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Tém tat: Hé théng ghi nhin hoat dong ciia con ngudi sit dung cam bién gitip hd trg danh gid tinh trang siic khoe. Yéu
cAu dit ra 13 hiéu suét hoat dong cao, gia ca ré va hoat dong theo thdi gian thuc ngay trén cic vi diéu khién c6 hiéu ning
thip. Tir dif liéu thu thap clia cdc hanh dong can trich xuit tinh chit diic trung dién hinh. Nhiing diic trung nay dudc huin
luyén dé phan loai hanh dong. Mot thiét bi gan trén eo ngudi dugc 1ap trinh két nbi hé thdng thong qua WiFi va cho phép
phan loai hanh dong ngudi theo thdi gian thuc, dong thoi ngudi ding c6 thé gidm sit hoat dong va quan ly dif liéu trén

mdy tinh hodc dién thoai thong minh.

Tt kKhéa: Phdn loai, hanh dong, hoc mdy, web server, cdm bién gia téc, ting dung, thu thdp dit liéu.

Building Human Activity Recognition System using Accelerometers and Machine Learning Methods on Low-

The system recognizes human activities using sensors to help assess health status. The requirements are high

performance, low price and real-time operation even on low-performance microcontrollers. From the collected data of
the activities, it is necessary to extract the typical feature. These features are trained to classify activities. A programmed
waist-mounted device connects to the system via WiFi and allows real-time classification of human activities, and users
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can monitor activities and manage data on smart devices.
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I. GIOI THIEU

Trong vai thap ky qua, nhiing nghién ctiu vé hanh dong
clia con ngudi phat trién rit manh mé va c6 nhiéu ting dung
vao cudc sébng. Nhitng nhu cau dng dung dua trén phan loai
hanh dong nhu cham séc stic khoée [1], [2], phat hién tai
nan cho ngudi gia [3], [4], cong nghiép [5], an ninh [6], ...
M0 hinh phén loai hanh dong cin nhiing thong tin vé hanh
vi cla ngudi va cac hoat dong tuong tac, ti d6 cho phép
xdy dung hé thdng hd trg ngudi dung mot cich chii dong
trong cong viéc [7].

Véi cich tiép cin dua trén cdm bién mang trén ngudi
da mé ra nhiéu ting dung tiém ning trong phan loai hanh
dong [8-13]. Cach tiép can nay khong can thiét 1ap trudc
cdc diéu kién va khong phu thudc vao khong gian, thdi gian
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st dung. Do d6, nhém nghién citu hudng dén ting dung k§
thuat phan loai hanh vi ngudi d€ huéng dén xiy dung mot
hé théng chim séc khée cho ngudi gia, ngudi bénh méi
hdi phuc sau tai nan, ... thong qua hé théng theo déi hanh
vi dudc gin truc tiép 1én ngudi dung. Bai vdy, nghién ciu
nay sé tip trung vao viéc khai thac kha nang phan loai theo
thai gian thuc cac hanh dong co ban cia con nguoi gitp
cho cic bac si c6 thé gidm st hoat dong clia ngudi bénh
va tif d6 c¢6 co s dit liéu d€ chidn dodn, hd trg chim séc
stic khoe tif xa. Bén canh d6, nhém nghién ciu dé xuét
st dung phan doan di liéu theo thdi gian (ctta s& truct)
c6 chiéu rong cb dinh n-gidy. Cac dic trung sé dugc trich
xuét trén moi ctia s§ trudt (Sliding Window) va dung lam
dit liéu dau vao cho qua trinh huén luyén, phan loai hanh
dong. Yéu cau dit ra v6i hé thdng 13 hiéu suit hoat dong
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cao, gia ré va hoat dong theo thoi gian thuc ngay trén cac vi
diéu khién c6 hiéu ning thip. D€ thuc hién dugc muc tiéu
nhu vay, thiét bi can dugc thiét k& gon nhe, tit ca cic budc
gém: 1/ thu thap di lidu, 2/ tién xd 1y, 3/ trich chon dic
trung, 4/ phan loai truc tiép trén vi diéu khién, 5/ truyén
khong day tSi server phéi that gon nhe va hiéu qua dé c6
thé dap ting yéu ciu thoi gian thuc ngay trén cic dong vi
diéu khién hiéu ning thip (MCU ESP8266).

