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The present invention provides a localization and haptic feedback system
based on time-reversal signal processing for touch panel. Firstly, the panel
model and impulse responses of an elastic panel are established according to the
plate theory, and then a mathematical model is established according to the
impulse responses and the time-reversal signal processing (TR). When an impact
force hits the elastic panel, the touch point on the elastic panel generates a touch
signal, and then received by at least a sensor at the corner of the elastic panel.
The touch signal is converted into a time-reversal signal according to the
mathematical model by a simulator. The time-reversal signal is reversed to the
touch point for simulating reversal vibration waves of the time-reversal signal
on the elastic panel, and located the location of the touch point.
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KB F A (transversal displacement) w(x,y,0)Z F 2 X, » TREP 3 NEB
PR 10 R BM-FARRE Z FIRBEA - o FA():
DViw+ phvo = 8(1)8(x - x)6(y — y,) (1)
H P &2 08k KRR (non-homogeneous term) §()6(x~x,)5(y - y,) & B4
Wi p AT TR 10 B A w AT @2 h A FE 10 2 EA -

(Xoyo) BB 4L D ABM PR 10 EM K EZ S HAM > w TFXQ):
ER’
o b= 12(1-0v?) )
HEF Efov 53 ARMETFIR 10 24 K48 (Young’s modulus) & & At
(Poissonratio) - X EFHMBZ ik L FXO3):
w(x,,0)=w(x,y,0)=0 3)

E T woto)REABKEFIR 10 A% RATHHEAMBZIAXLT

R :
o 4 . M . nRy . MAX, . A, .
w(x, y,t) = sin sin—=sin sin n(Q ¢
® (62:0) ;;anabhp a b a b i@, (4)
2 2
D|(mm nrx
£¥Q,, = E{[T) +(7) } ra~b PR ABMPIR 102Kk R ik

2R B FAREA o

TBR SI12 RFEPFAREREY —BHPFRZPFREVRKEGER » 35
HAF|HEPIR 10 R | BXREHEER > WP RERALAEA T RES
(Kirchoff plate theory) ; 4% % 46 % Bk S14 4| A 05 Bl R 85 22 o0 — 243

A (W FR(O6)) BRRE 12 A 2B AT R FN RIBAERS
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BRI BB ROIRE RN AL SEESI6 ¥ R BB ZAME -
$ B8 S12~S16 #ifido F

AR PHIERRBAEMKE > LEAX@)FL L ERINLME
I (Xo,yo) R B METAR 10 42 BB (xY)Z M ey kT B R 69 47 > R BLRIRR
EBMEFIR 10 L2 A A ), 1=1,2,..,L ¥ L ARRS 12288 A
T FA(S) ~ (6)# A £ (convolution) 3+ H HABRM PR 10 LR iBZ
TR AR ERIEERIE i W EE T O

di(t)=Zwi1(x’y3t)®rl(t) (5)

® ® 4 . mx, . nmy;, . mm;, . nny, .
w,(x,y,t) = sin ~sin——=sin sin sin(Q2,,,t 6
1(520) ,,,Z‘Z,:Q abhp | a b p p @0 (6)

AP X P20 Ag Moo ds i ABM TR 10 LTAEZ AT
B BERXKGO)FPHBAARRAS R &ERENm ERER—BRAS
12 3t o 8% n()RA B REIRIRAE & > e a — RS (B
AR ) PRATESR - FERR B 12 R R SR 69 BF R R BIR 0 A 2R (6)
BBEREPRIOKNDHREINDE REZBH AL EARREL G0
BOCIRME > PTFELMEARBERAAAZIME » wTR(T):

§ = arg n@x%@xwmo ..... d,(O),.d, )] 7)

F3ABEZFICEAAMBAE SR RENRAELZAY £
LE G PR RZEE S5 A 0.42x0.42x0.002 A R > E=73GPa > v=
0.2+ p=2250 kg/m’ > ABIEEEZ BAZM B B ¥ S B (021, 0.21) > EHMR
WM HE 0SS EHER 1S EHEMBEA PRIMER £ 25
EVHwEENAOERA P RMEN TR BZE3CHAF 45 ZPHFO
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B2 5 54 B ST 4L R 5P R ok St R AR B -

BRI RFARBZ A SERBEZAEIE BRI MR DK
F kA8 BB R $8% (time-reversal approach) J& A W ABIE @IRZ ERLR S
B #% (haptic feedback ) o 3B P ARIZH T & & A k4 & & (impulse
response ) + AR AR A1 41 6 B B B R Mk TR ok K o AR 40 B 0 36 AR
RSN E BN RABIEL R o B R E M E BRI AENRESRNRR
( broadband source ) & B-3% %3815 (reverberant environment) o
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WP FEAREE 1AM Ry % B R PRESGHEBZER

FARZEE ~ BALARA - FE AN Y th B2 48 SUHH 2 8K B3R

RAEA o

e FHERAERE | AMEXEMFT L B P UM A ROSREBN T

IRZA5 KA (Young’s modulus) & ik A tb (Poisson ratio) o
WPFEHEEAE 1 BRI RMF % AP ST RET ARBM TR
REVEANGMEAZI B G EEFGAB LK -

e PHFAERE | AR Rk 0 B PR SRR R R

BXHBRGBM PR LTI 2 MIEE 8 » #1 A %5 (convolution)
Frst B4 o

R FEAEERE 1 Btz e hk AP SBRPRERAKREZ
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BN AL X - OHTRAERR PR ER QIR EZIR -
8. Ww¥HEMEESE 1 Bz M %  AFVZRRBSABRERRSE X
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9. WwH¥FHEAKESL | Bz EMF R HAPHBUPFRTAHE T
R~ BARBRAEFTME Z TR ©
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#I2#% (Kirchoff plate theory ) °
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