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Characteristics of Air Bag Haptic Feedback Unit
for Stroke Rehabilitation

ZHANG Chaozhou', LI Min"?, WU Zonglin', HE Bo',
XIE Jun'?, XU Guanghua'*?

(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Considering that existing air bag haptic feedback devices cannot accurately present the
interaction effect and represent the haptic force and haptic area at the same time, the static char-
acteristics and dynamic characteristics of the pneumatic haptic unit were studied. The static pres-
sure distribution model was established based on the geometric constraints of the pneumatic hap-
tic unit, and the dynamic pressure response model was developed by analogy with the circuit ca-
pacitive discharge model. Three types of air bag haptic units were produced, and the characteris-
tics tests were carried out. The results showed that the fitted haptic area error of the static pres-
sure distribution model was 6. 94 % , and the response time of pneumatic units of medium-sized air
bag (14. 4 mmX9. 4 mm) and below was within 0.5 s. A torso haptic feedback system was devel-
oped using the medium-sized air bag, and haptic perception experiments were carried out as well.
Different haptic areas were represented by adjusting the height of the inflation limit, and different
haptic forces were represented by changing the air pressure of the air bag. The results showed
that the recognition rates of haptic area and haptic force were 87. 25% and 89. 67 % , respectively.
The study on characteristics of air bag haptic feedback unit for stroke rehabilitation provides a ba-
sis for the selection of design parameters of the haptic feedback device which can enable stroke pa-
tients to quickly perceive the haptic area and haptic force during rehabilitation training to improve
the rehabilitation training experience of patients.

Keywords: pneumatic haptic unit; static characteristics; dynamic characteristics;

haptic perception

AR B 0 2 T g RS ) — R AR AR . SRR AR S At s B I e A TR R 2 ) K
YAl L ik 85 00 i MUR 7R BB B IR RE SRR A B R LA EDUL Y ik 5 B S AT

YR A BIE 22 58 32 B 3l e R IRRE) & I RN HIRE Sy BAT — 2 BEOR . AR, Bl fih v e B
CORR) RGE, A B2 el 2 AR B U ORE i it B 5 15 8 3 5 o T P IR 2 B 15 R T

% N IE W 18 s &k
1 o O A 1 O P E |
MLAC % 4 6 38 i 2 A0 ) B

it A A% i
TFHF‘E’J%

NN A A AR R ST fk i A 5 T L AT R
ML RIS, sl og By SR RIE 4 A
% AR b M A5

iz Sl Oy w0 E A AR W L il i B R
A LA RSN G5 b 5 AT 55 R S e B0 B A5t R0 LA
5 R RN 45 o 8 w) 9B P L T 0 G2 B2 2. H
BT o 5 H 04 Al 0 52 058 450 R 3 B8 0 T 36 T B 4 AR 1Y
fi BT X B AR I S S AR S fk 5 0 BT 5 I AR
HEZ

Un4 o R Sk 5 00 38 R T K e 2 B AR R A
FESZIR YT WO R 58 2 LR 0 filh 5 2 A5 R ek 0 354 A
B S A R A T a3 A ik R s AR

http: // zkxb. xjtu. edu. cn

LR JOR i b, 78 AN i 1 R B — s e
SN i v S 15 ke B A SRR By AR I Y 5 H
ST 0 5 A R 2 A TS 7 AR TR AR R T X AR
B R R oFe S 5t Fe o oA e DR B RS Tl 7T
TR 1 25 L 35 52 24 1 1 1 125 LA B 38 A7 7E 1 T <
[F) T, — S22 3% W I 4 >R ] LD-PE 3 TPU (4%
A A 22 il ) PR AT A8 0 SEAR BT, AR SO
()3 30 fish i PR 0 2 PR AT RE R A 2 1 U2 T R 48
B DY JE B B R R 1 TR, Delazio 581




o506 1

S T A« TR A A R R AR S 0 R B R T R R AT Y 3

W& T th 26 A48 )% B 45 [ 51 ¥4 B 1) Force
Jacket, 1% fil & J& v o] Oy b Bf 32 0K B E ) 1Y ) A0
FR S . Rognon 617 JF & T 0l Ry P 42 4t 4K
Tl 38 251 19 Fly Jacket, fE R T KT EF S M
ST R IR B 9% %% E AT LB O O A A RO

&b
Re JJ .

