Tap chi Khoa hoc Truong Pai hoc Can Tho

86 chuyén dé: Cong nghé thong tin (2017): 80-87

Tap chi Khoa hoc Trudng Dai hoc Can Tho
Phan A: Khoa hoc Tu nhién, Cong nghé va Méi trudéng

website: sj.ctu.edu.vn

DOI:10.22144/ctu.jsi.2017.011

NHAN DANG HANH VI CUA BO SU DUNG GIA TOC KE
VA GIAI THUAT MAY HQC RUNG NGAU NHIEN

Lé Pinh Chién', Lé Van Lam? va Tran Cong An'
Khoa Céng nghé Thong tin va Truyén thong, Truong Dai hoc Can Tho
2Phong Hop tac Quoc te, Truong Pai hoc Can Tho

Théng tin chung:

Ngay nhdn bai: 15/09/2017
Ngay nhdn bai swa: 10/10/2017
Ngay duyét dang: 20/10/2017

Title:

Cow behaviour recognition
using accelerometer and
random forest algorithm

Tir khoa:
Bo, gia toc ke, nhan dang hanh
Vi, rieng ngau nhién

Keywords:
Accelerometer, behaviour,
cow, random forests,
recognition

ABSTRACT

Cattle behaviour patterns provide significant information about cattle
health. Therefore, early behaviour recognition may help breeders be
aware of cattle health problems promptly to have appropriate treatment
to reduce negative impact. In this paper, an approach to cow behaviour
recognition based on accelerated data will be proposed. The behaviour
recognition model is built using random forest algorithm. This study
focuses on four popular behaviours, i.e. walking, standing, eating
(grazing), and lying. The model is validated using a real cow activity
datatset. The overall classification result of the model is about 95% of
accuracy. The comparison on the classification result with other recent
approaches is provided. It is shown that the proposed approach in this
paper is promising, and it can be used for developing cow behavior
recognition application.

TOM TAT

Mau hanh vi ciia bo cung cdp thong tin rdt quan trong vé sirc khoe, tinh
trang ciia bo. Do d6, phat hién sém cdc hanh vi ciia bo ¢é thé giip nguoi
chan nudi nhan biét cdc van de doi véi sire khoe ciia bo mét cdach kip
thoi; qua dé, c6 thé sit dung cdc bién phdap diéu tri thich hop dé giam
thiéu cdc thiét hai. Bai bdo ndy sé dé xudt mét phirong phdp phdt hién
hanh vi cua bo duwa vao dir liéu gia t6c ké. Mé hinh nhdn dang hanh vi
dwoc xdy dung dwa trén gidi thudt mday hoc rimg ngdu nhién (random
forest). Nghién curu nay sé tap trung nhdan dang 4 hanh vi: di lai, ding,
an (gam co) va nam. M6 hinh nhdn dang dwoc danh gia trén 1 bo dir liéu
thét do ching t6i thu thdp. Két qua phdn loai hanh vi ciia mé hinh la
95%. Chiing t6i ciing so sanh két qua thuc nghiém véi mét s6 phwong
phdp da dwoc dé xudt trong cac nghién ciru khéc. Két qua so sdnh cho
thdy phirong phap duwoe dé xudt 1a kha thi va cé thé dp dung daé xay dung
cac ung dung nhdn dang hanh vi cua bo.

Trich ddn: L& Pinh Chién, Lé Van LAm va Tran Cong An, 2017. Nhan dang hanh vi ctia bo sir dung gia toc
ke va giai thuat mdy hoc rimg ngau nhién. Tap chi Khoa hoc Trudng Dai hoc Can Tho. SO chuyén
de: Cong nghé thong tin: 80-87.

