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Abstract. Tailoring the training process according to recovery potentials has
gained importance in the process of training. Nowadays, the intelligent hospi-
tal is coming into sight, and the traditional rehabilitation assessment has been
unable to meet the development of the times. In order to meet the demand, a
dynamic assessment of the performance of the recovery process is required. Cloud
computing can calculate and store massive data, and its application in the eval-
uation system of limb motor function using inertial sensor can meet the require-
ments of hospitals for data security, resource sharing, maintainability and so on.
In order to accurately assess rehabilitation for the upper limb, the inertial sensors
are used to collect the real-time limb movement data of patients. In the next steps,
an evaluation of the patients rehabilitation exercises results is presented, saved
and statistically analyzed. The assessment can help achieve more individualized
patient care. Therefore, this paper designs an evaluation system of limb motor
function using inertial sensor, which effectively improves the efficiency of reha-
bilitation assessment. The evaluation system increases the real-time action display
on the screen to improve the practicability of the evaluation system. At present,
the evaluation system is in the development stage, and a lot of data and work are
still needed to improve the evaluation system.
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1 Introduction

In the process of rehabilitation assessment, the majority of rehabilitation assessments
are carried out manually by rehabilitation physicians, which is highly susceptible to
subjective factors that can lead to inaccurate assessment results. Accurate and reliable
results of rehabilitation assessment play an important role in the rehabilitation of limb
motor dysfunction patients [1]. The dynamic movement evaluation of limb motor dys-
function patients is helpful to provide customized rehabilitation training plan [2]. After
rehabilitation training, limb motor dysfunction patients pay more and more attention to
accurate rehabilitation assessment results.
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In recent years, with the increasing of population aging, the number of limb motor
dysfunction patients are also increasing, and the collected rehabilitation assessment
data is also increasing. Wearable sensors increasingly being used for human movement
analysis [3]. Therefore, a evaluation system of limb motor function using inertial sen-
sor is designed. The evaluation system measures the limb movement information of
patients in real time using inertial sensors, and then calculates and stores the results of
the rehabilitation assessment. Rehabilitation physicians can use the results of rehabil-
itation assessment calculated by the evaluation system as a reference for formulating
rehabilitation training plans.

2 Design of the Rehabilitation Assessment Module

2.1 General Structure Design

The evaluation system of limb motor function using inertial sensor is a data acquisition
and display system combining software and hardware. The hardware of the evaluation
system is inertial sensor, and unity3d is used as the data display and processing platform
in PC. After a systematic requirement analysis, the general structure of the evaluation
system for limb motor dysfunction based on inertial sensor is shown in Fig. 1.
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Fig. 1. The general structure of the evaluation system.

Device Layer. The device layer is located at the bottom of the evaluation system and
is the foundation of the whole system. The hardware device used in the device layer
is inertial sensor, which is used to measure the limb movement information of patients
during rehabilitation assessment. Quaternion is used to describe the attitude information
of the inertial sensor in reference coordinate system.
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Data Transport Layer. The data transport layer is located in the upper layer of the
device layer. The main function of the transport layer is to transmit the data collected by
the device layer to the computer through Bluetooth.

Data Processing Layer. The data processing layer is located in the upper layer of the
data transport layer. The data processing layer receives the data transmitted by the
data transport layer. After the received data is processed by the data processing layer,
more accurate rehabilitation assessment data can be obtained. Finally, the results of the
rehabilitation assessment were calculated.

Application Layer. The application layer is at the top of the whole system. The appli-
cation layer includes two modules for the data display and the output result. The appli-
cation layer receives the rehabilitation assessment data and results processed by the data
processing layer. The evaluation system drives the human model for real-time move-
ment simulation based on rehabilitation assessment data and presents The results of
rehabilitation evaluation in the form of line chart.

2.2 Realization of Upper Limb Real Time Motion Simulation

Human joint motion data is an important parameter for rehabilitation assessment [4]. So
the inertial sensor is used to measure the motion data of the joint. The real-time motion
simulation of upper limb involves many degrees of freedom of joints, so it is the most
important part of human motion analysis. The upper limb consists of the shoulder joint,
the elbow joint and the wrist joint. The shoulder joint has three degrees of freedom. The
elbow has one degree of freedom. The wrist has two degrees of freedom.

