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A Method for Evaluating Gait Disturbance of Evacuees in Disasters

Using Singular Value Decomposition
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Abstract  On-site emergency care is critical in rescue operations in times of disasters or calami-
ties. In order to identify the injured effectively and thus to provide quick rescue, a precise and
convenient method is being developed to automatically analyze the sufferers’ movements. In this
paper, we propose a method for evaluating gait disturbance of evacuees in disasters. Singular value
decomposition is used to acquire feature patterns from the time-series acceleration data. In an ex-
periment, in order to verify the usefulness of the proposed method, three levels of walking difficulty
in the lower limbs are simulated by constraining the knee joint and ankle joint of the right leg, and
the accelerations of the middle of shanks and the back of the waist are measured and analyzed.
The results showed that the first singular values inferred from the acceleration data of the shanks
decreased with 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. A rescue
plane, which can provide quantitative visual information of gait disturbance level, is defined by the
singular values. The rescue plane can be used by the doctors and nurses as a useful tool for quick

and precise diagnosis.
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Fig. 3: Example of Ambulation
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Fig. 4: Singular Value of Ambulation Experiment

Table 2: Result of F Test on Restraint Ambulation

Variation Sum of Mean F P
Factor Sq. df Sq. Val. Val.
Be.Gr. 7902.4 2 3951.2 33.56 6.61E-11
X | With.Gr. | 8123.9 69 117.7
Total 16026.3 71
Be.Gr. 9263.1 2 4631.5 47.76 9.56E-14
Y | With.Gr. | 6690.9 69  97.0
Total 15954.0 71
Be.Gr. 7902.4 2 1536.8 21.13 6.93E-08
With.Gr. | 8123.9 69 2.7
Total 16026.3 71
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Table 1: Singular Value of Ambulation Experiment

Restraint My Mo M
Subjects | Ambulation | X Y A X Y Z X Y Z
Normal 17.7 | 23.4 | 21.8 | 57.9 | 52.7 | 50.9 | 46.8 | 55.6 | 33.4
TF Weak 17.0 | 23.3 | 26.9 | 33.3 | 34.7 | 394 | 42.5 | 48.0 | 28.4
Strong 176 | 22.8 | 27.3 | 31.7 | 30.3 | 37.7 | 40.4 | 43.1 | 27.8
Normal 114 | 94 | 12.1 | 45.9 | 40.5 | 22.2 | 47.3 | 48.2 | 18.9
YJ Weak 109 | 82 | 154 | 234 | 11.2 | 13.9 | 43.9 | 33.5 | 14.7
Strong 18.3 | 10.4 | 185 | 19.5 | 10.2 | 13.0 | 42.0 | 25.6 | 13.7
Normal 18.1 | 19.3 | 12.6 | 51.1 | 34.3 | 34.0 | 51.9 | 47.8 | 30.1
TK Weak 20.6 | 20.4 | 17.0 | 27.5 | 25.1 | 26.4 | 45.7 | 45.8 | 27.3
Strong 20.2 | 20.0 | 15.7 | 25.3 | 20.1 | 21.9 | 42.8 | 38.5 | 27.7
Normal 20.2 | 19.0 | 12.8 | 60.4 | 58.8 | 36.3 | 57.3 | 66.4 | 25.8
KS Weak 19.7 | 15.8 | 19.0 | 36.8 | 32.0 | 21.5 | 52.4 | 55.0 | 20.1
Strong 18.8 | 159 | 19.2 | 33.5 | 29.3 | 189 | 39.6 | 34.6 | 19.3
Normal 28.0 | 24.5 | 19.6 | 70.8 | 53.7 | 37.5 | 58.7 | 58.0 | 32.5
RT Weak 24.5 | 223 | 17.8 | 60.7 | 34.9 | 27.3 | 56.9 | 58.1 | 30.4
Strong 22.5 | 23.7 | 19.1 | 51.5 | 33.3 | 20.8 | 50.3 | 52.7 | 26.1
Normal 234|275 | 17.9 | 57.1 | 65.3 | 40.3 | 60.6 | 74.3 | 32.0
KT Weak 21.6 | 31.5 | 24.3 | 40.3 | 37.4 | 25.4 | 46.0 | 59.6 | 22.1
Strong 185 | 24.3 | 22.4 | 385 | 26.8 | 16.0 | 38.5 | 46.4 | 16.4
Normal 19.8 | 20.5 | 16.1 | 57.2 | 50.9 | 36.9 | 53.8 | 58.4 | 28.8
Ave. Weak 19.1 | 20.3 | 20.1 | 37.0 | 29.2 | 25.7 | 47.9 | 50.0 | 23.8
Strong 19.3 | 19.5 | 204 | 33.3 | 25.0 | 21.4 | 42.3 | 40.2 | 21.8
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