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ABSTRACT

Taiwan has approached an aging society gradually. The falls are major
invisible killers in elderly health care. Immediate rescue system can alleviate the
severity of falls in elderly people. Installation of a warning system for fall-risk elderly
people is important and necessary for immediate rescue system. However, the
reliability of a warning system for fall-risk people can be reduced because of its
misjudging the signals of falls. This study is to investigate the characteristics of
elderly people’s movements while they are taking a shower or bath in a bathroom, and
attempts to find the patterns of elderly people’s falls while they are washing
themselves and to use these fall patterns to develop a warning system for fall-risk
people with enhanced sensitivity and reliability. This study used systematic innovation
(TRIZ) as the analytical tool and, by functional analyses and cause-effect chain
analysis, figured out that the reason of a warning system’s misjudgment is because the
warning system cannot correctly grasp the characteristics of falls. This study analyzed
the movements of light points to obtain the characteristics of elderly people’s
movements and then compared with young people’s movements to find out the main
factors that cause elderly people to fall. As shown in the results of the study, the main
difference between elderly people and young people lies in the shift of the center of
gravity. Moreover, elderly people’s abilities of keeping balance after shifting the
center of gravity are worse than young people’s because their muscle strength and
joints have deteriorated. The results of this study can help improve the reliability of
the warning system for fall-risk elderly people and help develop the aids to prevent

falls.

Keywords: TRIZ, Falling Mode, Ergonomics, Motion Analysis
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ffifé#<— 89S51 E‘Egl?“ﬁﬁ

I* FHESEREIE ] *

#include <reg51.h>

e i I

unsigned char code TAB[10]={ 0xc0, 0xf9, 0xa4, 0xb0, 0x99,
0x92, 0x83, 0xf8, 0x80, 0x98 };

#define ADC PO Il 5% ADC i i

#define SCANP P1 Il _La"&-i[f‘EFl & PFOE R

#define SEG7P P2 I A AR IR AR
#define off 40000 Il @;;”F%’Eﬁfﬂﬂ

#define on 40000 1 ”@’%?ﬁ’éﬁi [5L

shit relay=P3"2; Il AT O

unsigned char disp[4]={0,0,0,0}; Il ;Eh'f[%ﬁi Bk ]
unsigned char _adc; /l ;Eh’fl@g!(r

void dataproc (unsigned char) ; I ;hf e PR R PR
void display (void) ; Il ;Eh'f[%ﬁi 7}»@{(
void delaylms (char) ; I {é[ F[«]L EEFEE
main () I =

{ while (1) Il while FﬁJZzF",

{ display () ; Il 7.
_adc=ADC; I @I R
dataproc (_adc) ; Il TR

} Il while 38
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} I R

N====5 YR R Rr====
void dataproc (unsigned char data_in)
{unsigned int results; Il ﬁ,‘f’ﬁ%’@\’f
results=data_in*196; /I F#iFv ADC0804 fEiisd flst1"] 196 @ﬁ
if (results>=off) relay=0;
I* fg‘[ﬁ&ﬁgjﬁ?ﬁ% = 3000 (off) - EJ[J%WJE%%%’S
else if (results<=on) relay=1;

I* %‘I”F%E{['I;%?ﬁ%‘“ #3000 (on) > EUF'#J?'M%”F%%E'

disp[3]=results/10000; Il TV R
disp[2]= (results/1000) %10; Il ZVHF L L
disp[1]= (results/100) %10; Il Vi P Er
disp[0]=results%10; Il SV R
} I ekl e
=== ===
void display (void)
{ chariscan; Il ;Eh’f'l il
char times=20; /l Fﬂ»ﬁﬁ 20 7%
while (--times>=0) /I while i[ﬂ_[[%‘;,ﬂf'ﬁjizf‘,
{ scan=1; Il FltlF"[?ﬁEfgﬁ ]ﬁ%FF

for (i=0;i<4;i++) Il for #57 ] F",

{  SEG7P=O0xff; I LT Ao
SCANP=~scan; /i IWH E?ﬁﬁﬁ ]ﬁ?FF
SEG7P=TABIdisp[i]]; I @M%E@Eﬁ]ﬁyﬁf iﬂ?ﬁﬁi'@ﬂ PO
delaylms (4) ; Il JEEAms
scan<<=1; I ~— [’[ﬁﬁf}ﬁﬁfgﬁ ]ﬁ?ﬁ%‘

