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[Abstract]

This paper proposes the development of a lightweight Al-based fall detection system that can operate
efficiently in low-spec hardware environments. Existing fall detection research has often relied on
high-performance GPU environments or focused solely on detection accuracy, without adequately
addressing processing speed and hardware limitations. To overcome these challenges, this study utilizes
MediaPipe, a GPU-independent framework, combined with data analysis-based machine learning models,
to design a system that requires minimal computational resources while ensuring fast and accurate fall
detection. Experimental results demonstrate that the proposed model outperforms GPU-based models in
terms of training and inference speed, while also delivering competitive detection performance. This
research presents a promising approach to reducing dependency on high-cost hardware, thereby

maximizing the practicality of fall detection systems in real-world scenarios.
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I. Introduction
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II. Background and Related Works

1. Background

1.1 MediaPipe
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2.2 Fall detection system using YOLO
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2.3 Fall detection system using Bi-LSTM
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Al machine vision-based fall detection system
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Fig. 1. System Overview
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Fig. 2. Example of collected data
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1. Pose detection training dataset construction
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Fig. 3. Bounding box for standing, sitting and lying images
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Fig. 6. Proposed System Overview

3. System architecture and web software
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&ofl Aol e, loT BEof= Hilefd 78 ApA|
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e = PAeof] 551, PHP 3! Apache 7|39FHo] <4 of
E27lolAdo] o] #efsty, AWARl A AT oA
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Fig. 7. Web software for manager

IV. Experiment and evaluation

Table 1. Hardware Enviroment

Item specification
CPU Intel i7-10700 CPU @ 2.90Ghz
RAM 32GB
GPU NVIDIA GeForce RTX 3060 ti

1. Evaluation of pose detection accuracy

2 AollA AStsts A BA] 71HY e =]
7] Slelixe AR 2 RPN "&R|9] FEhwrt S5t
olF Holl, A= &l =&Y £ Q=2 A44Y &
= o8& &&sto] thofet taleld 2z 371K] AbA|
Al 5= B7Istit. Table 2= 571K w3 &85}
of de= 2xd 3t Zoz M| G| wHlof tigt 45
B} Ans Uehict @l g Arzs g2
(accuracy), AW (precision), A3&(recall), 12|11
F1-A350] (Fl-score)2 F/g&]o] glom, ZF wdo] &
7 A5e FgRor AT £ ot 2AAY, 2A]A
g 3 HE ALt Be 2HoA 0.95 o9 A=E, &
U, g, F-1 27012 7|=500] 09 9asta o
02 FYFA 45 Ut 2L Sl o)
9 50 0150] AW TRl the olgiche 2
sttt E5], A xAE(Random Forest)Q] 732,
= 0.9835, JU= 0.9836, A& 0.9825, F1-d4
0.98262, B AlBA 7MY =2 4= 7I53H o
2tA 5ol 7P Spet HE ZEAES 2 ALY Ao
Lol 7 At Haleld 7Hos AR

1

oX o Hr ox
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Table 2. Evaluation for each model

Table 5. CNN model design and parameter settings

acc. pre. rec. F1 type values or contents
ANN 0.9547 0.9547 0.9547 0.9547 1-convolution layer: 32 filters, filter size (3, 3), ReLU
SVM 0.9525 0.9527 0.9525 0.9525 Conv2D | 2-convolution layer: 64 filters, filter size (3, 3), ReLU
Random For. 0.9835 0.9836 0.9825 0.9825 3-convolution layer: 128 filters, filter size (3, 3), ReLU
Logistic Reg. 0.8763 0.8758 0.8763 0.8758 Max ] ]
KNN 09815 09815 09815 09815 Pooling Redgces fiat.a size and emphasizes features.
Gradient Boost | 0.9620 | 0.9623 | 09620 | 0.9621 op | Pooling size: (2, 2)
Flatten Converts 2D data into 1D format for passing
to the Dense layer.
Table 3. All features vs. Key features 1-Dense layer: 128 nodes, ReLU
o Dense 2-Dense layer (output Iayér)i 3 nodes, softmax
all features | precision recall f1-score | samples : :
lay_down 098 0.99 098 975 Loss | sparse categorical crossentropy
sit 0.97 0.98 0.97 984 Epochs | 5
stand 0.99 0.98 0.98 1,041 Optimiz |\ 4am
macro fl1-score 0.98 3,000 er
key features | precision recall fl-score | samples
lay_down 0.98 0.99 0.98 975 Table 6. Parameter setting for proposed model
sit 0.95 0.99 0.97 984
stand 0.99 0.99 0.99 1,041 paramters values
macro fl-score 0.98 3,000 max_depth 10
min_samples_leaf 1
o de f=R=4 min_samples_split 2
Table 32 Aot 282 ofgso] B SE(EIN 7122 n_estimators 100
E 4 uled WA o) B1)2 BE Shad Rdll £e

