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Tom tit

Phat hién té nga la mot ing dung quan trong cua thi gidc mdy tinh va hoc sau trong
cham séc sirc khoe, dic biét doi voi nguoi cao tudi va bénh nhén c6 kha ning van dong
han ché. Té ngd thirong xdy ra dét ngét va cé thé gay hiu qua nghiém trong néu khéng
dwege phat hién kip thoi. Trong nghién ciru nay, ching téi dé xuat mot hé thongphat hién
té ngd tw dong dwa trén dir liéu khung xwong dwge trich xudt tir chudi chuyén déng lién
tuc trong video. M0~l khung hinh dwoc xit Iy théng qua thw vién MediaPipe Pose dé nhdn
dién 33 diém moc trén co thé nguoi, tir d6 tao ra tdp dic tru"ng khong gian lam ddu vao
cho mé hinh hoc sdau. H¢ thong dwoc xdy dung va danh gid trén bon kién tric mang no-
ron khdac nhau gom RNN, LSTM, GRU va BiLSTM. Két qud thwc nghiém cho thdy mé
hinh BiLSTM dat hiéu sudt cao nhat véi do chinh xdac 97.32%. Hé tho”'ng khong yéu cau
thiét bi deo va cé thé trién khai linh hoat trong nhiéu méi truong nhuw nha o, bénh vién
hodc trung tdm phuc hoi chirc ning, gép phan nding cao hiéu qua va mirc dg an todn
trong cham séc nguwoi cao tudi va nguoi bénh.

Twr khoa: BiLSTM, GRU, LSTM, MediaPipe, RNN

Abstract

AlI-DRIVEN FALL DETECTION SYSTEM USING SKELETAL DATA

Al-based computer vision enables machines to interpret images and videos,
empowering them to perform tasks such as object detection, facial recognition, and scene
understanding. Leveraging these capabilities, this paper proposes a novel fall detection
system that enhances accuracy and reliability. This study introduces an automatic fall
detection system utilizing skeletal data extracted from video sequences by the Mediapipe
platform. Designed for the elderly and individuals with limited mobility, it aims to prevent
or mitigate serious injuries through timely detection. Using MediaPipe Pose, 33 body
landmarks are identified per frame to generate spatial features for a deep learning model.
The system is built and evaluated on four different neural network architectures,
including RNN, LSTM, GRU, and BiLSTM. Among them, the BiLSTM model achieved the
highest accuracy of 97.32%. The proposed system does not require wearable devices and
can be flexibly deployed in many environments, such as homes, hospitals, or
rehabilitation centers, contributing to improving the efficiency and safety of caring for
the elderly and sick.
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1. Giéi thiéu

Su gia ting nhanh chéng cta ngudi cao tudi dang dit ra nhidu thach thirc cho hé
thong y t€ va gia dinh. Du tudi tho trung binh tang, phan 16n nguoi gia phai d6i mat voi
suy giam sirc khoe va bénh man tinh. T¢ ngd la mét trong nhiing nguy co nghiém trong,
c6 thé gdy giy xuong, chan thuong so ndo hodc tir vong. Tai Viét Nam, moi ndm co

khoang 1,5-1,9 triéu ngudi cao tudi bi té nga, trong d6 5% phai nhap vién vi chin thuong
(Phuong Thu Nguyén, 2020).

Cac phuong phap phat hién nga truyen théng sir dung thiét bi deo nhu gia tdc ké,
con quay hdi chuyén hodc hé thong cam bién moéi trudng, Tuy nhién, thiét bi deo gy bat
tién va bi giéi han boi thoi lwong pin (Warrington va cs., 2021), trong khi cac cam bién
moi truong d& bi anh hudng bai didu kién anh sang va méi trudng (Orejel Bustos va cs.,
2023). Trong bdi canh do, thi giac may tinh két hop véi cong cu nhu MediaPipe dang mé
ra huéng tiép can mdi nhd kha nang theo ddi tu thé va chuyén dong chinh xac. Kuldeep
va cong su. (2022) da ching minh hiéu qua ctia cong nghé nhan dang hinh anh trong phat
hién nga thoi gian thyc.

