINANTAN Tagausono1Tan laaen1s1an

ao 1

Y o ' 9 = Y qIY d v g 1A
2-1 ﬂlﬂﬁﬁlﬂﬂmﬂ@ﬁNW‘U’N leﬂﬂﬁl']ﬂ‘ll’f)ﬂﬁ']u %ﬂﬂmg‘\‘]Ul'].]‘l’]ﬂﬁL"’U'lﬁle'W@Qu"lﬂfNﬁ’m LUOIND

a

9
‘Wiﬂﬁm11@EJﬂ”I‘Wi’Jllﬁ]%‘W‘]J’Jﬂ‘L!“VifﬂEJﬂWE]@]ﬂiﬁ?Ji]SﬁﬁﬁﬂiﬂW‘]Jllglmll!ﬂ"lii’ﬂﬂﬂn%uﬁul%u N9
v 9

4 <3 8 :‘/ aa I Aa { [l o
YJUUNY !,Lazmslﬁaumusum éﬁ\?‘ﬂ\iﬁ'ﬂﬂ@iﬂ?‘ﬂﬂ L‘]Juﬂimmmsﬁwuummmz DIUUIALIN

Y

A A 1 a [ T I 1 A A 1 a 4 9 Y
ATNN N 2-1 W‘]_l'J"Ii’)'ifJ"I”]Jﬂ@NﬂaTUL‘]JLl‘Vﬂ‘VIN‘V]Lﬁﬂﬂ@]ﬂﬂ”lilﬂﬂlﬁﬂﬂ”limﬂﬂaﬂnlﬂfﬂﬂ



[ Y [ 4
M135197 2-1 glupufnssuiuguimnedu 1 ludesdan [13]

16

Movments
- =
S T
2|2 2| e =
=| =] =] -1 =| E = =
Z| 5| £ E| §| & z S E
el 21 2 & o = = = I ed T = o0
H B EEEHEE G EHEEEE
S E EEIEEEEEEEREE
Slalal=|l =l ZFlalxz|lAlS|lFZlEl Al =
‘Walk to toilet environment| X
Open door] X | X 0jJojJoIXxX
Switch on light X ojo X
Close door| X | X X]0]O0o]Oo]X
Lock door X 0]0 X
Go to toilet bowl] X | X X
Hold still in front of toilet bowl X
Lift toilet lid X 010 X|X]oO X
Lower/lift toilet seat X 010 X|X]0 X
Clean toilet seat X 010 X1 X X
Remain standing X
Urinate standing X
Turn in front of toilet bowl XXX
Undress XX 0]0 X
Sit down X X X X
Urinate/defecate seated 0
Grasp toilet paper o]o X 0 X
Tear toilet paper 0jJ]OojJO X 0
‘Wet toilet paper o]0 X 0
‘Wipe with toilet paper X ojo XX 0 X
Dispose of toilet paper ojo X 0 X
7 Get sanitary/incontinence towel ojo XX 0 X
‘E‘ Apply sanitary/incontinence towel 0ojo 0 X
= Stand up X X|x
= Dress| | x| x oo X
Check clothing XX 010 X
Turn in front of toilet bowl XIX|X
Inspect faeces X X X X
Flush toilet X 01]0]0|X
Grasp toilet brush X 0o]o X|X]0 X
Apply toilet brush X 010 X]|X]0 X
Place toilet brush back X 0]0 X|IX]0 X
Lower toilet seat X ojo X|Xxj]0 X
Lower toilet lid X 010 X|X]0 X
Go to washbasin| X X
Open faucet X 0ojo X
‘Wash hands X 010
Close faucet X 0]0 X
Dry hands X ojo
Look in mirror X X
Go to door| X X
Unlock door X 0o]o X
Open door] X | X 0 01X
Switch off light X o]0 X
Close door| X | X 0]0 0]|X
‘Walk away from toilet environment| X X

Activity including movment

Activity including movment with an increased fall risk

Basic toilet activity

][]



17

9 9
[} [} 9 [

Y ER]
aiudoyaninualeaeandeaz@ivayuiuaIuIdoFuiindesnises

U

o A ) o 9 dy A A Y g’ £ & dy A A 1 =\
wmunwammsmn%umsauma“luwummnmwm‘m mgﬂuwumﬂﬂﬂagmaﬂnm UAINY

A A 1 = 7 09/’ 49’ 1 Ao o 9 9 dy o R
AU LFYIIADNITITYNITNITIA mumamumﬂwmmaﬁ]mfmmmwmw"lﬂmumu HIUHN

