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Abstract: Among the elderly, fatal injuries and deaths are significantly attributed to falls. Therefore, a pre-impact
fall detection system is necessary for injury prevention. In this study, a robust threshold-based algorithm was pro-
posed for pre-impact fall detection, reducing false positives in highly dynamic daily-living movements. The algorithm
was validated using public datasets (KFall and FARSEEING) that include the real-world elderly fall. A 6-axis IMU
sensor (Movella Dot, Movella, Netherlands) was attached to S2 of 20 healthy adults (aged 22.0+1.9years, height
164.9+5.9cm, weight 61.4+17.1kg) to measure 14 activities of daily living and 11 fall movements at a sampling fre-
quency of 60Hz. A 5Hz low-pass filter was applied to the IMU data to remove high-frequency noise. Sum vector mag-
nitude of acceleration and angular velocity, roll, pitch, and vertical velocity were extracted as feature vector. The
proposed algorithm showed an accuracy 98.3%, a sensitivity 100%, a specificity 97.0%, and an average lead-time

311+99ms with our experimental data. When evaluated

using the KFall public dataset, an accuracy in adult data

improved to 99.5% compared to recent studies, and for the elderly data, a specificity of 100% was achieved. When
evaluated using FARSEEING real-world elderly fall data without separate segmentation, it showed a sensitivity of

71.4% (5/7).

Key words: Pre-impact fall detection, Threshold-based, IMU, Elderly fall
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1. HIO[E{All

dagE MY W F7EE flske] 4l H 2019 o]
HE A e dgEe] d5S floke] KFall
4%l 9 =91 glolEA[17], FARSEEING A =31 Y4
tloleAl[21]& &-8-5F3itH(Table 1).

daE|E S floke] QA" 9 H3of xAo] fl=
Azt 1079] A9l A (Lo 24.1+2.04), A%k 170.745.8 cm,
A% 65.56+11.2 k)1t 101 2] AJQl ofA(Lro]: 21.6+1.44],
AlA}: 163.1+4.4 cm, AZ: 59.0+17.4 kg)S mASIA T
Inertial measurement unitMU) A4 (Movella Dot, Movella,
Netherlands)E A5AS Vet S2 $x]o #3261
(Fig. 1) 60 Hz &9 Fu,= 35 7% 35 245k
dlolEE sxlstaon, YAl A A % B AEe Bkl
571 $lstol Avlets B71ststol ae stk 1171
o] dab AT} 14717 9] A E 2 (Activities of
daily living; ADL)Z 77} 33] whaste] dlolelsle 75

il

*]

Table 1. Dataset overview used for development, evaluation, and validation of the algorithm

Dataset Purpose of Number of Subjects Number of movements
atase .
dataset subjects Age Height(cm)  Weight(kg)  Fall ADLs
This study Development 20 22.0+1.9 164.9+5.9  61.4+17.1 11 14
& evaluation

Adult Validation 32 24.9+3.7 174.0+6.3 69.3£9.5 15 21
KFall[16] o

Elderly  Validation 10 80.8+2.5 166.6+£11.9 65.147.2 - 17

FARSEEING[20] Validation 3 73.7+5.8 171.1411.9  79.4+14.9 7
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Fig. 1. IMU sensor placement and axis orientation
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Table 2. Experimental movements

ADLs

Falls

Do1
D02
D03
D04
D05
Do6
Do7
D08
D09
D10
D11
D12
D13

D14

Fo1
Fo2
F03
Fo4
F05
Fo6
Fo7
Fo8
F09
F10
F11

Stand(30s)

Sit and stand up from floor
Squat

Waist bending

Walking

Jogging

Stumble while walking
Jogging in place

Jumping

Walk upstairs and downstairs
Sit and stand up from stool
Collapse in a stool when trying to stand up
Lying on the mattress

Slowly sit and stand up from a low-height
mattress

Backward fall while walking caused by a slip
Forward fall while walking caused by a trip
Forward fall while jogging caused by a trip
Backward fall when trying to sit down
Forward fall while sitting

Lateral fall while sitting

Backward fall while sitting

Forward fall when trying to get up

Forward fall from standing

Lateral fall from standing

Backward fall from standing

3o (Table 2) & A
aelioglusle] 5218 wol A
3

o5 KFall Aol @ w9l
o]gJAl[17], FARSEEING Eﬂo] EA[21]S &-8313it) KFall
49 SOl 2901 W Aol 2492874, 4

1 174.0£6.3 cm, A5 69.3£9.5 kg)ys 2A510] 217119 &
AP A R 15719 S B able 9]tk 512
IMU9| A9 3% 7145, 3% 2145w, 9d2 o] AFE 9
o, AHS 7]Hko R SRlE UAe] A& AT} B Alo] B
Al AEE ek KFall 2=Q1 glo[efAlS 107 9] =2l u]3
ZHL}0]: 80.8:2.54], A& 166.6£11.9 cm, A2 65.1:7.2 k)=
Ao welol] SIS eeka WekE QAA 5
Auke w3ksic),

