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- Developmental research of the power assistance type handrail

In this study, we developed a prototype handrail which can provide
computer controlled assistance. The handrail can assist the moving
ability of a subject who try to stand up. We analyzed the elderly
movements of standing up prior to the handrail development. The analysis
indicated that all the subjects did‘ not show the same movement of standing
up. Therefore, we thought that a supplenientary mechanical operation
which matched the pattern of the individual's movements should be
incorborated into the handrail. Thus, we designed the power assistance
type handrail on the assumption that the movement of the handrail was
able to be selected freely. Two-680mm-actuators were attached
perpendicularly each other on a frame, and the handrail was installed at
the intersection of these actuators, and.fhe movement of the handrail was
controlled by the computer. The handrail developed at this time can move
freely on a 60cm. by 680mm. plane. It was assumed in the design that one
sample operational pattern of standing up, which were analyzed beforehand,

were incorporated into this experimental model at this time.

Keywords: handrail, assistance, elderly
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2. Development research of
the power assistance type handrail
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Introduction:

The use of handrail is very important for maintaining the independence of
aged. However, how the handrail can be used to different individuals’
physical conditions has not fully been studied. In this study, we developed
a handrail which can provide functional assistance. The handrail can
assist the moving ability of a subject who uses the handrail to stand up.
Analysis of the aged motor movements-of standing up:

We analyzed the aged motor movements of standing up before the handrail
development. The analysis indicated that all the subjects did not show the
same motor movements of standing up. Therefore, we thought that a
supplementary mechanical operation which matched the operation of the

individual’s motor movements should be incorporated into the handrail.

Concept: .
A lot of individual variations exist in aged's standing up operatioh. It is
necessary to understand individual user's motor function enough when
thinking about the development of the handrail. And, the developed
handrail is induced to individual user's operation and the function to do
appropriate support is requested. The movement of aged's with a low motor
function truncus is scarce. The case where such the aged cannot do a smooth
center of gravity movement is obsérved. Moreover, the aged is made to draw
the handrail when standing up and movement to stand up is observed. When
standing up from the chair, the person should move center of gravity behind
the foot to the foot. Then, we thought that movement not only to assist in
the weight movement to the upper side but also to consider the assistance
function of the center of gravity movement forward was necessary for the
handrail. We assumed that we developed "Assistance type handrail" by
which the motor function was drawn out to its maximum based on the
above-mentioned research result.

Then, we decided the mechanism which automatically worked above former
reaching reacting on aged's operation speed and load to be added to the
handrail. The handrail moved with the motor, and the motor assumed‘the

personal computer control.
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Design:

We designed the power assistance type handrail on the assumption that the
movement of the handrail was able to be selected freely.
Two-60cm-actuators were squarely combined, and the handrail was
installed at the intersection of these actuators, and thé movement of the
handrail was assumed to be computer controlled. The prototype handrail
developed at this time can mdve freély on a 60cm. by 60cm. plane. It was
assumed in the design that several different operétional patterns of
standing up, which were analyzed beforehand, were incorporated into this

experimental model at this time.
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3. Power assistance type handrail which synchronizes
with user's standing up operation |
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Introduction:
The use of handrail is very important for maintaining the independence of
the elderly. However, how handrail can be used to meet different

individuals’ physical conditions has not been studied extensively.

Aims
In this research, we developed a handrail which can provide functional
assistance. - This particular handrail can assist the moving ability of a

subject in standing up.

Design

We designed the power assistance type handrail on the assumpt'ion that the
movement of the handrail was able to be selected freely.
Two-60cm-actuators were squarely combined, and the handrail was
installed at the intersection of these actuators, and the movement of the
handrail was assumed to be computer controlled. The prototype handrail
developed at this time can move freely on a 60cm. by 60cm. plane.

A sensor, installed in the handrail, will respond accordingly to the load and
direction exerted on the handrail. All these operational data will then be
fed back to the computer. It was assumed in the design that several
different operational patterns of standing up, which were analyzed

beforehand, were incorporated into this experimental model at this time.

17



e
SR

-

18



Analysis of the elderly’s motor movements of standing upl:

A lot of individual’s variations exist in the elderly’s standing up operation.
It is necessary to have sufficient understanding of individual user's motor
function ih formulating the developmental concept of the handrail. The
developed handrail can be induced to meet individual user's operation and
can carry out the requested function appropriately. Among the elderly,
individuals with low motor function of the trunks is not very noticeable.

Cases where elderly individuals cannot transfer the center of gravity
movement smoothly is observed. Moreover, the elderly is more likely to
draw on the handrail when standing up; then, movement to stand up is
observed. When standing up from a chair, an individual would naturally
move the center of gravity from behind the feet to the feet. Then, we
thought it was not only necessary for the handrail to assist in the weight
movement of the upper trunk, but also to offer assistance in propelling the

center of gravity movement forward.

Fig 1. motor movements of standing up

patternl pattern2
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Methods

In order for the "Assistance type handrail" to maximize an individual’s
motor function, the handrail was designed to automatically respond to
individual user’s operational speed and load. The handrail is moved by a

motor, which is assumed to be controlled by a personal computer.

Results

The power assistance type handrail was designed on the assumption that
the movement of the handrail was able to be selected  freely.
Two-60cm-actuators were squarely combined, and the handrail was
~ installed at the intersection of these actuators, and the movement of the
handrail was assumed to be computer controlled. The prototype handrail
. developed at this time can move freely on a 60cm. by 60cm. plane.

A sensor, installed in the handrail, will respond accordingly to the load and
direction exerted on the handrail. All these‘ operational data will then be
fed back to the computer. It was assumed in the design that several
different operational patterns of standing up, ‘which were analyzed

beforehand, were incorporated into this experimental model at this time.

Discussion/Conclusion

Among the elderly, many different patterns of standing up can be observed.
Thus, it is necessary to have sufficient understanding of individual user's
motor function in formulating the developmental concept of the handrail.
The prototype handrail can be induced to meet‘indiv.idual user's operation
and can carry out the requested function appropriately. Among the
elderly, individuals with low motor function of the trunks are not very
noticeable. However, cases where elderly individuals cannot transfer the
center of gravity movement smoothly are more prevalent. Moreover, the
elderly are more likely to draw on the handrail when standing up; then,
movement to stand up is observed. When standing up from a chair, an
individual would naturally move the center of gravity from behind the feet
to the feet. Then, we thought it was not only necessary for the handrail to
assist in the weight movement of the upper trunk, but also to offer

assistance in propelling the center of gravity movement forward.
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Development of the assistance type handrail which
synchronizes with motion
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Abstract , :

A handrail is widely applied to assist the standing up motion of elderly and
disabled people with lower limb functiondisorder. We developed the power
aésistance type handrail which synchronizes with user's standing up
motion. '

The handrail system consisted of a linear actuator, a PC for control and a
frame. The trajectory of handrail could designwhich is based on Bezier
curve. This time, the torque sensor was attached in this device, and we
made experimentalprogram that contained torque information control. We
experimented with this software to lead the trajectory withsynchronize with

user motion.

Key Words: handrail, Assistance, Synchronization, Torque Sensor,

Experiment
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Fig. 1 Elderly in Standing Up Motion
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Fig 2 Power A
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Development research of the assistance type handrail
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8 . Assistance rendered by Power assistance type handrail
in standing up among Parkinson's disease sufferers
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Summary of Background Data:
An assistance type handrail that can provide functional assistance to stand
up was developed. This particular research analyzed the assistance

rendered in standing up among Parkinson’s disease sufferers.

Methods:

Prior to the development, various patterns of standing up among the elderly
were observed and analyzed. Incorporating these data in the design, a
model by which an individual's motor function was able to be maximized
was developed, and it would also automatically respond to the individual's
operational speed and load. When the handrail was tested by three
Parkinson’s disease sufferers, their standing up operations were analyzed

by VTR and a three-dimensional operation analysis device.

Results:

A sensor, installed in the handrail, will respond accordingly to the load and
direction exerted by the subject. The result of the analysis of the subjects’
standing up operation indicated a decrease in the lower limbs joint torque.
In addition, the center of gravity of the body was able to be propelled
smoothly even among subjects with advanced Parkinson’s disease. In one
of the subjects, help from another person became unnecessary as a result of

the handrail use.