' Y y= 9
N1IBDNUVUNINN ﬂTiﬂﬂﬁ@UﬂTﬁaﬂJllﬂﬂﬂﬂjﬂ

é
2.2 NSZLIUMINIMUMSUSZHIANANNAIBNONNUADS
I a o 9 a 4 A 1
msdszuranavesnin iumaianisiiliaoununes vieniae
Q' 4 'QI 1 d
Uszanawatinnudn v ludoyavesnmii vienmadou luansudiu Taenni ldaziny
1 9 an £ =~ Y [ = = 3 Ao 1
aglugduuvvesdoyandineaduiluniFedInuyeInguIeIgATIHasNYLIAENTITEN I
4 v v
00N (Pixel)  aupuIdIazuuIuou AN UL YOITMAsLYUNIN Tasazlisyauamd
1 Y 1 o Y a I d? = 3 v o w A 1
a1 nulundazganmwi inadlunmay anwazidoavesnmiitluilisdrdgyNdinaso
9y ! = 9 =2 ' o 9 '
Aun e ms lggUamluuaazauisddanuazideaveanmuanaeiu liudnann
4
IMANZEN AIAINAZIDIANIN AD F1UIUYANINADT A (Pixel per inch (ppi)) HTD F1UIUIANIN
9 Qy dyo/ =\ =S o £ A o
Tununi19 1 17 (Dot per inch (dpi)) HONIINUTINANURIGDNITBNTIAD TIUIUYANIN
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1 <3 a ) 1 $ o
Tagn i 2-3uaaalfiudanisnasanduruveann dalasna liay

[ a

o Y .. 1Ay 9y = A1 g ' A 1 IS
frualiganiiia (Origin) 98NAUYNHIBVUFIVNAUTY (0,0) AIUNYUUIIE 21T
dunmisgatevoinmdazlisanmvuiavesnin Tagannini 2-3 Tuu1anIn 640x480 AN
o ] Y KR I o 1 1
18 @HUIgAMBUTUA MU IAT (640,480)
222 msdszananamiiie iy (Image preprocessing)
I Aa ad ] Y ana Ay v 0911
Wumaiinlitvesmsdsuljegunmvesdoyanimainea ldanduaouns
o 9 A vy a v ¢ < A o
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Unaudimsdivljequamvesdoyanmalnealivainnatemaiin sy Mslsuanuauda
@ 1 o v w 1 { 3|
M3UTUAMNEIN MIMPATYYIUTUNIU MTUYUIAZMTNTOITIANNDVRIN N 1TuAY
223 MsUUUENUDYANIN (Image segmentation)
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2.2.4 msuamﬁasmuuaza%u1ﬂsi’faga (Representation and description)
) o o 1 Y Y A Y I KR o
AUSUNMIUAAININHAIDINMTLUMNTOYaN LAY 1o THITUDIaN YL
iAutazesUIedoyan MYDIVT UMY voIn1wiiud madendunudmsundadoya
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1 [V 1 o oA [ 1
a1y FUTINI migﬁaﬂaﬂymzmu (Feature extraction) waamﬁ"lé’fmﬂﬂmwﬂaﬂymzmu

A 1

¥ = ] A <A ' o . A
‘Vi3?Jﬂ’ﬂllLmﬂﬁ”I\‘]sllfN%@Hﬁﬂﬁuiﬂ@ﬂﬂ‘mﬂmﬂyjﬁ@iﬂ NAD NQNUVBIINTG (Class of object) N
ADINT1IUI09

2.2.5 msﬁ’f{imazmmﬂamm‘nmﬂ (Recognition and Interpretation)
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@ a ] S A ] . £ g = Yo
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31 (Pattern  recognition) Tagn133819 MazAve} I muvglvewaazathvineens 19
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4 o
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9 J
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9
yoanwlunguiRediu v1ensie1veglugiluesgiuniug (Knowledge base) S1uaumnaudl

' { < S
nqudeyannu idugwanuilugiuuuvesgudeyanimi (Knowledge database)

() Q)

(%) (a1)

mmlszneu 2-4 manaasiaglugdunuaiee [15]

2.3 MstaAInning
MIUAAININUDITAG(Object representation) [15] Tugtunuaie 9 Taoa s
v g ' Y g ' o
dantlunguldiiu 5 oy awgluovvesmsuaasmununnvesing
. I [ 9 '
231 uwuga (Point) Wumsnaasniagihvuielaensldya wu ns
14 Centroid n3pyanIna1s Tasmsldnquuesya Tasdunaldaingarzmunzdrmsumsanaiu
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I a 1 A A A @ dy ) [
Tasuaauiuginsamasuiagia 1w 295 Smaey msndasnwiaguuuil mingdmsunw

