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TOM TAT
Té ngd 1a mot trong nhiig van dé nghiém trong d6i voi con ngudi, chiém ty 1¢ tir vong 1én dén
25%, ty 18 ndy cang cao hon ddi véi nhitng ngudi cao tudi. Nhan dang ngudi bi ngd 1a mot trong
nhimg bai toan quan trong trong linh vuc thi gidc mdy tinh. Nhitng nam gén day, thi giac may tinh
da dat duoc tién bo 4n tugng khi ma hoc sau thé hién kha ning ty dong hoc. ba co nhleu md hinh
hoc séu dwa trén mang no ron tich chap 3D (CNN) da duogc dé xuat dé giai quyet van dé nay.
Trong bai bao nay, chiing t6i d¢ xuit mot md hinh (2+1)D ResNet-18 giai quyét bai toan nhan
dang nguoi bi ngd. Két qua thir nghiém cho thay, (2+1)D ResNet-18 cho do chinh xac tét hon
0,87% trén b dir liéu FDD va 1,13% trén bd dit liéu URFD so véi cac phuong phap dugc dé xuit
gan day.
Tw khéa: Hoc sau; mang CNN, phat hién nguoi bi té ngd; mang noron; (2+1)D ResNet
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ABSTRACT

Falling is one of the most serious problems for humans, accounting for up to 25% of death rates,
which is even higher for the elderly. Falling detection is one of the most important problems in
computer vision. In recent years, computer vision has made impressive progress when deep
learning demonstrates the ability to automatically learn. There have been many deep learning
models based on 3D convolutional neural network (CNN) that have been proposed to solve this
problem. In this paper, we propose a model which is called (2+1)D ResNet-18 to solve the falling
detection task. The experimental results show that (2+1)D ResNet-18 gives 0.87% better accuracy
on the FDD dataset and 1.13% on the URFD dataset than the recently proposed methods.
Keywords: Deep learning; convolutional neural networks; falling detection; neural networks;
(2+1)D ResNet
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1. Giéi thiéu

Hoc may, dac biét l1a hoc sau, da dat duogc
nhing thanh tyu to 16n trong nhiéu linh vuc
gan day. Mang no ron hdi quy (RNN) va
Mang RNN cai tién Long Short — Term
Memory (LSTM) véi ¥ tudng rang ching co
thé két nbi cac thong tin trudc d6 véi thong
tin hién tai, da dugc ap dung dé giai quyét
nhiéu van dé trong nhan dang giong noi va xir
Iy ngdén ngt tu nhién (NLP) mot cich hiéu
qua. Cung véi su phat trién cia NLP, xu Iy
hinh 4nh va thi gidc may tinh ciing c6 nhitng
budc dot pha. Cac md hinh dugc xay dung
dua trén mang no ron tich chdp (CNN) dat
duge nhiéu thanh tyu 16n. Vi du: Alex va céc
cong su [1] da xdy dung mot mang goi la
AlexNet, mang nay da chién thing trong cudc
thi phan loai hinh anh (ImageNet) nam 2012.
Trong cac nam tiép theo, rat nhiéu mé hinh
dua trén mang tich chdp da dugc dé xuit
ching han nhu ZFNet [2] nim 2013,
GoogleNet [3] nam 2014, VGGNet [4] nam
2014, ResNet [5] nam 2015. Ngoai phan loai
hinh anh, mang tich chap thuong dugc ap
dung cho nhiéu bai toan vé hinh anh nhu phat
hién da ddi tuong, chii thich hinh anh, phan
doan hinh anh, v.v.

Nhan dang hoat dong nguoi khong nhiing 1a
cht d& nghién ciru quan trong trong tinh toén
nhan biét ngit canh ma con 1a chi dé déi véi
rat nhiéu linh vuc khéac. Nga la mot van dé
nghiém trong & nguoi cao tudi rt thuong gip,
gdy tan phé va tham chi giy t vong, la
nguyén nhan dung thir 5 giy tr vong & nguoi
cao tudi. Ngi 1a mot yéu t6 giy tir vong,
thong ké & bénh vién c6 téi 25% céac truong
hop nhap vién do nga bi tir vong, trong khi
chi c6 6% tir vong do cac nguyén nhéan khac.
Bai toan phat hién ngudi bi té ngd la mot
trong nhimg bai toan phd bién trong linh vuc
nhan dang hoat dong cua con nguoi, thu hit
duoc nhiéu su cha y cua cac nha khoa hoc.
Pay la mét bai toan quan trong va c6 y nghia
hét strc to 16n déi v6i van dé bao vé stc khoe
cua con nguoi. Nhiém vu dat ra ddi voi bai

