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gne|E
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T 29
rASVM Jtag 37
ASVM 7t = A7|(sampling 50Hz: cut-off THz LPF)
(GSVM 244z 37|
rGSVM_ver A ASE 37| (B2 5Y 48 ALET ©Y)
ROLL A2 7127
PITCH Mz 7|27 (¥£7t s, 247} Fuh
A% & £ (vertical velocity)
jump_count HZ IIRE
Jerk 7t&E 37|9| B3t (sampling 50Hz: cut-off 1THz LPF)
XH &4 ZX| (foot_impact)

- (rASVM > 350 && abs(AY) > 300)0| 2t=EE|= AL

25 ME S92 foot_impact_window 33}

jump_count (BZ 7| 2E)
- rASVM > 1309 A& F17te| ZO|E FI2E(PH 7I2E)
- I [7H0| THE 04 BI|H 2|4

—Jump acc?t ASYME &dlf =7t ELt=

f (rASWM > 130) {
if ((pObj->last_jump_index >= 0)
8& ((pObj->data_counter — pObj->last_jump_index) >= 7)
&& (pObj->jump_count > 0))

{
pObj—>jump_count = 0;
pObj=>jump_acc = 0.0f;
pObj=>jump_window = 0;
}

if (pObj—>jump_count == 0) {
pObj—>jump_acc = 0.0f;

}

pObj=>jump_count += 1;

pObj=>jump_acc += (ASVM - 100) ;

pObj—>last_jump_index = pObj->data_counter;
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rGSVM_ver (=2 Z+&5& 37)|)
- MEHGX), B (G2 P29 A45Eo Made

- float rGSVM_ver = sqgrtf(GX * GX + GZ * GZ);

rASVM_window Z=2F &Ef ZEX|
[m]

- rASVM < 80 Z710| BtEE|= A2 0|2 50 ME 52 rASVM_window A& 243}

-20 ME QU9 3% JIEE, 3% AL E YRR ot Mk HEZ £H
1 91 S0l ADL 892,644, Fall 55,4607H2| window CllO|E{7} ALEE

of % dEX=)S HEst=s 2 7180l HEF)

flatten (Flatten) (None,
dense (Dense) (None, 32)
dropout (Dropout) (None, 32)
dense_1 (Dense) (None, 6
dropout_1 (Dropout) (None, 6

dense_2 (Dense) (None, 2)

Total params:
Trainable params: 6,114
Non-trainable params: 8

#s g
Optimizer Adam (learning_rate=0.0001)
Loss BinaryFocalCrossentropy
(alpha=0.4, gamma=3.0, apply_class_balancing=True)
Metrics ['acc’]
Epochs 1000 (EarlyStopping2R 2 &7| T&)
Batch size 128
Validation split 0.2
Callbacks EarlyStopping
(monitor='val_loss', patience=30, restore_best_weights=True)




8. TF_window (HAl2{d |I=2)
- (TF > 0.9f) && ((abs(PITCH) < 30) && (abs(ROLL) < 30) =71 Tt= Al 5 M

TF_window AZ& &d3}
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9. rASVM_fall_count (rASVM ZZ12| 2 IR E)
- (AY > -60) && (rASVM < 80) = ALK TE A| rASVM fall_count 14 S7¢

- A xAH AZ IR E(consecutive_skip)2 ¥ T 2UEF FL 2HNIX &

-

if ((AY > -60) 8& (rASWM < 80)) pObj—>rASVM_fal|l_count++;
else {
if (pObj->rASYM_fall_count > 0)

pObj->consecutive_skiptt;
if (pObj—>consecutive_skip > 2)
{
pObj->rASVM_fal | _count = 0;
pObj->consecutive_skip
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10. ASVM_fall_count (ASVM Z=Z719| F2 FIRE)
- (ASVM < 60) A= Tt= Al ASVM_fall_count 1% St



BE 1,2 3 AZE (rASYM_window):
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AHIM o2 AZE|= ZHASZ MM 252749 HIO|E = 1687HE ZAZE (66.6%)

- rASVM_window &43} O|Z (TF > 0.8f) 8& (abs(PITCH) < 30) &% (abs(ROLL < 30))

Ol T 8BS Al rASVM_TF count 14 &7t

o

rASVM_window TF GX A=

if ((pObj->rASVM_TF_count >= 2) && (TF > 0.85) && (((rGSVM > 200)

8& abs(rGSYM - abs(GY) > 10)) || (GX < -100) || GX > 150) && (AY > -60)
&& (rASWM < 300) && (pObj->foot_impact_window < 10)

