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ABSTRACT

Fall is the most common cause of injury for elderly people. It does not
only lead to physical injuries such as broken hip or head trauma, but also
causes some psychological problems. However, early fall detection can
help to reduce fall’s consequences. Therefore, in this paper, an approach
is proposed to detect elderly fall based on accelerometer data. The fall
detection model is constructed using the long short-term memory deep
learning architecture. A long short-term memory with 64 hidden units is
used to train the detection model. The experimental result shows that this
approach is suited to detect falls of the elderly with 93.9% of accuracy.

TOM TAT

Té nga la mot hién tuwong phé bién ciia nguoi cao tuéi. Té nga khong
nhitng gdy ra cac chan thirong sinh 1y nghiém trong nhw gdy xwong, ton
thwong ving dau, ... ma con gdy ra cdc ton thuong vé tam Iy cho nguoi
cao tuéi. Ngodi viéc phong chong thi phat hién té nga mét cach kip thoi
6 thé givip han ché hdu qua cia viée té ngd gdy ra. Trong bdi bdo ndy,
chiing t6i dé xudt mot phwong phdp phat hién té ngd cho nguwoi gia sir
dung gia toc ké (accelerometer) trén cdc thiét bi di dong. M6 hinh nhdn
dang té nga dwoc xay dung dwa trén mé hinh hoc sau Long Short-Term
Memory (LSTM). Ching t6i sir dung mé hinh hoc sau LSTM voi 64 lop
an. Két qua thuc nghiém trén tap dir liéu thuc do ching toi thu thap thuc
té cho thdy rang mé hinh d@é xudt phit hop cho viéc phat hién té ngd &
nguoi cao tudi voi dé chinh xdc la 93,9%.

Trich dan: Tran Cong An, Lit Minh Phuc, D Thanh Purc, Ngo Ba Hung, Lé Dinh Chién, Pham Thi Xuan
Diém, Son Bup Pha va Nguyén Hitu Van Long, 2017. Phat hién té ngd cho nguoi cao tudi bang gia
tdc ké va md hinh hoc sau Long Short-Term Memory. Tap chi Khoa hoc Truong Dai hoc Cén Tho.
S6 chuyén dé: Cong nghé thong tin: 65-71.

1 GIOI THIEU

nhirg ngudi ¢4 tudi tir 65 tudi tré 1én va 32% — 42%
do6i v6i nhitng nguoi c6 tudi trén 75 (Altman et al.,

Té nga 1 mot hién twong pho bién clia ngudi cao
tudi. Theo thong ké ciia National Council on Aging
(NCOA), ctr 4 ngudi tir 65 tudi tr 1én thi ¢6 1 ngudi
bi té ngd trong mot nam. Mot théng ké khac cua
Altman va cic cong su cho thiy ty 1& ngudi cao tudi
b té nga trong nam la khoang 28% — 35% ddi véi
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2013). Hon 15% trong s6 do6 bi té ngi 2 lan trong
nam.
Pbi VO‘l ngudi gia, té ngd thuong gy ra chc ton

thuong rat nghiém trong nhu gdy xuong, t6n thuong
ving dau... Nhimng sé liéu gan ddy cia National
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Center for Health Statistics cho thay trong nim
2015, khoang 55% clia cac ca tir vong do chin
thwong cia ngudi cao tudi tai Anh c6 nguyén nhan
1a do té ngd. Dbi voi nhitng nguoi co d6 tudi tir 75
tro 1én thi ty 18 nay 1a 78%. Diéu nay anh hudng rat
16n dén kinh té cuia gia dinh, cong dong va ca xi hoi
(Kalache et al., 2008).

Ciing theo nghién ctru cia Altman ef al. (2013),
t¢ ngad khong chi gay ra cac chan thuong vat ly ma
con anh huong dén tdm ly cua nguoi cao tudi. N6
1am cho ngudi cao tudi sg viée van dong, qua dé tac
dong mot cach gian tiép dén stic khoe cuia ho. Ngoai
ra, khi diéu trj chan thuong thuong phai bi cach ly
tam thoi ra khoi cong dong, xa hoi, lam tang cam
giac c6 don va c6 thé dan dén tram cam.

