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A Study on Gait Imbalance Estimation System using 3-axis

Accelerometer
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ABSTRACT

In this paper, an efficient system using 3-axis accelerometer is proposed to diagnose the gait
imbalance. The proposed hardware system consists of two 3-axis accelerometers to measure 3
directional acceleration of ankles and an embedded system to transfer the data. The acquired data were
normalized and then compared to analyze the symmetry between normal and abnormal gait with ROCC
(ratio of correlation coefficient). 10 healthy subjects were participated and each subject repeated the
experiment 5 times. To make unbalanced ambulation, the height of the heel of one foot was changed
during experiments. From the results, it is verified that ROCC index grew apart from the reference
according to growing imbalance and the proposed system could be available for estimation of gait

imbalance.

Keyword : 3-axis accelerometer, Gait Imbalance, Acc eleration, ROCC, Symmetry

1. A&
A 2 o 20150114 Z < information & communication technology
AArekE el : 2015.02.06 (ICT) 7le] wdstar A7k 4ke] & ide] digh
AAEAD 1 2015.02.28 Halol Soigel wet Azte] AAEE AP S F
x A Qatsta st} AL Shar 4k 71 S0 B gk B AT o] F
cuihangdi0827@hotmail.com (] #}) olXx o} [1]. Q78 Baye 7t sixle BAY =

w8y ol g AxpEy A Aapahg
garumeal@naver.com (35 # %})

AT st JUAATEATL AT AS

%50 23EA 240 Bel o]Bd mE AxH

elecage@gmail.com (&% A=) Agre]l xS whol =31E 7] 2 A4 (2010-0020163) 2
oWl ¢ et dx}Ek ua gzt 2@ ARFSAAA[NELY ITE§E 27
sanglee@inha.ac.kr (LAl A z}) 2 QA o] AFAE =358 (NIPA-2013-HO

# ool =R 20109 % AR (AFH)e] Yo FdmAT 401-13-1006)

i



(2015.02)

=

X MoH A1

immﬂ@%ﬁ%%% o TOE P YT T EH W
0 o T I3 o= N S
%W%%%ﬂﬁx% T %%ﬁ%%ﬂGﬁa@
o ow oz L H TR = S LT H LT ®
_iﬂ/’llordruﬂwﬂdu __uw_ W oo g0 W5 o g BN
XXy T domw gy UH STy
LC i) EE =ul oo o ~ ﬂ_ﬂ = 1FL iﬁ ﬂ_OI iﬁ . _ Jl
B T M e W, . D I e
qa = o] o il ) 4 o
w« M«ﬁmﬂvbtﬁ%ﬂiﬂo w5 Mﬂmﬂeﬂ@ﬂ%ii%%
M3 R = r
g oy Z Lo oD uaﬁoﬁa <] = mﬂﬂlmﬁ RGN b
o T o JJ o — il G el o
o iy %‘_ i # ~ i icy 3 %O < T es m.m _ Mz _wwc =
@r.E . ‘ﬁﬂz_vmm:_:iwnﬂﬂm Eo s fAI‘_ﬂﬁA ﬂmaU
R T A N T
Y. W o — < o H o )
M ﬂbtmm‘_drmh]LXﬂulzomﬁm ..u_uro 14 Eo_eﬂ&mﬁgaﬂﬁﬁr
o NE MR .ﬂ Mo m_. Wﬁ T = mﬂ_m ”M.# &M o0 T_uo Mﬂo R M] - ol r MW
4 oA R g . e I A
i = T o B o o N X ° B0 N
[ jc oy BT N L o = W ooy oy ™
NPT L (U S I TR I I T s N
TR B oo LA o/ ™ ) = o+ TR
m.u.&lﬂa%qu;ﬁﬂrMﬂUL = lﬂu ﬁﬂo%ﬂ%@dﬂﬂoliq
= ~ 0 wm s
For ST HE" T w oy o T B Il
o 2w R R %) < TR ™ TR OW W
~ —~
RTWTECNTHIRNTTREH NP HE A B PH TR R Y
] ‘mW‘m»o‘ulio ﬁoﬂuL&o iﬁ.Jlﬂ.Ol,.rLa‘.QurLo Fﬂﬂ%sbx‘w&m&mlﬂbﬂﬂt‘*iom#
m s o o o X ) o X o’ o’ ~ — ™ X < W o . 5
TEHLTT gt hRE RN B R AT Y IR LTIy Eax
= e —~ = o) XO — = =) ° BN w W& T o X o
T EBAIMATTONZST T NN %gbo#%@%@.w%ﬁ%ﬂmﬂ
T ‘Olq_m, mﬁﬂOB‘m_A ‘,AI‘UA|ﬂﬂ_A|ﬂ_A|OﬂL X ﬂrﬂ L;OJ'U]]J
WX 2 o oo oo A sy o N o ~ W
L I B NN - IR e i A A N e PN
Re o X azEIWT o 2458 0w R A I S
Ne%.dﬂ;._.lmﬂrWu%uﬂmﬂﬂroE@rLai o ™ < B oo Hmdrioi %@HTﬂx%ﬂH
s B o»7waAaﬂauhma.OM_aﬂﬂﬂﬂr._owu.ww% e i o z %%ﬂ%7
S TG < &y W < = )
AL PN RS RS L R L S Py
@mrlawﬂoa%mwo%a%%a%?7%3%%% Py mHM IR P LM
dzwmar%ﬁwnﬂiﬂl%%ﬁ%ﬂoﬂw:ah_usnﬂwﬂ g w P EEP L RS
Wl s L g s 2 gy R P ER TR PR 3 WILR gk T oy
TT S gtmsLTrE Sl oBrr T o R = P Ui P
maar%ﬂ;aaaﬁo%ar.wﬁﬂmgoqooi_urwwwoﬂﬂg@% e s L wFE P
T L B : T ay T X ol ~ — N2
p = ol % = N oo o 7
R A N R S S I N S e ey S
RET T AT fa g Polg T _F 0 T el B e ® g R
oW T EETNT B WA T T T IR I B e R
WO R %o X & BOE A Nn A B Y e
oo B g Moo o R Horx Yo xp s W d = < TR Ll - R~ TR
< e T =R o o X oy = = w° oy e S N B
v C . B W B e e Sl HRST T WK J T o
TRMPENHRTTTRRITBPT T FXJHHPT I e R T T