MES SRS

| EERAURREU S )

B AR il H T

Fig. 1 The air bag pneumatic haptic unit
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Fig. 2 Distributed torso haptic feedback device
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Fig. 3 Three views of the fully expanded shape of the

pneumatic haptic unit
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Fig. 4 Modeling diagram of the pneumatic haptic unit
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Fig. 5 Pneumatic haptic unit area shape gradient trend
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Table 1 Haptic area and gradient coefficient results
5 FL fie
h/cm /€M My /cm R
T2/ cm?
0. 00 14.4000 9.400 0 135. 36 1.0000
1. 00 12.829 2 8.463 2 107.74 0.992 3

2.00 11.2584  7.5178 81.34 0.9610
2.25 10. 865 7 7.316 2 75.15 0.945 3
2.50 10.4730  7.1227 68. 14 0.9135
2.75 10.080 3 6.934 3 60. 60 0.8670
3.00 9.687 6 6.748 8 55.91 0.8552
3.25 9.294 9 6.570 3 49, 20 0.805 6

3.50 8.902 2 6.386 9 42.86 0.7538

3.75 8.5095 6.208 0 38.25 0.7241
4.00 8.116 8 6.027 6 31.88 0.6516
4.25 7.7241 5.8500 28.55 0.6318
4.50 7.3314 5.669 4 22. 34 0.5375
4.75 6.9387 5.4901 17.51 0.459 6
5.00 6.546 0 5.3075 13.99 0.4027

FH 4 R Z WU A WA R Ak,
fh) = pht + p.h* + psh® +ph+ps (D
LA R A e K 6 s, 7E 952 & 15 X [A]
LG HE 5 pp =0.001515,p, =—0.016 88,
ps =0.02637,p, =—0.01871,p, = 1. EHEF
R = 0.996 1, F5MEE Tpuse = 0. 014 42, £ W]
1.0
0.8
0.6
0.4

AR Rk,

0.21

0 1 4 5 6

2 3
TR B B h/em
K6 WiE REL &y ST

Fig. 6 Asymptotic coefficient fitting curve




o506 1

S T A« TR A A R R AR S 0 R B R T R R AT Y 5

Z A WZ W AUATEL0, 5] X 8] 35 [ 4 e 1% 4K 15 L1
B R A ROR

I, B 206D | (7) ATA5 8l i b BR 0 1Y R ) 43
A BEAY fi o AR S R T e SRR BE h R B
TR TR AR, B L W, AT DL 3E & 98 15 3 ik
B AL TC 1 8 SRR R R R e S 5 AR Y )N
1.2 B&EHIESH

AN XSS fih o BT 8 B 2 W 7 B[] R AT 0
Br. Usevitch S FF & T — P JC e J3 U8 19 22 $E <
B itk U8 B B A TP I A RE % 5 S P T B
RESEAE ] iz sl B vh HEAT S A R 8, ) ) 5 B
ANTE B IRRE . K B RAT S R BE 2% 1 SAK T 3 3l
A T A r % v T R 2 B) Y L i Bl R . AR S
TE LAl b ik, 2 B B 0 AR AR R B KB AT
i A BE A 1Y A i 8 3 250 B A A v B rh A L A
() P P, 3 O Bl A L X 9 AR G Y Bl 2 o e R R AT
FHBT AL, an &l 7 R,

SFTH 2N 1621
e | R ) ! T
=p = y =
KPATE flfnae N T KEZ

P07 AR T S R B A 1 2 L
Fig. 7 Fluid pathway and circuit model analogy

2 LU HL A L SR L AR RS0 it v B0 B T T
P dag AT 3T LR S ol B B A AL A U
e BN R N7 U QS N R W) 7 ST s
AR BN Fo B

P, = F.(m) + F.(m) €))

A P R HITH A TE T kPas F, R
PRBE ) 5 TR m 19 BR R o 3R UMY AL A AL
N5 B BT R A ST R m ) BR R

NN Bk (P B N A B e R
B i 6 v A 3 Bl B s TR T A R

RT
PinA2

X P, A 80 il 8 500 19 (D SR,
kPa; K MW iRBL 71 R 80, B F R G MR =
8.314 J/(mol « K) it FH A8 5 T S SRR
K A AR O R 7 T L

