TG1-1

28th Fuzzy System Symposium (Nagoya, September 12-14, 2012)

Kochi University of Technology

DER R BNS RBMENT 2 W o ST O S

Evaluation of Walking Difficulty Using Singular Value Analysis
through Divided Time-Series Data
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Abstract  Walking difficulty often happens in times of disasters. Identification of the evacuees with
walking difficulty will definitely lead to quick rescue and thus improve the efficiency of evacuation. A
precise and convenient method is being developed to automatically analyze the evacuees’ walking. In
this paper, we propose a method for assessing walking difficulty using singular value analysis through
divided time-series data (SVA-DTS). In order to verify the usefulness of the proposed method, three
levels of walking difficulty in the lower limbs are simulated in an experiment by constraining the knee
joint and ankle joint of the right leg. The accelerations of the middle of shanks and the back of the
waist are measured. The results showed that the first singular values inferred from the acceleration
data of the right shank significantly related to the increase of the constraint to the joints. The first
singular values of the acceleration data of the shanks were suggested to be reliable criteria to evaluate
walking difficulty. We visualize the first singular values in a 3D space to provide intuitive information
about walking ability which can be used as a tool for identifying the evacuees with walking difficulty.
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Fig. 1: Design of Matrix M;}G in SVA-DTS
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Table 1: Singular Values

Restraint Py P P
Subjects | Ambulation | X Y X Y A X Y Z

Normal 6.66 | 6.75 | 5.01 | 5.15 | 3.70 | 5.97 | 4.35 | 8.03 | 5.76
TF Weak 7.87 | 7.57 | 4.89 | 5.05 | 3.25 | 4.94 | 4.67 | 7.81 | 5.27
Strong 8.19 | 7.89 | 4.60 | 4.33 | 4.59 | 3.96 | 6.58 | 7.81 | 4.94
Normal 8.17 | 8.43 | 7.21 | 6.47 | 4.65 | 7.90 | 6.50 | 6.78 | 7.84
YJ Weak 8.59 | 8.81 | 6.82 | 7.28 | 6.00 | 7.12 | 6.57 | 7.17 | 7.72
Strong 8.72 1 9.13 | 6.63 | 7.62 | 4.74 | 5.13 | 6.37 | 6.94 | 8.01
Normal 8.08 | 7.31 | 6.95 | 5.38 | 4.83 | 8.33 | 5.91 | 6.19 | 8.22
TK Weak 8.66 | 7.78 | 7.35 | 6.92 | 5.77 | 7.73 | 6.10 | 6.88 | 7.25
Strong 8.92 | 7.86 | 5.77 | 7.10 | 6.12 | 5.60 | 6.85 | 6.18 | 7.81
Normal 852 | 7.11 | 5.70 | 4.83 | 3.74 | 7.02 | 6.98 | 7.22 | 7.26
KS Weak 8.06 | 7.66 | 5.77 | 5.57 | 4.32 | 5.39 | 6.64 | 7.72 | 5.72
Strong 8.62 | 7.11 | 5.24 | 5.50 | 4.58 | 4.54 | 5.91 | 7.34 | 5.34
Normal 8.07 | 6.66 | 6.36 | 6.03 | 5.53 | 6.99 | 5.89 | 7.26 | 6.01
RT Weak 8.45 | 6.49 | 5.58 | 7.19 | 6.98 | 5.13 | 5.41 | 7.17 | 6.46
Strong 8.02 | 6.33 | 5.83 | 8.33 | 6.32 | 4.31 | 5.51 | 6.95 | 7.06
Normal 7.94 | 7.96 | 4.53 | 5.97 | 4.69 | 6.39 | 5.06 | 6.74 | 6.70
KT Weak 8.11 | 7.25 | 4.35 | 6.57 | 4.82 | 4.08 | 4.62 | 6.01 | 6.23
Strong 8.19 | 7.03 | 447 | 7.94 | 6.24 | 4.59 | 5.40 | 4.60 | 6.04
Normal 7.91 | 7.37 | 5.96 | 5.64 | 4.52 | 7.10 | 5.78 | 7.04 | 6.97
Ave. Weak 829 | 7.59 | 5.79 | 6.43 | 5.19 | 5.73 | 5.67 | 7.13 | 6.44
Strong 8.44 | 7.56 | 5.42 | 6.80 | 5.43 | 4.69 | 6.10 | 6.64 | 6.53

Normal Weak

Strong

Fig. 2: Experiment Environment for Ambulation
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Fig. 3: Example of Ambulation
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Table 2: Results of ANOVA on P,

Variation Sum of Mean F P
Factor Sq. df | Sq. Val. Val.
Be.Gr. 4.247 2 2.123 | 1.739 | 0.209
X | With.Gr. | 18.311 | 15 | 1.221
Total 22.558 | 17
Be.Gr. 2.656 2 1.328 | 1.317 | 0.297
Y | With.Gr. | 15.125 | 15 | 1.008
Total 17.781 | 17
Be.Gr. 17.554 2 8.777 | 8.528 | 0.003
7 | With.Gr. | 15.438 | 15 | 1.029
Total 32.992 | 17

B 3RILICEIT D P, TOREREDAETZE 3 ITRT,
X4 D P, T, ZNZNDBATHEENED YRR {EDS
BiroTwd, £, £37TE, P, D 3RIGOKE
DEFW ZHhE X WiOESE (Z - X) & Z e Y il
DEMNE(Z -Y) TEBIHAEN E o, F2+
FEBE 2T TRV, NS DFEL S, HTHE
DY F ABANPTEE & Bbins,

7B, ZOMoMEFERR Y —L & LTiE, it
78 (7,8 KB W TRE L R-FAIC KD, 6 ADHEHE
(B H) DSITNEEEZRRTHIEHTES. 20D
RFHBIEH T2 2 Lick D, X ZmENICHITIREERE
BHEWTHIENTES,

Table 3: Difference between Singular Values on P

Z-X|Z-Y Z-X|Z-Y

N 0.82 2.26 N 2.18 3.28

TF | W | -0.11 1.69 KS | W | -018 1.07
S -0.36 -0.63 S -0.96 -0.04

N 1.43 3.26 N 0.96 1.46

YJ | W | -0.16 1.13 RT | W | -2.06 -1.86
S -2.49 0.39 S -4.02 -2.01

N 2.95 3.50 N 0.42 1.70

TK | W 0.81 1.96 KT | W | -249 -0.75
S -1.50 -0.52 S -3.35 -1.65

“N: Normal, W: Weak, S: Strong
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Fig. 4: Singular Values in 3D Space
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