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Aging in Japan

Percentage of old people (≥ 65 yrs old) in the population

(Annual Report on the Aging Society, 2017, Cabinet Office)

1950 55 60 65 70 75 80 85 90 95 00 05 10 14 15 20 25 30 35 40

7 ~ 14% 老龄化社会

14 ~ 21% 老龄社会

~ 21% 超老龄社会

2015: 26.7%
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Demography of Japan

From：日本总务省统计局

2009

人口 <  9千万
老龄率 ~ 40%
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Measures for Aging Society from 

Japanese Government

1995年：高龄社会对策基本法

就业/养老金

健康/护理/医疗

社会参加/学习

生活环境

etc.

国立研究开发法人 （NEDO： New Energy and Industrial 

Technology Development Organization）

产业技术
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Priority Areas 

机器人护理机械开发的重点领域

换乘护理

移动支援

排泄支援

老年痴呆患者的介护

入浴支援
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Motivation

Electric carts for the elderly

Designed solely as a means of transportation

No consideration was given to an elderly person's need for 

physical exercise
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Muscular Degeneration Due to Aging

Volume of brachial-flexor muscles

Men: 200 ~ 300 cm3 Women: 150 ~ 200 cm3

Volume of femoral-flexor muscles

Maximum during 20s ~ 30s:

Men: 1700 cm3 Women: 1200 cm3

In 70s:

60% of the maximum

Upper limbs are litter affected by aging.

Lower limbs become markedly weaker in later life! 
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Walking Muscles

Gluteal

Hamstring

Loin

腰肌

Front thigh

大腿四头肌

Calf

小腿三头肌
Shin

颈骨肌

Weaker in later life:
Lion, front thigh, shin, calf.

Loin + Front thigh: too weak
Leg cannot be lifted

Shin: too weak
Toes cannot be raised

Calf: too weak
Heel cannot be raised
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Prevention Measures

Walking muscles need exercise.

Cycling is the ideal exercise to work the muscles.

Pedal down: front thigh  (大腿四头肌), calf  (小腿三头

肌), and hamstring (大腿二头肌)

Pedal up: loin (腰肌), front thigh (大腿四头肌),  and 

shin (颈骨肌)

Mount two foot pedals on an electric cart 

to exercise the walking muscles
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New Electrical Cart

Everyday Type-S

(Araco Corp., Japan)
Pedals

Pedal

motor

Two pedals.

The load generated by the pedal motor is responsive to the road 

conditions.

Electrical connection between pedals and drive wheels.



2017/4/22 第9届控制科学与工程前沿论坛 12

Pedal Unit

Pedal load:

Responsive to road conditions:

More realistic driving experience 

Installation:

Optimal pedaling region

Ergonomic mounting of seat and pedal unit 

Toe

Heel
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A Photo of New Electrical Cart

Everyday Type-S (Araco Corp., Japan)

Pedal

unit

Interface

board
80 cm

40 cm

13 cm

Controller

Seat ref. point
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Interface Board
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Configuration of Bilateral Master-

Slave Cart System (1)

Reference input for cart:  Rotational angular speed of pedal motor 

Rotational angular speed of cart motor tracks angle of pedal motor 

vm

vs

vm (t)

vs (t)

t(t)
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Configuration of Bilateral Master-

Slave Cart System (2)

Controlled output:  Speed 

First-order plant is easy for 

humans to operate. 

Reference input for cart:  Speed of pedal motor 

Speed of cart motor tracks speed of pedal motor 
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Modeling of Pedal and Cart

Pedal system:

Cart system:

(Wt. of driver: 45 ~ 100 kg)

Jm: Moment of inertia of master motor 

cm: Frictional damping coefficient of master motor 

km: Voltage gain of master driver 

um(t)

t (t)
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Controller Design

Step 1

Design of controllers for three different loads
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Determination of Max. Pedal Load (1)

Rating of perceived exertion: (Level of exertion for walking)

Maximum heart rate:

Target heart rate (Karvonen formula):

Heart rate at rest

Borg CR10
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Determination of Max. Pedal Load (2)

Pushing force test:

Adjust the load of the ergometer

so that the heart rate stabilizes at

the target heart rate.

Max. pedal load: fmax = 40 N

Based on the test results and

considering aging effect:
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Introduction of an Impedance Model

Impedance Model:

Describes feeling of pushing pedals.

Mode Ap Bp

Strenuous -1.49 2.00

Neutral -1.49 3.49

Assisted -1.49 3.90



2017/4/22 第9届控制科学与工程前沿论坛 22

Formulation of Control Problem

Find a controller K(s) such that

the cart control system is 

internally stable.

Relaxes the solvable condition
K(s)
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Weighting Functions

:  To suppress the tracking error between vp(t) and vm(t).

:  To suppress the tracking error between vm(t) and vs(t).

:  To suppress the control voltage  um(t).

:  To suppress the control voltage  us(t).

:  Riding comfort.
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Experimental Conditions

Impedance models:

Strenuous mode 

Neutral mode

Assisted mode

Road conditions:

flat road

5º uphill slope

5º downhill slope

Weight of driver:

47 ~ 70 kg
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Experiments

cart.avi
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Exp. Results 1: Flat Road

Weight of driver: 63 kg
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Exp. Results 2: Uphill Slope

Weight of driver: 63 kg



2017/4/22 第9届控制科学与工程前沿论坛 28

Exp. Results 3: Downhill Slope

Weight of driver: 63 kg
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Controller Design

Step 2

Design of controller for a selected load
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Load Adjusting Function

Strenuous

(Mode a)

Neutral

(Mode b)

Assisted

(Mode g)
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Gain-Scheduling Control System for 

Any Level of Load/Assistance (1)

Designed controllers: Ca , Cb , Cg

Mode Controller Control input

Strenuous Ca ua

Neutral Cb ub

Assisted Cg ug

Dynamic parallel distributed compensation

Automatic generation of controller for any level of 
load/assistance

Strenuous

(Mode a)

Neutral

(Mode b)

Assisted

(Mode g)
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Strenuous

Mode (a)

Neutral

Mode (b)

Assisted

Mode (g)

Control input:

The above control law guarantees the stability of 

the closed-loop cart control system if there exists 

a common symmetric positive definite matrix P

such that

(ua)

(ub)

(ug)

Coefficients

System matrix of the closed-loop 

system

Gain-Scheduling Control System for 

Any Level of Load/Assistance (2)
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Experimental Results (Flat Road)

Average input voltage of pedal motor

Load

LoadAssisted

Assisted

Strenuous

(Mode a)

Neutral

(Mode b)

Assisted

(Mode g)

Average pushing force on pedals

38.5
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Controller Design

Step 3

Automatic selection of a load
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Automatic Selection of Pedal Load
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Experiments

C:/Users/Jinhua/Desktop/FFCST2017/RehaMuro.mpg
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Summary

New Three-Wheeled Electric Cart

Target: The elderly and people undergoing 

rehabilitation

Features: Vehicle + Provides physical exercise

Pedal unit: Ergonomic design & mounting 

Load selection: 3 loads/Installation of knob/Automatic selection

Controller design: H control theory 

+ Dynamic parallel distributed compensation

Exp. results: The system configuration and the controller are 

useful for providing an appropriate level of 

physical exercise.
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