toan nay la can dua ra du doan mot cach
chinh xac va trong thoi gian thyc khi gap
truong hop ngudi bi ngd dé giam thiéu thoi
gian ngudi ngd nam trén san tir sau thoi diém
ngi dén khi dugc nguoi chim soc phat hién.
Trong bai bdo ndy, chung t6i d& xuat mo hinh
(2+1)D ResNet-18 dya trén kién trac 3D
ResNet tir [6] dé giai quyét bai toan phat hién
nguoi bi té ngd. Két qua thir nghiém cho thay,
mo hinh cua chung t6i cho d§ chinh xac hon
0,87% trén bo dir licu FDD va 1,13% trén bo
dir liécu URFD so v6i cac phuong phap duogc
d& xuét gan day trong [7] va [8].

Bai viét dwoc chia thanh 5 phan. Sau phan
gidi thiéu, phan 2 trinh bay mot s6 nghién ciru
gan day, phan 3 mé ta kién trac mang (2+1)D
ResNet-18, phan 4 trinh bay cac thir nghiém
trén hai bd dir liéu FDD va b¢ dir liéu URFD
cling nhu thao ludn vé két qua. Phan 5 khép
lai véi két luan va tai lidu tham khéo.

2. Mot s6 nghién ciru gin day

Hién nay, c6 hai cach tiép can pho bién dé
giai quyét bai toan nhan dang hoat dong, bao
gém: nhén dang hoat dong dua trén thi giac
may tinh va nhdn dang hoat dong dua trén
cam bién. P6i voi phuong phap nhan dang
hoat dong dya trén cam bién doi hoi ngudi sir
dung phai ludn luén mang cic thiét bi cam
bién theo bén nguoi, diéu nay doi khi gay
vuéng viu va phién toai dbi voi nguoi sir
dung hodc c¢6 nhidu nguoi doi khi con quén
khong mang theo cac thiét bi nay bén minh.
Cac phuong phap nhan dang hoat dong dya
trén thi giac may tinh thi tdp trung vao viéc
theo doi cac dir liéu video thu duogc tu
camera, sau d6 phan tich va dua ra két luan vé
hanh dong (trong bai bao nay la phat hién té
ngd). Pa sb cac cong bd theo cach tiép can
nay déu dua trén hoc co giam sat. Nhiéu hé
thong déu dugc xdy dung bang cach trich
chon nhiing déc trung tir cac khung hinh cua
video, sau d6 ap dung cac ky thuat hoc may
dé phan 16p. Vi dy, Charfi cing cic cong sur
[9] d trich xudt 14 dic trung tir hinh anh dya
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trén dao ham bac nhat va bac hai, bién doi
Fourier va bién d6i Wavelet, sau d6 nhom tac
gia st dung SVM dé phén 16p cac hinh anh
nay. Zerrouki cung cac cong sy da xay dung
hé théng nhan dang té ngd bang cach tinh
dién tich ving co thé va goc cta co thé, sau
d6 cac dic trung nay dugc dua vao hé thong
phan loai khac nhau [10], SVM Ia phuong
phap phan loai cho két qua tot nhat thoi diém
d6. Vao nam 2017, cling v6i nhom tac gia
nay, ho dd mé rong nghién ciru bang cach ap
dung thém cac hé¢ sb6 Curvelet va sir dung mo
hinh Markov an (HMM) d mé hinh hoa céc
tu thé co thé khac nhau [11].

