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Cluster Analysis of Plantar Pressure Characteristics after

Anterior Cruciate Ligament Deficiency
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Abstract The gait characteristics of an actor can be recorded accurately on the plantar pressure map in a movement.
It can be used to distinguish whether the gait of this actor in a movement is abnormal or not. Using a set of pressure
sensors, the plantar pressure during dynamic motion is collected, and the kinetic and dynamic characteristics of gait are
extracted. Then extreme learning machines (ELM) neural network cluster algorithm is used to the analyze of the plantar
pressure data and identification of normal or abnormal gait is done. Based on actual clinical data, this method carries
out an analysis of patients with anterior cruciate ligament deficiency, which is checked according to the doctor’s clinical
diagnosis results. Result shows that this method is effective.
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Fig.1 FootScan plantar pressure measurement
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Fig.2 Five key moments of the whole stance phase
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Fig.3 The structure of ELM neural network
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Table 1  COP feature vectors of left feet in the normal group
1 3 Gz Chy Caz Cay Csz Cay Ciz Cay Cso Csy
1 2 12 5 12 24 14 26 15 26 14
2 3 11 4 12 17 12 23 12 27 14
3 A 2 13 3 13 10 13 23 12 27 14
4 3 13 5 13 15 11 23 12 28 13
5 3 13 5 13 14 11 22 11 28 11
6 3 12 5 13 13 11 22 11 27 11
7 3 13 4 13 13 10 22 10 28 13
8 B 3 13 6 13 15 8 21 7 27 7
9 3 13 5 13 14 11 22 11 28 11
10 3 12 5 13 13 11 22 11 27 11
11 3 12 5 13 10 11 21 9 28 12
12 3 10 5 9 12 9 21 10 27 15
13 C 2 13 9 10 13 10 11 10 26 13
14 2 4 9 9 21 9 27 15
15 3 5 10 10 23 13 28 14
16 3 4 8 9 22 12 27 15
17 3 5 13 8 22 10 28 16
18 D 3 12 8 11 16 9 21 10 27 13
19 2 13 7 12 13 10 22 10 27 13
20 3 13 8 11 19 8 21 9 27 13
21 3 12 10 10 17 9 21 9 27 12
22 3 14 5 14 13 12 6 14 27
23 E 2 15 5 15 7 15 23 10 27
24 3 15 8 13 14 9 10 11 28
25 3 14 5 15 16 10 22 9 26 10
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Table 2 COP feature vectors of left feet in the group of left side ACLD
ia=2 2H 51 Cizx Ciy Chx Chy Csx Csy Cyz Cyy Csz Csy
1 2 12 12 11 12 20 11 27 14
2 2 11 9 9 15 9 21 9 27 15
3 A 2 10 6 11 9 21 10 28 15
4 3 10 11 15 9 21 9 28 15
5 3 11 6 11 14 9 20 9 27 13
6 3 10 11 15 9 21 9 28 15
7 3 10 11 13 7 20 8 27 15
8 B 2 10 7 10 12 9 20 8 27 14
9 4 12 5 13 13 11 20 11 27 13
10 2 11 5 12 13 12 21 12 27 14
11 3 13 4 14 10 14 23 12 28 13
12 3 11 5 11 12 12 22 13 28 14
13 (& 2 12 4 13 10 12 21 12 27 15
14 2 13 5 13 12 12 22 12 28 14
15 2 13 7 11 11 10 21 10 26 11
16 2 13 8 10 12 9 20 7 23
17 3 13 6 11 14 9 23 9 24
18 D 3 14 8 12 14 10 21 9 24
19 1 13 6 12 15 7 21 8 24 10
20 2 9 5 9 15 10 22 12 27 13
21 3 9 14 19 7 21 10 27 12
22 2 10 8 14 8 21 11 27 13
23 E 2 9 8 18 8 21 10 27 13
24 3 11 6 11 14 8 20 9 27 13
25 3 10 5 10 15 7 21 10 28 14
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Table 3 The result of left plantar pressure analysis
=2 kA 51 Pl e M 2H 51 WAEE A% HrRHERR (%)
1 A,B,C,D 40 E 10 90
2 A,B,C,E 40 D 10 50
3 A,B,D,E 40 c 10 60
4 A,C,D,E 40 B 10 100
5 B,C,D,E 40 A 10 80
F4 IEFENIRE G EIEE I EARFET713%
Table 4 COP feature vectors of right feet in the normal group
5 25 Cix Ciy Chx Chy Czx Csy Cyx Cyuy Csx Csy
1 3 8 5 7 14 8 7 7 27 6
2 3 10 4 8 10 8 22 5 27 5
3 A 2 8 4 8 12 8 21 9 27 7
4 2 5 4 4 11 7 22 9 28 9
5 2 4 4 4 13 8 22 10 27 9
6 3 5 5 4 5 4 22 10 28 10
7 3 4 4 4 16 9 23 9 28
8 B 3 5 4 5 13 8 22 9 28 8
9 2 4 4 4 13 8 22 10 27 9
10 3 5 5 4 5 4 22 10 28 10
11 3 5 4 4 12 7 22 9 28 10
12 4 7 5 7 12 8 21 8 23 9
13 C 2 7 6 6 16 7 22 6 26 3
14 3 9 4 9 14 8 21 6 27 4
15 2 5 5 5 13 6 21 7 27 4
16 3 6 4 6 12 7 21 8 27 5
17 3 7 8 8 16 21 9 27 6
18 D 2 8 7 10 12 10 22 10 28 7
19 2 7 4 8 15 9 9 9 27 6
20 3 7 9 8 15 8 22 7 28 4
21 3 9 9 12 16 12 22 9 27 5
22 3 4 5 4 14 6 5 4 27 9
23 E 3 7 5 7 13 10 23 13 27 14
24 2 5 5 5 10 6 6 5 27 8
25 3 6 4 6 7 6 4 6 27 8
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Table 5 COP feature vectors of right feet in the group of right side ACLD

