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Fuzzy system based on the rule evolution strategy for
directional intention identification of walking

Zhao Donghui' , Yang Junyou', Wang Yina', Wang Shuoyu®

(1. School of Electrical Engineering ,Shenyang University of Technology ,Shenyang 110870 ,China
2. Department of Intelligent Mechanical Systems Engineering ,Kochi University of Engineering ,Kochi 7828502 , Japan )

Abstract:In order to accurately identify the directional intention of lower limb functional disorder patients, a novel walking directional
intention identification strategy is proposed considering individual differences and safety. Firstly, the structure of rehabilitation robot and
the relationship between the pressure of the forearm and the directional intention are introduced. To ensure the patient to walk safely in
any directions, a distance-type fuzzy reasoning algorithm with sparse antecedents is adopted under the prerequisite for reasoning about
safe gait through rotation angle of knees. Then, to reduce the identification errors caused by individual differences and non-stable fuzzy
rules, this paper proposes a rule evolutionary strategy, which can update the fuzzy inference rules. Finally, the algorithm is applied to
multi-objective fuzzy reasoning experiments and pressure control experiments of walking rehabilitation robot, which prove that the
algorithm can accurately identify arbitrary directional intention of patients and increase walk safety. This strategy of directional intention
identification can be used in the rehabilitation of lower limb dysfunction in daily living and rehabilitation training.
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Fig.1 Omni-directional rehabilitation training robot
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Fig.4  Synthetic method of forearm pressure vectors
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Fig.5 The forearm synthesis pressure and leg movement information of sample A and B
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Fig.7 Triangle — type fuzzy set and singleton
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Fig.8 Fall and other abnormal behavior
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Table 1 Mean and standard deviation of pressure sensors of eight directions
- p_fr _ p_fl _ p_br _ p_bl _
R b2 FHIE bRz FHE brifE2E FHE b 22
R 219.6 55.3 16.9 14.7 461.2 160.5 80.9 43.7
FR 301.2 61.7 24.0 19.2 126.8 108.6 27.6 21.4
F 267.4 50.4 256.5 49.6 52.6 46.8 72.1 46.1
FL 16.8 10.4 344.6 97.6 42.8 38.2 148.5 79.8
L 6.4 5.6 201.8 58.4 76.3 53.4 463.2 108.4
BL 4.5 2.7 77.8 31.4 79.3 27.5 612.4 156.9
B 3.5 1.9 21.2 10.6 467.9 109.9 451.5 82.4
BR 70.8 32.1 4.8 3.7 585.2 180.4 104.4 40.9

Rulel :if p_fr = A,l; P fl

A,],,=>y = Bl

Rule2:if p_fr = A} ,p_fl = Ay ,p_br = A} ,p_bl
A;:W = BZ

Rule3:if p_fr = A; p_Jl = A‘?, ,p_br = Az, ,p_bl

A=y = B

Rule8:if p_fr = A} ,p_fl = Ay,p_br = A} ,p_bl
AZ:W = BS

Al/] 4 |/’l 4 l/r A‘

= jll ,p_br = Allir 9p—bl
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(c) Antecedents of rule8
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F.8 =360 x 1 +90,LF:8" =360 x [ +135

L:8" =360 x 1 +180,BL:8° = 360 x [ +225

B:p8 =360 x [ +270,BR:8° =360 x [ + 315

l=-1,0,1 (10)

I 1 EESZ AR RN 2 2y 8 7 A FE i3 [ )
S 507 22 Fir L R GETTH AR e A R 22 et
HBAZIER A o T BN RE AT b T 1 Jt I il
FIFLE AN 2558 AR, R, 5 2 e il iz AL RE 5
BB I U 2 T i 244 6 ek P s, L 2 3 i P B vk
S B AS B 2 M
3.2 EZHERMHEELR

TERA DR — [ BB 4 2R 8 U0 22 4 40 A7 RS Wi 2
AR R R RO HE BV G 2o SR I8 NI Y 4
M EIAE G VA THERE, b R RF #1 BR 3 A5 0]
HERE A E IR 2 Fs

