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Real-Time Viscous Friction Estimation and Compensation Based
on Motor Dynamics for Adaptive Control of Legged Robots
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Abstract: It is a challenging topic for a legged robot to walk in various environments without
changing the control parameters because of changes in viscosity depending on the environment. This
paper presents an adaptive control technique for legged robots by estimating and compensating for
viscous friction in each actuator using motor dynamics. The estimation leverages Recursive Least
Squares (RLS) and the Gopinath method, providing a robust approach to determine viscous friction
parameters in real time. To increase the estimation accuracy, the robot controller transmits the
nonlinear terms generated in the robot to the motor drivers. Robot controller consists of Inverse
dynamics-based controller and compensates for estimated viscous friction. To demonstrate the
feasibility to robots and adaptability across diverse environments, the controller is tested on various
walking speeds and in environments with different viscous friction, such as in water and air.
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[Fig. 1] The custom-designed motor driver featuring integrated
friction estimation, field-oriented torque control, and high-
speed FD-CAN communication
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[Fig. 2] Experimental setup showing the left leg of the CANINE
quadruped robot mounted on a profile structure, enabling
fixed-base experiments and simplifying the control environment

[Table 1] Robot System Parameter

Parameter Linkl1 Link2 Link3

Joint Description Hip-Roll Hip-Pitch Knee-Pitch
Mass (kg) 0.767435 1.344041 0.269534

) 2 -0. 2 011174

compsiion) oo | aosner, | oot
» -0.000286) | -0.062631) | -0.149690)

I, (kg-md) 0.00736 0.014341 0.008471
1, (kg-m’) 0.003728 0.009713 0.008497
L. (kg-m’) 0.003574 0.006191 0.000101
7, (kg-m’) -0.000004 0.005502 -0.000402
I (kg-m?) 0.000013 -0.000188 0.000451
I, (kg-m’) 0.000725 0.000124 0.000031
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[Fig. 4] Comparison of measured accelerations and estimated accelerations based on identified J and B, along with the time evolution of
estimated inertia J and viscous friction coefficient B for knee pitch and hip pitch joints in air and water environments
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[Table 3] Comparison of Estimated Viscous Friction Coefficients
in Air and Water

Byp 0.052 N-m - s/rad
In air
Byp 0.112 N-m - s/rad
Byp 0.092 N-m - s/rad
In water
Byp 0.156 N-m - s/rad
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[Table 5] Comparison of Compensation Effects at Different
Walking Speeds in Air

Parameter No Comp Comp Parameter No Comp Comp

KP TEI 0.0585 0.0197 KP TEI 0.0585 0.0197

. HP TEI 0.0192 0.0206 Om/s HP TEI 0.0192 0.0206
thair KP Correlation 0.9995 0.9997 KP TEI 0.0497 0.0175
HP Correlation 0.9993 0.9995 05 m/s HP TEI 0.0197 0.0204

KP TEI 0.1783 0.0556 KP TEI 0.0587 0.0292

In water HP TEI 0.0513 0.0257 Lm/s HP TEI 0.0317 0.0236
KP Correlation 0.9982 0.9992 KP TEI 0.0757 0.0307

HP Correlation 0.9992 0.9995 Lom/s HP TEI 0.0356 0.0283

:t=0.65 .

[Fig. 5] Swing trajectory of a single legat V,, = 1.5 rad/s: Comparison of the robot’s performance with and without friction estimation

and compensation
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s No Comp — COmp

Position Error (rad)

1(s)

[Fig. 6] Comparison of knee pitch joint position error of the
swing leg in water
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