Bén canh d6, hoc siu ngay cang cho thay tiém ning vuot trdi trong phat hién hanh
vi. Ge va cong su (2018) sir dung mang CNN dé phéan biét hanh vi ngi va khong nga
trong phong thi nghiém, giap gidm canh bao sai va cai thién thoi gian phan ung. Viéc tich
hop k¥ thuit nhan dién diém dac trung (landmark) con nang cao d¢ tin cay va kha nang
chap nhan ctia ngudi ding so vai thiét bi deo.

Do d6, nghién ctru va phat trién hé thong phat hién té ngd tu dong khong chi gop
phan dam bao an toan cho nguoi cao tu6i ma con giam ganh nang cham soc va ap luc cho
hé théng y té.

Bai béo duoc cdu tric bao gdm phan 2. M6 ta phuwong phap thiét ké hé thong phat
hién té ngd bang cach tng dung tri tué nhan tao; trong khi d6, phan 3 trinh bay chi tiét
cac van dé vé thuc nghiém tur cac kich ban thyc nghiém dén cac két quacu thé, va két qua
danh gia thuc nghi¢m dya trén cac cong cu toan hoc. Cubi cung, cac két luan bao gém
nhén dinh vu diém, han ché va hudng phat trién Hé théng phat hién té nga trong tuong
lai s& duoc trinh bay trong phan 4.

2. Thiét ké hé théng
2.1. Thiét ké hé thong

He¢ thong phat hién té ngi duoc thiét ké dua trén nén tang thi giac may tinh két hop
vo1 cac mo hinh hoc sdu, nham dam bdo kha nang nhan dién chinh xac hanh vi té nga
trong thoi gian thuc.

. | | Pura cac khung hinh vao .
Thu thap video dit liéu | | cog o z | !
PO t——3 MediaPipe dé thu thap dt ——| A o an A e
dau vao | [ .z . i i Tién xtt 1y dit liéu
] ! liéu tir 33 diém khop. | !

Huan luyén mo hinh
RNN/LSTM/BILSTM/
GRU

__________________

Hinh 1. M6 hinh phat hién té nga

Trién khai mo6 hinh trén
thiét bi
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Hinh 1 mé ta quy trinh tong thé cua hé thong phat hién té ngd. Dir liéu dau vao la
video ghi lai cac hanh dong t€ ngd va sinh hoat thuong ngay, sau do dugc dua vao
MediaPipe dé trich xuat 33 diém khdp trén co thé ngudi. Cac dic trung thu duogc s& qua
cac budc tién xur 1y trude khi duge st dung dé huén luyén cac mo hinh hoc sau nhu RNN,
LSTM, BiLSTM hodc GRU. Sau khi huan luyén, mé hinh dwoc trién khai trén thiét bi
thuc té nham hd tro phat hién té ngad mot cach hi€u qua va chinh xac.

2.2. Thu thdp diz ligu

Nhim nang cao tinh linh hoat va kha ning téng quat cia mé hinh, dir liéu tu thu
thap di duoc két hop véi hai bd dit lidu chinh thire 13 Le2i va Multiple Cameras Fall
Dataset. Su két hop nay giip m¢ rong tap dir lidu, bd sung thém céc toa do dic trung cua
co thé trong nhiéu tu the goc quay va diéu kién moi truong khac nhau. Dong thoi, nd
phan anh su da dang vé kich thudc co thé, gi6i tinh va hanh vi chuyén dong cua ngudi
dung trong cac tinh hudng té ngd va khong té nga.

D¢ phan gidi cua cac mau nay la 320 x 240, 720 x 480, 640 x 360 va 480 x 845
dugc ghi & téc d6 25 khung hinh mdi gidy. Thoi lugng cua mdi video dao dong tir 15 dén
60 giay, ghi lai cac ca nhan thyc hién hanh dong te¢ ngé va cac hoat dong sinh hoat hang
ngay. Dé chuan hoa do dai cua cac doan video, ching toi chon ra 50 khung hinh lién tiép
cua hanh dong nga tir mdi video, tuong tng voi khoang thot gian khoang 2 giay. Qua
trinh nay giup loai bo cac khung hinh khong can thiét tir dau va cudi cia mdi video, khi
ngudi dang dimg trude khi ngd va nam trén mat dat sau khi ngd. Qua trinh chuan hoa nay
dugc ap dung cho ca hai 16p "ngd" va "khong ngd". Két qua 1a mdi doan video chira 50
khung hinh, xac dinh d¢ dai cta chudi thoi gian dau vao cho mang no-ron.