Viéc phat hién té ngd sém c6 thé gitp ngudi nha,
ngudi cham soc (carer) hay béc si dén mot cach kip
thoi va c6 thé giup han ché hau qua do té nga gay ra
(Bradley, 2011). Do d6, nhu ciu vé cac hé thong
phat hién té nga sém va co6 kha nang thong bao cho
ngudi chim séc hay cic nguoi c6 lién quan 1a rat
cép thiét.

Trong bai bao nay, chiung t6i d& xuét mot
phuong phap phat hién té ngd cho nguoi cao tudi
dua trén gia tdc ké thudng dwoc trang bi sin trén cac
thiét bj di dong. baéy 1a mot phuong phép phat hién
té ngd khong quiy rdy (non- obtrusive), giip cho
ngudi duoc quan sat khong cam thay bi mat quyén
riéng tu. Ngoai ra, phuong phap nay cling khong bi
gidi han vé& miat khong gian nhu cac phuong phép
quiy ray (obtrusive), thuong dua trén video, hinh
anh. M6 hinh phat hién té ngd duoc xay dung dya
trén kién tric may hoc sdu Long Short-Term
Memory (LSTM). Pay 1a mot kién tric hoc sau c6
bd nhd, dua trén kién tric hoc sau mang neural hoi
quy (Recurrnet Neural Network, RNN). Kién trac
nay pht hop dé hoc cac dit liéu dang chudi thoi gian
(time-series) hay cac dir liéu c6 tinh chét lién tuc
(sequence), phit hop v6i van dé dang giai quyét.

Phén con lai ciia bai bao dugc td chirc nhu sau:
Phan 2 s& tom lugc cic nghién ctru c¢6 lién quan;
Phan 3 trinh bay mé hinh phat hién té ngi bang gia
toc ké va kién tric hoc sdu LSTM; Phan 4 mo ta
phuong phap thuc nghiém va cac két qua dat dugc;
; két luan vé nghién ctru s& dugc trinh bay trong
Phén 5.

2 CAC NGHIEN CUU CO LIEN QUAN

Céc phuong phap phat hién té ngi c6 thé duoc
phan thanh 2 loai chinh: 1) phuong phap phat hién
té ngd co qudy riy (obtrusive), va 2) phuong phéap
phat hién té ngd khong quiy ray (non-obtrusive).

Céc phuong phap phat hién té ngd c6 qudy ray
thuong dua trén sy phén tich video hay hinh anh.
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Céc nghién ctru cia Foroughi va cac cong su phan
tich su bién ddi hinh dang cia con ngudi thu nhan
dugc tir video dé phat hién té ngd (Foroughi et al.,
2008a; Foroughi et al., 2008b; Foroughi et al.,
2008c). Trong nghién cutu cia Foroughi et al.
(2008a), cac hinh anh thu dugc tir video s€ dugc rut
trich dic trung bao gdm phép toan xap xi vira nhét
clia duong bién xung quanh co thé ngudi, biéu dd
anh sang ciia bong nguoi va sy thay doi tu thé cua
dau theo thoi gian. Cac dic trung nay s& dugc sir
dung dé phan 16p cac hanh vi dya trén mé hinh may
hoc vector hd trg (SVM) dé phat hién té nga.
Phuong phép nay c6 thé phat hién duoc cac hanh vi
té ngd vdi do chinh xac khoang 88%. Ciing vdi cac
dac trung nhu trén nhung trong mot nghién ciru
khéc, Foroughi et al. (2008b) stir dung mang neural
nhan tao (ANN) dé phan 16p va phat hién hanh vi té
ngd. Do chinh xac cia phuong phap nay cao hon
phuong phap st dung SVM véi d6 chinh xac khoang
91%. Ngoai cac dac trung trén thi Foroughi et al.
(2008c) con su dung dac trung Integrated Time
Motion Image (ITMI) va khong gian Eigen két hop
v6i SVM dé xdy dung mo hinh phét hién té ngi.
Phuong phap nay c6 do chinh xac khoang 89,5%.

