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Development of a fall detection system based on multi-sensor

information fusion

Sun Weiwei Liang Yiwei Mao Yipeng Hu Zhihui

(Mechanical Electrical Engineering School, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: To address the issues of low detection accuracy and poor real-time performance in current fall detection
systems, a fall monitoring system based on multi-sensor information fusion has been designed. The system is centered
around the ESP32 microprocessor and utilizes sensors embedded in smartphones, pressure film sensors, and MPU6050
sensors for data collection. Health data is displayed in real-time through a mini-program interface, providing
monitoring and alert functions. A collaborative cloud-edge fall detection method has been proposed, combining a local
multi-threshold algorithm with an improved SSA-LSTM-Transformer algorithm and data fusion weights in the cloud.

This algorithm has been validated on a public dataset, achieving an accuracy rate of 99. 13%. Finally, system validation

was performed through experiments, and the results showed that the system’s fall detection accuracy is 97. 67 %. It

effectively detects falls and provides real-time positioning and alerts.

Keywords: ESP32;mini program;fall detection;internet of things (IoT) ;improved SSA

—_

=]

Ell

FHE 60 8P KL LS ANDRR 28 004 T7 A, A&
AN 19. 8% ;o 65 6 8 B UL B4 N H 2R 20 978 J7
AN BT 14. 9% . B2 & 840 R, 2 4 A i
S g enBagmEY, BENHNGEILE TR, 5%
B0, Qo R B 450 = 1 K B B s R By, T R M R o L {t B R
AETE . PR, FF R BB R A Bk AR R g B A
Mt R R B S, B BRI T R G S T Sk
JEEMEE BREMIR A, (HX B )7 R A7 4 AR Y Jm)
B, Sousa 45" SR FHAT SR 3D I A A R
A2 7 R A (H s g B, Tevk 45 IR L A 2% 119 Bk

W H 199 :2024-08-29

e 94

{15 5 s Kaur 5 OR FHAEEMR K O ik, T BE 007 35 ok
ST AT R AR IR B 52 s MR B TR S BRI TR Y o
M Yang 55 R FHEUS 2K Jr vk, BB A R0 0 Bk 48] = 4, (1
TETE 0 38 Y B FA T 88 KRS 5 Jiao &5 R IR Gk 1L F
T AAURIATL A il Y D 10 Bk B AR R G R TR B v AR B
Bt MELLE K, TR BRI S B Y WE S R R AEE R E T
LR DB A I v A . AR ST A4S S T B (E G T
A7 5 M) ML (support vector machine, SVM) , 7E — i€ £
JE BB T B ARG I ) v A 25, (EL 3% T TR XS TR A UK Y ik
18 2 4 By AR AR A U 4 5 S BRI IR iR, BX &R
ZeYon E N R AN . 2R 2R T 3T e K
W02 #4284 (short-term memory, LSTM) 142 & 9 &k



W FAT S H R

AN R TR -8 55 22 1)

IO, BARIZ RS A T i & B B m AR,
B LTI G B2 AT 9K 32 3 1% 4 T 7 R J7 A0 B30 o 4 1 R
Qaness %72 1 1 45 & B M2 W 4 5 Transformer 4244
AT (PCNN-Transformer ) o B S8 76 K 0KS & & P2 7t
BRI 30 5 e o A v o A2 B U 32 BRI e & 1w DL s s
A1 BT H S . Wang 85 R FH 36 Jon ok B 1 1) 12k
RVRG I T 1%, 5 5 SRR A 48 R B30 10 (SSA) FlI 2 [ 4% 5 1 28 ) 4%
HEATORAL A BT T P RE L (H X A% 8% 2 A B i FIORS
BRI G 5 2 BE RS M D RS vz T

