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Tém tit: Theo xu huwéng chung vé viéc img dung cong ngh¢ cao vao thuc tlen chan
nuoi bo cong nghé cao dang dirgc ddu tw phat trién manh mé trén quy mé toan cau. Viéc
theo déi va chan dodn cdc biéu hién bat thuong va bénh tat cua dan bo co thé dwoc thuc
hién qua viéc gan cdc cam bién gia toc vao ching dé thu thdp dir liéu, danh gid hanh vi.
Chiing t6i dd dé xudt mot hé thong nhdn dang hanh vi bang cdach sir dung may hoc, véi cot
16i la sir dung di¥ liéu dwoc dong bé héa tir hai cam bién gia toc ba truc gd'n & chan va cé
bo. Nghién ciru nay kiém thir viéc sir dung cdc do dai cira so dit li¢u chong lap (twong ung
vOi sO mau trong mot ban ghi) thi hiéu sudt ciia viéc phan logi hanh vi thay doi thé ndo, tir
dé tim ra cira sé dir liéu tot nhat. Viéc tinh todn va khdo sat duwoc kiém chung trén bo dir
liéu thuc nghiém voi doi tuong thi nghiém la bo.

Tir khéa: Phan loai; Gidm sat; Cam bién; Gia tdc; Hanh vi; Bo.
1. MO PAU

Trong linh vuc chin nudi, viéc quan 1y chin tha dbi voi bo c6 nhiéu loi ich kinh té va loi ich
x hoi [1]. Trude day, chian nudi bo rat phd bién véi cac ho gia dinh va trang trai trén toan thé
gidi. Pbi voi chan nudi quy md nho, kinh nghiém ctia ngudi chin nudi c6 thé d& dang theo di
sttc khoe va tinh trang khac cua vat nudi. D6i v6i chin nudi tham canh, rat khé ap dung bién
phap giam sat thi cong. Giam sat hoat dong hanh vi 1a mot cach tiép can hitu ich cho viéc quan
1y bo noéi chung, rd rang 14 ciing ding cho viéc quan 1y bo chan tha. Phén tich nhimg thay do6i
hanh vi cia dong vt c6 thé cai thién viéc ra quyét dinh lién quan dén strc khoe gia suc, do d6 cai
thién quan ly trang trai [1-5].

Cam bién gia toc phu hop voi viée thu thap dit liéu [1, 6, 7], tir d6 danh gia hanh vi bo. Tuy nhién,
cho dén nay, hau hét cac nghién ctru lién quan dén giam sat bo n co chu yéu chi quan tam dén thoi
gian chan tha va lugng c6 an vao [1]. Viéc thu thép va xac minh dir liéu rat kho khan dbi voi bo chin
tha, didu d6 dan dén thiéu cac nghién ctru vé giam sat cac thay doi trong hoat dong hanh vi [1].

Trong nghién ctru trude [1], ching t6i di dé xuit mot hé thdng dwa trén nén tang IoT co thé
phan loai bon hanh vi quan trong cua bo bao gém: di bo, an, ndm va ding. Bai bao nay c6 muc
dich kiém chimg va tim ra cira s6 dit liéu tot nhét khi sir dung bai toan hoc rnay Random Forest
dbi voi bo dit lidu thuc nghiém cua ching toi, dé gop phan cai tlen hé théng giam sat hanh vi bo
sir dung két hop hai cam bién gia toc gin & chan va cb di dé xuét.

2. PHUONG PHAP
2.1. Thiét bi thu dir liéu gia téc 3 truc
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Hinh 1. M6 hinh mang cam bién khéng day.
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Trong nghién ctru ndy st dung hé giam sat hanh vi bo thong qua mé hinh mang cam bién
khong day, moi nut mang s¢ 1a su két hop clia hai thiét bi giam sat gan trén ¢ bo va chan bo, hai
thiét bi duoc két ndi khong day véi nhau va duge phat trién dya trén cam bién gia tde 3 truc gilup
viéc xéc dinh trang thai dugc chinh xac hon (hinh 1). Nut trung tim dugc két ndi v6i may tinh va
dit lidu duoc dua vé may tinh. May tinh Iuu di li€u thanh cac ban ghi phuc vu cho viéc luu trit,
xir 1y va dua ra phén tich vé hanh vi ciia bo.

