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1. INTRODUCTION 

The welfare issues accompanying the aging of society are 

highly concerned in most of the advanced countries.  It is 

strongly hoped that the government provides adequate care 

and accommodation to people when they become old.  

However, it is extremely difficult to support all the people 

perfectly because each aged person needs different care.  In 

addition to the fact, it costs huge and needs many hands to 

achieve it.  Under this situation in Japan, that is one of the 

most aged society, the government started to focus on the 

approach to reduce the number of aged people who need 

nursing care more than to offer an perfect environment for 

their care.  The government promotes aged people to 

maintain enough strength to keep their independent life and 

allocate budgets for activities to promote the preventive 

approach against the elderly care.  The importance of the 

preventive approach is currently being recognized among 

other aging countries as well. 

As one of the effective preventive approaches the physical 

training is conducted.  It is reported that the constant physical 

training is highly effective for aged people to maintain their 

strength and quality of life.  Some care center introduced 

machine training in their program.  However, there are 

several problems.  One is that those machines are designed 

for sports training not for training of elderly people therefore 

users cannot use the machines comfortably in some cases.  

The other is that the exercise required in the machine training 

is too hard for those aged people.  That could be a cause to 

keep aged people away from the machine training.  The third 

is that too much machine training might cause damage in 

user’s body, therefore it is hard to ensure the safety in the 

training because aged the people’s body is somewhat 

weakened.  Thus the training machine that is designed for 

elderly people is needed.  It should be enough safe and 

comfortable to use for aged people and also have high 

adaptability for wide range of the size and ability of aged 

people.

In this paper we propose a training machine for the elderly. 

The machine is developed by introducing power assisting 

technology. 

2. FEATURES OF THE TRAINING MACHINE 

PROPOSED 

An advanced training machine is proposed for keeping 

elderly people healthy and energetic so that they can keep 

living an independent life.  The training machine let user to 

work on an exercise to maintain/recover physical abilities to 

support their body against the gravity.  We focus on the leg 

strength because the ability to support their body or to stand 

up by themselves is very important both for aged people to 

keep their quality of life high and for care worker’s to care 

their patients with less energy.  This training machine has 

three major futures as follows. 

1) Total body exercise 

Usually sports training machines are designed to develop 

specific muscles through a simple exercise such as knee 

flexion, elbow extension and twist of main body.  It is 

effective for sports players to shape their body as they desire.  

However, for elderly people, those machines are not always 

comfortable because the purpose of the training is different 

from the one of athletes.  It is not for strengthening their 

muscles to compete against other players but maintaining or 

recovering their physical function to do everyday movements 

such as standing up or walking.  The training machine 

proposed in this study is specially designed for aged people to 

train standing up/down ability.  By using this training 

machine users can enforce their strength of both legs through 

the exercise keeping a posture close to actual standing 

up/down motion while lying on a seat.  In addition to the 

physical training effect, it also works for recovering sense of 

body motion or strong desire to support their own body by 

themselves. 

2) Continuous load control by air cylinder actuation 

Training load is generated by weights in the case of most of 

conventional training machine.  Users select preferable load 

level before the exercise and train under the constant load 

through the exercise.  The proposed training machine uses an 

air cylinder to generate the load.  Therefore the training load 

can be continuously adjusted during the exercise. 

3) Feed back of muscle activity on load control 

In the elderly training safety issue needs to be considered 

carefully more than the case of sports training.  Different 

from the sound body of young athletes elderly people’s body 

is generally remarkably weakened.  This machine monitors 

the activation level of user’s muscles and output force of the 

leg.   It is possible to select optimum load simultaneously 

and achieve effective and safe training for elderly people. 

3. OVERVIEW OF THE SYSTEM 

Figure 1 shows overview of the system.  The system is 

composed of a flexible seat, an air actuation unit, an air 

pressure control unit, sensors to detect user’s muscle 

activation level and a controller.  The flexible seat changes it 

shape under the load controlled based on user’s muscular 

activation level.  Therefore the user can execute the standing 
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Figure 1 Overview of the system 

up/down motion with the optimum training effects.  The 

detail of each component is described bellow. 

3.1 Flexible seat 

The seat is designed to allow user start standing up/down 

from the status that he/she is sitting on.  Figure 2 shows the 

flexible seat prototyped in this study.  The initial posture of 

the user who sitting on the flexible seat is similar to the 

posture in which aged people is stooping down.  From this 

posture the user will stretch his/her body upward and move to 

the status laying on the seat.  Therefore, even the users who 

cannot support their body can execute the standing up exercise 

by using this training machine. 

