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Abstract

Preventive medicine and health management plays a crucial role in aged society. The
degeneration of physical or cognitive functionality will affect the gait performance. In other words,
gait performance can be used for screening the preliminary aging. Traditional gait analysis systems
are mostly used for laboratory evaluation and require professional personnel to operate. Therefore,
this study proposes real-time daily used device for gait performance measurement and analysis, i.e.
AVCA-plus which is based on previously developed “Automatic Visual-Cue Adjusting system-
AVCA”. The AVCA-plus system is composed of a posterior walker, foot-switches made by force-
sensing resistors and insole, a time-of-flight (ToF) ranging module attached on the user’s shoes. With
self-written program, the AVCA-plus can measure the step locations and gait phases and thus
calculate many importance gait parameters in real time. The system is simple, compact, portable, and
convenient for use. With just a few walking steps, the AVCA-plus can calculate the user’s gait
parameters. It is also immured to environment disturbance; therefore, it can be used at home for
dysfunction early detection. The next step is to recruit subjects to gather data and establish specific

indicators for early dysfunction detection.



g Al

(g

—~  WREME

PR CE NSRS - 28BS - FFRAEMNEEARRSE « JUVE ~ 8T
FHER ~ REBE ~ - FFEGEREERE - B GURENFEE REE o MEERRRS
FEFR R & S EAE P BRI M b > AP REUERIGEE ~ DATREN: ~ A (KA B 22
HEEE AT - MEAE KRR ERAITHRE SR (AR Z - RSP AR s (L > (EIREHE
GRS - TR MR P ARy T B AR — R -

MEBFEEFTR " SETBERGEESIR R AS AR RS AR B LB TR RS
FA DA Bhie e AR DE B BB P REAR (- $2HE(RATHY TIERGE - ey " BEifEier
%L 2.4 ( Automatic Visual Cue Adjusting system > f5§fE AVCA) | e E AR [EIRVEZFIEE » H
CLE R S AP R E A -

AWTFERE R EENTE(L AVCA 28t - MR NGA SR MR REIHELZE R S BB AT - HRE

P AVCA Fo—REE ~ $¢(E n]fiMEpa o] VP RE T 2850 - ffE Ry AVCA-plus ° [fE AVCA-plus
AMEREIREE A RE - AR E A SR D REA R - EREml— R N ER BTl > £ 5
Eitm e IR R LR SRR R e - REEEEL -

N i SAE:

5T AVCA-plus HYELES HIA = ¢

® ZRIE(Eb
BCE ARG IR E VA e HIRIRE - 17 B 2P SRS X0 Ry e (8 » ARG &5 (%
(EEEPN-ULE Py

o [l PREEISEEN
AMEREEMNZ A s SHELEEBN ] (period ) STEELABMENE - 5 SRE A D
B E AR -

® [k PRezEHSHEMN
RIEF I (E RIS P E - sTRAG P REEZRERE -

A e

— IR

WRTATAL » AWFTE2EIepIEE BN " BB 248 AVCA | - FFZ MRS
TR, NI BEi IR - HAGR L TRAIP P ) i E T R (R E it b A



G RS RSUIGERR - WE—FTR - HERGABHERR - Bae =P -
dmtthes ~ WHEH - AREE - BERVEeE  MERETHATMT -

(EENRE N |

B2 Eili
ARises

& — ~ SRIER AR

= BIRPRERESBE N FREETA

DREEIAEFAT 73 Ry 7 (stance phase ) BB (swing phase) - i FdEHTGHYEEE]
AIFIH 2 JERARAET B ON/OFF HBSRAHUG: o FFfE Eis M EAE G T S S el 1 B R 1
M o FTRSE L R R RS - BREENEA R BV 28 FRANES RS o ARHZE PR HAVEI TS 8L
( Symmetry Index ) A\FAIT -
Symmetry Index (SI) = Zglf_;:)

where T;, T,:Stance or swing time

of left and right foot respectively

& ~ e Rk

YR A o AWHEE B T IR E N E E R T N E R R o BWEEE RIS (force
sensing resister, FSR ) 47 BIREFAEEEAET /] » W7 (E ELBET PR Bk BAET ( metatarsophalangeal