—> Normalization
l¢— Svnchronization

Filtering
Calculation of
ROCC

>
@

Gait signal
acquisition
asymmelry

Judgment of

(€]

]

L

o %

3]
=

F(weight bearing)

©

#BAZ} e
ML FH AT

1

o]
el

o]



CPU Heoz FA4% nlolaz AEZD] HE Ardu

no Mega2650¢] 3% 7I&EAIAZEE dHolHE §
E3 & [TEADA}S] E2E=~ % HC-052 o] &

7kl §A BEe| & Wl £12g0]H[10],

2 Arduino HE¢} A4 &R Ao &
3}&-& 100Hzo) 3L ¥ Aol A= 16bitsq] o=
OA" W72 ol gsle] st&xe txd A35E
W}l m3 5Hz AGERTLEHE A} L5t WA T
£ grh 2%l 49 o] Arduino HES EFF
a3 TV~12V 9 A WeE wEo] AdR
9V AHAE wbsr| el A 1A AT

—

P

X X
Y Y Low Pass 12C
MPUB050 [ ADC Z Filter ATmega2560

it ¢
| Power I::)I Bluetooth I:Dl PC |

a9 3 ASE pEE AlA Teke] B A

Arduino Mega2650

4 TR zA AT Qt
Creator 7]5Fe] C++ddo]l=2 AAst= ) 2 oo
H 53 AZEY e, deolg REYE 7|E, 18

= RUE 7, dolE A Jle F A FEoR

T3 E (e

File Process View Help

DB rnm

[Save data |

Chart e

a9 5. dlelE
GUI 4

it
oo
oo
oo
&
fr
d
o

34 B3 HY AGA R

B Al HAstE HAE A@FstEr] Ao
g Evd ARE ey E7¥ES A4
stsl7] 9a AR EE Axe o8 7HATE dL
[11-14], & dAFdA= 7tE5%E 23d AL
21+ ROCC(ratio of correlation coefficient)[6]1[15]
o]-gste] g EdHS AT