&8 ((abs(PITCH) < 15) || (abs(PITCH) > 15 && VWV > 6)) && (jump_count < 10))
BE{1AS

rASVM_window TF AZ A=
rASVM_TF_count 7} 20|44 AL AZ(H=Z
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if ((pObj->rASYM_TF_count >= 2) && (TF > 0.9) & ((rGSVM > 200)) 8&& (abs(AZ) > 100)
&& (abs(AZ) < 300) && (pObj->foot_impact_window < 10)

&& ((abs(PITCH) < 15) || (abs(PITCH > 15 && W > 6)) && (jump_count < 10))
2= 1143

BE 2 (A5 =)

- rASVM_window &3} 0|Z (rGSWM > 400) BtS A] rGSVM_count 12 &7}

_C'>_
rASVM_window?} CtA|l g3} &[H 022 Z7|%}
rASVM_window_rGSVM (&&= = BtF or X et 7hSE 20 &) 2

—

if (pObj—>rGSVM_count >= 3 && (pObj—>foot_impact_window < 1)

or (pObj->rGSVM_count >= 1 && rGSVM > 500 && (AX > 250 || AZ > 250) && (AY > -60)
&& (AY < 200)))
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- rASVM_window &3} 0|=

(rGSVM_ver > 100) && (AY > -60) && (rASVM < 80)
& (GX < 0) ¥ QE=E

= Al rGSVM _ver_count &7}

rASVM_window_rGSVM ver (£=X! Zt&E XM + TF f Bt Al AE)

(((pObj->rGSVM_ver_count == 2) 8&
((pObj->rGSVM_ver_count >= 3) &&
(

AY > -60) && (rASWM < 80))
2E 348

(TF > 0.85) && (rGSVM_ver > 150))

0 (TF > 0.7) && (W > 6)))
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BE 4 AE (TF_window):

o 64MZ TN T A 25 %2 dFE HAESIH rASVM_window?t LIEILEX| Gi= &
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(52 & LO|=7 &dste 42 rASVM_window =S Tt
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o TF_window &3} O] (TF > 0.8f) && (( abs(rGSYM - abs(GY)) > 10) || (W > 6))

2 ¢ ObE Al TF count 14 =7

if (((pObj->TF_count >= 2) && (rGSWM > 200)) ||
((pObj->TF_count >= 3) && (rGSVM > 100) && (abs(pObj->km_ obj.pitch) > 20)
8& (W > 9)))
{
2E 4 4E

}




BE 5 51,52 53 AE (rASVM_fall_count):

o 1278 HIOIH7I AEE UK F&, Y22 HoX= F2E A=
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it ((p0b]->rASWM_fall count >= 8) && (TF > 0.6) && (rGSVM_ver > 200) && (GX < -150)
&& (pObj->consecutive_skip == 0))

o TrASVM fall_count = Qt= A| A=

MIEZFIRE7L 10 O|A0|H rASVM fall_count YAZ &3}

rASVM _fall_count rGSVM_ver: TF 27 + #=Z Zt&n (=g i)

rASVM_fall_count_AY : TF = + gk HiX| + AY = (X|HO| &Oo| SUEX] O &
rASVM _fall_count TF: &2 TF & + 3 48 + JY Z4EE 4+ AXIIRE

if ((pObj->jump_count > 10))
{

pObj->rASVM_fal |l_count_threshold = pObj-> jump_count_from_fall_detector;
}

if ((pObj—>rASVM_fall_count >= (10 + pObj->rASVM_fal|l_count_threshold))
8& (TF > 0.7) 8% (rGSVM_ver > 150) &8 (GX < 150))
{
2CE 51 HE
}
if ((pObj—>rASVM_fall_count >= (10 + pObj->rASWM_fall_count_threshold))
8& (TF > 0.6) && (GX < -100) && (AY > -60))
{
BE 5 AE
}
if ((pObj—>rASWM_fall_count >= (10 + pObj->rASVM_fall_count_threshold))
&& (TF > 0.9) 8& (AY > -60) && (rGSVM > 100) && (GX < -50)
&& (pObj->consecutive_skip == 0))
{
B2E 53 HE