Conclusion:

Among the elderly, individuals with low motor function of the trunks is not
very noticeable. However, cases where Parkinson’s patients cannot transfer
the center of gravity movement smoothly are observed. Moreover, subjects
are more likely to draw on the handrail when trying to stand up; then,
movement to stand up is observed. When standing up from a chair, an
individual would naturally move the center of gravity from behind the feet
to the feet. Therefore, it was not only necessary for the handrail to assist
'in the weight movement of the upper trunk, but also to offer assistance in

propelling the center of gravity movement forward.
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Development of a Power Assisted Handrail

A handrail is widely applied to assist the standing up motion of elderly and
"disabled people with lower limb functiondisorder. We are trying to develop a
power assisted handrail to provide a tailored standing up motion assistance.
We developed a handrail system consists of a linear actuator, a PC for
control and a frame. The handrail is attached on thelinear actuator and
controlled by PC. It can move 650[mm] in vertical and horizontal. The
handrail moves on a preprogrammed path which is tailored for individual
and assist their standing up motion. We tried to check thefunctionality of
this system with physical therapist. It is confirmed that the system worked

as we designed.

Key Words: Assistive Technology, Lower Limb, Power Assistance, Handrail,

Standing U
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Command Buttons Trajectory Viewer
Fig 3 Screenshot of Control Program
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10. Development a power assisted handrail
- Handrail trajectory and standing up motion -
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Intfoductioni

The use of handrail is very important in maintaining the sense of‘
independence. For example, elderly people, neural diseases patients, stroke
patient and so on. However, how handrail can be fully utilized to meet
individuals’ different physical conditions and needs has not fully been
studied. In this study, we developed a handrail which can provide functional
assistance. The handrail can assist the moving ability of a subject who uses

the handrail to stand up.

Analysis of the elderly’s motor movements of standing up:

We observed and analyzed the elderly’s motor movements of standing ﬁp
prior to the handrail development. The analysis indicated that all the
subjects did not show the same motor movements of standing up. Fig. 1
shows the typical standing up motion of elderly subjects. Therefore, we
thought that a supplementary mechanical operation which matched the
operation of the individual’s motor movements should be incorporated into

the handrail.

Fig.1 Standing Up Motion Using Handrail
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Among the elderly, many different operational patterns of standing’up could
be observed. In formulating the development of the handrail, it is
imperative, therefore, to consider and have a sufficient understanding of
the differences among individual user’s motor function. With that in mind,
we intended to develop a handrail that can be induced to meet an individual
user’s operational patterns of standing up and is able to provide the
appropriate requested support. This intention was derived from the two
followihg factors observed in the research. First, those elderly with low
motor function will exhibit little upper trunk movement. Second, cases
where the elderly cannot execute the center of gravity movement smoothly
are very noticeable. This would cause a difficulty when standing up from a
chair, because an individual would normally move the center of gravity from
behind the feet to the feet. To conipensate for this poor motor function, it
became apparent among the subjects that they would more likely to draw on
the handrail towards them. To meet those needs, we thought it was
necessary for the provide assistance in propelling the center of gravity
forward. Based on the above'mentioned research results, we assumed that
we were able to develop "Assistance type handrail” by which an individual’s
motor function can be fully maximized.

It was also decided that the automatic mechanism of the handrail would
responSe accordingly to the user’s operational speed and bload applied to it.
The handrail is motor-operated, and it is assumed that the motor is

computer controlled.

Design of the handrail: »

We designed the prototype power assisted handrail on the assumption that
the movement of the handrail could be selected freely. Fig2 shows the
external view of our developed handrail. Two 650 mm stroke liner AC servo
driven actuators were squarely combined, and the handrail was installed at
the intersection of these actuators, and the movement of the handrail was
assumed to be computer controlled. The prototype handrail developed at
this time can move freely on a 650 mm by 650 mm plane. It is vdesigned to
" move the 490 N load with maximum velocity 250 mm/s. The 6 axis force
sensor is attached on the base of the handrail. Fig. 3 shows the coordination

system of the force sensor.
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Fig .4 shows the user interface of the handrail system. This system stores 5
different trajectories and the user can select from them. Pre-calculated
trajectory is shown in upper right of the control panel and the user can
understand how the handrail will move visually. The force on the handrail
can be used for the trigger of the handrail movement. The direction and

magnitude can be set on the control panel.

- Linesr Actustor
{Y axis)

Frame

&*axis Torgtie sensot

Hand Rail
Linesr Actuater
Fiz 2 Power Assisted Handradl
Torgue Sensor
Hand rail

-3 Controller of the handrail trajectory
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Data Reservation

Operation Setting » : / Trajectory Indication

4 sanei
Trigzer Command Button Experiment Trajectory Preset

-Fig 4 Force Sensor Coordination System

Basic Experiment:

Materials and Methods

To confirm the basic function and gathering basic standing up motion data,
basic experiment was carried out. The handrail system was synchronized to
VICON 3D motion capture system and measured subject’s joints position,
handrail position and the force on the handrail simultaneously. Fig. 5 shows
the structure of the experiment system. In this experiment, 5 young healthy
subjects were enrolled and 5. different handrail trajectories were provided.
Fig.6 shows the example of the trajectories. Each grid indicates 10 mm by
10 mm. The handrail moves forward approximately 300 mm. After that, it

moves forward 200 mm and rises up 500 mm high.

Results and Discussions
Fig. 7 and Fig. 8 show the results. Fig. 7 shows the force on the handrail. In
this case, the trajectory of the handrail was as same as shown in Fig. 7.

Around 1.8 second, Fx has negative peak and Fy was decreased.
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Fig.5 Experiment System

Fig 6 Bample Trajectory

In general standing up motion, at first, humah try to move forward the
center of gravity and placed on the foot. Next, try to move upward the center
of gravity. The force on the handrail indicates that;

- pulling the handrail to move the center of gravity. (Fx is negative)

- when center of gravity moved on the foot, pulling motion was
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stopped. (Fx is inversed)

- After standing up, force was zero. (Fx is 0)

In Fig.8, dot on the trajectory indicates the position of negative peak of Fx.
It is plotted on the inflexion point of the handrail trajectory. The force on
the handrail will be changed related to the motion of center of gravity. The

force on the handrail could be used to expect the center of gravity.

0l -

Time [zsc]

Fig 7F orces on the Handrail

Fig 8 Fx peak and Handrail Trajectory
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One Parkinson subject was enrolled this experiment. He could not stand up
with “static” handrail. However, he could stand up with power assisted

handrail.

Conclusion: _

We developed a handrail which can provide functional assistance. The
result of experiment shows the force on the handrail could be used to expect
the center of gravity of the user. And also, the handrail could assist the
moving ability of a subject who uses the handrail to stand up. In future,
establish the human standing up modeling and adaptive handrail

controlling for the handrail
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Tablel.1 Item and Introduction Rate about Remodeling Houses"
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HTHY ., TOEOEBICEIE L-x OIERAHET S L ShTh3, Lnl, #ER
B OMEMIIAT 1 AT B O E PR SR TV

Figl.5 Midbrain and Substantia Nigra
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1.5 GEeEOSIH ER Y IZONT

(a)Motion A : (b)Motion B
Figl.6 Standing Up Motion Pattern in Elderly

BREOFT Y AHA LERIBEOMT Ic L5 &, RUFEEAR < 2 W0 IS
b, FOEIMFiEL Figle@, IiRT. 1013, Figle@odk 5ic—H &L aiE
SE7t%, VATEABEEFICH LEREBHSEIHETHY, BFEEILELTCLE. b
5 101, Fig.1.6()D & 5 I FREAL b I BT 2 Rt 5 Z LIz & 0 & Al L7 m~E
MENF & LT HETHD. ZOFETIIRFICELHEY, BERREEILRDZ L
DR SN, ' ‘

%%%Kﬁ%?éﬂ~%yﬁ%%@ﬁ%ﬁfﬁyﬁ@@x5K%ﬁmﬁbﬁ@i5:e
RSN TS, £, BILARA—F LR TR TS, EHBIEOET Lz s,
B BVNIHREBE TIL, BFCELIEE - A COBMEIEN A HMICBESh 5.
W EBRE OBV EREICBNT, BHICELNEEION, S—FUHIKRbNS
L5 RIEBEOBY, TRMHADETRENEZ NS, RN EBHE I ESRICRR
LR BIER ) 2 » TRMEOABEZ KX NLOICL, BY8ESL X BEHC €T
%.

