Bl % %~ FRY T3 PR Y AT
AL~
R T L

FEF RS B RP G PR S

Design of Fall Detection System with Floor Pressure and Infrared

Image

E_‘r ]Iﬁ ix 4= j:vv

PoE AR 4 ER



s

FARBROR S R R TP L X AR ER AT - 5

oy

TR iR R A AR RA TR e 0 R A LGEEY EF
Ao KFHER PG AAE R Y L o
A RS ¥ b EA ST Fd A Mg R L s 3RS L

HeREFEPRLALNIEH T I EPRE AR AL A B

R R 2 P RFE P2 REF ey g ¥ chik % 7 4
I;“E:, t—L;k‘%}i—l F/\ﬁn ‘ “‘J H&m-ﬁ%}iiﬁol ;':F?,E[\ irﬁfF% o},i)p‘&l—,‘r
Fotr R EOFR o BA AT T O RE D BT OB E o F % T p

SEFFRS AL B2 FEALE oo
Wi82F 5 T ,;\,g%“jg EF PV endgse il 2 & (v in

ﬁmﬁﬁ s Eﬁ' & :%H—‘% L,j:;(:ﬁk; ° ﬁ‘fé LLQ}iJR_ /\_}\\.g}ééﬁ,ﬁA .

MU 4E R

PERRLY L E A



g3 pite fdFcp T L
CEES LR R R o R

£ 2

TR R & F RO < R A RES T P EEAR K

RO AP ERN60% P RERERE AR
A2 B R M R S REE A F R A B R e
P T R SRS RN EETOE R YA - AT RN 2T Y
AR PR A B TP ] Rk B g PR ORI R (7 S R AR F
%‘ﬁ’ﬁiﬁ#%§’ﬁ@%%Aﬁi%%$iﬁﬁ%o

ﬂ\ ?ZP\-:”G—* FE,J ICLL»‘F*’/:\’I% lfl ﬁ%ﬁﬁ&j\#ﬁkJ’

%

g:fg\@‘]» P HIREE AT B E Y L VR R EE VbR ARG RS
RIS BY o R 0 R b & DTSR o

FHEEHF LI AR TR GH O PITE 2R FR DT
THREBAREPOIREIETV IR -FHREES BT MmN
B2 RRPEBY T OAFLBBENEEE G T 0 R 4k

3

B4t ¢ dzvha s R R S B RR S B R

il



Design of Fall Detection System Compound with Floor Pressure
and Infrared Image
Student : Jia-Yu Chen Advisors : Dr. Huan-Wen Tzeng

Institute of Applied Electronics Technology

National Taiwan Normal University

ABSTRACT

Due to the advancement of technology and medicine, people begin to pay
more attention to the quality improvement of health care. Many researches show
that the fall accident occupies 60% of all accidents in a home. The fall accident
may cause the condition of an elder deteriorated or producing complications. As
a result, it increases the burden of a family and seriously wastes medical
resources from the society. Thus, preventing the fall accident and detect it
immediately is one of the important topics regarding the quality improvement of
health care. This thesis proposes a reliable tele-care system that can detect the fall
accident immediately, notify medical personnel when the accident occurs,
prevent the patient’s condition from deteriorating due to late treatment, and
reduce the burden of medical personnel.

A unique feature of the proposed system is that we use a Infrared Camera to
capture images simultaneously and eliminate any blind spot. We can adjust the
detection sensitivity on a case by case basis to reduce unnecessary alarms, and
put more attention on the elderly with special diseases or conditions.

The experimental results show that using a simple fall detection algorithm
and combining it with simple personal information can raise fall detection
accuracy and reliability effectively in a particular environment. The experimental
results also show that the fall detection algorithm proposed here can do a good
job in an indoor environment for all fall cases.

