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Structure Design of Intelligent Wheelchair Based on FBS M odel

WU Qing, WU Meng, Al Xian-feng, WU Liang
(College of Art and Design, Wuhan University of Science and Technology, Wuhan 430065, China)

ABSTRACT: The paper aims to solve the travel problems of the elderly and the disabled, design a kind of intelligent
wheelchair to help the elderly and the disabled. Firstly, the structural elements of the intelligent wheelchair are summa-
rized, and the operational behavior path in the actual application of the wheelchair is analyzed to explore the feasibility of
the existing automatic driving technology to assist the intelligent wheelchair in driving. The FBS model is used to inte-
grate the obtained function-behavior-structure and realize the process of mapping and transformation. Secondly, with the
help of the final analysis conclusion, the structure design of the intelligent wheelchair is guided, and the iterative optimi-
zation of the scheme is carried out. The corresponding design scheme is provided for the support, connection and drive
system of the intelligent wheelchair, and the intelligent wheelchair design scheme with enhanced structural function and
automatic driving assistance is proposed. Finally, the dual analysis method is used to evaluate the design of the final
scheme, and the rationality of the design scheme is verified by combining the obtained values and the sequence. The FBS
model visualizes, transforms and refines the integration analysis of function, behaviors and structure into the requirements
of structural design, which provides a certain reference value for the similar research on the structure design of intelligent
wheelchairs.

KEY WORDS: industrial design; product structure design; FBS model; intelligent wheelchair; autonomous driving tech-
nology
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Tab.1 Support equipment operation behavior path analysis
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Tab.2 Path analysis of operation behavior of connected devices
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Tab.3 Path analysis of driving equipment operation behavior
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Fig.1 Five core parts of an autonomous driving system
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Tab.4 Analysis of the advantages and
disadvantages of various sensors
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Fig.5 Schematic diagram of the working
principle of hydraulic lifting device
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Fig.7 Schematlc diagram of transposition
of smart wheelchair
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Fig.8 Schematic diagram of the working principle
of the armrest rotating device
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Fig.10 Overall picture of five wheelchairs
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Fig.11 Isometric scale summary chart

BT T (C) TEMUR 832 B e AP ¥ i
7 0.8, 5 D BB IFINE—, hAFH R,
PAAR RS BT IT % (C) ByLBEB{E L
BT LR, RWZEOH I #a8 TP EE. Si5h,
— ANMZBHIT R (C) BOHBERIT NI, £
IS HA —E s ], AT IRA S AR

6 %iE

FBS A8 i i 8 RE e o e e i a4 it 1
HER A LR 00 AT, 4R T RE AR AT 045 B R 3t
IR AT, B, e TR aih m 45 51
SrUIRELL K A S BRI R, B E RS
VR B B R G, XA T RER P AT AR AT
THER . W, RN FBS BRI AT 2R Wt 45
MR, B T R AR AL 57 UL R SE B
AGERE R RER R BT T S IR, Wil
FATFHEUE AT, Bk 76T FBS BEALSE 300 Ak
BT SRR i AT PE A R, DiAe T AR X
B RER AT I B ATA TS o i DREE AN LB R N AEH
AT I LA A Aoy 4 A BT S 4R 16 1R A9 e
AT T

S E k-

(11 BRR, £, S84, % OROIERE e St 7 i il i %

7 O Y B AR RO R (D). A B fie iz, 2016,
42(12): 1874-1885.
CHEN Ling, WANG Sen, HU Huo-sheng, et al. Novel
Path Curvature Optimization Algorithm for Intelligent
Wheelchair to Smoothly Pass a Narrow Space[J]. Acta
Automatica Sinica, 2016, 42(12): 1874-1885.



176 1 % T & 2022 4 8 H

[2] SHBER, BRER, 2R, SF. BT AR AR A 3k TANG Hong. Structure Design and Application of Mul-
R Fe R i RG], LR T K 2F 2R (A AR 2 tifunctional Wheelchair[J]. Modern Manufacturing
Ji2), 2020, 37(3): 280-288. Technology and Equipment, 2020(6): 58-59.