} I A N for st
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//::::3}[‘_%1%?}‘[@?::::
void delaylms (char x )
{ intij;

for (i=0;i<x;i++)

for (j=0;j<120;j++) ;
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Mi#A-  ADXRS300 #ifg3. (lff#s 1-1)

TA=25C > VS=5V Fii=07s ElfJﬂ/fF?}‘[I': 80 ##2% (COUT=0.01p F) > £1G - [

IR VE R -

[ij#2 1-1 ADXRS300 A5

=Hr o % ADXRS300ABG Hi
wHEE | LF | MAx1
Y, PRI S o L A
FIiFiZ Range2 ﬁé% %’;@%lﬁ?ﬁ e +300 °Is
=2 @25°C 4.6 5 5.4 mV/7/s
i VS =475V 10525V 4.6 5 5.4 mV/7/s
g[S TlE Ll A s 0.1 % of FS
%
BEIRE 2.5 %
IR VS =475V 10525V
2.3 2.7

F'aﬂ??ﬂij fii] Power on to %% /s of final 25 35 - Ms
RS (= g 0.2 Islg
FER Y VCC=475V10525V 1 sV
3dB ﬂfgi“gli’ 22 nFascompcap (seethe 40 Hz
VR TR Setting Bandwidth section ) 14 kHz
Fe VRS
ST1 RATEOUT Response5 | ST1 fiuf Hill fE5E 0 £ 1 -150 -270 -450 mV
ST2 RATEOUT Response5 | ST2 fiuf Hill fE5&H 0 £ 1 +150 +270 +450 mV
W 1 ﬁﬁiﬁrj“ F{TAE{ %%ﬁﬂj%&“ﬁj FaY 3.3 vV
w0 ﬁ'ﬁjj %E& f?i{%ﬁq%@g"f‘j s 1.7
fiay 2 ‘ﬁfj’Ei 50 kQ
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4 1-1 ADXRS300 414 (3§)

TR R

foj e 298K e #o v
ON FHIfOR < (IEVET | SRIEAE T 50 uA
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i ERAE-

ﬁ%”fﬁﬁﬁef IOUT =100 pA 0.25 %
W1 SRR 1000 Vo DF
PR

S e 4.75 5 525 |V

[P P 6 8 mA
TEVE el

f R AR RV RN A RS -40 +85 C
25V &#

PR 2.45 2.5 255 |V

A FRELINT Y TRIpE 200 uA

E E&%}éﬁ 0 <IOUT <200 pA 5 mV/mA
R 4.75 Vs 10 5.25 Vs 1 mv/vV
T o = E|1§-25°C ] 5 mV
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Migh=  PCI-1710HG/HGL ol « FORREV-HH,

iS4 1-1 ~ 1-2 FA SR

1 ~ 16-ch single-ended or 8-ch differential or a combination of analog input
2 ~ 12-bit A/D converter, with up to 100 kHz sampling rate
3 ~ Programmable gain
4 ~ Automatic channel/gain scanning
~ Onboard FIFO memory (4,096 samples )
» Two 12-bit analog output channels (PCI-1710/1710HG only )

5
6
7 ~ 16-ch digital input and 16-ch digital output
& ~ Onboard programmable counter

9

» BoardID™ switch
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Fifedt R

AR B (IR 1-2)

