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Nhan dang hoat ddng ciia nguoi bang dién thoai
thong minh

Human Activity Recognition Using Smart Phones

Abstract: In this paper we propose a method and
system for recognizing everyday human activities by
utilizing the acceleration sensing data from the
accelerometer instrumented in smart phones. In our
method, human activities are recognized in four steps:
data processing, data segmentation, feature
extraction, and classification. We rigorously
experimented on a dataset consisting of 6 everyday
activities collected from 17 wusers using several
machine learning algorithms, including support vector
machine, Bayesian  networks, k-Nearest
Neighbors, Decision Tree C4.5, Rule Induction, and
Neutral networks. The best accuracies are achieved by
Decision Tree C4.5 that demonstrates the human
activities can be distinguished with 82% precision and
83% recall under the leave-one-subject out evaluation
protocol. These results have shown the feasibility of
smart phone based real-time activity recognition. In
addition, the proposed method based on Decision Tree
has been deployed on Samsung smart phones and is
able to recognize 6 human activities in real-time.

Naive

Keywords:  Activity  Recognition, Feature
Extraction, Mobile Device, Accelerometer, Machine
Learning.

I. GIOI THIEU

Ty ddng nhén dang hoat dong cua nguoi (human
activity recognition — HAR) dang thu hat dugc su
quan tdm cua cong ddng nghién ctru vi c6 nhiéu tmg
dung thuc t& nhu: trg giup cham soc strc khoe [1], tro
gitip theo ddi ché do an kiéng (dietary monitoring) [2],
udc lugng lugng calorie tiéu thu & nguoi (energy
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expenditure estimation) [3] v.v.. Mdc du cac nghién
ctru v& nhan dang hoat dong ctia nguoi da va dang dat
dugc nhitng két qua dang ké, nhung phan 16n cac
nghién ciru nay da phat trién va trién khai cac phuong
phap nhan dang trén may tinh ca nhan. Diéu nay lam
han ché giéi han khong gian thuc hién cac hoat dong
ctia ngudi (khong qua xa dé dir lidu cam bién c6 thé
két nbi duoc voi may tinh) khién cho viéc thuc hién
nhan dang cta nguoi bi gidi han trong mot phong [12],
trong mdt ngdi nha [4,15,17,20] hay trong bép
[2,11,13,16]. Trong khi d6 kha ning tinh toan va sb
lugng [5] cua céac dién thoai thong minh ngay cang
dugc nang cao voi su tich hop cua cac bd vi xur 1y da
nhan (multicore processors), bd nhd dém va cac bo
cam bién nhu cam bién gia tdc, cam bién nhiét, cam
bién dinh vi v.v.. Nhitng tai nguyén tinh toan niy co6
thé s& cho phép chung ta trién khai va thir nghiém céc
phuong phap hoc may va nhan dang thich hop trén
dién thoai thong minh. Néu duoc nhu vay thi cac hoat
dong hang ngay cta ngudi c6 thé dugce nhan dang moi
noi, moi luc.

Céc nghién ctru trude day tiép can bai toan nhan
dang hoat dong cua nguoi theo ba phuong phap: phan
tich hinh anh hoat dong cua ngudi bang camera hay
con goi thi giac may (computer vision), phan tich dir
lieu cam bién tir cac bo cam bién duoc tich hop vao
moi truong hoac vat dung (pervasive sensing) va phan
tich dit liéu cam bién tir cac bd cam bién dugce deo trén
ngudi (wearable sensing). Trong cach tiép can bang
thi giac may [11,12], hinh anh tir camera duoc tién
hanh tién xu 1y, trich chon cac déc trung va phan loai.
[11] nhan dang cac dbi tugng (vat dung, thic an) va dé
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Xuit mot mang Bayes dé suy dién cac hoat dong nau
nudng, trong khi [12] d& xuat mot bién thé cua mo
hinh Markov 4n dwoc huan luyén tir cac dic trung (tu
thé cuia nguoi) dé suy dién hoat dong. Viéc sir dung
camera dé nhan dang hoat dong thuong yéu ciu céac
hoat dong cua nguoi bi gidi han trong khong gian hep.
Hon nita, hiéu suit nhan dang thuong chiu anh huéng
boi cac yéu td tir moi truong nhu: anh sang, hinh anh
bi che khuét v.v.. Trong khi d6 thi cach tiép can cam
bién toa khip (pervasive sensing) str dung cac bo cam
bién duoc tich hop vao méi truong [4,15,16,17,18]
hoic tich hop vao vat dung [2,13,16] khic phuc duoc
nhugc diém nay. Tuy nhién cach tiép can bang cam
bién toa khip thuong yéu cau sir dung nhiéu bo cam
bién khién chi phi kha cao va yéu cau méi trudng phai
duogc thiét 1ap trude chang han nhu phai dat bo cam
bién vao mai trudng trude khi con ngudi thuc hién cac
hoat dong. Nguoc lai, st dung cam bién deo trén
ngudi [8,9,10,18] c6 thé nhan dang hoat dong cua
nguoi trong pham vi rong hon (nhu toa nha) ma khong
can phai st dung nhiéu b cam bién va thiét 1ap moi
truong trudc (pre-setting). Chang han, mot trong
nhitng nghién ctru trude day cua chung toi [18] chi sir
dung 2 Wii Remotes, mét loai thiét bi co chi phi kha
thap (258) thuong dugc sir dung trong cac tro choi
tuong tac, deo ¢ that lung va tay dé nhan dang 14 hoat
déng hang ngay cia ngudi véi do chinh xac
(precision) va do bao phu (recall) t6i hon 90%. Khac
v6i dién thoai 1a thiét bi co thé dugc mang theo nguoi
moi noi, moi luc, Wii kha cong kénh va chua phu hop
dé deo ca ngay trén ngudi. Hon nita, chuong trinh
phan tich dir liéu cam bién va thuat toan nhan dang
(md hinh Markov 4n) trong nghién ctru [18] dugc trién
khai trén may tinh c4 nhan nén can duoc cai tién cho
phu hop khi trién khai trén thiét bi di dong.

