4384 456 1] 7 I - S Vol. 38 No. 6

2017 46 H Chinese Journal of Scientific Instrument Jun. 2017

ATHEREGRBRANNERAMEBARS

AEWFLRER HAM R ELE
(L ARH KRRl 5 TR st 21009632, VL35 DU TRALMA R H #1  225800)

B E U SR S A O SE fl SE AL LB AR T R ST B AR T A o B T — T ) fd
i B A5 JE SR ) T8 S ST 2 Mk it S B2 )P T8 DU R RILAA A S B SAL ShBLR , 25 4 B A LA o AT AL
FAYRT DAy PP TR BRI 2 0 T 4 14 3 B S5, A IR )y ML L P R sl A SR A PR R B B iR sl i e S 5. 12 AU (R
RS, URE/N S ST AR, AT R O (A Rt o O T ERIK R BRI AR B S R e £ R, S LT ST ) fih
SERTE . T R E A R L S R A — SRR A SRR W S AL B R MR R SRR e BE A
R 5 AR B RE AT AR F R 1 eI o S, HEAT 0 fioh i 5 . S 30 R A 1208 T A ik b B 5 o PR ) w8
JE B RS AE )y T A PERE o

KR : S E A TR AN A s A8 g fh v e A

hESES: TP391 THT SCERFRIRAS: A E KirEF R 2 E KT 460.40

Fingertip haptic rendering system for touch screen image perception

Yu Yuging', Song Aiguo', Chen Dapeng', Zhao Guopu®

(1. School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China;
2. Jiangsu Siming Engineering Machinery Co. , Lid, Yangzhou 225800, China;)

Abstract: When users interact with touch screen, effective and real-time haptic interaction technology is very important to enhance the
sense of reality and immersion. In this work, a finger-skeleton wearable haptic interactive device is designed to interact with images on a
touch screen. The device can provide continuously controllable force feedback for the finger by planar four-bar linkage and DC motor.
Two types of vibrotactile feedbacks by a linear resonant actuator and piezo-ceramic actuator can also be provided. The device uses
Bluetooth technique and rechargeable battery to achieve miniaturization and portability, which is small size and light weight. In order to
display space haptic information of virtual objects in an image, real-time haptic modeling algorithm is introduced. When operator uses the
haptic device to slide on an image, feature information of the image can be transmitted to the device via Bluetooth, including the height
of each pixel, the edges of an image and the shape of virtual objects, so that operator can get multi-mode haptic sensation. Finally,
haptic interaction experiments are carried out to evaluate the performance of the haptic device in displaying the height, contour and edge
of an image.
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Sl AR A AR AL, 8 P 7 A AN ) A R 2l o o Sz

K2 il S il s AR R K
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device and touch screen
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Fig.3 Schematic diagram of the finger-skeleton

electromechanical structure



1526 & I £ ¥

38 %

3 AfhhER

3.1 ETEGAREENMESERERIER

AR PR A A s AR B T LGE S R
TRFR MY U SCL AR 5 B S5 AR 5, AR SO ik
PRSI Z T AR AR (shape from shading, SFS) (=Re
RARIBUREADINT S A 2 T o AR L, 5 R B AR P i =
HETL RN I S Th 1) f A e 1), DL, e TR Ttk ik iy
Tsai&Shah 5k . B0k 1 SC I K S5 oR B0 T 2% ) e
IF PR B SR IT I rh AR BB 53, TR SES 5312 5% 4l S 2k
P, SR I Jacobi 36 ACTH545 1 5 rb 14 3 T 1) 1
FERFIESS B o ARAE WA 7 e 3L, B R R R
SAEER (w,y) WOKRBEME S E(x,y) 5 R(x,y) 5 E(x,y)
S5 S0 A SR G s AR RR Ry (L ,z) BSOS BR
B, R(x,y) IR H