Thiét bi gin chan bo dugc thiét ké

2.1.1. So do khéi thiét bi do chuyén ddng gan vao chdn bo
dé do chuyén dong tai chan bo. Hinh
2 1a so d0 khoi cua thiét bi do chuyén

MPU-6050
dong & chan. Thanh phan cua mot

thiét bi do gan chan gdm co6: Nhan vi
xur ly Atmega328 dé xur ly dir liéu thu

RF24L01328 2.4GHz

Pin Lithium 3.7V- 4000mAh ’

dugce va tao luong gruyén dir liéu, cam H

bién MPU-6050 d€ do gia toc 3 truc,

modul truyén théng RF24LO01 giup { Modul TP4056 ’

truyén thong va giao tiép voi thiét b — - ,

trén ¢, modul hoat dong tai tan sb Hinh 2. So do khoi thiét bi do chuyén déng o chan.

2.4QHZ, va thiét bi duge cung cép baoi
nguon pin 3.7V-4000mAh.

2.1.2. So do khoi thiét bi do chuyén déng gan vao c6 bo
Thiét bi trén c6 duoc thiét ké nham

muc dich phat hién cac chuyén dong

tai ¢6 bo. Hinh 3 1a so dd khdi cua

thiét bi nay, bao gdm: nhan vi xu ly

Atmega328 gitp nhan dir li€u, x 1y

dir liéu va diéu phdi ludng dir lidu; T_[RF24L01328 Pin Lithium
cam bién gia tbc MPU-6050 gilp

nhén dit liéu vé gia tdc 3 truc, modul

truyén thong RF24L01 giap hai thi,ét
bi trén co6 va ¢ chan co6 thé giao tiép

va nhan di licu cua nhau; modul Lora Hinh 3. So @3 khdi thiét bi do & cd.

dong vai tro 1a thiét bi cuoi, cung vdi

Modul Lora mit trung tdm tao thanh mdt mang cam bién khong day. Pin 3.7 V — 4000 mAh s€
cung cip ngudn cho thiét b trén cb.

Modul GPS

433MHz

LoRa p

2.2. Phén loai hanh vi bo str dung thuit toin Random Forest
2.2.1. M6 hinh thudt toan

Hinh 4 m6 t4 md hinh phén loai hanh vi bo chung t6i dé xuat. Dit liéu gia toc chan va ¢6 (da
duoc dong bo lléa) duqc‘ chuan hoa véi dff) dai ctra s0 ¢0 diph: bép ghi thtr i chua dit liéu gia toc
10 gidy (10 mau), bao gom dir liéu gia toc t gidy cudi (t mau cudi, trong nghién ctru nay t duge
khao sat cac gia tri tir 1 dén 5) cua ban ghi thur (i-1). Gid tri hiéu dung (RMS), d6 1éch chuén
(SD) va gia tri trung binh dugc tinh toan cho tat ca cac ban ghi dudi dang cac dac trung dir liéu.
Dir liéu duoc gan nhan dya trén nhiing quan sat thyc t€ vé hanh vi ciia bo. C6 bon hanh vi (bon
16p): di, an, nam va dung.

M3 hinh phén loai dugc huén luyén bang dit liéu dao tao (training data) da gén nhan dua trén
cac ddc trung d€ xuat. Sau do, dir liéu thur nghiém (test data) dugc gan nhan bang cach sir dung
mo hinh phan loai. Cac két qua phan loai nay dugc danh gia bang cach so sanh cac quan sat thuc
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té (cac hanh vi thuc - dit liéu dwoc gan nhén tir viéc quan sat).

Dit liéu gia téc chan Chuan héa dit liéu o _ Phin lop
PP N * A ogxs o 2| »  Trich xuat dic trung > str dung Random
va ¢ (da dong bg) theo d¢ dai cira 50
Forest
Quan sat hanh vi Nhin hanh vi

(ghi lai nhét ky
text/video)

Hinh 4. M6 hinh phdn loai hanh vi ciia bo.
2.2.2. Cac hanh vi dwoc phan logi

(in, ndm, dimg, di bo)

Dit liéu thuc nghiém tir mdt con bo dugce chiing t6i thu thap, trong nghién ctru nay chung toi
tap trung vao cac hanh vi co ban, dugc mo ta trong bang 1.
Bdng 1. Cdc hanh vi phdn logi.

Hanh vi Dinh nghia
An Bo 4n (nhai va liy thirc an ding miéng)
Nim B0 ¢ tu thé nim nghi ngoi.
Ping Bo dung trén tat ca 4 chan.
bi B0 budc trong vong 1 gidy (it nhat 3 cir dong chén lién tiép).