Viéc st dung video dé phat hién té ngi c6 wu
diém 1a cac video cung cdp nhiéu thong tin dé nhan
dang té ngd nhu hinh dang, vi tri va bong cua d6i
tuong duoc theo ddi, mau sic, anh sang,... Tuy
nhién, phuong phap nay c6 nhuoc diém 1a anh
hudng dén tinh riéng tu cua ddi twong duge theo ddi
va khong gian bao phu gidi han. Do d6, phuong
phap phat hién té nga khong quéy ray dua trén cac
loai cam bién nhu gia toc ké, con quay hdi chuyen
dang dugc quan tim nghién ctu. Uu diém cua
phuong phap nay 1a dir liéu ma cac sensor cung cp
chira it thong tin riéng tu cua dbi twong duoc theo
doi.

Nghién ciru cua Li ez al. (2009) dé xuét két hop
con quay hdi chuyén va gia toc ké dé phat hién hanh
vi té ngd. Céc tac gia s dung 2 mach TEMP 3.0,
mdi mach gom 1 gia toc ké va 1 con quay hoi
chuyen Mot mach dugc gan trén nguc cua d6i tugng
can duge theo ddi va 1 mach dugc gan trén chan,
doan giita dau gbi va héng. Dir liéu gia tc ké duoc
sir dung dé xéc dinh sy bién thién ciia chuyén dong
con con quay hdi chuyén thi ding dé tinh d¢ quay
ciia d6i twong. Cac tic gia cling dé xudt mot sb
ngudng dya trén sy quan sat cac dir li¢u thu thép
dugc de suy ra cac tu thé cia ddi twong nhu dung,
ngdi, ndm va gap ngudi lai. Cac tac gia cling dé xuat
c4c luat dé suy ra cac hanh vi nhu 1én/xudng cau
thang, ngdi xudng mot cac nhe nhang, nhay,... tir
do6, suy ra cac hanh vi té nga.

Ciing dya vao gia ‘géc lfé, Chen va cac cong sy
tai UC Berkely da thiét ké mot mach phat hién té
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ng sir dung mot cam bién gia téc ké MEMS, cac vi
xtr Iy va cac chipset hd tro truyén théng (Chen etal.,
2006). Thiét bi nay s& duoc deo vao ving ngang thét
lung cta nguoi dugc giam sat. Phuong phap phat
hién té nga tir dit liéu gia tdc ké trong nghién ciru
nay dua vao sy bién thién cta gia tri G-force:

g =+x*+ y? + 27?2

Ngudng cua gia tri nay dugc xac dinh mdt cach
thu cong bang cach phan tich cac dit lidu thuc
nghiém. Tuy nhién, m6 hinh nay do chi st dung dac
trung la gia tri G-force nén d6 chinh xac chua cao,
thudng bi nham 13n gitra cac thao tac ngdi xudng va
té.

Trong nghién ctru cua Brezme va cac cong su,
cac tac gia st dung gia tdc ké trén dién thoai di dong
dé nhan dang cac hanh dong di, 1én/ xubng cau
thang, dimg day, ngdi xudng va nga (Brezme et al.,
2009). M6 hinh nhan dang cac hoat dong dugc xay
dung bang giai thuat k-lang giéng. Két qua thuc
nghiém dugc thong bao trong nghién ctru trung binh
cho tit ca cac hanh dong 1a 80%. Tuy nhién, quéa
trinh thu thép dir liéu, cac dac trung dung dé hoc mo
hinh, ciing nhu qua trinh kiém tra tinh chinh xac cua
mo hinh khéng dwoc mo ta chi tiét. Dy 1a cac thong
tin rat quan trong vi chiing anh huéng rat 16n dén do
chinh xac va d¢ tin cdy ciia mo6 hinh.