3



joints ) HYBRSILE - AE—2K » Al 5 A8 e ER Al Bt Re A4 - il e Mt RS £ - B2 10E

AT REIHENEA] |

(1) E{E— FSR AT > BIRULITIH (stance phase) °

(2) EWI{E FSR #R NG - HIHIE Ry je B EZE THVFEEENY] (swing phase )

(3) EWIE FSR [ERFARNGER: - B e B ie E R s i (foot flat ) ;

(4) FlErtE I EZ AL T e iRt (heel strike )~ " UEIZ AP RIRT (midstance )~ " J2 R
(heel off) ; ~ " ERfEREEH (toe off) |, HYNHFFESS - S5 2 - RIFTREA SRR -

=~ FINPRERSEBENZ FEETE

REREENERES & - AU ENE e e RS - BRI RIR e AR L
AR o B T @M@ eI NER - B B BN ASUR SRR T
o R AR A R E YRR A

1EFIEESZ (I = BETTEI I + A2 BFHE B (1

REs B s BE B8 - a2 H B2 B £% (Local Coordinate System, LCS ) [ (i
LS  FEREEBERETT AR 2 IS ERTE B avfrts - Hin EEr g E - BIVEEE
AT (World Coordinate System - WCS tHRABE 2, ) (IrE - LRSI THEERE LCS
HIALRE AL A Se R SRR ARt iR RIS (AR = ~ ) M5 - PRELAr AR A R Ry o]
TEHPPHE FEAEEIE - MEAEE RGP AalE = (ESENE T E6RE
N 0 RHIJEATT) -

[E‘&Mﬁﬁﬁiﬁu,’%ﬁ]x

L T T T .
N - '

B JEFA

[ = ~ ZSAHEE

(—) BT R EN

EEES Hofs 7 Hptas
B D Bz
St es
aliwet

Y~ Bhb ARG BT 4

4



gl A NI N AW T G T T el o N E S Ve B B TR N SEAL CUNER
et - LI B B 2 s RS E R g 2R L - SEARVERREEL » Pro
Bk~ TR EREIIGE 2B IR0 - 5550 - IR baRa /RN 7 HEERTE: - A5 (E
REAEARYENE R &

(Z) EEHEB EALE =M

"R EAEE B RN AR RARE AT o EEIU(ESEE (phases) o 142 H AR
B hE 2. FHCEA T AT AR A T R - SRS T {fFﬁ/m\ CIREEZRIRIE TR
Ko RIS E M T EE » EFaHE T E R B a T K 3. S EH - 4T
B -

&7~ e B E ST RS s AR E

1. WHGHETET %

FHIEREREY )5 22 PIXY2 camera® ~ Sharp ToF2HEfE R |28 81 Pan-Tilt EE4° B EUH 248 £

Jef o AEHEEC myRIO R -& EAVEGRIERIEEDAME (ME/NFTR) © M ZRSHE R

Fo{E F & - EERIF @B (color marker ) » 4IF7KIEFT - 5 PIXY2 ¥ - &oriFAtrpeil

HIE G

® PIXY2 camera AGHGHERE R - SEENTEEBAEHIYIA (color marker ) » MZEHEH
HiLEh o PIXY2 0]#5 %8 SPI 4% myRIO » &b alfg 4 060 ZX color marker 555 A o

® FEERECHIZS A A Sharp ToF - B G HIFERTEM] ~ HAEHFRE A 5N - Sharp
ToF u] /% I°C #Hi#% myRIO - SF) IS 30 ZCFEHE -

® JnEt (4) R o PIXY2 f&s Bl Sharp ToF SEEERCHIES RFEr 28 Bl ERE G L
FHLLEHEEE T LAY color marker ©

®  PID ERAEFIHYIE I Z 73 HllaRT%E Pan B Tilt (SRR, > 58 HAE color marker (RIFFAE
PIXY?2 camera F1.0p » WIHE—2K PIXY2 m[FHEEFIHAE - [ HIERERCH S — B IR H IR
{EIEREEM] -

