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Abstract

There are a large number of stroke patients worldwide, most of whom have cognitive impairment.
Because of its excellent man-machine interaction, virtual reality technology has a wide application
prospect in the field of rehabilitation. The rehabilitation robot combined with virtual reality
technology has a remarkable effect on nerve treatment. This paper introduces the application
form of VR technology in rehabilitation robots from three directions of virtual environment, hu-
man body information collection and information feedback in virtual environment, and summa-
rizes the development trend of the application of this technology, which provides new ideas and
methods for the research work in related fields.
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Figure 1. ARMIA wearable device
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Figure 2. Prototype of the third generation elbow and wrist rehabilitation robot
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Figure 3. Flexible robotic exoskeleton
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Figure 4. Portable hand function rehabilitation robot

4. FEXFIRRENINBEA

4. ERIREMERKEAR
4.1. ANHZEEHIRAR

AL EAZ I UONBF QG — D ea, &7l AR H RS LRI VIR, 85 U B
HI TR B TS ST S HLE AR, R A S 3 — ki i [33]. IREIRICEshizsh &
PGS Z RN 1) DR EEs 2) BEIuEs; 3) R TUIHRE SRS L] 4) BT mE
H T A A AP L2 REE LA N Beit ir i) — xR, AR s LA RCRIRENLYE, X
CLAHEAT EREAITIN . 9 7 3w VR R I ERERPEBE . MRBRRASE N (341801 T — M BA T AZ I 2 01 1 5 4
A R E ORI AT 4%, 3 A% ) g L AN AR ELAE I A8l g S AR (i 22K P e BR ER PR RE o B
FERITT S, b ABLAE BN B R R 22 . S [ 1K) Samuel Wilson 58 A [35]141 17— F - T-A0 14k 00 & 1)
RUL AR S 5%, ILSFRAE RIS S 14 8 s EENL &S A SRRt _E, SEREAT m] 2 L o N RE R A
BAFIINLE AR B SRR, ARGE 7 RGEAVLEC R . B A RS Al o FE T DU 2 1
B NI AR, BB E R B T A, e SBUR A MBS
RERE T R, B RBE B AR, A RERORIA T I 4.

4.2. ERIAER

AR NRIZ S a g e (SR A, A s IR S R RN AN R IR kAT i8 5)), 1
NAIB R RS, CLEEMI ST AR, B T BRI SE, SRR D i B S O T EAT e
iBH[36]. NASIERMREN T, H AT ARSI AR e Emie. Jte
fERPE . TR RS B R PE(37], R SCB B B 1 R A RE . I Bh 1R 5¢
TERAEBAR BRI B, eI AR BRI A E B ARIATS 4, T TR RIS A, AT
CASEELNAR RS AN R 32 . A5 BB AN B i B2 I 4l o, T SR BRI BOBCEE, T LA i g 2 14 R 40
Ao NEBVRAEIS G ST AR, Bk, RS, (RSB RAR AT LOE I 52 B2 S al, 1 1 0= o (R 1
RS ERNR3E PR REDTE

5. REE

FERES BT I3 1, [ A REABL SEBOR IR, R VR HORAS B M 0 B B0 1A, DA AR G e 3
WAL TIRIEN B, B R RAAERZ R 78 A REOR, FRREE Ria A, SAE BT
K OVR I 75 B B IERA . VR BORIITRIE IS o T2 B EOR, ol 5k vl DURS A . TRICR A AA

DOI: 10.12677/airr.2023.122005 35 PNER ST IR YN


https://doi.org/10.12677/airr.2023.122005

e

45

48

fEE, REREMR, TP VR RRGEREE, [EWNSMAE T IRHE N RN s EoR,
SGEAAELE TP H B, REMHAE S5 A FED, IFARESEILR LK JEFRhG L .

VR FARLENANGST LR ZE BRGNS AFE R EE R, BOCEEIE. ke, MEnl. BF
H2gt, WAHXHER EIABIANG T A4 fedt m BH A TR . B S AFREE IR S, Wik
Tk PR, R BLSCEORAE RS PR R 1B B, et T VR BRI