1 GIOI THIEU

Stc khoe cua bo anh huong rat 1on dén nang
suat (stra, thit) ctia chiing. C6 nhiéu nghién ciru vé

mdi lién hé giita cac miu hanh vi (behaviour
pattern) voi suc khde cua bo. Cac nghién clru nay
cho rang, cac mau hanh vi ciia bo, hay dong vat noi
chung, cung cap céc thong tin rt quan trong vé strc
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khoe cia chung (Doyle ef al., 2015, Mench, 1998).
Do d6, dbi v6i nhimg ngudi chan nudi bo thi viée
theo ddi mau hanh vi cua bo dugc dic biét quan
tdm vi chung c6 thé gitip ho phat hién sém cac van
dé vé stc khoe cua bo; tir d6, dua ra cac bién phap
phong ngura hay diéu tri som dé giam thiéu cac
thiét hai (Sterrett et al., 2014).

C6 nhiéu phuong phap dugc dé xuat hay cac hé
thong dugc quan tdm xay duyng nham giam sat hoat
dong ctia bo. Phuong phép so khai nhat 1a quan sat
tryc tiép hanh vi ctia bd mot cach tha cong. Poi voi
kha ning cia con ngudi thi co thé nhan dang hanh
vi cua ching mot cach chinh xac. Tuy nhién,
phwong phap nay trén thyc té 1a khong kha thi vi sy
hién dién cta con ngudi c6 thé anh huong dén
hanh vi cla gia sic. Ngoai ra, viéc quan sat mot
cach lién tuc hay véi sb Iugng 16n cac con bo hodc
trong mot khong gian 16n (trén 1 canh dong hay
trang trai) thi phuong phap nay ro rang la khong
kha thi.

Do do, c6 1 phuong phéap khac duogc st dung
rong rdi hon 1a dung cic cam bién dit trén cac con
bo can theo doi hanh vi. Mot trong nhiing loai cam
bién thong dung nhét dugc dé xuat sir dung trong
nhiéu nghién ciru vé theo doi hanh vi cta bo 1a gia
tbe ké.

Bonk Stephanie et al. (2013) tép trung vao hanh
dong nam ciia bo. Cac tac gia mudn kiém tra do
chinh x4c cua viéc st dung gia toc ké Hobo
Pendant G data logger (Hobbo, 2017) dé tinh tong
thoi gian nam cla bo va so lan nam cia bo trong
ngay. Gia toc ké duge gin vao chan sau ciia bo dé
thu thap dir li¢u. DT li€u nay s€ dugc xur Iy mot
céch thu cong bang phan mém thdng ké SPSS dé
tinh phat hién hanh vi nam cua bo; tir do, tinh ra
thoi gian nim va sé 1an nim cua bd trong mot
khoang thoi gian nao d6. Dé tinh d6 chinh xé4c cia
phuong phap nay, cac tac gia da su dung mot
camera dé quay cac hoat dong cua bo. Dit liéu tir
camera s& duoc so sanh véi két qua phan tich dé
danh gia d6 chinh xac. Két qua thuc nghiém cho
thdy do chinh xé4c cta phuong phap sir dung gia toc
két Hobo Pendant G data logger két hop véi su
phén tich dir liéu mot cach thu cong nhu trong
nghién ctu c6 do chinh x4c rat cao voi
predictability, sensitivity, va specificity déu dat
trén 97%.

Martiskainen e al. (2009) c6 tinh tong quat
hon, c6 thé phat hién nhiéu hanh vi cia bo hon.
Céc tac gia dé xudt phuong phap phan 16p hanh vi
clia bo st dung mot gia toc ké 3 chiéu deo trén cd
bo va giai thuat may hoc vector hd tro (SVM). C6
tat ca 8 hanh vi dugc quan tim trong nghién ctu
bao gdm dung, nam, chay, in, di binh thuong, di
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khap khiéng, ndam xudng va dung 1én. P9 chinh xac
trung binh cua phuong phap nay cho 8 hanh vi la
khoang 78%, trong d6 hanh vi c6 d¢ chinh cac cao
nhit 1a chay (86%) va thép nhét 1a nim xudng
(0%).