Tuy khong truc tiép phat hién t¢ nga nhung cac
nghién cru vé nhan dang hanh vi vé ban chit ciing
¢6 lién quan rat 16n dén cac nghién ctru vé phat hién
té ngd. Trong nghién clru cua Bao va Intille, cac tac
gia de Xudt sir dung 4 gia toc 2 chleu gan ¢ khuyu
tay, cd tay, trén dau gdi va dudi cd chan dé phat hién
hon 20 hanh vi ADL (Bao and Intille, 2004). Cac tac
gia st dung phép bién d6i FFT véi kich thude khung
12 512 mau dit liéu trén mdi khung. Ngoai ra, mot sd
dac trung khac cling dugc st dung nhu thanh phén
DC (Direct Current) cua FFT, mean, energy,... Cac
tac gia da s dung 4 giai thuat dé xay dung mé hinh
phan loai bao gom: cdy quyét dinh, IBL, C45 va
Naive Bayes. Két qua thuc nghiém cho thiy giai
thuat C45 c6 d6 chinh xéac trung binh cao nhét,
khoang 77%.

Ciing nghién ctru vé nhan dang hanh vi, Kwapisz
va cdc cong su chi sir dung 1 gia toc ké dé phat hién
cac hanh vi di, nhay, 1én/xudng ciu thang, ngdi va
dimg (Kwapisz et al., 2011). Cac tac gia st dung
hon 43 déc trung khac nhau, trong d6 c6 6 dac trung
chinh. Cac dic trung nay dugc phan 16p bdi giai
thuat multilayer perceptron vdi d§ chinh xac khoang
91,7%.

Trong mot nghién ctru gan day vé nhan dang
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hanh vi dua trén gia toc ké ctia Ronao va Cho da sur
dung giai thuat hoc sau Convolutional Neural
Networks dé xay dung mé hinh nhan dang (Ronao
and Cho, 2016). P6 chinh xac cta nghién ctru nay
kha cao, khoang 94,7% v6i kha nang nhan dang 7
hanh vi di, 1én/xuéng cau thang, ngdi, dimg va nam.

Mot sé nghién ciru khac vé nhan dang hanh vi
nhu nghién ciru ciia Maurer va cac cdng su stt dung
mot dﬁ‘)ng hd deo tay voi 4 cam bién, dat dugc do
chinh xac trung binh khodng 75% cho 6 hanh vi
(Maurer et al., 2006). Hay nghién ctru ctia Lee va
Cho str dung gia tde ké trén cac dién thoai di dong
cung v6i HMM dé phat hién cac hanh vi ding, di,
chay va 1én/ xudng cau thang (Lee and Cho, 2011).
Do chinh x4c trong nghién ctru nay 1a nhit déi voi
hanh vi chay vé&i khoang 95%, con cac hanh vi khac
thi ndm trong khoang 70% dén 80%.

Trong cac nghién ctru phat hién té ngd c6 quiy
ray, da so tac gia s dung cach ty phan tich dir liéu
dé tim ra qui luat phat hién té nga hodc ding mo hinh
méy hoc truyén théng nhu SVM, k-lang giéng. Ddi
v6i phuong phap tim mo hinh phat hién bang cach
phan tich dir liéu té nga thi két qua phu thudc rat
nhiéu vao chu quan ciing nhung kinh nghiém ngudi
phan tich. Con d6i v6i phuong phap ding may hoc
truyén théng thi phu thudc vao viéc lya chon dac
trung. Viée lya chon dic trung ciing phu thude nhiéu
vao kinh nghiém cua nguoi xay dung va ciing doi
hoi viée phan tich dir ligu dé du doan, trich chon dic
trung phu hgp. Do do, trong nghién ctru nay, chiing
t6i mudn sir dung k¥ thuat hoc sau cho phép bo qua
viéc trich chon déc trung. Ngoai ra, trong k§ thuét
hoc sau ¢ nhiéu kién trac mang neural phu hop dé
hoc cho cac dir liéu c6 quan h¢ vé mat thoi gian nhu
Recurrnet Neural Network hodc phién ban mé rong
cia n6 la Long Short-Term Memory s€ dugc su
dung trong nghién ctru nay.

3 MO HINH PHAT HIEN TE NGA BANG
GIA TOC KE VA LSTM

Trong nghién ctru nay, chiing toi dé xuat mot mo
hinh phat hién hanh vi té ngd & ngudi cao tudi bang
gia toc ke nhu dugc mo ta trong Hinh 1.

