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ABSTRACT

In this study, we propose a method for detecting fall behavior using MS Kinect v2 RGBD Camera-based Human-Skeleton Keypoints
and a 2-Stacked Bi-LSTM model. In previous studies, skeletal information was extracted from RGB images using a deep learning model
such as OpenPose, and then recognition was performed using a recurrent neural network model such as LSTM and GRU. The proposed
method receives skeletal information directly from the camera, extracts 2 time-series features of acceleration and distance, and then
recognizes the fall behavior using the 2-Stacked Bi-LSTM model. The central joint was obtained for the major skeletons such as the shoulder,
spine, and pelvis, and the movement acceleration and distance from the floor were proposed as features of the central joint. The extracted
features were compared with models such as Stacked LSTM and Bi-LSTM, and improved detection performance compared to existing

https://doi.org/10.3745/KTSDE.2021.10.11.491

studies such as GRU and LSTM was demonstrated through experiments.
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Table 1. MS Kinect v2 Keypoints

No Joint No Joint No Joint No Joint
0 SpineBase 7 Hand_L 14 Ankle_L 21 Handtip_L
1 SpineMid Shoulder_R 15 Foot_L 22 Thumb_L
2 Neck 9 Elbow_R 16 Hip_R 23 Handtip_R
3 Head 10 Wrist_R 17 Knee_R 24 Thumb_R
4 Shoulder_L 11 Hand_R 18 Ankle_R
5 Elbow_L 12 Hip_L 19 Foot_R
6 Wrist_L 13 Knee_ L 20 SpineShoulder
. Velocity of movement )
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= central joints  —®  Normalization = Noisereduction —
—» Normalization btw. frames
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Fig. 3. Velocity of Movement Before Noise Reduction

Fig. 4. Velocity of Movement After Noise Reduction
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Fig. 6. Distance Feature
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Fig. 8. Data Collection Environment

Fig. 9. Fall Data(Left-fall, North-right Side)

Fig. 10. Normal Data(Right Side Sitting, South-left Side)
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Fig. 11. Sliding Window
Table. 2. No. of Train and Test Data
Train Test Total
Fall 718 61 779
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Total 1,161 129 1,290

Fig. 13. Feature Extraction Result for (Fig. 10)
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Table 3. Comparison of Test Results

Model Feature(Skeleton) No. of features Accuracy Precision Recall F1
(frame)
SD 519 0.814 0.740 0.934 0.826
SD+HSSC 52(51+1) 0.845 0.773 0.951 0.853
2-Layer GRU
SD+VHSSC 52(51+1) 0.876 0.817 0.951 0.879
HSSC+VHSSC+RWHC 3 0.915 0.868 0.967 0.915
2-Stacked LSTM Velocity & Distance of 0.868 0.814 0.934 0.870
Bi-LSTM central joint 2 0.915 0.879 0.951 0.913
2-Stacked Bi-LSTM (Proposed) 0.946 0.909 0.984 0.945
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