II. PHUONG PHAP NGHIEN CUU

Thiét bi gidm sit dudc gan truc tiép trén eo ngudi va thu
thap dif liéu gia tdc theo ba truc Ax, Ay va Az. Dit liéu
dudc phan doan theo phuong phap clia s6 trudt. Sau do,
mdi vectd dic trung dudc trich xuét tit mdi cira s6 dif lidu
va dugc huin luyén bdi thuat todn hoc may 1a ciy quyét
dinh [14] d€ nang cao hiéu suit phan loai. D€ xiy dung
md hinh phén loai hanh dong, bai bao nghién ctu 2 déc
trung ctia dit liéu gia tdc: gid tri trung binh (mean) va do
léch chuan (SD). CAu triic m6 hinh phan loai dudc thé hién
trong Hinh 1.

Pu- he:l »| Tién xit i »| Phin doan
cam bien 0
. 4
Phin loai |« H““P Chon dic
Luyén trung

Hinh 1. Chu tric md hinh phan loai hanh dong

1. Hé théng thu thap dit liéu

Cam bién gia toc dugc két ndi v6i vi diéu khién ESP8266
thong qua giao tiép 12C d€ thu nhan di liéu gia téc theo
ba truc Ax, Ay, Az. D liéu nay dugc ghi log trén thé nhé
(bd nh6 ngoai), dong thdi dugc truyén vé Server thong qua
WIFI (INTERNET/LAN) theo giao thiic HTTP (Hypertext
Transfer Protocol) v phuong thiic GET. Trong thiét ké nay,
thiét bi thu thap st dung pin lithium 3.7V-850mAh. Ciu
triic hé théng dudc minh hoa trong Hinh 2.

2. Du liéu

Thiét bi dudc deo trén ngudi nhu trong Hinh 3. Sau khi
thu thap, di liéu nay dudc tién xi ly d€ loai bd cac tin hiéu
bi mét trong qua trinh truyén, loai bé nhiéu va dudc gin
nhan theo nim 16p, bao gdbm cic hanh dong: nim, ngdi,
diing, di bo va chay bo (Bang I). Tan s6 ldy mau di liéu
cam bién dudc st dung 1a 1Hz.
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Hinh 2. So d6 khéi hé théng phan loai hanh vi

Bang I
DINH NGHIA CAC HANH PONG

HANH PONG  PINH NGHIA
Nim Toa_r} than ngudi trén mat nén trong tu thé
nghi.
5. Dau va lung khéng cham nén va déi chan
Ngoi »
nghi.
Ding Nguoi théng, ddi chan khong di chuyén .
Pi bb Ngudi thang va di chuyén cham dén vi tri
; khéc nhau, c6 it nhat 1 chan cham dét.
Ngudi thing va di chuyén nhanh dén vi
Chay bo tri khdc, 2 chan khong cham dit khi chay

tai 1 thoi di€m.

Hinh 3. Vi tri dit thiét bi gidam sat

Gia tdc trén tiing truc dudc tinh theo:

Sam;
1024

*R—Oi)

A= M

S;

A;: Gia tri gia tdc theo truc i (X, Y, Z);
Sam;: Gia tri sau khi 14y mau truc i;

R: Tham chiéu dién ap;



O;: Phan bu;

S;: D6 nhay ctia cdm bién gia toc trén truc i.

Dit liéu do dugc tir cac hanh dong dugc phan doan dé
ting hiéu suit nhan dang hanh dong. Trong nghién ctu nay,
nhém nghién ciu st dung phucng phdp ctia s6 trudt c6 kich
thudc ¢ dinh theo thdi gian 1a 6 gidy. Néu kich thudc ctia
s6 qué ngan, ty 1 trung lip trong dif lidu thu thap ting lén.
Tuy nhién néu chiéu rong clia s thoi gian qua dai thi sé
ting xdc sudt c6 nhiéu hanh dong xuit hién trong mot ciia
s6 trugt [13].

