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Tactile feedback technology based on ultrasonic phased array
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[ Abstract] With the continuous development of research in the field of human—computer interaction, the interactive approach has
expanded from the traditional visual and auditory approach to the tactile approach. Touch is one of the important ways for humans to
perceive information from the outside world. Non-contact tactile feedback can perform better in the AR/VR field, providing tactile
feedback for scene interaction in virtual reality. This paper proposes a method based on phased array technology to focus the
ultrasonic beam for simulating touch. Using Matlab to perform sound field simulation analysis of ultrasonic transducer, and designing
and developing a phased array ultrasonic transmission system based on DSP ( Digital Signal Processing) and FPGA ( Field
Programmable Gate Array) dual-core structure and carrying out experimental verification, this system completes phase calculation
through DSP, and realizes high—precision phase control through FPGA. The Matlab—based sound field analysis results are consistent
with the experimental results, and the prototype of the non-contact tactile feedback principle based on ultrasonic phased array is
completed. The final experimental results are consistent with the simulation results.
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Fig. 1 Examples of the geometry of phased array transducer

elements
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Fig. 2  Principle diagram of phase — controlled ultrasonic

focusing
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Fig. 3 The relationship between sound wave frequency
and energy loss rate when the plane distance is
100 mm
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Fig. 4 The influence of the number of array elements on

the focused sound field
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Fig. 5 The effect of the depth of focus on the focused
sound field

3 KBTS

3.1 REMEIERRINEERE

R T SIS R R R Al S s H Y A
A U R O R 7 D0 A S T AR AR B, A SR
T AN ST 75 R 4 R A 1 A A A = f s S
RY5, REUERIERINIE 6 R ARG Mk
WA REAR RS IX SRR T4 = A58

FEAN TP A B ) R =X i S 1 R
S TAEW AR . 1 e R S AR bR S GE o R 1
Kik4s DSP, HH DSP 58 B 3 45 BT i A% 0 B k1
AR SR A A ok T AR A 48 BB % T X L 4 A
fii, DSP T4 Al LA 35 465 Mhz, LLBH A5 FH A7 52 i
THE BRAE RS | S50 HER R PRIER B AR, 2R
Ja , KA AR B &R IR S B HL ) FPGA, KA
FPGA & 5 S5 oL Ry 3.3V T 48 RE 75 1) 9K

S A 24 V, T LIRS G R FPGA HR 45 H5 Wi 2]
FIFRNLAE B, BoRE S5 BE A O L 38 53
KR IERE 5 BOKIG |, iy 45 68 75 I i e e 1
51,

____________________________

B ar s —osP g e

|
A |
] B LB

B 6 BEEREEAIFEmH R R REAREN

Fig. 6 Overall architecture of the non—contact haptic feedback

of the ultrasonic phased array
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Fig. 7 Schematic diagram of a single power amplifier of the

amplifier circuit
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Fig. 8 Timing diagram of phase signal emitted by ultrasonic

phased array focusing
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Fig. 9 Schematic diagram of transducer array channel
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