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Fall Detection using Skeletal Coordinate Vector and LSTM Model
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Abstract

In recent years, many countries around the world have faced the problems of aging, single-person households, and
the increasing number of elderly people who live alone. These problems have led to the need for research to
improve the quality of life for the elder and single-person households. In this paper, the method of detecting falls
was proposed with a focus on the aspect of safety among the methods of improving the quality of life of
single-person households. First, we extract key points of human skeletons based on the existing method, vectorize
them to represent correlation between them, and input them into LSTM to determine whether falls have occurred. We
try to enhance the performance by using only representative feature points, not all feature points. Five reference
datasets were used to evaluate the performance of proposed system and performed well in most datasets.
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0.234635 0.529167| 0.246875 0.493519| 0.253125 (.556481| 0.257812 0.556481| 0.314323 0.520833| 0.313021 0507407 0.260677 0.54537 0.26224 0.526389 0.288542 0.550926| 0.289844 0.534259
0.234635 0.529167| 0.247135 0.493519 0.253125 0556481 0.257812 0.556481| 0.314323 0523611 0.313021 0.507407 0.260677 0542593 0.26224 0.526380 0.288542 0.550926 0.288542 0.534722
0.236196 0.529167| 0.248437 0.493519 0.253125 (0.556481 0.257812 0.556481| 0.314323 0523611 0.313021 0.507407 0.260677 0.54537| 0.26224 0523611 0.268542 0.550926 0.268542 0.534722
0.23776 0531482 0.248437 0.496296 0.251563 0.556481 0.257812 0.556481 0.314583 0523611/ 0.313021 0510185 0.260938 0.54B148| 0.26224 0.529167 0.288542 0.550926 0.288542 0.534722

0.236198 0531944/ 0.248437 0.49629% 0.253125 0.556481 0.257812 0.556481| 0.314583 0523611 0.313021 0510185 0.260677 0539815 0.26224 0.529167 0.288542 0.54B148 0.288542 0.534722

0.236196 0.531482| 0.246875 0.49629% 0.253125 0.556481 0.257812 0.556481| 0.314583 0523611 0.313021
0.235198 0531482| 0.246875 0.496296 0.251563 0.556481 0.257812 0.556481| 0.314583 0.526389 0.313021

0.5125| 0.260677  0.54537| 0.260938 0.531482 0.268542 0.550926 0.288281  0.5375
0.5125 0.260677 0.54537| 026224 0.529167 0.288542 0.550926 0.288542 0.534722

0.234635 0.531482| 0.24401 0.49629% 0.253125 0.556481 0.257812 0.556481| 0.314583 0523611 0.313021 0.512963 0.260677 0542593 0.26224 0.529167 0.268542 0.550926 0.265281 0.539615
0.234635 0.515278| 0.245573 0.493519 0.253125 (0.556481 0.257812 0.556481| 0.314583 0.523611 0.313021 0.512963 0.258375 0.537037| 0.26224 0.529167 0.288542 0.550926 0.288281  0.5375

0.235198 0515278 0.24401 0.493519 0.254687 0.556481 0.257812 0.556481| 0.314583 0523611 0.313021

0.5125| 0.258375 0537037 0.260677 0.526380 0.2B8542 (.550926 0.286979 05375

0.23776_0.526389| 0.245573 0.493519| 0.253125 0.556461 0.25625 0.556481| 0.314583 0.526389 0.313021 0.515276 0.259375 0537037 0.26224 0.526389 0.268542 0.550926 0.265281 0.539615
0.239323 0.529167| 0.245573 0.493519 0.251563 0.556481 0.254687 0.556481| 0.314583 0.526389 0.313021 0512963 0.260677 0539815/ 026224 0.526389 0.288542 (.550926 0.286979 0.537037
0.239323 0526389| 0.240885 0.493519 0.251563 0.556481 0.253125 0.553704| 0.314583 0.526389 0.313021 0515278 0.260677 0.54537 0.260677 0.529167 0.288281 0.550926 0.288281  0.5375
0.236196 0515278/ 0.24401 0.493519 0.251563 0.558796 0.254687 0.556019| 0.314583 0.529167 0.313021 0.515278 0.260677 0.542593| 0.260938 0.529167 0.288281 0.550926 0.288281 0.534722
0.23776 0523611 0.24401 0493519 0251563 0556481 0.25625 0556019 0.314583 0526389 0.313021 0515278 0.260677 0539815/ 0260938 0529167 0288281 0548148 0.28B8281 0.537037
0.239323 0.529167| 0.245573 0.493519 0.253125 0556481 0.25625 0.556019| 0.313021 0.526389) 0.313021 0515278 0.260677 0.534722| 026224 0523611 0288281 0.550926 0.283281 0.5375,
0.239323 0.523611 0.25 0493519 0253125 0.556481 0.25625 0.556019| 0.313021 0.529167| 0313021 0.512963 0.260677 0.5396815 0.26224 0.523611 0.288261 0.550926 0.288281 0.531944
0.23776 0520833 0248437 0491204 0253125 0556481 0.25625 0556481 0.314583 0526389 0.313021 0515278 0.260677 0539815 0.26224 0529167 0288281 0550926 0.2B6979 0534722
0.239323 0.526389| 0.248437 0.493519 0.253125 0556481 0.257812 0.556481| 0.314583 0.526389 0.313021 0.515278 0.260938 0542593 0.26224 0.529167 0288281 0.550926 0.286979 0.534722
0.23776 0529167 0245573 0499074 0251563 0556481 0.25625 0556481 0314323 0.526389| 0.313021 0518056 0.260677 0539815/ 0260938 0531944 0288542 0550926 0.286979 0.537037

