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Tém tat: Mot trong nhitng vin dé quan trong trong hé théng nhan dang hanh vi ciia ngudi (Human Activity Recognition
— HAR) d6 1a gid thanh, téc do va do chinh xdc. Cung v6i su phat trién cta cac thiét bi di dong, cic bo vi xi ly ngay
cang hién dai di cling véi viéc tich hop nhiéu cam bién khac nhau bao gdm cé gia toc ké di gitp viéc nhin dang hanh
vi ngudi tré nén dé dang va nhanh chéng hon. Tuy nhién, d6 chinh xdc ctia viéc phan loai hanh vi dua trén cdm bién
gia tbc con phu thudc rat nhiéu yéu t6 khac nhau din dén két qua c6 thé cé su sai léch. Bing nhiéu thi nghiém khac
nhau, chiing t6i nhan thiy rang viéc Iua chon cac thudc tinh t6i wu c6 quan hé quyét dinh téi hiéu suit clia viéc phan loai.
Trong bai bdo niy, ching toi d& xuit mot bo thudc tinh don gidn nhung cho két qua rit kha quan véi do chinh xic t6i
99%. Chung t6i da thyc nghiém va so sanh v6i mot vai thuat todn phan loai khac nhau trén tap di liéu thu thap tU mot

s6 tinh nguyén vién.

T khéa: Phdn logi, cam bién gia téc, nhin dang hanh vi.

A Method of Building a Real-time Human Behavior Recognition System based on Machine Learning Algorithms
One of the key issues in Human Activity Recognition (HAR) systems is cost, speed, and accuracy. Along with the

development of mobile devices, integration of various sensors, including accelerometers, has made human behavior
recognition easier and faster. However, the accuracy of the behavior classification based on the accelerometer depends
on many factors, leading to misleading results. In various tests, we found that the selection of optimal attributes has
a decisive relationship to performing the classifier. In this paper, we propose a simple set of attributes but give very
satisfactory results with 99% accuracy. We have tested and compared with a few different classification algorithms on
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a dataset collected from several volunteers.
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I. GIOI THIEU

Bai toan nhian dang hoat dong ngudi ndi chung va nhin
dang hoat dong dua trén cam bién gia toc néi riéng dang
chiing t6 dudc tAm quan trong ctia né vdi nhiéu ting dung
trong céc linh vic nhu nong nghiép, y t&, cong nghiép, an
ninh. [1-3]. Tuy nhién, du & linh vuc nao thi viéc thu thap
dit liéu ciing 13 yéu t6 hét sic quan trong. Ngay nay cdc
thiét bi cam bién dugc tich hgp nhiéu trong cdc thiét bi
di dong d€ theo ddi cac chi s6 khac nhau. Chang han nhu
dién thoai thong minh khong chi 1a thiét bi giao tiép thong
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thudng ma con cé thé thu nhan nhiéu tin hiéu mdi trudng
tlf cdc cam bién bén trong né [4]. Mot trong sb d6, gia
tdc ké 1a cam bién dudc st dung thudng xuyén nhit cho
viéc nhan dang hoat dong vi kha nang mang lai do chinh
xédc cao v6i ning lugng st dung thip [5]. V6i uu diém nhu
viy, gia toc ké da dudc nghién ctiu d€ thu thap di liéu tir
nhiéu vi trf khac nhau nhu chan [6], c& tay [7], canh tay
[8], that lung [9]. Ngoai ra, nhiéu nghién ctu da sit dung
két hop cling lic nhiéu cam bién khic nhau dé€ c6 thé phan
loai dugc nhiéu hanh dong hon. Muhammad Shoaib ciing
cong su [10] da ching minh ring viéc két hgp con quay
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hdi chuyén, tir ké va gia toc ké c6 tac dung tuong hd lam
cai thién kha nang nhin dang. Lei Gao va nhdm ciia minh
trong cong bd [11] da nghién ciu phan loai 8 hanh dong
v6i bdn cam bién gia tbc dit & bon vi tri khac nhau 1a
nguc, dudi canh tay trdi, eo va dui. Mdc du phuong phap
da cam bién nay c6 uu diém la gia ting do chinh xdc va
kha ning nhan dang dugc nhidu hanh vi khac nhau, nhung
chiing van c6 nhudc diém nhu gid thanh thiét bi cao, tiéu
hao nhiéu ning lugng va hon c 1a giy khé chiu cho ngudi
mang n6, nhit 12 trong thdi gian theo ddi dai. Trong pham
vi bai bdo nay, chung t6i st dung mo hinh nhan dang dua
trén hanh vi. So v6i cac md hinh khac nhu moé hinh héa
dua trén vector (hoat dong, vi tri), m6 hinh héa dua trén
vi tri, m6 hinh nhin dang dva trén hanh vi da dugdc ching
minh dat dudc dd chinh x4c cao nhit va it ton thai gian
nhét, c6 thé xdc dinh hiéu qua hanh vi ctia con ngudi [12].
Ngoai ra, cic hanh dong ciing dudc gi6i han trong doi séng
hang ngay nhu di lai, ding, ngdi, nim. Viéc gi6i han nay
nham dua ra mot giai phap xi ly t6i uu cho céc thiét bi
phan cing von gidi han & kha ning xir Iy va tinh di dong
ma chiing t6i c6. Do d6, bai bdo nay dé xuét st dung cam
bién gia toc trén dién thoai thong minh deo & that lung,
thuc hién cdc thuit toan nhe vé tinh toan dé€ nhan dang céc
hoat dong cd ban hing ngay ctia con ngudi. Phuong phap
dugc d& xuét st dung mot tip cac thudc tinh tdi thidu dé
hé théng c6 thé nhian dang trong thdi gian thuc nhung vin
cho két qua nhan dang tbt.