2.2.3. Trich chon dac trung
Trich chon dic trung 1a budc quan trong anh hué’ng 16n dén hiéu qua phéan loai. Véi cac dac
trung tot, thudt toan hoc may sé ‘hoc’ dpqc mo hinh’ tot ¢6 kha nang phan loai chinh xac. Ching
toi dé xuat mot bo dac trung hiéu qua de phén loai bon hanh vi cua bo nhu sau:
1

m(xj):WZi:lXi (1)
1 K ) (2)

o(X;)= \/WZi:l(Xi —m)

’1 N2 (3)
RMSX,— = WZi:lXi

trong d6, X 1a dit lidu cua truc X; X 1a ban ghij; N 1a s6 lugng miu cia mot ban ghi (kich
thudc cira sd); X; 14 miu i cia ban ghi X;; m(Xj) 1a trung binh cua Xj; o (X)) 1a d§ léch chuin
cua Xj; RMSy; l1a gia tri hiéu dung cua X;. Luu y rang, tit ca cac cong thirc (1 — 3) danh cho truc
X; cong thtrc cho truc Y, truc Z tuong tu.

2.2.4. Banh gia viéc phdn logi
TP 1a két qua phan loai la duong tinh that, khi két qua phat hi¢n hanh vi va hanh vi d6 xuat
hién. TN 12‘1 két qua phénrloai la am tinh that, khi két qua khong phét hién hanh vi va hanh vi do
khong xuat hién. FP la két qua phan loai la duong tinh gia, khi két qua phat hién hanh vi va hanh
vi d6 khong xuat hién. FN 1a két qua phén loai 1a am tinh gia, khi két qua khong phat hién hanh
vi va hanh vi d6 xuat hi¢n. Acc la do chinh xac:
cc— TP+ TN 4)
TP+FP+FN+ TN
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3. KET QUA VA THAO LUAN

Nhu da trinh bay trong phan phuong phép, nghién ciru nay khao sat gia tri 1ap (t) nao 1a tbt
nhat cho mé hinh phén loai ma chung t6i dé xuat. Cira s6 dir liéu duoc lya chon c6 gia tri khong
d6i 1a 10 gidy da duoc cac tac gia bai bao [3] kiém chimg 13 phi hop véi bai toan phéan loai hanh
Vi bo. Sau qua trinh hudn luyén véi cac gia tri t khac nhau, cic mo hinh tuong tmg dwoc danh gia
theo tiéu chi d6 chinh xac, két qua thé hién trong hinh 5. B¢ chinh xac thé hién trong hinh 1a d6
chinh xéc binh quan cta viéc phéan loai 4 hanh vi gdm: di, dn, nim va dung.

0.99

0.98

D6 chinh xac

Hinh 5. Khdo sat dé chinh xdc phadn loai khi sie dung cira s6 dir liéu 10 gidy
Véi cde gid tri lap (1) khdc nhau cho diF liéu cam bién gia toc chan va co,
stk dwng mé hinh phan logi chiing téi dé xuat.

Viéc sir dung cira so ldp giup gia tang s lidu dit liéu quan sat c¢6 thé sir dung dé huén luyén.
Két qua cho thay, du véi gia tri ldp nao thi do chinh xac ctia md hinh d& xuit cho viéc phan loai
bdn hanh vi cling rat tot véi gia tri déu dat trén 0.96. Trong d0, véi gia tri 1ap t=1s thi 6 chinh
xéc dat dugce 1a cao nhat. Két qua nay tét hon [3] va phu hop véi ky vong khi ma mé hinh dé
Xudt da dugc kiém chtng 14 hoat dong rat tot [1]. Khac véi nghién clru trude do ciia nhom, chung
t6i tién hanh khao sat sir dung ctra s6 dir liéu v6i d6 dai ngan hon (10 gidy thay vi 16 gidy) va
khong cb dinh gia tri lap (bién thién tu 1 gidy dén 7 gidy). Voi viée ctra s dit lidu ngdn hon, loi
ich mang lai la c6 thé quan sat dugc sb luong hanh vi nhiéu hon, han ché viéc ¢6 hon mdt hanh
vi trong khoang thoi gian quan sat (mot ban ghi dir liéu). Vi du trong 16 gidy c6 thé c6 10 gidy
con bod dung, r6i ¢6 6 gidy con bo di, dan t6i sai sot trong viéc phén loai hanh vi trong thyc te.
Véi két qua tich cuc nay, ket hop véi cac tién bd vé viéc xay dung mang wsn (wireless sensor
network) [8-10], chung ti tién tdi xdy dung mot hé théng dya trén nén IoT nhdm gidm sat hanh
vi bo trong tuong lai.