! PIXY2 camera » $4E484L (2020 ) © https://www.taiwansensor.com.tw/product/pixy-2-cmucam5-5 {5 ik fE 4H -
arduino-g5 {5 #¥:8k Z. 4% -smart-vision-sensor/

2 Sharp ToF - #E 484k (2020) :
https://www.mouser.tw/new/sharp-microelectronics/sharp-microelectronics-mtof171000c0-tof-module/

3 Pan-Tilt BE » 49E484E (2020) : https://www.taiwaniot.com.tw/product/grove-pixy2-dual-axis-robotic-camera-
mount/

5



%E | Sharp ToF | color markergEs

BRI 2R

JKizfa@color marker

color marker& &= FEZ

Processor—myRIO
Pan PW

TitPw | | PIDIZHIAR] <

\
|
T
— |
iZcolor marker |
|
I
|
|

RIFfEcamera®

color marker)
3ADIEEE

— = P

75~ FEED color marker 7 JB 1R (tracking) i 3D {7 BEtE ~ ff2E

Bt ~ (/) PIXY2 camera ~ (H) Pan-Tilt 5% ~ (45 ) Sharp ToF

It B B BT 24 2 SRV E SRS - FHRABME T ¢

() o (E MR EE G A EIRRROR Tl H AT SRS A] PIXY2 BEEREANYF= (Pan ~ Tilt) -

(b) £ PIXY2 $%5E 05401 color marker fFEHE I E RN E (EHFEIE) -

(c) F Sharp ToF ®] {5 color marker ZI{=]ARZE & AVFERE

i bl ={E&EEH AT EHE T E | color marker AH¥H{EIARZE G HY 3D iLE - BN EIRFEHER
v e b MBS AR EHET - R L i 0SS B - RS EHES
SRS A E BRI S E RS EN BT - T2 RS 2 BB 3D (L BHIE 247 -

2. PaJFETTIF AT AR

BE#IA6 7T ZERE T IR RE S =G © (1)PIXY2 RES IEHEHFEE] H % color marker » (2) i (]
REGREER AT K » HO)EGA G EAIERERCAIES - DUT 70 BlER B ECHIE 7 Bl4h

A A I o

(1) PIXY2 g IEHENESE] H AR
PIXY2 T ZHEHEAD > NEESHAA TR color marker {EMIE -

6



a. Z¢= color marker

MBS TEA B EA e TER (B FEEREIRES - il aBik oS - 8
MHEBR YA F IR AEEETET » &4 PIXY2 1 5[F— color marker » [N A& & SAVBAE
B REFEEE o {H PIXY2 Fi{[EA[E] color code FH#AN S5 17 E % F5—1{1& color signature > 1] F

AP (PR B R -

-

&\~ (f2) SEfeEERIE Ry color marker © () Myl EB&kE T FLBR ~ HLASSONGAT

F I BRI B 2 IR OIS - NHERIRP - R AESEEETIRE »HY T EY -
BRI S S ST ERED RIS (72 - 28R WA Ty T A & S AR ER
iR tE o (B A Ry - B P SRR R - HAWER SRS RIER: o
AILPISS A REAT IS S Fe Bk - AT B A G2y nl s - HARIAAS SO IRBDEIRIG R (%
PRI EBRE RN - AERRIE N7 SRR Z [ (e HIET R 35t -

|

l’

B~ () Bl EEREHIL AR AE A 7E & color marker 5 (Hf) RFRTE & HFE By color
signature ; (45 ) PIXY2 HRERAVARDNE @ Em RO Hmas S -

b. H#5%= color marker

Ryt S color marker FEIRIRIRA & Rpdr AR R, - BRI =8 H 28¢5 color marker » £
& EL J%5EfR ~ Bk - LED f& {6k - ¥ PIXY2 SEsZ $RuHe E iU I BB - Hite 3
FRfR o fy ECEER R B -