S

2 dTelMs 9w ogwe wE JtEEs
SA% & e FeARAsE ANEH 7oA
g9 ZRAs X)) " v Ay

(cross—corr elation function):= 4(1)2 A<= AT}
Ryt ty) = E[X(¢,) Y(t,)] 1)
Ry (t,t+7) = EX(t) Y(t+1)] 2)
Hh=tr=t,—t = =W, A @) 2o
Ak X(1) 9k Y(1)7F Aol= Feole A7 A

}(jointly wide-sense stationary)ol™, Ry, (t,t+7)

A Alzbel F@etm g A (3)3} o] & 5 gl

>y

O

£



B3 Al

(2015.02)

=

3 =2
2x HoAH A1

=X

st

ELX() Y(t+7)]

40 A EHE=EX]

Ryy(7)

oy N —
z FRERR
B L &
~+ A N " et W
i G % o =% MH
il oo
= mw oo &
3 O a7 o o
% ) N M_ﬂwﬂﬂﬁm @
M o ™ © = < o W I
™ W l ,% e ﬂm 7 B e = 53 W W = ¥ Nl e
. Lo T T Sl Loy ® oo
o el mm = B = = R g R T o B e |
- e 2y | SEH - < s g i
= g w*_. do R o0 — o o N ! Wm o 2 <)
- " i Haurﬂkéan Bz T X3
G o M_mo}_,_ o_x%ﬂxém%
) X = um o, mm N n ~ %0 wr LR oF . iw
— X~ i f 70 o — -
o Rk ,_,mu ﬂm“um.ﬁ%vw.ﬂmﬂ E,_Ar‘ won_rmmm_z?%o_eﬂoﬂx.
w o o R sq__%gﬂur
= T 4 %uwﬂm 7| |z w Lo éﬂ%g
) < H noe X T w2 W o o L o
N %éurﬂ%% L lepe s T 7,__%&%& &
k. = [ET e ) xomeﬂmiﬁsﬁi
oo X = | ¥ T % w= TS E Mo T
— o < = E = @)
= AR 2 - Sh
s A5 aool_,_aﬂoﬁl
T TG = © - = iSxum
s oH < B i moar.ﬂz,mgwa
o
Uk “t H o Bs WmﬂqWﬂ.Wdﬁ
ﬂ;eaﬂ T A S W do % gm
~ N s o o) ™ ~
Joo° H oo 8 LN
RO — o <! 4 o H)
=7 ° — g F TR o RE w
SR . W - G
+ < = z= g I T 5w = o
o . + N oo S T Moay o = b3
2k I RZ [ wa T ) 7w
=0 SR g ® X b 7
T g W < 23 N o MM e umHo SR
— 18 0 [
5 = m wu = it & um wo % o = o)) 3 ©
I T 9 r = Ix &5 o =g = N < T
™ \/Au_u\ a ™ S ~ qwu ‘mm. had < i ol =] - _n__m._ o
FR o I b RV R ~ S T o i o
= = ™ e N w1 ™ < o
= 9 S = b G B ® 7 5T T 0
< o 2N + v . o] 9 <N o il
DMA o= Mo - = W oy s < o IS < #ML o O
£ 0 =9 &% F B %@%ME\ i
SN W S o N <t 4 . 5 N B N
e X ]yl oH 2 © o Eo W EE E w o~
Ea L= o AR L L -
5N B Fw P T g
ER ) , o :
e E , I cow R &
R = L g
H;:D B2 E
Ol
=

sksi ek

}

pul

o
A Eg d o] g
= 74])\

ol A
oA

(6)

R,
normal

o] 7] A
R
abnormal o ]j] =3 AF )
84 1 A



a}sh

"It AlAHof

|'O
-

41

7

]