Trong nhitng nim gan diy, hoc siu (deep
learning) dd dat dwoc nhiéu thanh tyu to 16n
trong linh vuc tri tu¢ nhan tao, dac biét 1a thi
gidc may tinh. Cing véi su bung nd vé sy
phat trién phan cing, cac framework hd tro,
di co6 rat nhiéu moé hinh hoc sdu duoc xay
dung dé giai quyét bai toan phat hién nguoi té
nga. Chang han nhu Adrian cung cac cong su
dd xay dung, d& xuat mo hinh sir dung kién
truc mang VGG-16 dé trich chon dic trung va
phan 16p [7]. Nam 2019, Sarah dd md rong
phuong phéap bang cach sir dung cac hinh anh
dau vao khac nhau cho mé hinh VGG-16 [8].
Trong bai bao do6, ho da st dung ba loai hinh
anh: anh RGB, anh optical flow (4p dung
optical flow dé trich xut ra hinh anh chuyén
dong gilta cac khung hinh) va anh khung
xuong (4p dung pose estimate dé trich xuét ra
hinh anh khung xwong ctia con nguoi). Thém
vao do, ho da két hop st dung cac hinh anh
nay v6i nhau va két qua cho thy, v6i dau vao
gdém ca 3 loai hinh anh trén thi mé hinh cua
ho dat két qua cao nhét.

3. Dé xuit mé hinh

Nam 2015, Kaiming He cung cac cong sy da
dé xudt mot mo hinh mang tén ResNet [5].
Vo6i ky thuat skip connection trong [5],
ResNet di c6 thé tranh dwoc van dé vanishing
gradient ma khong lam giam hiéu suit mang.
Diéu d6 gitp cac 16p sdu it nhat khong t& hon
cac 16p nong. Hon nita, véi kién trac nay, cac

16p trén nhan duoc nhiéu thong tin truc tiép
hon tir cac 16p thap hon nén né sé& diéu chinh
trong lugng hiéu qud hon. Sau ResNet, mot
loat cac bién thé cua phuwong phap nay da
dugc gidi thiéu. Cac thi nghiém cho thiy
nhing kién triic nay c6 thé duoc dao tao véi
cac m6 hinh CNN véi do sau lén t6i hang
ngan 16p. ResNet da nhanh chong trd thanh
kién tric phf) bién nhét trong linh vuc hoc sau
va thi gidc may tinh.
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Hinh 1. Su khdc nhau giita 3D CNN va (2+1)D CNN
Trong [6], cac tac gia da dé xuat mo hinh 3D
ResNet dé giai quyét bai toan phéan loai hanh
dong. Tuy nhién, cic mo hinh & trong [6] déu
rit sdu va phuc tap, dong thoi ching duoc
huén luyén trén cac bo dir liéu 16n. Do d6, cac
mo hinh 3D Resnet nay khéng phu hop véi
bai toan nhan dang t¢ ngd ma trong bai bao
nay dang xét dén. Bé giam do phirc tap cua
mod hinh 3D CNN, trong [12], c4c tac gia da
trinh bay ky thuat két hop 3D CNN véi 2D
CNN va st dung (2+1)D CNN. Qua thu
nghiém cho thiy, viéc sir dung (2+1)D CNN
cho két qua tét hon hén so véi chi st dung 3D
CNN va két hop 3D CNN véi 2D CNN. Hinh
1 mo ta sy khac nhau giira hai kién trac 3D
CNN va (2+1)D CNN. Trong d6, mdi khéi
3D conv déu duoc thay thé bang cac khoi
(2+1)D conv.
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Hinh 2. So sanh khoi 3D convolution thong
thwong voi khoi (2+1)D convolution
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Hinh 2 mé ta sy khac nhau giita hai khdi 3D
conv va (2+1)D conv. Trong d6, véi khdi 3D
conv thi kich thudc hat nhan thu(mg dugc su
dung s€ c6 dang t xd x d con trong khoi
(2+1)D conv, phép tich chap 3D nay sé dugc
tach thanh hai phép tich chép nho hon véi
phép tich chap thtr nhat c6 kich thudc hat
nhan la 1 = d = d va phép tich chap thir hai sé
co kich thuge hat nhan la t x 1 x 1. Vai
(2+1)D conv, thi s6 lwong tham sé va chi phi
tinh toan dugc giam di dang ké so véi khbi
3D conv thong thuong. Trong [12], cdc tac
gia da chung minh rang (2+1)D conv hoat
dong t6t hon 3D conv.