II. PHUONG PHAP NGHIEN CUU

1. M6 hinh nhan dang

Kién triic ciia mo hinh ching tdi st dung dé nhan dang
hoat dong ngudi dugc minh hoa trong Hinh 1. N6 bao gdom
ba thanh phan chinh:

(1) Thu thdp di liéu: thu thip cac tin hiéu tho tu cadm
bién gia tdc trén dién thoai thong minh ctia ngusi dung (yéu
cau dién thoai c6 cam bién gia tdc ba chiéu va da dudc cai
dat dng dung thu thap di liéu). Di liéu thu dugc 1a du liéu
gia tdc theo ba truc X, Y, X dugc tién xi ly thanh ludng
da liéu.

(2) Trich chon cdc ddc trung: Ludng dit liéu & trén dudc
phan tich bang ctia s6 trugt dé 1dy mot sd dit liéu chudi
trong thdi gian ngin. Sau d6 dit liéu nay dugc dua vao bd
trich chon céc dic trung va chon loc d€ dua vao bd phin
loai.

(3) Phdn loai hanh déng: Trong phan nay, bo phan loai
dugc huin luyén d€ xay dung md hinh phan loai hanh vi
dua trén cac thuit toan hoc may.
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Hinh 1. M5 hinh hé théng nhan dang hanh vi ngudi

2. Thu thap du liéu

Dé€ thu thap bd di liéu hoat dong, chiing tdi si dung
dién thoai thong minh Android (NotelO Lite) c6 cai dat
ting dung Sensor Data Collector ghi lai dif liéu tir gia tbc
ké. Ba tinh nguyén vién tham gia nghién cifu nay 1a ngudi
16n ¢6 dd tudi, chiéu cao va can ning khac nhau. Mdi ngudi
thuc hién cic hanh vi co ban trong cudc séng hang ngay
la di, ding, nam, ngGi modt cach ty nhién. Trong khi hoat
dong, dién thoai dudc gin cb dinh trén thit lung ctia mbi
ngudi. Qud trinh thu thap di liéu, néu dién thoai & trang
thai st dung man hinh hodc nhin cudc goi, tng dung sé
tam ngiing viéc thu thap. S luong dit liéu thu dudc trong
mot gidy phu thudc vao tan s liy mau cia thiét bi. Chiing
t6i cai dit tan sd 1Hz cho cam bién gia tbc d€ ghi lai dit
liéu hoat dong. Mot sb nghién ctiu gan diy ciing ching
minh ring cic nhiém vu phan loai don gian c6 thé dugc
tién hanh hiéu qua & tan s6 1dy miu va do phan gidi thép,
lam ting tudi tho pin cla thiét bi [13, 14]. Bo dit liéu thuc
nghiém nay dudc thé hién & Bang 1.