6. B&

RESNILSEAE FESI AL A BRI AT L2 A =300 1) B0 3 BORRE ML s N FR3E SR Qi S
REAUIAEE,  $ s R AT RRAZ IS SN (AR, BETI S R Las AR RO . WiNRE =B A A2 A RN D RE R
5, BRELR R RIS B BRI ZaRIc 2 MRE . 2) R BMILSEE AR AT I RS, 17 i T LUR
P REAU N FI IS S 15 DLW 3 BRR T i 0L, AT DU R T B E M E AT IZfE 18 5 . 1T R RE DU
SRYT ATHC T JER 3 R RELE R Be A RE S 2 B M — X — BEEIRTT IR S5, [ 56T Dl IE) AT BAXU A 3 %,
TEESTRIR. 3) BUMBSEEART RO — 2R ETURME, IEHE A SRS . GiET
RAMZE SR EIGIAET, W] AW 8 B AT BRI GR BN L, B (8 R ALAS A
AR OB RAELRERZAE WD T, i BN ER KRR N8 LB 8 Sl

mE&ES

% 9 FL 2% 542 (N0.61963007), IRIITHAbHF 7T L 10 H (JCYJ20210324122200002), |44 Hefih
55 3 BRI AL 4 (N0.2021A1515011907), |7 ZRAE & 2R 223 4:(No.B2021020),  PRIITT ARMEHT X =97
{8 AR A BT AR R I H (2021JTLCYJ03).

Sk

[1] Wt BEEMNSEA: Rk RKEFEET]. T EEEEYIE, 2020, 35(8): 900-902.

[2] TAKHE, 2RI, 5. BEENES AWRS AR A% TR, 2018, 39(18):83-89.
https://doi.org/10.19554/j.cnki.1001-3563.2018.18.018

[3] EFHH, SRR, (e, dEE. RIS R TR A b i e b R A R B LA FE[I]. 4R T AR
7T, 2020, 24(32): 5228-5235.

[4] Krebs, H.I., Palazzolo, J.J., Dipietro, L., et al. (2003) Rehabilitation Robotics: Performance-Based Progressive Robot-
Assisted Therapy. Autonomous Robots, 15, 7-20. https://doi.org/10.1023/A:1024494031121

[51 3kRE, MERE, 2B BRI AN LR, HER: 15 R, 2016, 46(12): 1711-1736.

(6] Mgkl (OAREE RIS SE)— AR EE RS TREMEH KHERT]. AN E4E, 2020, 29(9):
966.

[7] EE, TR, TRF75. BN SEHE AR MRS PRt st R[], B R R RS 4R E, 2020, 35(2): 244-247.

[8] Cohavi, O. and Levy-Tzedek, S. (2022) Young and Old Users Prefer Immersive Virtual Reality over a Social Robot for
Short-Term Cognitive Training. International Journal of Human-Computer Studies, 161, Article ID: 102775.
https://doi.org/10.1016/j.ijhcs.2022.102775

[91 IMe. T BEE B B AME BEHLER AR RS0 BT e 3 VR SEBLD]: (AL 3], #l: BFRH R,
2020. https://doi.org/10.27005/d.cnki.gdzku.2020.002870

[10] Bernardoni, F., Ozen, O., Buetler, K. and Marchal-Crespo, L. (2019) Virtual Reality Environments and Haptic Strate-
gies to Enhance Implicit Learning and Motivation in Robot-Assisted Training. 2019 IEEE 16th International Confe-
rence on Rehabilitation Robotics (ICORR), Toronto, 24-28 June 2019, 760-765.
https://doi.org/10.1109/ICORR.2019.8779420

[11] Topini, A., Sansom, W., Secciani, N., et al. (2022) Variable Admittance Control of a Hand Exoskeleton for Virtual
Reality-Based Rehabilitation Tasks. Frontiers in Neurorobotics, 15, Article 789743.
https://doi.org/10.3389/fnbot.2021.789743

ASHIRE YNk

D)-
>

DOI: 10.12677/airr.2023.122005 36 NTHE


https://doi.org/10.12677/airr.2023.122005
https://doi.org/10.19554/j.cnki.1001-3563.2018.18.018
https://doi.org/10.1023/A:1024494031121
https://doi.org/10.1016/j.ijhcs.2022.102775
https://doi.org/10.27005/d.cnki.gdzku.2020.002870
https://doi.org/10.1109/ICORR.2019.8779420
https://doi.org/10.3389/fnbot.2021.789743

[12]

[13]

[14]

[15]

[16]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

de la Iglesia, D.H., Mendes, A.S., Gonzalez, G.V., ef al. (2020) Connected Elbow Exoskeleton System for Rehabilita-
tion Training Based on Virtual Reality and Context-Aware. Sensors, 20, Article No. 858.
https://doi.org/10.3390/s20030858