' naadlddannig 2-4 (MmvasuHui tag (9195
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[y (Y] I
233 upuAduIn393199833Ag (Object silhouette and contour) 111
msudasinglasorfodulnsesnvesiaguanslddenini 2-4 (mnquyaudasgiline uag
[ o v W { [ { [~ Y
@uaaslaslfiduzdsne muzdmsuiagidzlsien lidunsedu
Y d v . <3
234  wuvlvesndsenpevriargaiv (Articulated shape model) 1wums
o o 1 1 9 o ~
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4 1
p9AdseneuraedIu
I [
235 upuldidunnunals (Skeletal models) (unsnaasinglugiuuy
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2.4 M3t muagaimauwed wuANgAnssHMsaN
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&£ A o R g Y o Aq ¥ R Y} a o
gaaganiaud latez IdlumssmuavevanlFlumsutsrsdoyalumsinsizvina
mMsnaand FalumemsvszananamndnlFlumssvuaveaio a3 190 U181 (Binary
. 1% ] v { v <
image) 9INNNTLAVFIN (Gray scale) 15U AINVBIAIOABINTANNANNTUVBIRISNBTITY

A o =1 9 dy [~ =1 [ 3 1 A o = = 1 o
0 (@A) taziANUVNVOINUNAUTU 255 (FV17) AITUAIFANITIINUIIAITILUAUNIADY 128
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ATINLEAIMVBIADAANNDUBINN (Histogram) Uad1H5 U191 IFMINITANINMT
v

uiirggatinuTasmstinmsnaassda Idguiu masmuagatinuansoudasldas
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& I Y o 1A
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Convert RGB to

Data Image Input

Frame Difference
Grayscale

O

Phase 2 Fall identification

Ves Even Count
G Number of Event < Threshold .
Computation

Phase 3 Confirmation and call for help |

On a potential Wait 30 second for

Fall alarm responding from user

Off a potential

User cancels?
Fall alarm

Call for help

Identify the potential fall

And open the door
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Abstract—— Detection of falling in the elderly is essential in the social
environment that has highly growth in the elderly population. Most of the elderly
cannot help themselves if there is an accident. If the accident occurs while they
live alone and do not receive help in time, it may cause a loss. This article
presents a way to reduce losses from the delay of the help by providing a method
for fall detection and movement analysis using the principles of the frame-
difference between the current frame and the previous frame. Resulting disparity
can be used in the event analysis. This algorithm is not only simple in the
analysis, but also high reliability in the results. An experiment was designed

and tested in a bathroom, which is one of the areas that need privacy, and cannot
be installed with any camera or any electronic sensor on the body. In addition,
this experiment was designed to study the effects of light, views to install a
camera or even the impact of water while bathing. The outcome of the analysis
evaluated the performance of three camera height levels: 1.10 m., 1.90 m. and
2.10 m. The results of computation sensitivity (the capability to detect a fall) were
100%, 87.5% and 87.5%, respectively. The results of computation specificity (the
capability to detect only a fall) were 87.5%, 62.5% and 62.5%, respectively.
These results proved that our simple algorithm allows such a system can be used
in small embedded systems, and is able to install in any area, and can substitute
the analysis with the computer that is large and expensive.
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Abstract— Detection of falling in the elderly is essential in the
social environment that has highly growth in the elderly
population. Most of the elderly can not help themselves if there is
an accident. If the accident occurs while they live alone and do
not receive help in time, it may cause a loss. This article presents
a way to reduce losses from the delay of the help by providing a
method for fall detection and movement analysis using the
principles of the frame-difference between the current frame and
the previous frame. Resulting disparity can be used in the event
analysis. This algorithm is not only simple in the analysis, but
also high reliability in the results. An experiment was designed
and tested in a bathroom, which is one of the areas that need
privacy, and can not be installed with any camera or any
electronic sensor on the body. In addition, this experiment was
designed to study the effects of light. views to install a camera or
even the impact of water while bathing. The outcome of the
analysis evaluated the performance of three camera height-
levels: 1.10 m., 1.90 m. and 2.10 m. The results of computation
sensitivity (the capability to detect a fall) were 100%, 87.5% and
87.5%, respectively. The results of computation specificity (the
capability to detect only a fall) were 87.5%, 62.5% and 62.5%,
respectively. These results proved that our simple algorithm
allows such a system can be used in small embedded systems, and
is able to install in any area, and can substitute the analysis with
the computer that is large and expensive.