) Bang I
SO LUONG CUA sO DU LIEU

HANH PONG  CUA SO TRUQT

Nim 540
Ngdi 572
Dbing 700
Pi bo 728
Chay bd 505
Téng 3045

Do vay, bo du liéu thu thap dugc phan doan thanh 3045
ctia s6 (Bang II) véi kich thu6c mbi ciia s 1a 6 gidy (s).
Mau ban ghi doan dif liéu cho mbi ctia s6 c6 do dai 6s
dugc thé hién trong Bang III. Gi4 tri gia tbc st dung don
vi la g véi (g = 9.8m/s?).

) Bang III
SO QUAN SAT HANH PONG THU THAP TU EO

THOI GIAN
2021-08-03 09:44:30
2021-08-03 09:44:31
2021-08-03 09:44:32
2021-08-03 09:44:33
2021-08-03 09:44:34
2021-08-03 09:44:35

X(® Y@ Z@
0,14 0,03 1,03
0,14 0,04 1,02
0,15 003 1,03
0,14 003 1,03
0,14 004 1,02
0,14 004 1,03

3. Trich chon dac trung

D€ phan loai hanh dong dat hiéu suét cao, viéc lua chon
dic trung tir dif liéu cic hoat dong rt quan trong. Cic dic
trung dudc st dung trong nghién ctu nay: Mean va SD,
Ciac dic trung nay dugc trich xuit theo cong thiic (2), (3)
v6i dau vao 1a gia tri cAm bién thu thip tuong tng trén
tung truc X, Y va Z véi don vi la g.

N

1
n(X) =5 i @

i=1

Mean
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SD  o(X)) = 3)

Trong d6: X; la ban ghi thd j va x; 1a mau thy i trong
ban ghi X;; N 1a s6 ban ghi; x(X;) 1a gid tri Mean cta X;.

Dii liéu tdng hop tai Bang IV cho thiy dic trung Mean
ctia 3 hanh dong ding, di bo va chay bd cé xu hudng dao
dong quanh mot gid tri trung tdm theo tryuc X la -0,93g.
Bén canh d6, hanh dong niam va ngdi (trang thai nghi) c6
gid tri dac trung Mean tdp trung trén truc Y, Z khac biét
so voi ding, di bd chay bd (trang thai van dong). Vi du:
hanh dong nam va ngdi c6 dic trung Mean trén truc Y nhd
nhét 13 0,37g trong khi véi hanh dong diing, di bd va chay
bd c6 dic trung Mean trén truc Y 16n nhit 1a 0,085g. Tiép
theo, giita hanh dong nim va ngdi c6 gia tri cac truc khac
biét trong thiy. Vi du: nam c6 dic trung Mean trén truc Z
12 0,501g con dbi véi ngdi 1a -0,105g. Do d6, Mean c6 thé
phan biét ngudi d6 & trang thai nam hay ngdi va phan biét
v6i nhiing trang thai con lai.

Bang IV
CAC PAC TRUNG DU LIEU GIA TOC THEO TRUC X, Y VA Z
Pic trung | Truc | nam Ngoi Ding | Pi bo | Chay bo

X(g) | -0,064 | -0,874 | -0,934 | -0,928 -0,932

Mean Y(g) 0,823 0,37 0,085 0,072 0,004
Z(g) 0,501 -0,105 | -0,024 0,03 -0,032

X(g) 0,018 0,011 0,0085 0,184 0,488

SD Y(g) 0,022 0,023 0,025 0,206 0,42
Z(g) 0,021 0,045 0,03 0,111 0,209

Khac v6i dic trung Mean, trang thai dong (di bd, chay
bd) co gia tri dac trung SD khac biét rd rang so véi trang
thai tinh (ding, ngdi, nam). Vi du: gia tri dic trung cla
ngudi khi dang di chuyén SD,,;,, = 0,111g trong khi &
trang thai khong di chuyén thi dic trung SD,,qx = 0,045g.
Bén canh d6, dac trung SD c6 chénh léch 1o rét gitta hai
hanh déng di bd va chay bo. Vi du: Theo truc X, di b c6
SD =0, 184g so vé6i chay bo c6 SD = 0,488g. Do do, dic
trung c6 thé ding dé€ phan biét mot ngudi & trang thdi tinh
hay dong va ngudi do6 di bd hay chay bd.