2.3. Trich xudt diic trung bang MediaPipe Pose

MediaPipe Pose 1a cong cu ctia Google ding dé nhan dién va theo di tur thé co thé
nguoi tir anh hodc video, dya trén m6 hinh BlazePose. Cong cu nay co thé phat hién chinh
x4c 33 diém méc quan trong trén co thé, nhu dau, vai, khuyu tay, hong, dau gdi va mat
ca chan. Nho kha ning xir Iy nhanh va tdi wu tai nguyén, MediaPipe Pose c6 thé hoat
dong hiéu qua trén ca thiét bi di dong va cac hé thong phan cimg han ché.

0 - nose 17 - left pinky

884 123 1 - left eye (inner) 18 - right  pinky
PR 2 - left eye 19 - left  index
o - left eye (outer) 20 - right  index
4 - right eye (inner) 21 - left thumb

5 - right eye 22 - right  thumb

6 - right eye (outer) 23 - left hip

- left ear 24 - right hip

8 - right ear 25 - left knee

9 - mouth (left) 26 - right knee

10 - mouth (right) 27 - left ankle

- left shoulder 28 - right ankle

12 - right shoulder 29 - left heel

- left elbow 30 - right heel

14 - right elbow 31 - left foot index

- left wrist 32 - right foot index

16 - right wrist
Hinh 2. Cdc diém moc co thé dwa trén MediaPipe (Saraswat va Malathi, 2024)
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Trong nghién ciru nay, MediaPipe Pose duoc st dung dé trich xuit dic trung khung
xuong tir cac doan video c6 do dai 2 gidy, dai dién cho cac hanh vi té nga va sinh hoat
thudng ngay. Mdi khung hinh dugc biéu dién bang 132 dic trung, bao gdm toa d khong
gian (x, y, z) va do hién thi (visibility) ctia 33 diém khép. Chudi 50 khung hinh s& tao
thanh ma tran dau vao kich thude 50 x 132 cho md hinh hoc sau.

Tir cac video da duoc chuin hoa vé do dai 50 khung hinh nhu d3 trinh bay ¢ muc
2.2, chiing t6i tién hanh trich xuit ddc trung khung xwong ngudi bang thu vién MediaPipe
Pose. Trong qua trinh xir 1y, cac video c6 s6 lugng khung hinh ma MediaPipe trich xuét
duoc it hon 25 d3 bi loai bé nham dam bao tinh day du cta chudi dit liéu dau vao, tranh
1am sai léch qua trinh hoc ctia mé hinh do thiéu thong tin.

Sau buéc loc dit lidu, tong cong 739 video hop 1& (twong duong 36.950 khung hinh)
da duoc xur Iy thanh cong. Cac dic trung khung xuong trich xuét tir timg khung hinh bang
MediaPipe Pose dugc luu trit vao hai tép riéng biét: fall.csv, chira dir li¢u tir cac video c6
hanh vi té nga va nofall.csv, chtra dir li¢u tir cac video ghi lai cac hoat dong binh thudong
(khdng té nga).

2.4. Mgt s6 md hinh hec sau

N B6n mé hinh RNN, LSTM, GRU va BiLSTM dugc lua chon do kha nang xu b’/
chuoi va ghi nhé thong tin theo thoi gian. Viée so sanh cac mo hinh giup xéac dinh kién
triic phu hgp cho bai todn phat hién té nga.

2.4.1. Recurrent Neural Network-RNN

RNN 1a mang no-ron hdi tiép co ban, sir dung trang thai an dé luu trir thong tin tir
cac budc trude trong chuoi. Tai moi thoi dieém ttt, dau ra phu thudc vao dau vao hién tai
va trang thai an tir budce trude do6. Cong thirc tinh toan nhu sau:

ht = tanh(Whhht_l + thxt + bh) (31)
yi = Wpyhe + b,y (3.2)

Tuy don gian va dé trlen khai, RNN gép kho khan khi hoc cac quan h¢ dai han do
hién tugng gradient bién mét hoic bung nd.