Wearing of Sensor. Before the rehabilitation data is measured, the inertial sensor
should be worn in the corresponding position, and ensure that each inertial sensor is
on the same horizontal plane. The wearing of inertial sensor is shown in Fig. 2. The
inertial sensors are attached to the body with straps.

As shown in Fig. 3. The positions of shoulder joint, elbow joint and wrist joint
are A1, Ay and A3z in the global coordinate system. The four-dimensional vectors

of upper arm is AjA>(0, 0, 0, —lena, 4,). The four-dimensional vectors of fore arm is
—
A2A3(0,0,0, —lena,a,).

Measurement of Shoulder Range of Motion. The range of motion of shoulder joint
was measured by adduction, abduction, flexion, extension, internal pronation and exter-

— —
nal pronation. To define AjA>* as a vector of AjA;. The subscript u indicates that the
motion data of the upper arm is calculated. The x,, indicates the motion data of the upper
arm in the x-axis direction. The y, indicates the motion data of the upper arm in the y-
axis direction. The z,, indicates the motion data of the upper arm in the z-axis direction.
The g, ;) represents the upper arm motion data measured at moment t and expressed as
a quaternion. Using the following (1):

s _ T A o ]
A]A2 (vauayu, Zu) —QM(I) ®A1A2®qu(t) (1)
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the inertial
sensor

Fig. 2. The wearing of the inertial sensor.

A1 is the positions of
shoulder joint in the global
coordinate system

Fig. 3. The character model.

The real-time position of the upper arm in the global coordinate system is calculated as
following (2):

Py = (us Yus 2u) (2)

The P, indicates the position of the upper arm in the global coordinate system.
The real-time motion simulation of shoulder joint range of motion is shown in Fig. 4.
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¢. The internal pronation of the d. The external pronation of the
shoulder joint. shoulder joint.

Fig. 4. The real-time motion simulation of shoulder joint range of motion measurement.

Measurement of Elbow Range of Motion. The range of motion of the elbow joint is

measured by flexion and extension. To define Az—A;* as a vector of AQ—AE The subscript u
indicates that the motion data of the fore arm is calculated. The x; indicates the motion
data of the fore arm in the x-axis direction. The y; indicates the motion data of the
fore arm in the y-axis direction. The z; indicates the motion data of the fore arm in the
z-axis direction. The gr(;) represents the fore arm motion data measured at moment t
and expressed as a quaternion. Using the following (3).

—>, _ i -1
A2A37(0, %7, yr. 27) = qrn) ® A2A3 ® ¢y, ®)

The real-time position of the forearm in the global coordinate system is calculated as
following (4):

Pr = (xr. yr. 2f) “4)

The Py indicates the position of the fore arm in the global coordinate system.
The real-time motion simulation of elbow joint activity measurement is shown in
Fig. 5.
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a. The flexion of the elbow joint. b. The extension of the elbow joint.

Fig. 5. The real-time motion simulation of elbow joint range of motion measurement.

3 Discussion

In this paper, a evaluation system that uses inertial sensors to measure rehabilitation
assessment data and output rehabilitation assessment results is presented. The evaluation
system still needs a lot of comparative experiments to improve the accuracy of the
rehabilitation assessment results output by the evaluation system. A large amount of
data was generated during the rehabilitation assessment. Cloud computing can effectively
handle the huge amounts of data generated in healthcare [5]. In the future, it is expected
that the evaluation system will be deployed on cloud computing platforms, making it
possible to benefit more users.

4 Conclusion

The effective management of rehabilitation assess process is helpful to improve the
work efficiency of rehabilitation physicians. In the boring process of rehabilitation, the
character model of real-time simulation on the screen also improves the rehabilitation
enthusiasm of patients. The evaluation system of limb motor function using inertial
sensor can provide rehabilitation assessment for limb motor dysfunction patients and
save these rehabilitation data. Rehabilitation physicians can log in to the evaluation
system at any time to view the rehabilitation data, which reflects the good application
effect of the evaluation system.
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