Keywords— Assisted living, elderly home care, motion detection,
frame difference

I. INTRODUCTION

According to the report of Thai census bureau’s population
trends in 20-year period (2543-2563) [1]. there will be the
amount elderly population (older than 60 years) increases
more than double from 8 percent in year 2543 to 16 percent 1n
vear 2363, It is likely that the elderly population probably
rapidly increases in the future. Most of the elderly can not
help themselves if there is an accident. If the accident occurs
while they live alone and do not receive help in time, it may
cause a loss. The main problem from this population group is
the shortage of the medical personnel to take care them.
Therefore, the remote monitoring and alarm systems are
needed.

Accidental fall 1s the most serious problem in the elderly.
The problem of falling [2] can be caused from illness fainted
and then accident fell, or from an accidental slip or stumble
fall. This 1ssue 1s a problem directly related to the health of the
elderly that are at high risk of harm from the loss or paralysis
after a fall. The accidents occurred in the fall are often 1n the
elderly who live alone. Although there are those who
supervised closely, it could not take care all times.

Currently, there are many innovations that are developed to
create a level of security from the past. Various solutions were
proposed on technologies of CCTV to do just for recording
various events only, but the camera will cannot create an
alarm. Switching technology is used to detect fall events with
image processing on the computer, or acceleration sensors.

Most image processing methods determine a prominent
center of gravity values (centroid) before analysis by the
acceleration of falling including the angle or the change in
size between x axis and y axis.

An analysis of fall detection for the elderly by using image
processing was presented by T .Kroputaphornchai et al. [3].
They detect fall events by using the data size of width - height
of the mdividual per frames, the angle of the individual per
frames, and the speed of the fuselage per frames. Problems
that are arising of this research are in the part of detecting and
tracking of some mndividuals with unclear outstanding features
(color of wearing clothes). Only for some people who have
obvious features, the result is accuracy at 80%.

Similar research has been improved by Suvonvorn et al. [4],
Rehabilitation Engineering Research Center, Faculty of
Engineering, Prince of Songkla. They developed a software
system for managing video images from CCTV cameras to be
able to run the viewing and analysis more effectively. This
research has been actually installed in various points of elderly
home foundation to detect fall events without affecting the
elderly activities. The system was designed to view images via
the internet 24 hours a day.

An example of techniques using acceleration devices such
as using tri-axial accelerometer mounted on the trunk was
presented by Jantaraprim et al. [3]. The average testing result
of fall hazards and difference from other human behaviour
was 100% sensitivity and 98.33% specificity.

Research of Fu et al. [6] presented an analysis of visual
images from the camera using MATLAB. The image data
acquired in each frame 15 compared with the previous frame to
provide the frame-difference result which will be used to
determine the centroid. This centroid 1s then used to represent
the mdividual to calculate the acceleration. The finally result
will be able to tell the trend of fall-event from the
classification of behavior that can be computed from the
acceleration in the position changes. This 1s a good way. but
its algorithm is still too complicated to be implemented on the
embedded system.

Another research work based on motion detection analysis
has similar design., such as fall incidents detection for
itelligent video surveillance by Tao et al. [7] This research
has adopted method to remove the background (Background
subtraction) before computation. After that the system waull



confirm fall-event by examining the vertical angle at 43
degrees. If the system detects that the vertical angle less is
than 45 degrees, 1t will alert (risk of falling) to the
administrator. Because this method also showed the degree
angle limitations for installation of cameras that need to be
positioned only at eye level for correct results. Vishwakarma
et al. [8] increased the test patterns in an outdoor environment,
in the shade and recording with video Ommni. The result was
able to detect only a limited area of the background. Rougier
[9] and Zhu [10] proposed the methods to detect the falling
out of the normal behaviors. Rougier’'s method was analvzed
from several factors, such as shape analysis to confirm the
nature of man. the scope and amount of the movement, the
sound from microphone to confirm the fall, and also the help
message. Zhu added analysis by creating a rectangle around
the people who are momnitoring, and isolating the normal
activity from risk of falling by using the ratio between the size
of the width (axis x). length (axis ¥} of mdrvidual frames. Both
methods also found limitation by the failure to detect when
people sit, and also caused time consuming in multi-step data
analysis.

Most work mentioned above proposed
methodologies that need complicated algorithm to get the
correct results. Moreover. mnovations have to solve the
problem at some points that need privacy, or a point of
difficulty in using any sensors, such as personal activities,
changing clothes or taking a shower in the bathroom which 1s
the area with high risk of slip.