Fe a5 Cix Cry Cox Coy Cszx Csy Cyzx Cuy Cszx Csy
1 2 4 8 8 17 10 21 10 27 8
2 3 7 4 7 15 9 20 9 27 7
3 A 2 6 5 6 17 10 21 9 27 8
4 3 6 7 8 18 9 22 9 27 8
5 2 6 7 8 17 10 21 10 27 8
6 2 6 7 7 13 7 23 8 27 8
7 3 4 5 4 14 7 22 9 27 11
8 B 2 4 7 6 12 6 23 8 27 9
9 3 5 8 7 14 8 23 8 27 9
10 2 6 5 6 15 7 22 8 27 8
11 2 4 5 5 12 6 21 9 27 8
12 3 5 5 6 12 8 22 10 27 10
13 C 2 7 6 7 16 9 14 10 27 6
14 2 8 11 11 16 10 21 9 27 6
15 3 7 5 8 16 9 21 9 27
16 2 6 6 7 13 9 21 9 27 4
17 2 6 7 8 16 9 21 8 27 4
18 D 3 7 6 8 17 10 22 9 28 6
19 2 6 4 6 13 8 22 9 28 8
20 2 7 4 7 10 7 21 9 27 7
21 3 9 6 9 12 10 21 10 27 6
22 3 7 6 7 15 9 22 8 27 7
23 E 3 6 6 6 17 8 23 7 28 6
24 3 6 5 6 16 9 21 10 27 5
25 3 7 8 8 15 10 22 11 28 8

F6 M RNEE S BARRE DT HERGR
Table 6  The result of right plantar pressure analysis

e YRR WZHE v lhae Gt e HrER A (%)
1 A,B,C,D 40 E 10 80
2 A, B,C,E 40 D 10 70
3 A,B,D,E 40 (o} 10 80
4 A,C,D,E 40 B 10 70
5 B,C,D,E 40 A 10 80

W2 IR T ACL Wi SIERE R RIRE O ACL B3R 18— Btk m i mr 7t HAs
TIE AR DT A R NN e R, (2 DRERAERHEZRITEE 2 A, W] AR BRAE I PR W
RACRAAAEPFIIRZE, AR IR IAREA O SR, W2 3R OB .
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