COZLIVRMIBCELEBESES I LIC ko CREABY A HET S LATES
LEZBND. FEGBARKE EFL, BN FTETH BT LTI, FiHC
BLABESESZLIITERVE, HARETHGAMET LEGImE T, B0
BB B ESTBED FRRE LN ERTX 5.
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F2E HRED

KT, EREOME~ DER, HERTOBREZ R AZ — IS, 19
MEBOBE THIS, EF~BBIT5 2 & CHEAFOELZBE S, Ry XE
THEBOMELZENELTNS. ' ’

WAEREE CICBR Shi T —7 o2 MFEF 013" $l7 e 75 A ECRIELEAY
BB D ICFET ) SEREIT 5. AR, SU—T VR MUFET D &R B BiED
FRAT D=0, ETRERREICL DREIEERETo/k. £z, ERICESOREERE
BT HERE LT, A% vV UREREIC L DRIBIEERETo7. 2L,

ERERERCFT VBT b b7 e OFBREANT, A7 4 —F Ny
KLV Y TAEAL A CHEREORSIBECRBILET VX M2 EBRTHI L2 EE L.
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wIE EEIZHOWT
3.1 EEOHE

INETIHBEINIANAT =T VA MIFET Y % Figd 1 17T, £/, EBRIFERALT
VWA IEHE % Figd.2 IoRT.

Frame

6-axis Torque

Sensor

Handrail

= 5

Linear Actuator (X-axis)

Fig3.1 Power Assist Type Handrail
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Assist Scene
Fig 3.2 Assist Scene

ZOEEIY, Figd2 DLHCHENLFETVEEFTIERL, fiF~BE LB LEF B
B % HAREE R FE~OERBUER L, EEOPETFETY SEET 5 2 & TR
EXETHRBTHS. FTY, BBET I Faxz—g, TL—h, MATESY, H
BEIZ Lo THREN, FT0IARTES 300mmlOftEESHMOFTY 5. HEE
77 Faz—SFACY AT TREIEND Y =T HA FT, AFH (X#) LIcER
i (Y &) PEREShTWS. FED R b u—7 % 650lmm], HARBEFEEL 125[mm/s],
BRFIE R 50lkgl ThD. FTVE, YHORTA LRI T ohTERY, X#ROY
BWEGRALCEESESZETFETY % XY FEOEROMBEICBESEH I LR
7%, FF 0 OMEIIEEA PC LOIET 275 AT, XY H#O AC H—RE—F T
DT ez a—-ZERE S LICHB SN, S8, PC, e—JHI#ER—F, b
NI R—F, TU7, BEEME, V—Fy b L—h L LEBREATNS.
Eh, FTVR6E ML BV, FTOVRPPLWEZRMTE DL IR

TWD.
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COEBEDY AT LERIY, Figd3 DX SITREND.

Pl -~

- Load
Force, Torque Information ,'I I - l -
Sensor Board [¢ A T | 6-axis Torque Board l
‘ Horizontal Direction Transform Mechanism
Digital Signal Analog Signal |
M T ={ AC Motor H Encoder ]
otor '
Driver '
Position ‘ ) Position H
H <4———— Motor Control | Information Information E
A————* Boad Z
PC for Control E Vertical Direction Transform Mechanism
Digital Signal Analog Signal |
q T ‘lv' AC Motor H Encoder I
Motor . .
N Driver
Position Position
Information Information ~ *~._ -
Machine

Fig3.3 System Configuration

32 fiESe s Z A .

- W e ST AOBEEERTE, Figd 31RT. %Y 7 b =7i%, Microsoft Visual
C++] & 9%, BHREDOBMERETETVOE, HELZRETES. FTYVOHEITE
BRZHBREMS ZENTEIRVoHREFIHL NS, AR, FrAA 1, FRL2, &
REANTDZ LI Lo TEE X tREM Z L BFEREL 2 5. PLEEHEICHER
TE3 LI, BEMANBRERY V2T L, EELACHERRERIND. @iﬁﬁﬁﬁ“
REZ 2T EEPNTRE LBV ICETVREBE L, FAERRZ V2T LI

T, FTVRTOMBICRES. it,ﬁ“)?yﬁ,ﬁﬁ%tﬁﬂm&&ofwé.%:
5 Cix, BIERILSET VAR, FH0ICMb3sh - MR RD D EAHES. F—4&
BBRY 7 AT, Fzv 72 ANDIZLICLoTEDORMBNLDOMBIER, S+ P2y
BEREIBF LI, Fov 723 rvrA N EnS.
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Operétion Setting Status Monitor Saving Data Box

Command Buttons Trajectory Viewer

Fig3.4 Screenshot of Control Program
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FAE BRI 0T A

Operation Setting Status Monitor =~ Saving Data Box Trajectory Viewer

Trigger Setting Command Buttons Experimental Trajectories

Fig4.1 Sci'eenshot of Experimental Program

Figd 1 \ZERT 0 77 AOBREETm 2R T. 20707 AT, BEEE TIZEZSh
TR0 75 5 MY HORE, ERAGE Y —, FERXEZEMLEZLOTHS.
PgZOTa s 2EAVWTEREZITIZ LTS,

BIERE, AT —FRE=F, avr RRZ UL, BEEETIIHARINZHE S 2 /5
LLRILET D, T—FRETIE, EBRT —FEHOLDAREMFTRETEDLLIICL
7o, HERETO b Y TREBTIE, ENETOHBMb - 2RICBHERET 2 2 DEE A
NTCF2v IR I RAZF 2y 78 ANDBIEIEY, Fxv B ANTZFMICALL
TR EDAM D &, RELZHE LBV IZBIELIED . 2 FRUEDO A S ATFET
HY, Fxv I DA>THWRVWHRIZERINS. £k, REMEEZ~ATRCTHEAD
HaERs. FPYAOKFRENE, MATEVFTRESRLTWSIAOLFMERLCEL, 0
F % Figd.2 (2R

‘80



Linear Actuator (Y-axis)

] R
L

Subject Position
\ Direction
Torque Sensor
= y : Linear Actuator
(X-axis)
Y Hand Rail

Fig4.2 Force Direction

EBRAE Y — 0L, BYEEROBREEOELIBASEICLT, —BAiF~BE#L
D0, EH~FRERT S HBRHE L Lz, ST —iE, NE— A~RXZ—ED5
NE—OBEZRAEL, "F—2 A 2RIIKANBREXZbO L L. ThLENOEL
B Figd 317, ZHICMZ T, #REGE L O L LT, KEFRFIFICEREET
BOTRIFER S —VERELE. £, BTV OBEEEL, #IHE#EEZ 120[mm/s]
ERELTWS, ERNF—ORY 2 fllmZ2 U TR,

CRE—V A 5442(0,100), 5T 1(400,50), FT A 2(500,0), #&5(500,500)

« RFZ—v B #E% A O 50mm]EE (#E(550,500) & LID/STA—FF T —
AtLRL '

cRF—v C #R%E AD100[mm]ATS (#:2(400,500)) & LHLD/NT A —F 35—
ALRIUC :

«RF—2D #¥E%ZAD100[mm] EF (#(500,600)) & LD/NT A —F T2 —
ALRETC

cRF—VE $#5% A®100[mml FH (#4(500,400)) & LD /ST A—F 37—

A LRT
 BIHERR Y — v 55500,0), #A(500,0) & L7RETH7~ 500lmm] D E#EEh{E
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500

St

- PatternD - PatternE.

Y [mm]

A

— X [mm]

Position Direction

* 1 scale = 100[mm]
Fig4.3 Experimental Trajectory Pattern

TOMBETIE, DINLE, BAEIREE, BERANRTETHY, TRELORER
v 7 A% Figd 4 - T . A= a—N—D[REI TN BERELBIRT Lo bn—F
RERSNIPLBLBRETES. FRARF 2 —ERT L ET Y REOFHEI
50[mm/s] CBYX Sk, b5 —ERTLIEE 5. BABRBEERE T, FAICERT S
EEARETREYE Le. T, [F—F]0BRANERINT 5 L IERANE Y 7 ABEF
Eh, HREOHEHEANTETHS. AN LEERIIHAT —F Ico#Hsh s,
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Return Speed Setting Box

Initial Position Setting Box

Information Box

Fig4.4 Tool Box
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B5E REHREICLIETEEER

5.1 EBRHAM

FERFOBECRY L KB E I B ERTH 0, REELZ AV RERREICL
HEMNEMEOEBET — X RIEL, TTHZ L2 BMLETD. 2078, ZOEBRTII,
FTVEMEORR, F3T0IiTmbsh, b7 ORFHZEL L TRICD 5T — X v
hEFHR, fRITT 5.

