$ 43 % BTH % # I £ ¥ W Vol. 43 No. 7

2022 47 H Chinese Journal of Scientific Instrument Jul. 2022

DOLI: 10. 19650/j. cnki. ¢jsi. J2209397

ETHR#EAEFHNFZEMA_HEIMEEN RS

M ORI ARVENEE MW, H A
(PRI MR KE AR FaT 211106)

W OE e TR T 'ﬁ)ﬁﬂ%ﬁilrﬂéﬁmmn EURREREAC B, A 0HE = T M 4000 5 45 I P R 0 1Y) S JRk | IR I
PEAERCR R AN T R F AR IR 530N AR SCSEIE T —Fop B 36 F i i F il 9 2 b R 4 i R g h —
Y15 SRR R s A FE 9&"%&5@1«@3@& AT E AL S B A i, 25T ANSYS HBRITAHT B T
F G SRR B RN K RE R 1 B RS, AR AR HE R RE DRI 52 Fa G 0 5 i T 7 SRR RGO B B Ik FR AR LRGSR
BRI G R  TE B LR B, R T TR AR AR S (Y A ) ol T e AR O i, RS R SR
R SERN_F  FFR T 1E 0 b (E B SR ST 30 A0 = 4 iR S AR B SE 5, STl SR, b =2k K 40U R i R 500 S 58 i 2h 3R
S3K 85. 7% N T1. 4% 8 RLIEVE T A< SCRT T H 1 fil 5 P30 0 2k (7 45501k

KBRS T A T R G s AR A B R s A BR T EAr AT

HE4FES ., TP246.2 THI32 XHEFRIRAS: A ERREZRSERE: 520.60

Non-contact two-dimensional haptic rendering system based
on electromagnetic force control

Lu Xiong,Sun Dong, Yan Yuxing,Chen Xiaoli, Huang Xiaomei

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Being a cutting-edge technique and hot topic in human-computer interaction, the haptic rendering provides bidirectional
information and energy communication between human operators and the virtual environment ( VE) , which effectively enhances the
level of reality and immersion and operating efficiency of virtual reality applications. This article proposes a novel two-dimensional
(2D) haptic interface through electromagnetic force control, which consists of the two-dimensional background electromagnetic field
generation and control module, fingertip-mounted permanent magnet, position tracking module, and central control module. The
optimized parameter configuration for the electromagnetic coils and fingertip magnet is obtained with the ANSYS-based finite element
analysis, which further reveals the relationship between the electromagnetic force, the driving currents for the 2D background magnetic
field, and the position of the fingertip magnet. With the offline data for this relationship, a real-time interpolation-based force
generation method is proposed for this 2D haptic rendering. Based on the proposed haptic interface prototype system, several
experiments are carried out, including the force perception threshold experiment, and virtual object recognition experiment.
Experimental results verify the efficacy of the proposed 2D haptic interface with the success rates for the two virtual object recognition
experiments being 85. 7% and 71. 4% , respectively.

Keywords : haptic rendering; two-dimensional controllable magnetic field; non-contact interaction; electromagnetic force control; finite

element analysis
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Fig. 1 Electromagnet coil and permanent magnet models
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Fig.2 Block diagram of the two-dimensional haptu rendering

system based on electromagnetic force control
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Fig.3 Fingertip-mountal permanent magnet
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