Trong nghién ctru cua Diosdado Jorge A.
Vézquez et al. (2015), cac tac gia dé xuét sir dung
mot gia toc két dat ¢ cd ctia bo. Tan sb thu thap dir
lidu 1a 50Hz. Giai thuat dung dé xay dung mé hinh
phan loai hanh vi la giai thuat cay quyét dinh
(decision tree). Cac hanh vi dugc phan loai trong
md hinh ndy bao gébm nam (77,42% sensitivity,
98,63% precision), an (98,78% sensitivity, 93,10%
precision), va ding (88,00% sensitivity, 55,00%
precision). Ngoai ra, md hinh nhan dang trong
nghién ctru nay con cho phép phat hién su thay d6i
hanh vi tir dimg sang nam vé&i 96,45% sensitivity
va 87,5% precision. Céc tac gia cling so sanh két
quéa cua giai thuat cdy quyét dinh véi mot so giai
thuat khac nhu may vector hd trg (SVM), Hidden
Markov Model (HMM) va K-Mean.

Két qua thuyc nghiém cho thiy giai thuat cay
quyeét dinh tot hon cac gidi thuat dugc so sanh
trong hau hét cac trudng hop.

Robert ez al. (2009) sir dung gia tbc ké dé phan
biét cac hanh vi nim, ding va di. Tan suat iy miu
duoc thir nghiém véi 3 truong hop 1a 3, 5 va 10
gidy. P9 chinh xé4c tot nhit cho 3 hanh vi trén lan
luot 14 99,2%, 98% va 67,8%.

Tai Viét Nam, nghién ctu cua Nguyen Thi
Huyen Nga et al. (2016) da phat trién mot thiét bi
dé giam sat va phat hién hanh vi cua bo. Thiét bi
nay bao gom mét mach Arduino (Uno), trén do6 co
gan cam bién gia toc (ADXL345) va mdt SD card.
Thiét bi nay dugc gan vao cb ctia bo dé thu thap dir
lidu gia tbc va luu vao SD card. Cac dir liéu nay s&
dugc phén tich mot cach tha cong dé phan biét cac
hanh vi ding, nim va an cia bo. Tuy nhién, do
chinh x4c ctia mé hinh chua dugce kiém tra.

Ngoai ra, con nhiéu nghién ctru khac lién quan
dén nhan dang hanh vi cua bd nhu Laca et al., 2000
st dung mot thiét bi quay video va mot
microphone khong day dé nhan dang 2 hanh vi can
va nhai voi d chinh xac 94%. Hay Gibb et al.,
1998 sir dung mdt thiét bi goi 1a IGER dé thu lai
tiéng nhai c6 nham tinh toan s6 1an gam co, thoi
gian moi lan gim co va tong thoi gian gim co
trong ngay cua bo.

Trong nghién ctru ndy, chung t6i dé xudt mot
phuong phép phat hién hanh vi cua bo dua trén gia
toc ké st dung giai thuat rung ngau nhién (random
forest). Ly do chung t6i dé xuét giai thuat nay 1a vi
giai thuat nay da dugc sir dung dé phan loai hanh
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vi cua nguoi kha thanh cong. Tuy nhién, trong
phéan loai hanh vi cua bo thi van chua c6 nghién
ctru nao st dung giai thudt nay. Nghién cru nay su
dung 1 gia téc ké gan trén chan bo dé phat hién cac
hanh vi di, ding, n (gim c6) va nam. Chung toi
cling s& so sach két qua ciia phuong phap nay voi
cac nghién ctru trudc d6 nham danh gid phuong
phap duoc dé xuét.

Phan tiép theo cta bai bao dugc t6 chirc nhu
sau: Phan 2 s& mo ta chi tiét phuong phap nhan
dang hanh vi ctia bo bang gia toc ké va giai thuat
may hoc rimg ngau nhién; Phan 3 trinh bay két qua
thuc nghiém; cudi cing, chung toi s& rut ra cac két
luan ciing nhu dé xuit cac dinh hudng phat trién
clia nghién ctru trong phan 4.

2 NHAN DANG HANH VI CUA BO

BANG GIA TOC KE VA GIAI THUAT RUNG
NGAU NHIEN

M5 hinh tong quat cia phuong phap nhén dang
hanh vi cua bo bang gia toc ke dugc mo ta trong
Hinh 1.

