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Abstract: In this paper, the gait imbalance evaluation algorithm based on temporal symmetry ratio using encoder
is proposed. The device is attached to the hip joint in order to measure the angle during the normal gait. Using an
angle data, the stance phase and swing phase was determined. And the value of TSR(temporal symmetry ratio) was
calculated by stance phase and swing phase of gait cycle. For the comparative experiment, the conventional method
of the foot pressure was measured at the same conditions. The results of statistical analysis, there was a significant
difference (p < 0.05) when using encoder. The gait imbalance analysis using encoder is effective in determining the

imbalance than using the existing method of pressure.

Key words: gait imbalance, temporal symmetry ratio(TSR), encoder, gait analysis

LM 2
95 35t Rope] sl Washu Azl 49l W F
Oﬂ EH—:‘_]_— _9_7-94- TC]_—/‘\I}Q] %7}'_8]-_17_

o
off

Q1 maol] T WL A7} o] 20]%]

al
P pat 259 442 2% 9sto] Eol

o2 o
o rlo i
ol

fl
ofy
juad
©
oft
j"li
rr
o2
do
i
1o
=
ot
H

H R
o2
rlo
rO
S
©
i

ol
rir

bt Zast adolu] ofgl ofoliiy

o el ehdch. whebd A 9 ol dele) By
270 W Pl A77E A 9lrt. Devitak
AR} Qlefo] ol4fo] Qs BAAES HAtom may A e

¢
oflh

L o0 off bl B o
ok

L

d

Corresponding Author : Sangmin Lee

Department of Electronic Engineering, Inha University
TEL: +82-10-4251-1549

E-mail: sanglee@inha.ac.kr

o =FL 20108% FREER)| Aelo FATAREY] A9
& ol el 7]2:9150419](2010-0020163)} w3 ufaly o)
ARE AV AE 0] TG w12y Agaiele] dpdate
23 5] 92 (NIPA-2013-H0401-13-1006).

N
ﬁﬁﬁﬂé
4z ©
z_‘%o.?:l{t’é o
_Z‘EEEJQ._{[]E
oo Hn =
rj(_)‘oﬁl.
M
H1 of
L o
1_,1_9.
e
o
T o
s
T
J(_)‘Ogt
nim‘o
L B
olﬂrgl'i,
o o

>

of o
~
2,

o Ao

N of
N =
o g g
Z to
15 o

N
"]

o o
3
1o
A
i)

il
o
i)
fo
ot
e
e
i
ACh
Am
ox
of o
18 A
=2
o)

Ade = Z7R57)8 olgdt wa A
A 2% Aws 24T 4 9 Akt 27k A



Journal of Biomedical Engineering Research 35: 8-13 (2014)

Il. 7|1Ee| 28 =78 87t YRS Al

Fhuleks FjRon Hesi SR AAHolH FA
§70) BAE YA BE Bxe] RS shte ure
o] &

Fhalet ok Agslor sk el ISt ekt 4
A AFE FANHL B2 BAS T 5 ek wol

ZARICHS]. A WS o]-g=t

=
[k BN

= 3vbe] qheizte] Wastel, AW wey|zk AXE Ak
) BZRARE FARAS slof i Tdo] EAfsieh).
SRS 08T FAEAY Aol Axo] B4 AR}
AT EAH HET WY L2 S GaefHe] By
u Az 0% e o 4 girhe We] EAatHI0).
e 2= 24 71719 A9l 20°0) 23 Zhmet 15°
ARt S Hof glo] ARk B 7Y e
o] ofe}e wo] glck. Jelm AUt Z= Z4o] ojel)
20°0] 237 7o} 15 Ald 4Eg Ak ¢7tolut o
oS £% sl RRRFRL WAonE Yt
Weol SRS weshzd glojAl ofelgol Sltk1ll.

7122 54 WEES] A4 e F ABolA 2 4 o
L oARE W] G219 G ARk R Aleh A
Z7)9] §A) ARMEE & 4= Qlehe ol At ol
oR ny BFRe B T 490 27 WA, B
871, B2 94719] AR G Hol et o] ofe]
Stk TE)m AT A o 4 g, A wa &
=9} BEo| thEolE o]F 44| A8 A2 4 gl BHlol
EART. TR Aol 291 wule qkele 245kl ST A
RE T 490 o5 AwE Aol ST AEES 7o 4
92 ulmshe Zo] ole] S18XE HAste] el A
2 AMg3) AEETE et olel A ghe we] £
sheict

2e |
HolE £ &

b

T2 1. ShEgle) 0 AxEG ] Y=
Fig 1. Basic concepts of hardware and software.

& =2oAe 71EY 2 249 A St Ao,
ARG, B3 =dd B7He S Eol7] flstke
AR271E ol 1 4 54 FrlE sk
ol % HY 4% Wt WS A

2= AP A 4l 108 diie s Ade %9 st
qom, A B F nydo] B2 9 FHRTIE A
sto] BeY 7t dlolElE &4 Sttt B E+E 24
9271 fIste] & ol O em ~ 9 cm®] 1.5 cm {HA
2 gg 28sto] the] dolE Ao s tEA skt
1 A= APS flgte] A E Hapde] Rafstar,
I3 25 e 34 AR E ZAgSit. WA E4E 24
= A8okA 2 AEe A BaS AAste] B Al HF
Aot ABE 4 kel E4d 2S A8 AdHo
A B ARl B Hado gt AsE ST &
AR A2 RY HaY Fr]of|A 42779} {2717t 7HA =
AZE HlFS BAE L 2 4 54 AAE St 23
Al HAY = B R] Fapat Aol B )04 2pA| 8}
= ARRE BIEE A5t EdES wdsh= AEQl TSR

(temporal symmetry ratio)o] FE3t A5 E 28 3lo] B
go] BgFe meH)

1. A st=gllo] R A= ES)o] HHEx

4
=
oAM= 71Ee) Bl St B7F ]
!

