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Fig. 2.1 Experimental apparatus for the measurement of hand force and arm posture
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Fig. 2.2 Biofeedback display
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Fig. 2.3 Experimental condition for measuring arm posture
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Table 2.1 Experimental conditions for each of a male and a female subject

Male | Female
w [mm] 150
| [mm] 400 300
dq [mm] 50 25
d, [mm] 375 25
d 3 [mm] - 37.5
h 1 [mm] 220
h, [mm] 200
h 3 [mm] 150

Table 2.2 Physical parameters of the subjects

Sub.K Sub.F Sub.Y Sub.N
Height [cm] 177 171 172 155
Shoulder point fromthe 90 87 86 81
floor [cm]
Length betwgep shoulder 35 31 30 27
and elbow joints [cm]

Length t.)et\./vgen elbow and 24 25 23 20

wrist joints Jem]
Le_ngth betwgen wrist 8 8 9 8

joint and tip [cm]
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Fig. 2.7 Measurement of joint torque
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Fig. 2.8 Measurement of end-point torque
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Fig. 2.9 Hand force with shift operation (Subject 1)

(220 [mm] down from the shoulder point)
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Fig. 2.10 Hand force with shift operation (Subject 1)

(200 [mm] down from the shoulder point)
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Fig. 2.11 Hand force with shift operation (Subject 1)

(150 [mm] down from the shoulder point)

Fig. 2.12 Hand force with shift operation (Subject 2)

(220 [mm] down from the shoulder point)

24



Fig. 2.13 Hand force with shift operation (Subject 2)

(200 [mm] down from the shoulder point)
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Fig. 2.14 Hand force with shift operation (Subject 2)

(150 [mm] down from the shoulder point)
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Fig. 2.15 Overall view of hand force with shift operation
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(a) Experimental results (Subject A) (b) Experimental results (Subject B)

Fig. 2.16 Evaluation result of the steering wheel torque
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Fig. 2.17 Ankle joint torque
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Fig. 2.18 End-point forces by the toe according to the distance

between trochanter major and lateral malleolus
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Fig. 3.1 Link model of the upper extremity
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Fig. 3.2 Color markers for measuring arm posture
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Fig. 3.3 Examples of the force manipulability ellipses with human torque
characteristics (220 [mm] down from the shoulder point)
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(a) Manipulability hand forces along the y axis
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(b) Angles of the main axis of force ellipse from the y axis

Fig. 3.4 Characteristics of force manipulability ellipses
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Fig. 3.5 Changes of biologically-inspired manipulability ellipses during steering
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Fig. 3.6 Evaluation result of the steering wheel torque
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RBTNTOERANIE, HBREICERNE, AMRIZGEN NI L, BX
NI TA N —ETF o inz, ~NYUoRESICAVA 77— Rarytvo k

il ECERBREIT o2

Table 4.1 Location of the shift knob for each of Vehicle A and \ehicle B

Length between a shoulder point and
neutral position of shift nob

(the subscripts m and f denotes male
and female, respectively)

Vehicle A | Vehicle B

W, Wy [mm] 175,140 | 204,163
o, hy [mm] 185,185 | 252,252
Iy, Ie [mm] 475,380 | 441,353

H—Q

L;;ﬁ%ﬁ\
Shoulder point j‘?\
e

|

S /\ a Shoulder point

"

S
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Fig. 4.3 EMG measurements in each of vehicle A and vehicle B

Muscle activity

(1) Flexor carpi radialis
(2) Extensor carpi ulnaris
(3) Biceps brachii

(4) Triceps brachii
(5) Anterior deltoid
(6) Deltoid
(7) Posterior deltoid TR
(8) Pectoralis major (2)
(@) Vehicle A (b) Vehicle B

Fig. 4.4 Comparison of EMG measurements between vehicle A and vehicle B
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Fig. 4.5 Relationship between gearshift lever effort and operate time
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Fig. 4.6 Accelerator FS characteristics
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Fig. 4.7 Muscle activity in 3 shift position
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Handling test track, 1.0km/circle

Fig. 4.8 Schematic view of course

(2) Extensor carpi ulnaris

(4) Pronator teres

6(1) Flexor carpi radialis

(5) Biceps brachii «—> | (7) Posterior deltoid
(-
iy 2 . .
(3) Extensor digitorum (6) Anterior deltoid
N\
2

()

(8) Rectus

Fig. 4.9 Location of EMG electrodes
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A steering wheel
370mm in diameter

e Shoulder point

(c) Dimension of experimental apparatus

Fig. 4.10 Experimental apparatus
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Fig. 4.11 Evaluation of steering wheel operation in vehicle
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Fig. 4.12 EMG measurement in each of steering column angle
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Right side

opIS Yo
apIS o]

Right side

(a) Straight r;)ad (b) Clockwise steering wheeloperation

Fig. 4.13 Measurement of seat pressure distribution
with steering column angle 23 [deg.]

aris
(5) Biceps brachii

........