Toan bo kién trac mo hinh (2+1)D ResNet-18
duoc trinh bay nhu trong bang 1. Trong do,
Convl, Conv2_x, Conv3 x, Conv4_x la cac
tang tich chép voi x thé hién rang ting do
dugc 13p lai nhidu lan va co su dung ky thuat
skip connection. Pau ra clia tit ca cac tang
tich chap mic dinh déu duoc dua vao tang
Batch Normalization va ReLU. O cot tham
s0, 7% 7 % 7; 64 thé hién rang tang tich chap
do c6 kich thu:oc hat nhan 1a 7 % 7 x 7 va s0
luong bo loc 1a 64. Voi khéi MaxPool, k dai
dién cho kich thudc hat nhén va s la budc
nhay. Khéi FC dai dién cho tang Fully
Connected, trong tang nay chung toi sir dung
ham sigmoid dé dua ra dyu doan phan 16p cho
video clip dau vao.

4. Thir nghiém va cac két qua
4.1. Cdc b div ligu va thiét lgp
Trong bai bao nay, chung toi st dpng hai bd
co sO dir liéu 1a FDD va URFD @€ tién hanh

thir nghiém va so sanh két qua mé hinh chiing
t61 di d& xuét v6i cac cong bd gan day.

B6 dir liéu FDD dugc xay dung nam 2013.
Bo dit liéu nay bao gdm cac video dugc quay
lai ¢ hai dia diém 1a phong ca phé va phong ¢
nha. Tat ca cac video trong bo dir liéu dugc
quay lai boi mot camera duy nhét va dugc
thiét 1ap c6 do phan giai hinh anh 1a 320 x
240 pixel va tbc do khung hinh 1a 25 fps. Cac
dién vién trong mdi video déu thuc hién cac
hoat dong binh thudng & nha va nga tai moi
thoi diém khac nhau, cac hoat dong nay déu
duoc thuc hién mot cach ng5u nhién. Pia chi
website cia bo dir liéu FDD la
http://le2i.cnrs.fr/fall-detection-
dataset?lang=fr.

B6 di liéu URFD duoc Bogdan Kwolek cung
cac cong sy xay dung nam 2014 [13] nham
muc dich nhan dang nguoi bi ngd thong qua
céc loai thiét bi khac nhau nhu camera, gia
tdc ké, Microsoft Kinect (trong bai bao nay,
chung t6i chi st dung cac video duoc quay tu
camera trong by dit liéu ma khong st dung
thong tin tir cc thiét bi khac). B¢ dit liéu bao
gdm 70 videos véi 30 videos chira cac hanh
ddong nga khac nhau va 40 videos con lai chira
nhitng hoat dong binh thuong duoc dién ra
hang ngay, ching han nhu: ngdi, di lai, cii
nguoi, v.v. Pia chi tai xuéng bo dir liéu
URFD tai http://fenix.univ.rzeszow.pl/
mkepski/ds/uf.html.

Bang 1. Kién triic mé hinh (2+1)D Resnet-18

Tén khoi Tham s Lip Kich thwéc diu ra
Tang Input (16,224,224,3)
Conv 1 7TX7X7,64 1 (16,112,112,64)
k=(3,3,3)
MaxPool s=(1.2.2) 1 (16,56,56,64)
1x3x%3,128
Conv2_x 3% 11 128 2 (8,28,28,128)
1% 3x3,256
Conv3_x 3x1x1 256 2 (4,14,14,256)
1%3x3.512
Conv4_x 3% 1 %1 512 2 (2,7,7,512)
Global Spatial Pool 1 (2,512)
Flatten 1 (1024)
FC 1 )
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M6 hinh cta ching t6i dugc dao tao tur dau
voi ham t6i wu héa 1a Adam. Céc video huan
luyén dugc chia thanh nhiéu clip c6 do dai 16
khung hinh va mdi khung hinh c6 kich thuéc
1a 224 x 224 x 3. Kich thudc mdi batch 14 16
clips. Ty 1¢ hoc tap duoc khai tao 1a 0,001 va
giam di 10 1dn néu trong 10 epoch lién tiép
ma mo hinh khong cai thién dugc do chinh
xac trén tap kiém thir. Tat ca cac md hinh déu
duge huin luyén véi 100 epochs va @6 chinh
xac dugc tinh trén tdp anh thir nghiém. bé
danh gia chinh xac hiéu sudt cia md hinh,
chiing t6i st dung phuong phap five-fold
cross validation va so sanh két qua ciia mo
hinh v&i cic phuong phap di duoc dé xuat
gan day trong [7] va [8] vé ca do chinh xac,
luong tham sb st dung ciing nhu s6 phép toan
thuc hién.