) Bang I
SO LUONG THU NGHIEM

Sb lugng <

Hoat 2 S6 lugng o
. phuc vu huan o . Tong

dong . . kiém thu

luyén mé hinh
Ném 11035 7430 15765
Ngdi 7178 3076 10254
bing 6709 2875 9584
bi bo 8253 3537 11790
Tong 33175 14218 47393

Hinh 2 thé hién dif liéu thd tif cdc cam bién tuong ting
v6i mdi hoat dong khac nhau. Dbi véi cac hoat dong tinh
(ndm, ngdi, ding), ching t6i nhan thiy rang khong c6 su
giao nhau giifa cic truc, do cdc cam bién c6 xu huéng 6n
dinh hon cac hoat dong khac. Trong khi do, véi cac hoat
dong di chuyén, dé dang nhan thiy su chdng chéo cdc chi



s6 ctia cam bién. Piéu d6 1a binh thuong va ching té 1a
cdc cam bién dang hoat dong tot.
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3. Phan doan du liéu

Dit liéu thu dudc tif cdm bién gia toc 1a cac dif liéu tho
c6 ban chit 1a cac dao dong theo thdi gian. Cac mo hinh
phan loai khong thé dugc dp dung truc tiép trén céac di
liéu tho nay. Nguyén nhan 13 do mot hoat dong c6 thé kéo
dai vai gidy hodc hon nita, nén mot diém dir liéu riéng 18
khong thé chiia day dd thong tin mo td cho hoat dong da
thyc hién. Phan doan 13 qué trinh nhém di liéu cam bién
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tho ctia chudi thoi gian lién tuc thanh cdc phan c6 thé quin
ly dugc chua thong tin md td mdt hoat dong [15]. Trong
d6, phuong phap phan doan bang clia s6 thoi gian da dugc
chiing minh 1a cho két qué tot nhit véi viéc nhan dang cdc
hoat dong thudng ngay ctiia con ngudi [16].

S6 lugng dit liéu mAu trong mot phan doan hoic ciia s&
phu thudc vao dd dai clia s6 dugc xac dinh trudc. Viéce lua
chon tham sb cifa s§ thdi gian phi hop ciing c6 hai cich
tiép can. Cach thd nhét 1a thu thap ludng dif lidu theo kich
thudc ctia s6 thai gian cb dinh. Cach thi hai 1a cira s§ thdi
gian chong chéo (hay ctia s§ trugt), tic 1a dit liéu ctia sd
trude d6 dude chong 1én dif liéu clia s6 hién tai theo ty 1&
phan trim dudc xic dinh trudc [15]. Ching tdi Iva chon
st dung phuong phdp ctia s trudt bsi dy 1a phuong phap
phu hgp cho viéc nhan dang cac hanh dong dong va tinh
trong thoi gian thuc [17]. D€ lya chon do6 dai ctia s6 tdi uu,
ching t6i da tién hanh thii nghiém vé6i nhiéu kich thudc
khic nhau (1s — 10s) v6i cic khoing chdong chéo (0% -
95%). Chiing toi nhan thiy néu do dai ctia s& qua ngin thi
sé khong di thong tin d€ mo ti cdc hoat dong. Ngudc lai,
néu kich thudéc ctia s6 qua 16n, dit liéu c6 thé bi nhiéu bdi
trong thdi gian d6 dbi tugng c6 thé da thay ddi cic hoat
dong khic nhau. Nhu vay, khong c6 do dai cira s§ nao 1a
thich hgp cho moi tinh hubéng hoat dong ctia con ngudi.
Tuy nhién, trong thuc nghiém ma chiing t6i tién hanh la
nhin dang céc hoat dong co ban hang ngay véi thoi gian
thuc, ching t6i lua chon d dai ctia s6 1a 3s vdi khoang
chdng chéo 1a 50%.