Keywords: Infrared, Fall detection, Pressure sensor, Expert system
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2. 327251 & (Inference Engine) :

F LR s ) B ROk B ILE AL 0 B0 B RJRRE
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6. i % ﬁ /i & (User Interface) :

HKiei —‘ﬁf‘?&? A e oo ERH g;.r»?:é, Fok SLE o

R RNTE S Y AT A R R R

TN

25



ww@%

TR R B |

ol # A
|

I
?ﬂ""“
B
T
% 1 LS
i v 2 |
B i 51
i B &
i) 1
?‘ A 4
¥
% R
< XL

Bl 2-8 B Rk A A E R

///%K&‘aﬁ?ﬁ (2 '\‘6 G '/Z—‘—"’li_ﬁil-g??\r\

BALBRER » Hifmp 3BT - o] P
o P~ (Knowledge Acquisition)
2. A4 I (Knowledge Representation)

3. e i (Knowledge Inference)

2.4.4 OB

bR R G Sy BEARY R E R g7 b

%
f
&)

Sc S R L L R R
AN N

1. p & Fi(Implicit Knowledge) :

26



e d 0 AR Y o d F il oo 2 d B ORJE
B AT B St o BHE A et o ¥ (RERE B R
PR E RS s F] L SRt B A e 0 i3y FaE 2 B
Fok ST m b FIEL R 4E2 - o
2. ¢k B aeak(Explicit Knowledge):

A AF P R Y ORI P andvs o SRR F b ARF R

}f&.’l’r > B K< e o

TOBER e N A B 2-9 2 = BN o A R N A

Bl fed B R Y S o

B e > o1 AR R R
A m SN

all E o IREER ARG Ll N R
AR

o H A T BEFV N 1 A
BELY S

Bl 29 Goasggmecnz i o

A TP B AR A S R 0 3l BTt~ BB feRlcE o
4o 2-10 917 o AR A RN AE R Beahi o B L
PR LRSS & 3 fB R0 AR BT R R B s PR K R AR

B S SR AR A A E S b o] e RAE e M 1 A gpE

27



TOEGE P eiE AR o PRI REE ORS00 F B AR A R g

- FEE O 3 BRFE R 0 £

>
(A
hpas)
T

(SR r - I

P B e

A B B B85 1 R

R 2-10 Frasffedhe B4 2

AMEBUFE; N FTlord ~8f - ZE/AEEER A FET S

=

TEESNIRBREAGE RGEE > BRIk o g 2R e
B 2 P ipHp

oy
=

-";'/é: > QE}\'/; ‘E‘u?—%‘/i N pg/z‘ > FFB%?/Z“ff' "/-%-/ - fjﬁ_O

AR AR A PR RO R R R B A4

B ERGGEE L Ea it R FRTOR i E g AR A AR

‘g\:li

B 2 AR IRA s BB A RARE > BN E PR A B EA A S

BRBRAFRA e AT AT Y a2 Ao

T

BAEd - A ATty e T s e s B - R

AN L - BARROLE TS he s S N

28



245 iR odiieig

BRAMTB AR B BIE S T AT A N - SR

2 Bl 3% % %u(Rule-based System)#_fx & chiwih £ 12 oid g 72 i
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hAH2 P TR EIY hE B o S R e e Bode

b @ S P P

PR ot SR 0T g %

_f& % & 1 ( Thresholding ) » £7 & 3=
(Labeling) @i & BB OFHEE > NP NE L TG R RSB ES L
PR S E O

37



331 BT F A

FER P — 2 5 e (Noise) * #ehl 31 » S8 fe$42
TORATR B URST § 3 A - B T R U RP G %
AL FLAITHE T LT AP FHRIEIEBT a f e
WF FV RGN EAES > A PR 13 Juk B (Low-Pass Filter)
k4t P AR camera HTAF T R i Y Rk ends 17 P m)i; q,;-g 7S
e 4R o R IRT R o

ZREATLR T Y (Mask) miRghan= MBS 1 Fh
BFRAAR T 3x3 SN A SXS il o Mg ook i AR RIHDR

P ARy 0 BAEIRRA BIRHEAR S > AF %Y & 3x3 gk o

1
9

U S w—y

B 3-5 8 rRPGE (s D ABHWHPRLB Y > (b) 5

FEME g2 SPRF o TR TR REKERS B 2L S

ppuu)

