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Development of Multi-Fingered Exoskeleton Haptic Device
using Passive Force Feedback

Tatsuya Koyama'', Ikuo Yamano ', Kenjiro Takemura™, and Takashi Maeno
Abstract - A control methodology for master-slave systems using passive force feedback has
proposed by the authors. The methodology solves the conventional problems of previously
developed master-slave systems with force feedback, such as oscillations, complex structures
and complicated control algorithm. In the present paper, a multi-fingered exoskeleton haptic
device (master hand) with passive force feedback function is developed. First, the exoskeleton
master hand with three fingers (12 degrees of freedom) is designed and produced. Each finger of
the master hand consists of a link mechanism with elastic-shaft joints and clutches. The master
hand makes fingertip positions and angles of index finger, middle finger and thumb to be
measured using link mechanisms. Furthermore, it also enables passive force feedback to an
operator by the same link mechanism used for the geometric measurements. Then, a virtual
reality system of human hand is constructed using the master hand and the control methodology.
Using the system, sensory evaluations are conducted to confirm the usability of the developed
master hand and the possibility of the control methodology in virtual reality system. Virtual
reality system using the master hand and the methodology is constructed. As a result, the
subjects possibly recognize the stiffness of the objects in the virtual environment.
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Fig. 1 Conceptual figures of control systems
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Tablel switching of control

Non-contact period

Clutch Release Lock
Virtual Controlled to be Controlled to be
slave device 0= 6, T=k(61-61")

Force control

Control method Position control

Angle sensor

Elastic element &

Clutch

)T

02

Virtual slave arm

Master arm

N

Virtual object

(a) Haptic (Master) device (b) Virtual (Slave) device
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Figure 2: outline of proposed system
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Fig. 3 3-D geometrical model of the haptic device
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Fig. 4 Multi-fingered haptic device
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Fig. 5 2-D geometrical model of the haptic device
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Table 2 Length of /;-/, [mm]

part 11 12 13 14
index 105 70 6 21
middle 105 70 6 21
thumb 55 70 6 16
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Table 3 Coordinate values of each fingertip measurement point [mm]
@® @ © @ & ® O ®
X 0 0 0 0 -30 -30 30 30
Y 100 100 85 85 85 85 85 85
Z -30 -95 -30 -95 -30 -95 -30 -95

£ 4 FHROBEMEFHFEE [mm]

4 é Table 4 Error of each fingertip measurement at 8 points [mm]
O @ ' ® part @) @ ® @ ® ® @
X O @ @ @ index 3.05 2.24 1.89 289 6.00 505 607 5.08
o middle 1.19 2.00 2.65 1.70 4.06 398 137 433
thumb 216 205 182 2.08
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Fig. 6 8 measurement points

(a) Direction of torque and force

(b) friand 75

(c)fand 7
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Fig. 7 Outline of reaction force measurement
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Table 5 Maximum errors of reaction force measurement and &g

theoretical actual error O

force [N] force [N] [N] [deg]
index 2.45 2.65 0.20 21.45
middle 2.45 2.65 0.20 45.59
thumb 2.94 3.07 0.13  20.06
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Table 6 Results for sensory evaluations
(a) Comparison between subjects
Percentage of

Subjects rrect answers[ %]

1 89

2 100

3 93

4 71

5 100

6 86

7 89

8 89
Average 90

(b) Comparison between the difference of stiffness

Difference of Average of percentage

stiffness]N/mm]  of correct answers [%]
0.006 81
0.007 63
0.009 100
0.013 56
0.015 88
0.022 100
0.051 94
0.058 81
0.064 94
0.073 100
0.080 100
0.090 100
0.100 100
0.200 100
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