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Design and evaluation of a rotating refreshable Braille display device
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Abstract: Currently, traditional Braille teaching tools such as Braille books can hardly meet the digital reading needs of
the blind or visually impaired (BVI), and the developed refreshable Braille displays (RBDs) still need to be further
optimized in terms of volume, locking force, energy consumption and other aspects. To help BVI read digitally
conveniently, a low-power Braille display module is proposed, and a wearable rotating RBD is designed by combining a
rotating structure. Firstly, an electromagnetic actuator is designed based on the principle of electromagnetic drive.
This actuator can rely on electromagnetic characteristics to lock the raised Braille dots without energy consumption.
Then, through the force analysis and finite element analysis of the Braille dot actuator in different states, the key
parameters of the Braille dot actuator that meet the design requirements are determined. The performance test results
of the device show that the average refresh frequency of the Braille dot actuator is 19. 3 Hz, and the average locking
force is 166 mN, which can meet the needs of BVI for touch reading. User experiments show that the average accuracy
of blind subjects in recognizing Braille with the wearable rotating RBD reaches 94. 66 %. Therefore, the wearable
rotating RBD provides a convenient digital Braille reading method for BVIL.

Keywords: refreshable Braille display;digital reading; wearable; rotation type;electromagnetic force
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Fig. 1 Structural of the wearable rotating RBD
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Table 1 Technical parameters of Chinese Braille standard

it S %l

mAz 1.0~1.6 mm

JgicEl 2.2~2.8 mm

mAL 0.2~0.5 mm
il 37 41 2R >10 Hz(H47),>1 Hz (£47)
81k Ty >100 mN
TAEHE <12V

HCRABH A MK 2 o, N BRI TR B2
HEZL Bah & AR, R MESR PRl AL . Eahaa
TR REER AR IR BT K RE IR . SR BB A R
MRS A L2 T, LR HE SR RN W R S 45 R AR 4 £
M2 3D 3T ER il B

- pa)
S —
IHH

2 FHICERERLEH
Fig. 2 The structural of the Braille display module
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Fig. 3 The Braille dot actuator
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Fig. 8 Force changes during the motion of the permanent magnet
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Fig. 10 Experimental scenario for actuator performance testing

K2 BXRBIH[HMUEAMKER

Table 2 Braille dot actuator locking force test results
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JF5 i1k 7 JF5 Bk
1 170 6 170
2 170 7 160
3 170 8 170
4 160 9 160
5 160 10 170
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Table 3  Test results for the refresh rate of actuator
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Table 5 Performance comparison with existing RBDs
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Table 6 Experimental results of the best rotational speed
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Fig. 12 Experimental scenarios
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Fig. 13 Compare the results of the experiment

ST BB R B iy A U R R B2 R AR S
ffiF SPSS 27. 0 B X 48 3 E g 34T T . IE AR
B 25 5 0w WA I 152 7 =0 D00 HE A R AR B A B IE R
AR . DR TR X RR AR T A 56 R I 9T BOHE 2 1) B 22
S, EWAKEBEE R 0,05, &5 Eow, il FH 405 4 R
B E S5 M AER X RBD [ 325 SCH IR R 00 B E
ZH(p=0.07), ZERRY, FEM AL A B RE XS
e X RBD B 2 & SCHT, BATTAE B SCTR 3 o o 2 0 1 3%
IR A AR A R
3.3 it it

AT P SE I A IS T ORT iR T Y T 2F B % X
RBD £ § CECF A B s b iy vl M 58 50tk R —
HOARSC R BR T T AN [E] ML X B SR B R 1 s
Wa o 3 2 X AN [ 2 T A D 352 9 I AT T 4 43 A, AR U iR
LT T AL NS 35 rpm., FESZES A Sk —
PPN T e 2 RBD 7E B S i v 9 S BR i FH BCR S B
4R E SC 5 e % 2 RBD S 4, #E 47 B 2 i ] 5 11050

o T4 o

WETR 2 0% LS 86 T 438 T AR 7 Nt RE 22 5. A
WEWR R B 4B 45 5k & L BV Il I Jie % =X RBD 8] i3 3c A&
{5 B BUS T 5400 SC B S AH Rl 45 R . 78 B 52 i ] Jy
T, PRI e AP 22 5, B R Fe 448 RBD LM
ANE SO Z 180 1 8] B A K, 9 L7 2 D Jic S )5 SCFE A )
V14 B T R, 5 O ) 52 R A7 R T R B 4 1 e e R

SEEG SRR 8 U7 R 07 31k 2 K 3 %R H 9 RBD
HEATIPAL . 3210 /R, 2 B 5400 & S0 i B B A
B 22 S OR K, B 0% I B B B B2 A N AL AR, oA 32
TR, RERE N E COR B A& — 0y fil g J Bt Re L (H
L ik B W7 BE AN B AR5 SO, AR A B ] 1) 43 B )
AR, RAETEAERBR , K 28032 5 1R 50 5 Wi %
BRI R IR DS, D\ AT 7R ST R T T 4
IEPA