Mot sb it cac nghién ctru trude ddy dd nghién ctu
trién khai phuwong phép va hé théng nhan dang hoat
dong cua nguoi trén dién thoai thong minh [6,7]. Cac
nghién ctru nay thuong c6 hai diém han ché 1a: tap di
liéu thir nghiém thuong khong 16n va cac phuong phap
nhan dang dé xuét chua phu hop cho nhan dang cac
hoat dong cua nguoi trong nglr canh thoi gian thuc. Vi
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du nhu Jennifer va cic cong su [6] da dé xuit mot
phuong phap nhan dang dé nhan dang 6 hoat dong: di
bg, chay tai chd, di Ién cdu thang, di xuéng cau thang,
ngoi va ding. Cac mau dir liéu thu thap tir cac dién
thoai thong minh Nexus One, HTC Hero va Motorola
back-flip dugc trich chon cac dac trung. Nhing dac
trung nay duoc sir dung dé huan luyén va kiém thir
mot sb bo phan loai tir Weka [21]. Két qua cho thiy bo
phén loai perceptron da 16p (multi-layer perceptron)
cho két qua cao nhat voi do chinh xac 91.7%. Han ché
chinh cta nghién ctru nay 1a thoi gian huan luyén va
nhan dang cia mang perceptron da 16p thuong cham
trong cac trudng hop s6 16p va sé luong nit mang
trong tirng 16p tang. Pidu nay khong phu hop cho viéc
nhan dang hoat dong trong thoi gian thuc. Mot nghién
ctru khac [7] dé xuat thuat toan hd tro may véc to da
I6p (multi-class support vector machine) dé nhan dang
6 hoat dong: di bg, di lén cau thang, di xuéng cau
thang, nam xuong, ngoi va dirng. Mic du dat duoc do
chinh xac trung binh 1a 89% nhung [7] cling chua phu
hop cho nhan dang hoat dong ctia nguoi trong thoi
gian thyc. Bai vi hoat dong ty nhién cta nguoi khong
bi gii han chi trong 6 hoat dong trén trong khi bat cr
hoat dong nao ciia ngudi thi s& dwoc hé théng [6,7]
phan loai 1a mdt trong sdu hoat dong ma ho da tha
nghiém.

Trong nghién ctru nay, ching t6i dé xuit mot phuong
phap nhén dang hoat dong cia nguoi trén dién thoai
thong minh dugc ké thira tir nghién ctru trude day cua
chung t6i [18]. Day la phuong phap c6 kha nang nhén
dang céc hoat dong ctia nguoi trong thoi gian thuc bao
gdm ca nhitng hoat dong chua duoc gan nhan khi huin
luyén (unknown activities hay other activities). Nhung
khac vé6i [18], chiing toi dé xudt mot tap cac dic trung
m&i phtt hop véi vi tri va cdu hinh cua cam bién gia
tde trong cac di€n thoai thong minh hién nay va tién
hanh thtr nghiém céac dac trung nay trén 6 thuat toan
khac nhau va so sanh cac két qua. Trong do6, thuat toan
cho két qua tot nhat s& duoc cai dat (implementation)
trén dién thoai thong minh dé nhan dang cac hoat dong
clia nguoi trong thoi gian thuec.
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Hinh 1. Pi¢n thoai Samsung Galaxy Note 2 (trdi) va vi tri
dat dién thoai (phai)