It 1-2 40 TR Uit

Time (S) Voltage (V) Time (S) Voltage (V) Time (S) Voltage (V)
1.80576 2.53418 2.90928 2.531738 4.0128 2.531738
1.90608 2.561035 3.0096 2.412109 411312 2.561035
2.0064 2.536621 3.10992 1.70166 421344 2.565918
2.10672 2.541504 3.21024 0.2001953 4.31376 2.543945
2.20704 2.543945 3.31056 2.233887 4.41408 2.55127
2.30736 2.548828 3.41088 2.497559 45144 2.558594
2.40768 2.561035 3.5112 2.602539 4.61472 2.53418
2.508 2.570801 3.61152 2.556152 471504 2.541504
2.60832 2.543945 3.71184 2.53418 4.81536 2.543945
2.70864 2.565918 3.81216 2.563477
2.80896 2.561035 3.91248 2.543945
S B A (U A 1-3)
i 1-3 = = i B i
Time(S) Voltage(S) | Time(S) | Voltage(S) | Time(S) Voltage(S)
1.51214286 | 2.529297 | 2.5202381 | 2.573242 | 3.5283333 2.019043
1.61295238 | 2.553711 | 2.6210476 | 2.556152 | 3.6291429 1.59668
17137619 | 2.590332 | 2.7218571 | 2.573242 | 3.7299524 3.640137
1.81457143 | 2.580566 | 2.8226667 | 2.590332 | 3.8307619 2.373047
1.91538095 | 2.565918 | 2.9234762 | 2.583008 | 3.9315714 2.702637
2.01619048 | 2.556152 | 3.0242857 | 2.60498 4.032381 2.55127
2.117 2.570801 | 3.1250952 | 2.62207 | 4.1331905 2.602539
2.21780952 | 2.590332 | 3.2259048 | 2.546387
2.31861905 | 2.587891 | 3.3267143 | 2.53418
241942857 | 2.587891 | 3.4275238 | 2.392578
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= . j‘iﬁ[{}‘ﬁ BT L BB (U4 1-4)

[ifgh 1-4 = il BRATp 5 R

Time(S) Voltage(V) | Time(S) | Voltage(V) | Time(S) Voltage(V)
2433795918 | 2.790527 | 3.3464694 | 2.353516 | 4.2591429 2.163672
2.535204082 | 2.788086 | 3.4478776 | 0.9570313 | 4.360551 2.7192969
2.636612245 | 2.780762 | 3.5492857 | 3.208008 | 4.4619592 2.716123
2.738020408 | 2.790527 | 3.6506939 | 2.717285 | 4.5633673 2.780762
2.839428571 | 2.807617 | 3.752102 277832 | 4.6647755 2.802734
2.940836735 | 2.792969 | 3.8535102 | 2.724609 | 4.7661837 2.790527
3.042244898 | 2.783203 | 3.9549184 | 2.810059 | 4.8675918 2.773438
3.143653061 | 2.805176 | 4.0563265 | 2.814941

3.245061224 | 2.753906 | 4.1577347 | 2.790527

P~ = I T B AR (T S 1-5)

[k 1-5 = b AT (i B s

Time(S) Véltage(S) Time(S) | Voltage(S) Time(S) Voltage(S)
0.1014118 | 2.763672 | 1.62258824 | 2.802734 | 3.143764706 2.304688
0.2028235 | 2.736816 1.724 2.807617 | 3.245176471 1.416016
0.3042353 | 2.770996 | 1.82541176 | 2.763672 | 3.346588235 0.3857422
0.4056471 | 2.763672 | 1.92682353 | 2.76123 3.448 2.854004
0.5070588 | 2.770996 | 2.02823529 | 2.768555 | 3.549411765 2.768555
0.6084706 | 2.790527 | 2.12964706 | 2.788086 | 3.650823529 2.773438
0.7008824 | 2.797852 | 2.23105882 | 2.770996 | 3.752235294 2.770996
0.8112941 | 2.780762 | 2.33247059 | 2.77832 | 3.853647059 2.814941
0.9127059 | 2.788086 | 2.43388235 | 2.773438 | 3.955058824 2.753906
1.0141176 | 2.805176 | 2.53529412 | 2.758789 | 4.056470588 2.766113
1.1155294 | 2.790527 | 2.63670588 | 2.775879 | 4.157882353 2.785645
1.2169412 | 2.768555 | 2.73811765 | 2.785645 | 4.259294118 2.77832
1.3183529 | 2.785645 | 2.83952941 | 2.797852 | 4.360705882 2.7168555
1.4197647 | 2.76123 | 2.94094118 | 2.756348 | 4.462117647 2.802734
1.5211765 | 2.768555 | 3.04235294 | 2.695313
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o~ ASER] DY DR 2 PRSI ER 1-6)