HU Cheng-kun, CHEN Zhi-ge, YAN Quan, et al. Wheel- [9] LIU Qi, ZHAO Wen-sheng, YU Yu-feng. RFID-Based
chair Control System Based on Sitting Posture Sensing Bidirectional Wireless Rollover Sensor for Intelligent
and Autonomous Obstacle Avoidance[J]. Journal of An- Wheelchair[J]. Microwave and Optical Technology Let-
hui University of Technology (Natural Science), 2020, ters, 2021, 63(2): 504-509.

37(3): 280-288. [10] ®fi, %4, ZDRER fef BT S 3 17 2]

(3] BB Ry 2R B BEE IR B fr 511 (D] U TS A 3h 1k, 2017(3): 71-73
Z 8 #iIL KA, 2020. CAO Wei, JIANG Nan. Design and Simulation of Mul-
ZHAO Xin-yu. Design of Wheelchair with Lower Limb tifunctional Intelligent Wheelchair[J]. Mechanical En-
Rehabilitation Mechanism Driven by Flexible Assis- gineering & Automation, 2017(3): 71-73.
tance[D]. Qinhuangdao: Yanshan University, 2020. [11] BILL R. How Do Self-Driving Cars Work?[J]. Science

[4] EFL, FiRE, 2N, 4. 3F TRIZ 4 H s and Children, 2017, 54(9): 72-75.

FoA L FRLRE QB BT[], MLE TORE, 2020, 37(12): [12] Ji 53, Xk, FEEHET Appollo f4 e FE b 141 i
1416-1424. FEI]. BFHEARSHMA TR, 2018(21): 139.
WANG Xiu-hong, TANG Shu-zhen, LIANG Shuai-peng, ZHOU Yong, LIU Shang-kui. Build a High-Precision
et al. Innovative Design of Patent Circumvention for Map Solution Based on Appollo[J]. Electronic Tech-
Automatic Ladder Wheelchair Based on TRIZ[J]. Jour- nology & Software Engineering, 2018(21): 139.
nal of Mechanical & Electrical Engineering, 2020, [13] ®=Ek, K4E, X148, FRefR GPS M FM AL
37(12): 1416-1424. B [I]. BUACH FHEIAR, 2016, 39(11): 161-163.

[5] TE=E%E, KBE, RElL ETEFENRE BT R IER ZENG Xin-wei, ZHANG Hua, LIU Ji-zhong. Design of
W1, Tk iit, 2019(1): 56-57. GPS-Based Positioning and Navigation System for In-
WANG Ying-ying, ZHANG Ling-yu, XU Gang. Wheel- telligent Wheelchair[J]. Modern Electronics Technique,
chair Design Based on the Emotional Needs of the Eld- 2016, 39(11): 161-163.
erly[J]. Industrial Design, 2019(1): 56-57. [14] BsEE, #ak, HIE X, 5. 3T QFD 5 FBS A%

[6] f5img, wolE, MRomA. 3B T4 AR S A vt Al Bl AN & AT ]. A TR, 2021, 42(2):
WA [I]. A aeTt B P15 B, 2020, 10(4): 172- 43-50.

175. CHEN Guo-qiang, DAI Cheng, SHEN Zheng-yi, et al.
NI Qing, GAO Zhu, LIN Jing-peng. Research on Model Design of Movable Electric Testing Station Based on
Design of Elderly Wheelchair Based on Perceptual En- QFD and FBSJ[J]. Packaging Engineering, 2021, 42(2):
gineering[J]. Intelligent Computer and Applications, 43-50.

2020, 10(4): 172-175. [15] FMFI, 5KkIS, REGVE, % T FBS #i AR Al ZF

(71 FeARTH. APEALREE S [ —— 2R At o 50 = A f WA R WU TR IE[0]. BI52A4R, 2021, 42(1):

Rt SHT5E[D). At M ZARY:RE, 2016.

QIAO Dong-sheng. Call for Humanity and Return—
Design and Research of Caring Wheelchair in Aging
Society[D]. Nanjing: Nanjing University of the Arts,
2016.

2. ZIRe R A e S5 R
534, 2020(6): 58-59.

- BURHIE BAR

150-157.
SUN Li, ZHANG Peng, WU lJian-tao, et al. Design of
Wearable Rehabilitation Manipulator Based on FBS
Extended Model[J]. Journal of Graphics, 2021, 42(1):
150-157.

Tt

A