1. PHUONG PHAP NHAN DANG HOAT PONG
CUANGUOI

Trong phan nay ching t6i trinh bay cac budc nhan
dang hoat dong cua ngudi, bao gém: tién xi 1y dir liéu
(pre-processing), phdn dogn dir ligu (segmentation),
trich chon cac ddac trung (feature extraction), va phan
logi (classification). Phan nay két thuc bang trinh bay
vé qua trinh trién khai (implementation) thuat toan cho
nhan dang hoat dong cua nguai trong thoi gian thyc.
I1.1. Tién xir 1y dit liéu

Do dit liéu cam bién thuong chira nhidu (noise).
Trong trudng hop 1y twong khi hoat dong ¢ tan sé 100
Hz thi ta s& thu duoc 100 mau tir cam bién gia toc
trong 1 gidy. Trén thuc té, vi nhiéu 1y do anh huéng
boi méi trudng hodc chinh thiét bi nén sb mau thu
duge c6 thé it hon 100 mau trong mot gidy. Trong
truong hop nay chung t6i st dung Ky thuat ndi suy
Spline [19] dé tai tao (resampling) cac mau da mét do
nhidu. Ngoai ra, gia tri cam bién c6 thé bién d6i bat
thudng (abnormal) qua cao hodc qua thip (c6 thé do
va dap hay do chuyén dong bat thuong ciia ngudi) thi
ching t6i ap dung k¥ thuat loc dai thong cao (high-
pass filtering [22]) dé loai bo gia tri cam bién cao bat
thuong va ky thuat loc dai thong thap (low-pass
filtering [22]) dé loai bo gia tri cam bién thap bt
thuong.

11.2. Phan doan dir liéu

Dong dir liéu cam bién bién d6i lién tuc theo thoi
gian véi tan s6 100 mau/gidy. Dé nhan dang cac hoat
déng cua ngudi trong mot khoang thoi gian xac dinh
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thi dong dir liéu nay phai dugc phan doan thanh cac
cia 6 truot (sliding windows). Cac nghién cuu [8,
13,18] da chi ra rang kich thudc cua cira s6 truot anh
huong dang ké dén d6 chinh xac nhan dang cua thuat
toan hoc may. Tuy theo tng dung ma ta c6 thé lya
chon d¢ dai ctra 6 truot sao cho phu hop. Chang han
[8] chon cira sb truot co do dai 4,3 gidy dé nhan dang
cac hoat dong nhu lau nha (cleaning), dap xe
(cycling)... trong khi [13] lya chon ctra s6 trugt véi do
dai 1,5 gidy dé nhan dang cic hoat dong nau nuéng
nhu thdi (chopping), trén thike an (stirring) v.v. Trong
nghién ctru nay, ching t6i lya chon cira s6 trugt ¢ do
dai 1a 2 giay vé6i thoi gian chdng lan gitta 2 ctra s6
trugt ké tiép nhau 1a 1 gidy (50% overlapping). Viéc
lya chon nay duya trén két qua mot thuc nghiém kiém
tra chéo 4 1an (4-fold cross validation) trén mot tap di
liéu con (subset) ddi Vé6i cac cira $6 c6 kich thudc: 1
gidy (do chinh xac 73,4%), 1,5 gidy (d0 chinh xac:
75,1%), 2 giay (d0 chinh xac: 78,3%), va 3 giay (do
chinh xac: 77,9%). Nhu vay khi hé théng chay trong
thoi gian thuc thi két qua nhan dang s& dugc tra vé sau
1 gidy. Viéc lya chon d6 dai cira s6 nhu vy 1a hop 1y
vi trong cac hoat dong ma chiing t6i nhan dang c6 mét
s6 hoat dong dién ra trong khoang thoi gian twong dbi
ngan nhu: nhdy (jumping) va ngoi xuéng (sitting). Hon
nira, Voi ctra s6 truot 1a 2 gidy hé thdng nhan dang sé
tranh dugc tri hoan khi thuc hién nhan dang cac hoat
déng trong thoi gian thuc.
11.3. Trich chon cac dic trung

Lua chon ra céac dic trung 1a cong viéc quan trong
can duoc tién hanh truéc khi huan luyén cac md hinh
hoc may. Vi cac thuat toan hoc may dugc trién khai
trén thiét bi di dong thi viéc trich chon cac déc trung
con bi rang budc boi tai nguyén tinh toan han ché.
Chinh vi vay, trong sb cac dic trung dugc trich chon
trong nghién ctru nay, c6 mot s6 dac trung dugc Kké
thira tir nghién ctru [23]. Voi mdi cira s6 truot voi do
dai 2 giay chira 200 mau di lidu (sau pha tién xir 1y),
chung t6i trich chon ra 6 déc trung.
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Trude hét, hai tin hiéu bat bién voi do nghiéng (tilt
invariant) tir tin hiéu gia tbc 3 chiéu tai thoi diém t
duoc tinh nhu sau:

2 (1) = [aox(t), Aoy(t), ac,(t)] (1)

Vec to d nghiéng bit) dugc tinh bang trung binh
cong clia cac gia tri do(t) trén N mau véi N 12 s6 miu
trong mot ctra so trugt (N=200).

