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Design and evaluation of a wearable fingertip haptic interaction device

Mo Yiting, Song Aiguo, Qin Huanhuan

(School of Instrument Science and Engineering ,Southeast University, Nanjing 210096, China)

Abstract: As a branch of haptic interaction technology, wearable haptic interaction technology can provide operators with a more realistic
and natural human-computer interaction experience. In this work, a wearable fingertip haptic interaction device is designed. The device
consists of a control box worn on the wrist and a structure worn at the fingertip, and the structure weighs only about 30g with a size of 38
mmX 31 mm X 50 mm. The device uses linkage mechanism and can realize 3 DOF haptic feedback. The device adopts bluetooth
communication and is small, lightweight and easy to wear. The direction perception and recognition experiment indicate that the device
can produce 8 effective directional information on the finger pad, and each direction can be correctly perceived by subjects. In addition,
the virtual environment interaction experiment proves that the device can help people control the interaction force in the virtual
environment and increase the efficiency of human-computer interaction.

Keywords : wearable fingertip device; haptic interaction; linkage mechanism
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Fig.2 Device worn at fingertip

FERL#3 il IR 22 [ E AR IR A Lo MEALEN A, S
s A — i 52 FL ) PR 0T AT, AEATLAS AR T s A e 2
VAR 55— AT 190 £ L, (58 AL A — i 9 193 LR/ — 2K
PR 22255 th A -5 4R AT B B L, O] 1 BR R R AT [
SE AR L A T ERBILAL) o AT 5 — i g B8] L
BN G L5777 RURE A B b S BT R HERFE ] SE i
FIRTRERS . ARG IR BETT, AP T BRAILAL RDRE AEAL A 1 e



5 4 1]

Bl 25 i ] 2 A i e 5L R R S A 163

WAL NI TR ERIATIS T 3h. kT AR NI
HEATHLR, fil &5 6L T FOEFT LA 09— 5605 1, Wtk &5
i BRI IE s, RS TR i —A 3 B

HE LZRARNLAL 5 REHL#2, T8 2 317
o WA N IEAT L, % AT LA RS A AT G
RGN #2 B EE , oAy 3 A O A4 TS B
R KIEFF A A EHLAN EiE KT KT
73— Ui ok R 22 9 BIAR R S R AT A . R
55— A —A B AL, Wi 5 0 A — W5 IZE
FLI/IN—F A I BR824 S 7 A J 1 A 1) [ L 2 1]
HiE 2 5 [ B8 REJET TR BC, M4 Chebyshev-Gruebler-
Kutzbach A3, DOF =3(1- 1) -2/, v [ Ji&frdk,
JRRATEL, TR AT TOEFIU B B R 2,

oI T OEFFHLA, fil 5 BAT 7PN AN A B,
[, 3 G o0 & AL TR M — > B R A
BT Gravity Grabber'™ LinkTouch! 2 H A — —AHMH
JE I F8 v ) fih v 38 2R, = H R BT ik 5
DAL B fih - R At PR S A e 48, O Ll DA it 48 I T I
ZANTT 10 T Bl BRI Z
1.2 FiEEhFEEE

%M P i 5 5 4R IR A B 2 A e
JIEDI 1] BEAE T

FEATHU BRG] 3 o, IR AEAIL#1 FOAEAL#2 4
O ECA FIEL B, i C RS E 2350 KO 5 i
FEARFE BB FLHG i B A8 Rl Do L, HRENL#T S5 HE
BL#2 B0 Z (R BEES , 1, RN L N KRR E, L, F L
FLEMK

PAwi A g R s, B D AR A (g, y,) 5 KRB T]
e ST

{xd =1,cos6, + l,cosh, ()
y, =1;sinf, — l,sing,

H P AFE X PRI 7 fEAR N, AT 45«

X2+ vy, = 2l,x,c080, — 2l,y,sin0, + [} =1; (2)

N 0 1 - !
Vo= tan -t = A, AT cos, = — P
2 l+/,L

2 .
sinf, = f — ARAR(2) I T e
M

WHB, T
(xfi + yi + l? - lzzt + 21196{1),“2 -4y +

x/21+yr21+l?_lzzt_211xd:0 (3)
KA (3) 14,
2Ly, £ 41?(953 +y(21) - (xfl +y(21 + l? - Zi>2

M ERN , i,

Xy oy, t l? - li + 211%
A% 9, 7k, W
Uy, + /WL +72) = (& +95 + L~ )