Prediction
|

I
Input

Hinh 3. Kién triic RNN co ban
2.4.2. Long short-term memory -LSTM

LSTM khic phuc han ché ciia RNN bang cach sir dung cac cong diéu khién (quén,
vao, ra) dé kiém soat dong thong tin trong chuoi. M6 hinh nay c6 kha nang ghi nhé dai
han va thuong dugc st dung trong céc bai toan phan tich hanh vi.

Cac cong thuc chinh:
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ft = O-(Wf [h-t, xt] + bf (33)
Ce = tanh(W,. [he_y, x¢] + b,) (3.5)
Ctzft*Ct-l_it*ét (36)
0, = o(Wo. [he_1,x¢] + by) (3.7)
hs=0; * tanh(C;) (3.8)

hy

e -
Cl_ n Focanl- Input gate Output g.; C'

| tanh
o o tanh o

By, 1 | | 4 | y hy

Hinh 4. Kién trdc ciza md hinh LSTM

2.4.3. Gated Recurrent Unit (GRU)
~ GRUIa bién thé don gian hon cua LSTM, chi sir dung hai cong: cong cap nhat va
cong dat lai, giap giam so tham s6 nhung van gitr kha nang ghi nh¢ cac quan hé theo thoi
gian. GRU phu hop véi cac ting dung yéu cau toc do huan luyén cao va tai nguyén han ché.

ze = o(Wy. [he—1, %] + by) (3.9)

1 = o(W. [he_1, x¢] + by (3.10)
h, = tanh(Wy,. [r; * hy_1,x;] + bp,) (3.11)
he=(1—2) % he_y + 2z, % by (3.12)

Hinh 5. So doé kién tric ciia mét don vi GRU

2.4.4. Bi-directional Long Short-Term Memory (BiLSTM)

BiLSTM m6 rong tir LSTM bé“llng cach su dung hai nhanh mang LSTM hoat dong
song song theo hai chiéu thoi gian: tién va lui. Nho d6, m6 hinh c6 thé khai thac ngtr canh
tur ca qué khr va tuong lai tai moi thoi diém, tir d6 nang cao do chinh xac trong nhan dién
hanh vi.

https://vjol.info.vn/index.php/tdm 38



Tap chi Khoa hoc Pai hoc Thu Dau Mét ISSN (in): 1859-4433; (online): 2615-9635

Tai mdi thoi diém t, hai trang thai an tir hai hudéng dugc tinh nhu sau:

Ht = LSTMf (Xt, B)t—l) (313)

(Ht = LSTMy (xt, (Ht+1) (3.14)

h = [hy; he ] (3.15)
Output Ve-1 Ve Yerl
Layer

Bidirectional LSTM <« —- <9 LSTM [< -- LSTM <—
Layer
LSTM LSTM LSTM

Input sy x 5
Layer ) @ ccec--- O $ -o-e---

Hinh 6. Kién triic tong quat ciia mang BiLSTM
2.5. Hudn luyén mé hinh

Cac mo hinh hoc sau bao gém RNN, LSTM, BiLSTM va GRU duogc trién khai dé
gidi quyét bai todn phat hién té ngi, véi cau hinh huan luyén dugc théng nhat cho tat ca
md hinh nham dam bao tinh khach quan trong so sanh. Dt liéu duogc chia theo ty 1€ 70%
cho huan luyén, 15% cho kiém dinh (validation) va 15% cho kiém thir (testing).

Qua trinh huén luyén dugc thuc hién trong 50 epoch véi kich thude batch 1a 64.
Céac mo hinh déu sir dung ham kich hoat Sigmoid & 16p dau ra dé giai quyét bai toan phan
loai nhi phan (té nga hoac khong té ngad), dugc tdi wu b?mg thuat toan Adam. Vi cac mo
hinh sir dung LSTM, s6 16p an duoc thiét 1ap 1a 2, mdi 16p bao gom 128 don vi (units).
Céc thong s6 huan luyén chi tiét dugc trinh bay trong bang sau:

Bing 1. ThONng s6 cau hinh hudn luyén

Théng s6 Gia tri
S6 khung hinh trong mdi chudi dir liéu 50
Kich thuéc (Batch Size) 64