1 N
B() = EZ &)
@)

Sau d6 cac géc nghiéng (tilt angles) 6, va 6, duoc
tinh bang dang thirc sau:

b,
g, = arctan [b—}]

- ©)
6, = arcta x
2 T arean (b).sin91 + bzco.'sSl) ()

Véc to gia toc bu do nghiéng (tilt compensated
acceleration vector) la:

cos & —sinfsing, —cosfsing
a,lt) = 0 cos &, —siné, ® fplt)
1 ]
sintg, sinfcosé, cos &y cos e, (5)

Véc to gia toe trong trudng va bu do nghiéng tirc thoi:

N

a,(t) = Ian(ijal}-(fj; (ay.(t) — %Z alg(tjj:l
©)

Dé loai bo cac nhidu do viée xoay (orientation) cam
bién gia tdc (do hudng dién thoai c6 thé bi thay doi khi
dang thuc hién hoat dong) thi gia tri x va y dugc xem
nhu 13 2 thanh phan (thuc va 40) ciia mot sé phirc. Pac
trung duoc trich chon tir hai tin hiéu gia tdc theo chiéu
doc @,(t) = a,.(t) va cudong do tin hiéu gia toc
theo chiéu ngang:

I
a, (t) = _Jazx (£)* + a‘:_‘;(t):

(7)
Hai déc trung dau tién dugc trich chon la:

- Nang lwong gia téc theo chiéu doc (vertical
accelerometer energy: VE):
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4T
g, = J- la,ldt
®)

- Néng lwong gia téc theo chiéu ngang (horizontal
accelerometer energy: HE):

tg+T
= laplat
t=tg

Bén dic trung con lai la:

©)

Hjorth chuyén déng (Hjorth mobility: HM) [23]:
mo ta cac dudng cong hinh dang (curve) cua chuyén
dong bang viéc tinh trung binh cac d6 dbc twong dbi
(relative slope). Cong thirc tinh HM nhu sau:

var(x(t) d—y)
dt

var(x(t)) (10)

Trong d6, miu s dudi can bac 2 var(x(t)) la bién
trang (variance) cua tin hiéu cam bién theo chidu x
theo thoi gian t, con tir s6 1a dao ham bac 1 cua
var(x(t)).

Hjorth phirc hop (Hjorth complexity: HC) [23]: la
ti sb gitta dao ham béc nhét cua tin hiéu chuyén dong
va tin hiéu khi dirng yén. Cong thirc tinh HC nhu sau:

dx
HM (x(t) a)

©= o) (12)

Céac dac trung HM va HC dugc ap dung cho dir liéu
cam bién gia toc theo ca chiéu doc (Vertical Hjorth
mobility: VM) va chiéu ngang. Do d6, ta c6 tong s6 6
dic trung duoc trich chon trong mdi cira s6 truot.

11.4. Cac thuét toan phan loai

Cac véc to dic trung sau khi dugc trich chon tir cac
cira s6 truot s& duoc sir dung dé huén luyén cac bd
phan loai: may véc to hd tro (support vector machine:
SVM), mang Bayes don gian (Naive Bayes), k lang
giéng gan nhét (k-Nearest neighbors), cdy quyét dinh
(Decition Tree C4.5), suy dién dua trén luat (Rule
Induction), mang no ron (Neural network). Trong do
bd phan loai may véc to hd trg sir dung trong nghién
clru nay 1a SVMIib duogc phat trién boi Chang et al.
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[24] v6é1 ham nhan rbf (radial basic function) va tham
s6 C=1.Céc bd phan loai con lai c6 san trong thu vién
RapidMiner [25].

11.5. Cai dat thuat toan

Sau khi tién thir nghiém (chi tiét dugc trinh bay
trong muc III), cdy quyét dinh (Decision Tree C4.5)
véi d6 do lya chon dac trung la théng tin dat duoc
(information gain: IG) cho két qua nhan dang tt nhét
va duoc lya chon dé phat trién cho hé théng nhén dang
hoat dong cua ngudi trong thoi gian thuc. IG duogc xac
dinh nhu sau:

Gain(4) = Info(D) — Info, (D) (12)
Info(D) = — EIL, p; log,(p;) (13)
Info, (D) = f=l%*fnfu {Dj-} (14)

(e}
= 1589.483 = 1589.482

(ve] (]
=1880.257 = 1880.257

[i::j- Y ¥
lump he | | wm |

>1062.92< 1082924

b 4 A
|T| jump run jump

=027= 0272

=] =]

