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Study on Vertical Velocity-Based Pre-Impact Fall Detection

Jung Keun Lee"

Abstract

While the feasibility of vertical velocity as a threshold parameter for pre-impact fall detection has been verified, effects of sensor
attachment locations and methods calculating vertical acceleration and velocity on the detection performance have not been studied yet.
Regarding the vertical velocity-based pre-impact fall detection, this paper investigates detection accuracies of eight different cases

depending on sensor locations (waist vs. sternum), vertical accelerations (accurate acceleration based on both accelerometer and gyro-
scope vs. approximated acceleration based on only accelerometer), and vertical velocities (velocity with attenuation vs. velocity dif-
ference). Test results show that the selection of waist-attached sensor, accurate acceleration, and velocity with attenuation based on
accelerometer and gyroscope signals is the best in overall in terms of sensitivity and specificity of the detection as well as lead time.
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Fig. 1. Illustration of pre-impact fall detection and lead time.
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Fig. 2. The gravity-compensated acceleration vector (a) and the
downward vertical acceleration (‘a.) with the inertial and sen-
sor reference frames.
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Table 1. Sensor configurations, locations, and orientation methods of
fall detection methods

Reference Sensor Sensor Calculation of
Configuration Location sensor orientation
Degen et al. [12] 3-axis accel. Wrist N/A
Bourke et al. [13] 3-axis accel. Sternum N/A
Bourke et al. [10] 3-axis accel. Sternum Strapdown
& 3-axis gyro integration
Wu & Xue [9] 3-axis accel. Waist  Quaternion filter
& 3-axis gyro
* N/A: Not available
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Fig. 3. Comparison of the accurate vertical acceleration (using accel-
erometer and gyro signals) and the approximated vertical
acceleration (using accelerometer signals).
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Table 2. Protocol of the simulated falls

Code  Fall Direction Description

Fl1 Forward No step without knee flexion

F2 No step with knee flexion

F3 Sit-to-stand, short step, and trip
Bl Backward No step without knee flexion

B2 No step with knee flexion

B3 One leg swing to front

B4 Sit down on empty

R1 Rightward No step without knee flexion

R2 No step with knee flexion

R3 Start falling back and turn to side
L1 Leftward No step without knee flexion

L2 No step with knee flexion

L3 Start falling back and turn to side
D1 Downward ~ Downward falling by faints

Table 3. Protocol of the ADLs (activities of daily living)

Code Description
Al Walking straight (5 m)
A2 Stand-to-sit
A3 Sit-to-stand
Ad Pickup and object
AS Stair-ascend
A6 Stair-descend
A7 Stand-to-lie
A8 Lie-to-stand
A9 Stand-to-squat
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Table 4. Cases of different velocity parameters depending on sensor
locations, accelerations, and drift boundings.

Case Sensor Location Acceleration  Drift bounding
Case 1 Waist Accurate Attenuation
Case 2 Accurate Vel. difference
Case 3 Approx. Attenuation
Case 4 Approx. Vel. difference
Case 5 Sternum Accurate Attenuation
Case 6 Accurate Vel. difference
Case 7 Approx. Attenuation
Case 8 Approx. Vel. difference
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Table 5. Fall detection accuracy of each case based on the maximum
sum of the sensitivity and specificity and false determi-
nation types

Case Sens. Spec. False . True . Threshold
(%) (%) Negatives ~ Negatives (m/s)
Case 1 997 99.5 B4(1) A7(1) -1.3
Case 2 974 100 B4(6) etc. None -1.5
Case 3 925 99.0 F3(4) etc. A2(1), A7(1) -12
Case 4 958 92.9 B3(3) etc. A7(7) -1.1
Case 5 99.7 100 B4(1) None -1.5
Case 6 974 100 B4(5) etc. None -1.7
Case 7 925 98.0 F3(8) etc. A7(2), A92) -1.3
Case 8 912 96.5  B4(10) etc. AS8(4) etc. -1.4

* fall or ADL type (count)
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Table 6. Sensitivity at 100% specificity and specificity at 100% sen-
sitivity of each case and the corresponding threshold

Case Specificity @ Threshold Sensitivity @ Threshold
100% sensitivity velocity 100% specificity velocity
(m/s) (m/s)
Case 1 97.5 -1.2 98.7 -14
Case 2 93.9 -1.2 96.1 -1.5
Case 3 Under 50 N/A 87.3 -1.3
Case 4 Under 50 N/A 84.1 -1.4
Case 5 914 -1.1 99.7 -1.5
Case 6 82.8 -1.2 97.4 -1.7
Case 7 Under 50 N/A 86.0 -1.5
Case 8 Under 50 N/A 77.6 -1.7
* N/A: not applicable
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Table 7. Lead times for each fall type (mean + standard deviation)

- Code Casel Case2 Case5  Case6
Threshold -1.3 m/s -1.5m/s -1.5m/s -1.7 m/s
F1 180 +23 157 £24 181425 164 +25
F2 167+120 145+117 149+100 120=+61
F3 185+86 218+127 161+79 200+114
B1 198 +45 162 £ 40 168 £ 39 145+ 38
B2 185 + 64 154 + 64 139+ 63 111+63
B3 189 + 46 159 + 44 164 + 43 142+ 38
B4 114+ 59 89 +£48 86+ 55 89 +£48
R1 177 + 31 155 +30 164 + 34 143 £ 31
R2 152 +42 134 + 41 127 +42 108 + 40
R3 195 +49 165 + 44 173 £49 145+ 44
L1 164 + 31 139 + 31 138 £36 116 £ 36
L2 150 +43 126 + 42 121 £38 98 +£37
L3 209 +29 178 + 31 172 £ 30 145+ 30
D1 150 + 59 119+ 58 118 £68 105+ 53
average 175+59 152 £ 66 148 +£58 132+ 59
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