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A study on gait evaluation using dynamic acceleration of lower legs
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In this study, we compare the characteristics of normal gait and abnormal gait such as scissors gait using dynamic
acceleration. Gravitational acceleration is included in the acceleration sensor output. When the posture of the body part
where the sensor is attached changes significantly, the gravitational acceleration is included in each axis output of the
sensor. It is difficult to evaluate the acceleration caused only by walking motion. Therefore, the dynamic acceleration is
obtained by subtracting the gravitational acceleration from the accelerometer output by sequentially estimating the sensor
pose using a sensor fusion that utilizes a three-axis gyroscope, a three-axis accelerometer, and a three-axis magnetometer
to evaluate the characteristics of normal gait and abnormal gait. The results demonstrate that the dynamic acceleration
describes the change in acceleration caused by walking, which cannot be clearly confirmed using the acceleration sensor
outputs. Thus, dynamic acceleration can be expected to be used for a wide range of gait evaluations, such as the

identification of gait abnormalities and evaluation of recovery in rehabilitation.
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Tablel Physical characteristics of participants

Participant A Participant B Participant C
Height[mm] 1710 1700 1730
Weight[kg] 51 71 65
Length of thigh[mm] 480 500 460
Length of lower leg[mm] 430 380 410
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Fig.1 Sensor position and sensor coordinate system
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Fig.2 Acceleration of sensorl (right leg) during normal gait trial 1 (Participant A)
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Fig.3 Acceleration of sensorl (right leg) during circumduction gait trial 1 (Participant A)
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Fig.4 Acceleration of sensor5 (lower-back) during normal gait trial 1 (Participant A)

20 . | ; 20 | ; . . R T
- = —Raw - - —Raw : 1
e P e g o
Elof . ! E100 1 E lin n
it . i = ]UW
g | n o, J g e . S Y = -
2w no . = TN » ; = |
M Y o = 45
Sl Ty BN N 2 NN — ]
S 4 'f} 3 ot
< ',; 1 < <
10 1 I 1 L 10 L I 1 1 -10 L L 1 1 n I
20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
Relative time in gait cycle[%] Relative time in gait cycle[%)] Relative time in gait cycle[%]
(a) X-axis (b) Y-axis (c) Z-axis

Fig.5 Acceleration of sensor5 (lower-back) during circumduction gait trial 1 (Participant A)
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Fig.6 Acceleration of sensorl (right leg) during normal gait trial 1-5 (Participant A)
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Fig.7 Acceleration of sensorl (right leg) during circumduction gait trial 1-5 (Participant A)

[No.23-18] HA#EMS = Dynamics and Design Conference 2023 [2023.8.28—31, & HEKX¥]



20 T T T 20 T T T 20 T T T T
— owpass A ==tS5D. — 58 A =-=tSD. = owpass Ave. == =+§1).
— ——Dynamic Ave. - £8.D — ——Dynamic Ave, - =S.D. 4 — —Dynamic Ave. - =8.D.
B0 1 100 1 E10
=1 =1 =]
= 2 2
g E : :
20 20 - D N
3 3 3
< < <
10! 1 L 1 1 " 1 s -10 . 1 1 s 1 " 1 10 " 1 s 1 1 " 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Relative time in gait cycle[%] Relative time in gait cycle[%] Relative time in gait cycle[%]
(a) X-axis (b) Y-axis (c) Z-axis
Fig.8 Acceleration of sensor5 (lower-back) during normal gait trial 1-5 (Participant A)
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Fig.9 Acceleration of sensor5 (lower-back) during circumduction gait trial 1-5 (Participant A)
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