The rest of this paper is organized as follows. Section II
presents the principles related to image processing and fall

research

detection analysis. Section III presents the proposed design
and the comparative complexity of the algorithms. Section IV
presents the experimental results. The last section 1s the
conclusion of this paper and the guidelines to be developed.

II. THE PRINCIPLES AND THEOQRIES USED IN THIS STUDY
The principles and theories used in image processing and
analysis to identify the behavior of falling out of other
behaviors are described i this section. The formwula for
calculating and analyzing the performance evaluation of the
following are also given.

A. Image processing

Image processing 1s a core technique for making computers
or the microprocessors understand object behaviors. Some
basic techniques used 1n this paper are as follows.

1) Convert RGB to grevscale

A colour image can be converted to the gray scale system
by finding the sum of the weights of each colour component R
(Red). G (Green) and B (Blue) as shown 1n equation (1). This
process can reduce the level of assessment of the images from
the three layers to one layer of processing.

Mgy, =0.298xR+0.5870xG+0.1140x B (1

2) Frame-Difference Image

The current image and the previous images were compared
to detect the pixels that are different. This method is called
"Frame-Difference Image"[11] . The frame-difference unage
is represented by the mathematical model i equation (2). The
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results from this calculation can separate the moving object
from the background as shown i the Fig.1.

Bix,.y)—A(x,.y) Bix,
Blxy. »)-dlx,.n) Blx,.

)= Alx. )
Ax,.0)

Bl ) — Al 5.) ] )
By -Atny)

C=

Blx. p)—dlx,.5) Blx,.y)-dlx,.y) - Blx,.p)-dx,.y.)]
m is the width of the image # 15 the length of the image.
A 15 the image at time frame 1. B is the image time frame ¢

C 15 the result metric of a frame difference

Fig. 1 Results of a Frame-difference [15].

B. Event Count Computation

An “event” means a pixel that has changed in the current
frame compared to the previous frame The event count
computation takes the results from of the frame-difference
image. represented in equation (2), for calculating the number
of difference pixels between the iumages as i equation (3),
where C 1s the result metric of a frame difference, m 1s the
width of the image and » 1s the length of the image.

Event count = i i [C(x,. )]

i=1 i=l

&)

C. Centroid Event Computation

The centroid event computation is a step for making pre-
analysis to represent a moving object as shown m the Fig.2 [6].
The centroid event can be represented by the coordinates of
the position (x, ). Equations used to calculate the x, and y,
can be expressed in equation (4), where N is the total number
of changes in image pixels from fame-difference image
(events), and (x; y;) are events address.

o] @
v, = :
e N

|

Fig. 2 The plus mark (centroid) represents a moving object [6].

The centroid event is an effective way to evaluate a fall
Fig. 3(A) [6] shows a result of pure frame-difference. where a
vertical axis 1s value of the coordmate y and horizontal axis 1s
time. Consider i horizontal axis, there are more events at any
time. Many events are not person movement, i1.e. noise. This
causes the difficulty to identify the fall events from the normal
events. In contrast, Fig.3 (B) [6] shows centroid event
responses when the imager monitors a person’s fall. The upper



of Fig 3 (B) show that the vertical address v, rapidly decreases
i the fall event. The lower of Fig3 (B) shows the
corresponding event count at the fall event. Clearly. the
address-event computed centroid achieves better efficiency for
calculating velocity than the pure frame-difference.

Fall

Site-Sitge
Mavamant

Y Acidress pix)

Time (8)
(A)
Fig. 3 A: Pure frame-difference fall analysis [6]

B: Centroid and frame-differance event fall analysis [6]

D. Vertical velocity Computation

A fall 15 detected from vertical velocity of the centroid
event. The vertical velocity 1s represented by equation (3),
where A? is a fixed time period, and Ay, is a changed
coordinate y, in time period.
_ Ay, _ Yei=Ves

Ar I — I

A value of welocity i1s applied in 2 states (positive and
negative area). It depends on the behavior, such as; when a
person fall, the centroid vertical velocity 1s shown in negative
area. Fig 4 [6] shows the classification results of three areas.
The fall events are in area III. The human behaviors of
crouching-down, walking, and getting-up are in area II. Area I
shows pet behavior, which has activity near the floor ground.

&)

.

Y address (pix)

i“‘ \alk

o 1 2 3 4
Momalized ¥ address valocity (s )

Fig. 4 Results of classification analysis [6]

E. Evaluation af a Fall

Fall detection is either positive if the detector properly
recognizes a fall or negative if it does not. A statistical
analysis can help on a series of tests.

