RAOEHRADHRABEETILEIGICEDZFARY FD
FIEHFEHDILIT4ILE

Dead Reckoning for Biped Robots based on Kalman filter with Observation Error Model
Varied with Foot Contact Condition
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Tomomichi Sugihara, Osaka University

A novel Kalman filter for dead reckoning of biped robots is proposed. In order to reflect the change of the foot
contact condition, its observation error model is adaptively varied in accordance with the reaction force. For the
rolling or rotation happened on the supporting foot, the minimum velocity point (MVP) which proposed in our
previous work is introduced into the kinematics computation. MVP estimation is sensitive to the attitude error,
so that we lower that influence by taking the ground reaction force at the contact point into consideration. The
efficacy of the proposed method is verified through simulations.
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Fig.2 The robot model. (a)The exterior.
(c)The shape of the foot

(b)The structure.
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Fig.3 The snapshots of walking on the plane
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Fig.4 The snapshots of jumping
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Table 1 The error of position estimation for walking [mm]

‘ Method ‘ T ‘ Y ‘ z ‘ 3D ‘
FK 40.09 | 35.98 | 43.29 | 69.10
DIA+HPF | 123.3 | 105.7 | 52.69 | 170.7

| Previous | 38.10 [ 30.29 | 47.66 | 68.12 |
| Proposed | 37.72 [ 34.15 | 12.12 | 5230 |

Table 2 The error of velocity estimation for walking [mm/s]

‘ Method ‘ z ‘ Y ‘ z ‘ 3D ‘
FK 1029.4 | 1009.8 | 167.2 | 1451.6
DIA+HPF | 142.1 | 136.9 | 72.75 | 210.3

| Previous | 150.9 | 1526 | 75.05 | 2273 |
| Proposed | 99.49 | 99.44 | 3159 | 1442 |

Table 3 The error of position estimation for jumping [mm]

‘ Method ‘ T ‘ Y ‘ z ‘ 3D ‘
FK 36.59 | 47.27 | 331.1 | 336.4
DIA+HPF | 342.5 | 366.3 | 199.1 | 539.5

| Previous [ 115.1 [ 121.6 [ 91.92 [ 191.0 |
| Proposed [ 98.20 [ 100.5 | 38.87 | 145.8 |

Table 4 The error of velocity estimation for jumping [mm/s]

| Method | = [ 5y | = | 3D |
FK 859.7 | 1122.1 | 1670.6 | 2188.4
DIA+HPF | 240.0 | 262.4 | 181.1 | 399.0

| Previous [ 198.9 [ 200.3 | 1551 | 3221 |
| Proposed | 147.8 [ 149.9 | 1359 | 2506 |
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Fig.5 A result of position estimation for walking on the plane
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