HUAN LUYEN | NHAN DANG

Tin hiéu gia téc

Trich dac trung
Mién thdi gian

Mién t3n s6

i | Tin hiéu gia téc

H ‘ Trich d3c trung ’

mean, standard
deviation, variable, min,

max, skewness,
kurtosis, energy, entropy

spectral entropy

]
Tép dic trung ' E Dac trung
]

y H
Hudn luyén md hinh

M4 hinh phan Iop

.....................

...................
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<
€

Nhan
Hinh 1: M6 hinh nhian dang hanh vi ciia bo

Tir dit liéu cua gia toc ké (dir lidu huan luyén),
hé thdng s& thuc hién cac budc tién xur 1y dé loai
b6t cac dir liéu nhidu. Sau d6, dir liéu huin luyén
s& dugc phan thanh cic doan c6 kich thude bang
nhau. Dé ting d6 chinh xac phén 16p thi ching toi
s& bd sung mot s6 dac trung vao tap dir liu. Tap
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dir liéu da dugc phan doan cung véi cac dac trung
méi s& duge huin luyén boi giai thuat may hoc
rimg ngau nhién dé xay dung md hinh phan 16p.
Mo hinh phan 16p nay s& duoc st dung dé nhan
dang hanh vi ciia bo tir cac dit lidu gia toe ké.

Chi tiét ctia cac budc trong md hinh s& dwoc md
ta trong phan sau.

2.1 Gia toc ké

Gia toc ké 1a mot thiét bi dung dé do su bién
dbi gia tbc cua d6i twong mang thiét bi. Cac loai
gia tdc ké thong dung hién tai déu co kha nang do
su bién d6i gia tdc theo ca 3 chiéu: x, y, va z. Cac
cam bién gia tdc vi co duogce ché tao theo cong ngh¢
MEMS c¢6 nhiéu vu diém so véi cac gia toc ké ché
tao bang cong nghé dién tir trudc day. Loai cam
bién ndy ngay cang nhanh hon, nhay hon, nhe hon,
ré hon va quan trong hon ca 1a c6 do tin cdy rat
cao. Hinh 2 minh hoa mét gia toc ké va chiéu cua
cac truc tuong ung.

Hinh 2: Gia toc ke va chiéu ctia cac truc

Nguyén 1y dé do gia toc theo truc y duoc mé ta
trong Hinh 3.

Housing g
(attached to the device) -0g—=—
=3 Seismic Mass
-1g (metal ball)

-g——

Hinh 3: Nguyén ly do gia toc theo truc y
(Source: https://goo.gl/gB74Kj)

Khi dit gia toc ké thing dimng theo tryc y, do
tac dong cua trong luc thi kh01 luong chuyen dong
(seismic mass) s& bi kéo xudng va gia tri chuan cua
trang thai nay 1a +1G. Khi di chuyén khoang chira
(housing) 1én xudng theo phuong thing dung thi
khéi lwong chuyén dong sé di chuyén, dan dén gia
tri cua y s& thay déi Do bién thién cua y phu
thuoc vao viéc gia toc chuyén dong cua khoang
chira theo chleu thang dimg. Mot gia toc nhiédu
chidu s& bao gdm nhiéu don vi do gia toc trong
Hinh 3 dugc dat theo cac hudng tuong tng.

Hinh 4 minh hoa gia tri cta x, y, z trong mot sé
truong hop khac nhau: (1) la truong hop dit gia toc
ké dimg yén theo phuong thang dung cua truc y;
(2) la truong hop di chuyén gia toc ké 1én xudng
theo phuong thiang dung (truc y); (3) 1a truong hop
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di chuyén gia toc ké qua lai theo chiéu ngang (truc
X); va (4) 1a truong hop di chuyén gia toc ké t6i lui
(truc z).

Graph

10,6 [ [y

16.2¢

Hinh 4: Sy bién thién gia tri x, y va z

Trong nghién ctru nay, gia toc ké s& dugc gin
vao chan sau cta bo véi chidu cua cac truc nhu
duoc mo ta trong Hinh 2. Gia tri X, y, z cia mot s6
hanh vi dugc minh hoa trong Hinh 5. D liéu minh
hoa cho thay viéc phan biét hanh vi dwa vao gia toc
ké 1a hoan toan kha thi. Tuy nhién, c6 mot sd
truong hop dé nham 14n 1a di va gam co.