FARSEEING djo]ElMI[21]S QopAA 7% 2ol 221 9]
w=ol(L}o]: 69.5:7.74], ARk 167.1411.7 em; % 75.6+12.8 ke)
=2 e s IMU AlAE LS E s Ao Fafste] %
717 AEeH, AAYE =T 120029 HlolEE
Asdter & dtollde & 22719] dlolg 3 Ls Al
A 3% JtaE W 3% 7#@5 NE7t wE mgkE T o)

=z O
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# 3. KFall 48 5%

Table 3. Experimental movements of KFall

DO1 Stand(30s)
D02 Stand, slowly bend at knees (full squat), tie shoelace, and get up
D03 Pick up an object from the floor
D04 Gently jump (try to reach an object)
D05 Stand, sit to the ground, wait a moment, and get up with normal speed
DO06 Walk normally with turn (4m)
D07 Walk quickly with turn (4m)
D08 Jog normally with turn (4m)
D09 Jog quickly with turn (4m)
D10 Stumble while walking
ADLs D11 Sit on a chair
D12 Sit on the sofa (back is inclined to backward)
D13 Sit down to a chair normally, and get up from a chair normally
D14 Sit down to a chair quickly, and get up from a chair quickly
D15 Sit a moment, trying to get up, and collapse into a chair
D16 Stand, sit to the sofa, and inclined the back to the support, and get up with normal speed
D17 Lie on the bed
D18 Sit a moment, and lie down to the bed normally, wait a moment, and get up normally
D19 Sit a moment, and lie down to the bed quickly, wait a moment, and get up quickly
D20 Walk upstairs and downstairs normally (5 steps) 387
D21 Walk upstairs and downstairs quickly (5 steps)
Fo1 Forward fall when trying to sit down
Fo02 Backward fall when trying to sit down
FO03 lateral fall when trying to sit down
Fo4 Forward fall when trying to get up
FoO5 lateral fall when trying to get up
Fo06 Forward fall while sitting, caused by fainting
Fo7 lateral fall while sitting, caused by fainting
Falls F08 Backward fall while sitting, caused by fainting
F09 Vertical(forward) fall while walking caused by fainting
F10 Fall while walking, with use of hands in a table to dampen fall, caused by fainting
F11 Forward fall while walking caused by a trip
F12 Forward fall while jogging caused by a trip
F13 Forward fall while walking caused by a slip
F14 Forward lateral fall while walking caused by a slip
F15 Backward fall while walking caused by a slip

A () SASE QAAPPES ekl 7bE0] 7] filterHPR)E 483 S4WE R Fgstat.
A FUNEEE W ke T SAMEER Polshen
[22-24] Simpson’s rule 7|Wto 2 $£AIEET) 0.24g 3.5 M HAMHE LdN2[E
2 s ARt 28A o whi 0.98 B9 $A%  Fig 2 9ol 25 woln THE Q4G Threshold) L
L5 AAFSHITH25]. T3E, 0.1Hz 27 Butterworth High-pass — BRHTh Agyy % A&7 AAGS W53 7| 54 Al
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Table 3. Performance of the algorithm after filtered with HPF
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Table 4. Performance of the algorithm according to the dataset

Dataset Accuracy (%) Sensitivity (%) Specificity (%) Lead-time (ms)
This study 98.3 (295/300) 100 (132/132) 97.0 (163/168) 311+99
KFall adult 99.5 (946/951) 99.8 (443/444) 99.2 (503/507) 342+182

KFall elderly 100 (561/561) 100 (561/561)
FARSEEING 71.4 (5/7) 71.4 (5/7) 104+40

E 5. peigl A3 Qile] A vl
Table 5. Performance comparison with previous study

Accuracy (%) Sensitivity (%) Specificity (%) Lead-time (ms)
This study 99.5 (946/951) 99.8 (443/444) 99.2 (503/507) 342+182
Yu et al. [25] 89.5 (847/951) 95.5 (424/444) 83.4 (423/507) 333+160
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Table 6. Comparison of false movements, A: This study, B: Yu et al. [17]

ADL Fall

Code A B Code A B

Do1 0/6 0/6 Fo1 0/30 0/30

Do02 0/29 3/29 Fo2 0/30 2/30

D03 3/30 10/30 Fo3 0/30 2/30

Do4 0/30 0/30 Fo4 0/29 0/29

Do5 0/30 23/30 Fo5 0/30 5/30

Do6 0/28 4/28 Fo6 1/30 0/30

D07 0/28 0/28 Fo7 0/30 0/30

Do08 0/30 4/30 Fo8 0/30 0/30

D09 0/29 7/29 Fo9 0/29 0/29

D10 0/30 6/30 F10 0/28 5/28

D11 0/6 0/6 F11 0/29 0/29

D12 0/6 0/6 F12 0/29 0/29

D13 0/29 7/29 F13 0/30 0/30

D14 0/29 14/29 F14 0/30 5/30

D15 0/30 5/30 F15 0/30 1/30

D16 0/29 3/29

D17 0/6 0/6

D18 1/26 1/26

D19 0/19 1/19

D20 0/27 0/27

D21 0/30 0/30
WSl BT WslE wol $HE Haue 2w W o19]. 7] W50 Yol A9 gl meUA dole g
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