15ecm (HAo® B E¢dydS s B 7t
2 wuage 49 9w ogwe Wi s
2t dRo FHATE ol&ste] ARy Fu 2wo] A ARAST Db nale] BEao] uh
At vAZE G AFaAFe vl ROCCE At om, o2 o] &3] ROCCIS AAe A}
etk 2 AgelAs ZygoAe %o rnaY 18 10014 Binpel o] AARE Al AL
e gs Adshs Ao, £ AFEe vl ROCC® e 7Zgrom 1o Hi Ha)Eits o)
23S fstel A nds voAde dEde w822 ROCCS Zro] A 7] 2o A 7astd
watd wdel dasin mebd S A9 WA g ojeg wste) Fojg 44 wds) Ad AR
B BAS AN B IR FAT AL R J3e ggsiga AFATF IS 2Y YE A
g EddS "=+ 15cm, 3.0cm, 45cm, 6.0cm®l Bubao] gho] Walako] WSO oF 2= 9T}
TS o] &3to] & 53] AL wkE s, Aorel 3% 7t&w AAE o] 356l ROCC e
9 na A9 Wk pgel 452 Azl 9l
42 49 25 of BAACl fode wush B =RAE
paired t-test® ©o|-&3sted ¥ 33 o] AHAGEH )
E 29 #Zol 0~60cme] WA A Aol & wmat o) F 15ecme B el A p-value: xF
T e:dd waske] 12 ROCC A= 15eme 1.000< 1071, y& 4.000<10°%, 2% 3336x10°%, &
MY WA Ade dedd 08996, AFRF 3.0cm¢l B3 AE Al p-value® xZ 5.8389x 101
09344, #5103 0.8929, 3.0cme] H A w3y 7 ] . B ’
_’JFT_" ° . _“] 184 . ° yZ 1.6083x107°, z% 2310x 107", & 45cm¢el X
sl 0741, ASWE 06512, FWE - ] L
] @ AEl Al povalue® xF  7.3919x 107", yE
0.7475, 45cme) WA mae] A Ashta 0627, o L poEne v
- - - - . - = . - L e S
AT 04, B 06975, 60cme] WA way  SSHATACT, zH 4B1A0TT, 5 60emd K
of B9 S 04367, AFWY 02055, A5y W A pvalem xF 42503x10°1, yF
061652 n3) B#3S gk 3 & oot 1.3418 <1071, 2% 6.133x10 8 2.& Aitelgl o,
F 2. 0~60cm B3 Aol e] 7HEE AAE o] &3 B3 A
R
0; Zocm Abshulak 3z sk 49w ok
on ROCC on ROCC B ROCC
Ocm 0.8297+0.058 1 0.8705+0.087 1 0.8147+0.039 1
1.5cm 07452+0.046  08996:0.05  0.8118:0.07  09344:0.038  0.7274+0.037  0.8929+0.02
3.0cm 06155+0.061 074140039  05671#0.07  0.6512:0.045 0.6003+0.05  0.7475+0.044
45cm 05422+0.065  06527+0.056  0.3482+0.069  0.4000:0.056  05681:0.031  0.6975+0.026
6.0cm 0.3626£0.05 043670048  0.1768+0.049  0.2055+0.06 05014+0.058  0.6165:0.075




(2015.02)