0.23776 0526389 0.245312 0501852 0.253125 0556481 0.25625 0.556019| 0.314323 0.526389| 0.313021 0518056 0.259115  0.5375 0.260677 0.529167 0.288542 0.550926 0.286979  0.5375
0.23776 0531944| 0.239323 0509722/ 0.254687 0.553704 0.254687 0.553704| 0.314583 0526389 0.314323 0520833 0.251563 0.50463 0.257812 0515278 0.288542 0.550926 0.286979 0.542593

a8 1. =4 2uE N&ste CoV ntY
Fig. 1. A CSV file that stores skeletal coordinates

0.288281 0.490741| 0.230119 0.488187
0.286979 0.490741) 0.231653 0.488206
0.268281 0.490741| 0.233182 0.488217
0.286979 0.490741| 0.234732 0.48824
0.286979 0.490741) 0.233178 0.488197
0.266979 0.490741| 0.230163 0.488131
0.286979 0.488426| 0233215 0.488182
0.266979 0.490741| 0.230125 0.488162
0.286979 0.490741| 0.230169 0.488156
0.286979 0.488426| 0231675 0.48818
0.266979 0490741/ 0.236234 0.468149
0.286979 0.487963| 0.236276 0.488103
0.286979 0.488426| 0.233201 0.488132
0.266979 0.487963| 0.233194 0.485423
0.2B6979 0488426/ 0234737 0488142
0.286979 0488426/ 0.23627 0488172
0.268281 0.488426| 0.237773  0.48613
0.288281 0487963 0236259 0.48B081
0.286979 0.488426| 0.237735 0.488143
0.286979 0488426 0236254 (.485499
0.286719 0.488426| 0.236234 0.485452
0.286719 0487963 023014 0.482727
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Nose_Neck = [array_skeleton[i][2] - array_skeleton[i][0], array_skeleton[i][3] - array_skeleton[i][1]]

Neck_LElbow = [array_skeleton[i][12] - array_skeleton[i][2], array_skeleton[i][13]
Neck_RElbow = [array_skeleton[i][14] - array_skeleton[i][2], array_skeleton[i][15]

LELbow_LWrist = [array_skeleton[i][12] - array_skeleton[i][4]
RELbow_RWrist = [array_skeleton[i][14] - array_skeleton[i][6],

Neck_Hip = [array_skeleton[i][20] - array_skeleton[i][2], array_skeleton[i][21] -

Hip_LKnee = [array_skeleton[i][20

Hip_RKnee = [array_skeleton[i][20 array_skeleton[i]

array_skeleton[i][15] -

- array_skeleton[i][3]]
- array_skeleton[i][3]]
, array_skeleton[i][13] -

array_skeleton[i][5]]
array_skeleton[i][7]]

array_skeleton[i][3]]
- array_skeleton[i][16], array_skeleton[i][21] - array_skeleton[i][17]]
8], array_skeleton[i][21] - array_skeleton[i][19]]

]
(20] - (1

LKnee_LAnkle = [array_skeleton[i][16] - array_skeleton[i][8], array_skeleton[i][17] - array_skeleton[i][9]]
[ilris [i

RKnee_RAnkle = [array_skeleton[i][18] - array_skeleton

1re],

array_skeleton[i][19] -

" 2. =24 =E HES
Fig. 2. Vectorization on skeleton coordinate
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array_skeleton[i][11]]
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Ve
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Fig. 4. Network structure
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Table 1. Details

=4 ZHE HEo MF

e

of skeletal coordinate vectors

Vector Relation Vector Relation
Vg Nose - Neck Uy Neck - Hip
v, Neck - Lelbow Vg Hip - Lknee
Uy Neck — Relbow (o Hip - Rknee
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Table 3. Comparison performance of proposed method
with existing researches (%)
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