BRIV S IR IR E > BIFEREELRE IS color marker “RN[E] o [ff HEAGHYE L
JE& it e A R SR AT BT AT B 0 MK LED R R Z IR LR 2yt » (H B8 TE
FEEEA ERFHER I EIRA =R HEH WA TgwinRkat > (A EHHE - NEEEE

7



AR AT R EHRENEREAAN[E] © EL 2SRt A2 IRBD R 2 - HEASTEH PR (SR
sl AZR - (HEZH REIOEEYER - SChrEEIA ST - BPUGS -

&+ - A BAERRFF & EL 206k - EofR - LED (i
(2) P =R E S e

PIXY2 S5 NEIIRE & I - SR GRS SR T A R - HELERE PIXY2 SRUHREF S8
color marker o {H & H4E5 5L {E] AR A IR R 2 A 5 A FE AT FE A )2 > 17 H. color marker f£Ef1HR
0 RIBRE RS A S A BB CRFF SR TH TP O E BRI g #ilE - e AT
FEPR S -

(3) ToF JLA M5

PHEEE A

e Sas | #a— e 125PING
.65 5 5 -
PSoC

[&+— ~ LaserPING JHIE,
J 5 Sharp ToF ¥ K- RAK HEEHIE] 70cm » SERF &ML AAES 100em DL ERYFRK © AL
554M% T LaserPING* » LaserPING #&I5{H FoV %2 55° A A Ml A4S s A B Ay 7T > B
HUBESS 24Hz iB(E « 75 DATER A3 1200mm/s S » 2CHUE > BB T A4y
50mm > EHEHIAR/DERZE o TFmini Plus®§€175{H FoV & 3.6° » B s /R o & 0% 1500mm
HEEERT]# 1000Hz - TFmini Plus & AHZEHF o

4 LaserPING - 8B 4d4F (2020 ) : https://www.parallax.com/sites/default/files/downloads/28041-LaserPING-2m-

Rangefinder-Guide.pdf
> TFmini Plus » 44 E48hE (2019) : http://en.benewake.com/product/detail/5Sc345cd0e5b3a844¢472329b.html

8



&+ ~ TFmini Plus ;Hj&
3. ETemEARIHEGET T
DIEERWE 247 ~ RIfRIEEL ToF g HINY 7 2B E Al - ftem S HIEaEn P
A~ B~ EWEPERSE - PRIV SR SRR S BUR K - HEIREGRBERNTF
THEH > A AR [E SRS - F— RIS TR mRE T -
F— -~ BEMIEENT AGIRE

Fx o EE % T
FH4H T PIXY2+3E | color marker F A Za AEAR
UG s | e | OPRRES | e f&
4 " PIXY2+ZE | color marker HPASE £ HEETA
20 T4 prpwse | gebs | OPRRNES | e 1
WA PIXY?2 color marker -
3 AR 25 TR HHTE fis
WA {[E PIXY?2 color marker S
4 R R FERN 5 B s fi
) Lidar EREHG | R BB ﬁ
minmE | eEmEmmsee | 0
6 ToF (LR EEEE | BB E | &

JIZE 1 1 PIXY2 BRI BIP H > R EE 2 PRAE I A - fEE A2 SRR - PIXY2
A[BEIERF color marker °

JIFE 2 P PIXY2 it @ M EEEAR FiEt - HEEEREREER

J3EE 3~ 4 EISEEE PIXY2 B IE =S MU E - Bt 5RETE -

J7%€ 5 ¢ Lidar HEHHREHEITHLR B E - DUEEFH R ENTSRIBIER L (foot flat) HYHRE]
n] S0 B AR AR o B AT EE SRS B Y RPLidar A1° > H: 360°f4H
PR 10HZ - E55R K% - S EN—R - TREHZEL /107 » FDUIE
AR 1200mm/s B3 > BIPEECAISE) 120mm > SR/ DRRzE o M HFREESb
EE -

J7%E 6 : ToF MIFETCHALN R ES - BIP Hfg T8 — O s ERENR - I DU R R o Bh AR
RE o TERERBIS A PRV E R Bl S & B0 BEbgk -

6 RPLidar A1 » 48 E 4841-(2020) : https://www.slamtec.com/en/Lidar/Al
9



&+ =

% 6 BlfraE T E E =0

LEFFRETANSRET FEEAERR - ASTERALE 6 - IERFMAVGE - BEREE
PERRAHEES (tracking) ES » BT ToF JUEEMRLE - FFARINEII— SRR B0 BL
®ITENT]  BERAR AR IAEZ PR =FEMME - EHARERRRE  BETT
RV

2.