1
E(x,y) = R(p,q) = (1 +ppy +499)

1+pz+q2 /1+pg+qg

(1)
Kb p =90./0,,9 = 0./0, SRIGEITARENEE UL
ST SR, RO pR R B OB 0] AR N
p =z(x,y) —z(x = 1,y) (2)
q =z2(x,y) —z(x,y - 1) (3)
P (1) Al RS R
0 =flz(x,y) ] = E(x,y) -

Rlz(x,y) —2(x = 1,y) ,2(x,y) —z(x,y =1)] (4)
XTSI R B AT 28 ) SR T, AR S R AT 2k aE O, W]

3

—ﬂzn_l(x,Y)] (5)

af 2
782(96,}/)[ (%,y) ]

MBS G T AT 1R R AR i e T 2 (w,y) = 0,
WHE(S) Zad n YGEARRITT AT 2" (w,y) | BIR RS
(o, y) AR AR, B BEAEL R AR T8k
3.2 EGB%ERRK

ARSCBET T 1) 58 57 PR A SRR A i i 5
FE A IR ZB ER AR BB . LGIRE
HFEFIRANE 1) B SR b a5 v I [ A5 e MK 2
F1552) FIRTH (R DG 87 2214 53 ) SR I Sobel F5 14 iU I&1 {5
NGREAE S LA AR, ORI R o {H Sobel F7-
TR BB 2 AR 55" A% 3l DX 23 T8, PR I 41 B
BINZAEBIG R R B AEA B AN K P 5 AL o 5
I o BRI UG A SOR PR RS ) Jr 2580 ok
S IEE AT B AL, FERE % B B A PR T ik 2 fi
PRI IBAR, FAR Y 5% 19 28 18] 7 22 e oK 10 73 1 R
BRI EON T o SO IR R 15 IR BEAH T LA SY

Z(w,y) =2 (ayy) +

9 LAREG B [1,2,3, i, L] o Horp JRBEGRR i

E’ﬂ%?'ﬁﬁ A n A, L, BUR R R0 /] AR
N = 3mSR
P = Wl p; >0, Zpi =1 (6)

BEWRIELR b N B, 0 45 53 o e J6 A 5 14
KPR Co (Cy 2K, Co WEIRIEH N [1,-- k]
MERR, C WK [k+1,- L] FRRE. IBAM

Z R IR 430
w, = P(C,) = lei = w(k) (7)
wy = P(C,) =,2p -1 - (k) (8)

c,.C, XT -2 IR BE R 5 R <
ZIXP(LIC(,) - iﬁ:L(k) (9)

= 0, (k)
Zl x P(il Cp) = zk:l% =M17L__5((:>)
(10)
SEERIISY/RE R SOl -WSE
K = Howo + @y (11)
R ST BB R I =N
o’ (k) = w, (1o _IU’L)Z +wy (g _,U«L)2 Il<k<lL
(12)
kAET ~ LA, o (k) SR, Hoxh i i B i
B0V i A2 R

RO S Al R P4 T S L
Ab BREHEER G PR A 2 A5 SO IREh IR B i bl ik
S EALZ—Fh/ N LR 3l A , W R AR B 5 2 DIAE
o 5P i #5304 1) 100 5 58 R I, 91 )y Fit ML L
AR , 7 A e A A A o M IR Bl R AL I i P T B sl
T BB 7 AL AN R] 14 R 30 il 52 S 15, T LS v85 A fh 5 52
Al A P A LS RERE U
4 BERERHNMEEN
4.1 BEBRERMNANRERIELN

P 27 0% D f i B e B e &1 1R Y
BERABNEBRR A B, J7 58 S 0 A i B R
AR S 5 A P AR SR E A (R by
il hy 7 SCHIAME R R R 22 I 1 3BT X0 -

Ahy, =hy —hy = Ah < AF = k(x, —x,) =k -+ Ax
(13)
KA AL A B BERESHIELR, vy, FIXT AR A

MBS R, Ax HTHRAE A B R LA AL et . il
id STM32 fhb B G il , HAILLZAT 47 Sl ™ A i s