M0 hinh nhén dang hanh vi dya trén giai thuat
may hoc sdu Long Short-Term Memory. Cac dir liéu
gia toc ké vé cac hoat dong ciia ngudi cao tudi s&
duoc gan nhan tuwong ung vdi cac hanh dong va
duoc st dung dé huéan luyén m6 hinh nhan dang
hanh vi. M6 hinh nhan dang hanh vi nay s& dugc st
dung dé phat hién té nga trong céc dir liéu gia toc ké
vé cac hanh vi cia ngudi cao tudi. Chi tiét cua cac
thanh phan ctia mé hinh nay dugc mé ta nhu sau.
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Tap div lieu D ligu gia téc
céc hanh vi ké hanh vi clia

dwgc gan nhan nguoi cao tudi

3 Nhan dang
May hoc LSTM hanh vi
M& hinh nhan Hanh vi:
dang té nga Té/Khdng té
L -

Hinh 1: M hinh phat hién té ngi bang LSTM
3.1 Gia tbc ké

Gia toc ké 1a mot thiét bi dung dé do sy bién ddi
gia toc ciia ddi twong mang thiét bi. Cac loai gia tbe
ké thong dung hién tai déu c6 kha ning do sy bién
doi gia toc theo ca 3 chleu X, ¥, va z. Hinh 2 mo ta
céc chiéu ciia mot gia toc ké trén cac dién thoai di
dong thong minh (smartphone), trong do6 x la truc
hudng theo chiéu ngang ciia thiét bi, y 14 truc hudng
theo chiéu thang dtng cua thiét bi va z hudng tir sau

ra trudc.
+Y

X V\ L
/ \\

+Z

Y

Hinh 2: Gia téc ké 3 chiéu trén smartphone
(Nguon: https://goo.gl/97bEFb)

Pon vi thong dung dugc dung dé do su bién
thién cua gia toc 1a G hodc m/s%. Hai don vi nay ¢
thé dwoc chuyén ddi 1an nhau béang cong thirc: 1G =
9.8m/s?. Tuy ting loai gia tbe (d6 nhay) ma chung
¢6 thé do duoc sy bién ddi gia tbe cho mdi chiéu
trong khoang tir [-1G, +1G] cho dén [-3G, 3G].
Nguyén ly dé do gia toc theo truc y duge mé ta trong
Hinh 3.

?I
Housing .
(attached to the device; —Og—-’—

=10 S

Seismic Mass
(metal ball)

~g——

Hinh 3: Nguyén ly do gia toc theo truc y
(Nguon: https.//goo.gl/gB74Kj)
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Khi dit gia toc ké thang dung theo truc y, do tac
dong cua trong lyc thi kh01 luong chuyen dong
(seismic mass) s& bi kéo xudng va gia tri chuin cua
trang thai nay la +1G. Khi di chuyén khoang chira
(housing) 1én xuong theo phuong thang dung thi
khéi luong chuyen dong s& di chuyén, dan dén gia
tri cua y s¢ thay d6i. Do bién thién cua y phy thudce
vao viéc gia toc chuyén dong cua khoang chira theo
chleu thang dung. Mot gia toc nhidu chiéu s& bao
gdm nhiéu don vi do gia toc trong Hinh 3, dugc dat
theo nhiéu huéng khac nhau.

Hinh 4 minh hoa gié tri cua x, y, z trong mot s6
truong hop khac nhau: (1) 1a truong hop dét gia toc
ké dung yén theo phuong thang dung cua truc y; (2)
1a truong hop di chuyén gia téc ké 1én xubng theo
phuong thing ding (truc y); (3) 1a truong hop di
chuyén gia téc ké qua lai theo chiéu ngang (truc x);
va (4) 1a trudng hop di chuyén gia toc ké t6i lui
(truc z).