Wi e A S SRR 4 AL RBD A
AP T AL gt r g5 RBD 78 {8 45 M4 A0 D FE 55 Oy 1 1 [ A
[, $2iL A RBD 4 ALy 206. 8 g. B fLiit A~
LTI T /ML 0 B4R T T BV H 78 H O 28
AT (4735 5 . 7R R0 M BE I e R X3 A R
HLI PRI BVT P S2 B0 00 i B 52 1 OGB8E, 20 T S
ABLHECE IR AT 25 A E S 303l A Y R R L
B 5 M e sl R T B SUE R ES e A 2B TH
Bk T AL G5 4% DA T B4 il 7 77 f % J v e, B kg R
R 0 S R A4 T 1 ) I BA YRR ERE A 0. 041 ],
HE CHRBh 2 B A R D88, 1T LLAE TC BT i R 47 5 S
FRR RS i — D B RERE . R ERER DB T
LG %, WERT TR MM,

4 £ it

ST B BV BEAT @m0 B AR SR 2L JR £ X E
A RBD 7E Wil 37 2 BE 8 1k T 55 T 11 A7 75 1 B TR e, A% ST
BEF LW IK B IR AR T T — R SR BUE R U RBD. BT
AERS 25 5 SC s B AL 45 K A B0k J7 , [l B AR T E L 13 T
— A E R RS T DURSE L iR 1 7E O RE
FEMEOL R L BE SO R BE . ITRHE X B R
B ELAG RIS o B 00 e Bk O KSR . R TR
245 BVI 42 {3 22 19 ¥ sh Ml 32 32 L T TR B A5 L R
H5HE SRR G, o8 ] 2 80 % X RBD it
3 o S B UE L A SO BT Y W R RBD TR,
JFH P S5 58 R 3 WL A 245 R 3R BT L AR SO K i AT 2 e
30 RBD BEHS B BVI sk b A7 40 F 0 B SC e,

Y FARTR BV P AR A2 fl o OB E | 1) 30 W ol o
T SC ) 3 23 A O AT AE 25 S Y HT BT RBD FE &
Pt AP T T R R . RSR R A A HLAR AE S Rk
WA T P o Sl R P 5 P T8 20 2 R A R R A R e
It R B A 0, DT 8 A P A 1 ik 52 A



MK v XTAHE LR FRE RN L5

509 1

2% Uk

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

(10]

T, AR, T W HE SRR E A ke FE AR O
5570, M MEH AR, 2025, 48(7); 98-106.
WANG X,

technology for blindbased on binocular stereo vision[] .

GU Y D. Research on obstacle avoidance

Electronic Measurement Technology, 2025, 48 (7).
98-106.

BRMS, T 25, 264590, 5. B3 5K 3l (Y S0 30 P8 445 4
5 ik v Ve G o7 B RS L0 ], AR AR 2 4, 2025,
46(5): 339-351.

CHEN D P, DING Y, LOU J CH, et al. Research on
data-driven texture friction modeling and tactile
rendering method [J]. Chinese Journal of Scientific
Instrument, 2025, 46(5): 339-351.

CHEN D P, DING Y, WU H, et al. Visually impaired
through  multimodal

IEEE

people learning virtual textures
feedback combining vibrotactile and voice [ ] J.
Transactions on Neural Systems and Rehabilitation
Engineering, 2025, 33: 453-465.

PINZON D, VEGA R, SANCHEZ Y P, et al. Skill
learning from kinesthetic feedback[J]. The American
Journal of Surgery, 2017, 214(4) . 721-725.
OZIOKO O, KARIPOTH P, HERSH M,

Wearable assistive tactile communication

et al.
interface
based on integrated touch sensors and actuators[]].
Systems  and
Rehabilitation Engineering, 2020, 28(6): 1344-1352.
TR, PAH, PARYE. BT fi 5 8% 0 i B T AR fi
ef gyt [T, 0 & 5 ALES %4k, 2025,
39(2): 185-192.

TONG T H, LIANG D T, XIE L T.

visual and tactile sensor based on tactile perception[]].

IEEE  Transactions on Neural

Design of a new

Journal of Electronic Measurement and Instrumentation,
2025, 39(2) . 185-192.

CHEN D P, LIU J, TIAN L, et al. Research on the
method of displaying the contour features of image to
the visually impaired on the touch screen[]J]. IEEE
Transactions on Neural Systems and Rehabilitation
Engineering, 2021, 29: 2260-2270.

YANG W ZH, HUANG J P, WANG R R, et al. A
survey on tactile displays for visually impaired people[]].
IEEE Transactions on Haptics, 2021, 14(4) . 712-721.
RUSSOMANNO A, O'MODHRAIN S, GILLESPIE
R B, et al. Refreshing refreshable Braille displays[]J].
IEEE Transactions on Haptics, 2015, 8(3) . 287-297.
CHEN H, TAO W T, LIU CH. et al.
refreshable Braille

A novel
display based on the layered

electromagnetic driving mechanism of Braille dots[J].

