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ABSTRACT

Rehabilitation exercise is one of the way to get lost motor function for the patients those who
loss full or partial mobility in the upper limb. Recently robotic device plays an important role
In rehabilitation exercise by demonstrating or assisting in exercise. Nevertheless, none of these
are fully supervised by the robotic system. In this research, we introduce a socially assistive
robot sensor system that provides robot-guided supervised rehabilitation. A humanoid robot
NAQO was used as a socially assistive robot to demonstrate rehabilitation exercise for the upper
limb in front of the participant with a disability. Rehabilitation exercises involves shoulder
(i.e., abduction/adduction, vertical flexion/extension, and internal/external rotation), and elbow
(i.e., flexion/extension) joint movement. For supervision, the participant’s upper limb
movement was analyzed by a markerless vision-based motion tracking device Kinect.
Modified Denavit-Hartenberg (DH) conventions were used in the kinematic modeling of the
human upper arm motion. From the Kinect data, a complete geometric solution was developed
to find a uniqgue inverse kinematic solution of human upper-extremity. After demonstrating
rehabilitation exercise, NAO robot supervised the participant’s exercise performance based on
movement analysis done by Kinect sensor data. A control algorithm was developed In
MATLAB and Python for this propose. The result shows that NAO robot with Kinect sensor
can cooperatively be used to demonstrate, supervise and guide the participants in performing
rehabilitation exercises for shoulder and elbow joint movements

INTRODUCTION

Upper extremity impairment is very common due to geriatric disorders and/or following a
stroke or other conditions such as TBI, SCI, sports, falls, and traumatic injuries. According to
the World Health Organization, 85% of stroke patients suffer arm impairment, and the
percentage of the chronically impaired or permanently disabled person is around 40%, which
causes a burden on the family and community [1]. Rehabilitation programs are the primary
method to promote functional recovery in these individuals. To contribute to this area, in this
research, we have proposed to develop a robot guided rehabilitation scheme for upper
extremity rehabilitation. A humanoid robot, NAO (Fig. 4) was used for this purpose. NAO has
25 degrees of freedom[2]. With its sensors and actuators, it can walk forward and backward,
can sit down and stand up, can wave his hand, can speak to the audience, can feel the touch
sensation, and can recognize the person he iIs meeting. All these qualities have made NAO a
perfect coach to guide the subjects to perform rehabilitation exercises. A system has been
developed using Kinect[3] (Fig. 3) sensor to observe the exercise conducted by the participant
In front of it. Based on this observation, NAO provides feedback to the participant about
his/her performance.

METHODOLOGY

In this study, NAO robot demonstrated and supervised the upper arm rehabilitation exercise.
For the purpose of upper arm exercise demonstration using NAO robot, the forward kinematics
of NAO robot upper arm was developed in Python. From which, a set of upper arm exercise
trajectory was stored in the NAO robot. To analyze the participant movement, Kinect sensor
track the human upper arm joint coordinate, and calculate the joint angle in MATLAB. Then
the tracked joint angle and the required time to complete the exercise, data was sent to the
Python for the assessment through TCP/IP communication. Based on the evaluation, NAO
robot provided necessary audio feedback to the patient.
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Fig. 1. Workflow diagram
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KINEMATIC MODEL

To demonstrate different exercises for upper arm, we developed forward kinematics of NAO
robot right arm using the modified Denavit-Hartenberg(DH) convention. To obtain the DH
parameters, we assume that the coordinate frames (i.e., the link-frames which map between the
successive axes of rotation) coincide with the joint axes of rotation and have the same order,
l.e., frame {1} coincides with joint 1, frame {2} with joint 2, and so on. In this model, joints 1
and 2 together constitute the shoulder joint, where joint 1 corresponds to abduction/adduction,
joint 2 represents vertical flexion/extension, joint 3 corresponds to internal/external rotation of
the shoulder joint, and joint 4 represents the flexion/extension of the elbow joint.

Table 1: Modified Denavit-Hartenberg Shonlder o
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Kinematic modeling

GEOMETRIC MODEL FOR MOTION ANALYSIS

In our case, we already received the joint coordinate for shoulder joint ( , , ), elbow
joint( , , )andwrist joint ( , , ) form Kinect with respect to Kinect coordinate
frame. We needed to determine the angle of rotation for each joint ( 1, 5, 3,a n d;) from
Kinect data, which is an inverse kinematics problem. Instated of solving analytically, which
may generate multiple solution or may required special computation to avoid singularity, we
found an alternative geometric solution, which is much easier to compute and reliable.
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Fig. 6. Geometrically calculating joint angles ¢, >, 3,a n g

Let us consider a vector OA along Z, axis (Fig. 6) in a negative direction with unit length.
Now, the angle between | .., ,m Vectors OA Is the angle 5. Also, consider a vector OB along
X, axis In a positive direction with unit length. Therefore, the angle between OB and |, o,
Is the angle 4. Finally for the 5 consider a plan OABC that passes through Y/, axis and upper
arm. Then the angle between this plan and forearm is 5. The joint angle , obtained by
appling cosine rule between upper arm and forearm.
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SUPERVISION SYSTEM USING NAO AND KINECT

In this study, we only focused on the visual supervisions of the exercise performed in
front of NAO robot. Here, visual supervision means supervised all those facts that can
be easily detected by normal vision. We considered the following key points to be

supervised: Accuracy of performed exercise

U The time required to perform the exercise
U Range of motion for a particular exercise.

Experimental Result and Discussion

We conducted individual joint motion exercise of three joints (shoulder
abduction/adduction, shoulder vertical flexion/extension, and elbow flexion/extension)
and one multi-joint motion exercise (diagonal reaching movement) to determine the
performance of the supervision system. In an ideal case for a single joint motion, only
that joint angle can vary while other joints remain stationary. However, human arm
movements do not follow the ideal case, and they are highly variable. That is why, for
a single joint movement, we considered that other joint angle might change within a
range. For other joint angles lying outside the range, the supervision system
evaluates the performance as an inaccurate movement.

(a) (b)

Fig. 7. Performing shoulder abduction/ adduction motion in correct way. (b)
performing shoulder abduction/ adduction motion in inaccurate way.

(b)

Fig. 8. (a) performing elbow flexion/extension motion in correct way. (b)
performing elbow flexion/extension motion In inaccurate way.

To demonstrate the NAO guided supervised exercise session, in this research, a
healthy male individual (Age: 25, Height: 5ft 3inch,) participated in the exercise
session. Fig. 7(a) shows the result of shoulder abduction/adduction motion done in a
proper way for three complete cycles. For shoulder abduction/adduction exercise, we
considered the tolerable range for all other motion was + 20 degree from its initial
position. The feedback provided for this exercise was (a) the exercise is done
perfectly for three complete cycles, (b) has a maximum range during the exercise of
around 92 degrees (value rounded to the nearest integer), and (c) it takes 26 seconds
to complete the task. For the result shown in Fig. 7(b), the same task was performed,
but from the tracking angle it is clearly seen that the elbow joint crosses the range
value. This shows that the experiment was not performed in the right way. In that
case, NAO provided negative feedback and requested to repeat the task again.

CONCLUSION

A robot guided rehabilitation scheme was developed using a humanoid robot NAO
and a Kinect sensor to provide grounds for effective rehabilitation of people with
disabilities at the level of shoulder and elbow joint movements. An intelligent control
algorithm was developed in MATLAB for the proposed NAO qguided supervised
rehabilitation scheme. Experimental results show that NAO and Kinect sensor can
effectively use to supervise and guide the subjects in performing active rehabilitation
exercises for shoulder and elbow joint movements.
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