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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 

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.
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Fig. 1. Basic structure of the system
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2.1.2 MSP430F2418PM

ATMega128L Silicon Labs
C8051 MSP430

TI MSP430F2418PM
16

CPU

1.8 V~3.6 V
0.8 uA 0.25 mA

(DCO)
1 MSP430F2418PM

8 KB RAM 116 KB ash
16

12 A/D
UART I²C SPI

I/O 64 [15]

3 3
3
SPI I/O

MSP430F2418PM
2.1.3 MPU6000 MAG3110

InvenSense
MPU6000

MGA3110
MPU6000 MEMS

4 mm×4 mm×0.9 mm QFN

MPU6000 9
I²C

MPU6000

±2 g ±4 g ±8 g ±16 g
±250°/sec ±500°/sec ±1000°/sec

±2000°/sec
[16]

MPU6000
400 KHz I²C 20 MHz SPI

10000 g MPU6000

±1% [17]

MAG3110 MEMS
DFN (2 mm×2 mm×0.85 mm)

MAG3110
0.1 T ±1000 T

I²C 400
KHz [18]

2.1.4

5 mm×
5 mm×1.8 mm 3 V

100 mA 4000 Hz 10 cm



(SPL) 70 dB/min
3 V

70 mA 8 mm×2.7 mm
12,000 rpm 10 N · m

240 mAh
3.7 V 25 mm×25 mm×12 mm

TPS71933-33 3.3 V
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Fig. 2. PCB of the MCU control board and the sensing

units board
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(a)
(a) Photo of the circuit board

(b)
(b) Photo of the product and shell
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Fig. 3. Physical diagram of the early pre-impact fall alarm system
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Fig. 4. Main owchart of the system software
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Fig. 5. The code downloaded successfully to the MCU
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Fig. 6. Laboratory for falling test and the system installation

position on the human body
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Fig. 7. Early warning of fall based on the pre-impact phase
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Acc 4.5 m/s2

98.61% 98.61%

Table 1. Accuracy evaluation with different 

threshold values (pre-impact phase)
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Fig. 8. ROC curve with different threshold values
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Fig. 9. Lead time distribution for pre-impact warning
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