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NREH: Upper Extremity Rehabilitation Robot for
Various Exercises and Data Collection at Home
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Abstract: In this paper, we introduce an upper extremity rehabilitation robot, NREH (NRC End-
effector based Rehabilitation arm at Home). Through NREH, stroke survivors could continuously
exercise their upper extremities at home. NREH allows a user to hold the handle of the end-effector of
the robot arm. NREH is a end-effector-based robot that moves the arm on a two-dimensional plane, but
the tilt angle can be adjusted to mimic a movement similar to that in a three-dimensional space.
Depending on the tilting angle, it is possible to perform customized exercises that can adjust the
difficulty for each user. The user can sit down facing the robot and perform exercises such as arm
reaching. When the user sits 90 degrees sideways, the user can also exercise their arms on a plane
parallel to the sagittal plane. NREH was designed to be as simple as possible considering its use at
home. By applying error augmentation, the exercise effect can be increased, and assistance force or
resistance force can be applied as needed. Using an encoder on two actuators and a force/torque sensor
on the end-effector, NREH can continuously collect and analyze the user’s movement data.

Keywords: Upper Extremity, Rehabilitation Robot, End-effector-based, Tilting Angle, Home, Error

Augmentation, Display, Assist-as-needed, Data
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[Fig. 1] NREH (a) Side view, (b) Top view (5-bar linkage), (c)
Description of each part, (d) Tilting angle
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[Fig. 3] Examples of activities of daily living (ADL): (a) transfer
of an object (b) cleaning of a table
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[Fig. 7] Positioning of NREH dlsplay frontal view vs. tilted

upwards from the horizontal plane!”
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[Fig. 8] Workspace of NREH: (a) Body-centered right arm,
(b) Body-centered left arm, (c) Shoulder-centered, (d) Side view
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[Table 1] NREH vs NREX

Robot NREH NREX
Type End-effector Exoskeleton
Motion 2 Dimension 3 Dimension

DOF 4 (Active) 2 (Active) + 6 (Passive)

- During upper limb - With NREX, due to the user's
exercises, NREH has | significant physical constraints,
a smaller range of there is compensation in the
motion (ROM) in the | user's trunk during upper limb
trunk and the shoulder| exercises.
compared to NREX. |- The ability to easily support the
Feature |- The ability to adjust weight of the arm and the
the difficulty level equipment with a simple rubber
while exercising is band is advantageous.

beneficial. - Seems suitable for patients in
- Exercising with the initial stages of
interesting games rehabilitation.

makes it enjoyable.
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[Fig. 12] Arm reaching and returning test
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[Table 2] Opinions on NREH

significant trunk compensation occurs.

- During clinical trials, maintaining the trunk upright
position is crucial; therefore, the placement of the
visual display should be considered.

Opinions |- Appears to be useful for subacute patients in hospitals.

- The ability to adjust the tilting angle and height of the
robot arm is advantageous.

- Applying visual error augmentation is highly beneficial.

- Content that can engage users and motivate them for
exercise is needed.

- When the monitor is positioned far and directly ahead,
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