[T 1-6 450 §3 = IS P PR B

Time(S) Voltage(S) | Time(S) Voltage(S) Time(S) Voltage(S)
3.034875 2.648926 | 4.3499875 | 2.844238 5.6651 2.7131934
3.1360375 | 2.644043 445115 2.790527 | 5.7662625 | 2.683105
3.2372 2.651367 | 4.5523125 | 2.617188 5.867425 2.609863
3.3383625 | 2.683105 | 4.653475 2.998047 | 5.9685875 | 2.573242
3.439525 | 2.685547 | 4.71546375 3.15918 6.06975 2.600098
3.5406875 | 2.705078 4.8558 6.10E-02 6.1709125 | 2.641602
3.64185 2.724609 | 4.9569625 | 4.489746 6.272075 2.636719
3.7430125 | 2.741699 | 5.058125 1.901855 6.3732375 | 2.609863
3.844175 2.79541 | 5.1592875 1.68457 6.4744 2.607422
3.9453375 | 2.832031 5.26045 3.400879 | 6.5755625 | 2.614746
4.0465 2.888184 | 5.3616125 | 2.780762 6.676725 2.65625
41476625 | 2.912598 | 5.462775 2.260742
4.248825 2.851563 | 5.5639375 | 2.468262
o AR D= £ R (IR 1-7)
Frps 1-7 4808 53 A = B PRI A
Time(S) Voltage(S) Time(S) | Voltage(S) Time(S) Voltage(S)
3.01076923 | 2.597656 | 4.3154359 | 1.303711 | 5.620102564 | 2.597656
311112821 | 2.597656 | 4.41579487 | 0.4125977 | 5.720461538 | 2.685547
3.21148718 | 2.617188 | 4.51615385 | 1.193848 | 5.820820513 2.69043
3.31184615 [ 2.580566 | 4.61651282 | 2.277832 | 5.921179487 | 2.653809
3.41220513 | 2.580566 | 471687179 | 1.628418 | 6.021538462 | 2.578125
3.5125641 2.614746 | 4.81723077 | 1.262207 | 6.121897436 | 2.624512
3.61292308 | 2.646484 | 491758974 | 4.70459 6.22225641 2.624512
3.71328205 | 2.697754 | 5.01794872 | 2.302246 | 6.322615385 | 2.609863
3.81364103 2.67334 5.11830769 | 2.426758 | 6.422974359 | 2.590332
3.914 2.624512 | 5.218666067 | 2.277832 | 6.523333333 | 2.624512
401435897 | 2.504883 | 5.31902564 | 2.241211
411471795 | 2.302246 | 5.41938462 | 2.451172
421507692 | 1.916504 | 5.51974359 | 2.712402
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M P 180 % EPREIIRA G SR 1-8)