=

SEREAETER

—_—

B BN ASER SRR %
S B RAIEN SRR R DO > e S IR R A P DL S S RS e PRy

AR [ERRERE ¢ BP0 BRI mb iR R AR © BERED > DABESFIEAH (HC-05) 8% - 4
ZERERFEICANE T AR o BTS2 R U T 2850 > MR B ZE RS ~ B

$H ~ FEA AR > AL RCIEAR R [ E 4R - B ARG LS E TFmini Plus fREE 12
B B CRER Ve E R R R R AR -

taor| (s | ok
v

Y

L’f 4 N\
{é-g@} 28 myRIO @g@]
g J g J
e ¢ ™ Ve ¢ ~
D N re—

J

f -1~

-

J

DA E R 2400

10



EJE ~ PSoC ~ EEEEEAH

myRIO P 5 ELEE SR EAH L3V UEZE

ToF JEEH4H B2 je JEE Bl

R EHAERR & 5

PSoC fidzesh]
78~ EETPfE
-~ ATENEIR

AP [EFIEEET

HAR L

FEA TFmini Plus

11



=~ SENESBEEAHEEEN

2.0~

<

Symmetry Index
' =
o

| | | | | |
0 5 10 15 20 25 30 35 40 45 52
Stride

&+ /\ ~ st iR R Nk 2T () BLEEhil] (41) AVRFREEIEIEER

Fo T T IEZSUR SR (L A 2 0P BRI > 355 (8 = DARe el A Ry 5 A1 77E - B
RERALER  EHEAESHREE— "IRAAHME ) BRRR - KILDIEHasE AT -
SEHB AT RE R TR - B/ EFB B R A IR =B 13,0731 5>
103, FriETEEE o HE T AT B S R R MR R R +1 -1 AT -

2.0-
Stance |--'|
_@ 1.0- Swing [v"m"
=
o
o
=
=
=
[y
_E'D_I ] ] ] ] ] ]
0 5 10 15 20 25 30

Stride
B+~ IRt RS R 2 b TrHe (BE) BlgEnfy (40) ayRFRESEEMfEE

LR A ZIEERAE A B AT AR L TTEAREBERSREINE (Z2H
) - BRERRER AR ZERA HRSRAAERR A - EEASRETHER
"RPRIETRE ) 0 DA RGN EI R ResAS{E A HIRRIAM -

12



= BIUERIREHN

[Efst - By TR T S SUR SR AL (E A VS DL E - 5F(E M E 40cm<40cm HL0E 5
AR | > DUGHATER 0.5 % ~ ZEfllER 1.5 #8HY 5 =01T5E - HE =Rl EH - &R inE
HEw({E 60cm ~ 20cm ZEFE AT Sem > A HAE/ACA D R 2 F18E 80mm AHZEHEAE - W] 240
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SRRl > LR - BET/KPERUE foot flat eI E - BAME BB HALS > K
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PR _EIRRRAT R A Zhat b HY 2D REIF i 28 Age L SR e JRBHR 1 L A
ZSRHEHR SR AR - LE e BB HIET S REEIRY TR - DUES IR B E &= - (EAX
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Ignore initial n strides (session 0).
After further n strides (session 1), compute stride length.
Set Gap=Baseline=Stride length, AGap=1/10 Baseline.
Skip 1 stride.
After further n stride (session > 2), compute stride length.
If (2 Stride_length > Gap & Gap > Gap_max)
Set Gap_max = Gap
Set Gap = Gap + AGap.
Goto 5
else
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