}




BE 6,61 AZE (ASVM._fall_count):

o 28712 LIO|HE ZAESIFCH, BE 6, 612 HAE =2 HEE F8 32 ¢
o
XHo| HA FFol HoiRl S5
o ASVM_fall_count = Bt& A| A=
jump_count_from_fall_detector?} 15 O|&fO|H ASVM_fall_count &A%t &2t
rASVM > 80 && PITCH< 35 = Al ASVM_fall_count 7|2}
ASVM _fall_count;: ASVM_fall_count =71 Bt= + TF 3f + 3 &2
ASVM_fall_count_TF: ASVM_fall_count = Bt&F + &2 TF gt + =% &
if (pObj—>ASWM_fall_count >= (12 + pObj->rASVM_ASWM_fal|_count_threshold)
8& TF > 0.8 && rGSVM > 200)
{
DE g A=
}
if (pObj—>ASVM_fall_count >= (6 + pObj->rASVM_ASVM_fal |_count_threshold)
&& TF > 0.95 && rGSWM > 200 && pObj—>foot_impact_window < 10)
{
2E 61 HE
}
BE 7 HAE (rASVM_Impact)
o 871 HIO|HE ZA=EsI¥el MEetez HOX|HL 3AH 2= SHES AE

UE2EA 2dots 542 2 7 10 8502 0| 45 =25 gzt
{ =

rASVM_Impact: Zt5&2 = + TF = + foot_impact =

if ((rASVM > 400) && (abs(AY) < 300)
8& ((abs(PITCH) < 30) &% (abs(ROLL < 30)))

{
pObj->rASVM_count = 20;
}
if ((pObj—>rASVM_count > 0) && (pObj—>rASVM_count < 10))
{
if (AY > -60 &&% rASVM < 80 && rGSVM > 200 && TF > 0.8
&& pObj->foot_impact_window < 10)
D 74dE
}

if (pObj—>rASVM_count > 0) pObj->rASVM_count——;




Lh) Clo[E & HF

21t

7h HH dlol{ 4 Zu}

£l O] £ &1

Eo0|E

B

2| =Ere

KFall 24 O|O|H

99.8 % (2723/2729)

ALY GIO|E (60HzZ)

100 % (32/32)

100 % (28/28)

1622 + 121.5 ms

ALY HIOIH (50Hz)

100 % (180/180)

100 % (45/45)

150.7 £ 912 ms

O 2H|2 COJE

85.7 % (12/14)

408.1 + 223.3 ms

AM|CHetn HolE

99.0 % (395/399)

100 % (110/110)

2456 + 1225 ms

HA HolH

99.6 % (3342/3354)

(
(
100 % (79/79)
(
(

100 % (252/252)

2737 £ 1852 ms

& mcE HE 84
Bc 29 HE 3% dyde 85
1 rASVM_window_TF_GX 13.0 % (33/252) 83 %
11 rASVM_window_TF_AZ 5.2 % (13/252) 16.7 %
2 rASVM_window_rGSVM 22.6 % (57/252) 83 %
rASVM_window_rGSVM_ver 13.5 % (34/252) 25.0 %
4 TF_window 27.0 % (68/252) 25.0 %
rASVM_fall_count 0.8 % (2/252) -
51 rASVM_fall_count_rGSVM_ver | 1.6 % (4/252) -
52 rASVM_fall_count_AY 2.0 % (5/252) -
53 rASVM_fall_count_TF 0.4 % (1/252) -
6 ASVM_fall_count 3.2 % (8/252) -
61 ASVM_fall_count_TF 7.5 % (19/252) 83 %
7 rASVM_Impact 3.2 % (8/252) 83 %




HE g% s 2 HE HE

1 19.6 % (11/62)

11 12.5 % (7/62)

2 14.3 % (8/62)
FH T Y M 3 37.5 % (21/62)

4 3.6 % (2/62)

61 3.6 % (2/62)

7 8.9 % (5/62)

1 18.8 % (28/159)

11 349 % (52/159)

2 114 % (17/159)
Syt 5= = My HE 3 23.5 % (35/159)

4 4.0 % (6/159)

6 2.7 % (4/159)

61 1.3 % (2/159)

7 3.4 % (5/159)

1 438 % (7/22)

3 12.5 % (2/22)

4 12.5 % (2/22)
Fd T Y M 5 12.5 % (2/22)

52 6.3 % (1/22)

61 6.3 % (1/22)

7 6.3 % (1/22)
Fd F Y e 1 15.4 % (2/13)

2 7.7 % (1/13)

3 38.5 % (5/13)

4 154 % (2/13)

51 7.7 % (1/13)

7 154 % (2/13)
ZIHE QoM B FE 1 11.1 % (1/9)

3 55.6 % (5/9)

4 11.1 % (1/9)

52 11.1 % (1/9)

