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External Force Estimation by Modifying RLS using
Joint Torque Sensor for Peg—-in—Hole Assembly Operation
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Abstract: In this paper, a method for estimation of external force on an end-effector using joint torque
sensor is proposed. The method is based on portion of measure torque caused by external force. Due to
noise in the torque measurement data from the torque sensor, a recursive least-square estimation
algorithm is used to ensure a smoother estimation of the external force data. However it is inevitable to
create a delay for the sensor to detect the external force. In order to reduce the delay, modified
recursive least-square is proposed. The performance of the proposed estimation method is evaluated in
an experiment on a developed six-degree-of-freedom robot. By using NI DAQ device and Labview,
the robot control, data acquisition and The experimental results output are processed in real time. By
using proposed modified RLS, the delay to estimate the external force with the RLS is reduced by
54.9%. As an experimental result, the difference of the actual external force and the estimated external
force is 4.11% with an included angle of 5.04° while in dynamic state. This result shows that this
method allows joint torque sensors to be used instead of commonly used external sensory system such

as F/T sensors.
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[Fig. 1] Picture of the developed robot and the scheme of
coordinate systems

[Table 1] D-H parameter of robot

i a_4[°] a;_{[mm] d;[mm] 0:[°]
1 0 0 0 0,

2 90 0 147.5 0,

3 0 463.5 129 0,

4 0 391 102.5 6,-90
5 -90 0 102.5 0,

6 90 0 50.5 0
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[Fig. 2] Detailed picture of torque sensor; (a) the main frame and
the connecting plate, (b) the stain gauge attached to the spoke
with slit, (c) the combined torque sensor
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[Fig. 3] (a) Schematic picture of elastic spokes deformation, (b)
the simulation result of deformation by external torque
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[Fig. 7] Residual torque data and estimated external force when
applying y-direction force at end-effector
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Joint 2 residual torque
Joint 3 residual torque
Joint 4 residual torque
Joint 6 residual torque
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[Fig. 10] Experimental results of external force estimation
experiment; residual torque and estimated external force
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[Fig. 11] Amplitude of the actual force measured from loadcell

[Table 2] Average force magnitude of each case

No. 1 2 e 19 20 Avg.

Error [%] | 4.34 3.61 3.81 412 | 411

[Table 3] Average included angle between actual external force
vector and estimated force vector

No. 1 2 e 19 20 Avg.

Angle [°] 7.83 4.30 3.89 | 412 | 5.04
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[Table 4] Estimated external force at hole position check
process

Case 1 2 3 4
F, -0.9853 -0.9745 -0.9812 -0.9698
F_:/ -0.0437 -0.0287 0.1885 -0.2433
F, -0.1650 0.2225 0.0410 0.0128

:
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[Fig. 13] £, and F, of estimated external force at hole position
check process
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