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The Study and Realization of an Early Pre-impact Fall Alarm System
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Abstract Falls are the second leading cause of unintentional injury deaths worldwide, so how to prevent falls has become
a safety and security problem for elderly people. At present, because the sensing modules of most fall alarms generally only
integrate the single 3-axis accelerometer, the measurement accuracy of sensing signals is limited. They can only achieve
the alarm of post-fall detection but not the early pre-impact fall recognition in real fall applications. Therefore, an early pre-
impact fall alarm system based on high-precision inertial sensing units was studied and developed in this paper. A multi-
modality sensing module embedded with the fall detection algorithm was developed for the early pre-impact fall detection.
The module included a 3-axis accelerometer, a 3-axis gyroscope and a 3-axis magnetometer, which could arouse early pre-
impact fall warnings by a buzzer and a vibrator. Total 81 times of fall experiments from 9 healthy subjects were conducted
in simulated fall conditions. The result shows that the detection sensitivity of the system combining the early warning
threshold algorithm can reach 98.61% with a specificity of 98.61%, and the average pre-impact lead time is 300 ms. In the
future, GPS, GSM electronic modules and wearable protected airbags will be embedded in the system, which will enhance
real-time fall protections and timely treatments for the elderly people.

Keywords early fall alarm; inertial sensor; threshold algorithm

ks BER: 2013-11-20

EEWMB: FEEARFEHES (51105359 & 61072031) « EKmHEARTIFRE K] (863 1K) (2012AA02A604) « [F 5 H p AT 77 & e 1%l
(973 7K1 T8 (2010CB732606) -

BN 45A, Wi, O, W07 o AREREITUE S50 RS BT, Wik, SRR, WRIOT o AR TS S T R 5
TIEH, RO, WEROT RO BRI R ke, BCEWRSOAE, BFSUOT O B s R GERER) , R, RTINS, BT R A
IZBNINREVEA . A TO5 AR BRSO A 7 230, E-mail: gr.zhao@siat.ac.cn.



A AR U AR ST 5 S 47

1 5

o}

gil, At REA Y 424000 A\SE T2k
15, BRAR C48 oA =AM T BT 1 5 K R A
(LR TAZ B ) o R IX e 5 PRAE AR 55 (R PE T
H, M 80% KATE RSN E XK,
Hrb 65 B L EMAEEZY . BEEiT, ZA
AR AR e R AR TR, JF HaX
ol XU RS: B A 6 R S T 3 . B A BRI A )
A H 3R 5, Rk AR 1) AT R

AR, ARZ R TAE A T — 28 2k {5
PRI TR [ 740, 32 A S S T AR W
AR BT RS BOR AL T 0] o i AT B
ARZRIED o T WU I AR J B i
We B ) A, T R T B U AR B R T G 2 g
BRI PR, T A e R PR
A Sy e R & Tk e S B AR, b
,ﬁtiiji%é[&ﬁ]o

M3 B L “ R N T i
AR b P B0 R B A s 02 I B v A
(el 2N

HHEH WL« BB AR 1AL R — R
FEV AL (0 = Sl sl P o, IERORS A2 B, L
B AR B AT SRR ", A A
SR ARSI J5 (4R D) e i A e SR (i (1 7ot

AW ORISR ISR T R T MEMS ik
FIRFICIRI BT BB PR A8, itk 173 “ =Hlhnidk
FEVE + =B BE IR+ =B vt 1 R 2 A
AR, PRI TIUE S, R e 3
AR 4 E 7 o

2 MEANTTIE

BERRHTR L CEANEE E, DS
PRABITIUE e 75 B RIS SR IE S8, AN 5 A
TETE S P IE R B0E, DIk, B R Al 2 5k
AW, BN R /N DUE T35 . fEREfRR
Bk, BT SCHR B A B R R AL
N AZAL F AR AC BB . F R . 7 BRI A
AR, R BT b, BR T RN IR T R M)
PRAE PR ST 2 A, I N TS 43 % R BB SRR
oy SN AL BRI DI FE R TS . fEN R4 PCB
PO SRR D ke 3 e R s, b
AR - I SR R AR R I 52 56, A R 78 43 B ik
% 22 G0 RE A SR AR HT (0 T Tl g
21wt
2.1.1 RGLHIHE K

FEAFT BT, B R SRR g 3
B AR IO . 2R G B H It R LA AR G HL
¥, RS HREEIE 1 R

1 1
LT o s G e '
i Vo | esm e e
e | i ( iR ]
| CHEE = o T '
1 HhFERRAYL 1 B R JTAG #:10 I
: MPU6000 <:-J-j>l Sar Teati = i :
. I2C ] [ ' : TI MSP430F2418PM = ARk '
1 1
; ) P '
' MAG3110 Vo | e S e M USB '
e ____2M \____C F _ g f—————
- - - - - - - -"--"-"=-"=-"=-"=-""=-""-""7"=-""-"-=- ___________:
: Rl | Ty | !

1 REEHHEE

Fig. 1.

Basic structure of the system
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