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1. Outline of the research

Stroke is the leading cause of disability in adults. With the development of robotic
technology, many robot systems have been developed for stroke rehabilitation training.
For such kind of robot rehabilitation systems, human kinesiology, which involves
anatomy, physics, and neural science, is strongly involved. It has a direct relationship
with human musculoskeletal structure. This thesis focuses on the characteristic
evaluation and control of an upper limb rehabilitation system. The system is designed
to have the ability for bilateral rehabilitation training and remote force evaluation. Our
developed upper limb exoskeleton device (ULED) and haptic device were used in this
system.

Firstly, a black-box-like upper limb motion classification method was proposed to
recognize upper limb gestures using electromyography (EMG) signals. Given the
circumstance of EMG signals which is time-variable and unstable, an autoregressive
(AR) model based feature extraction and back-propagation neural network algorithm
was designed. Considering the binary-like recognition results are inconvenient for our
ULED control, a Hill-type musculotendon model based continuous upper limb motion
prediction method was proposed. A state-switching algorithm was designed to deal with
the problem of time-variable characteristic of EMG signals. The proposed method was
applied on bilateral rehabilitation training using ULED. Finally, a human-environment
interaction force evaluation system based on human kinesiology and EMG signals was

proposed. The proposed system allows an observer to evaluate the force of operator (or



patient) or interact with the operator remotely, which has a potential for remote

rehabilitation training.
2. Research results

2.1 Development of upper Iimb motion classification method for ULED control

In this part, we proposed a black-box-like upper limb motion classification method to
recognize upper limb gestures witch are forearm flexion and extension, forearm
pronation and supination, and palm flexion and extension. To eliminate the influence of
time-variable property of EMG signals, many feature extraction methods were applied
and neural network and support vector machine classifier were used. Given the
circumstance of different properties of different methods, an AR model based feature
extraction method and BPNN classifier were applied to control our ULED for bilateral
rehabilitation training.
2.2 Design and evaluation of continuous upper limb motion prediction method for
bilateral rehabilitation training

The disadvantage of the proposed motion recognition method is that the results are
binary-like ones which are inconvenient for the control of our ULED in bilateral motion.
Therefore a continuous upper limb motion prediction method was developed. The
predicted motion is forearm flexion and extension. To construct the relationship
between EMG signals and forearm motion, a musculoskeletal model and Hill-type
muscular model were applied to find the dynamic equation. The EMG signals were used
to calculate muscle activation levels. To eliminate the influence of time-variable
property of EMG signals, a state-switching algorithm was developed. The
root-mean-square (RMS) error of the proposed method is below 10 degree. The
experimental results show that the proposed method has the ability to provide smooth
control reference for our ULED in bilateral rehabilitation training.
2.3 Development of remote human-environment interaction force evaluation system

Not only motion but also force or torque is also important in rehabilitation. In this
part a remote human-environment interaction force evaluation system was developed.
The proposed system can transfer the interaction force of an operator/patient to an
observer remotely and allow the remote observer to feel the identical force. The motions
are touch motion and push motion. Our proposed motion recognition method was
applied to discriminate the motion of the operator firstly. Then, using the equation
obtained from musculoskeletal model and Hill-type muscular model, the isometric
interaction force was calculated. Seven muscles were used to record EMG signals and a

least-square-like algorithm was developed to calculate the parameters involved in the



equation. A “Phantom Premium” was used to represent the interaction force for

observer.
3. Conclusions and future work

In this thesis, the characteristic evaluation and control of an upper limb
rehabilitation system was proposed. The contribution of our work is that: 1)
multiple-DoF-motion was recognized for ULED rehabilitation device control; 2) a
quantitative relationship between elbow joint and EMG signals were developed to
prediction forearm motion continuously; and 3) a remote human-environment
interaction force evaluation system was design based on motion recognition and
muscular force prediction method. The experimental results showed that the
recognition accuracy rate was above 98% and RMS errors for elbow joint prediction were
below 10 degree. For the remote interaction force evaluation system, the RMS errors are
below 3.2 N. In the future, a more elegant algorithm would be developed to classify more
complex upper limb motion and a higher accuracy prediction results for interaction

force prediction with more complicated motions would be obtained.
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