Time (S) | Voltage (S) [ Time (S) | Voltage (S) [ Time (S) | Voltage (S)
3.0151852 | 2.543945 | 4.3217654 | 2.62207 5.6283457 | 2.539063
3.1156914 | 2.543945 | 4.4222716 | 2.177734 | 5.7288519 | 2.55127
3.2161975 | 2.492676 | 4.5227778 | 4.980469 5.829358 | 2.553711
3.3167037 | 2.456055 | 4.623284 | 0.6835938 | 5.9298642 | 2.546387
34172099 | 2.512207 | 4.7237901 | 2.138672 | 6.0303704 | 2.543945
3.517716 | 2.509766 | 4.8242963 2.1875 6.1308765 | 2.553711
3.6182222 | 2.570801 | 4.9248025 | 2.609863 | 6.2313827 | 2.541504
37187284 | 2.641602 | 5.0253086 | 2.609863 | 6.3318889 | 2.55127
3.8192346 | 2.602539 | 5.1258148 | 2.580566 | 6.4323951 | 2.556152
3.9197407 | 2.563477 | 5.226321 | 2.526855 | 6.5329012 | 2.543945
4.0202469 | 255127 | 5.3268272 | 2.514648
41207531 | 2.768555 | 5.4273333 | 2.553711
42212593 | 2.888184 | 5.5278395 | 2.568359
7 AR BRI 180 M 1 PR FRY S (U 1-9)
Jitght 1-9 A 5T #7180 "% 1 epRIIUVISA
Time (S) | Voltage (S) | Time (S) | Voltage (S) | Time (S) [ Voltage (S)
3.01818182 | 2.573242 | 4.2254545 | 2.539063 | 5.43272727 | 2.558594
3.11878788 | 2.529297 | 4.3260606 | 2.648926 | 5.53333333 | 2.548828
3.21939394 | 2.355957 | 4.4266667 | 1.176758 | 5.63393939 2.55127
3.32 2429199 | 4.5272727 | 4.245605 | 5.73454545 | 2.561035
3.42060606 | 2.434082 | 4.6278788 | 4.943848 | 5.83515152 | 2.573242
3.52121212 | 2404785 | 4.7284848 | 2.668457 | 5.93575758 | 2.546387
3.62181818 | 2.470703 | 4.8290909 | 3.032227 | 6.03636364 | 2.558594
3.72242424 | 2.438965 | 4.929697 2.587891 6.1369697 2.558594
3.8230303 | 2.392578 | 5.030303 3.508301 | 6.23757576 | 2.563477
3.92363636 | 2.407227 | 5.1309091 | 2.507324 | 6.33818182 2.55127
402424242 | 2.392578 | 5.2315152 | 2.719727 | 6.43878788 | 2.556152
412484848 | 2.531738 | 5.3321212 | 2.497559 | 6.53939394 | 2.546387
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T AR D= B RIS (U 1-10)

it 1-10 MU O i P PkEASeR-

Time (S) Voltage (S) Time (S) | Voltage (S) | Time (S) | Voltage (S)
2.10991667 2.570801 3.4160556 | 2.258301 | 4.7221944 | 2.497559
2.21038889 2.561035 3.5165278 2.08252 4.8226607 210752
2.31086111 2.553711 3.617 1.99707 49231389 | 2.568359
2.41133333 2.548828 3.7174722 1.90918 5.0236111 | 2.583008
2.51180556 2.514648 3.8179444 | 2253418 | 5.1240833 2.53418
2.61227778 2.529297 3.9184167 | 0.1074219 | 5.2245556 | 2.561035

2.711275 2.495117 4.0188889 | 1.477051 5.3250278 | 2.490234
2.81322222 2.355957 41193611 | 2.800293 5.4255 2.585449
2.91369444 2446289 | 4.2198333 | 4.477539 | 5.5259722 2.53418
3.01416667 2.526855 4.3203056 | 0.8935547 | 5.6264444 | 2.583008
3.11463889 2.55127 44207778 | 1.877441 5.7269167 | 2.570801
3.21511111 2.460938 4.52125 1.953125 | 5.8273889 | 2.548828
3.31558333 2.297363 4.6217222 | 2.600098

A AR IR RS (U 1-1)
FitaActe 1-10 AR 35 AT = PRI,

Time (S) | Voltage (S) | Time (S) | Voltage (S) | Time (S) | Voltage (S)
2.5094697 2.60498 3.7140152 | 2.636719 | 4.8181818 2.565918
2.60984848 | 2.568359 | 3.8143939 | 2.76123 | 4.9185606 | 2.529297
2.71022727 | 2.573242 | 39147727 | 3.212891 | 5.0189394 | 2.539063
2.81060606 | 2.583008 | 4.0151515 | 3.15918 | 5.1193182 | 2.536621
2.91098485 | 2.607422 | 4.1155303 | 4.963379 | 5.219697 2.541504
3.01136364 | 2.614746 | 4.2159091 | 0.078125 | 5.3200758 2.558594
3.11174242 | 2.666016 | 4.3162879 | 3.813477 | 5.4204545 2.55127
3.21212121 | 2.641602 | 4.4166667 | 2.199707 | 5.5208333 2.563477