An evaluation of the fall events 1s analyzed by measuring
the sensitivity and specificity [3] from test cases.

There are four possible cases:

True positive (TP): a fall occurs, the device detects 1t,
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False positive (FP): the device announces a fall, but it did
not occur,

True negative (IN): a normal movement (no fall) is
performed, the device does not declare a fall, and

False negative (FN): a fall occurs but the device does not
detect 1t.

In this paper, we focus on 2 varables for evaluate the
performance of image processing.

In equation (6). Sensitivity 1s the capacity to detect a fall.
The percent of Sensitivity 1s computed by equation (7).

Sensitivity = _r (6)
TP+ FN
4 Y
0 o4Sen — %Sensitivity = | T \i00% )]
TP+ FN }

In equation (8), Specificity 1s the capacity to detect only a
fall. The percent of Specificity 1s computed by equation (9).

Specificity = [ _Iv | ®
TN + FP
O o8¢ — %Specificity = | — |x100% ®
\IN + FP )

III. DESIGN OF FALL DETECTION SYSTEM

A. Cverview of system design

A fall detection system 1s designed for monitoring m a
bathroom (Fig.5). The mmages captured by a camera are
processed at real location. The results of fall-events are then
sent to the administrator in text or alarm signal formats. Since
the raw images are not sent and no sensor mounted to the
person. our system can solve the problem at some points that
need privacy. or a point of difficulty in using any sensors.

System is also designed to be acknowledged the response
from the administrator to confirm the actual fall. In the other
word, the person in the bathroom can cancel the alarm if no
actual fall. This increases the reliability of the information
before sending out to request further help.

Eathroom
Blarm aeesesssesnses .
; Cangel sssivessiinnin, E
\AAAS i
S3C2440 Event result
Camera Module
ARMS CPU Fall

Fig.5 The proposed fall detection system in the bathroom.

B. Fall analysis

The fall behaviour analysis is a vital part in the fall
detection system. Many analysis methods are adapted to suit
the location, clothing, eg. [3]. [4]. [6] - [10]. This section
presents the proposed algorithm that 1s simplified from the
research of Fu [6] to allow our system can be used mn a small
embedded system.

Fig. 6 compares the work flow between our algorithm and
Fu's algorithm [6]. The common processes are converting
RGB to gray scale and calculating the frame difference



between two consecutive frames. Fu's algonithm indicates the
potential fall by calculating centroid event which is used to
calculate the vertical velocity. If the vertical velocity 1s higher
the threshold, the potential fall 15 detected.

In contrast, ouwr method performs event count only.
According to the assumption that the faster motion causes the
more events, the potential fall 1s detected by checking the
event count 1s more than the specified threshold or not.

Diara Image Inpuz
Frame by Frame

I
+

Convert RGE o
Gray Scale

l

Frame Difference
e e

— 1

I !

Evwent Coumt
Compusation

Cenrroid Event
Compuratdon

I

mpard
L Event with
resnokd

(=

Wartcal Velocity
Compuratdon

Ho.

Potential Fall

Fig. 6 Flowchart compares the process complexity between the proposed
algorithm and Fu's [6].
*] = Process complexity in C. Teerasak algorithm
*2 = Process complexity in Z.Fu algovithm [€]

IV.EXPERIMENTAL RESULTS

A. Experiment design

The proposed fall detection system was implemented by
using Panasonic SV-AS10 camera to record the event in a
bathroom. The image has the size of 320x240 pixels and the
frame rate of 25 frame/s. The bathroom size is 1x2 m”. The
test was performed by a 25 year old male with weight 76 kg
and height 1.68 m. The equipments were imstalled at three
different height levels: 1.10 m., 190 m. and 2.10 m. as
shown in Fig 7 and Fig.8.

The basic activities that may occur within the bathroom
were divided into three groups:

1) The normal movement (movement side to side).

2) The crouch down and get up (as a case study that looks
similar to the fall down).

3) The fall down.

Results recorded for the initial trial is necessary to convert
the file into an "avi” format, so that 15 easier to process by the
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application on a computer with Software Microsoft Visual

C++ 6.0 (OpenCV Library).

Fig.7 The installation of the equipments in the bathroom.

rHelghl level
1

r Height level
210m.

Height level
1.90m

10m

Fig. 8 Results image from the camera at different levels.

B. Experimental results

This section provides the results obtained from the
proposed algorithm. The quality in terms of sensitivity and
specificity 1s also discussed.