5.2 ERFL
WERE L, BEARB L OPHREBOBEESRVVEERA 114 (B4, &E24)
L, EBREICFEREZTOUHALAANORE RSB/ 5> 2 TEBLT. '
BMEOEEIE, Figh 1 IZ7T X5 IERZ EHEREORE BO%AMD IFEATEES)
DEISELEESE (N) &, ZOHBED223DESIZLEES (L) 1I2oWTiTol-. ER
BREEOBIOHAIE, BRRBTOEITHY, RTOEIZE LTEREIT2D
1, BEBEEBELLILENVILKTHEDTHD. £, FTY0MHER, F%
BWERICEOBERIZKS L2, FTVOHRIE, BWFOEE N CTEEZBEVEZRICH
RRBEL LK. ZLTC, ZAPRORFOBSITHLT, Hoh DS s T A ETHR
ELIF—y A~r$—2 B ERIHER Y — BV CERETo . FT9 OB
HEEEX 120lmm/s] & L, EHE L7z, HEOHEL, BTE2L, BXICAERPNIZE
NEZDOND. REZEX TERICEEIORSLEELZITY, BEIREEL L TEBNIC
120[mm/s] L 3R E L 7~. ‘
*7, MUAE, FrITAETxHAIC-2INIE L, F0 & FH0c 20INIAEERI &
EHT LT LA MU AEZOXIICERELEEEL, ETHENLFETVEFIAL
TeESEMEICBWT, SMERFTV Z5IK AREERH W &, EEEICSWTRES
THoTOLELORMEFBBOZOETVEFIK I EBELLND O THS. 20INliZd L
FINTEN < fE% FBHITERE LTz,
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Subject Torque Sensor

~
Chair\ _

N

Handrail

(a)Chair Height (N) (b)Chair Height (L)
Figh.1 Chair Height

BIfiE— A b, BELEBIERD B0, FBEEHO 3KTEN L KRN % 3 RTEIER
FrEEE (Vicon370,0xford metrics ) ICRK 2 AE Y 1o EBREREIC K > TEHH
L.

3 WITEMERBATIEE T, HBRE OKBEMICRNRRE ~—h 2HT, BERORNGEY
AGICEVBRE LI~ —D DL E 3 RTICARL, =0 3 KEEAIESRE IRk
YIETNAEERTD. BEiT—AY MY, SKRIEENICMA T, RIAFTEEILZKR
RAZFWT Vicon D77 F ATRDD. L, FTVICHIr1D0TANT, KR
HCEBE—AV ME LT, ¥, TRAOEERFIIRENWI LS, MRIT T
T—Ar hEL, KBS, BB, RESOSBEMET—AL FEeRDLIbDOELE. v —
B &A1= 4 B % Fig 5.2 1R 7. P OFO MP B (FEOHTROBES) ITAZL
8, B MP BEfii/MEE L.
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oes+ Shoulder Joint (Left)

.+ Elbow Joint (Left)
Loes»>* Wrist Joint (Left)

Shoulder Joint (Right) *».., .

Elbow Joint (Right) *.. ¥*++.Hand MP Joint(Left)

Wrist Joint (Right) sereees W Hip Joint (Left)

Hand MP Joint(Right) """ | T
- Knee Joint (Left)

Chair
.. Ankle Joint (left)

\d
*
*

Hip Joint (Right)".

Knee Joint (Right) ’f ,

Ankle Joint (Right) 1" Foot MP Joint (Left) |

Foot MP Joint (Right) ***
- Figh.2 Rigid Link Model and Marker Position

T, NU=TVAMIFETY & 3 RBFEITEE TH D Vicon ZRMSE D729,
T HHER - FOEZ YD, FT Y OREIBRMEICASVAKRZHASE, Z0ES
% Vicon flICRITMA Loz Liz. 7V U 7RFEEIX, Viconfllos A F DOMHREL Y
60[Hzl& L, FFvMlb 60[HzlE Uiz, EBRIEBDO I R T LEHKE Fig.5.3 II7RT.
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Handrail Side

— » Control Machines |—p!
Motor Control Board |¢ Power Assistance Type Handrail
ﬁ <+ , and Tools
—— -
\  Handrail Side PC ‘ ‘ ’
Synchronization Signal
i | Force Plate Amplifier Input Terminal Box >
o Vicon
‘ — =
D/Iotion Capture Camera —!—’ e
k Vicon Side PC

Vicon Side

Fig.5.3 Experiment System Configuration

5.3 EBRERB L UELR
5.3.1 BRI :

F—EBEOY 7Y 7 AL 60[Hz] & 3 E Uiz As, FEER, 37[Hzl catil &
7o. T, PC LE—#HllEFR— FRZ#ER T2 USB Ic k57 —FEXDOBRICE D
LOTHY, ZOREEERTDICIIERE bus & L, E—FHl#HIA— F% bus i
MICEZBHUERSD. LML, FToMEHEE, PC2rLOMERRE, £—Fil
AR — FNTIT ) DBBEIIAE L2V E L, BEFEOE—F KR — FE2ERT 5. SO
EBR T, Vicon & OF —# FEH OB E 30[Hzl & 3 %.

NUATERELEFRIFATHS Fx AFRANC 20[INILL LD L F5 0 DS 4AET 58
EIZBWTIE, BIEDENSR Oz, Fighd IZF TV ABE LIED AREH % Olsl& L
T, FTVICMbEANT—Z LETYVOEMT —Z 27T, BUIERT—F XY 0.1
URNThol. ZOBNE, PCLE—FEHIEA— FOTF—FEREEICERL, SEH
ErE T3 L TRBAL/NELRBLEZONDN, 0.1SIINTH D720, ZDENL
PHEAENBCLZLiFRVWEEZ OGN, MERSEBELLHETTS.
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—&— X—axis Position 4. -10

8 —
) —— Y-axis Position

7 r Trigger: —20[N] —&—Force 1 -15

6r|] T =1 20
= 5r - =25 _
E 4 r <
— 1 =30
c 3 - o
Ko {1 -35 2
:§ 2 Within0.1[s] °
a L . - -40

0 » _ 174

. Motion Start 1 —sp

-2 ' : — ! -55

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Time [s]
Fig5.4 Motion Delay to Trigger Input

Figh.5 IZ3E LT-#E & ERT — ¥ O 2T, EEOHMBREGEX, BEHRIZUCZELY
HiET=7-%, Fighh TIXEMER-oTWVWD. ZOERTIY, EBEOXTU i L #E
L7-BBE D=, NF—2 A OBETIX x FakKEZE 1.06lmm], y FrkKiE=
0.83lmmlTH Y, FHLTH x, y FMEd Imml TORBETH--. FHEDMLD
ERY BT REBTHAIILEEX DL ARBECHEL TS LEXS. X
F—rDEBETHRZERITEY ImmlPAFTHY, RELEHENOKREL I THhSZ L
X2 oz,
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272 |
-274 |
276
278 |
280
282
-284
-286
288

~290 J ' — '
300.0 305.0 3100 3150 3200
X [mm]

Y [mm]

— Set Trajectory
4 Experiment Data

Fig5.5 Error of Motion Trajectory

532 FTVICAMEINhDN, tA2

HHEREOERES L), LB — ADFETVITMbEHFT—F L "I F—&
% Figh.6 & Figh.7 23, BEHIRBRFEITH Y, FT 0 BEE LIAD =K % Olsec]
ELTFETONILEDETORMERT. £hHE b7 DOFA% Figh8 1IZRT. h
713, FENCKH L CRIEA Y 0F R LT 5.

