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Abstract— Cooperatively controlled robots are used in many
kinds of applications, including surgical robot applications
where the surgeon can guide the robot end effector to a desired
position. Often, a 6 degree-of-freedom (DOF) force/torque sen-
sor is installed. However, in some cases, the sensor is only used
to impose safety thresholds and to support the robot guidance
task. In cases where high guidance accuracy is not required, it
can be difficult to justify the added cost of a 6 DOF force sensor.
One lower-cost solution is to incorporate a joystick or similar
input device, but this requires additional hardware and removes
the surgeon’s hands from direct interaction with the robot end-
effector. This paper presents a method for achieving cooperative
force control without a force sensor. The method utilizes motor
current feedback and uses a calibrated current value for force
estimation. The novelty of this method is that it can be applied
to non-backdrivable robots. It is implemented on a 2-DOF XY
stage and experiments are conducted to demonstrate accuracy
and performance on this non-backdrivable robot.

I. INTRODUCTION

For human-machine systems, impedance control and ad-

mittance control are widely used to enable operator in-the-

loop collaborative systems [3]. Impedance controlled robots

are often lightly damped and backdrivable [7], whereas

admittance controlled robots are, in general, highly geared

and either non-backdrivable or difficult to backdrive. Thus,

most of them use a force/torque sensor to enable guidance via

admittance control, which converts the measured force (or,

more generally, force error) into a desired Cartesian velocity.

The interest of this paper is admittance type robots that are

used in cooperative manipulation robot systems. To achieve

admittance control, the most straight-forward solution is to

install a 6-DOF force-torque sensor at the robot end effector,

and develop the desired Cartesian space velocity based on

force feedback. This solution can provide the high accuracy

and reliability that are necessary for some applications, such

as retinal microsurgery [10]. In other cases, however, we do

not require high precision guidance of robot and the force

sensor is only used for crude guidance. One example is given

by a robot system for small animal research, where the force

sensor was only needed to allow the user to guide the robot

to fiducial markers during an initial registration [5].

Several solutions have been proposed to provide force

guidance capability without requiring a wrist force/torque

sensor. One approach is to install torque sensors at each joint,

as done in the DLR lightweight robot [1]. If, however, the

robot does not have joint torque sensors, it is also possible

to estimate the joint torque from the measured motor current
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feedback [4], assuming that the control electronics provides

this feedback. The use of filtered dynamic equations has been

proposed to improve the estimate of force from noisy joint

torque measurements [12], which is especially a concern

when motor current feedback is used. Yet another alternative

is to use the position error to estimate the end-effector torque

[8]. The disadvantage of this solution is that it requires

detuning of the control system (i.e., to create larger position

errors) and it cannot be used for non-backdrivable robots.

This paper presents an admittance-like controller for a

non-backdrivable system, which allows the user to guide the

robot without a force sensor. This controller is a data-based

method that enables joint torque estimation in not-moving

and moving cases and is implemented on a 2-axis XY stage

(NEAT-6060).

II. MOTIVATION

The motivation for this work derived from our earlier study

that investigated the use of measured motor current to esti-

mate the force applied on the rods that actuated a snake-like

mechanism [4]. That system used a small DC motor and lead

screw for push/pull actuation. The experiments demonstrated

that the motor current feedback enabled estimation of the

motor load with a resolution of less than 1 N. This level of

accuracy was obtained as long as the controller was actively

trying to move the motor, even at low speeds up to the onset

of motor stall. As future work, we noted that “this suggests

that it would be possible to obtain force feedback from motor

currents in a non-backdrivable system with an appropriate

control law” [4].

Clearly, it is impossible to use motor current to measure

applied force in a stationary non-backdrivable system be-

cause the applied force is not transmitted to the motor. Thus,

it is necessary to “cheat” a little; specifically, to apply a low

amplitude periodic dither signal to the motor. This dither

signal should also be relatively low frequency to avoid any

unpleasant buzzing noise and subsequent mechanical wear.

In general (e.g., if there is no gravity loading), one would

expect the measured motor current to be symmetric about

the origin, with positive current when the motor is moving

in one direction and negative current when it is moving in

the other direction. Intuitively, if an external force is applied

during this time, it should assist motion in one direction

(thereby lowering the motor current) and impede motion in

the opposite direction (thereby increasing the motor current).

This should cause the measured current to be asymmetric

with respect to the origin and its average value should

roughly indicate the direction and magnitude of the applied

force. Once the axis is in motion, it should also be possible
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