Hinh 2: Cay quyét dinh

>0.220 =0.230

=0.2Z= 0232

Trong d6 p; 14 x4c sudt ciia mot véc to dic trung bét
ky trong tap dir liéu D c6 nhan la hoat dong (16p) C; va
duogc woc lugng bang |C;5| /ID]. Piac trung véi gia tri
dat dwoc 16n nhit (largest gain) s& duoc sit dung dé
phén nhanh (split) cho cay. Trong tép dir li¢u cua
chung t6i thi gia tri dat duoc cua cac dac trung VE la
1.233, HE 1a 1.459, VM 14 0.917 va HM 1a 0.197. Do
d6, dac trung HE duoc Iya chon dé phan nhanh cho
cdy quyét dinh nhu minh hoa trong Hinh 2.
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Tree

ve > 782.095
| > 0.228
I 1 ve>0.7%
| | ve > 1629.051: jump {jump=25, run=0, walk=0, sit=0, stand=0, other=0}
e < 1620.051
he > 1.189
| he > €63.951
|| he > 1413.136: zun {jump=0, run=5, walk=0, sit=0, stand=0, other=0}
| he < 1413.13
| ve » 1844.058
| | he > 1191.543: run {jump=0, run=3, walk=0, sit=0, stand=0, other=0}
| he < 1191.543
| ve > 0.804: jump (jump=21, rwn=0, walk=0, sit=0, stemd=0, othez=0)
I ve < 0.804
I | ve>1513.149: jump {jump=1, run=0, walk=0, sit=0, stand=0, other=0}
I | ve = 1513.148:

|

I

|

I run {jump=0, run=2, walk=0, sit=0, stand=0, other=0}
ve & 1444.058

I

|

|

|

I

he > 1,334
| hc > 1.465: run {jump=0, run=5, walk=0, sit=0, stand=0, other=0}

| ho = 1.465: jump {jump=18, run=8, walk=0, sit=0, stand=0, other=0}
he < 1,334

|

[ |
[
[ |
[ |
[ |
[
[ |
[ |
[ |
[
[ |
[ |
[ |
[
[ |
[ |
[ |
[ | ke > 1.270: rum {fump=0, zun-11, walk=0, sit=0, stamd=0, othez=0}

v
1
1
1
(I
[ |
[
L |
L |
LI R |
L |
L |
L |
LI R |
L |
L |
L |
LI R |

Hinh 3: M6 hinh phdn logi cdy quyét dinh

Thiét ké chi tiét hé théng nhén dang hoat dong ctia
nguoi cho dién thoai thong minh dugc moé ta trong
Hinh 3. Cac gia tri cam bién gia tdc ba chidu X, Y, Z
dugc luu trong moét ving dém (pumping buffer) dé
tinh vec to ddc trung trong thoi gian thuc. Véc to nay
12 dAu vao ciia mo hinh phan loai da dugc huan luyén
tur tap dit liéu thu thap dugc. PAu ra ctia md dun phan
loai cho ra mét tin nhdn (text message) 1a mot trong 6
hoat dong: chay (run), nhay (jump), di bé (walk), ngoi
(sit), dung (stand) va hoat dong chuwa co nhdan khac
(other). Tin nhin nay 1a dau vao ciia mot md dun
thong bao téi ngudi dung bing giong noi (text-to-
speech).

1. THU'NGHIEM VA PANH GIA

Phan nay chung t6i trinh bay vé cac budc tién hanh
thr nghiém va danh gia phuong phap nhan dang hoat
déng cua nguoi: qua trinh thu thap di liu, gidi thiéu
cac do do danh gia hé théng, cac két qua va danh gia.

I11.1. Thu thap dir liéu

Mot chuong trinh ghi dit liéu cam bién (logging)
trén dién thoai thong minh da dugc nhom nghién ciru
phat trién dé thu thap dir liéu. Chuong trinh ghi dir liu
cam bién co giao dién kha don gian, gdbm 1 6 nhap liéu
(textbox) cho phép nguoi tham gia thi nghiém
(subject) nhap vao t€n hoat dong (vi du: jump), sau do
nguoi thir nghiém gd vaol nat bam (button) dé bat dau
thuc hién hoat dong va dién thoai s€ tu dong ghi lai tat
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ca cac dir liéu cam bién gia toc dién ra trong vong 2-5
phut tuy theo hoat dong, vi du dir liéu cam bién cua
hoat dong nhay duoc ghi lai trong 2 phut trong khi dit
ligu di bo dugc ghi lai trong khoang 5 phut. Nguoi
dung sé& duoc thong bao dimg hoat dong khi o 1 tiéng
bip (beep) phat ra tir dién thoai.