56 1

AR A T 5 5 PGSR A9 i T M 5P R B 1527

8l Gl A R AR Z A AT L Sl S AT &
P BRI . BRI TR 4 Ahy, >0, 00 B R
ARG R L o T A AGER L, Pl e am i 3 AR L P 4
AL EIR R AL, (B b 22 K Sl i e m) )i s 8l A
A, BIRERS , T [T -5 T B R 5 ARG [ 7 , 9 DR £
Mol S By AL B 1% 3 25 7 Sl AT 7= 26 1 b B
¥ o AERIHR LB TR A 557 b 04 I 77 55 15 5F 4
T SCRF I — X1 77, 25 A o A S LA 7= A 1]
ARSI T2 TR A 1 BT TP 2 IS
B1a) LB Sy, FARAE T Sl A b AR B A R,
Sl B 25 N TN b2 A2 AL, e & A AT 1Y
ZIRBHEAT . RZ U Ahy, <O, RAHLZZ AT 3l
TP HZE 3 R Ay BIRLRS, DR A T2 21 16 1Y
Wk Ty, Bl A AR A2 BV R IR M AL T AT
JEG T B4 3 A2 S T LA 5 My B B SR/ , S B DA 3R 4
i, 77 A 3 SRR, AT BE S X T4 149 08 Bttt A7
RS M ), DT AR A AR AR I (B PR
JE) BIRAZ 7 A R AR S 5E BUBTICR
ARSCBAT ) TR S B AR AT 28 il i i 5 258 A
V- T PUFFHILRA A5 3 ) o 2k PR 0 i BE AR S, M SRiE
A B BITERE SRS 6, X% filod P B E R AT
Jyveha AR 2 , S5 v SR S 7 B B HE R iR E
N 4 Fr , A filnt 58 2 IR AR [ E S
HRABAL T MBI B A i SRS I BB ELAT b e
Mo I T fil A AR, R E Maxon HLALZZAT
Jiekt 2 8, 22T B HO TR AR ORI 1 mm R
PERGC R HEAT R M, WP S P SRR
1.9 em I, LBV K A3 T30 3. 47 N fifi il d/h ek
UG g5 , IRAE AU & il B 5 5 S LA Hh
T AL R A 2R, AT 46 iE RT LA 28 47 il e L 22
P i iz Bl S A0 A%, 7 AR A L Y g e 5 L

K4 prEnEE

Fig.4 Schematic diagram of calibration

KIS sk thAn e 45 R S Ul il 2k

Fig.5 Results of force calibration and fitting curve

4.2 BERBRESMMERIZLH

T3 e 52 5 2B A BT A AL 45 3R
BEUG R, M A F 48 T v B g B a el LU T
s BRI RE o M) H v B e B 39 T R
G5 QA oY [T e A I R VR 2 AU /3 B 11 P B = AN (G
R B A5 4R W B3 3R BE 48 X0 P 15 4 g B 23 A A B kAT
FIR A B o P AR B R AR R R ]
Fe BT 5, DA 52 BLE AR 40 9k 3 8 1Y m] P ik
By i ot At

5 WKW

5.1 ERBEHN[IRNITE R LK

TEZ SR PRI PR % 15 4RI 7E 20 ~ 35 2 32
E AT . A S s v B 5e B8l 4 ) ik st 5 it
ZIRE R, MRJLE Y 140 ~260 Hz, [A][F 4 30 Hz,
BERZAHE T S R A R . FIERA
I fi v O AL I TR) R, 528 A 2 o A
B EATA AT R AT A il SRR KR R R
BORZIRE X S MR TS . TR R Bsh AR 1Y
5 R Yoy B B 6 i B O TR . BB
AR AR T 200 Haz I 73 801 B A e, EL b i 25 4%
N X B A ARARBLE N 200 Ha i Al LASE B i £E A9 R
SRR o P AE 5 SE 7 fi s 52 56 v, 25 40 T
Ve e B gy i s PRI AR R e R I, BRDCR B R B
200 Hz,



1528 % I F ¥

38 %

260

200 230
H#/Hz

170

K6 IRERESL RS R
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perception experiments
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