Grazing Lying Standing Walking

ITHY) U»J,]» J
an.h‘mm N~

I

"r""w**‘*l 1

w’

Hinh 5: Gia tri x, y, 7 ciia mdt s6 hanh vi

2.2 Cac hanh vi caa bo

Trong nghién ctru nay s& tap trung vao cac hanh
vi gom di, dung, dn (gdm cd) va nam dugc mo ta
nhu sau:

Bang 1: Hanh vi sir dung cho nhian dang

Hanh vi Mo ta

Di chuyén vé phia trudc, it nhat 1a 2

bi chan trén mat dat
Pung Tat ca bon chan trén mat dat
An Co chuyén dong, nhung rit chim
Nim Than tiép xtGc day du voi mat dat,
bén trai hoac bén phai
2.3 Xay dung moé hinh nhian dang hanh vi

Dau vao cua viéc xdy dung mo hinh nhén dang
1a dit lidu gia toc ké 3 chiéu x, y, z nam trong mién
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gia tri [-3G, 3G] cua cdc hanh vi thu thap tir cac gia
toc ké gan trén chén‘ bo. Cac budc thuc hién huan
luyén mo hinh bao gom.

2.3.1 Tiénxir Iy

Dir liéu thu thap duoc c6 thé co nhidu, mat hodc
sai gia tri ¢ mot s6 doan, hodc su troi (drift)
(Doyle et al., 2015). Vi vy, can phai khir nhiéu ra
khoi dir liéu.

C6 nhiéu giai thuat khir nhidu nhu cac bo loc
don gian: trung binh dich chuyén, trung vi,
thong cao, thong thép, dai thong. Hodc cac bd loc
phirc tap hon nhu bo loc Butterworth thong cao
hoic thap, savitzky-golay, kalman va wavelet. Cac
bd loc nay duoc coi la cac bo loc tdi wu (Wang et
al., 2011). Trong nghién ctru nay, ching toi st
dung bd loc db6 thudc ho me wavelet vi cho két
qua khir nhidu tt so voi cac bo loc khac (Parsons
et al., 1999).

Cac budc khir nhidu cua phuong phap wavelet
duoc mo ta nhu sau:

1) Phan tich tin hiéu, lya chon wavelet,
chon mirc N va tinh wavelet thuan

1 t—b

Ca,b)=|s(t) —— dt
fxo 5 v (7]

a=2/, b=K2, (jkecZ

2) Lay ngudng cac hé sd chi tiét, véi moi
muc tr 1 téi N, chon ngudng va ap dung lay
ngudng mém hay cing vao cac hé so chi tiét.

3) Khdi phuc, tinh wavelet ngugc.
s(f) = Z Z Clik) v, (D

JjeZ ke Z

Chi tiét ciia cac cong thirc trén bude 1) va 3) ¢6
thé dugc tham khao trong nghién ctru (Wang e al.,
2011). Céach chon ngudng tai budc 2) ¢ thé tinh
theo cong thirc cua Donoho va Jonhstone (Donoho
et al., 1994).

Két qua khir nhidu phu thudc nhiéu vao hé sb
ldy ngudng. Trong nghién ctru nay, ching toi ap
dung ho wavelet 1a Daubechies (db6) & murc 2 va
chon ngudng mém vi sy don gian va phd bién
trong nhiéu nghién ctru (Breiman ef al., 1984).

2.3.2 Phan doan

Chudi dit liéu cam bién duoc phan doan thanh
cac khung c6 kich thuéc bang nhau. Trong do,
chidu dai cua chung c6 thoi lugng dai hon khoang
thoi gian cho mot hoat dong bat ky. Chiéu dai mot
doan thuong 1a s6 chan: 8, 16 ..., 128, 512. Nhiéu
nghién ctru trude do da cho thdy do dai cia cira s6
truot c6 anh huong quan trong téi hi¢u nang cua
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thudt toan nhan dang hoat dong. Vi thé, chiéu dai
cua phan doan sé dugc lua chon tir thuc nghiém
bang cach thay doi tir nhé dén 16n va chon gia tri
cho két qua tot nhat.