=

X ®MoH A1

3. Paired t-testZ ©]

hya
ar

—
;oﬂn_m_loﬂaq
R
%ﬂatuﬂwwoimﬁ%
° 7%;oau%§mmmmﬂ.
A ol < B XX ) 4
- o 7o) L Mo s o
g BT N op o o = N X X = 8 m £ 8
Taw® .ga;owwmﬂ_owr N - §58 §258
,t%i%ardﬂﬂd Mok T G 2 g5 8 mm07, -~ =
3 ﬂh@d%%ﬂﬁﬂ Er % ES o< £ 5 g - 5§58 &g @
2 PLL|7 o W it o = g g 7 S 8§ = F Ymap 8 M
r/\;o‘_;oe;o o#eﬂﬂoo..ﬂ - X o tﬂ mAnl ywe = g R = 070
.wp%%wm:_aga;wwao% SwF EE FEE% 2 £ ERaE £& 4
ﬂ]F__.E.}Lc_ o = B ol $ = o A © ) g § kS <
T ~ Z__o,ﬁ& N CS o o I M O U o X — . S 3 >
@W%%ﬂ%@@.ﬁv@@r e T« W,w“ K.vﬂmvdzm .m.mmm M“AmMm .mys
# & o oo s & e = 5% s § =27 3¢ = & £ 8
ﬂﬁmEﬁo,oE]‘_ firs <° o U_u._ T K 3 yM < B gowﬂ 3 M
Togm? moﬂuo_ﬂz.@mo d T o 2382 g° w2 8 2 2E5E.8 ¥ g
= lmoiao% oh = Col S § S 8 oo g = < w7 S » g
Mo 7 %déurmﬂmo%% o 2 %%84lo,Bwam g e & D.H.go z 2 §
R o E DR Lilmnwa.d g SsS3g- £ o ¢ 2 2]
el QU = —_ Kt <0 = N M, = I vaWJSy H.HUfV @) Q
™ E7mﬂ ocxu% = 5 ° L © ~ s 2 3 5 S =
TW L% T D g g u%&%,n.m 42 g g g m,m.m.n . 8
zm%;mqﬂoiﬂ_vmaﬂ% _ﬂlomza,emr,m g 3 g B Mammm - 93
ur.6ﬂggmH1 Y ovozmwamna,@@.tu S8 Ewg g g g -~ £ E 2
mM% wuo_uwrldwogﬁﬁmaﬂo ﬁU%@Z.m” o.mmwSQR.Gaka.MMe,mb Mhm%
Hd;iéﬂ,,ﬂoﬁﬂwﬂ_alati E.,Wl‘_mmm% %,n%l .mm yﬂa_nmva%,].K.bﬁEA,aC]G,
— o- = = R ) -
A S A O o sl e cmn,mmmngm.w” g uT
Z)AEATO#E@%ﬂ ﬂE%Q.mLD.memm.mmmlmHtG,MZ,mmwm
X = = wL@mm7T$mWM.m@mﬂmmwml
oA - = = Bs.mmmnlme S E 8
B 83 = ¢ 2R .hd,MSM T -
< T oW R = ~ £ 588 = 8
y v R - ) SR
o ® - _zﬂﬁﬂnoﬂn T 2 A = — =
IR £Z e TEIIERUE TS E
2X | 2% 22 m,m T nn ]auﬂuﬂw1iﬁ&ﬁ&uxﬂ@.§|1]¥
S X 1F:.Lo @Ll,oﬁhaxw _ — T MA;oLi_.y
wmﬂm = © X oﬂoﬁov _nmoA;ﬂ%nouw7u4%4%@;ﬁuoar._fr_z.ﬁoﬁﬂzﬁﬂ]
7R = iwuﬂ iwaﬁ_ﬂoﬁﬂ.%ﬂlﬁmbt oo om Y ahaﬂﬂd.mederM
™ s i o >
g A o %7]15;. gl%éj%vﬁﬁ B N A w EO
2% | gL 8% %" = W e %?qﬂ@w e % O T g T2
HEEE R o2 BEEB T < IR ~CLrERT
SX|E% 8% 539 7?1& wrmoimAuup.w}mLHﬂwﬁizﬁémut%ﬂﬂuiwuifé%1a#
™R 53x Z X oy M < w o7%@Wﬂoﬂ%3ﬂmﬁﬂﬁ4mﬁmﬁiﬂoEAT
W 3 s E WEH%E%MM%? ﬂmbtoﬁeﬂ%xwﬁﬁﬂw%%%a&
_ = - ! — o= = !
g v g O 7mfﬂomwmmo E_E%Mmﬁiwauu%%i%@.z@ L.
i= e - o B : RS wETA R
,vﬁ s |2l |2t _ O.EATMM W dnmﬂuoooatﬂsnngoﬂuw_ﬂﬂmﬁﬂﬂn_zﬁo#a%c._ G
Trls3 |22 =T | a8 < W =T W o ° RO TP m P E °
=X %% |22 = <L@i1O J%19ﬂiﬂ§&3ﬁ5a Léﬁia@u% R )
—~ VI ECRVEN I ! ! o X 1w117€nnotsn o#a%xﬂLoluo%imﬂﬁﬂunﬁo
= : - _ o ﬁo EE o (el 0 = L ‘HL 7o Ee :.L A.r- X Zﬂ %0 M‘ ol T o m HT.: L
o e < s — o ﬁozaﬂﬁ7 ~ %O r R om 8 Hr b
%0 Mmzcu Momwmom - Wog_vowqr Q% anq\ @Eoﬂﬁ_ Eﬂr_nmoz_.mﬂﬁd-ﬂoguﬁdﬂmeiuﬁ
SR N e o T B q%%gﬁ%@@ﬂf&] T5 _ o o
%O o o 9 w o W T 5 oot N0 .7zuaﬂﬂdgmﬂ%ﬂﬂz%wmﬁoa
I A ] T ooy o T P ook e e o ® o
= 5 = urqifzgaﬂ%mﬂﬂ nTéun.ioﬂoliﬂioT
o ﬂiq%&p# oy 2 D % N B
=W T B X O PHLXO#EQ = % W Aoﬁlﬂ,‘ﬂ
o R W N =R MC]HJ < =
ool Ho T OH N = oo o R o = RO & R L
JOXOIL 11_|>A C]LLO
7HEﬂA_}IE¢OM dﬂnbﬂwmia
Rxogﬂour«@_wmwm