4. Phan loai hanh dong

D€ giam sb luong kich thudc dit liéu gitp cho viéc quan
sat dit liéu truc quan hon, nhém nghién citu st dung phuong
phap t-SNE (t-Distributed Stochastic Neighbor Embedding)
[15]. Thuat toan nay s€ anh xa tiing dac trung da dudc trich
xuét trong khong gian 3 chiéu (X, Y, Z) sang khong gian
2 chiéu ma khong sai léch tinh chit dic trung. Néu khong
dung dic trung, cac hanh dong trung lip gin nhu khong
thé phan biét (Hinh 4).
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Hinh 4. Anh xa bd dit liéu trudc va sau khi st dung dic trung

Véi viéc két hop hai dic trung SD va Mean, viéc phan
loai hanh dong da cho dat két qua tét. Trong Hinh 4 - a, su
tring 1ip nhé xuét hién giita hanh dong di bd (khu vuc mau
xanh 14 cdy) va chay bd (khu vuc mau hong). Tuy nhién
ranh gidi gitta cac hanh dong dudc xac dinh kha ro rét so
v6i khi chua dung déc trung.

5. Thuét toan phan loai

Dic trung Mean va SD sau khi dugc trich xuét tir tap dit
liéu sé dudc huin luyén bdi thuét toan hoc may ciy quyét
dinh va tu d6 xay dung thudt todn phan loai hanh dong

(Hinh 5).

Poc gia toc theo 3
trucX,Y,Z

I

Tinh toan dic truc
Mean va SD

Chay bd

Hinh 5. Thuit todn phan loai hanh dong nguoi

Thiét bi sau khi dudc nhing thuit todn sé thuc hién qua
trinh phan loai hanh dong dua theo dif liéu gia toc theo
thoi gian. Ct sau mdi 6 gidy dif liéu, thiét bi sé phan loai
hanh dong.
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6. WebServer va ing dung phan loai hanh dong

Viéc luu trit dit liéu trén bd nhé md rong ctia thiét bi gy
kho khian trong viéc quan sat di liéu thu thap va truy cap du
liéu. Do do, thiét bi dudc két nbi dén hé théng WebServer
(hinh 6), dif liéu sé dudc Iuu trif trén Server va c6 thé quan
sat trén Website hay dién thoai thong minh.

o)
@ localhostdetactmetony

Phimvztgen @) CHUONG 3. MO »

Ung dung phan loai hanh dong

trinh vieb

BIEU DO HOAT DONG

Hinh 6. Giao dién WebServer va phan mém gidm sat

Giao dién cta ting dung trén dién thoai thong minh dugc
xdy dung gitp ngudi st dung dé dang quan sat tham sd thu
thap tif cam bién theo don vi gia téc g hoidc m/s? va thoi
gian cAp nhap dif liéu tif cAm bién. Bén canh d6, chifc ning
hién thi dung lugng pin gitip ngudi dung biét khi nao thiét
bi can sac pin. Ngudi dung c6 thé nhin vao niit chic ning
English/Tiéng viét d€ chuyén d6i giao dién ngdn ngit hién
thi.

L. KET QUA VA PANH GIA
1. Phuong phap danh gia

Hiéu nang cia md hinh st dung dudc danh gia theo ba
thong s6 sau: do chinh xac (Accuracy), d6 nhay (Sensitiv-
ity) va do chi ro (Specify). Cac gia tri trén dugc xac dinh
dua trén ma trdn nhim 14n (Confusion Matrix) [16] cho
tung hanh dong:

TP+TN
acc = “)
TP+FP+TN + FN
TP
sen = ———— 5)
TP+ FN
TN
- 6
P = TN+ FP ©)

Trong d6, TP (True Positive): S6 lugng hanh dong can
phén loai dudc phan loai ding so v6i quan sat. FN (False
Negative): S6 lugng hanh dong can phan loai bi phan loai
thanh cdc hanh dong khac. FP (False Positive): S6 lugng
dd hanh dong khac bi phan loai thanh hanh dong cin phan
loai. TN (True Negative): S6 lugng hanh dong khic dudc
phan loai ding so v6i quan sit thuc té.