2.3.3 Rut trich ddc trung

Rt trich dic trung nham rat gon cac tin hiéu
thanh céc dic trung dé phan biét cic hoat dong
hiéu qua hon. Trong nghién clru nay, ching t6i su
dung 8 dac trung cong voi cac dac trung x, y va z
tir dit lidu tho. Cac dic trung ndy c6 thé duoc chia
lam 2 loai: cac ddc trung mién thoi gian va cac dic
trung mién tan so.

Diic trung mién thoi gian

Céc thong ké don gian nham phan biét dé dang
cac hoat dong gom: gi4 tri trung binh (mean), gi4
tri 16n nhat (max), gia tri nho nhét (min), d6 1éch
chuan (standard deviation), d6 bat d6i ximg
(skewness), d0 nhon (kurtosis), nang lugng
(energy), d6 tuong quan (correlation).

Ddc trung mién tan so

Tin hiéu mién thoi gian dugc chuyén vé
mién tan sO bang chuyén doi Fourier roi rac,
sau do6 tinh nang lugng (energy) va spectral

entropy (Daubechies, 1992, Lee et al., 2008). Cac
dac trung nay dugc tinh qua 5 budce:

Bude 1: Fast Fourier Transform
M —jz—nim
X(i,n)= Zx(m,n)e N
m=1
Bude 2: Phd ning luong (Power spectral)
SG,n) = X(i,n) P

Buéc 3: Mat d6 phd ning luong (Power
spectral density)

S(,n)
Mi2

> S(m,n)

m=1

P[S(i,m)]=

Buoc 4: Spectral entropy theo cong thuc
Shanon’s entropy

M2
Hypp(n) == PIS(i,n)]log, P[S(i,n)]

i=l

Bue 5: Chuan héa spectral entropy

Hy(n) =

Hppr
log,(n)
Chi tiét cua cac cong thirc trong cac bude trén
¢6 thé dugc tham khao trong (Daubechies, 1992).
Hinh 6 minh hoa mét s6 déc trung twong ung voi
cac hanh vi cua bo.
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2.3.4 Phan logi hanh vi voi thudt toan rung
ngau nhién

Trong cac nghién ctru nhan dang hoat dong cia
con ngudi cho thdy thuit toan rimg ngdu nhién cho
phan 16p c¢6 két qua chinh x4c kha cao. Tuy nhién,
trong phan 16p hanh vi cua bo thi chua c6 nghién
clru nao ap dung. Do d6, chung t6i dé xuat sir dung
thuat toan nay dé xay dyng mé hinh phan 16p trong
nghién ctru nay. Chung t6i s& so sanh két qua cua
thudt toan nay voi mot sé thuat toan dugc sir dung
trong cac nghién ctru da thuc hién vé nhéan dang
hanh vi ciia bo dé danh gia hiéu qua cta giai thuat.

Brieman (2001) d& xuit giai thuit Random
Forest (RF) thuc hién phéan 16p va hdi quy, RF dua
trén viéc két hop két qua du doan ciia mot sb lwong
l6n cac cay quyét dinh. Trong md hinh RF truyén
théng mdi cay quyet dinh duoc xay dung tir tap dir
liéu dugc lay ngiu nhién tir tap dit lidu ban dau va
viéc phat trién cac nat con tir mot nut cha dua trén
thong tin trong mot khong gian con cac thudc tinh
dugc chon ngau nhién tir khéng gian thudc tinh ban
dau. Do d6, RF xdy dung cic cdy quyét dinh tir
moét tap con nhitng thugce tinh duoc Iua chon ngﬁu
nhién va tong hop két qua dy doan cua cac cay dé
tao ra két qua du doan cudi cing.

