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A Study on Particular Abnormal Gait Using Accelerometer and Gyro Sensor
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Recently, technologies to help the elderly or disabled people who have difficulty in walking are being
developed. In order to develop these technologies, it is necessary to construct a system that gathers
the gait data of people and analysis of these data is also important. In this research, we constructed
the development of sensor system which consists of pressure sensor, three-axis accelerometer and
two-axis gyro sensor. We used k-means clustering algorithm to classify the data for characterization,
and then calculated the symmetry index with histogram which was produced from each cluster. We
collected gait data from sensors attached on two subjects. The experiment was conducted for two
kinds of gait status. One is walking with normal gait; the other is walking with abnormal gait
(abnormal gait means that the subject walks by dragging the right leg intentionally). With the result
from the analysis of acceleration component, we were able to confirm that the analysis technique of
this data could be used to determine gait symmetry. In addition, by adding gyro components in
the analysis, we could find that the symmetry index was appropriate to express symmetry better.
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Fig. 1 Arrangement map of gait analysis systems
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Table 1 Specifications of FSR 042

Force Force Temperature | Rise
Range Resolution Range Time
100 g~10 kg 50g -30~70TC | 2msec
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Fig. 2 Arrangement map of pressure sensors
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Table 2 Specifications of accelerometer sensor

Operation . Temperature Current
Sensitivity K

Range Range Consumption
2g 600 mV/g | -40~105C 500 p A
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Fig. 3 Arrangement map of accelerometer and gyro
sensors
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Table 3 Specifications of gyro sensor

Operation . Temperature Current
Resolution .
Range Range Consumption
+£500°%s | 2.0mV/°/s | -20~85T 7 mA

Measurement system of gait analysis
Raw data for sensors

4

Low pass filtering

4

Piecewise linear segmentation
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K-means clustering
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Calculation of symmetry index

Fig. 4 Calculation algorithm of symmetry index
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Fig. 5 Data of accelerometer and gyro sensor
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Table 4 Symmetry indexes of subjects acquired from 3-
axis accelerometer and gyro sensor

Subjectl ay,ay ay,8y,Wy ay,y,Wy ay,ay, Wy, Wy
Lalx 0.0 0.0 0.0 0.0
LRy 23.9 34.2 27.3 19.6
LnLa 0.0 0.0 0.0 0.0
LaRa 42.5 48.3 48.7 51.1
RaxRy 0.0 0.0 0.0 0.0
RnLa 32.0 25.7 333 27.5
RaRA 43.7 45.0 55.7 322
LaLa 0.0 0.0 0.0 0.0
LaRa 66.5 46.5 49.8 60.0
RaRA 0.0 0.0 0.0 0.0

Subjectl a2y, Bo8y,87, Wy | Bxy8ys8r, Wy | B8yl Wi Wy
LnLx 0.0 0.0 0.0 0.0
LaRy 324 28.8 38.2 19.1
LnLa 0.0 0.0 0.0 0.0
LaRa 48.8 35.4 54.6 48.6
RaxRy 0.0 0.0 0.0 0.0
RnLa 37.1 48.2 38.5 325
RxRa 50.3 60.6 56.3 41.1
LaLa 0.0 0.0 0.0 0.0
LARA 48.1 53.5 58.6 49.8
RaRA 0.0 0.0 0.0 0.0
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Table 5 Symmetry indexes of subjects acquired from 3-

axis accelerometer and gyro sensor

Subject2 ay,ay ay,ay, Wy ay,ay, Wy ay, Ay, Wy, Wy
LaLx 0.0 0.0 0.0 0.0
LaRy 344 36.7 353 30.9
LnLa 37.0 34.2 48.0 45.8
LaRa 45.0 48.8 65.6 42.4
RaRy 0.0 0.0 0.0 0.0
RaLa 51.1 46.0 44.8 53.6
RxRA 52.1 50.3 43.6 56.8
LaLa 0.0 0.0 0.0 0.0
LaRa 69.1 50.9 55.0 59.1
RaRA 0.0 0.0 0.0 0.0

Subject2 | ay,ay,8, | 8u8y,a8,Wx | 8,8y,8,Wy | By8y,az,Wx,Wy

LaLn 0.0 0.0 0.0 0.0
LaRy 333 28.7 40.3 33.1
LyLa 48.8 44.6 85.3 49.5
LaRa 452 458 68.4 63.7
RxRx 0.0 0.0 0.0 0.0
RnLa 62.4 39.9 47.0 50.0
RaRa 418 522 54.3 69.9
LaLa 0.0 0.0 0.0 0.0
LaRA 57.3 44.7 80.9 50.0
RaRA 0.0 0.0 0.0 0.0
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Fig. 6 Percent of symmetry indexes for accelerometer and
accelerometer with gyro sensor
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Table 6 Symmetry indexes of LyRy and LoR,

SI Value LaRy LaRA

Subject] ay, 3y 23.9 66.5

y,3y, Wy, Wy 19.6 60.0
Subject2 a3y 34.4 69.1
Ay, Ay, Wy, Wy 30.9 59.1
Subjectl ax,ay,az 32.4 48.1
ay,ay,a,, Wy, Wy 19.1 49.8
Subject2 ay,3y,3, 33.3 57.3
Ay,8y,8,, Wy, Wy 33.1 50.0




ol

=g 2Ss5| X X 297 11 = pp. 1199-1206

November 2012 / 1205

Ay, aya a 9/"' ax, aya a, O, my Oﬂ /H‘O/] LARA%]%% Zﬂ

ojstar X Aol A gEol Hise

oz wol AXEMAT BAAS e "ol
[e]

%
thar @ 4 gl

[EERPH

Table 7 Percent for standard value of LyRy and LyR

(%) LxRx LR
. standard
Subjectl jay,ay 23.9 66.5
value
ay,ay, Wy +43 -30
ay,ay,W. +14 -25
ax,ay, Wy, Wy |-17 -9
. standard
Subject2 ja,ay 34.4 69.1
value
ay,ay, Wy +6 -26
a,ay,Wy 12 -20
ay,ay, Wy, Wy |-10 -14
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Table 8 Percent for standard value of LyRy and LyR
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