Graph m/s?
(€)) (2)
19.61 [ ;
15.2¢ £
A f\ 3 )
10.9 | — |
6.54 \ ‘

A

Hinh 4: Sy bién thién gia trix, y, z

Trong nghién ctru nay, gia tbc ké s& duoc dit
trong tii quan ctia ngudi can dugc gidam sat nhu
dugc md ta trong Hinh 5 ciing véi chiéu ciia cac truc
X,yvaz.

x
[

q‘ﬂ/‘
9

Hinh 5: Vi tri dit gia toc ké

Hinh 5 minh hoa gia tri cua x, y va z cho cac hanh
vi té ngd, ngdi va di. Qua céc gia tri trong Hinh 5
cho thay viéc phan biét cac hanh vi dya vao gia toc
ké 1a hoan toan kha thi.



Tap chi Khoa hoc Truong Pai hoc Can Tho

Ngdi i

Hinh 5: Céc gia tri x, y, z twong ing véi cac
hanh vi té ngi, ngdi, di

Dbi v6i thao tac té ngi thi sy bién thién cua x, y,
va z1a rd rét nhat. D6i voi ngudi cao tudi thi cac thao
tac thuong cham rai nén sy bién thién cua x, y va z
khi ngdi xudng 1a kha it. i véi hanh vi di lai thi x
va z it bién dong trong khi y 1a bién dong rd rang
nhét.

3.2 Xay dung mé hinh nhan dang bang
mang Long Short-Term Memory

Long Short-Tem Memory (LSTM) 1a mot kién
trac hoc sdu dugce coi nhu 1a mot sy mo rong cua
Mang neural hdi qui (Recurrent Neural Network,
RNN) v6i kha nang hoc cac phu thudc dai han (long-
term dependencies) (Schmidhuber and Hochreiter,
1997; Mikolov et al., 2014; Rojas, 2013). Pay la
mdt mo hinh mang c6 tri nhg, c6 kha nang “nh¢ “
dugc cac thong tin da tinh toan trude d6. Két qua tai
thoi diém hién tai khong nhitng phu thudc vao dau
vao tai thoi diém hién tai ma con phu thudc vao két
qua tinh toan cua cac thanh phan ¢ nhing thoi diém
trude. Do do, kién triic mang nay dugc goi 1a mang
“hdi qui” (recurrent).

0

O
v]

w
8,
U

X

Hinh 6: Qua trinh xit Iy thong tin trong RNNs

Qué trinh xir 1y thong tin trong mang hdi qui
dugc mo ta trong Hinh 6. Trong do, x, 1a input tai
thoi diém thr £, o, 12 output tai thoi diém thir 7, S, 1a
trang thai 4n (hiden state) tai thoi diém thu ¢, chinh
1a “bd nho” ciia mang. S; dugc tinh dya trén cac
trang thai an trude két hop voi input tai thoi diém
thir 7. Qué trinh nay c6 thé dugc biéu dién bang mo
hinh toan sau (Mikolov et al., 2014):

S = f(Ux¢ + Wse_q)
v6i (U, V, W) 1a ba tham s6 cia mang.

Ham f thuong dugc st dung nhat 1a ham tanh
hodc ham RELU (Rojas Raul, 2013).
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Vi kha nang “nhd” duogc, dac diém chung cta
mang neural hdi qui 14 c¢6 kha nang xu 1y thong tin
dang chudi (sequential data) va cac dit liéu thoi gian
(temporal data).

Vé 1y thuyét, RNNs c¢6 thé nhé duoc thong tin
ctia chudi c6 chiéu dai bat ky nhung trong thyec té thi
mo hinh nay chi c6 kha nang nhd dugc thong tin &
mdt vai budc truéc d6 (Schmidhuber and
Hochreiter, 1997). Do d6, dé ting kha ning nhd thi
budc xtr 1y 1dp ctia LSTM sur dung 4 16p thay vi mot
16p nhur RNN. Hinh 7 mé ta sy khac nhau giita cdu
trac 1 cell (module 13p) trong RNN va LSTM. Méu
chét cua kha ning “nhé 1au” caa LSTM 14 cu trac
“trang thai nhd” (cell state), 1a duong ké ngang phia
trén trong module lip. Cac thong tin c6 thé dugc
thém hodc bdt vao cell state, dua trén qui dinh cua
cac cong (gate), 1a cac phép toan dugc dit trong
vong tron trong cell state.