Sb dac trung(Features) 132

S6 vong lap huin luyén (Epoch) 50

Ham kich hoat (Activation function) Sigmoid
Thuét toan tbi wu (Optimizer) Adam
S6 16p (LSTM) 2

S6 don vi mi 16p LSTM 128

3. Két qua thwe nghiém va danh gia

Céc két qua thyc nghiém dudi day thé hién hidu suat cua hé théng phat hién té nga
khi ap dung cac kién tric hoc sau khac nhau, bao gom RNN, LSTM, BiLSTM va GRU.
TAt ca md hinh duge huin luyén trén cung mot tap dir li€u, véi kién trac tuong duong, sb
luong epoch cb dinh 13 50, nham dam bao diéu kién so sanh cong bang va nhat quan.

Phén tich Validation Loss, Validation Accuracy, Training Loss va Training Accuracy
dé theo ddi qua trinh huan luyén va xac thuc ctia cac md hinh. Ngoai ra, cac chi s6 nhu do
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chinh x4c (accuracy), d§ nhay (recall), do dac hi€u (precision), diém Fl-score va thoi gian
suy luan trung binh (Inference Time per sequence) cling dugc st dung dé phan tich dinh
luong hi€u suat cua tirng kien truc. Cac két qua thu duoc 1a co s¢ quan trong d€ so sanh va
lya chon mo6 hinh phu hop cho trién khai trong méi truong thuc té.

Qua trinh huén luyén va xéc thuc duoc thé hién thong qua cac biéu d6 sau:

Validation Loss Validation Accuracy

0.8

0.7 4

0.6

0.5

Metrics
Metrics

0.44

0.34

—— RNN
— L5TM
0.5 4 —— BiLSTM
— GRU

0.2

0 10 20 30 40 50 0 10 20 30 40 50
Epochs Epochs
Training Loss Training Accuracy

0.7

0.6

0.5

0.4+

Metrics
Metrics

0.3 4

0.2

0.1

0.0

0 10 20 30 a0 50 0 10 20 30 ) 50
Epochs Epochs

Hinh 7. Biéu do huan luyén va xac thuc cua cac moé hinh RNN, LSTM, BiLSTM, GRU

Biéu d6 cho thfiy cac mo6 hinh LSTM, BiLSTM va GRU déu hoi tu nhanh, véi 3o
chinh x4c huan luyén dat gan muc t6i da va ham mat mat giam rd rét trong khoang muoi
dén muoi lam vong lap dau tién, phan 4nh kha nang hoc tdt. Nguoc lai, m6é hinh RNN c6
d6 chinh x4c thap hon, dao dong manh va khong hoi tu 16 rang, cho thay kha ning hoc
con han ché. Trén tap kiém tra, BILSTM va GRU duy tri d§ chinh xéc cao va on dinh,
trong khi LSTM ciing dat két qua t6t nhung c6 dao dong nhe vé sau. M6 hinh RNN tiép
tuc thé hién su thiéu én dinh va d6 chinh xac thép hon dang ké. Téng thé, BiLSTM va
GRU 14 hai mé hinh cho két qua ndi bat nhat trong ca qué trinh huén luyén va danh gia,
trong khi RNN khong phu hop véi bai toan phat hién té nga.

Béng dudi day trinh bay cac chi s6 danh gia nhu Accuracy, Precision, Recall, F1-
score:

Bdng 2. Két qua danh gid cdc mé hinh hoc sau

Model Accuracy Precision Recall F1-score
RNN 88.39% 81.54% 98.15% 89.08%
LSTM 91.96% 95.92% 87.04% 91.26%
BiLSTM 97.32% 98.11% 96.30% 97.20%
GRU 96.43% 98.08% 94.44% 96.23%
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Céc ma tran nham 13n thé hién kha ning phan loai cia timg mé hinh d6i véi hai
16p: té nga (Fall) va khong té nga (No Fall).