BUNG Bl NAM

AN (GAM c0)

W !
WIF{MMMM By ]

o 2 0 75 160 123 150 s 200

—_—

—

Hinh 6: Minh hoa mét s6 dic trung

Cac ciy quyét dinh dugc xdy dung sir dung
thuat toan CART (Brieman, 1984) ma khong thuc
hién viéc cét tia do d6 thu dugc nhimg cdy voi do
léch thdp. Bén canh do, mdi quan hé tuong quan
giita cac cay quyét dinh ciing dugc giam thiéu nho
viéc xay dung cac khong gian con thudc tinh mét
cach ngiu nhién. Do do6, viéc két hop két qua cua
mdt s6 lwong 16n nhimng cay quyét dinh doc 1ap co
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d0 1éch thip, phuong sai thip s& gitip RF dat dugc
ca do léch thap va phuong sai thap.

Qua trinh xay dung rimg ngau nhién duoc trinh
bay tai Hinh 7 va gom céac budc chinh sau:

1) Liy ra T mau Subset (bootstrap) tir tip huén
luyén.

2) Dbi véi mdi mau Subset xdy dung mot cy
phén 16p khong dugc tia (unpruned tree) theo
huéng dan sau: Tai mdi nit thay vi chon mot phan
chia t6t nhat trong tAt ca cac bién du doan, ta chon
ngau nhién mdt miu m cua cac bién dy doan sau
d6 chon mot phén chia tot nhét trong cac bién nay.

3) Pua ra cac dy doan bang cach téng hop sd
dong cac du doan cua T cay.

dir lign hudn
(Ep phiin li,‘- n-i:.l’l:)

[ suet2 |
[~ [ [— m
X X X
mm e o N e
X X X
[ I e ¢ o @

Phin 16p bing céch binh chon s déng tir
Ikt qu etia cic ciy con

Hinh 7: Giai thuit xay dung rirng ngiu nhién
3 KET QUA THU'C NGHIEM
3.1 Tap dir li€u thwe nghiém

Trong nghién ctru nay, ching téi thu thap dir
lidu thyc nghiém bing gia tbc ké HOBO (Hobo,
2017). Chi tiét k¥ thuat chinh cua gia toc ké nay va
cAu hinh cai dat dé thu thap dir liéu duoc mo ta
trong Bang 2.

Déi twong ding dé thu thap dit liéu 1a mot con
bo da truong thanh. Gia téc ké duoc gan vao chan
phai ctia bo véi truc y hudng 1én trén, truc x song
song voi mat dat va truc z vudng goc vai 2 truc con
lai va huéng vé bén trong ciia bd nhu duge mé ta
trong Hinh 8.

Sau khi thiét 1ap thong s thi ching bit dau lay
mau cac truong hop di, dung, an (gdm co) va nam
ctia bo. BO duoc gin gia toc ké s& duoc tha ra dong
dé thuc hién cac thao tac thudng ngay cua ching.
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Bang 2: Thong s cua gia toc ké

Chi tiét Gia tri

D¢ nhay [-3G, 3G]

Tan suét l1dy mau 0.1Hz (10 gidy/lan)
Sai s6 vé thoi gian +1 phat/thang

Thoi lugng pin 7 ngay dén 1 nam
B nhé 64Kb

Don vi gia toc m/s

AL 0

Hinh 8: Vi tri diit va huwéng cia gia toc ké

Mot quan sat vién tryc tiép ghi nhan hoat dong
cua bo theo thoi gian. Mot quan sat vién khac sé
quay lai cac hoat dong cua bo. Ngoai ra, con mot
quan sat vién theo doi hoat dong va co thé dleu
khién dé con bo thuc hién cac hanh vi mong mudn.
Tap dir liéu dugc ghi nhan trong tong khoang thoi
gian 13 4 gio 20 phat, bao gdbm 1562 mau hanh vi
(dung: 370; di: 80; ndm: 752 va an: 360). Mdi miu
dir liéu co 4 thudc tinh: thoi gian, gia tri x, y, z.

Tap dir liéu nay s€ dugc gan nhan dya vao cac
ghi chép cua quan sat vién va video ghi lai cac hoat
dong cuia bo. Sau khi budce tién xir Iy, khir nhidu dir
liéu bang phuong phap wavelet, ching toi tién
hanh tao ddc trung véi kich thudce cia s6 1a 16
diém dir liéu va nap chong % ctra sd. Chung t6i tao
3 tap dir liéu thuc nghiém véi s6 dic trung khac
nhau nhu mo ta trong Bang 3.