Liu, F., Han, X., Lin, M.X,, ef al. (2019) Remote Upper Limb Exoskeleton Rehabilitation Training System Based on
Virtual Reality. 2019 16th International Conference on Ubiquitous Robots (UR), Jeju, 24-27 June 2019, 323-327.
https://doi.org/10.1109/URAI.2019.8768618

Wenk, N., Jordi, M.V., Buetler, K.A. and Marchal-Crespo, L. (2022) Hiding Assistive Robots during Training in Im-
mersive VR Does Not Affect Users’ Motivation, Presence, Embodiment, Performance, Nor Visual Attention. /EEE
Transactions on Neural Systems and Rehabilitation Engineering, 30, 390-399.
https://doi.org/10.1109/TNSRE.2022.3147260

Wu, X., Liu, H., Zhang, J. and Chen, W. (2019) Virtual Reality Training System for Upper Limb Rehabilitation. 2019
14th IEEE Conference on Industrial Electronics and Applications (ICIEA), Xi’an, 19-21 June 2019, 1969-1974.
https://doi.org/10.1109/ICIEA.2019.8834288

Covaciu, F., Pisla, A., Vaida, C., Gherman, B. and Pisla, D. (2020) Development of a Virtual Reality Simulator for a
Lower Limb Rehabilitation Robot. 2020 /EEE International Conference on Automation, Quality and Testing, Robotics
(AQTR), Cluj-Napoca, 21-23 May 2020, 1-6. https://doi.org/10.1109/AQTR49680.2020.9129981

Miloff, A., Carlbring, P., Hamilton, W., et al. (2020) Measuring Alliance Toward Embodied Virtual Therapists in the
Era of Automated Treatments with the Virtual Therapist Alliance Scale (VTAS): Development and Psychometric
Evaluation. Journal of Medical Internet Research, 22, €16660. https://doi.org/10.2196/16660

Algithami, S., Alzahrani, M., Alzahrani, A. and Mustafa, A. (2019) AR-Therapist: Design and Simulation of an AR-Game
Environment as a CBT for Patients with ADHD. Healthcare, 7, Article No. 146.
https://doi.org/10.3390/healthcare7040146

Garcia, G.J., Alepuz, A., Balastegui, G., et al. (2022) ARMIA: A Sensorized Arm Wearable for Motor Rehabilitation.
Biosensors, 12, Article No. 469. https://doi.org/10.3390/bios12070469

Li, T., Su, Y., Chen, F., et al. (2022) Bioinspired Stretchable Fiber-Based Sensor toward Intelligent Human-Machine
Interactions. ACS Applied Materials & Interfaces, 14, 22666-22677. https://doi.org/10.1021/acsami.2c05823

EAAe LW U bR R P LA A S 0 Bt 5 SCBLD]: (LA A8 3. 2= B 8 #L R, 2020.
https://doi.org/10.27440/d.cnki.gysdu.2020.000229

Xiao, B., Chen, L., Zhang, X., et al. (2022) Design of a Virtual Reality Rehabilitation System for Upper Limbs That
Inhibits Compensatory Movement. Medicine in Novel Technology and Devices, 13, Article ID: 100110.
https://doi.org/10.1016/j.medntd.2021.100110

Cha, K., Wang, J., Li, Y., ef al. (2021) A Novel Upper-Limb Tracking System in a Virtual Environment for Stroke
Rehabilitation. Journal of NeuroEngineering and Rehabilitation, 18, Article No. 166.
https://doi.org/10.1186/s12984-021-00957-6

58, B, SRARAS. ML SEHEORAE R B RS AL NP R[], THEAL R S RO, 2020, 56(24):
260-265.

B, BT ANEONTFHEE KRG THD]: (ML AR ] FES: #L K%, 2021.
https://doi.org/10.27440/d.cnki.gysdu.2021.001478

bk, e, B, BRE, H. ETEIEEKMIE O MTFRRE RG] P EREER SR,
2017, 23(1): 4-9.

Zhang, Q., Jin, T., Cai, J., et al. (2022) Wearable Triboelectric Sensors Enabled Gait Analysis and Waist Motion Cap-

ture for [oT-Based Smart Healthcare Applications. Advanced Science, 9, Article ID: 2103694.
https://doi.org/10.1002/advs.202103694

Elor, A., Lessard, S., Teodorescu, M. and Kurniawan, S. (2019) Project Butterfly: Synergizing Immersive Virtual Re-
ality with Actuated Soft Exosuit for Upper-Extremity Rehabilitation. 2019 IEEE Conference on Virtual Reality and 3D
User Interfaces (VR), Osaka, 23-27 March 2019, 1448-1456. https://doi.org/10.1109/VR.2019.8798014

