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U7 B AR A Pareto fif 42 , KL 52 B G 0 Table 4 Experimental data of weight reduction unit
IHEACT s - DG Dk TR 578 B T S HOUR A IR 3 Ni%m%ljer (rad) (rfd) (rIr;rln) (Iifm (i) (mfnz)
7R, HIEE 3 AT P O AL 1 8 2 T om0
SR HTHL T B T OB ST O TR B R T A o o 10000 000 —
%"J#° 3 0.26 0.26
x3 BERETEITSH

Table 3 Design parameters of weight reduction unit

100.00  100.00 248 26 166. 11

100.00  300.00 ~ ~
4 0.26  0.26 200.00  100.00 124 26 166. 11

5 0.26 0.26 200.00  200.00 461 29 914. 39

ZH P S
¥ Parameters 6 0.26 0.26 200. 00 300. 00 ~ ~

Ui, 5 2T ) 1T R

JH Item g L, L, F Sideareaof weight 7 0.26 0.26  300.00 100.00 83 26 166. 11
(rad) (rad) (mm) (mm) (N) reduction unit
(S.mm?) 8 0.26 0.26  300.00 200.00 307 29 914.39

AL i 9 0.26  0.26 300.00  300.00 695 33 662. 66
Before 0.52 1.22 200 100 264 34 228. 650
optimization
Ak )G 11 0.26 0.79  100.00 200.00  ~ ~
After 1.50 0.04 190 90 248 1 685. 629

optimization

10 0.26 0.79 100.00  100.00 526 32 659. 31

12 0.26 0.79 100.00  300. 00 ~ ~

13 0.26 0.79 200.00  100.00 263 32 659. 31

14 0.26 0.79 200.00  200.00 752 42 900.79

3 g’: Eﬁgﬁﬁ 15 0.26  0.79 200.00  300.00 ~ ~
ﬁTﬁ?ﬂ%ﬁ@ﬁiﬁﬁ@ﬁﬁﬁiﬁﬂ ,Bﬁﬂ%ﬁﬁfﬁﬁ 16 0.26  0.79 300.00  100.00 175 32 659. 31
,@’q%-&ﬁ»ﬁn[g Gﬁ%i%\mo TZ%%L\SF§1§FH%EE2 17 0.26  0.79 300.00  200.00 502 42 900. 79
BERSEE T LB G T R R RO 4L 18 026 079 90000 000~
é'o ﬁﬁﬁ%%ﬂﬂﬁ’]*ﬁﬁﬁﬁ%ifﬂ%%ﬁV\]K 19 0.26 1.31 100.00  100.00 524 36 411. 03
FIECRIGRL A . AL SR B SR e 20 020 L1 10000 20000~ =

A AT AT I KB B 3L 152 5006 W J 21 026 181 10000 000~ -
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gx4 Hgx4
Continued table 4 Continued table 4
%5 a 8 Ly L, F S %5 a B L, L, F S
Number (rad) (rad)  (mm)  (mm) (ND (mm*) Number (rad) (rad)  (mm)  (mm) (ND (mm*)
22 0.26  1.31  200.00 100.00 262 36 411.03 60  1.31  0.26  200.00 300.00 ~ ~
23 0.26  1.31  200.00 200.00 ~ ~ 61 1.31 0.26  300.00 100.00 175 7 856. 48
24 0.26 1.31  200.00 300,00 ~ ~ 62 1.31 0.26  300.00 200.00 ~ ~
25 0.26  1.31  300.00 100.00 175 36 411.03 63  1.31 0.26  300.00 300.00 ~ ~
26 0.26  1.31  300.00 200.00 ~ ~ 64  1.31  0.79  100.00 100.00 267 9 600.57
27 0.26  1.31  300.00 300.00 ~ ~ 65 1.31  0.79  100.00  200.00  ~ ~
28 0.79 0.26  100.00 100.00 526 23 002.09 66 1.31 0.79  100.00 300.00  ~ ~
29 0.79  0.26  100.00  200.00  ~ ~ 67 1.31  0.79  200.00 100.00 134 9 600.57
30 0.79  0.26  100.00  300.00  ~ ~ 68  1.31  0.79  200.00 200.00 ~ ~
31 0.79 0.26  200.00 100.00 263 23 002.09 69  1.31  0.79  200.00 300.00 ~ ~
32 0.79 0.26  200.00 200.00 753  25747.01 70 1.31  0.79  300.00 100.00 89 9 600. 57
33 0.79  0.26  200.00 300.00 ~ ~ 71 1.31  0.79  300.00 200.00 ~ ~
34 0.79 0.26  300.00 100.00 175 23 002.09 72 1.31  0.79  300.00 300.00 ~ ~
35 0.79 0.26  300.00 200.00 502  25747.01 73 1.31 1.31  100.00 100.00  ~ ~
36 0.79  0.26  300.00 300.00 ~ ~ 74 1.31  1.31  100.00  200.00  ~ ~
37 0.79 0.79  100.00  100.00 524 27 757.16 75 1.31  1.31  100.00 300.00  ~ ~
38 0.79 0.79  100.00  200.00  ~ ~ 76  1.31  1.31  200.00 100.00  ~ ~
39 0.79  0.79  100.00  300.00  ~ ~ 77 1.31  1.31  200.00 200.00  ~ ~
40 0.79  0.79  200.00 100.00 262 27 757.16 78  1.31  1.31  200.00 300.00  ~ ~
41 0.79  0.79  200.00 200.00 690 35 257.16 79 1.31  1.31  300.00 100.00  ~ ~
42 0.79  0.79  200.00 300.00  ~ ~ 80  1.31 1.31  300.00 200.00 ~ ~
43 0.79  0.79  300.00 100.00 175 27 757.16 81  1.31 1.31  300.00 300.00 ~ ~
44 0.79 0.79  300.00 200.00  ~ ~ 82  0.52 1.22  200.00 100.00 231 35 450.02
45 0.79  0.79  300.00 300.00  ~ ~ 83  1.52  0.03  190.00  90.00 240 1 268. 94
46 0.79 1.31  100.00  100.00 267 30 504.61 T~ R TR B, 3 O TE RO I B A i S R A R A g
47 0.79 1.31  100.00  200.00  ~ ~ VF LA BE it R o e 28 G 2k J ST 5
48 0.79 1.31 100.00  300. 00 - - Note: "~" indicates invalid data.,the reasons for invalid data are that
10 0.79 Lo 200,00 100.00 134 30 504. 61 the spring extension exceeds the allowable spring extension length.,the
output force arm is too short for the model to be valid,etc
50  0.79 1.31  200.00 200.00  ~ ~
51 0.79 1.31  200.00 300.00 ~ ~ W EE 1 - 81 ST EE T LRI A o #
52 0.79 1.31  300.00 100.00 89 30 504. 61 6 F 1.57.f B T 0 B, U6k 8 B 5T A 00 T8 B 78 5
53 079 L31 30000 200.00 ~ - S 2L DY S5/ AR A R0 45 S T BEAE VIR . A
51 0.79 131 300.00 300.00 ~ - Fe AW LIF Ly 500 S8 i 00 TR AR O
55 1.31 0.26  100.00 100.00 524 7 856. 48 5 B R IR AR A G R R (| 7, B R
56 1.31 0.26  100.00  200.00  ~ ~ EZ Bt EME .,
57 1.31 0.26  100.00  300.00  ~ ~
58 1.31 0.26  200.00 100.00 262 7 856. 48
59 1.31 0.26  200.00 200.00 ~ ~
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Motion Control Technology of Lower Limb Rehabilitation Robot
Based on Human Posture Information