ARSCVETT T —Fp 2T ESP32 8 1 HIL I IR W R 48
454 T 2B EUR R B RS AN S = um bR 4. &
G A6 S Hi3E 3 R R B . MPUG6050 5P AL IR 25
HE T-HL N B AL A R SR B L R T 22 90 100 530 ok Bk A7 P
PR AR 3] A b b SR 6 S ST R ) 47 118 P )3
WD TR A% A 3R TT R SR 1 R B RS AR, BN v A%
E YA R A SSA-LSTM-Transformer 15 %4
HEATERBEIIMT . 83 215 B B Al 5 Sk £ 5 AL JIOR AR
[F) 42 SR 25 (R HSCHIE 42 v A N ) R S R T S L s i I R
FREIE R RE S TE R BE R BT AL R T T
BRIERRILKT . RERE ST FHVNEIT, LA BoR
T8 SR B30 AT A R o S o A ) ) B A 4 e B B ) TR
PESIRRNLRTUERE R . A5 = um b R CAE, 45
G AR BIR RS B OR T R G0 A6 U7 B 52 M 10 ] B, £
F& T R IORS FE AR Zma N RE T . AR SCR T A AR e T 8L
B PR AG I 2R ST TE G L S I | B RA A AR AR 55 Dy THT ) 4
AR A B B 04 S R AR

1 Bfigit

ARSCBTT B R 2 T A ) AR LA R R o R R A
ARG LR R REE . m LRSS R G, = U R T
VR o S BUBSCHE 1) SR B A B L S 7S 23 T o 2R 8 4L ISR D) RE
BT . e S B R AR AR G0 Pl Z5 40 I 9 3 45 2 B 2R
FHHE RS s g A R TN, A2 JEE T J 28 4k i ] MPUG050 4 /&
e [ I G 00 o 2 D A B2 L O AR ESP32 it RIS
B R RE R Y Rk BANRT . ANRIF AT R E T
AL B 3B SR A% A B . AL R i &R
GEh /DR 52 B SCRF IS AR DI RE . XU ARE K A X 4
o T A A R T M R A 0 () R g PR AT P
SFITBER R A AE B IIRE JF R AT B B R
B AT LA 7S A RS H g i R A R A TR R . RS AE
T BRABI N L 2> 1) BB R A AR B RS . TR
e BB I FRORS L L R GRS S T AN M 2 0 (R TR AR
T 75 MR 55 4 68 T 503 26 AT = i )

2 HREFBBERERS

THRIRERS
ARRGIET ESP32 B ML AR L RGN 2

2.1

C_ L _ TOREEERE
| ErEmE I .
[(EREENE | [EReEE]
Remi e Nt
| EvEmE ' |
B EANREEE R
| rewemss || _ zBER%
r—. - - - - - - - - - — - - A
(ESHFEE T

g | [ segms

(W) EH)
Lo _ RESREGRRERZ J

B 1 R EEEH 568

Fig. 1

System overall design and functions
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Fig. 2 Hardware acquisition system
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Fig. 3 Distributed sensor
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Fig. 8 Mini program data display interface
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Fig. 9 Position and status
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Fig. 10 Fall warning
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Fig. 11 Cloud-edge collaborative joint decision
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Fig. 12 SSA optimized data weights
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Table 1 Comparison of algorithm performance

A B2k R/ i3 PEREE S
SVM 0.087 9 95.51 0.955 0.953
LSTM 0.057 8 95. 50 0.956 0.954
Transformer 0.0815 95. 88 0.972 0.971
LSTM-Transformer 0.061 5 96. 86 0. 966 0. 965
SSA-LSTM-Transformer 0.040 2 98. 21 0. 985 0. 985
PCNN-Transformer — 98.01 0. 986 0. 984
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Table 2 Local multi-level threshold judgment results

" THE OME ORI/ EifE
W RE wAEL W2/ %%
A7 100 10 10 90
Ui 100 15 15 85
1w iy £k £ 100 85 15 85
)Y ZRE] 100 80 20 80
) 72 kA5 100 78 22 78
EEFERE] 100 82 18 82

S AR R G A I A [ 28 B 1 kAR o 1 B SR
P B B HER I s U )R TR R A RO A TR R
IR, W BT TR A I RE . AR 600 IR
HISZE R, R BT RN I Y 584 Yk Bk 81 5 4 AN R R 14 1R
iR AEHR., RERE. ARG ORI REE T
99. 5% . 1M kB AT Ay B4 ARG oA W 2R R 96. 7590 . B AR IR R
ALY BRI AR RS T 97.67% . XELERE
W1, % 2 G5 BE 06 A 25 b A T 31 K 22 B0k (80 1, FLIR iR
AL N GER PR AL T T S B R SRR M I R



N F AT S HERE

=GR IR Wi 4

%22

R3I mOHREBKSHEER

Table 3 Cloud-edge collaborative joint judgment results
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