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(Development of Gait Analysis Algorithm for Hemiplegic Patients based

on Accelerometry)
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Abstract

In this paper, we have developed a portable acceleration measurement system to measure acceleration signals during
walking and a gait analysis algorithm which can evaluate gait regularity and symmetry and estimate gait parameters
automatically. Portable acceleration measurement system consists of a biaxial accelerometer, amplifiers, lowpass filter with
cut-off frequency of 16Hz, one-chip microcontroller, EEPROM and RF(TX/RX) module. The algorithm includes FFT
analysis, filter processing and detection of main peaks. In order to develop the algorithm, eight hemiplegic patients for
training set and the other eight hemiplegic patients for test set are participated in the experiment. Acceleration signals
during 10m walking were measured at 60 samples/sec from a biaxial accelerometer mounted between L3 and 14
intervertebral area. The algorithm detected foot contacts and classified right/left steps, and then calculated gait parameters
based on these informations, Compared with video data and analysis by manual, algorithm showed good performance in
detection of foot contacts and classification of right/left steps in test set perfectly. In the future, with improving the
reliability and ability of the algorithm so that calculate more gait parameters accurately, this system and algorithm could
be used to evaluate improvement of walking ability in hemiplegic patients in clinical practice.
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Fig. 1. Block diagram of hardware system.
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Fig. 2. Portable acceleration measurement system

(Transmitter, sensor and receiver unit from the
left to the right).
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Table 1. Information of hemiplegic patients participating in
experiment.
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Fig. 3. Position of sensor unit.
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Fig. 4. Typical acceleration signals in a normal subject
during walking (Upper panel: mediolateral direction,
fower panel: vertical direction).
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Fig. 5 An example of acceleration signals in a

hemiplegic patient during walking (Upper panel:
mediolateral direction, lower panel: vertical
direction).
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analysis algorithm (Vertical acceleration signal).
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Table 2. Result of foot contact detection.

BlT) L. HolEjs B JMEE %b"ial%% Ane
Case | EE AA sty A& ol &8t Hed %)
By 7EAHY & By 7R #
1 19 19 100
2 30 30 100
3 15 15 100
4 24 24 100
5 20 20 100
6 28 28 100
7 17 17 100
8 32 32 100
B 3 21z2iEol s AkE HE B AXtE
Table 3. Gait parameters calculated by the algorithm.,
Right Step|Left Step| Stride
A28 X7 B(ms) 832 648 1483
284 EFHAHms) 46 100 118
H]-&(%) 56.2 438
Azl FdH(m) 0.463 0361 | 0.329
A EEHAHm) 0.026 0056 | 0.066
B &% (m/sec) 0557
&4 (step/min) 80.63
g7 8 e N5 6.90
4 3 A5 F3 69.04
F A4 94 037
F AQ EFHEAH) 0.18
#& F34 B3 (g 033
#& 94 BFHUHKe) 012
& F34 B 041
& F3H ZFAAHg) 023

A A &RY dolE 9 F18Ete] EMF 2R daE
F9 ASAEE zojof & ot ek

¥ 2= B Ao gzxroz o3 Aoy 32t
84 vy 7§ Ho A& ZAAE HAE} Y §
o w} n37 454550t 222 &4 A9 10m
Ao A B FE Ho = 157 RHE &
SH Tio}%‘.L BEE B & H& AEsY 100%
o HEES BT A ¥4 UAE AY F
3 Qe Fggozd NEd FREAN vehte
FE71H 12240 NES AAS F LBl A8
stk WA 3 AF F 1l dehte B9
TE M2 AA By 72 Y ol BFATNA &k
=2

BOte|] EXto| =Y

(236)

=
ey |

Yre|E H ol 2

3 s 122 ()
Fol3 () P70l 9
g olgdted nY 7
Eobo] 23 v}a B3
FRIIY 2T
FEHIeh

[o]

£ 32 gueFd 3 HEd By 723

Jl%

O =
H7E

e 2y FEY Aold Az
293 o ogse 4w B
4 &% 245, @ By 77 Bl

hex AEe A 23,
RZBEAE FEg A1 Qe B

14

D
T

SL=VxST (2)

oo 120

= ZiT 3

714 VE B8 £E(m/sec), DE 24 Ag(m), T
274 AlZHsec), SL& H¥ B(m), STE X A
A ZH(sec), C& E&4(step/min), StTE &5 3
28 AlZH(sec/stride(=2step))S &wlgt} A (1)
B A tig FRE ARl g1 Jofof ANE
A A2)E F5 B S5 2oe 7H
ol AHgtt. wmebA A 2 At dAY §A
Agd dig AR7 g dE 9 FAES ol &=l
EAFol A7} FF AP AR 7R ZEHola
51 uJ-,Q_ E_sg o]x].f-. ]}\}-3‘- 2= ﬁlEE ol——,;qZ_,] /\-1
A Ak & Aojth

O

-0
o=

v.a g
2 A7INE By SR U5E 54T ¢ U
FUS FH MEE 39 495 Bl 29 19
A A wA FAAT BRI BAE £ 3



20048 78 [AS

.