100 r
50
z o
[0}
o
S -50
-100
-150 1 i 1 I L L
0 1 2 3 4 5 6
Time [s]
Fig5.6 Result of Force
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Torque [N=m]

- Time [s]
Figh.7 Result of Torque

Subject

\

y |
l Force and Torque Direction

Fig5.8 Force Direction and Torque Direction
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NT—=F T, x HADH Fx TREREMSBR LN, Fighe T, FTVMNEEL
WD TH D, #92.38[s1T Fx B84 Ligw, 2.8HHETARICEARERY, #-128[N1& 2
ofc. 0%, Fx iy, 5.50echi@¥ToNIZ#E%, EQE~ZE{LL TV, Fx A
FATHMTHIAEFRANC, HIANORELRY, BKELRo7H LHk~IZ 0[Nz
ESNTV F— 2 DEE, TRTOF—FICEBBL TR, ;
Fx O LERE OREL Figh.9 (27T, —-ﬂ&ﬂ‘]kt.@:b{’ﬁ'ﬂii’é“‘ﬂ“é@:%Z)E:b
RHIFBBSE, Tk o TELERBESF~BBIL, CORELE EHFBBSE5.
ZFDW, SEIOHT—F Tk, ETHHIRE (Figh.9 Starting Motion) 7>6FF Y 2
R ICBI Icoh, HEBHIHFICEE, Zhicko TELLATHICBEIL, HBRHITE
TYVERELLBIEHBDHI LT BFRIFMTHHAHRNIHE X150, KIERD O BE
NniEHd 5 (Figh.9 MotionD). HLB X HLIZHIF~BEL, KON TET Y 25| %, Fx
BAFEIRR L 2o kI, BOPREO LG ICHET S (Figh.9 MotionD) . Z D,
FTYEFANIEIK 0ERH, IHITENEERET LR Fx B 0INI2# x5 LB %
b5 (Figh.9 End Motion). O DR LY, Fx b ﬁ)éfifg‘i@iib@i’]ﬁ:}"?ﬁﬂé
ns.

7, SREFMEHHON Fy it, Fx 8B T 51co0, BPLTW5S. Zhil, FT
D EFHITHD x DADFRICEI &, HOM & AEHE FHE OFEH»S FaiHMICED
378, REFREOARED L Fy BB T3LExbNS. £z, Fyid, 2.5[HbE
ETHEMLTWA. 2L, STFCELBRBEITLIZ LIZE-T, FFVE2METRXIC
HURTERL BB EEXLND. FziX, x DADKHHETHSFEHHEICEI L1
L, x DEQHEICHT EBWoTWS. ZHIZFET V%3 L &3 hoFmicEl %,
FTEXEFFETOVRICEIIPBE I LTABIDN S0 THS. LirL, Fz oFfkit
WANTHoT.

TDZE XY Fy & Fz 0EXERE(IL, Fx OEIZHES bOTHY, Fy, FzOE(KYD
Fx OE(LREETHB LEXbND.
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Fig5.9 Standing Up Motion with Power Assistance Type Handrail

RIZ, PN F—2TiX, FighThbo»a L9512 Mx X Fy LRICIZIEEE LY,
My iX Fx OB B HIc L b0 LIZIERCEB L 2otz ,

NY =T VA MAFT Y OEMFOAHFEE LT, 6 @D M-I v 2AWORF
TOBRKTHY, BERERTIRVEDTHS. MY ERATHLVIZ LI, 5
DOMb A EERMTE 5. Figh10 KABMboBEOFET Y & MLy ¥ 27T
HEMZ DO, EFFBEEE FHTHALOAETHAOTHEIERDS L L, Fic
FEENCHEMZXSD. ZOEHE, MxiZFy & Fz IZBEFRTA bV THAD, Fzit b
NI YDRAEIEEKRFEOMBICH BT, M7 ORECITE A LERRL, -
FFY L ML OEMII—EDED, Mx it Fy LISER KK E RS, £/, My
i, Fx L Fz iICk DM BN L2 THER, HF—FhbHEABNIL I, Fzix
WADHTHY, FEFTVE MI LY OEBI—EDRD, My ix Fz 2M8M7T 5
LEIIHD, Fy OFERFICLEbOLIEEAPRALEREEL TR,

ZZT, MzD MAZIZONWTEZD. MzIiXFx & Fy IR 5% bv7 THBH, Fx
M2 RS LIS ATERBICH 570, Mz ik Fy OMba Bz L VAT S +
N7 LB, Tikbb, Fy ORETHREDARABET Y OXEL Y FHchs L &I
Mz ZIEL 72V, ZRXVEFTHAAH BRI Mz XA L 25,
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Figh.7T &V Mz 13tRh4 IZ K& <2, Fx MAFMITHERKRE LY FRIFMICE T 2 5K
TBIWERZ, UL Mz bk ER-oTWS. 2L T, 0% Mz IZ&A#ITHEA L, 0[N]
UTERVFENRHFERLTNE., FERHERTHLVH Z L1, Figh 10 IZRENB LD
i, SNE T X DA Fy READFRTH 5 FyDhbXADETHED Fy@n (s
KEDo7ZEW) ZEThD. Tk, FTYSRHCBEIL, FRSaRICR 72z
T, KOBFOMAY O MLy ZRIB L, REEERESDENE TRLETV Mz 5K
ok tEXLND. TO%, BIELBERICELNEORS & RY, HEIFHELT
BCD LB X5 RIS L R BT LT, T4 0 OEMICHNMD S Mz 35 0INIBL
T&hrofz. VI EFMLICESROET VE Figh.11 1273, ozt kv, b
A1t Mz &V ELBBOHRNTE 2L E2 b5, ST Fx 2 0INIBAE & 725 728
CREMAET L. Zhid, BAFROBIAET LZEExbh, EEFRO Mz &
Fx X VRIMET LR+ 0 OMBENHITETHD LEIONS.

Fig5.10 Force and Torque to Load on Handrail
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Body Motion

el I

'V Force (Fy)
I Force (Fy) with Elb0v+ with Hand
Standing Up Motion Center of gravity is forward of the body. '

Fig5.11 Torque in Standing Up

Wi B U SR ORI & (N) DB A L BEE# S (DDA D H7—4 % Figh.121<
%, Figh12 XV TFEIEL 5L Fy BRfMICHD LEFRO Fx BKRE&L 257
—HBRONE. ZhUE, EISELTRET Y BELS Rok D FRIEOARBS L, KT
PMEL oo le O h BN D EXITE Y KEBRATET VRV LEEZLNS. A
HEE2 I E 1L, FREMBGNZRE D 2 EREICRAE X S I TV B DT,
ERETIE, AU Fx OKE SR VAECRNITEESSH DS, BEE TIIHTO
BEMEL RV BELEAMFCBBHT0RD LESL 2ot £ N5 HO0, EBER
OPICELABEFICBE D ERE & T, ELDBHOBRWARLICLY RESERHD EE
zbhb. a i -

CE i, BT OBEDBEWNICE DT —F O/F — TR E RV o T, BulSF
— L DENCH LT HFET Y OHF—F hBIERE REVER SNRM o 7. B —
Y CHMOT—F LRILE DT —F Lo T .
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120 —Fx

-40

: 3
Time [s] Time [s]

Fig5.12 Height (N) (Left) and Height (L) (Right)

5.3.3 BffitT—AL b

bOFFEOEERS (L), BUERY—2 B OFTVITMb3 A7 —4 % Figh.13 1T
. ZLT, ZOMOFROBBEE, BB, REMOMEET A % Figh14 1R
Bffie— A2 FOIEE, KBS, MBS RS, RESCIERE L, AL, IRBIE,
BT, R, REESCEEELTS. hF—F 2 bk 22T, Fx AFRREA L
7Y, FTOVERERKOHTINTWEZ LBSND. FOR, IHIEFEMICEEET—2 b
Tit, MR CREEEME— A, BESHHET A PRRERER->TVS. ZLT,
ZOHLREFHOERBE—AY PRKES RoTWA. T, BELEZEIFICBE LI-&E
DEEE D DB, BN Z21TOBICKESESET— A2 b EBESiBET— A bEREL
FIAL, BELSRMEFCBE LFCEKERY, EHFRA~OELBHORE, ZEHD
ERE—XAY PEREFEVRMEZITIEDTHY, TXTOTF—FIZBVWTIDLI R
ERBR O, ZoZE XY, FESHCREST—2 VN, BESHTIIBRE—2AF,
BHESTIIERE—A LV FE2REEI B0 5.
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Torque [N*m]

150 (

Torque [N=m]

-150

Time [s]

Fig5.13 Result of Force

~Hip Joint —Hip Join’f
=—Knee Joint 60 r ==Knee Joint
e Ankle Joint == Ankle Joint

4 Y, ~
%gﬁu.w‘ P gt

Torque [N*m]

_60 1 1
1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time [s] Time [s]
(a)Left Foot (b)Right Foot

Fig5.14 Joint Moment

WIZ, BEENRY - TCOFEFHET— AL MTOWTEX D, FEFST—AL MI, v—
JEDOFHEMDI L L T5. AROEM, EEET—A2 h% Table5.1, Figh.15, /&,
HTEE— A M% Table5.2, Figh.16 |Z5RL, ERDOEH, EEE—A2 h% Tableb.3,
Figh.17, fHf&, #HMEE—AY % Table5.4, Figh.18 IZR¥. 7L, ‘¥ — E T,
FEBRP, KERTHICH Y TEESLLIZ WD F —2 A~F—2 D LRITFEBR NS
—v & L7, 728, Table DFEIMNOME sd IIEHREL T 5.