Bang 3: Mo ta cac tap dir liéu thue nghiém

Téntdp g ta

dir liéu
27 dic trung: gdm 3 dic trung tho x, y,

XYZ z va 8 dac trung md rong (mean, std,
var, min, max, skew, kurtosis, energy,
entropy) cho mdi dic trung thd

v 9 dic trung: gom dic trung V va 8 dic
trung mo rong cuia V

XYZV 36 dac trung: tong hop tat ca céac

dac trung cua tap XYZva 'V
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3.2 Két qua thwc nghiém

Chung t6i s dung ky thuat kiém tra chéo 5 lan
(5-fold cross validation) dé danh gia dd chinh xac
cua cac giai thuat phan l6p. P9 chinh xac
(Accuracy) duogc tinh theo cong thurc:
2 _ TP+ TN

Ceuracy = TP Y FP+ TN + FN
Vi

TP: s6 hanh vi dugc phan loai 16p hanh vi

FP: s6 hanh vi khong phai hanh vi dwoc phén
loai vao 16p hanh vi

FN: s6 hanh vi dwoc phan loai vao 16p khong
phai hanh vi

TN: s hanh vi khéng phai hanh vi dwoc phan
vao 16p khong phai hanh vi

Két qua trung binh cong cua 5 fold duoc trinh
bay trong Bang 4.

Bing 4: Két qua thue nghiém

A PQ CHINH XAC (%)

Tap cac - - .

dic trung _ SVM Kling Rimg ngau
(nhan RBF)  giéng nhién

X‘-{AZ (27 9490 92,83 96,94

chiéu)

V (9 chicu) 96,94 91,83 9538

X‘-{AZV (36 97,45 92,33 97,95

chiéu)

Cdc tham sé chinh (bang cdch thir sai, do tim trong
khodang nao do, tim gia tri tham so toi uu)

SVM (nhdn RBF): tap V chon ¢ = 1000,
Gamma vy = 10 hodc ¢ = 10000, y = 0.01; XYZ va
XYZYV cung chon c =100,y =0.01.

K ling giéng: tap V chon k = 5; XYZ chon k =
12 va XYZV chon k = 11; d = Euclidean va c6
trong so.

_ Rirng ngdu nhién: S6 cay = 300; s6 thudc tinh
de tinh toan phan hoach = sqrt(so dac trung);
duong phan hoach = entropy.

Céc két qua thuc nghiém & Bang 4 cho thiy mo
hinh nhén dang hanh vi cia con Bo dua trén di
lidu gia toc duoc trich dic trung trong mién thoi
gian va mién tan sd, két hop véi rimg ngiu nhién
cho d6 chinh xac cao va dang tin cdy.

4 KET LUAN

Bai bédo dd dé& xuit mot md hinh nhan dang
hanh vi cua bo bao gém: di, dimg, an (gdm co) va
nam s dung mot thiét bi do gia tbc va mo hinh
may hoc rimg ngau nhién. M6 hinh dugc kiém thir
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trén mot tap dir litu gdm 1.562 méu voi do
chinh xac kiém thir cao nhit v6i 97,95%. Két qua
nay t6t hon 2 giai thuat may hoc véc-to hd trg va k-
lang giéng trén cung tap dir lidu. V4i d6 chinh
xac nay thi viéc ap dung mo hinh nay vao cac tng
dung nhan dang hanh vi cta bo la hoan toan kha
thi.

Trong tuong lai, chiing t6i tiép tuc nghién ctru
cai thién d¢ chinh xac phan lop, tang cuong dac
trung c6 loi cho cho mé hinh phén 16p thong qua
hoc dic trung ty dong, thong qua ¥ kién chuyén gia
va danh gia cu thé bo loc tin hiéu phu hop. Ngoai
ra, chung t6i ciing s& tiép can tang sb loai hanh vi
hon ¢6 thé nhan dang va thir nghiém trén dir liéu
16n, di dén viéc phat trién ung dung nhan dang
hanh vi cua bo.
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