4. KET LUAN

bong gép quan trong cua hé thong dugc de Xudt cta ching t61 la két hop cac thanh phan chi
phi thap nhu may do gia toc gan & chan va gan trén c6 dé dat dugc hidu suat tuyét voi cho viée
phan loai cac hanh vi cta bo. Tir dit lidu gia toc cua ching t6i, khi ching t6i ap dung thuat toan
Random Forest vdi cac dic trung la trung binh, d léch chuén va gia tri hi€u dung: hi¢u sudt
trong trudng hop tét nhat 1a do chinh xac 0.9854 khi sir dung cira s6 dir liéu 14 10 gidy véi 1 gidy
lap. Pidu nay mang lai su cai tién dang ké so voi cac hé thong khac. Hé théng cua ching toi 1a
mdt hé théng dua trén nén IoT nham giam sat va phan loai cac hanh vi ctia bo v6i hidu suét cao.
Trong twong lai, chung t6i s& thiét ké va trién khai hé théng dua trén IoT nay v6i nhiéu hanh vi
dugc giam sat hon.

Loéi cam on: Quy Poi méi sang tao Vingroup (VinlF, VINBIGDATA) da hé tro Tran Pirc Nghia, mé s
hoc bong VINIF.2021.8STS.21. Vién Han lam Khoa hoc va Cong nghé Viét Nam (VAST) da tai tro cho dé
tai DPLTE00.02/20-21.

16 T.D. Nghia, ..., P. C. P. Khanh, “Phén logi hanh vi ciia dpng vit ... dp dai cira so chong lip.”



Nghién ciru khoa hoc cong nghé

[1].

2.

(3.
[4].

(5]

[6].
[7].

[8].
[9].
[10].

TAI LIEU THAM KHAO

D. N. Tran, T. N. Nguyen, P. C. P. Khanh and D. T. Tran, "An loT-based Design Using
Accelerometers in Animal Behavior Recognition Systems" in IEEE Sensors Journal, (2021), doi:
10.1109/JSEN.2021.3051194.

C. P. K. Phung, D. T. Tran, V. T. Duong, H. T. Nguyen, D. N. Tran, "The new design of cows'
behavior classifier based on acceleration data and proposed feature set", Math. Biosci. Eng., Vol. 17
(2020), pp. 2760-2780.

P. Martiskainen, M. Jarvinen, "Cow behavior pattern recognition using a three-dimensional
accelerometer and support vector machines", Appl. Anim. Behav. Sci., Vol. 119 (2009), pp. 32-38.
C. P. K. Phung, T. K. Nguyen, D. C. Nguyen, D. N. Tran, D. T. Tran, “Classification of cow'’s
behaviors based on 3-DoF accelerations from cow’s movements™, Int. J. Electr. Comput. Eng., Vol. 9
(2019), pp. 1656-1662.

Q. T. Hoang, C. P. K. Phung, T. N. Bui, T. P. D. Chu, D. T. Tran, “Cow behavior monitoring using a
multidimensional acceleration sensor and multiclass SVM”, Int. J. Mach. Learn. Networked Collab.
Eng., Vol. 2 (2018), pp. 110-118.

V. T. Pham et al., “Highly accurate step counting at various walking states using low-cost inertial
measurement unit support indoor positioning system”, Sensors, Vol. 18 (2018), pp. 3186.

D. T. Tran. et al., “Optimum design considerations for a 3-DOF micro accelerometer using
nanoscale piezoresistors”, |IEEE International Conference on Nano/Micro Engineered and Molecular
Systems, (2008), pp. 770-773.

D. D. Do et al., “Wireless ad hoc network based on global positioning system for marine monitoring,
searching and rescuing (MSnR)”, In Asia-Pacific Microwave Conference 2011, (2011), pp. 1510-1513.
D. T. Tran, D. C. Nguyen, D. N. Tran, D. T. Ta, “Development of a rainfall-triggered landslide
system using wireless accelerometer network”, Int. J. Adv. Comput. Technol., Vol. 7 (2015), pp. 14.
D. C. Nguyen, D. T. Tran., D. N. Tran, “Application of compressed sensing in effective power
consumption of WSN for landslide scenario”, Asia Pacific Conference on Multimedia and
Broadcasting (2015), pp. 1-5.

ABSTRACT

CLASSIFYING THE ANIMAL BEHAVIOUR
USING MACHINE LEARNING ALGORITHMS: INVESTIGATING THE IMPACT
OF VARYING OVERLAP PERIOD OF THE WINDOW

According to the general trend of applying high technology in practice, high-tech cow

breeding is being invested and developed strongly on a global scale. Monitoring the
behavior of the cow can be done by using accelerometer sensors. We proposed a
behavioral recognition system using machine learning, with the core of using
synchronized data from two three-axis accelerometer sensors mounted in the legs and the
neck of a cow. This study aims to find out when varying the data window length
(corresponding to the number of samples in a record), how the performance of the
behavior classification changes, thereby finding the best window length of data. The
proposed method was verified on the experimental data set with a real cow.

Keywords: Classification; Monitoring; Sensor; Acceleration; Behavior; Cow.
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