(a) Stretching body           (b) Flexing body 

Figure 2  Flexible seat 

Table 1 Major specification of air cylinder 

Model MBBQ40-300F 

Max. operating pressure 1.0 [MPa] 

Bore size 40 [mm] 

Stroke 300 [mm] 

3.2 Air actuation unit 

Air actuation unit is developed for actuating the flexible 

seat smoothly with specified load.  This unit includes an air 

cylinder, air pressure sensors and position sensor.  The air 

cylinder is double acting low friction type, MBBQ40-300F 

manufactured by SMC Co.  The major specification of the air 

cylinder is shown in Table 1. 

3.3 Air pressure control unit 

The air pressure control unit regulates air pressure inside 

the air cylinder.  This unit includes 4 solenoid valves and a 

transistor circuit to operate them. 

3.4 Sensor to detect muscle activation 

Two kinds of sensor are introduced to detect the actuation 

of user’s legs in this system.  One is a sensor to measure 

user’s stepping force on the foot plate and the other is a sensor 

to detect the level of muscle stiffness which has a high 

correlation with muscle activity.  The stepping force is 

feed-backed to the controller and used for operating the air 

cylinder.  The muscle stiffness sensor is installed on user’s 

thigh and detects the level in which the muscle is stiffened.  

This sensor is developed by authors as a man-machine 

interface for power assisting devices.  It was confirmed that 

there was high correlation between the data obtained from this 

muscle stiffness sensor and the activity level of the muscle 

through author’s studies.  The detail of this muscle stiffness 

sensor is described in [1]-[3].  One advantage of this sensor 

is that it is easy to put on/off from the body.  The other 

advantage is its high robustness on measurement against the 

disturbing contacting force from outside.  By using this 

sensor user can work on the training comfortably and safely 

with this training machine. 

3.5 Controller 

The controller includes an electric circuit with A/D 

converter and pulse counter for sensor signal detection and PC.  

The A/D converter, pulse counter and signal transfer function 

between the circuit and PC is achieved by the combination of 

a peripheral interface controller(PIC) and a flexibly 

programmable gate allay (FPGA).  The configuration of the 

controller is shown in Figure 3. 

4. EXPERIMENT 

One preliminary test and two kinds of experiment are 

conducted to demonstrate the desired features of the training 

machine in control ability of training load.  In the first 

experiment the load is controlled so that the user’s stepping 

force always keeps constant level through the exercise.  In 

the seconds experiment the load is controlled so that the user’s 

muscle activity always keeps constant level through the 

exercise. 

4.1 Preliminary test 

Before conducting the control experiment of the training 

machine, one test is executed by using conventional 

weight-based training machine as a preliminary study.  The 

muscle activity level and the stepping force is measured 

through the exercise. 

Figure 4 shows the weight-based training machine used in 

this test.  This machine is one of the most basic types of 

training machines called “leg press”.  The leg press is for 

training of knee extension and hip extension.  Activity level 

of quadriceps femoris muscle that mainly works for knee 

extension is monitored by using a muscle stiffness sensor 

through the exercise with the leg press.  Figure 5 shows the 

data obtained in this test.  In the static meaning, the load  
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Figure 3 Configuration of a control system 

Figure 4 Preliminary test using conventional training 

machine (Leg Press) 

exerted on examinee’s legs must be always constant because 

the number of weights is fixed during the exercise.  It is 

observed that the user’s stepping force generally keeps a 

constant level, although there is a slight difference between 

the values in back and forth motion of legs due to the 

mechanical friction of the loading system.  On the contrary, 

the activity level of the quadriceps femoris muscle largely 

fluctuates during the exercise.  The muscle activity increases 

as the leg is extended.  That means the training effect is not 

constant through the exercise.  The user can work out under 

the optimum load level at only limited time periods during the 

exercise even if the load level is carefully selected before 

starting training.  Therefore the training machine that has a 

function to continuously adjust the load during the exercise 

depending on user’s body status and muscle condition is 

required.  It would be more effective and safe to use this kind 

of training machine for elderly people to improve their 

physique. 

4.2 First experiment: Load control based on the stepping 

force

In the first experiment it is demonstrated that the user’s 

stepping force can be controlled during the standing up/ down 

exercise by using this training machine. 

4.2.1 Control algorithm 

The control algorithm for this experiment is shown as 

follows.  The error between the reference stepping force and 

actual stepping force is described as 

Figure 5 Result of preliminary test 

REFSTEPSTEP FFF

where FSTEP  is stepping force measured on foot plate and 

FREF is stepping force desired. 

