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Development of Fall Inducement System based on
Pedestrian Biological Data for Fall Reproduction
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Abstract: This paper is about a fall inducement system for guiding like a real fall. Reliable fall data
can be used as an essential element in developing effective fall protection devices. We can get this data
if the induced fall is very realistic. The proposed system analyzes gait characteristics and determines
when to fall based on the pedestrian's biometric data. To estimate the fall inducement time, an active
estimation algorithm was proposed using different biometric values for each pedestrian. The proposed
algorithm is designed to response actively to the ratio of gait cycle and a stance period. To verify this
system, an experimental environment was implemented using a multi-rail treadmill equipped with a
ground reaction force measurement device. An experiment was conducted to induce falls to pedestrians
using a fall inducement system. By comparing the experimental scene to the video of the actual fall, it
has been confirmed that the proposed system can induce a reliable fall.
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[Fig. 1] Flowchart of data processing
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[Fig. 2] Ground reaction force data about general walking
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[Fig. 4] Flow chart of fall inducement system
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[Fig. 5] Multi-rail treadmill for experiment & data acquisition
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[Fig. 6] Measured ground reaction data
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[Fig. 7] Fall motion comparison about backward slip (Up: Fall
induction, Down: Real fall)
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[Fig. 8] Joint angles for each time point in the fall situation
(Backward slip)

[Table 1] Pedestrian joint angle measurement data for each time
point in the fall situation (Backward slip)

Pelvis Index 1 2 3 4 5 6
joint | Experiment (deg) | 19.5 | 32.5 | 31.0 | 52.0 | 54.0 | 57.0
angle Real (deg) 10.0 | 25.0 | 18.0 | 47.0 | 54.0 | 53.0

Knee Index 1 2 3 4 5 6
joint | Experiment (deg) | 27.5 | 21.0 | 22.5 | 27.5 | 17.0 | 13.0
angle Real (deg) 16.0 | 13.0 | 24.0 | 30.0 | 26.0 | 24.0
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[Fig. 9] Fall motion comparison about forward slip (Up: fall
induction, Down : real fall)
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[Fig. 10] Joint angles for each time point in the fall situation
(Forward slip)

[Table 2] Pedestrian joint angle measurement data for each time
point in the fall situation (Forward slip)

Pelvis Index 1 2 3 4 5 6
joint | Experiment (deg) | 3.0 |-13.0{-16.0|-17.0| 15.0 | 43.0
angle Real (deg) 0.0 | 1.0 | 6.0 |20.0|71.0]80.0

Knee Index 1 2 3 4 5 6
joint | Experiment (deg) | 31.0 | 17.0 | -1.0 | 1.0 | 14.0 | 59.0
angle Real (deg) 57.0 | 24.0 | 27.0 | 57.0 | 54.0 | 87.0
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