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Abstract. With the development of aging society, the number of hemiplegia patients
grows rapidly and over 75% of survivors suffering hemiplegia need rehabilitation
training. Traditional training methods need one or more physical therapists to server
one patient at the same time. In order to reduce the workload of the physical therapist
and to improve patient rehabilitation performance, this paper presents a novel
multi-functional rehabilitation robot, which can assist hemiplegic patient for stand
up/squatting training, Gravity shifting training and Walking training. The robot system
consists of two Support manipulator, Screw lift mechanism, Weight balance device and
a Treadmill. Different from the existing rehabilitation robot, the design philosophy of
the multi-functional support robot is to mimic hand movement of physical therapist. It
is flexible to fit in patients with individual differences. The design of the detailed
mechanical components is illustrated. The proposed robot system can be used in
multi-function exercise for hemiplegic patient.

Introduction

China in the 21st century will be fully into the aging society, according to the record
of Chinese National Bureau of Statistics, As of 2015the population over 60 years old
China's elderly population has reached 220 million, the level of aging is 15%. And from
2030 to 2050, the aging rate will show a linear increase in the situation. It is expected
that in 2050, the total number of elderly people in China will reach 450 million,
accounting for more than 30% of the total population [1]. As the aging population is
growing, the aging society caused the disease situation more and more severe. Stroke is
a high incidence of disease among elderly people. About 75% of survivors after stroke
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have disability, more than 40% for severely disabled. So the elderly service and
rehabilitation industry in the world will pay attention [2].

For stroke sequelae, traditional rehabilitation training includes Gravity shifting
training (Fig.1.a), stand up/squatting training (Fig.1.b) and Walking training(Fig.1.c)
[3]. The main means of rehabilitation is based on the therapis to treat the patient as one
to one, even several-to-one. Which makes the number of therapists seriously inadequate,
and the rehabilitation effect is too dependent on the therapists' own technology and
experience, heavy training process makes the therapists' work burden is too large.
These facthlrs have a serious impact on the patient's rehabilitation effect .
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Figure 1. Traditional rehabilitation training

The existing lower limb rehabilitation robot from the functional and structural can be
divided into single weight-free robot, pedal robot, bed robot, exoskeleton robot and so
on. Single weight-free robot, such as Kine Assist [4] of the University of Chicago,
which is shown in Fig.2.(a). Pedal robot, such as German Gait Trainer [5], which is
shown in Fig.2.(b). Bed robot, such as Swiss Erigo [6], which is shown in Fig.2.(c).
Exoskeleton robot, such as Japanese HAL[7], which is shown in Fig.2.(d). So we
propose a multi-functional intelligent rehabilitation robot based on bionics design is
proposed to simulate the rehabilitation of the therapists, to guide the patients to
participate in the training and improve the rehabilitation training effect.
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(a) Kine Assist (b) Gait Trainer (c) Erigo (d) HAL

Figure2. Research on lower limb robot

The existing rehabilitation robots pay more attention to the rehabilitation of patients
with passive training to patient gait tend to healthy human training purpose .In this
research, a novel multifunctional rehabilitation robot is proposed, its design philosophy
is based on the therapist in the patient rehabilitation training process of the simulation,
to guide the patients to participate in the training and improve the rehabilitation training
effect. The rest of this paper is organized as follows: Section Il gives an introduction of
analysis requirements which are composed of the physiological requirement and the
rehabilitation requirement. Section Il describes the mechanism design in details.
Section IV presents the conclusion and future research direction of Multi - functional
rehabilitation robot.
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Requirement Analysis

Physiological Requirements

The lower limb joints of the human body are mainly composed of hip knee and ankle.
Traditional rehabilitation methods mainly for hemiplegic patients with lower limb
functional reconstruction training, and the most important is hip training. The hip joint
Is the connection between the pelvis and the caput femoris. There are 6 degrees of
freedom(DOF) in the pelvic part of the normal human body, with three DOF at the
pelvic left and right (along the vertical axis), pitch (coronal axis) and roll (sagittal axis)
at the hip joint Coronal axis), front and rear (along the sagittal axis) and up and down
(along the vertical axis) in three directions of freedom of movement. During the patient
rehabilitation training, the pelvic motion can be reduced to four DOF (2R2T): Rotation
about the vertical and sagittal axes, translational along the vertical axis and the crown
axis. Therefore, the design of the organization must be have the degree of freedom to
meet the needs of rehabilitation training. And the simplified model of human body of
the therapist and the patient is shown in Fig.3.(a)-(b).
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Figure 3. Hip joint analysis