3.3125 2.697754 | 4.5170455 | 0.6860352 | 5.6212121 2.548828
341287879 | 2.666016 | 4.6174242 | 2.600098 | 5.7215909 | 2.548828
3.51325758 | 2.700195 4717803 | 2.529297
3.61363636 | 2.661133
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A SRR T PR AR (R 1-12)

et 1-12 40 0= ) - PRS-

Time (S) Voltage (S) | Time (S) | Voltage (S) | Time (S) | Voltage (S)
3.03375 2.683105 424725 3.31543 5.46075 2.680664
3.134875 2.603574 4.348375 4.150391 5.561875 2.705078
3.236 2.680664 4.4495 3.2592717 5.663 2.680664
3.337125 2.65625 4.550625 1.242676 | 5.764125 2.700195
3.43825 2.683105 4.65175 2.199707 5.86525 2.702637
3.539375 2.670898 47152875 4.997559 5.966375 2.683105
3.6405 2.724609 4.854 2.773438 6.0675 2.700195
3.741625 2.739258 4.955125 4.008789 6.168625 2.702637
3.84275 2.800293 5.05625 3.083496 6.26975 2.678223
3.943875 2.756348 5.157375 2.568359 6.370875 2.683105
4.045 2.854004 5.2585 2.619629 6.472 2.705078
4.146125 3.452148 5.359625 2.144141
S SR b3 IR PR (U 1-13)
It 1-13 R 3 HP - 1 BRI
Time (S) | Voltage (S') Time (S) Voltage (S) | Time (S) | Voltage (S)
2.5091176 | 2.646484 | 3.51276471 | 4.465332 | 45164118 | 2.602539
2.6094824 | 2.541504 | 3.61312941 | 4.450684 | 4.6167765 | 2.648926
2.7098471 | 2.626953 | 3.71349412 | 0.6591797 | 47171412 | 2.734375
2.8102118 | 2.714844 | 3.81385882 | 2.768555 | 4.8175059 2.69043
2.9105765 | 2.609863 | 3.91422353 | 2.597656 | 49178706 | 2.700195
3.0109412 | 2.819824 | 4.01458824 | 2.199707 | 5.0182353 2.69043
3.1113059 | 2.634277 | 4.11495294 2.8125 5.1186 2.695313
3.2116706 | 2.780762 | 421531765 | 2.600098 | 5.2189647 | 2.687988
3.3120353 | 2.626953 | 4.31568235 | 2.880859 | 5.3193294 | 2.678223
3.4124 7.5TE-02 | 441604706 | 2.700195 | 5.4196941 | 2.680664
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ffifé#=  Trimming Rules C g4/ -
1. Rule A: Function Carrier can be trimmed if we remove the Object of its
useful Function
HIHTA - rﬁﬁ:%&zggﬁ‘:@ﬁugg > YN PV PITPRE R R o
2. Rule X: Function carrier can be trimmed if its useful function is no
longer needed
SPRIX 2 FEERRAT T - SR RS T IR -
3. Rule B: Function Carrier can be trimmed if the Object of Function
performs the Useful Function itself. (Self service)
HIHB : jjjﬂ'.:%&’ﬁgﬂtkﬁzﬁ@q YN PIFEVE R T E S &R S
4. Rule C: Function Carrier can be trimmed if another Component performs
its useful function
P C © TPREEVARE AT OB R ) RS
5. Rule E: Function carrier can be trimmed if the function can be performed
the same or better by a new or an alternative part providing enhanced
performance or other benefits (such as lower cost).
PR E ¢ BRI OB RO (e PR

I g (RS 4 ) ) -
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