>
)
k)

tlo oo
ol

{0 _{nig

3R
=

lo fo A e e
o

olN 4

S
ok

o

L3}

f11 Masaki Sekine, Yoshiyuki Abe, Mitsuyoshi
Sekimoto, Yuji Higashi, Toshiro Fujimoto,
Toshiyo Tamura, Yasuhiro Fukui, "Assessment
of gait parameter in hemiplegic patients by
accelerometry”, Proceedings of the 22nd Annual
EMBS International Conference, pp. 1879-1882,
Chicago IL, USA, July 2000.

[2] Esquenazi A., Talaty M., “Gait analysis: Techno

logy and clinical applications”, Physical Medicine

& Rehabilitation, R.L. Braddom, Editor, Saunders:

Philadelphia. pp. 93-108, 2000.

Medved, Vladimir, Measurement of Human

Locomotion, CRC Press LLC, p. 9, 2001.

(4] Mortis, J. R. W., "Accelerometry ~ A Technique
for the Measurement of Human Body Move
ments”, J Biomech, Vol. 6, pp. 729-736, 1973,

(5] R. Moe-Nilssen, “A new method for evaluating
motor control in gait under real-life environ
mental conditions. Part 1: The instrument”, Clin
Biomech, Vol. 13, pp. 320~327, 1998,

[6] R. Moe-Nilssen, “A new method for evaluating
motor control in gait under real-life environ
mental conditions. Part 2: Gait analysis”, Clin
Biomech, Vol. 13, pp. 328-335, 1998,

[7]1 Marius Henriksen, H Lund, R. Moe-Nilssen, H.
Bliddal, B. Danneskiod-Samsge, "Test-retest reli
ability of trunk accelerometric gdit analysis”,
Gait & Posture, Vol. 19, No. 3, pp. 288-297,
2004, )

[8] M. Sekine, M. Akay, T. Tamura, S. C. Agner, Y.
Higashi, T. Fujimoto, “Fractal dynamics of body
motion during walking in poststroke hemiplegic
patients”, Proceedings of the Second Joint EMBS
/BMES Conference, pp. 9-10, Houston, TX,
USA, October, 2002.

[9} Avril Mansfield, Gerard M. Lyons, "The use of
accelerometry to detect heel contact events for
use as a sensor in FES assisted walking”,

(3]

=13
o

S=gX A 41 M SCH H 4 &

61

Medical Engineering & Physics, Vol. 25, No. 10,
pp. 879-835, 2003,

{10] Bermard Auvinet, Gilles Berrut, Claude Touzard,
Laurent Moutel, Nadine Collet, Denis Chaleil,
Eric Barrey, "Reference data for normal subjects
obtained with an accelerometric device”, Gait &
Posture, Vol. 16, pp. 124-134, 2002.

[11] D. Villanueva, A. Trujillo, E. Fermon, E. Cardiel,
Pablo-Ro. Hedz, "Method for monitoring accele
ration of the trunk during gait”, Proceedings of
the Second Joint EMBS/BMES Conference, pp.
1758-1759, Houston, TX, USA, October, 2002.



62

ol xi F(A3IY)

20003 AAEtw

o g AAFEH FAESY.
AM e o F st

HAb A,

2002

<FRA LR AxAY, Y& ZUHH, P>

49 35AHIY

1982 Fdistn 71 AF 5%
A 4.

University of Iowa
BELEIRNE X )
University of Iawa
g A Q.
19943 ~19983 AFF 3 A4 AT L.
19983 ~ @A vstm Bt et o TR

TP
ol

<FAYRE WAL, ABTY, FALL>

19894

1991

gt Al 2(H3F )

1990 HAtdign o 7o)
95ta &4,

i HE HE
AFdrEd ALY
AT 8,

g Mo WIHHS
19983 ~ = JAEHY HEFTALEHA,
<FHNEE HEFAY, TIAEL>

19954

HNEEAE 0|28 HoH| BXi9 =Y

R |

(238)

4 g12E He

oMY 2

o &2 &34

1981 AAdsm A7 g5

At 24,
1983 d AAdstn H7)E 87
AL &4,
£ 1988 At A7) F
A Al 241
1989 ~ A A st B A3 st o T wS
<FHAER AEAS, BAPRY, wAY A

B2, AAN2Y 2EY>

of 4 (4

1997d AA st

842 A 24

AA e o3ty

A 4.

, ‘! dMmga o) g
HpAL A

2001'A ~ (F) vl LEE A7 AF2%

<F@AALE 98717, BAASHA >

2001d

F 2004