61 11.1 % (1/9)
ZIHE QoM 2 M 1 333 % (3/9)

3 55.6 % (5/9)

4 11.1 % (1/9)
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o =YUEA:323ol 200 g2 HY

o MAM: 52[fX|(s2)e] MM=Z 2t O|0|E(6-axis) 5 (100Hz)

o d¥ Z1

£0|&: 99.78 % (2723/2729)

o B 32 95X 45
HS Activities Accuracy (%)
D01 Stand for 30 seconds 100 % (32/32)
D02 Stand, slowly bend the back with or without bending at knees, tie shoe lace, and get up | 100 % (157/157)
D03 Pick up an object from the floor 100 % (157/157)
D04 Gently jump (try to reach an object) 100 % (160/160)
D05 Stand, sit to the ground, wait a moment, and get up with normal speed 100 % (156/156)
D06 Walk normally with turn (4m) 100 % (151/151)
D07 Walk quickly with turn (4m) 100 % (154/154)
D08 Jog normally with turn (4m) 100 % (156/156)
D09 Jog quickly with turn (4m) 100 % (151/151)
D10 Stumble while walking 100 % (159/159)
D11 Sit on a chair for 30 seconds 100 % (32/32)
D12 Sit on the sofa (back is inclined to the support) for 30 seconds 100 % (32/32)
D13 Sit down to a chair normally, and get up from a chair normally 100 % (149/149)
D14 Sit down to a chair quickly, and get up from a chair quickly 100 % (155/155)
D15 Sit a moment, trying to get up, and collapse into a chair 98.72 % (155/157))
D16 Stand, sit on the sofa (back is inclined to the support), and get up normally 100 % (152/152)
D17 Lie on the bed for 30 seconds 100 % (32/32)
D18 Sit a moment, lie down to the bed normally, and get up normally 99.34 % (151/ 152)
D19 Sit a moment, lie down to the bed quickly, and get up quickly 97.99 % (146/149)
D20 Walk upstairs and downstairs normally (5 steps) 100 % (137/137)
D21 Walk upstairs and downstairs quickly (5 steps) 100 % (149/149)




Tty AtLH HOIE{ X (F 27571 H|O|H)

60Hz CIO|E 4 (& 50 7§ H|O|H)

Ak 1 ol g2 g

A B2 X|(s2)2] MME 2 H|O[E (6-axis) =
s a4t

S0|=: 100% (32/32)

]

=y
11 ZEE: 100% (28/28)
2|EEFY: 1622 + 121.5 ms

HOolH % =5

d (60Hz)

=5 HS Activities
DO1 MUI| (5 =)
D02 AgE £
D03 sl 8 24 &7
D04 HAz| =
D05 HFEFOI| SEQUTH LOjA 7|
D06 OfXtof LMEER BIRUCEH UOIA 7|
D07 O|Xtof| WA EUCH L AT
D08 O|Xtof =M o7
D09 AL ¢, 7IE , YOIM7|
D10 HEZ|A0 LHEERE FRACEH YOIA Y|
D11 Ez|20f WEH F2CH LOIM7|
ADL D12 AT LOIAT| (W2 5 8 8H=)
D13 LHEHER Z7] (1028)
D14 W2 27 (10 23)
D15 YHEEE HE|7] (1023)
D16 A 27 (10 23)
D17 Zovr g el #EE|
D18 Ytz 71|E+ QE2Uz|7] (52
D19 BEA AT QELHE7] (52h
D20 MA & TFEH JHE517)
D21 MA & FEH HET
D22 Ho| 2RX0 HET|
FO1 Fd 5 M M
M F02 FH 5 24 M
FO3 Fd T 2L M




50Hz H|O|E{Al

(& 2257K O|0|H)

oAk 3 ol 4 g
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A 52| flx[(S2)e] MM=Z 2 Tl0|E(6-axis) =

ColE 5% 2 WHAIY 34N S
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d (50H2)