ZHAO Peng' ,GAO Xueshan'?,NIU Jundao’, HAO Liangchao®

(1. School of Electrical, Electronic & Computer Science, Guangxi University of Science and Technology, Liuzhou, Guangxi.,
545006, China; 2. School of Mechatronical Engineering, Beijing Institute of Technology, Beijing, 100081, China; 3. School of Me-
chanical and Automotive Engineering, Guangxi University of Science and Technology, Liuzhou, Guangxi, 545616, China)

Abstract:In order to solve the following control problem of intelligent auxiliary equipment for postoperative
rehabilitation training of patients with lower limb motor dysfunction,a motion control method of lower limb
rehabilitation robot based on human posture information was proposed. According to the structural character-
istics and functional requirements of rehabilitation robots,the motion data acquisition system and kinematics
model of lower limb rehabilitation robot were established. The human behavior information acquisition sensor
system on the robot platform was constructed. By analyzing the data collected by the displacement sensor, the
relevant information representing the change of human posture behavior was obtained. The expected follow-
ing speed of the rehabilitation robot was calculated by the upper computer. The tracking controller was de-
signed based on fuzzy PID control algorithm. It is verified through simulation and experiment that the control
algorithm can effectively reduce the error of the robot in real-time tracking the user's movement,and achieve
a good follow-up effect of the rehabilitation robot on the human motion posture.

Key words: rehabilitation robot, motion data acquisition, kinematics modeling, fuzzy PID algorithm, motion
control

ST KRB

(L35 360 )

Optimal Design of Weight Reduction Unit for Rehabilitation Ro-
bot Based on NSGA-[| Algorithm

LIU Huan',GAO Xueshan"?,LU Pengfei' sSHI Yongjie® . LU Jiale’ s HAO Liangchao',
NIU Jundao',ZHAO Peng® ,CHE Hongjuan®

(1. School of Mechanical and Transportation Engineering. Guangxi University of Science and Technology. Liuzhou, Guangxi,
545616, China; 2. School of Mechatronical Engineering. Beijing Institute of Technology.Beijing,100081,China; 3. School of Elec-
trical and Information Engineering,Guangxi University of Science and Technology, Liuzhou, Guangxi,545006,China)

Abstract: One of the rehabilitation training treatments for patients with lower limb movement disorders is
weight reduction walking training. A mobile lower limb rehabilitation training robot can not only follow and
protect patients,but also realize weight reduction gait training for them. For the weight reduction unit,one of
the core components of the robot,a heuristic design algorithm is proposed in this study,which can avoid the
structural optimization difficulties caused by the complex factors of the mechanism itself and obtain the
multi-objective optimization solution set. The design parameters of the weight reduction unit mechanism are
determined in the multi-objective optimization problem by the non-dominated ranking genetic algorithm with
elite strategy (NSGA- I ). The experimental verification shows that the volume of the weight reduction unit
is reduced significantly,resulting in a more compact structure.
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