()~ (d)*7% = “T % 4 7

>
=
:‘ﬁ

il

7L TR T kTR 1 dke

IS - LB R T AR E R o

(@ S Bl (b)G 18 M ik 15 i e

38



(C) T At B it B2 ife (d) M3 g 18 g B i B2 ik

B 3-5 izt ARBE

332 §RiE
Apr g - B ARG PR3 EkE f(xy) 0 EEERR
( Thresholding ) #%% % g(x,y) » T_&4(3.3)
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g(x,y)={0 " 'f(x’y)ST (3.3)
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B> o T arie bR RN S Bljedn § TR R A 1 ] B i
FEd A BEBE e (B 3-6%7 ) - BLFE > F— BR AP
EyEROP AL G 4 RO BSOS o P e LR NN R A
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ENEES
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L4 mBARBATBR AR BEBGLF ¢ § 5 B

R => R (3.7)

PREERhEte €3 - BB 72 - R ERHEAE > €7
BERSNE L Id N RERFRNL BRI AARAE (RER) AN TR
FE Azl RPe 77T APLEFEROFH § R ¢ 77 RNE M
FEBRECHRG o F R e RLATs 00 a2 F EMAREATE 1o
BAPRERAART S 1 2@ h- AR B R - BRA S R
- BB R R F oA 438 2 (4-Connectivity ) 0k (2 2 & - B

ok PRIT Mk o oA e g £ H P oo o ahifcE
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(2) Ak izt F g H - BiRisE o FUA g(l,J)ﬂufg_Fcpﬁﬂ
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43



6|1 -*>6 6

()% = fathse ¥ it 1)

B 3-8 {Eae e i

B 3-8 A T ARe N - HFIEEHZ BT A o B 3-8 () T ¥ -

Ten

Wi
She

E b2t F e AP R (REL 0) AL kAR

iz (2P 5 2)0 F o p¥ocd ¥ o2 5 aTemiRie i (0 & 4 474

(HE53) i sl - B 3o Bl 3-8(c)% 7 ¥ = Al
Ao b s LR R e (AR S 5 6) 0 Ak

v

shHP - (P FEBIE 6) gt AErrd P ek S 6 i rnine

Bl 39 hin® - H
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2Y R AHRIBHE 6D drea(R)=3 Y R(x.y) o xy 3R

(b)Fe-fr & it (O)Fse i Prin B i
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3.4 FHAFRP

4 pcer~ (Feature Extraction) - R > - B S LR 2AE Y
B By S SR i o BT L LH - (Single) 1> = ¥ 12
£5F (Multl) e % b en$ @t 2 B 2 FehF R Gl4oB fuifod @t
#2 (Mean) #- Bl E#HacE » 7 R A FTEPGTIONRR o T o o chiy
HBEFEAIE S DBALRI AR R T B AN ERPE
Bl % (Standard Deviation of Vertical Projection Histogram ) ~ -k T 3 8 &
> Bk # £ (Standard Deviation of Horizontal Projection Histogram ) fr& %

v (Aspect Ratio ) °

340 ¥P:SRELEL

"Fﬁ';t.u\;ra REBTE W v MBI E - S e kB kT
RHE B O L * - ik Tl 17l o P2 L3 4

BE B V()5 A E - G AL 17l o S

h(x)= R, (x,) 3.9)

v(¥)= D Ry (x,) (3.10)
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STDV : 70.86 STDH : 25.27 STDV : 19.12 STDH : 46.23
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B 4-1 ot RERS T HE
3 42 el RIERB I TR
Physical
Size (18mm lens)(LHW) 75 x 120 x 100 (mm)
Weight (18 mm lens) 1.5 Ibs (.68kg)
[Color Black
[Operating Temperature: -40°C to 70°C
Storage Temperature -40°C to 90°C
[Operating Voltage 9to 32 VDC
-12 to 40 VDC

[Over Voltage Protection

B 4-2 B4 pirz2 LVDT @B R
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% 4-3 LVDT 1 T4

Supply voltage Ve 18 - 30 (regulated) or £15 (regulated)

Supply current mA 100 maximum

LVDT excitation voltage Vims |3 (nominal)

LVDT excitation frequency Hz [2.5k (nominal)

Output voltage* (SCM100/V) |—

Output current (SCM100/T) —
Output ripple mVims <5

B 4-3 ~ATesE T HE

42 F#Fw > E

N Y R S 54 D F (Accuracy) ~ AR & (Sensitivity) £ 5 sc it
(Specificity) % 3 4§ A& (Kappa)® 48 % #c » (TR ]38 k B2 325 0 & S8
HAcT 3 AN A7 o HP % e TP~ FP ~ FN 2 TN a3 4ok 4-4 977 o