45 a4t
£0|&: 100% (180/180)
DI ZHE: 100% (45/45)
2|EEFQ: 150.7 + 91.2 ms
Golel &% 22
=5 HS Activities
MO1 MRUAZ| (5 E)
M02 AgE £
MO03 sl 8 24 &7
MO04 A2 Mo
MO5 HFEFOI| SEQUTH LOjA 7|
MO06 OfXtof LMEER BIRUCEH UOIA 7|
MO07 O|Xtof| WA EUCH L AT
MO8 O|Xtof =M o7
M09 AIof 81, 7|, QoM 7|
ADL M10 DEACH LOIM7| (WHrZH 5 H HiE
M11 LMEEZ HI| (102S)
M12 HWEH Z7] 10 23)
M13 OIA}_/.EEE |:+E|7| 0 4%)
M14 A =271 10 28)
M15 Aot & 2|1 2T
M16 UMEEE AT EL27| (57
M17 WEA AT QELHEIZ] (5 2h
M18 WA & F20 JtEstn HET
M19 WA & F20 JtSstn Bo| SRX0 HET|
M20 AHE Fd Al O|02X|7|
M21 Fd 5 M M
M22 T F 54 M
ME M23 T F 8 M
M24 ZIEE QoM HE M
M25 ZIHE QoM 2 M




2h) S 2H[A HOJE (F 937§ H|O|H)

&:85.7% (12/14)
012+ 100% (79/79)
CEFY: 408.1 + 2233 ms

- b XY Sh0 Muk M40 7
- MY 2 2 MU ME: 39 7Y
=& Hz Activities HlojE| 7%=
ADL - Fd 5 28X = HEL0|AM FHOLEE| 7] 14
. S001 ~ S014 T T MY M 40
. BOOT ~ BAO2 | Mt £ & Myt Mg 39
Ol HAAMCHStw HIo|E| (F 5097 CiO|E)
o HAHYCHEXE20Fe| el 1Y (2 18F of 2 &)
o AAM: & X[ MMZ Y H|O0|E(6-axis) FE (60Hz)
o HOIEl £%: 2 WA 5 M B2 57
o #BF Zut
£0|E: 99.0% (395/399)
QIZ=: 100% (110/110)
2| EELQ: 2456 + 122.5 ms
=5 HS Activities glolE| 744
M1 AU Y - & 720 GF] o T =Y 100
M2 N7 FY - xlg 97| - o rE0 g3 100
AL M3 ™ FH (AA e 100
M4 2| T (HEAIA g 99
ME M5 Ha 52 7 MY ME 110




bh 22E SX
- YMER 9 B 2E B
HE |4 HE nC dE H|g
LO{LILE ofXtof| B §t7 11 100 % (2/2)
1 25 % (1/4)
HEEZA0 57| 3 50 % (2/4)
4 25 % (1/4)
1 25 % (1/4)
28X = €720 e]7] 25 % (1/4)
4 50 % (2/4)
o YolMa{Ct o[Xtof M 87| 2 )
-2 2% mode 11 2 HE (KFall HIO[E4 & 274 2/157)
- HEH 220l 2% A4St £ASEIF I LiEL 24F U
| HME, YAI QAP SXo2 ASR Fo7t e
°Hs Ui Y 35
520T15R01 S27T15R03
} 200 :ﬁ: - y 200 A /\'m)‘? _
g Or— A E %""L"“"_" E
—200{ —_ AWM —200 4 : »:J
—— LPF_ASVM
——- Detection a 60 100 120 140
%200 o /\ %200 /\A,.\
| — : =
15 ———_Detegtion 40 60 100 120 140
— \er_Velocity 10 4
10 1 ==~ Detection

T
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T
60
frames

T
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T T
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7| (KFall GIO|E{A & 471 4/301)

(e}
- WEA 5= FM 7HEE 40| BOX|H MEQF RASHA &R Uk
A LIEIHRAE Ll
- Ofe|oflM X E5l= HELSE 5= 2 AI8XL Fo|71 ER
ods 3y BE
S23T18R0O1 S23T18R0O3
2001 — ax /l\/{'/\ 100 D
U — e T I
R v L s ———
F— asvm  — ' ~100 1
_opp L T LPF_ASVM V \?\/\ 100 . . /
--- Detection 40 60 200 220 240
7 2007 — ax % 100
g ¢
R of— az 5 o
£ I — asvm S
5 —200 4 —— G_ver \/ °© —100 - - -
--- Detection 40 60 200 220 240
75 __— Ver_Velocity J/Jv\ 6
5.0 1 --- Detection i 44
2.5 i 21
0.0 4 i 0 T T :
-0 0 50 200 220 240
frames frames
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1100 1125 1150 1175 1200 1225 1250 1275 1300
T A A —
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1100 1125 1150 1175 1200 1225 1250 1275 1300
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= —— PITCH
T s
L'}
=
£ -504
1100 1125 1150 1175 1200 1225 1250 1275 1300
| A N 4
0.75 WVJ T
L 0.50 1
B
0.25 1
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1100 1125 1150 1175 1200 1225 1250 1275 1300
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