(6) Anterior deltoid

Fig. 4.14 Arm motion with a steering column angle 23 [deg.]
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Fig. 4.15 Evaluation of steering wheel operation in bench unit

69



EMG [mV] EMG [mV] [mV]

EMG [mV]

EMG [mV] EMG

EMG [mV]

O[deg.] -90[deg.] O[deg.]
> —P :<—>E

90[deg.]
= 90

0.10; . T © 010 0F 8L
0.05 — V) <3 = 005 / S 38
Urassuanney iy :/' w0 &3 u O-WM%%L——? 0o B3
-0.05 i 7 2 -0.05 — =
0.10 -90 23 -0.10 -90 ‘% 2
Steering column angle, 5.5 [deg.] ] 20 [deg.] <
010 WE o O 010 0T 3L
0.05 / & &3 2 005 /AR & 28
0 . . - 0 — 8 = 01 e " 0 @ =]
|\ ] @D 8 L Lk © (=)
-0.05 7 22 -0.05 22
-0.10 0 a3 -0.10 N/ 0 €3
10 [deg] =3 23 [deg.] ok
0.10 9028 QY o 0.10 920 2 8 @
0.05 & § g = 005 " [\ 1828
1~ = " e Q
005 // 2 S 005{ = ! 2
-0.10 90 S35 -0.10 90 S
15 [deg.] o 28 [deg.] @

L | | | 1

0 1.0 2.0 0 10 20

Time [sec.] Time [sec.]

0

1
0 1.0

(a) Extensor digitorum

HT el ol i G Ll D
[ ;NG L 7

15 [deg.]

Time [sec.]

9)bue ajesado
J9aym Buliears

3]6ue aresado

a)bue sjelado
19aym Bunieals [9aym Bulissls

EMG [mV]

EMG [mV]

EMG [mV]

0.05
0.03

-0.03
-0.05

0.05
0.03

-0.03
-0.05

0.05
0.03

-0.03
-0.05

(b) Extensor carpi ulnaris

£ i)
sttt T bttt Al
Lakind 1

o WU T L L

28 [deg.]
Il

0 1.0

Time [sec.]

a|bue ajesado
|9aym Buraals

a]bue ajelado

a]bue sjelado
[9aym Bul1esls  [ssym Bulisels

Fig. 4.16 Comparison of EMG measurement between extensor carpi ulnaris
and extensor digitorum
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(a) Straight road (b) Clock-wise steering
wheel operation

Fig. 4.17 Arm motion with steering column angle 5.5 [deg.]

(a) Straight road (b) Clock-wise steering
wheel operation

Fig. 4.18 Arm motion with steering column angle 23 [deg.]
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o)

Closed circuit,

4.3km/circle

&

Fig. 4.19 Schematic view of course

Table 4.2  Accelerator specification

Specification Vehicle A | Vehicle B
Width 60mm 40mm
Length 210mm 90mm
Accelerator :
Type Organ type | Hanging type
FS characteristic|, Max 44N Max 26N

Organ typ&%
Hanging type : >

Fig. 4.20 Accelerator types
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(1) Musculus tibialis suterior sutereior

(3) Musculus rectus femoris

(4) Musculus pectineus

(2) Musculus gastrocnemius

(@) Location of EMG electrodes

(i

U{ \\\\\\ \ ‘\\\\‘\\ |

(c) Measurement of Seat (d) Measurement of accelerator
pressure distribution surface pressure distribution

Fig. 4.21 Measurement of leg operation
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%, 77 BANEAVKRENHEFT RO AT, T E2 20, 12 B,
EAOKAEICEE SETREORE T 7 BN ZH A TR RE O fif F 4 FHH
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Ox
Load meter

Fig. 4.22 Measurement of foot weight

=t
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EfFlc ETEREZIT T

Endp

Vel
(@) View of test (b) Distance, d

Fig. 4.23 Measurement of end-point torque
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) @ AB pedal step over height

fazssszssssdsssfssafasnsnannnn

Fig. 4.24 Movement of foot on AB step over height

b : Distance between center of accelerator and HP

c : Distance between center of foot and brake pedal

- C

(a) Step on accelerator (b) Step on brake pedal

Fig. 4.25 Distance from center of foot to brake pedal in each Accelerator

Fig. 4.26  Angle of opening legs
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Fig. 4.27 EMG measurement in 50 km/h vehicle speed (Subject 1)
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ILeft Fleight Left ITight
€g leg leg leg i
5 dole 48 High

&

Right sole Seat cusion

(@) Vehicle A (b) Vehicle B

Fig. 4.28 Measurement of seat pressure distribution and sole

Right sole Seat cusion

A

(@) 25N (b) 15N
Accelerator effort

Fig. 4.29 Measurement of seat pressure distribution and sole by accelerator
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Fig. 4.30 Effort of foot weight at different ankle angle
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Fig. 4.31 Relationship among accelerator pedal efforts, stroke and foot weight

in vehicle A
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@ 30  FS characteristics of accelerator
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810 ! S =t—
< | Force of foot weight
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Fig. 4.32 Relationship among accelerator pedal efforts, stroke and foot weight
in vehicle B
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Fig. 4.33 Evaluation of clutch pedal operation
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Fig. 4.34 Clutch pedal FS characteristic
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Fig. 4.35 End-point forces by the toe according to the distance

between trochanter major and lateral malleolus
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Fig. 4.37 Motion of legs
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