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Cartesian Space Direct Teaching for Intuitive Teaching
of a Sensorless Collaborative Robot
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Abstract: Direct teaching is an essential function for collaborative robots for easy use by non-experts.
For most robots, direct teaching is implemented only in joint space because the realization of Cartesian
space direct teaching, in which the orientation of the end-effector is fixed while teaching, requires a
measurement of the end-effector force. Thus, it is limited to the robots that are equipped with an
expensive force/torque sensor. This study presents a Cartesian space direct teaching method for
torque-controlled collaborative robots without either a force/torque sensor or joint torque sensors. The
force exerted to the end-effector is obtained from the external torque which is estimated by the
disturbance observer-based approach with the friction model. The friction model and the estimated
end-effector force were experimentally verified using the robot equipped with joint torque sensors in
order to compare the proposed sensorless approach with the method using torque sensors.

Keuwords: Collaborative Robot, Impedance Control, Human-Robot Interaction
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[Fig. 1] Block diagram of Cartesian impedance control algorithm
for torque-controlled robots
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[Table 1] Impedance parameters for Cartesian space direct
teaching

Axis m b k

X, ), 2 10.0 30.0 0.0

(Free) kg N-s/m N/m

X, Y, 2 10.0 200.0 1000.0

(Fixed) kg N-s/m N/m
R, R, R. 0.1 2.0 10.0

(Fixed) N-m-s%/deg | N-m-s/deg N-m/deg

User command
|

A 4
CS | k for each axis:
High or 0
IS !

Eq. (21) Eq. (13)

*JS: Joint space, CS: Cartesian space
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[Fig. 2] Flowchart of sensorless direct teaching
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[Fig. 3] Collaborative robot arm equipped with joint torque
sensors
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[Fig. 4] Experimental verification of the friction model for joint
2: (a) friction torque, and (b) joint velocity profile

[Fig. 51 Sensorless direct teaching in Cartesian space
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[Fig. 6] Experimental verification of Cartesian space direct
teaching: (a) measured position and orientation of the end-effector,
and (b) estimated force
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