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Development of an ADL and Rehabilitation Assistance Apparatus for Upper Limbs
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Abstract: This assistance apparatus for upper limbs was developed for patients who can control their fingers but they
cannot lift up their arms themselves, for example myopathy and hemiplegic patients. The mechanism of assistance is
utilized the differential gears to lose the weight and volume of the mechanical arm. That enabled us to configure three
motors to drive two DOFs (Degrees of freedom) for the shoulder and one DOF for the elbow around the root of the
mechanical arm. To realize various ADL (activities of daily living) motions (for instance, eating, writing, putting on
making up, wiping his/her face, and so on) them selves, we proposed to control the device using the targeted posture map
for the mechanical arm. To be able to choose the appropriate input for each patient, various input interfaces, for example,
joy-stick, push buttons, sensor glove using bending sensors, and so on, are equipped. We measured muscle activity while
using the device, and compared the %MVC data between using the device or not. As a result, the activity decreased up to
60%, and the effectiveness of this device could be confirmed. Furtheremore, to expand the usage of this apparatus to
encompass Neuro-Rehabilitation as well, we measured cerebral activity while using the device for rehabilitation with a
near-infrared spectroscopy (NIRS). Then we compared the data from using the device or not, and input motion from a third
person. By using this device, the cerebral activity decreased especially when the target motion was complex. However,
when the subject input the motion themselves, the cerebral activity increased more than when the data is input by a third
person, especially, when the target motion was complex. Therefore, for use in Neuro-Rehabilitation, we found it is
important the subject input the target motion him/herself.
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Fig. 1 Each parameter of the arm of the apparatus
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(a) Conventional model

(b) Proposed novel model
Fig. 2 Definition of each torque and angle velocity
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Fig. 3 Mechanism of the assistance device for upper limbs
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(a) Attached on the wheel chair (b) Assistance to play the violin

(c) Assistance to drink
Fig. 4 Photos of the ADL assistance apparatus for upper limbs

Fig. 5 Whole body motion support apparatus
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Fig. 6 Example of the targeted posture map for the assistance
device for upper limbs
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(a) Push switch (b) Joy stick

Fig. 7 Input interfaces

(c) Sensor glove
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Fig. 8 Drinking motion using the device
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Fig. 9 Comparison of the %MVC while drinking motion
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Fig. 10 Component devices of the experiment for ADL
rehabilitation

(a) Flexion and extension of the elbow (5 sec/photo)

(b) Rotation of the elbow (3 sec/photo)
Fig. 11 Motions of the arm for ADL rehabilitation

Table 1 Task Items for ADL Rehabilitation

No, | Assist | Operator | RS  itaton
1 None Elbow

2 None Shoulder and elbow

3 Yes Third party Elbow

4 Yes Third party Shoulder and elbow

5 Yes Subject Elbow

6 Yes Subject Shoulder and elbow
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Fig. 12 Results of mean data of each task for ADL rehabilitation
(six subjects)
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