IP+TN

I Fz 5 (Accuracy, A)= 4.1

TR ( Y A= e TN+ FP+ FN @1
‘ P

PR 42

T TPYFN (4.2)
™N

4 e =" 4.3

Yy = (4.3)
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‘ A-C
EHAE=—— (4.4)

C(% #f #% & » Confidence)

TP+ FN y TP+ FP " FN+TN

O IPTINTFP+FN TP+IN+FP+FN TP+IN+FP+FN
m%@iﬁlﬁv (42
% 44 =& ST L

: ik gt Ay B el S|
s (Fall) (Not Fall)
F) T oA True Positive False Positive
(Alert) (TP) (FP)
S REE ek False Negative True Negative
(Not Alert) (FN) (TN)

FAER A A 420 TP RARIREFEAREEL > P Akl
2975 g TN 2RBFHFEF A RETE S > 2 Rl TR ki

FP & 4 Blsd ¥ B4 2 BT & & J 2865 § nip i FN L4 7 RIEY

RFES BRI TORLAEE f SRR AR OO R SRR e

SRR T SRR e ] B A BT e F(
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RS232 /i & % 8 RS485 e+ ¢ £ » Aif 18 ADAM4A520 RS232 i = RS485

e £ LR @i d e 4 0 Bl s RS232 3 RS485 /1w o
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2 g oapdlndle £ 150

WORD 1 STX(Start of Text) AOH
WORD 2 Receiver Address 00H~1FH
WORD 3 Sender Address 00H~1FH
WORD 4 COMMAND (1)

WORD 5 COMMAND (2)

WORD 6 DATA(1)

WORD 7 DATA(2)

WORD 8§ DATA(3)

WORD 9 DATA(4)

WORD 10 ETX(End of Text) AFH
WORD 11 Check-Sun

G e AR St VRS IS S Ul S LR
Ao S el RS232 g RS485 /i o kedpdliw i 560 170 F)
Ll e s RBRF g o F T o - Blpadik 2N BRI 57 T

R ok TE S e TRl

L3R 2K B
byte Hex[11];
void Clmage aDlg::OnSetpresent() //3k T_Ff K Bk

{
// TODO: Add your control notification handler code here

//# % com port handle % #"H_Comport" £ % & B ok i
if(H_comport==0) /% com port * B fx
return ;//fjﬁ.éé f o F

Hex[0]=0xAO; //Start sequence
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Hex[1]=0x01; //Send address

Hex[2]=0x01; //Receive address

Hex[3]=0x00;

Hex[4]=0x03; //# &¢ 8:3K T3 K B-(Set Preset)
Hex[5]=num; //3k T3 &k B-endhE.¥  00H~3FH
Hex[6]=0xFF;

Hex[7]=0xFF;

Hex[8]=0xFF;

Hex[9]=0xAF;//Stop sequence

Hex[10]=checksum; /& & &% chF 44t e £ F 5 3%

num++; /3% 21 BIEKE p B4 1
checksum--; //checksum p # & 1
WriteFile(H comport, Hex , Writebyte , & Writebyte ,NULL); /& » & 4

}
15 RS485 crdp £ #2545 hex £ > ¥ H - =X B3 endf & (packed),i&l”ﬁ

11 bytes » F]gt AP * — B byte 7| k 3 3%izt T4 > ¥ % :F WriteFile()
S-SRl TR LN TR o e SR

## L * PLC-500 44z %) o

2AZTIRK BN AR P K

static bool doit=true;

if(doit)
{
num=0; /4 41" JEFEK B0 iz B B doff B
checksum=0xF9;
doit=false;
j

Hex[0]=0xAO; //Start sequence
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Hex[4]=0x07; //# s iE.:go to Preset
Hex[S]=num; //3g & & %L
Hex[9]=0xAF; //Stop sequence
Hex[10]=checksum; //# & @ i% chFfl4te 8 F 5 3%
num++; /* 4_1 BIEHE p #54c 1
checksum--;//checksum p # & 1
WriteFile(H_comport, Hex , Writebyte , & Writebyte ,NULL); /& » é £

if(num > (atoi(m_transmsg)) ) //*| %7 & _F 7 & ta7%
{
num=0; /£ =X IR KB = E 0 442

checksum=0xF9;
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