6, = 2arctan
1 xf[ +y3+lf—li+2]lxd
(4)
GSHEE e SR
{xd =1, + lycos6, — l5cos, 5)
¥4 = l3sinf, — lssing,

A4 3 A5 2O FAe

(xd - 12)2 + 9’(21 - 213(7’5(1 - 12)00502 - 2l,y,sing, +
L=l (6)
2 2w

0 .
5 »SIng, =1 N wzJJC

w

(7] 1 -
wWw =tanf2,fﬂl]ﬁ cosf, =
2 1+

AS(6) P AT o 1L TR T
[(x, = 1) +2(x, = L) +y; + 15— ]’ — 4Ly,0 +

(xy = 1)" = 2(x, =) +55 + 5~ =0 (7)
KA (T) B,

' £330, 2y AL((x =) Hya) = (=) P4y G-I )
; v a) = s
! (x11_12)2+2[3(x{1_lz>+yz+l§_l§
K3 FBE AL e 1,6, BRI .
Fig.3 Modelling of five-bar linkage mechanism
2y, = /Ay = L) +y) = [, = 1) +yy + 5 - 517
0, = 2arctan 5 P (8)
(2, =1)" +2(x, = 1,) +y, + 15 -1
25 LA, TOEAT LR A 055z sh 2 A S R AR
0 2y, + Ay +yy) = (g vy + L= 1)
591 = 2arctan 2 R —
X+ 2wy Hyy H -
O 2 p) 2 2 T, 2 _ 272 (9)
Qg 2y, = A((xy = 1) +yy) =[xy = 0)" +y + 15 - [5]
, = 2arctan ; T ——
(2, =0)" +2L(x, = 0y) +y, + 15 -1



164 S/ L R ¥

F40E

5T, X AT B AT 398 B A
B AL E N P 4 BT, Horh s A SRR HLE3
(% P, A C A R 5 T AR S A (0 36 L B R
WG B BT ARG T BC ST B R R
PRI 5 BC FH TR AR T ] o 1085 TB 755

C

4 A B A
Fig.4 Modelling of slider-crank linkage mechanism

AXMER H ¢ = acosB+beosa, T AR H& c052,8+sin2[3 =1,
aJ LIS .

b 2
c=a [l - (fsina) + beosa (10)
A\ a

HIE, A5 50 T (A o RRIK A B HE&IZ3)
RS IR, R T Z 0, ns (1) B, ] LA
PHE R B BB E Y E OU T, HESE AT O b 5 B Y
A

(11)

—at+ b+
2be )

o = arccos(

2 FENATEXE

N TR E RO AR SCBT T A S
1 21 S0 6 2 R e X ik 15 7 9 4 o, 8 fh
BEFR IR Y 8 )5 1) b3l , I AT 53U
5% 2 030 o A R UL FR I R B T RE A 55, IR
il fe R A 0 5 % B R W LAY B A A JE LR35 o
BRI H RN
2.1 FAEBRHMSIAR KR

e 5 B TR R LA e R A R R 8 B AR R
Zn, NFARTE T e 2k S Fm ™ arep
S ki A2 HLREE A — U S e S ) A TR 4R 41
M BB 0 ks 5 8, R, Bt T — 407 [
WU S

ZAE 16 22X E S 535 1 B -5 YU S v
HEEN 8 44, Ml 8 44, N 1~ 16 HEAT S5 16 452
R SRR A, HAE LIER A TG i e v, ¥R
J A AT PR . SER B ANIEL 5 (a) Bros , B
SR E W EAEAT 145 o g S UM SE 8, 1 S 40
RN O AT AT VT ERT CCETRT AT

T8I SEER L, TR AR IR A i 1A 2
S RS T AN DT 1 T EE 3 AMELAY PR RITE
TY B 8 N7 Az s E R A 6 Bras . Sl A
7 T X A8 A A T 5 AN T ORI, R AR P ) R AL
H AR P %) 7 1) HEA T REAL 3

(a) LRI

(a) Experiment scene

(b) LB A1

(b) Experiment interface

Bls 5 w5 o s

Fig.5 Direction perception and recognition experiment

st
4k

EE A
£
i d AT

T

K6 J7 I RS R S 86 5 1 7R B

Fig.6  Schematic diagram of directions in experiment
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Fig.7 Results of direction perception and recognition
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