4.2. Phwong phap danh gida

Tir quan diém cua viéc hoc co giam sat, phat
hién té nga co thé duoc coi 1a mot bai toan
phan loai nhi phan ma trén d6 mét by phan
loai phai quyét dinh xem chudi cic khung
video dau vao co6 nhan 1a ngd hay khong.
Phuong phap phd bién nhat dé déanh gia hiéu
suét cia bd phan loai nhu vay la recall (hodc
sensitivity), specificity va do chinh xéc
(accuracy). Ba phuong phap danh gia chung
toi sir dung duoc xac dinh nhu sau:

TP+ TN
TP+ FP+TN+ FN

Accuracy =

Trong do:

- TP - true positives: s lugng video clip duoc
gan nhén la ngd va dy doan ctia mo hinh ciing
la nga.

- FP - false positives: s luong video clip
dugc gan nhan la khong phai sy kién nga
trong khi dy doan ciia md hinh la nga.

- TN - true negatives: s6 luong video clip
dugc gan nhan 1a khong phai sy kién nga va
du doan cuia mo hinh cling 1a khong phai sy
kién nga.

- FN - false negatives: sé luong video clip
dugc gan nhén la nga trong khi du doan cia
md hinh la khong phai su kién nga.

4.3. Két qud va so sanh

Trong bang 2, chiing ta ¢ thé thay, mé hinh
(2+1)D ResNet-18 cho két qua tot nhat vé do
do Specificity va Accuracy. Cu thé, (2+1)D
ResNet-18 hon 3-streams trong [8] 1,28% vé
mat Specificity va hon 0,87% vé mat
Accuracy. V& phép do Recall, mo hinh cua
chung t6i kém hon 0,8% so v&i Pose
Estimation trong [8].

Dbi véi bo dir lisu URFD, cac két qua dugc
trinh bay nhu trong bang 3. Cé thé théy,

TP
Recall = TP T FN (2+1)D ResNet-18 hon 1,29%, 0% va 1,13%
+ TN so v6i phuong phap tot nhat hién c6 trong [7]
Specificity = ———— va [8], tuong ung trén 3 phép do Specificity,
© TN+FP Recall va Accuracy.
Bang 2. So sanh (2+1)D Resnet-18 vdi cdc nghién ciru dwoc cong bo gan day
vé do chinh xdc trén bg dir liéu FDD
M6 hinh Kién tric Specificity Recall Accuracy
VGG + optical flow [7] VGG-16 97,0 99,0 97,0
RGB [8] VGG-16 79,02 100,0 80,52
Optical Flow [8] VGG-16 96,17 99,9 96,43
Pose Estimation [8] VGG-16 60,15 100,0 63,01
3-streams (OF+PE+RGB) [8] VGG-16 98,32 99,9 98,43
(2+1)D Resnet-18 Resnet 99,6 99,2 99,3
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Béng 3. So sanh (2+1)D Resnet-18 véi cdc nghién ciru dwoc cong bé gan day
vé do chinh xac trén bé dir lieu UCFD

M@ hinh Kién tric Specificity Recall Accuracy
VGG + optical flow [7] VGG-16 92,0 100,0 95,0
RGB [8] VGG-16 96,61 100,0 96,99
Optical Flow [8] VGG-16 96,34 100,0 96,75
Pose Estimation [8] VGG-16 93,09 94,41 93,24
3-streams (OF+PE+RGB) [8] VGG-16 98,61 100,0 98,77
(2+1)D Resnet-18 Resnet 99,9 100,0 99,9

5. Két ludn

Trong bai bao nay, ching t6i da dé xuit mot
mo hinh hoc sdu mang tén (2+1)D ResNet-18
dua trén kién trac ciia ResNet dé nhan dang
ngudi bi té ngd tir dit lidu video. Két qua thir
nghiém cho thiy, mé hinh dat hiéu suét tot
hon cac md hinh di dugc cong bd gan day.

Trong twong lai gan, ching t6i dang co ké
hoach cai thién d§ chinh xdc cua md hinh,
Mat khac, ching t6i s€ ap dung mo hinh trén
cho cac bai toan khac trong Iinh vuc thi giac
may tinh va xir 1y hinh video.
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