96



20 |

Joint Moment [N+m]
]

Table5.1 Flexion, Plantar Flexion Joint Moment (RightFoot)
(a)Chair Height N

Joint Moment N*m

Trajectory Pattern

Hip Joint Knee Joint Ankle Joint
PatternA 46.81 (sd 10.14) 10.35(sd 5.79) | 32.07 (sd 6.13)
PatternB 46.45 (sd 13.84) 10.95 (sd 6.82) 32.02 (sd 4.59)
PatternC 47.04 (sd 17.32) 9.61 (sd 7.32) 35.75 (sd 25.27)
PatternD 47.79 (sd 21.63) 11.12 (sd 6.52) 27.77 (sd 5.78)
Straight 53.92 (sd 20.12) 16.23 (sd 11.42) 39.19 (sd 15.00)

(b)Chair

Height L

Joint Moment N*m

Trajectory Pattern

Hip Joint Knee J oint Ankle Joint
PatternA 49.86 (sd 15.01) | 14.40 (sd 7.64) 36.03 (sd 7.53)
PatternB 52.68 (sd 16.29) | 16.07 (sd 13.85) 42.13 (sd 20.42)
PatternC 50.87 (sd 13.24) | 10.88 (sd 5.79) 28.37 (sd 6.10)
PatternD 50.29 (sd 14.42) | 15.03 (sd 7.34) 36.82 (sd 14.61)
Straight 52.85 (sd 16.36) | 18.11 (sd 11.46) 45.56 (sd 13.14)

Knee Joint

Hip Joint

(a)Chair Height N

Ankle Joint

60
E 50
PatternA ;
H PatternB z,' 40
OPatternG} 2 30 |
O PatternD | 2 20
B Straight E
(2]
= 10

[=]

Hip Joint

Knee Joint

(b)Chair Height L
Figh.15 Flexion, Plantar Flexion Joint Moment (Right Foot)
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Ankle Joint




Joint Moment [N*m]
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Table5.2 Extension, Dorsal Flexion Joint Moment (Right Foot)
(a)Chair Height N

Trajectory Pattern

Joint Moment N*m

Hip Joint Knee Joint Ankle Joint

PatternA 5.29 (sd 5.04) 38.44 (sd 5.83) 4.19 (sd 3.99)

PatternB 5.13 (sd 5.73) 38.58 (sd 4.51) 4.32 (sd 4.17)

PatternC 4.49 (sd 13.06) 37.56 (sd 9.03) 3.62 (sd 8.47)

PatternD 4.99 (sd 6.01) 38.31 (sd 5.58) 3.03 (sd 4.67)

Straight 2.31 (sd 3.33) 37.47 (sd 6.09) 3.10 (sd 4.85)
(b)Chair Height L

Trajectory Pattern

Joint Moment N*m

Hip Joint Knee Joint Ankle Joint
PatternA ~ 32.84 (sd 4.03) 9.86 (sd 5.85) 31.42 (sd 3.92)
PatternB 34.78 (sd 4.67) 13.92 (sd 6.12) 33.07 (sd 5.98)
PatternC 38.33 (sd 4.25) 12.91 (sd 5.50) 27.24 (sd 3.78)
PatternD 35.50 (sd 4.72) 10.42 (sd 5.47) 26.94 (sd 3.94)
Straight 41.78 (sd 5.36) 15.25 (sd 4.27) 47.69 (sd 5.48)

Knee Joint

Hip Joint

(a) Chair Height N

PatternA
N PatternB
0 PatternC
B PatternD
n Sfraight

Ankle Joint

P
o

PatternA
M PatternB
O PatternC
PatternD
B Straight

©w
o

[
o

Joint Moment [N+m]

(=]

o

Hip Joint Knee Joint  Ankle Joint

(b) Chair Height L

Figh.16 Extension, Dorsal Flexion Joint Moment (Right Foot)
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Joint Moment [N-m]
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Table5.3 Flexion, Planter Flexion Joint Moment (Left Foot)
(a)Chair Height N |

Trajectory Pattern

Joint Moment N-m

Hip Joint Knee Joint Ankle Joint
PatternA 32.84 (sd 14.82) 9.86 (sd 4.05) 31.42 (sd 1.21)
PatternB 34.78 (sd 15.91) 13.92 (sd 6.74) 33.07 (sd 8.00)
PatternC 38.33 (sd 14.15) 12.91 (sd 5.19) 27.24 (sd 13.41)
PatternD 35.50 (sd 15.63) 10.42 (sd 4.37) 26.94 (sd 5.85)
Straight 41.78 (sd 17.30) 15.25 (sd 8.90) 47.69 (sd 17.22)

(b)Chair Height L

Trajectory Pattern

Joint Moment N-m

Hip Joint Knee Joint Ankle Joint
PatternA 35.22 (sd 14.15) 15.56 (sd 8.31) 39.10 (sd 13.80)
PatternB 39.94 (sd 14.37) 15.87 (sd 10.84) 39.59 (sd 10.86)
PatternC 34.80 (sd 10.35) 12.01 (sd 4.84) 28.51 (sd 9.71)
PatternD 37.28 (sd 11.90) 13.33 (sd 6.13) 34.76 (sd 7.89)
Straight 49.43 (sd 15.79) 13.04 (sd 9.38) 48.33 (sd 18.52)

Hip Joint

(a) Chair Height N

PatternA
W PatternB
O PatternC
B PatternD
W Straight

Knee Joint Ankle Joint
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Hip Joint Knee Joint  Ankle Joint

(b) Chair Height L
Fig5.17 Flexion, Plantar Flexion Joint Moment (Left Foot)

PatternA
B PatternB
O PatternC
O PatternD
B Straight




Table5.4 Extension, Dorsal Flexion Joint Moment (Left Foot)
(a)Chair Height N

Trajectory Pattern

Joint Moment N-m

Hip Joint Knee Joint Ankle Joint
PatternA 10.69 (sd 4.52) 36.43 (sd 8.76) 6.94 (sd 7.04)
PatternB 14.52 (sd 2.95) 36.09 (sd 11.01) 5.37 (sd 2.02)
PatternC 9.45 (sd 5.16) 32.40 (sd 10.88) 4.74 (sd 3.61)
PatternD 10.36 (sd 5.66) 32.64 (sd 9.67) 2.24 (sd 3.25)
Straight 9.07 (sd 4.43) 39.26(sd 7.41) 4.47 (sd 2.40)
(b)Chair Height L
Trajectory Pattern Joint Moment N-m

Hip Joint Knee Joint Ankle Joint

PatternA 10.17 (sd 5.34) 38.59 (sd 5.79) 6.16 (sd 2.75)
PatternB 8.49 (sd 7.26) 39.51 (sd 8.97) 4.11 (sd 3.18)
PatternC 8.96 (sd 5.43) 41.55 (sd 8.55) 5.63 (sd 4.35)
PatternD 8.04 (sd 5.84) 38.86 (sd 8.55) 4.87 (sd 4.53)
Straight 11.66 (sd 9.25) 41.65 (sd 7.19) 2.45 (sd 2.54)

o
(=]

[\ W 5
o (=] o

Joint Moment [N-m]

—_
o

50 (
40 |
PatternA E. PatternA
M PatternB 2 30 M PatternB
O PatternC g O PatternC
O PatternD = 20 PatternD
B Straight '§ M Straight
210
0

Hip Joint

Knee Joint Ankle Joint

Hip Joint Knee Joint Ankle Joint

Fig5.18 Extension, Dorsal Flexion Joint Moment (Left Foot)
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Ik, FRHT & REEE L ORIBEDR, REBO A% Y IRERE~OHEOR
MNEEMET D, TORD, FTVBEORE, FT0ITMb3sh, o ORI
ETFREICMb 3 BEHE— A > FERER, M 5.

