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Abstract
A grounded haptic interface is used for the master of the conventional master-slave system, and this interface can
present external force by controlling the torque of each joint. However, having mechanical friction not only hinders
the operator’s precise operation, but also makes it difficult for the user to feel the presented external force because the
user always receives a frictional force. Furthermore, if the friction is large, it may be a cause of operator fatigue. On
the other hand, in the non-grounded haptic interface, the friction force can be zero because there is no contact with
the outside. However, there is a problem that external force can not be presented with an non-grounded device alone.
Therefore, the purpose of this study is the development of a non-grounded haptic interface that can present external
forces in all directions in a wide range. In order to achieve this, we propose a Noncontact Encounter-type Haptic
Interface using electromagnetic force. In the proposed system, a force sense is presented by the electromagnetic force
acting between a magnetic stylus and a coil array in which a plurality of coils are arranged concavely. In addition,
since the robot arm mounted with the coil array at the tip follows the stylus, the same maximum presentation force
can be output regardless of the position of the stylus within the movable range of the robot arm. One of the technical
elements required to construct the proposed system is to generate the desired remote force by coil current control. In
this report, we aimed at generating a remote force in a specified direction and magnitude on a stylus, manufactured an
apparatus, and conducted experiments. The experimental results show that the force can be generated in the specified

direction and magnitude, and the goal is achieved.
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Fig. 1 da Vinci (Intuitive Surgical Inc., 2019)

Fig. 2 3D Systems Touch (3D Systems Inc., 2019)
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(b) Control with Drone (Yamaguchi et al., 2016)
(a) Control with Manipulator (*F 1, 1996)

Fig. 3 Encounter-type Haptic Interface

Magnetic Stylus 4 3
/o L
Position Markers 4
.‘/Coil Array
Small Magnet IL—'- = l

(a) Air-jet type (Sodhi et al., 2013)  (b) Ultrasound type (Carter et al., 2013)  (c) Electromagnetic type (Tong et al., 2018)

Fig. 4 Haptic Interface using remote force
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(a) Concept image (b) System schematic

Fig. 5 Noncontact Encounter-type Haptic Interface
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Fig. 6 Drawing of Coil Array
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Fig. 7 Experimental apparatus for coil angle determination experiment

333 EBRAE

FEERFIIAF D@D &3 5.

1) IAVAE 0 ZEY iz, KX (10) &0 30 VAR 1(0) 251H T 5.

2) IAIVONLE - REDS, yHHEI D IZAHE 0, BEaH S DL 2725 X 512, Torobo Arm % HjH 9.

3) TAIVIZEMEDTE 0.18A D&EJRZIL, N Y OEZHKT 5.

4) AANAEEETLURDS, 1)~3) OBEEGEVIRT.

5) ZFMETOUEMD S B, |F| & |F| D/NSWEDOAE Ty T 5.
334 RERIER

FERFNE 1)~4) THE L 7232 Y OfEEK 8 (a) 1237 K 8(a) DEIAIVAE 6 IZHEWT, Min(|Fl,|F|)
70y MU T T 7 %K 8(0b) IZRT. 8(b) I A XA T AMIHDIEAII L, EAFIZHESRIEDN%
BHRLUTWS., DD, =35 128V Tx fAB LSz AR EE 018N DUl 2 i TEs 2 &
MR N5.

0.2
0.18
0.16
— 0.14
.,
a; 012
:; 0.1
€3
.\é/ 0.08 -
E 0.06 -
0.04 |-
0.02
10 1‘5 2‘0 2‘5 S‘U 3‘5 4‘0 4‘5 50 0 1‘0 1‘5 20 2‘5 3‘0 35 4‘0 45 5‘0
Coil Angle [deg] Coil Angle [deg]
(2) Fy. F. (b) Min(|F || Fz])

Fig. 8 Force in the case of 6,/

7/12



2019 FFE BT RETERY: T¥bE BWCR 2 LRrE VSR

TokvoTech

Fig. 9 Prototype Coil Arrya
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Fig. 10 Space that contains the vector of feedback force that can be provided
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Fig. 11 Experimental apparatus for presentation force control experiment
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