R A8 A AR 3 B A L A R SR ) i 2 R
F. 553 fil 5 5000 0 % 1SR P, (W M5 .
T B il BT R S T B AR 2 R B R R RE I B

F.Gm) =P, —P,, =K D)

http: // zkxb. xjtu. edu. cn

KIZRK IR AR AR V. B AR & T KA % i
P s 245080 fil b BT K B B R B i R BUR , R AR 5
P E A A A SR E A Pow Vi = mRT 5 i
AR iR m AR

JPalm . m < Pﬂ‘““]{nlax
Pout - (10)
[@ m > Pathmax
V nax ’ =~ RT

TSN fil 5 578 78 Tl B b B Ik 2 e R
K. HEE m = P,V /RT . RAK(8) 155

_ _RT -, , RT
Po=Kp o ty m ab
. [P.AT, _RT
m = RRT Vi ! (12
o _ [PRTA
Pmn - /\/ ngx K ‘ Pin Pout ‘ (13)

2 (13) B A 30 fish o B 7T 19 3 245 e 7 38 L Y
By NRPESE Py, RSB 0 N R 5 A Y ER S
T AE IS B B R FRAT G

25 1A BT Rl AL R B ik v R T Y B K TR A K
AR 2 32 9 T PR 2 R . Y KB floh i B G AH [R]
A g5 R 38 AN ik 1A BR 5 B o] g BB A O 5 >4 8 R
1o B — A B e K AR K IR TR 5 R 3h BT e R
U IR AP SRR AR S N
2 fikewd B AR S N
2.1 EESHEERIN

BT S 56 I 5 < B ik i PR T AE A ) 78 SRR i
JEETT A ik i TR 2 T 36 0F R 7 43 A B A R 1) A 3K
PE. I3 A BRI 52 56 W 8] 8 s . R 8l fil i
BAGER SN 15 em X 10 em X 0. 1 mm, 25 # %5 B 3 mm
RS AR %% B 23R 2R R4S (LD-PE) L & SMC HiL
Ll TTVOO10 (R J1 5 il 0. 001~0. 1 MPa, # & K
JE/NTFAFT 0. 5 Vol iR, RS /N TAET 0. 2201
AR N T AT 05200 R (1 AR AR
i 22 R 6 kPa, L&l 8Ca) I 7 Y FH P S 56 6 R 4%
B R Y 78 SRR B h IR AR AR AR E TR SN
BITZ N, SRJE Rl BT HEAT SR 8 L ik AR
T I 5 A bR 404 fir , A bR 4R 32 R A R sh PR o B
. SR HIUNE 8(b) Fr 7 B RIS 28 1ff R 22 il < 2l 2.
JCRYER G b asK . Jes A FRAR AN A 8 (o) iR,
S R TR 1 o e S W) Aol DR S s o P O
FRACEAAS PUAE TR AR 1 mm? . 38 75 30 B 52 48 b
AL, R FEAR PR A 4T 5 RS B AR
I AE g s 56 ACRR i e B 09 s 40 A T AR




857 &

(b) BiR B2 HD-130
SES1 53

(DL H

() MK LR R

8 T 3 23 A1 A R 4 5

Fig. 8 Pressure distribution model test experiment
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Table 2 Experimental results of pressure distribution model

FBRG L e Wi A ME B
FE/em I/ em’ RECk W/ em®  RIE/
3.00 51.06  0.8482  55.45 8. 60
3.50 40.17  0.7612  43.28 7.74
4.00 32.60  0.6546  32.03 —1.76
4.50 22.44  0.5329  22.15 —1.30

5.00 16.56  0.4026 13.99  —15.53
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pneumatic haptic units
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Fig. 10 Response time of pneumatic units at different

filling limit heights
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Fig. 11 Schematic diagram of the haptic stimulation actuator

structure
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Fig. 12 Schematic diagram of torso haptic feedback control
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Fig. 13 Haptic perception experiments on the trunk
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