L 37k 1] BHe
At mek gust w29y 24 9okl 13 13}
o FUNEINE ol§3 NP 2w 24 FAE At
At FUREINE oY IR 4T 23 FA B9
o WYL} olof7] cfEe] AAhE $Est 5o}




10

uprsjolo] F7RE]S &
sjtiof) %2} £ A xmu Aeg 57

Atolet. Aol 20l ST B4 RE7l2A 3
Azte] wg) EE xw WS REpal LS A

o] Z4sk= AlAfolct. ARE H STM32F HE= 5

71 ek A3 E E55H7] $1gh AR|olH, S5
ofjA] B F YA }t Zre ARE 115200 bps?] HEZ 3
33t PCet SAlsh= HEoltt. 7
gk gu|eke] s HlJr 93to] BIOPACALS] 9FE 415 =

A 259l HLTI00CE A% =3 9 Az =9 MP150
of d2sto] 4 dlolHE dSsIAth. 24 Zhe AuloA
S4H FEE PCoA T2 FHste] E4%H
2. 278 WCHADA|E

2 =wdAe SHF7E ol 8% B A =%
A=g SAY & e BAE ALsto] Hio 24d<
B4, dddtth. 23 29 ekt g flst o4
FL7)15 o83 B Al 1l 2 =R 42 &4
ek i debeo) el SRt A9 Extd Ol 9y
& vlaste] Al=gda gedel e & sl 1H
2= & AY9 E5Folt. SgFLTet wulgolA 54
d HlolH e AREEOIA S Hizes) = dE o
S Foto] A7t FATI7E 7 s A AEE A
STk oA B e R Y779t F4719 A& Abe &

+
30
o
n:)
:(:)i
—10

SHA19] dZ71ef 1244719 wlEsl TSRe

ol-g3te] MY Bt S Wil 7+ A A5 vt

3. £28 NE
WY A Y ER Y

32 Y] SPstel B B
3 AXE gt BE HY BRI

Aot 9]

Plantar
Pressure

Pressure sensor

Period
detecting

h 4

Thigh
Angle

Thigh
tracking

Encoder

Signal
measurement

2 2. B3 B33 do B2
Fig 2. Block diagram of judgment of gait imbalance.

3] AME-E= A ER Sl(symmetry index)[12-14], TSR
(temporal symmetry ratio)[15,16], R1(ratiol), R2(ratio2)
5ol 29tk SI= & st =RE A2 folE o] Bt
= jejo] dlojele] A2 Uehd @oln TSRS o 1)
71719} §717]9] H|E o83l 2| Zoltk. RIS OF 3179
dlolele] vl Uehe, R2 oF sk4] dlolele] 2zt of
H oF 514 dlolge] A e gholth. 72 ARE Yt
e Ae ket e

X, -X
S[=1L—Rx 100% (1)
E(XL+XR)
TR,swing
TSR=hsanee &)
L,swing
TL stance
XR
Rl= X, 3)
X, -X
R2=—"L "R __+100% (4)
max(X;,Xp)
0171*1 Xp & 9% ge|2Ry g2 A%olal, Xp & 2
E]—ﬂi‘:']}] ?:-]S_ }?_E— ]%E]'ﬂ]:]— EE?J: TLstanceJE ‘?’]_.
%EPEH A7 ARY, Trswing = 9% ©He] 9] {2471 Azt
O 14—151-1/]-]\11 TRstancea Tstm '8_‘ 7]-2‘11- -9—%% E]—F,]Q,] O‘JZ_‘]'
7 Az 217 oA dee

A e 2 3

olgste] 29 HRYS WHHE: 7|E >

71% olgte] A TSR AR vlig B3] A5 W

Bt 7ol HE S dgEgen A
4

M)
evaluation Judgment
of
ait
Peak 9
detection imbalance
Thigh \ J
location
detecting
Signal
analysis



Journal of Biomedical Engineering Research 35: 8-13 (2014)

2 =Rode gt JYHd WHoeR sty As
& o, ¥t & Zwho] "ol JEHE oHFY s
7Hgste], B Al WAshs Egel ool AdS Xe
SFTt
1. AE ey

H =RolAE WAL 71l glo] Kol A{Ee 20
o A7 4l 103S A2 ARS AAlskeict 1 A9
Az % 39F Zo] FURTIE ol &3 nwE A= 5%
HAE el gsta E =Y oA UybAl B
o] £w9] 4km/he] A3 &g AL SA 8Tt 7t
A= & 189 Bas AAekget. fake SR
£ o83 u¥d 7t 24 AAREH A5E g v

o= i PCAA AEE Aty f' 54 71712
BIOPACAo A Al5-3t HLT100CE AMg3H3ich 34 €

J2! 3. 13| 243t 1Y 4w 247)
Fig 3. Device of the thigh angle on the hip joint.
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