EB, RIFR, R, FRER, 2208, S, s, B, AR, ST JRE LR RN ARG L
L5 it B AR A BRI R[], o [ R ER 5 SC ik, 2021, 27(4): 478-486.
Wang, C., Peng, L. and Hou, Z.-G. (2022) A Control Framework for Adaptation of Training Task and Robotic Assis-

tance for Promoting Motor Learning with an Upper Limb Rehabilitation Robot. IEEE Transactions on Systems, Man,
and Cybernetics: Systems, 52, 7737-7747. https://doi.org/10.1109/TSMC.2022.3163916

Liao, X., Song, W., Zhang, X., et al. (2019) Hetero-Contact Microstructure to Program Discerning Tactile Interactions
for Virtual Reality. Nano Energy, 60, 127-136. https://doi.org/10.1016/j.nanoen.2019.03.048

DOI: 10.12677/airr.2023.122005 37 PNER ST IR YN


https://doi.org/10.12677/airr.2023.122005
https://doi.org/10.3390/s20030858
https://doi.org/10.1109/URAI.2019.8768618
https://doi.org/10.1109/TNSRE.2022.3147260
https://doi.org/10.1109/ICIEA.2019.8834288
https://doi.org/10.1109/AQTR49680.2020.9129981
https://doi.org/10.2196/16660
https://doi.org/10.3390/healthcare7040146
https://doi.org/10.3390/bios12070469
https://doi.org/10.1021/acsami.2c05823
https://doi.org/10.27440/d.cnki.gysdu.2020.000229
https://doi.org/10.1016/j.medntd.2021.100110
https://doi.org/10.1186/s12984-021-00957-6
https://doi.org/10.27440/d.cnki.gysdu.2021.001478
https://doi.org/10.1002/advs.202103694
https://doi.org/10.1109/VR.2019.8798014
https://doi.org/10.1109/TSMC.2022.3163916
https://doi.org/10.1016/j.nanoen.2019.03.048

[32] Yang, L., Zhang, F., Zhu, J. and Fu, Y. (2021) A Portable Device for Hand Rehabilitation with Force Cognition: De-
sign, Interaction, and Experiment. /[EEE Transactions on Cognitive and Developmental Systems, 14, 599-607.
https://doi.org/10.1109/TCDS.2021.3055626

[33] WM, EBAT, BREME, sk, TR TRUREENLE AN LI B IERIED]. BEMEEER, 2014, 40(11): 2377-
2390.

[34] Lin, M., Wang, H., Niu, J., ef al. (2021) Adaptive Admittance Control Scheme with Virtual Reality Interaction for
Robot-Assisted Lower Limb Strength Training. Machines, 9, Article No. 301.
https://doi.org/10.3390/machines9110301

[35] Wilson, S., Eberle, H., Hayashi, Y., et al. (2019) Formulation of a New Gradient Descent MARG Orientation Algo-
rithm: Case Study on Robot Teleoperation. Mechanical Systems and Signal Processing, 130, 183-200.
https://doi.org/10.1016/1.ymssp.2019.04.064

[36] #Zar m AL A G 2 R R GD]: (A AR5, MR /R /R Tl K%, 2021.
https://doi.org/10.27061/d.cnki.ghgdu.2021.001935

[37] k¥R, EET AL AR B HEAT IR TE[D]: [l 008 5], M /R e /R Tl K27, 2015.

ASHIRE YNk

D)-
>

DOI: 10.12677/airr.2023.122005 38 NTHE


https://doi.org/10.12677/airr.2023.122005
https://doi.org/10.1109/TCDS.2021.3055626
https://doi.org/10.3390/machines9110301
https://doi.org/10.1016/j.ymssp.2019.04.064
https://doi.org/10.27061/d.cnki.ghgdu.2021.001935

	虚拟交互技术在康复机器人中的应用
	摘  要
	关键词
	Application of Virtual Interaction Technology in Rehabilitation Robot
	Abstract
	Keywords
	1. 引言
	2. 虚拟现实技术介绍
	2.1. 虚拟现实技术的发展
	2.2. 虚拟现实技术与人机交互

	3. 虚拟现实技术在康复机器人中的应用形式
	3.1. 虚拟环境
	3.2. 人体信息采集
	3.3. 虚拟环境中的信息反馈

	4. 虚拟现实相关技术
	4.1. 人机交互控制技术
	4.2. 虚拟人技术

	5. 展望
	6. 总结
	项目基金
	参考文献