Rehabilitation Training Requirements

According to the theory of brain plasticity and functional reorganization, function
rehabilitation could realize through early training [8][9]. It means that early
rehabilitation training is necessary for hemiplegic patients. For hemiplegic patients,
walking is their most urgent need to restore the function, do not have the ability to walk,
not only the negative impact on the patient's physical and mental, but also on the
patient's family to bring a great burden of life, because they need specialized people
always take care of patients. The hip is the most important joint in the walking function,
which controls the lifting and moving of the legs. In the course of walking, the hip needs
to be 'flexion / extension', 'adduction / abduction' and ' intorsion / extorsion ' movement,
and it need for repeated high-intensity training to stimulate functional reorganization.
But the cycle of fixed mode training, not only to the healer to bring heavy pressure, the
patient's training effect will be affected. So this paper propose a novel rehabilitation
robot which can simulate the operation of the therapist hand technology, combined with
different patient differences, intelligent and parametric to develop a more conducive to
the patient's treatment program.

According to the physiological requirements and rehabilitation training requirements,
the multi-functional robot should achieve the following requirements: 1) At least six
degree of freedom and flexible control can be achieved. 2) combining active training
and passive training; 3) Safety design of the whole structure.
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Hardware Configuration

As is shown in Fig.4, robot support manipulator hold the patient's hip. In the passive
training mode, to guide patients to carry out various rehabilitation training. In the active
mode, to ensure that patients in the training process of physical balance. According to
therapy of traditional rehabilitation training and Fig.4, the 3D model of the robot system
is built, which is shown in Fig.5. The robot system is consisted of Support manipulator,
Screw lift mechanism ,Weight loss deviceand Treadmill. The 3D model of robot
support manipulator is shown in Fig.6, to better describe the mechanism structure, the
robot support manipulator can be divided into three parts, Shoulder joint, Rotation joint
and Elbow joint.
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Figure4. Schematic diagram of Robot Figure5. 3D model of RrehabilitationRobot

Shoulder Joint

According to the original proposed program, rehabilitation robot design is highly
matched height of 90% of the height of the body height, according to "GB10000-88
Chinese adult human size"[10] in the data can be found, H = 1754mm. And because the
hemiplegia patients with athletic ability is weak, arms support operation hand rotation
speed to take 5 r / min, that is 0.52rad / s; the rest of the arm joint length and weight and
other data:

Upper arm length L1 = 333 mm. Forearm length L2 = 253 mm. Weight G = 71 kg.

Arms support rehabilitation robot design weight reduction mechanism, the maximum
weight loss 50KG, so the motor bear the maximum weight of G1 = 21kg.

®=0.52rad/s (1)
T =G1*L=123.06Nm )
P=0T=64W 3)

Wherewrepresents speed, T represents the torque, P represents the power.
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Figure6. 3D model of Support Manipulator Figure7. Transimission relationship of Shoulder

joint

Considering the 1.5 times safety margin, the output power of motor is 96W.
Techservo MT series brushless DC motor ST10N40P10V2-BK for 100W motor is
chosen. The output torque of the motor is 0.32Nm, and the rated speed is 3000 rpm. The
transmission relationship of Shoulder joint is illustrated in Fig.7. Use the same method
to calculate the rotary joint and elbow of the motor power, both of the motor power is
100 w for Techservo MT series brushless DC motor ST10N40P10V2-BK. The
transmission relationship of Rotation joint is illustrated in Fig.8. The transmission
relationship of Elbow joint is illustrated in Fig.9. In order to fix the requirement, the
ratio of the reducer, which are shown in Tab.1.
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Table 1. Calculation of output torque and speed

Motion Reducer | Torque Speed
Ratio (Nm) (RPM)
Shoulder joint 600 192 5
Rotation joint 100 32 30
Elbow  joint 400 128 75

Conclusion and Future Work

Aging society brings a lot of problems, a large number of patients with hemiplegia need
rehabilitation. Based on the analysis of the advantages and disadvantages of the
domestic and foreign rehabilitation robot, from the medical point of view, analyze the
physiological structure and movement characteristics of the human body, a novel
multifunctional rehabilitation robot is designed . Compared with the existing
rehabilitation robot, the biggest difference is that the design philosophy of the
multi-functional support robot is based on the therapist in the patient rehabilitation
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training process of treatment. It is a high degree of intelligence, not limited to the
inherent training methods, according to the patient's condition to develop specialized
training programs .

As a future work, the mechanical structure of the multi-functional support
rehabilitation robot will be further optimized. Further, we will build the robot control
system and information detection system, information detection platform and
quantitative evaluation system will be the focus of our work. In addition, in-depth
cooperation with the hospital, clinical trials of hemiplegic patients to verify the
effectiveness of rehabilitation robot system .
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