17 ngudi Véi cac do tudi khac nhau tir 18 dén 55
bao gom 14 nam va 3 nir dugc moi dé tham gia thu
thap dir liéu cho nghién ctru nay. Mdi nguoi duoc yéu
cau thyc hién 5 hoat dong: chay (run), nhay (jump), di
bo (walk), ngoi (sit), ding (stand) va mét hoat dong
bat kp (other) va mdi hoat dong duoc yéu cau thuc
hién 13p lai nhiéu lan trong khoang 2-5 phut cho dén
khi co tiéng bip phét ra tir dién thoai. Dix liéu ghi lai
dugc dinh dang nhu sau: v6i mdi mau bao gém 1 nhin
thoi gian (timestamp) c6 Ciu trac ndm-thdng-ngay
gio: phit: gidy.mili gidy. Tiép theo 1a gia tri cam bién
theo chiéu X, chiéu Y, va chiéu Z. Nhan thoi gian
duoc s dung trong budc tién xu Iy dir liéu trong
nghién ciru nay va dung dé ddng bo véi dir lieu cam
bién khac (trong cac nghién ciru Vé sau cuia chiing toi).
Céc gia tri cam bién X, Y, Z duoc s dung dé trich
chon dic trung nhu d3 mo ta & phan trén. Hinh 5 mé ta
truc quan hoa dit lidu cam bién gia toc cua mot sé hoat
dong dién ra trong khoang 15 giay.

111.2. Céac d do danh gia
Trong nghién ctu nay, chung t6i st dung 3 d¢ do
la: do chinh xac (precision), do bao phu (recall) va do

dung (accuracy)
. TP
Precision = ———
TP+ FP (15)
TP
Recall = ——
TP+ FN (16)
TP+TN
Accuracy = * a7

TP+TN +FP + FN
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matrixExtension

istener : istener
|-textToSpeech : TextToSpeech
|-mOn nitListener : OninitListener
i = astSensorValue : doublef] = {0,0,0}
E| |-accelerometer : Sensor

|-sensorManager : SensorManager
Ring |-pattern : Pattem
: LinkedL o[>

|-classificationMode! : TreeNode
right -data : Ring<doublef]>
|-featureEntities : FeatureEntity[]

MatrixExtension

classificationModel

left
TreeNode

|-weightEntity : Wt;imlErm'ty

vl

info +ActityRecogniton()

[#speakOut{text : String) : void

weightEntity

WeightEntity

accelerometerEntity

4 < void
#onCreate(savedinstanceState : Bundie) : void
+onCreateOptionsMenu(menu : Menu) : boolean

: TreeNode

: TreeNode, scanner : Scanner) : void
|-filiLable(node : TreeNode, label : String) : void
+startButton_Click(view : View) : void
[#runPredictionDecisionTree() : void

iF : Ring ef]>) : F ity )
|-readTreeNode (treeNode : TreeNode, featureEntity : Feature Entity []) : String
-OnPredictionCompleted(param : Object) : void

AccelerometerEntity

featureEntities

FeatureEntity ’

matrixExtension E:
< ——
+value : doublef]] I“elements : Object]]
[+MatrixExtension(value : double [Jf}) { head : int
ply(matrix : double (I} : si A
[+muliply dMatrix : double [I[]) : yisize : int
+sigmoid() : MatrixExtension | IRing(capacity : int)
-matrixMuitiply(a : double [J{], b : double [J]) : double [I[] s?isEnpty() : boolean
-matrix Trans pose Multiply(a : double ][], b : double [J[]) : double [I[} \HisFull() : boolean
-sigmoid(a : double [I}) : double I .| “ladd(element : E) : void
L bl /-f-hka() ‘E
classificationModel it ) void
N o — o)
+size{) : int
T
<<Property>> -info | Nodelnfo
<<Property>> -left : TreeNode
|<<Property>> -right : TreeNode ActivityRecognition
featureEntities
FeatureEntity
info +HORIZONTAL_ENERGY : String = *he”
+VERTICAL ENERGY : String = “ve"
Hoteber *HORIZONTAL MOBILITY : String = *hm"
EEIOpeE>> Tiame - S “VERTICAL MOBILITY : String = "vm"
[<<Property>> -value : Comparable +HORIZONTAL _COMPLEXITY : String = "he”
+VERTICAL_COMPLEXITY : Sting = “ve*
weightEntity +LABEL : String = “label”
<< > -horizontal : doubl
WolghiEnity Bl i e
<<Property>>-thetal : double <<Property>> -horizontalMobility : double[]
<<Property>> -theta2 : double <<Property>> -verticalMobility : double(]
| <<Property>> -horizontal Complexity : double{]
accelerometerEntity <<Property>> -verticalComplexity : double(]
AccelerometerEntity getFe tint, :int) : double
<<Property>> -x : double
<<Property>> -y : double
<<Property>> -z : double