2. Panh gia mo6 hinh phéan loai

Trong nghién cifu nay, chiing toi danh gid mo hinh dé
xuit véi nhitng mo hinh phan loai nhu: Gradient Boosted
Decision Tree (GBDT) [17], Support Vector Machine [18],
Random Forest [19], k-Nearest Neighbor [20].

Béng V
SO SANH KHI AP DUNG MOT SO THUAT TOAN THONG DUNG
bac trung DT GBDT SVM RF KNN
Mean 85% 92,7% 91% 93,4% 92%
SD 80,3%  84,6% 88% 84% 83%
Két hop 99,3%  99,6% 100%  99,6%  100%

Pic trung dit liu dugc hudn luyén va danh gia trong
Bang V. Hiéu suit cao nht khi st dung mé hinh phan loai
GBDT véi dic trung Mean. PO chinh xdc thip nhit cia
cdc md hinh phan loai 1a 85% v6i mo hinh cay quyét dinh
(DT) va dic trung SD. Tuy nhién, su két hop giita 2 dic
trung SD va Mean da cho két qua ting dén 99.3%.

. Bang VI
MA TRAN NHAM LAN TREN DU LIEU THU THAP

. . Hanh dong du doan
Hanh Dong - -
Nam | Ngoi | baing | Bibd | Chay bo

Nim 278 | 0 0 0 0

Ngéi 0 228 0 0 0

Ding 0 0 215 1 0

bi bo 0 0 1 286 4

Chay bo 0 0 0 4 198

Két qua dugc thé hién chi tiét ctia md hinh ciy quyét
dinh dugc trinh bay trong Bang VI. Théng ké sb trudng
hop hanh dong dugc phan loai chinh xic va sb trudng hop
nham 14n v6i cdc hanh dong khéc cho thdy cdc mau thi
nghiém vé hanh dong dudc phan loai tot. Tuy c6 4/202
mau chay bd, 5/291 miu di bd va 1/216 miu ding phan
loai sai nhung ty 1& sai trong khoidng 0,5% - 2% la chip
nhan dudc.

Bang VII théng ké do chinh xdc (acc), do nhay (sen),
dd chi o (spe) khi phan loai hanh dong nim va ngdi dat
100%. Nhitng hanh dong con lai ¢6 d6 chinh xac, do chi
r0 va do nhay 16n hon 98%.

Nhin chung véi bo dit liéu thu thap dugc, cac chi s6 dat
dugc trén 98% vdi cac hanh dong. Piéu nay cho thly mo
hinh phan loai ciy quyét dinh thuc sy c6 hiéu qua rit cao
do dif liéu cac hanh dong dugc thuc hién liy mau 1a thuin
nhét, it c6 su chong chéo gilta cic hanh dong dudc liy mau
va khong c6 hanh dong khic xen vao gy nhiéu.
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) Bang VII )
CHI SO CHINH XAC MO HINH CAY QUYET PINH
Chisb Nim Ngoi Ding Dibd  Chay bd
acc 100% 100%  99,83%  99,18% 99,34%
sen 100% 100%  99,54%  98,28% 98,02%
spe 100% 100%  99,90%  99,46% 99,60%

3. Két qua thuc nghiém

Qua trinh thuc nghiém phan loai hanh dong trén thiét bi
thuc dugc tién hanh nhu sau: méi hanh dong dugc kiém
tra trong khodng thdi gian 5-10 phit, qud trinh ndy dién ra
lién tuc va c6 su thay d6i hanh dong sat véi thuc té trong
qua trinh thuc nghiém. Vi du chuyén tir ngdi sang di bo,
chuyén tir di bd sang nam.