®

L
.|.|_l._l_‘
@ RMNMN LSTM

Hinh 7: CAu tric module lap cia RNN va
LSTM

Trong nghién ciru nay, chung toi sir dung kién
trac hoc sdu LSTM véi 64 16p 4n. Him mat mat
(loss funtion) dugc st dung trong nghién clru nay la
ham L2-norm (Least Squared Error, LSE). Ham nay
cuc tiéu hoa su chénh léch giita gia tri muc tiéu y;
va gia tri du doan f (x;) theo cong thirc sau:

5= (- f)”
i=1

Ouput tai thoi diém thtr ¢ duoc tinh dua theo ham
softmax theo cong thure sau:

0, = softmax(VS;)

Dé t6i vu héa mé hinh, chung t6i sir dung thuét
todn Adam Optimization (Kingma and Ba, 2014).
Pbay la sy mo rong cua thudt toan Stochastic
Gradient Descent. Thudt toan nay sir dung 1 learning
rate cho ca qua trinh hoc va duong trung binh
(moving average) ctia cac dir liu gan nhat s& co
trong s6 cao hon cac dir liéu da xir Iy xa hon trudc
d6. Phuong phap nay duoc goi 1a duong trung binh
siéu nhanh (exponential moving average), cho phép
xtr 1y tot hon ddi voi cac thay doi gan nhat trong mo
hinh (Wu and Wei, 1989).
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4 THUC NGHIEM
4.1 Tap dir liéu thuc nghiém

D liéu dé huan luyén va kiém ching mo hinh
duoc thu thap tr thuc té b::ing cach gén 1 dién thoai
di dong c6 cam bién gia toc ké vao thi quan cua 1
tinh nguyén vién. Trén thlet bi di dong nay c6 ung
dung thu thap dir lidu gia toc ké hoat dong véi tan sd
la 20Hz, nghia Ia trong 1 gidy thi tng dung nay sé&
thu thap duoc 20 tap gia tri (x, y , z). Tinh nguyén
vién nay s€ thuc hién md phong cac hanh vi di bg,
ngdi xubng, dimg 1én. Cac hanh vi nay s& duoc thuc
hién dya trén quan sat cac hanh vi ctia mdt nguoi
cao tudi.

Ngoadira, chung t61 con thu thép dir liéu cua hanh
vi té ngd bao gom té nga vé trude, hai bén va ra sau.
Dir lidu té ngd duoc thu thap bang 2 cach: 1) tinh
nguyén vién thuc hién thao tac té nga nhe 2 bén trén
ném, 2) gin thiét bi vao 1 mé hinh ngudi va cho nga
theo nhicu tu thé khac nhau, véi nhiéu mitc d6 khac
nhau. Trong d6, dit liéu thu thap theo cach 2 14 nhiéu
hon vi viée thuc hién thao tac té ngd bang md hinh
sé gﬁn véi thue té hon. Thong tin vé tap dit liéu thuc
nghiém dugc cho trong Bang 1.

Bang 1: Théng tin vé tip dir li¢u thue nghiém

Hanh dong S0 lan thyc hién S6 diém dir liéu

Ténga 50 8.256

Ngoi xuong 50 6.967

Pung [én 50 7.298
S 25

bi lai (25-30 gidv/lin) 13.379

Tong cong 35.900

Trong huén luyén va kiém thtr, cac hanh vi di,
dung 1én, ngdi xudng s& dugc gop chung thanh 1 16p
duoc gan nhan la “khong té ngd” (NOT FALL). Tap
dir liéu thuc nghiém nay dugc chia thanh 2 phﬁn:
80% (28.720 méau) dung dé huan luyén va 20%
(7.180 mau) dung dé kiém thir.

4.2 Moi truwong thuc nghiém

Thuc nghiém (huin luyén va kiém thir) duoc tién
hanh trén 1 may tinh v6i cau hinh nhu sau:

Thanh phan  Céu hinh

CPU Intel(R) Core(TM) i7-2600 CPU @
3.40GHz

RAM 8GB

OS Linux

Céc thu vién va phin mém hd tro hoc sau duoc
st dung trong thuc nghiém la Miniconda,
Tensoflow va PyCharm.