Hinh 4: Thiét ké lwoc do 16p (class diagram)

Trong d6, True Positive (TP) 14 ti 18 do s 1an hé
thong nhan dang dung hoat dong a va sb lan thyc té
thuc hién hoat dong a; vi du hoat dong chay dugc
nhan dang duing 1a chay. True Negative (TN) la ti 1€ do
s6 hé théng nhan dang dung khong phai hoat dong a
va s0 1an thyc té khong phai a; vi du khdng phdi hoat
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dong chay dugc nhan dang dung l1a khong phai chay.
False Positive (FP) 1a ti 1¢ do sd lan hé théng nhan
dang sai hoat dong a va s6 lan thuc té khong phai hoat
dong a; vi du hé théng nhan dang hoat dong la chay
nhung thuc té khéng phdi la chay. False Negative (FP)
1a ti 1&¢ do s lan hé thong nhan dang sai khong phai
hoat dong a va sb 1an thyc té 13 lai hoat dong a; ching
han, thyc té 1a chagy nhung hé théng nhén dang sai la
khong chay.

SN RMThmerBEOOORARMT N

a) standing b) running

-

c) walking d) sitting

Hinh 5: Tryc quan héa dir liéu cua mét vai hoat dong

111.3. Két qué va danh gia

Sau khi trich chon dic trung tr tap dir li¢u thi cac
véc to dic trung (feature vectors) dugc sir dung dé
huin luyén (training) va kiém thir (testing). Trong
nghién clru nay chang t6i st dung phuong phap danh
gia (evaluation) 1a leave-one-subject out. V&i phuong
phéap nay thi chung t6i st dung dir li€u cua 16 nguoi
dé huan luyén va dung dit liéu cia nguoi con lai dé
kiém thir. Qua trinh nay l3p lai cho dén khi dit liéu cua
tat ca 17 nguoi duoc kiém thir. Két qua cudi cung sé& 1a
trung binh cong ctia tat ca 17 1an kiém thir. Cha y rang
dir liéu huan luyén khong bao gom dir liéu cua ngudi
kiém thir. Piéu nay rat quan trong dbi voi ing dung
nhan dang hoat dong ctia ngudi bang cac mé hinh hoc
méay dd duoc tién hudn luyén (pre-trained). Két qua
nhan dang khi chay véi cac thuat toan phan loai khac
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nhau duoc trinh bay trong Bang 1. Két qua binh quan
(cta ca 6 hoat dong) duoc thé hién dudi dang do dung
(accuracy) va dé léch chuan (standard deviation [26]).
Tir bang 1 ta thay thuat toan cdy quyét dinh (Decision
Tree C4.5) cho két qua (d0 dung) t6t nhat véi trén
80% cho ca 3 truong hop Iya chon dac trung phéan
nhanh. Trong do, dac trung phan nhanh information
gain cho két qua cao nhit véi do dung 1a 81.06%. Tiép
dén 1a thuat toan k lang giéng gan nhat (k-NN) cho d6
dang xép xi 81%. Nguoc lai, thudt toan Bayes don
gian (Naive bayes) cho d6 dung thip nhét véi 71-
72%. Co6 thé do Bayes don gian phdn loai cac dic
trung dya trén gia thiét 1a tit ca cac dic trung nay
phai doc 1ap véi nhau. Piéu nay c6 thé doi khi khong
chic chin dang véi bai toan nhan dang hoat dong cua
nguoi khi cac dac trung dugc trich chon tu dit liéu
cam bién gia toc bién ddi lién tuc theo thoi gian co thé
khong hoan toan doc lap vdi nhau.

Thuét toan cdy quyét dinh di cho két qua cao nhat
va da dugc nhém nghién ctru ching t6i lya chon dé
cai dat (implementation) cho phién ban nhan dang
hoat dong nguoi thoi gian thyc trén dién thoai.

Két qua nhan dang cac hoat dong cua thuit toan
ciy quyét dinh dugc trinh bay chi tiét trong Béang 2.
Tir Bang 2 ta thiy cac hoat dong ditng yén va ngoi cho
két qua cao nhat v6i do chinh xac 16n hon 93% va do
bao phu 16n hon 86%. Khi quan sat dir licu thu dugc
tr cac hoat ddng nay sau khi da tryc quan hoéa (vi du
Hinh 5) ta thiy cic mau nay phéan biét dang ké so véi
cic mau cua nhirng hoat dong khac. Nguogc lai, hoat
dong chua gan nhén (other) cho két qua thip nhat véi
chi khoang trén 53% d¢ chinh xac va 72% d¢ bao phu.
Do hoat dong chua gan nhan dugc xem nhu tit ca cac
hoat dong khac ngoai 5 hoat dong nhay, di bd, ngdi,
dung va chay nén cac mau dir lidu cia cac hoat dong
chua gan nhin ciing rat khac nhau va dé bi phan loai
nham sang cac hoat dong di gan nhan.