_ Bang VIII
MA TRAN NHAM LAN KHI THUC NGHIEM
. R Hanh dong du doan
Hanh Dong - -
Ndm | Ngoi | bing | Bibd | Chay bo

nim 65 0 0 0 0
Ngdi 3 60 5 0 0
Diing 0 5 54 2 0
bi bo 0 3 7 60 3
Chay bo 0 0 0 9 55

Két qua thuc nghiém phan loai cic hanh dong trén thiét
bi gin tai eo nguvi dudc tdng hop trén ma trin chdng chéo
(Bang VIII). Hanh dong nam dugc phan loai véi do chinh
xdc rat cao dat 96,71%, tuong dbi it hanh dong bi phan
loai nhim v6i do nhay thip nhit 1a 82,19%. Hiéu suit khi
phan loai tiing hanh dong trén thiét bi theo thdi gian thuc
dugc mo ta tai Bang IX. Hiéu suét téng thé khi phan loai
trén thiét bi c6 do chinh xdc dat trén 91%. Trong d6, do
chinh xdc rét cao dat dudc 98,94% v6i hanh dong nam, tiép
theo 1a hanh dong chay bo v6i 96,08%. Hanh dong ding
va ngdi c6 dd chinh xac thap hon mdt chit nhung cao hon
so v6i hanh dong di bd.

) Bang IX
HIEU SUAT MO HINH KHI THUC NGHIEM

Chisé  Nim Ngbdi  Ping  Dibs  Chay bd
acc  96,71% 9423%  94,53% 91,59%  96,08%
sen 100%  8571% 84,38%  82,19%  8594%
spe 95.82% 96,69% 97.17% 94,35%  98,76%

IV. THAO LUAN

Thyc nghiém phan loai theo thoi gian thyc c6 dd chinh
xdc giam xudng do dif liéu gia téc thu thap khong thuin
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nhét. Trong mot phan doan dif lidu theo thdi gian c6 thé bi
1an vai gidy cia hanh dong trude dé hoidc ké tiép gay kho
khin trong viéc phan loai. Vi du: thoi gian dién ra hanh
dong diing c6 thé ton tai thdi gian chuyén tii hanh dong
di bd sang hanh dong diing va ngugc lai nhung diéu nay
khong bao gid xdy ra véi bd dif liéu dudc huin luyén trén
may tinh do da dugc nhoém theo cac hanh dong. Bén canh
d6 nhiéu tich lily c6 thé xdy ra khi chuyén trang thai tinh
sang dong vdi toc dd nhanh. So sanh két qua nghién ctiu
ctia chiing toi vdi két qua nghién ciu cia Nishkam Ravi
[8] va Ling Bao [9] dugc trinh bay trong Bang X.

Bang X
SO SANH VOI CAC MO HINH PHAN LOAI NAVI VA BAO

Hanh dong L. Bao N. Ravi Nghién citu nay
Nim 95% 99,00%
Ngbi 94,8% 96,6% 94,89%
Piing 95,7% 91,8% 93,99%
bi bd 89,7% 99,5% 92,52%

Chay bd 87,7% 84,8% 96,12%
Téng thé 92,58%  94,54% 95,3%

Bén canh d6, nhiéu nghién ctu lya chon kha nhiéu dic
diém d€ nang cao ty 1& phan loai hoat dong. Vi du: Nghién
ctiu st dung 43 dac trung cia C. Y. Min [10], Catal [12],
Van der Maaten [15]; nghién ctu st dung dic trung cda
Vavoulas [11]. Trong tai liéu [12], Catal da cach két hop
rit nhiéu dic trung va cho két qua 1a 91,6%. Mic du ho
da phan loai nhidu hoat dong hon (su hoat dong) so véi
nghién cdu cda ching tdi, nhung ho da thi nghiém mot
thuat toan phtc tap hon khi két hgp nhiéu thuat toan phan
loai khac nhau. Bén canh d6, viéc st dung 43 dac trung
khdc nhau khién gia thanh va chi phi thiét bi ting cao hon
rit nhidu va c6 thé khé ap dung dai tra. Tuy nhién vé6i két
qua thuc nghiém thu dugc mo hinh phan loai ¢6 kha ning
ting dung tot bdi nhiu luén xay ra trong thuc té.