6.2 EBRFE ~ ~
TEREIL, N—Fr Y UREBH AN ERE 8LBMEs 4, k3R LETD. Fik,
B ETE % Table6.1 |2~

Table 6.1 Subject Information
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Subject2 % BRHTERAL, @ L CRIIEZITY Z PR
Subject3 5 #Eh7e LCAMT, SLH EMY 23ATRE
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Fig6.1 Result of Force (Parkinson's Disease Subject 2)

g 10 |

Force

Time {s]

- Fig6.2 Result of Force (Person in Normal Health)
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RICET Y E2BWTELBEZIToTWVEA, RX—F Y UHRETIIEEE X VML
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Thsd. LrL, BnWIA I VT TOREIIMETIIEOELIEFIZE>TWHDT, K
OBELERFICESLELH 5720, EMNBBETIMENLRIFFR~BE8 L2235 E
FRI~DT A FHIT) HRHERNETHDLEIOND. £z, BEOBRRHBEF~B
B LEYMIZIEET LRI, FTVIRII~BEE T LAROERBETRNEEXD
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6.3.2 BficE— A b

BEENRY— EFTOVRFELTND L EOFEHE—AY MOV TE XS, BT
— AV NORERT — & OBITREFERE LR L oo,

K, BEHE—AL POV —7HIC X 5FHMEEZITY. SBEFT—A L MNIY—JfEE L
STEHEBMBbDE L, AROEM, EEET—A b% Table6.2, Fig6.3, R, i5/&
F—A Y h% Table6.3, Fig6.4 IR L, ZER DR, EEE— A > h% Table6.4, Fig6.5,
g, HHEE—A > k% Table6.5, Figb.6 2573, 7235, Table DIFEIMHIDME sd IHEHER
ZLT3.
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Table6.2 Flexion, Plantar Flexion Moment (Right Foot)

Hip Joint Knee Joint Ankle Joint
NoOperation | 34.16 (sd 13.96) 3.73 (sd 2.40) 14.85 (sd 10.32)
PatternA 34.85 (sd 12.70) 6.17 (sd 4.07) 20.06 (sd 5.38)
Straight | 35.43 (sd 13.46) 8.07 (sd 9.22) 16.36 (sd 8.42)
40

Joint Moment [N=m]

Hip Joint

Knee Joint

Ankle Joint

NoOperation
H PatternA
O Straight

Fig6.3 Flexion, Plantar Flexion Moment (Right Foot)

Table6.3 Extension, Dorsal Flexion Moment (Right Foot)

Hip dJoint

Knee Joint

Ankle Joint

NoOperation
PatternA
Straight

7.22 (sd 4.27)
7.59 (sd 5.42)
3.46 (sd 5.00)

24.99 (sd 11.28)
20.69 (sd 10.15)
20.83 (sd 12.01)

4.33 (sd 3.56)
3.14 (sd 2.39)
2.12 (sd 3.24)
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Joint Moment [N-m]

5 -

20

15 |

10

0

Hip Joint

Knee Joint

Ankle Joint -

E NoOperation
W PatternA
[ Straight

Fig6.4 Extension, Dorsal Flexion Momentv(Right Foot)

Table6.4 Flexioriz, Plantar Flexion Moment (Left Foot)

Hip Joint ‘Knee Joint Ankle Joint
NoOperation | 28.24 (sd 19.02) | 9.27(sd8.11) | 16.63 (sd 9.97)
PatternA 29.58 (sd 12.19) 11.72 (sd 5.25) 21.4 (sd 9.22)
Straight 27.07 (sd 9.51) | 8.97(sd 4.56) 27.5 (sd 10.52)
40 [
35
£ 30
TZé 25 B NoOperation
§ 20 M PatternA
% 15 O Straight
._CE;

o o

Hip Joint

Knee Joint

Ankle Joint

Fig6.5 Flexion, Plantar Flexion Moment (Left Foot)
Table6.5 Extension, Dorsal Flexion Moment (Left Foot)

Hip Joint

Knee dJoint

Ankle Joint

NoOperation
PatternA
Straight

9.20 (sd 6.06)
6.39 (sd 5.61)
3.15 (sd 10.36)

29.45 (sd 13.15)
40.12 (sd 8.37)
43.83 (sd 10.40)

2.97 (sd 1.91)
1.00 (sd 5.33)
1.86 (sd 3.35)
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NoOperation
B PatternA
03 Straight

Hip Joint Knee Joint  Ankle Joint

Fig6.6 Extension, Dorsal Flexion Moment (Left Foot)
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rDefault Position (710mm from grand) ]

‘

fo > -10[N] I ::> Trigger Value

:> Velocity Set

A

li?»é.sic Trajectory Set l

Motion Start

|:> Change 1

|:> Change 2

L Correct Trajectory (Straight) I

»

l Up Straight Motion Start J Parameterl : Fx Differential Threshold
Parameter2 : Torque Threshold
Pos-X : X-Axis Current Position

Fig7.1 Basic Corrected Trajectory Algorism
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End Point End Point
870  fromtemmmmmememmesemeeeeeeeeeeeees O -

’

Change 1

[¢— Input Changel Area
P Heavy line-----Basic trajectory (=PatternA)

“Thin line-------- Corrected Trajectory

Fig7.2 Basic Corrected Trajectory
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(Bezier Control Point)
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. Bezier Control Point
Ratio 2 (End Point)

Ratio 4

Bezier Control Point
(Ratio 4)
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Lifting Angle

~Tragjectoryl
1“\}?\_ Ratio 8-
.t - 10
(Bezier Control Point)
Bezier Control Point Bezier Control Point

(Starting Point) (Ratio 4)

Fig7.3 Lifting Trajectory (Trajectory2)
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Force [N]
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Table8.2 Flexion, Plantar Flexion Joint Moment (RightFoot)
(a)Joint Moment Including Individual Program

Trajectory Pattern

Hip Joint N*m

Knee Joint N*m

Ankle Joint N*m

Straight with Reaction Force

Before

Basic Correction 30°(Ratio0)

Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

Individual Program

After

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

49.60 (sd 21.28)
49.08 (sd 25.00)
47.65 (sd 19.34)
43.74 (sd 23.71)
55.25 (sd 21.96)
55.47 (sd 21.58)
46.71 (sd 17.96)
52.87 (sd 17.84)
57.33 (sd 23.87)
69.08 (sd 14.31)
47.46 (sd 17.84)
58.43 (sd 23.35)

9.41 (sd 5.25)
7.31 (sd 2.70)
7.15 (sd 2.01)
9.45 (sd 1.77)
7.31 (sd 5.33)
7.63 (sd 2.23)
7.48 (sd 2.77)
7.55 (sd 1.75)
8.62 (sd 1.08)
9.10 (sd 2.13)
7.56 (sd 4.23)
6.74 (sd 1.53)

21.93 (sd 11.46)
26.16 (sd 9.58)
22.28 (sd 5.73)
22.15 (sd 5.76)
22.24 (sd 11.25)
23.14 (sd 12.53)
21.42 (sd 7.30)
25.84 (sd 10.98)
22.46 (sd 7.36)
27.72 (sd 15.54)
27.99 (sd 17.64)
22.16 (sd 15.71)

- (b) Joint Moment in for Trajectory Pattern

Hip Joint N°m Knee Joint N*m  Ankle Joint N*m

Trajectory Pattern
Straight with Reaction Force | 49.60 (sd 21.28)
Basic Correction 30°(Ratio0) | 50.59 (sd 22.49)

Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

51.52 (sd 21.79)
56.41 (sd 23.32)
51.35 (sd 20.38)
57.11 (sd 22.63)

9.41 (sd 5.25)
7.41 (sd 2.37))
7.74 (sd 1.85)
9.27 (sd 1.97)
7.44 (sd 4.81)

21.93 (sd 11.46)
26.03 (sd 10.16)
22.35 (sd 6.43)
24.93 (sd 12.05)
25.11 (sd 15.07)

7.14 (sd 1.93) 22.60 (sd 14.39)

60 r

()]
o

H
o

Joint Moment [N*m]
) )
S &

[y
o

Hip Joint

Knee Joint

Straight with Reaction
Force

H Basic Correction 30°
(Ratio0)

0 Basic Correction 60°
(Ratio0)

[ Basic Correction 60°

" (Ratio2)

B Basic Correction 60°
(Ratio4)

B Basic Correction 60°
(Ratio8)