Mot sb thong sb chinh cua mang LTSM duogc st
dung trong thuc nghiém dé huan luyén mo hinh
duogc cho trong Bang 2.

70

86 chuyén dé: Cong nghé théng tin (2017): 65-71

Bang 2: Thong so thwe nghi¢m

Théng s6 Gia tri

Kich thudc mdi batch 200

Learning rate 0,025

Hidden layers 64

Feature 3

Sb epochs tdi da 70

Activation function RELU

Model optimization Adam algorithm

4.3 Két qua thue nghiém

Qué trinh huin luyén mé hinh mat khoang 30
phat v6i 70 1an Idp. Do chinh xac va do 15i trén tap
huén luyén va tap kiém thir sau mdi chu ky huan
luyén dugc cho trong Hinh 8. P9 chinh x4c huén
luyén va kiém thir ting déu sau mdi chu ky huin
luyén. Dén s6 chu ky huin luyén 70 thi 6 chinh xac
dan 6n dinh. Ddi véi d6 15 trong huan luyén va kiém
thir thi giam manh trong 10 chu ky huan luyén dau
tién. Dén khoang chu ky thir 55 tro di thi ciing bt
dau 6n dinh.

= - Wrsiining boos

- Training Socuracy
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o
=]
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..
o
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|
|
|
|
!

Treiining progress (loss or scourscy)

a
In

(=1}

Training EFOCH
Hinh 8: P9 chinh xac va do 10i qua tirng epoch

Do chinh xac ciia mo hinh thu dugc sau 70 chu
ky lap trén tap dir lidu kiém thir 14 93,9%. D¢ 16i cua
md hinh nay 1a 0,26. Chi tiét vé do chinh xéc trén
tap kiém thir dugc mo ta béng ma trin nhim 1an
trong Hinh 9.
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Hinh 9 : Ma tran nham lan (confusion matrix)
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5 KET LUAN

Trong nghién ctru ndy, chung t6i di dé xuit md
hinh phat hién té ngd cho nguoi cao tudi dua vao dir
lidu gia téc ké. M6 hinh nhan dang hanh vi duoc xay
dung dua trén m6 hinh Long Short-Term Memory
ctia ky thuat hoc sau vi 64 16p 4n. Dé kiém thir md
hinh, chung t6i da xay dung mot tap dir liéu vai cac
hanh vi thong thuong bao gom di lai, ding 1én, ngdi
xudng va cac hang vi té ngd véi tong s6 36.994 diém
dit liéu. M6 hinh dé xuét dat duoc d¢ chinh xéc
93,8% trén tap dir licu nay. Do chinh xac nay la
tuong dbi tot so véi cac nghién ctru ¢6 lién quan va
hoan toan c6 the st dung cho cac ing dung phat hién
té ngd thuc té dé tro gitip cho ngudi cao tudi.

Trong dinh huong phat trién cta dé tai, chung toi
s& tiép tuc xay dung mt tap dir liéu voi nhiéu hanh
vi hon nhu 1én xudng ciu thang, tap thé duc nhe tai
chd,... Viéc tang s6 hanh vi c6 thé can phai thay doi
m6 hinh LSTM sao cho ¢6 thé hoc cac mau hanh vi
phirc tap hon nhu sir dung nhiéu LSTM chong 1én
nhau hay thir v6i nhiéu bo théng sb khac nhau cua
LSTM. Ngoai ra, hi¢n nay viéc huén luyén mo hinh
chi str dung dir lidu tho x, y va z. Do d6, viéc bd sung
thém cac dac trung thudong dugc su dung trong nhan
dang hanh vi nhu Fast Fourier Transform, d 1éch
chuén, khoang cach gitta cac dinh dit liéu,... co thé
lam tang d¢ chinh xac cua mo hinh.

Cudi cung, dé co6 thé danh gia dugc d6 chinh xac
clia md hinh mét cach tét hon thi chiing toi s& phat
trién mot ung dung cho céc thiét bi di dong str dung
mo hinh nhan dang trong nghién ciru nay va cho
thuc nghiém truc tiép trén cac nguoi cao tudi.
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