3F JtEx HMAME ol 2 =0 "ot AlAH”o0l et

[71 C. C. Yang, Y. L. Hsy, K. S. Shih, and J. M. Lu,
“Real-Time Gait Cycle Parameter Recognition
Using a Wearable Accelerometry System,” Sensors,
vol. 11, no. 8, pp. 7314-7326, 2014

[8] G. S. Heo, S. H. Yang, S. R. Lee, J. G. Lee, and C.
Y. Lee, "A Study on Particular Abnormal Gait

Using Accelerometer and Gyro Sensor,” Journal of

the Korean Society for Precision Engineering, Vol
29, no. 11, pp.1199-1206, 2012

9] A4, o4&, Perryd REAEA 2nd ed, Seoul,
Korea: 9<-& AL pp.3-7, 2012

[10] R.. Liuy, L. Huang, S. W. Li, and Y. Liu,
“Gait Analysis Based on Gait Acceleration,”
Chinese Journal of Sensors and Actuators,
vol. 22, no. 6, pp. 893-896, 2009

[11] H. Sadeghi, P. Allard, F. Prince, and H. Labelle,
“Symmetry and limb dominance in able-bodied
gait: a review,” Gait and Posture, vol. 12, pp.34-45,
2000

[12] J. R. Perttinen, E. Anttila, ]J. Sodergard, J.
Merikanto, and P. V. Komi, “Gait asymmetry in
patients  with  limb  length  discrepancy,”
Scandinavian Journal of Medicine and Science in
Sports, vol. 14, pp. 49-56, 2004

[13] T. Karaharju-Huisman, S. Taylor, R. Begg, J. Cai,
and R. Best, “Gait Symmetry Quantification During
Treadmill Walking,” Seventh Australian and New
Zealand Intelligent Information Systems Conference,
Perth, Western Australia, vol. 18, no. 21, pp.
203-206, Nov. 2001

[14] L. D. Alexander, S. E. Balck, K. K. Patterson, F.
Gao, C. J. Dadells, and W. E. Mcllroy, “Association
Between Gait Asymmetry and Brain Lesion
Location in Stroke Patients,” Stroke, vol. 40, pp.
537-544, 2009

[15] A. Tura, M. Raggi, L. Rocchi, A. G. Cutti, and L.
Chiari, “Gait
Transfemoral Amputees Assessed by  Trunk
Accelerations,” Jowrnal of Neuroengineering and
Fehabilitation, vol. 7, no. 4, 2010

Symmetry and Regularity in

R

T 43

433
20134 29 Qehesn A4
a3t E41(3A
20154 29 Q1sfeystan djsh

AAges} £

o g g
20144 29 AT 271
Aol BNt E (5
b
20144 39 - @A Astest

Aok 0§

20014 2
]

&9
2003 2¢¥ <lsh

i g Ab)
20073 2€ stolgta o gt
&

o A0

AR
20079 49 -20129d 8¢ LIG
g S/WATAE

AT
2012 9¥-dA At
ARAAZTEAT &
AT
Implantable rehabilitation engineering,
Mobile robotics,
Embedded system design

o] & ®
1987 2¢9 <Qlstdigta Azt
53 =9 (3HAh
19894 29 Ql&tdistu ojgt
4 AAFETH =49
(A2h)
2000 29 AstdiEw st
A AR E Y (AP
2006 9¥-&A Qs
AR ws
Bio—Signal Processing,
Psyco—-Acoustic, Brain-Machine
Interfac