Confusion Matrix (RNN) Confusion Matrix (LSTM)

No Fall No Fall

.
No Fall Fall No Fall Fall

Confusion Matrix (BiLSTM) Confusion Matrix (GRU)

No Fall No Fall

Fall Fall

No Fall Fall No Fall Fall

Hinh 8. Ma tran nham lan cua cac mé hinh hoc sdu

Két qua thyc nghiém cho thiy BiLSTM dat hiéu suit cao nhét v&i d chinh xac
97.32% va Fl-score 97.20%, phan 4anh kha ning hoc t6t cac quan h¢ thoi gian hai chiéu
trong chudi chuyén dong. GRU ciing thé hién hiéu qua 4n tuong (accuracy 96.43%, F1-
score 96.23%) véi kién tric don gian va phi hop cho cac tmg dung yéu cau xtr Iy nhanh.
LSTM dat do chinh xac 91.96%, thap hon BiLSTM va GRU, cho thdy han ché khi chi xir
Iy theo mot chiéu thoi gian. RNN c¢6 ket qua thap nhat (accuracy 88.39%) va thuong xuyén
bao dong sai, thé hién kha nang hoc yéu hon trong céc tinh hudng dong hoc phic tap.

Xét theo timg chi s, BILSTM va GRU déu dat precision trén 98%, cho thdy kha
nang giam thiéu canh bao sai. Trong khi d6, RNN c6 precision thip nhung recall cao nhat
(98.15%), nghia 1a phét hién day du cac ca té nga nhung danh doi bang nhiéu canh bao
gia. Nguoc lai, LSTM c6 recall thap nhat, din dén nguy co bo sét cao. Ma tran nham 14n
xé4c nhan diéu nay khi BILSTM va GRU chi mac 3-4 16, trong khi LSTM va RNN lan
luwot mic 9 va 13 15i.

Téng thé, BILSTM 1a md hinh hiéu qua va 6n dinh nhét cho bai toan phat hi¢n té
ngd, trong khi GRU 1a lya chon thay thé hop 1y néu can can bang giira d6 chinh xéac va
toc do xir 1y.

Mo hinh sau khi huan luyén da duogc kiém thir trén nhidu video thuc té mé phong
cac tinh hudng té ngd va hoat dong sinh hoat thuong ngay trong méi truong nhu phong
khach va phong hoc. Két qua cho thdy mé hinh dat do chinh x4c gan 90%, thé hién kha
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nang phan biét kha t6t giira hanh vi té ngd va hanh vi binh thuong. Mot sé hinh dnh minh
hoa cho qua trinh phat hién té nga dugc trinh bay trong hinh 9 va hinh 10, duoc trich xuat
tir cac thi nghiém tai nha cua tac gia. Cac két qua nay cho thay md hinh ¢6 tinh ng dung
cao va san sang tich hop vao cac hé théng giam sat thyuc té trong twong lai.

025- 97-18/19: Bk

Hinh 10. M4t s6 hinh anh sinh hoat hang ngay
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4. Két luan

Trong nghién ctru nay, mét hé théng phat hién té nga dua trén dit li€u tu thé da duoc
x4y dung, v6i ddu vao 1 chudi khung hinh pose trich xuit tir video thong qua MediaPipe.
Bdén mé hinh hoc sdu gdm RNN, LSTM, GRU va BiLSTM da dugc trién khai va danh
gia. Két qua thuc nghiém cho thdy BiLSTM dat hiéu sudt cao nhat voi do chinh xéc
97.32%, trong khi GRU 1a lya chon thay thé tiém ning nho s6 tham sd it hon va d6 chinh
xéc van dam bao (96.43%), phi hop véi cac hé théng c6 giGi han vé tai nguyén tinh toan.

Tuy hé thong dat két qua kha quan trong moéi truong klem soat, nhung van con
nhirng han ché lién quan dén diéu kién anh sang, vat can va sb lugng nguoi trong khung
hinh. Trong tuong lai, viéc mo rong tap dir liéu voi cac tinh hudng da dang, co nhiéu
nguoi va goc quay khac nhau s¢ giup cai thién kha nang tong quat. Ngoai ra, tich hop
thém cac cam bién nhu camera d6 séu hodc hong ngoai, két hop véi cac kién triic hién
dai nhu 1D-CNN, transformer tbi gian hodc attention-based network co thé gop phan
nang cao hiéu qua suy luan, ting do chinh xac va kha ning trién khai trong cac ing dung
gidm sat va chiam soc strc khoe thuc té.
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