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Federation in March 1998. Currently, this guideline prohibits 

caretakers from performing lifting transfers using only human 

power. However, many caretakers are familiar with only a 

few support devices and cannot easily judge which transfer 

equipment is the most suitable for the needs and physical 

abilities of their patients. 

In the research and development of self-support robots and 

devices, the following problems are encountered: 

1) Not Established: Quantification of physical ability and an 

algorithm for selecting self-support equipment have not been 

established. Thus, self-support equipment may not be suitable 

for the physical ability of the user and could reduce the 

quality of life (QOL). 

2) No Equipment: Since there is here a lack of transfer 

support equipment or independent walking support devices 

appropriate for the physical ability and needs of the user, the 

patient must rely on the support of a caregiver. This in turn 

prevents the patient from making use of their own physical 

abilities, thereby diminishing their independence. 

3) No Place: There is no place for the user to try out and 

select self-support equipment. 

Based on these considerations, we herein focus on transfer 

support for the prevention of disuse syndrome. 

--Quantification of the physical ability of the user and 

establishing an algorithm for selecting transfer support 

equipment (Fig. 2). 

--Development of a new transfer support robot for 

individuals for whom there is no suitable equipment based on 

their physical ability according to the above algorithm. 

--Establishing the basis for testing human support robots 

and making an experiment, and general population are able to 

do a fitting the transfer support equipment according to the 

above algorithm. 

 

II. APPROACH OF THE PRESENT STUDY 

The present study was conducted in four phases. 

(1) We determine the parameters by which to express the 

physical ability of the user (residual ability). 

(2) Based on experimental results, we simulate the 

physical tasks involved in using common transfer equipment 

and the standing support robot we are developing. 

(3) We develop a machine that can measure the 

parameters determined during phase 1. 

(4) We compare the physical ability measured by the 

machine developed in phase 3 with the simulation results 

obtained in phase 2 and construct an algorithm for selecting 

appropriate transfer equipment and a robot based on the 

physical ability of the user. 

The experimental device for measuring residual ability 

noted in phase 3 has been constructed. The accuracy of this 

device in measuring the burdens on the legs and postural 

sway was reported at the Welfare, Wellbeing, Life Support 

2010 conference [8]. 

To construct the algorithm for selecting appropriate transfer 

support equipment based on the physical ability of the user in 

phase 4, a preliminary experiment was carried out. The aim of 

this experiment was to examine the physical burden during 

standing when using standing support equipment and the 

standing support robot. The results confirmed relationship 

between the residual abilities of the ankle and knee joints and 

the appropriate standing support equipment and robot. In 

addition, we proposed a relationship between the physical 

features of the user and the physical burden during standing, 

which is a basic transfer motion. 

 

III. CLASSIFICATION OF TRANSFER 

The association of Japanese Rehabilitation Engineering 

SXEOLVKHG�D�UHSRUW�HQWLWOHG��³7UDQVIHU�7HFhnique -Thinking 

DQG�0HWKRG´�>9]. In this report and another study [10], 

transfer motion was classified into the following three 

groups:  

1) Lifting Transfer: Caretakers and individuals who require 

nursing care use a hoist to lift patients. There are two types of 

hoist. The first is designed for individuals who cannot 

maintain a sitting or standing position. Such devices include 

the Care Lift KQ-771 (Paramount Bed. Co., Ltd.) and the 

Partner Electric Run Type BMA201 (Meidenkohsan Co., 

Ltd.). The second type of hoist is designed for individuals 

who are capable of sitting but cannot maintain a standing 

position. Such devices include the Molift Quick Raiser 2 

(Molift Ltd.). 

Fig. 4.  Transfer classification and parameters for expressing physical  

ability. 

Physical ability

measurement system

Fig. 3  Standing support robot 

2486



2487



2488



2489



  

burden on the ankle and knee joints during standing and the 

standing assist device; the results suggested the benefit of 

using a transfer support that is device appropriate to the 

residual ability of the user. For users with low residual ability 

in the knees, chairs with up/down seats and other aids are 

effective. Users with less residual ability in the knees can use 

the standing support robot we are currently developing, 

whereas railings should be provided for users with low 

residual ability in the ankles. 

In addition, we investigated the relationship between human 

physical parameters and the knee joint moment during 

standing. The results indicate that under some conditions, 

there is a proportional relationship between the weight and 

height of the subject and the maximum knee moment when 

the subject stands up from a chair. We intend to repeat this 

experiment using a greater number of subjects with more 

varied physical features, such as gender, height, and weight. 

Future experiments should examine additional relationships 

between necessary levels of residual ability and other types of 

transfer support equipment. We anticipate the development of 

an algorithm for selecting transfer support equipment that 

VXLWV�WKH�XVHU¶V�SK\VLFDO�DELOLW\� 

To this end, we renewal opened the Waseda RT(Robot 

Technology) Frontier (Fig. 15), which is the research center 

of the present authors for the Global COE Program Global 

Robot Academia in 2012 in Shinjuku, Japan. Here, ordinary 

can try out support robots and we can perform our robot 

experiments and support fitting of the robots to individual 

users. We intend to conduct experiments with ordinary people 

as subjects instead of individuals in the laboratory. In the 

future, we also aim to start up a robot fitting business at RT 

Frontier based on an algorithm for selecting transfer support 

equipment. This will include robots that suit the user¶s 

physical ability, and these we intend to establish in future 

studies. 
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Fig. 15.  RT Frontier 

Fig. 14.  New transfer classification and parameters for expressing 

 physical ability. 
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