Fig9 10 and 11 show the examples of the event count
results calculated by equation (3) at the heights of 1.10 m.,
190 m, and 2.10 m., respectively. Obviously, the fall
behavior has much high event count than other normal
activities. However, the height of the camera has the effects
on the event count. At the camera height of 1.10 m, the fall
event had over 5000 events. At the camera height of 1.90 m,
the fall event had over 2000 events. However. at the camera
height of 2.10 m, the fall event had only 1200 events.
Therefore, the threshold of each case must be specified case
by case. A statistical analysis must be also performed to get
the more suitable threshold.

Table 1 shows the number of tests in each environment in
terms of light, clothes, and camera heights. The corresponding
evaluation results are shown in Table 2. The results show that
the camera height has effect on the accuracy of fall detection.
At the height of 1.10 m gave 100% sensitivity, whereas the
other height did not. The light and the clothes also caused
slight error.

TABLE | THE NUMBEF. OF TESTS IN VARIOUS ENVIRONMENTS.

Location of the camera 1.10m 1.90 m. 210 m
B Tum on the light * 3 3 3
2~
£ £ | Tum off the light * 3 3 3
- Extra test** 2 2 2

Total testing 8 8 8

* Trier wore one pair of shorts, ** Trier wore no cloth.



TABLE 2 THE RESULTS OF THE FALL EVALUATION IN VARIOUS ENVIRONMENTS

LISTEDIN TABLE 1
B Analyse
Evaluation(Times) 5| 2
TP | FP | TN | FN | = | &
Turn on the light * 3 0 3 [i
Turn off the light® 3 1 2 0 ||
Extra test™* 2 0 2 0 Sl
Total test g 1 7 0
Tum on the light * | 3 1 2 0
Turn off the light® 3 1 2 0 | ==
Extra test™* 1 1 1 1 =g
Total test 7 3 5 1
- | Tumonthelight* | 2 0 3 1
E | Tum off the light* | 3 3 0 0 |£ |8
= | Extra test** 2 0 2 0 B2
Total test 7 3 5 1
* Trier wore one pair of shorts, ** Trier wore no cloth.
Fall
€000 4
S000
= Crouch Down |
E 4000
: 2000 ]
5 {
= 1000 4 Ji“—m \,\A
N
2 1 26 51 TE 1 126 151 176 m
Frames
Fig.9 An example result of the test at the height of 1.10 m.
3000
Fall |
=00
- 2000
g Crouch Down | [ L
= 1=00
s
~ ~Pn
= ooo lrj\ J
> 4 I
= =0
A, T
1 26 51 TE m 12 151 17e a1 28 =1 s N
Frames
Fiz 10 An example result of the test at the height of 1.90 m.
2400 - Fall
200 ril
E fooo Crouch Down | F| ']L
% & il [ 1 4
i AN
I E— NAV.S -
B .|l J'\..r‘f o L"\-\l A lfT
1

26 &1 75 101 126 181 17E 201 226 241 276 301 325 381 375 407 425 48

Frames

Fiz.11 An example result of the test at the height of 2.10 m.
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V. CONCLUSIONS

In this paper, we have performed the experiment to prove
the analysis of fall detection by the frame-difference method.
The experimental results show that it 1s able to distinguish
between risks of falling out of normal behavior. Moreover, the
method of analysis also shows the flexibility to install the
recording device at different locations. However, the data
analysis i1s needed to complete the set with an appropriate
threshold of any different locations.

One of the interesting results in the classification of
behavior 15 that this method can still quite clearly classify the
fall behavior from the crouch down-get up behavior which
looks similar to the fall down.

However, the reflective light was a case of problems, when
we setup the recording device in the high angle (heights of
1.90m. and 2.10m.). This problem 1s an error from the water
and the reflective light.
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1) M5AANY Toolchain

k4
(%

a Yo ¥ ' Yq Yo o v Y
M3AAAA11HIA8 root user 11NBY 11U mode user 535uA1TH IFA1GT sudo su 11AINIVATY root
password
$sudo su

Password:

9
vintiu laéa directory /opt 1132911m15 download cross tool chain W¥eufuuan Tnd
# cd /opt
# wget http://qtextended.org/downloads/toolchains/arm920t-eabi.tgz

# tar xzvf arm920t-eabi.tgz -C /

7 < . 2 g & Y .
asvaou Ianuaneenuvzfiv directory toolchains INNUUN #¥471819 toolchains/arm920t-
I 7
eabi/bin 9218 1Wan 1% 1ung cross compile