Do chinh xac va d§ bao phu trung binh la hon 82%
va 83% cho ca 6 loai hoat dong trén. Néu dem két qua
nay so sanh voi két qua cua hai nghién ciru truge day
vé nhan dang hoat ddng clia nguoi trén bé“mg dién thoai
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thong minh [6,7] 14 khong hop 1y vi [6,7] chua hudng
dén nhan dang hoat dong trong thoi gian thuc va trong
tap dit liéu thir nghiém ctia ho khong bao gdm cac hoat
dong chua gan nhin (other). Piéu nay din t6i cac hé
thdng [6,7] c6 thé kho ap dung cho thuc té vi moi hoat
dong cua nguoi phai bi phan loai thanh mot trong 6
hoat dong di b9, chay tai ché, di lén cau thang, di
xuong cau thang, ngoi va dimg. Hon thé nita, theo
phuong phép danh gia trong cac nghién ctru [6,7] thi
dir lidu dung dé huin luyén bao gom ca dir liéu kiém
thir. Piéu nay thiéu khich quan vi trén thyc té la
khong phai hé thdng nao khi méi cai dat trén dién
thoai thong minh ciing da c6 dir lidu hudn luyén tir
nguoi dung.

Bing 1: Két qua nhdn dang (tinh bang dé ding va do léch
Chucfn) VvOi cdc thudt toan phdn logi khac nhau.
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Sau khi danh gia mot sb thuat toan nhan dang thi thuat
toan cay quyét dinh (Decision Tree C4.5) cho két qua
tot nhat v6i 82% do chinh xac va 83% d6 bao phu
bang phuong phap danh gia leave-one-subject out. Két
qua nay cho thay tinh kha thi cua nhan dang hoat dong
cuia ngudi trong thoi gian thuc bang thiét bi di dong.
Nghién ciru cai tién phuong phap dé c6 thé nhan dang
dugc thém mot s6 hoat dong hang ngay nira nhu dap
xe, di cau thang, nam v.v.. nham muc dich dwa hé
thong duoc sir dung nhu 14 nén tang cho mot sé tng
dung thuc té nhu tu dong udéc lugng nang lugng tiéu
thu hang ngay (energy expenditure estimation) hay trg
giup theo doi suc khoe cua nguoi (health monitoring)
s& 1a cac nghién cuu tiép theo cua nhom tac gia.

Bdng 2: Két qua nhdn dang cua thudr todn cdy quyét dinh.

. Do chinh xac | Py bao phu
— — Hoat dong ..

L R . Do diang + d6 1éch (Precision) (recall)

Thuat toan phan loai 2 — - —
chuan Hoat dong chua gan nhan 53.79% 72.61%
SVM (rbf kernel) 80.44% +2.02% Nhay (jump) 67.23% 82.35%
Decision tree (gain ratio) 76.37% +2.05% bi bo (walk) 82.35% 89.94%
Decision tree (information gain) 81.06% + 1.59% Ngoi (sit) 93.42% 86.15%
Decision tree (gini index) 80.35% =+ 2.53% Dbing (stand) 95.23% 89.46%
K-Nearest Neighbors (KNN) 80.93% £2.91% Chay (run) 79.98% 82.69%
Naive Bayes 71.60% £ 1.71% Trung binh 82.65% 83.36%

72.47% + 1.75%
78.09% +2.25%
79.12% + 2.67%

Naive Bayes (Kernel)
Rule Induction
Neural net

Nhu phan tich ¢ trén thuét toan ciy quyét dugc lwa
chon dé phat trién hé thong. Do dé, cac thiét ké chi tiét
cua hé théng nhan dang hoat dong cua nguoi trong
thoi gian thyc khi trién khai trén thiét bi di dong duoc
md ta chi tiét trong hinh 4.

IV. KET LUAN

Bai bdo da trinh bay phuong phap nhan dang hoat
dong cua nguoi tir dit liéu cam bién gia toc duoc tich
hop trong di¢n thoai thong minh trong thoi gian thuc.
Phuong phéap dé xuat da dugc danh gia trén tap di liéu
gom 17 ngudi, mdi ngudi thuc hién 6 hoat dong tir 2-5
phut, bao gdbm ca nhitng hoat dong chua gan nhan.

V.LOI CAM ON

Chung t61 xin trdn thanh cdm on nhom sinh vién
cua Hoc vién Cong nghé Buu chinh Vién thong va
mot s6 ngudi ban da rat nhiét tinh, trach nhiém va kién
nhan tham gia thuc hién cac hoat dong cho thir nghiém
cua chung toi.
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