D€ kiém chiing hiéu qua ctia mo hinh dé xuit, nhém
nghién ctu ap dung mod hinh phén loai trén tdp du liéu
WISDM [23], [24] dugc thu thap tu 36 ngudi tinh nguyén
vién v6i cac hoat dong thong thudng gom di bo (di bo binh
thudng, 1én/xudng cau thang), chay bo, ngdi va ding. Bo
dit liéu cong khai nay dugc 1iy méu véi tan s6 20Hz. Ty
1é dit liéu ddo tao va dif liéu kiém tra 12 6/4. S mau trén
mot phan doan dif liéu 12 120 miu tuong tng vé6i tan sb
ldy mAu 20Hz (Bang XI)

Két qua phan loai hanh dong trén phan dit liéu kiém tra
dugc téng hop trong Bang XII va XIII. Két qua nay cé
su tuong dong véi két qua thuc nghiém (Bang VIII) vé su
nham l4n giita cc hanh vi v6i nhau, phu hop véi phan tich
phia trén ciia chiing t6i. P9 chinh xic tdng thé khi phan loai
trén tap dit licu WISDM (98.4%) gidm xudng so v6i khi
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) Bang XI

KET QUA PHAN LOAI TREN TAP DU LIEU WISDM
Hanh Hanh dong du doan
dong Ngbdi | Bing | Pibo | Chay bd
Ngdi 169 9 4 0
bing 1 142 5 0
bi bd 0 1 2029 47
Chay b0 | 0 0 47 1039

phén loai trén tap dit liéu thu thap (99,3%) nhung cao hon
khi tién hanh thyc nghiém (95,26%). Cu thé, hanh dong
ngdi c6 9 miu bi phan loai thanh hanh dong ding va 9
mau bi phan loai thanh di bd; hanh dong di bd c6 s6 lugng
mau nhiéu nhit (2076 mau) nhung chi c6 47 miu bi phan
loai thanh chay bd. Bén canh d6 ty 1€ hanh dong & trang
thdi di chuyén bi phan loai thanh hanh dong & trang thai
di chuyén 12 nhé véi 1 miu hanh dong di bo bi phan loai
thanh ding.

) Bang XII
KET QUA PHAN LOAI TAP DU LIEU WISDM

. ) S6 lwgng Clas6 Dit licu Dit liéu

Hanh dong L ) L

mau dir lieu  dao tao  kiém tra

Ngbi 59939 457 275 182

Piing 48395 371 223 148
bi bo 647696 5193 3116 2007
Chay bd 342177 2716 1630 1086
Tong 1098207 8737 5244 3493

Cic chi s6 dat dugc khi 4p dung md hinh d& xuét trén
tap dif lisu WISDM 1a kh4 t6t trén 92%. Do nhay thip nhat
v6i hanh dong ngdi (92,86%) va cao nhét v6i hanh dong
di bd (97,69%). Bén canh do, hanh dong ding va chay bo
¢6 do nhay tuong duong véi 96%. Do chi 16 trén 98% véi
cdc hanh dong ngdi, ding va chay bo trong khi hanh dong
di bo c6 d6 chi ro dat 96%.

) Bang XIII
HIEU SUAT PHAN LOAI TREN TAP WISDM
Chisb  Ngbi Ping  Pibd  Chay bo Tong thé
acc 99,59%  99,53%  97,01% 97,29% 98,36%
sen 92,86%  95,95%  97,69% 95,67% 95,54%
spe 99.97%  99,69%  96,02% 98,03% 98,43%