# Is toolchains/arm920t-eabi/bin/

x N x

X x K=K

suuaas1Wan141uns cross compile

o a :J‘ o & A . ) Y o 1
wmmﬂmmué’ammgﬂuﬁ’mmu path UB cross compile ﬁﬁ*ii"ﬂmiﬁﬂﬂcl%ﬁu mmwgiu
) o P ' Ay
root user °lwaanmn root user Ul‘ﬂfN user ‘ﬁ’iillﬂiﬂi]ﬂﬂll ctrl-d  HAZIWUUDAIY
Y
exportPATH=$PATH:/opt/toolchains/arm920t-eabi/bin W'l lusznudad

$ echo "export PATH=\$PATH:/opt/toolchains/arm920t-eabi/bin'" >> .bashrc


http://qtextended.org/downloads/toolchains/arm920t-eabi.tgz
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9 [
v A

% 09/} J ) A o wvAa
WA INIUNNATIAAN shell console 1@ bashre 9151w path 111511006 TuA restart
IATOUAINATOU cross compile TaeRes
$ arm-angstrom-linux-gnueabi-gcc

arm-angstrom-linux-gnueabi-gcc: no input files

v
2) MIAMAZAAG uboot ANV mini2440
Ay 9 o [ 2 o 4 [ ]
Fuaudrems llaaaon Iaaaigaunnadisesa lnanow
Scd
$ mkdir uboot
$ cd uboot

$ git clone git://repo.or.cz/u-boot-openmoko/mini2440.git

suadntls CROSS COMPILE 1ite15 make 19 Cross Tool Chain ¥earm d1m§uns
Compile

$ export CROSS_COMPILE=arm-angstrom-linux-gnueabi-

Compile uboot

$ cd mini2440

$ make mini2440_config

$ make all

1 Y 1 Y
ota3 9auMs compile 1319218 1Wd uw-bootbin Fus19z 181 11 unsAadaun NAND

Flash G]"t]ul‘ﬂ

Y

3) A5AAAY Debian 19 Boot @28 SD Card
NI SD Card 1182190 379a01 SD Card 1114 device 82 l3d188184 fdisk -1
$ sudo fdisk -1

¥ A2 o < Yo o A ) . A
INVOYAVDI sd card FIABAUIZUVTIY /dev/sde 13198 15A1d3 fdisk 1Wo@A319 partition N1

Y

anyAEAaLl
sdcl - type c (fat32) y41a 100MB

sde2 - type 83 (Linux) Viammnuitviae aunlg 128MB
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sdc3 - type 82 (Linux swap) Y410 128MB

naenaig partition 159 1% Format Partition ﬁﬁ‘ldj

$ sudo mkfs.vfat /dev/sdcl

$ sudo mkfs.ext3 /dev/sdc2

Copy kernel(ulmage) aalu partition b3

$ sudo mount -t vfat /dev/sdel /mnt/sdcl

$ sudo cp /path ‘ﬁ!ﬁﬂvl‘ll\lis/ulmage /mnt/sdel

iuan file system LA module YD kernel aa'la/lu partition ‘ﬁﬁm
$ sudo mount /dev/sdc2 /mnt/sdc2

$ cd /mnt/sdc2

$ sudo tar xvjpf /path cﬁ!ﬁ‘ﬂl’lﬂfﬁlf/telinux-released-032110.tar.b22
$ sync

$ sudo tar xvjpf/path ﬁ!ﬁ‘uulﬂad/modules.tar.bﬂ

$ sync

umount SD Card

$ sudo umount /mnt/sdcl

$ sudo umount /mnt/sdc2

W1 SD Card liFoufuesaiodamuas uoot 11 boot §36 SD Card Tasn13
Boot board !,Glsﬁ’s:f uboot command prompt 198U boot command 1A% boot argument ﬁ\?ﬂ@ll‘l]f:
MINI2440 # setenv bootcmd 'mmcinit ; fatload mme 0:1 0x31000000 ulmage-mini2440 ;
bootm 0x31000000'

MINI2440 # setenv bootargs 'console=ttySAC0,115200n8 rootdelay=3
root=/dev/mmcblkOp2 rw rootfstype=ext3 rootwait mini2440=2tb’

MINI2440 # saveenv

o < o A v v Y q ¥ ¢ . .o
Waﬂi]’lﬂ!ﬁﬁﬂﬂ]u@f]uﬂ’liﬂ@uﬂﬂiﬁ uboot yj‘ﬂ 38 SD LLa'JGI,W restart U@iﬂclfﬁlll!ag logm U1

izuuﬁ}w user root Iﬂﬁlhlﬂﬁgfmﬁli‘f Password
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