4. Trich chon dac trung

Dii liéu tho tit cAm bién c6 thé phan tich thanh rit nhiéu
cac ddc trung khac nhau. Trich chon ddc trung la mot ky
thuat trong mién chuyén biét (nhu thdi gian hoic tin sd)
dinh nghia mot dic trung méi tir dit liéu thd nham giam do
phuc tap tinh toan va nang cao quy trinh nhén dang [18, p.
193]. Trude day, nhidu ky thudt trich chon dic trung phic
tap nhu phan tich thanh phﬁn chinh (PCA) [19], phan tich
phéan biét tuyén tinh (LDA) [20] va cac dic trung wavelet
[21] da dudc st dung; tuy nhién, ching rit ton kém vé miit
tinh toan va khé thuc hién. Mot sé nghién ctiu [22, 23] chi
ra riang cic bo dic trung don gian van c6 thé dat dudc do
chinh xac cao.

Déi véi bai todn thuc nghiém nay, ching toi st dung nim
dic trung co ban 13 Trung binh (mean), PO léch chuin
(standard deviation), Gia tri hi€u dung (RMS), Trung vi
(median) va Khoang bién thién (range). Céc dic trung nay
tinh todn nhu trong Bang II.

5. Phan loai hanh dong

Chung t6i sit dung céc bd phan loai c6 sin trong thu vién
Sklearn d€ thuc hién phan loai hanh vi. Bén canh do chinh
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xdc cao va thdi gian huén luyén ngén, cc bo phan loai con
phéi ddp ting cdc yéu ciu vé thdi gian thuc. Tap hdp céc
dic trung s& dudc dua vdo qud trinh huén luyén va phan
loai. Cic phuong phap phan loai dugc st dung bao gdm:
Cay quyét dinh ting cudng Gradient, Mdy hd trg vector,
Riing ngau nhién, KNN (k-Nearest Neighbor). Pay ciing 1a
cac thuat toan phan 16p dudc st dung rong rdi trong hoc
mdy va phan tich dit liéu.

Bang II
TRICH CHON PAC TRUNG
Pac trung Pinh nghia
N
Trung binh 1 .
(mean) m=y lel @
i=
Do 1éch chuin | N
(standard deviation) | o(Xj) = N Z(x,- —p)? 2)
\V &
N
Gia tri hiéu dung 1 5
(RMS) RMSx = Z;xi 3)
i=
Trung vi X[#N/2] FX[#N/2+1] 4)
(median) 2 (
Khoang bién thién .
(range) [minly, (xi}, max¥, {xi}] s)
Trong d6:

X 1a ban ghi di liéu thi j cta truc X
N 1a sb 1an 1iy mAu trong mbi ban ghi

x; 12 miu thi i ciia ban ghi X

6. Phép danh gia

Dé xac dinh tinh hiéu qué ctia thuat toan hoc may, chiing
t6i biéu dién két qua phan loai dudi dang ma tran nham lan,
v6i cdc phép thi duge tinh nhu sau:

(TP+TN)

accuracy = 6)
(TP+FP+FN+TN)
TP

sensitivity = m (7)
. TP ®)

recision = —————

P (TP + FP)

Trong do:

o TP (True Positive): SO lugng hoat dong dugc gan nhan
ding so vdi quan sat.

* FN (False Negative): S6 luong hoat dong bi gan nhin sai
thanh cac hoat dong khac.

* FP (False Positive): S6 luong hoat dong khac bi gan nhan
sai thanh hoat dong dang xem xét.

* TN (True Negative): S6 luong hoat dong khac dugc gin
nhan ding so véi quan sat.
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II. KET QUA VA THAO LUAN

Két qua chi tiét ctia viéc phan loai hanh vi dudc trinh
bay trong Bang III. Thuit toan phan loai XGBoost cho két
qua tot vudt trdi so v6i cac thuit toan con lai. Trong bang
ma tran nham 14n & Bang IV, hau hét cic mau thit nghiém
vé hanh vi dugc phan biét rat t6t (4710/4710 miu thi hanh
dong nim, 3004/3069 mau thit hanh dong ding, 2777/2843
mau thit hanh dong ngdi, 3561/3596 mau thir hanh dong
di). Nhung ciing c6 thé thiy ring c6 95 miu dudc phén loai
sai do nham lan giita ding va ngdi, trong khi giita diing
va di chi c¢6 46 miu dugc phan loai sai, va gilia cac hanh
dong khac thi con thap hon.