C6 thé thiy rang, viéc giam sat hanh vi ngudi c6 thé chia
thanh hai giai phap la dung 1/ camera va 2/ cim bién gin
ngudi. M&i gidi phdp ndy déu c6 nhiing wu va nhugc diém
khac nhau. Viéc lya chon gidi phap sé€ tuy thudc vao muc
dich st dung. Nhiing nghién ctu hién nay vé xi Iy anh



da dat dugc nhiéu thanh tyu rit 16n khi c6 thé phan loai
rit nhiéu hanh vi v6i do chinh xdc ma mot trong nhiing
bd dit liéu ma cdc nhom nghién cdu thudng st dung do
la HMDB51 dataset gdom 6766 video clips va 51 16p hanh
dong. Cu thé, trong mdt nghién ctiu mdi nam 2021 [25], do
chinh x4c trung binh dat dudc 1a 95,4% cho 51 16p hanh
dong. Giai phap dung camera sé thé hién nhiéu bit 10i vé
moi trudng hoat dong (vi du: bi gian doan, che khuit khi
ngudi can giam sat di chuyén tit phong tdi khu vé sinh,
hanh lang khong trang bi camera,..), d0 phuc tap cao khi
dinh danh néu gidm sit nhidu ngudi cung liic (diéu khong
gip phai néu dung thiét bi gin ngudi), su riéng tu ctia ngudi
st dung... Ngoai ra, ddy sé con 1a 12 mot hé thdng phiic tap
va khé thanh cong vé mit thuong mai, gid cao hon nhiéu
so V6i gid cla thiét bi st dung vi diéu khién va cadm bién
gia téc gia thanh ré. Nghién ctiu ctia ching t6i hudéng dén
chim séc stic khoe cho ngudi gia, ngudi hdi phuc sau phiu
thuat hay tai nan. Do d6, s6 16p hanh vi lién quan t6i van
dong co ban 1a di cho loai ting dung nay nhung lai cin
phén loai dugc theo thdi gian thuc va gia thanh ré. Do do,
giai phap dung xt ly dnh chua phu hgp theo muc tiéu cia
ung dung nay.

MO hinh ctia chiing t6i d€ c6 thé dudc ap dung cho nhiing
dbi tuong thuc hién cong viéc dic biét nguy hiém nhu linh
citu hoa thi sé phat trién thém dé€ nhan mot sb dang hanh
dong khac nhu: bo, di 1én, di xubng, trang thai sinh tdn,
dinh vi [21,22]. Béi 1&, hoat dong clia cic dbi tugng nay
thudng dién ra v6i cudng do cao hon trong diéu kién phiic
tap nhu chay 16n, khoéi day dic.

V. KET LUAN

Trong nghién ctiu nay, nhém nghién ctu da xay dung
mot hé théng phan loai hanh dong véi chi phi thip, thoi
gian tinh todn nhé thdi gian thuc. Két qua thir nghiém véi
clia s6 trugt c6 kich thudc 6 gidy cho thiy kha ning phan
loai theo mo hinh cay quyét dinh c6 do chinh xic cao hon
GBT, SVM, KNN. Dbi véi nghién ctiu sau hon, chiing toi
tiép tuc phat trién va cai thién nhiing két quéa nay thong qua
cdc thi nghiém trén cic hoat dong phiic tap hon dé kiém
tra d6 chinh xdc ctia md hinh d& xuit. Bén canh d6, ngoai
cdc dic trung thdng ké cita s6 thdi gian, nghién cifu c6 thé
mé rong cic dic trung khic trong mién tin sd hoic két
hop thong tin trén ci hai mién thdi gian va tan sb trong
qua trinh trich chon déc trung. Hién nay, xu huéng thyc thi
hoc mdy trén cdc bo vi diéu khién hiéu niing thp (TinyML
[26]) dang dan trd nén thinh hanh trén thé gidi va nghién
cliu ndy ciing gép phan thuc hién TinyML cho céc tung
dung giam sat hanh vi phuc vu chim séc stic khoe tir xa.
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Tran Diic Nghia dudc hd trg béi Quy Pdi méi sang tao
Vingroup (VinlF), Vién Nghién cttu Dt liéu 16n (VINBIG-
DATA) trong khudn khd chuong trinh hoc bdng Sau Tién
sT trong nuée (ma sd hoc béng VINIF.2021.STS.21).
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