The reference pressure difference between the chambers for 

pushing motion and pulling motion of air cylinder is decided 

using the proportional differential (PD) control method. 

STEPDSTEPPREF FKFKP

KP : Proportional control gain 

KD : Differential control gain

Then reference pressure for both chambers for pushing and 

pulling are calculated. 
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where PREFi : reference pressure.  

PBASE : Base pressure. 

Ai : Cross sectional area in side the cylinder.

The subscript i specifies the chamber to which the 

parameter describes.  The pressure inside the each air 

chamber is controlled to keep values PREF1 and PREF2.

The error between reference pressure and actual pressure 

inside the air cylinder is described as 

iREFii PPP              (4) 

where 

Pi : Error between the reference pressure and the 

actual pressure.  

Pi : Pressure inside air cylinder. 

The control signal for solenoid valves is selected based on 

the Pi as shown in Table 2. 
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Table 2 Control signal for solenoid valves 

Si PP iSi PPP Si PP

PRSiV ON OFF OFF

EXOiV OFF OFF ON

Where VPRSi : On-Off signal for valve to pressure   
VEXOi : On-Off signal for valve to exhaust 
PS : Allowance for switching valve operation 

ON: Open, OFF: Close 

The force generated by the training machine can be 

theoretically estimated from pressure inside the air cylinder.  

It is helpful to have some idea to select control gains.  If 

pressure is perfectly controlled to fit the reference pressure for 

each chamber, under the assumption that the friction is 

negligible, the output force of the air cylinder is 

2211 APAPF REFREFTHEO

Where FTHEO is the theoretical output force of the air cylinder. 

Plugging equation (2) and equation (3) into the equation (5) 

)(11 STEPDSTEPPREFTHEO FKFKAPAF

Based on this equation, the control gain KP and KD are 

selected and adjusted through repeated experiments.  KP and 

KD are set to 0.0022 and 0.00015 respectively.  The unit of 

pressure and force are [MPa] and [N] through all the 

equations. 

4.2.2 Experimental result 

Based on the control algorithm described above the training 

machine is controlled to keep user’s stepping force constant.  

Experimental data is shown in Figure 6. 

The reference stepping force FREF is set to 100[N].  It is 

observed that the stepping force is slightly higher than FREF

during the legs extension and lower than FREF during the legs 

flexion.  The pressures of two chambers, P1 for pulling and 

P2 for pushing, are controlled so that the difference between 

these two pressures increases as the error between FSTEP and 

FREF increases to decrease the error.  Through this 

experiment it is demonstrated that the stepping force is 

controlled within an approximate range of 100±10[N].  This 

error in stepping force is not the level users really recognize.  

It is reported by examinees that user feels quite comfortable 

because of the power assisting function of this machine. 

Figure 6 Experimental data of the load control based on 

stepping force 

4.3 Second experiment: Load control based on the muscle 

activation

In the second experiment it is demonstrated that the level of 

the muscle activity required for the training can be controlled 

through the exercise by using this training machine. 

4.3.1 Control algorithm 

The control algorithm is basically the same as the one of 

first experiment.  Therefore, only the equation (1) and 

equation (2) should be exchanged to equation (7) and equation 

(8) as follows. 

REFACTACT MMM

where  

MACT : Activity level of the muscle, Muscle stiffness data 

in this experiment. 

MREF : Muscle activity level desired 

ACTDACTPREF MKMKP

The control gains KP and KD are set to 1.80 and 0.15 

respectively. 

4.3.2 Experimental result 

Similarly, based on the control algorithm the training 

machine is controlled to keep user’s muscle activity constant 

this time.  Experimental data is shown in Figure 6. 

The muscle stiffness sensor is installed on the examinee’s 

quadriceps femoris muscle in the thigh.  The target value of 

muscle stiffness is set to 20[%].  It is observed that the 

muscle stiffness is kept to the prespecified level with error less 

than 10[%].  Through this experiment it is demonstrated that 

the muscle activity can be controlled during training exercise 

by using this training machine. 

Figure 7 Experimental data of the load control based on 

muscle activity 

5. CONCLUSION 

A new type of training machine is proposed for training of 

elderly people.  Through several experiments using a 

prototype it is demonstrated that the training load of this 

machine can be controlled based on both the stepping force 

and the muscle activity.  It is expected that this training 

machine provides effective and safe training opportunities for 

elderly people and be a great help for preventive approach 
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against serious situation of aging society by reducing people 

who needs daily care. 
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