) Bang III
KET QUA THUC HIEN PHAN LOAI HANH VI
A s Két qua
Thuat toan
Accuracy | Sensitivity | Precision
Decision Tree (DT) 91.5% 91% 92%
Gradient Boosted 93% 93% 94%
Decision Tree
(GBDT)
Support Vector 94% 94% 94%
Machine (SVM)
Random Forest 94% 93% 94%
(RF)
k-Nearest Neighbor 95% 95% 96%
(KNN)
XGBoost 99% 99% 99%
Bang IV
MA TRAN NHAM LAN
Hanh vi Hanh vi dugc du doan .
it duo - — - Tong

quan sat dugc | Njm, bung | Ngoi bi

Nim 4710 0 0 0 4710

Diing 0 3004 47 18 3069

Ngdi 0 48 2777 18 2843

bi 0 28 7 3561 | 3596

Téng 4710 | 3080 | 2831 | 3597 | 14218

Trong cudc séng hién dai ngay nay, nhu ciu chim séc
stic khoe ngay cang dugc chu trong, dac biét la ngusi bénh
va nguoi gia. Céc uing dung nhdn dang hoat dong nang cao
dudgc tich hop dé hé trg cdc hoat dong clia con ngudi. Trong
do, viéc lya chon cac dac trung dong mot vai trd quan trong
4nh hudng t6i do chinh xdc va toc do nhin dang. Pa c6
nhiéu nghién cifu lua chon khd nhiéu dic diém dé€ nang
cao ty 1& nhan dién hoat dong nhu [24, 25] st dung 43 dic
trung; [26] st dung 64 dac trung. Nghién cttu hién tai chi



st dung mot bo don gian va hiéu qua gdm nim dic trung
théng ké va kich thu6c ctia s trugt tdi wu cho hidu qua
nhan dang tuong dbi tot.

Hé thong ca chiing tdi ¢6 uu diém 1a do chinh xdc cao
va ¢6 thé chay trong thoi gian thuc, do d6 c6 thé dugc dp
dung cho bénh nhan hoic ngudi gia. Tuy nhién nhugc diém
dé nhan thiy d6 1a hé thdng khong thé dp dung chung cho
nhiéu ddi tugng st dung, dic biét 1a nhiing ngudi ¢ cudng
dd hoat dong cao. Bén canh d6, mot han ché 16 rang ctia
thiét bi 1a cAn phai c6 smartphone mang theo va dit c6 dinh
& tai mot vi tri d€ dam béo thuat toan nhan dang chinh x4c.

IV. KET LUAN

Két qua thuc nghiém cho thiy mo6 hinh nhan dang si
dung cdc thuat toan phan loai phd bién va tap dic trung
clia ching t6i cho két qué rit tt véi cac hoat dong thudng
ngay cuia con ngudi. Viéc don gian hoa bd dac trung va lua
chon kich thudc cira s6 t6i uu tif viéc phan tich dic diém
dit lidu c6 thé lam céi thién tbc d6 nhan dang ma vin dam
bao dd chinh xac. Ngoai ra, viéc lya chon mot thuat toan
phan loai thich hop ciing anh hudng 1o rét t6i két qua nhan
dang. D6i v6i mo hinh thit nghiém ctia chiing t6i, thut todn
XGBoost gitp cai thién dd chinh xac hon so véi Decision
Tree, Gradient Boosted Tree, SVM, RF, KNN. Tuy nhién,
hanh vi clia con ngudi khong chi 1a ty nhién va ty phat,
ma con ngudi c6 thé thuc hién mot sb hoat dong cling mot
lic, hodc thim chi thuc hién mot sb hoat dong khong lién
quan. Pay cling 1a thach thic 16n trong bai toan nhin dang
hanh dong véi thdi gian thuc. Trong tuong lai, chung t6i
tiép tuc phat trién hé théng ctia minh d€ c6 thé du dodn
va xdc dinh cic hoat dong dong thdi, hd trg ting dung cho
cac hoan canh st dung phuc tap hon, hudng t6i cac ung
dung khong chi gin trén ngudi [27], st dung nhitng cim
bién nhd gon hon [28, 29].
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