®2 ZHERAERELER

Table 2 Multi-objective reasoning results

J7 I p_Jfr p-J! p-br p_bl B/ (°)
191.6 2.8 622.8 147.8 1.3
197.8 0.0 537.4 76.8 3.7
220.8 0.0 491.2 68.2 6.6
261.4 0.0 451.8 66.6 10.2
i 329.0 0.0 698.8 151.2 7.8
179.2 6.3 497.3 119.8 2.9
342.0 1.9 708.5 142.2 8.1
165.7 0.0 198.3 49.7 25.7
289.7 34.1 293.2 76.8 45.7
309.8 34.2 62.1 35.2 62.0
310.7 48.9 58.1 46.8 64
379.1 42.5 22.8 7.4 64.4
i 289.9 11.8 129.3 31.5 56.4
201.6 18.9 78.2 34.6 62.4
239.7 27.5 301.4 139.0 44
324.3 26.7 159.7 50.1 55.8
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5 1) p_fr p_fl p_br p_bl AR/ ()
45.8 0.0 471.3 106.5 334.2
197.6 0.0 815.9 153.8 338.8
58.4 5.6 592.3 61.8 333.7
50.8 10.8 275.6 71.6 344.8

BR 100.4 0.0 721.6 142.8 333.3
21.7 0.0 251.6 71.9 344.8
41.2 0.0 491.5 71.8 335.3
168.6 4.0 588.4 178.4 336.3

HAAERGE R LA R J7 565 1 24500 S 61, AR5
1l 4 A AU, TR 4 AR AR
SRTPERHTES o R RO HE AL AT AR B,
fiy A=5523) Rulel &5 Rule8 AR /N T HABALIN , 55T
HEREPE R TIN5 1 BEZAE R J7 s M BR 51 Z (6] 243t
SEHMERLAA BEI Q2R R 45 %E 0 0° R BR $45 & - 45°,
W45 B e (0, —45) RIFE R Jy [ 1 BR Jy i Z (i) {H
J&, WER R 457 0°F1 BR 45 %€ 315°, 4518 B e
(0,315) , il FJ7 1] ] 5 B2 B0, I AN BE A LA £ JEE
DRI, by 4 e R B HERORS BE , 20 50 BT T 2

BEANTT I n4se AN J7 T fn4se

-~ RN
- ~

V' 4
F/90°
FL/135° (RS

L/180° L/180°

BL/-135° BL/225° | BR/-45° 7
7/
B/-90° *

BEANJT 11 %A45° BEANJT I JRA45°

(a) B 1R A0 2 BEE
(a) The angle setting of rule 1

K10 MIEBETNE
Fig. 10 The angle setting method

(b) BRI 206 1 FE Vg
(b) The angle setting of rule 2

TERSCHIE A B E RIS o B e [0,360] L5 5E
HAb i MER y € (B-180,8+1801 . WA 10(a)
JIER, YHERSE 5L B 5 Rulel 4 /M g, 552 B =
0°, Ab4 B ~ B* Mkl 0° 45° 90° 135° 180° , —135°
-90°, -45°; 4N 10 (b) iR HHEHLE R Rule2 A fix
/NI ESIN  BEE BT = 45° B4 B ~ BRI 0° 457,
90°,135° .180° 225°, —90°, —45°, 32 SLE 45 B KW,
JUELE AR T [v] 110 7 Vel 4 B0 R, S [ 03 2 %) i s
FEAE2E 57 A0 8 AN 38 1 AT i g 5 4R L 1 i 3 25 2R
JEHBE IR E A Gy 1 B . LSR5 Dy B
FETER DR 25, (H A B RASOR HE H Rk R R B T 8
AT EE

Forp RS 8 AN 1Y R J5 il bt B0 1] 2 R
MRZE N T HBRERZE, S LA BSR4 A7 E 525
R PR B 3 U, SR AN 3 BT, K T T e i
AT DA A LU HFE 5 TR AL R %, & iR
TEH 200 IR AR 3 AT A 1 05 ) i A T
Briliale TEPRAT I BEAL ST, 5 3 47 B o ffi R 45
RPN 24.5°5 13.7° , G UEAE B R 22 W Wb

®3 BHR1WETEEAN

Table 3 The forearm pressure of target 1

p_JSr p_fl p_br p-bl
202.4 0.0 341.7 55.8
283.6 5.2 431.5 72.1
190. 5 0.0 225.6 51.9
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Table 4 Errors of intended directions and

Reasoning results

R FR F FL L BL B BR

Tyl 6.8 11.8 8.4 12.3 9.1 15.6 9.3 22.7
brifE2% 4.1 8.1 2.6 6.6 52 7.4 3.6 4.7
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