Ankle Joint

Fig 8.3 Flexion, Plantar Flexion Joint Moment (RightFoot)
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Table8.3 Extension, Dorsal Flexion Joint Moment (Right Foot)

(a)Joint Moment Including Individual Program

Trajectory Pattern

Hip Joint

Knee Joint

Ankle Joint

Straight with Reaction Force

Before

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60° (Ratio8)

Individual Program

After

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

7.87 (sd 3.19)
8.32 (sd 3.11)
4.65 (sd 2.39)
6.68 (sd 3.72)
5.66 (sd 3.51)
4.83 (sd'6.12)
8.46 (sd 4.14)
10.24 (sd 4.28)
9.96 (sd 4.44)
6.54 (sd 3.36)
8.64 (sd 2.92)
6.12 (sd 1.06)

23.78 (sd 12.31)
23.74 (sd 13.99)
31.07 (sd 12.59)
25.36 (sd 15.90)
25.46 (sd 16.75)
24.68 (sd 12.22)
31.79 (sd 12.36)
32.90 (sd 20.43)
26.18 (sd 13.88)
29.70 (sd 15.35)
29.66 (sd 16.84)
28.39 (sd 13.47)

0.09 (sd 2.64)
0.30 (sd 1.84)
1.31 (sd 2.80)
0.68 (sd 2.28)
0.97 (sd 1.87)
0.65 (sd 1.65)
0.64 (sd 2.98)
1.37 (sd 1.97)
0.79 (sd 1.36)
1.29 (sd 2.01)
0.28 (sd 1.97)
1.43 (sd 2.13)

(b) Joint Moment in for Trajectory Pattern

Trajectory Pattern

Hip Joint

Knee Joint

Ankle Joint

Straight with Reaction Force
Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

7.37 (sd 8.19)
9.09 (sd 3.74)
6.77 (sd 4.25)

" 6.61 (sd 3.55)

7.15 (sd 3.56)
5.55 (sd 4.20)

23.78 (sd 12.31)
27.40 (sd 17.45)
29.12 (sd 13.34)
27.53 (sd 15.78)
27.56 (sd 16.92)
26.74 (sd 13.06)

0.09 (sd 2.64)
0.37 (sd 2.07)
0.47 (sd 2.55)
0.99 (sd 2.17)
0.34 (sd 2.02)
1.09 (sd 1.97)

40

w
o

Joint Moment [N*m]
N
S

10

Hip Joint

Knee Joint

Ankle Joint

Straight with Reaction

Force

B Basic Correction 30°

(Ratio0)

01 Basic Correction 60°

(Ratio0)

[ Basic Correction 60°

(Ratio2)

M Basic Correction 60°

(Ratiod)

Basic Correction 60°

(Ratio8)

Fig8.4 Extension, Dorsal Flexion Joint Moment (Right Foot)
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Table8.4 Flexion, Plantar Flexion Joint Moment (Left Foot)
(a)Joint Moment Including Individual Program

Trajectory Pattern

Hip Joint

Knee Joint

Ankle Joint

Straight with Reaction Force

Before

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60° (Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

Individual Program

After

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60° (Ratio8)

33.38 (sd 20.15)
30.06 (sd 22.20)
33.13 (sd 24.93)
29.06 (sd 19.89)
34.73 (sd 14.60)
39.94 (sd 12.17)
35.27 (sd 17.81)
30.80 (sd 18.77)
24.45 (sd 13.31)
34.20 (sd 18.80)
31.94 (sd 18.96)

15.81 (sd 7.56)
11.85 (sd 2.93)
13.37 (sd 3.98)
9.23 (sd 7.01)

10.89 (sd 6.03)
16.19 (sd 7.09)
14.56 (sd 7.02)
6.99 (sd 5.35)

11.62 (sd 3.88)
10.69 (sd 4.52)
11.30 (sd 2.37)

32.55 (sd 16.00)
21.10 (sd 8.31)
26.37 (sd 4.62)
25.75 (sd 12.66)
22.01 (sd 9.31)
26.31 (sd 7.14)
28.10 (sd 9.16)
22.91 (sd 7.25)
16.80 (sd 6.30)
24.66 (sd 12.51)
23.13 (sd 9.13)

(b) Joint Moment in for Trajectory Pattern

Trajectory Pattern Hip Joint Knee Joint Ankle Joint
Basic Correction 30°(Ratio0) | 34.46 (sd 18.87) 15.10(sd 7.28)  30.01 (sd 12.75)
Basic Correction 60°(Ratio0) | 30.39 (sd 20.75)  9.69 (sd 4.83) 21.90 (sd 7.91)
Basic Correction 60°(Ratio2) | 27.71(sd 19.01) 12.28 (sd 4.01)  20.39 (sd 7.37)
Basic Correction 60°(Ratio4) | 31.92 (sd 19.46) 10.04 (sd 5.81)  25.15 (sd 12.59)
Basic Correction 60°(Ratio8) | 33.34 (sd 16.98) 11.09 (sd 4.59)  22.57 (sd 9.24)

40

[
o

Joint Moment [N+m]
N
(o]

10

Hip Joint

Knee Joint

Ankle Joint

Basic Correction 30°

(Ratio0)

B Basic Correction 60°

(Ratio0)

[l Basic Correction 60°

(Ratio2)

Basic Correction 60°

(Ratio4)

W Basic Correction 60°

(Ratio8)

Fig8.5 Flexion, Plantar Flexion Joint Moment (Left Foot)
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Table8.5Extension, Dorsal Flexion Joint Moment (Left Foot)
(a)Joint Moment Including Individual Program

Trajectory Pattern Hip Joint Knee Joint Ankle Joint

- Straight with Reaction Force 10.46 (sd 4.43) 52.34 (sd 33.00) 0.84 (sd 2.40)
Basic Correction 30°(Ratio0) 21.44 (sd 12.41)  26.32(sd 9.64)  0.32 (sd 1.41)

Basic Correction 60°(Ratio0) 4.87 (sd 2.71) 25.28 (sd 5.86)  0.91 (sd 1.75)

Before Basic Correction 60°(Ratio2) 13.40(sd 3.71)  37.66 (sd 21.38)  0.59 (sd 1.03)
Basic Correction 60°(Ratio4) 10.73 (sd 9.08) 32.37(sd 8.11)  0.38 (sd 1.54)

Basic Correction 60°(Ratio8) 10.75 (sd 6.97)  23.70 (sd 5.01)  0.51 (sd 2.25)

Individual Program 18.76 (sd 18.92)  25.93 (sd 13.01)  1.15 (sd 3.82)

Basic Correction 30°(Ratio0) 8.14 (sd 15.24)  24.88(sd 5.08)  1.61 (sd 1.49)

Basic Correction 60°(Ratio0) 9.66 (sd 10.02)  29.10 (sd 18.47)  0.58 (sd 1.96)

After Basic Correction 60°(Ratio2) 8.52 (sd 4.39) 25.37 (sd 6.88)  1.39 (sd 2.28)

Basic Correction 60° (Ratio4)
Basic Correction 60°(Ratio8)

9.10 (sd 7.26)
8.98 (sd 11.05)

22.68 (sd 4.38)
27.06 (sd 12.63)

3.38 (sd 6.32)
0.88 (sd 1.77)

(b) Joint Moment in for Trajectory Pattern

Trajectory Pattern

Hip Joint

Knee Joint

Ankle Joint

Basic Correction 30°(Ratio0)
Basic Correction 60°(Ratio0)
Basic Correction 60°(Ratio2)
Basic Correction 60°(Ratio4)
Basic Correction 60°(Ratio8)

13.84 (sd 15.56)

7.00 (sd 7.37)
10.61 (sd 4.77)
9.83 (sd 8.16)
9.74 (sd 9.56)

25.50 (sd 7.42)
26.98 (sd 10.17)
29.98 (sd 15.38)
26.99 (sd 7.94)
25.38 (sd 9.76)

1.05 (sd 1.59)
0.76 (sd 1.85)
1.09 (sd 1.95)
2.05 (sd 5.05)
0.19 (sd 2.14)

40 r
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o o
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Hip Joint

Knee Joint

Basic Correction 30°
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B Basic Correction 60°
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[ Basic Correction 60°

(Ratio4)

8 Basic Correction 60°

Ankle Joint

(Ratio8)

Fig8.6 Extension, Dorsal Flexion Joint Moment (Left Foot)
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