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

IEEE Transactions on Haptics, 2023, 16(1): 96-105.
KIM J, HAN B K, PYO D, et al. Braille display for
portable device using flip-latch structured electromagnetic
actuator[ J]. IEEE Transactions on Haptics, 2020,
13(1): 59-65.

CHEN D P, ZHANG S, SHEN L SH, et al. Design
and evaluation of bounce-type
refreshable braille display[J]. IEEE Transactions on
Neural Systems and Rehabilitation Engineering, 2025,
33: 705-716.

RiRE. PhAR, BEEL A, 4. Jk T oo g J 45 0 E 4 A
Ko BRG] USRI REM, 2022,
43(7): 174-180.

LU X, SUN D, YAN Y X, et al.

dimensional

an electromagnetic

Non-contact two-

haptic rendering system based on
electromagnetic force control[[J]. Chinese Journal of
Scientific Instrument, 2022, 43(7) . 174-180.

ZHOU Z L, YANG Y CH, LIU H H. A Braille
reading system based on electrotactile display with
flexible electrode array [J]. IEEE/CAA Journal of
Automatica Sinica, 2022, 9(4) . 735-737.

BESSE N, ROSSET S, ZARATE J J, et al
Understanding graphics on a scalable latching assistive
haptic display using a shape memory polymer
membrane[ J]. IEEE Transactions on Haptics, 2018,
11(1): 30-38.

QU X CH, MA X, SHIB ], et al. Refreshable Braille
display system based on triboelectric nanogenerator
and dielectric elastomer [ J]. Advanced Functional
Materials, 2021, 31(5): 2006612.

BETTELANI G C, AVERTA G, CATALANO M G,
et al. Design and validation of the readable device: A
single-cell electromagnetic refreshable Braille display [ ] ].
IEEE Transactions on Haptics, 2020, 13(1): 239-245.
CHEN D P, ZHANG Y J, HU X H,

Development and evaluation of refreshable

et al.
braille
display and active touch-reading system for digital
impaired [ ] ]. IEEE
Transactions on Neural Systems and Rehabilitation
Engineering, 2024, 32: 934-945.

PRORMG  wEd . RZ R, 45 JET Rl H ki e
FOCH AL ] ARl 2022, 43(5): 199-208.
CHEN D P, GAO Y ZH. SONG Al G,

Fingertip Braille display system based on touch screen

reading of the visually

et al.

interaction[ J |. Chinese Journal of Scientific Instrument,
2022, 43(5): 199-208.

BAREE, R, ZUOR. 83 ] 2R Al e A A
BTSRRI, 2019, 40(5): 161-168.

o« 75



519 % & F oM % % &
MO Y T, SONG Al G, QIN H H. Design and Comparative study on equivalent models calculating
evaluation of a wearable fingertip haptic interaction magnetic force between permanent magnets [ J ].
device[ J]. Chinese Journal of Scientific Instrument, Journal of Intelligent Manufacturing and Special
2019, 40(5): 161-168. Equipment, 2020, 1(1). 43-65.

(210 kIRF. dras JU. AR, &8 B2 4 4 3 B B 10 v [26] ZHANG Y Y, LENG Y G, LIU J J, et al
EW G A R T LT |78 AR, 2024, Comparison of magnetic force calculation on
47(8) : 86-92. permanent magnets with models of equivalent
ZHANG S J, SU Y F, ZHOU W, et al. Finite magnetic charge and magnetizing current[ J]. Journal
element simulation of electromagnetic tomography for of Magnetics, 2019, 24(3): 392-401.
defects in carbon fiber cables [ J ]. Electronic [27] SAIKOT M M H, SANIM K R L. Refreshable braille
Measurement Technology, 2024, 47(8): 86-92. display with adjustable cell size for learners with

[22] 4RME, REAE, skPhbs, 2F. I ) A g =X 0 fd o B B0 A9 different tactile sensitivity[J]. IEEE Transactions on
Sqm R I E R2% )] BT EE AR, 2019, Haptics, 2022, 15(3): 582-591.

42(1): 45-48. [28] LEONARDIS D, LOCONSOLE C, FRISOLI A. A
QIAN H, LU X, ZHANG SH R, et al. Three passive and scalable magnetic mechanism for braille
dimensional electromagnetic force measurement system for cursor, an innovative refreshable braille display[]].
electromagnetic  haptic  rendering [ J J.  Electronic Meccanica, 2020, 55: 1639-1653.

Measurement Technology , 2019, 42(1): 45-48. 1EE®/N

[23] DRORY A. Motivating the Biot-Savart law[]]. The B I8 , @) 2, A 2 S0, ST T R R e A
Physics Teacher, 2023, 61(5): 368-370. MZH . §ARFEET .

[24] KWON M., JUNG J, JANG T, et al. Magnetic forces E-mail: dpchen@nuist. edu. cn
between a magnet and a solenoid [J]. The Physics XMEGREES) A% 4 S0, ST W R
Teacher, 2020, 58(5): 330-334. BEML2S AL K 0L /1 i P 52

[25] ZHANG Y Y. LENG Y G. ZHANG H. et al.  E-mail;liujia@nuist. edu, cn

76 o



