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Unrestrained Human Gait Motion Analysis

Using Mobile Force Plate and Attitude Sensor
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In human gait motion analysis, which is one useful method for efficient physical rehabilitation, ground reaction force, center of

pressure and kinematic parameters are measured during walking. For obtaining these data as the unrestrained gait measurement, a

novel gait motion analysis system using mobile force plate and attitude sensor has been developed. However, it has been used at only

specially-cleaned experimental laboratory in the past. In this paper, ground reaction forces and kinematic parameters applied on the

human lower limb are measured under a wide range of environmental conditions including slope and stairs by the developed gait

motion analysis system. As a result of the experiments, the patterns of joint moments in the sagittal plane are obtained as the feature

quantities in addition to braking and propulsive forces. Finally, the effectiveness of the developed gait motion analysis system to

analyze human biomechanics and kinematics during gait is validated.
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Table 1. Subject characteristics.

Subject Height [m] | Weight [kg] | Age (years)
Subject 1 1.72 [m] 65 [kg] 23
Subject 2 1.74 [m] 60 [kg] 24
Subject 3 1.68 [m] 71 [kg] 26
Subject 4 1.65 [m] 54 [kg] 22
Subject 5 1.71 [m] 65 [kg] 23

Table 2. Specification of various sensors.

Rated Value Nonlinearity| Response:
Force Sensor XY :+250[N]Z:+500[N] | +1[%FS] 2[kHz]
Acceleration Sensor i19.6[m/sf] +1[%FS]_| 500[Hz]
Gyro Sensor £1200[deg/s] +1[%FS] | 140[Hz]
Geomagnetic Sensor +70000[nT] +0.1[%FS] | 10[kHz]

Table 3. Descriptions of the five various activities.

Activities Descriptions
Level Walking Level walking along a level, straight-line walkway
Downslope Descending 5 [deg] of a slope
Upslope Ascending 5 [deg] of a slope
Downstairs Descending stairs of 0.175 [m] height X 0.3 [m] deep
Upstairs Ascending stairs of 0.175 [m] height X 0.3 [m] deep

(11)
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Fig. 6. Subject with the gait motion analysis system.
Fig. 1. Constitution of the developed wearable

gait motion analysis system.

Fig. 2. Attitude sensor.

Fig. 7. Definition of force plate coordinate system.
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Fig. 8. Definition of total force coordinate system.

Fig. 4. Data logger.
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Fig. 5. Experimental fields. Fig. 9. Names of sensor coordinate systems.
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Fig. 10. Patterns of ground reaction forces
in straight-line level walking.
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Fig. 11. Patterns of ground reaction forces
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Fig. 12. Patterns of ground reaction forces
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Fig. 13. Patterns of ground reaction forces

in walking upstairs.
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Fig. 14. Patterns of ground reaction forces
in walking downstairs.
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Fig. 15. Patterns of ankle joint angles
in straight-line level walking.
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Fig. 16. Patterns of ankle joint angles
in walking upslope.
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Fig. 17. Patterns of ankle joint angles
in walking upstairs.
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Fig. 18. Patterns of ankle joint angles
in walking downstairs.
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Fig. 19. Patterns of knee joint angles
in straight-line level walking.
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Fig. 20. Patterns of knee joint angles
in walking upslope.
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Fig. 21. Patterns of knee joint angles
in walking upstairs.
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Fig. 22. Patterns of knee joint angles
in walking downstairs.
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Fig. 23. Patterns of hip joint angles
in straight-line level walking.
Stance Phase i Swing Phase
2030 40 S0—60T—70——80 9000
9){ E
Gait Cycle [%]
Fig. 24. Patterns of hip joint angles
in walking upslope.
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Fig. 25. Patterns of hip joint angles
in walking upstairs.
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Fig. 26. Patterns of hip joint angles
in walking downstairs.

Stance Phase i Swing Phase
i
1
10 20 30 40 50 60, 70 80 90 100
i M,
| — M,
””””””””””” T —
H
Gait Cycle [%]
Fig. 27. Patterns of ankle joint moments
in straight-line level walking.
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Fig. 28. Patterns of ankle joint moments
in walking upslope.
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Fig. 29. Patterns of ankle joint moments

in walking upstairs.
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Fig. 30. Patterns of ankle joint moments
g J
in walking downstairs.
200 Stance Phase : Swing Phase
150
— 100 1
E |
L ity
g ;
g 1
s ' 70 80 90 100
E | M
= 1100 : :
| —_ M,
-150 . — M
1
-200 :
Gait Cycle [%]
Fig. 31. Patterns of knee joint moments
in straight-line level walking.
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Fig. 32. Patterns of knee joint moments
in walking upslope.
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Fig. 33. Patterns of knee joint moments
in walking upstairs.
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Fig. 34. Patterns of knee joint moments
in walking downstairs.
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Fig. 35. Patterns of hip joint moments
in straight-line level walking.
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Fig. 36. Patterns of hip joint moments
in walking upslope.
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Fig. 37. Patterns of hip joint moments
in walking upstairs.
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Fig. 38. Patterns of hip joint moments
in walking downstairs.
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