29l(key features)HS sh55t RE0] =9 v w3k A}
£ Holac) ¥4 A}, £ 89 7 A5 Aot 3] e
7o 2 Uelyit) ol BE HojE S AMRSIA] ¢ F8
[9lgto B T FUe 452 W 4 ik 212 oo,
mi2hd 8 @Rk ARgstol Q2 BlolElE gsiR To]
Bl 7P Zojgo] o U AR 452 XS 4 9)
37(1—01] 1 Hl:n:]?_]- %}J—Lax o o]_Q_a]— LJ-A]—EJ—]{] A—lhnh}
2 235P7] 93] Al-hubo] Al QIA|/AHA] 3D HolEjo]
A 278t Qo2 354 100710 Gy A st
1007]2] GArS 8519} Table 49] 2J5t9 4% dlo]
Elo} ZejojolE] BE 97% olAte] ke %S Bt

Table 4. Evaluation of fall detection of proposed system

data input file count success count
Al-hub 100 97
self video 100 99

2. Evaluation of training and inference time
ojnjx] 7§t AW €A "Hol= AT AP
(Convolutional Neural Network, CNN)g 283 4 Q)
oo}, CNN2 0% =2 452 AlSsHATE GPUS Za
2 o= sAPE ok 2 A-doilxe Ak =58} CNN

e L CNN 232 35417)7] 9131
ji

2fojof At mpetuE Ad7g4tE Table 50 HERAQIC.

Table 62 Aot RH0} st de|Eof tieh sha ot
ojg glolch. OJT}HKI % 7|EF TRIO[ES2 Afo]ZlH
oM AlgEs HEEUS EE5IY
Fig 82 Ho]&] stafo] o C
352 5 ARM ©X] /d5(F1-Score) 02 LERH 7
olct. Fig 8-aS &3l i% AlZro] Aol met & 25
TFO] AJZE Afo]7t - A HolA & & 4+ ok A &
o] 2, dlojE] skso] 7,000710] o2 st A
7]—% 25_2 Lﬂ)(] olo]-q l‘ﬂ_]—D:] CNN B¢ 8 501@- 7‘000
2 3504 40& ol/do] £QF9lor, 355 O
7HERS o B2 AR &;LH 7102 oAbgct,
Fig 8-be k530l

Table 7. Comparison of inference time between the
proposed model and CNN

model inference
odels (3,000 samples)
CNN(GPU) 164.55 sec
Proposed Model based
RF(CPU) 73.46 sec
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Fig. 8. Performance Comparison Between Proposed Model and CNN Based on Learning Effort

Table 72 Hlole] 7000712 %53 & 2o 4%
of M £ ARFS Uehd olck o714 9 22
AZFe olulA] YR An 2] § wlo] 78

L o= Axe] BAS makstt) & 3000719 A58 A
E2 FE % Al CNN2 164.5527}F 208 ‘?J%, ﬂJ

oo 73.46%

R X225 g=sto], AjF RRo] £&

AE Ao = 2915 Aol 3= Y4BT
Table 8°] UJ2.2 F1-A70]2 ¥d CNN 2do] of&

245 £ 45 Ao, A5 Aol Uud A7
Qg soIg 4 9. o2 53 CNN 282 GPU 7142
Zgoto] Sstn YT YAVL APEE o] Mg
g 4 YAIE AR BHoIHE Alg Bko] B &g
Kol 1 8L Jujgi.

Table 8. Comparison of stance detection performance
between the proposed model and CNN

CNN precision recall fl1-score | samples
lay_down 0.98 0.99 0.99 975
sit 0.97 0.97 0.98 984
stand 0.99 0.99 0.99 1,041
macro fl-score 0.99 3,000
Proposed precision recall fl-score | samples
lay_down 0.98 0.99 0.98 975
sit 0.95 0.99 0.97 984
stand 0.99 0.99 0.99 1,041
macro fl-score 0.98 3,000
V. Conclusions
B =RollAE Al steglo] Sl ME AgRoR
79'% 7}%@_}— 7ﬂak Al 7]&]— LJ—/\I— EJ-)(] }\]ieﬂg 7;1]0]-5}0:1
o 7|& A0l 22 s GPUY ESHAY EA

Aot 242 oE WH, & A+l ojoojmtome}
dlolef &4 7|8 Al d RS &8st W2 AL A}
ozt Al&SHL et 9 GAE 7hesteS 2
Eioh Aok AlAEl2 ¥, add 5 ot A &
dod AAIEez Yie RIS, dRjAtlAl 2 S
AEste] A4t S5 WeS 7Hssl Stk AollA A
e dxrdt

, AIQF 22 GPUS &Esk= CNN 20|
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