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INTRODUCTION

Advances in robotics and Al are making robots integral
to daily life, highlighting the importance of studying
Human-Robot Interaction. In healthcare, particularly
rehabilitation, robots can serve as reliable assistants [1].
We propose an assistive variable admittance control
method for upper limb rehabilitation [2], where users
guide the robot’s end effector (EE) along a desired path.
An adaptation rule supports motion, and an assistance
mode aids when the interaction force deviates from the
trajectory, while passivity analysis [3] ensures stability.

MATERIALS AND METHODS
The Cartesian admittance model, which relates the EE
force to its linear motion when the robot follows user
guidance without a reference trajectory, is given by:
MaXe + CaXe = Fext: (1)
where X, and X, € R?® are the velocity and acceleration
responses to the external force F,,;, and M, C,, and K|,
€ R3*3 are the diagonal admittance mass, damping, and
stiffness matrices. Here, we propose an admittance
parameter adaptation rule to support human motion
based on the interaction force at the EE:
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and B,y,€,u, and v are positive constants, M, = M,I
and C, = C,1. The term A, in fact, is 1 — cos a, where a
is the angle between the applied force and the vector
from the EE to the nearest next waypoint on a given
trajectory. The adaptation rule promotes force
alignment with the trajectory: it increases damping and
mass when F,,, deviates from the intended direction,
reduces damping as F,,, magnitude grows, and raises
mass at high accelerations to stabilize motion. To ensure
stability, restrictions on M, and C,, along with the
passivity condition M, < 2uC, (with 0 <u<1), are
imposed. With adaptation rules supporting the user to
track a trajectory, we introduce an assistive mode for
cases where force misalignment A exceeds a threshold
o, as adaptation alone cannot ensure correct force
application. When 4 > ¢ and the EE position deviates
from the target trajectory beyond a predefined error
Xwall» the joint velocity input to the controller is:
qf = Gaaq * Qassist» 6)

where q,, is the velocity from admittance control (via
inverse kinematics), q,s;s: 1 the assistive velocity, and
qy is the final command to the controller. The assistive

command is obtained by solving an optimization
problem, with the cost function minimized over ;s
. . o2 . .

”](qad + qassist) - Xr” + Allqad + qassist” (7)
here, ] € R*" is the robot’s Jacobian, and X, =
k,(Xq — X,) is the desired EE velocity toward the target,
with k,, > 0 as a proportional gain.

RESULTS AND DISCUSSION

The method is validated on a Kinova Gen3 arm. Figs.
la-c illustrate the rehabilitation exercise, the physical
robot setup, and the desired trajectory with assistance
(blue), along with the final EE velocities (purple) and
interaction force (yellow). Fig. 1d shows the magnitude
of F,,;, while Fig. le depicts the force deviation A. In
Fig. 1f, as F,,, increases (time 1.5-2.3s), damping C,
decreases to ease motion and raise EE velocity. When
the F,,, deviation from the trajectory increases (time
2.3-2.6s), C, increases to limit velocity. Fig. 1g
highlights the adaptation effect on inertia M,, and Fig.
1h demonstrates how adaptive admittance regulates EE
velocity. Finally, Fig. 1i shows that assistance reduces
trajectory tracking error compared to fixed admittance
(with no assistance).
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Fig 1 Performance of the proposed assistive admittance controller.

CONCLUSIONS

We proposed an adaptive assistive admittance driven by
interaction force control to support upper-limb
rehabilitation exercises. The method reduces trajectory
tracking errors while providing reliable guidance.
Future work will explore learning-based approaches for
more natural adaptation to human intention.
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