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TOM TAT

Hanh vi phan dnh tinh trang sirc khoé dong vit, phan tich dir liéu hanh vi cé thé hé tro phat
hién sém mot sé bénh ciia vt nudi. Theo dbi sirc khoé ciia bo thong qua viéc giam sat hanh vi la
cong cu hé tro dac luc cho trang trai I6n, gitip ndng cao hiéu hiéu qua chan nudi. Dir lidu gia
toc la mot trong nhitng gidi phdp hitu hiéu cho hé thong phéan loai hanh vi ciia bo sir dung gia
téc ké gcfn trén vat nuoi. Chung toi da dé xudt cac bé dic trung, cika s6 dir liéu va sir dung thudt
todn Rirng ngdu nhién nham phdn logi bon hanh vi co ban ciia bo, bao gom: dan, nam, diing va
di. Trong bdi bdo nay, nham muc dich ndng cao hiéu sudt cia hé thong phdn logi, ching t6i
khao sdat mét sé tham s6 quan trong cua thudt toan Rirng ngc?u nhién trén bé dir liéu thuc nghiém
dé tim ra bo tham sé t6i wu. Két qua cho thdy véi gid tri ciia bé tham sé: sé heong cdy = 25 va
do sau = 15 cho hiéu sucftphdn logi t6t v&i do chinh xdc la 95,9%.

Tir khoa: Phan loai; Giam sat; Cam bién gia téc; Hanh vi; Bo; Random forest.
1. MO PAU

béi véi nganh chan nudi bo dé cho chét luong va san lugng sira tdt thi viéc dam bao strc khoé
cho bo 14 rat quan trong [1]. Nhidu nghién ciru di chi ra, théng qua viéc giam sat hanh vi bo giup
theo doi stic khoé ctia chiing mét cach hiru ich [2-4]. Thong qua dir li¢u hoat dong va hanh vi dn
¢ bo giup du doan mot s6 bénh [5-7]. Nhitng bénh nay tac dong truc tiép dén hanh vi ctia bo, lam
giam hoat dong va din dén biéng an [8-9].

Dbi voi chin nudi thim canh thi viée theo dbi thu cong rat ton kém chi phi va nhén luc, day 1a
mét thach thirc 16n cho cac nha quan ly [10]. Giai phap st dung cac thudt toan hoc may [11] dwa
trén dir liéu thu duogc tir cic cam bién gan trén chan va c¢d bo gitip phan loai cac hanh vi cta
ching. Cam bién gia tc c6 chi phi ré, lap dat gon nhe, phit hop vai viée thu thap dir liéu [12].

Trong nghién ctru trude [13], chung t6i dd d& xudt cac bo dic trung, ctra sd dit liéu cho thuat
toan Random Forest (RF) gitip phan loai bdn hanh vi quan trong ciia bo bao gdm: an, nim, di va
dung [14]. Nghién ciru ndy c6 muc dich kiém chiing va tim ra bo tham sb t6t nhat cta thuat toan
RF dbi vé6i bo dit liéu thyc nghiém ciia ching t6i, diéu nay gitp nang cao chét lugng hé thong
giam sat, phan loai hanh vi cia bo. Két qua ciia nghién ctru dugc thao luan va so sanh voi Wang
va cong su [15].

2. PHUONG PHAP

2.1. Téng quan cic thanh phin

Mo hinh téng quan hé théng giam sat hanh vi ciia bo bang thuat toan Ring ngiu nhién thé
hién & hinh 1.

Xem hinh 1, & ph?ln (1) tit ca con bo cla trang trai déu duoc d@o hai thiét bi 1a gia tdc bac tu
do 3DoF (Degrees of Freedom) gan ¢ c6 va chan bo dé do chuyén dong quay xung quanh céc
tryc toa d6: truc X, truc Y, truc Z. B¢ ¢6 hiéu qua hon trong phan loai thi hai thiét bi 3DoF phai
duoc dong bd hoa dir li€u vai nhau.
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Hinh 1. So d6 tong quan cdc thanh phan chinh.

Cac dur ljéu tur hgi gia tdc 3DoF duoc gén O cac con bo sira trong t{ang trai thu duoc s€ duoc
guri sang phan (2) dé cac dir liéu nay dugc dua vao mo hinh hoc may dé xac dinh cac hanh vi cta
bo sita. Sau do, cac két qua phén loai hanh vi cua bo tai phan (2) s& gtii 1én phan (3) dé sao luu,
I trit dit liéu cua toan bo két qua phan loai thu dugc vao co sé dir lidu. Pé kiém tra két qua
phén loai tmg con bo, chu trang trai s& str dung céc ghlet bj dau gu01 nhu laptop, tablet, may tinh
de€ ban d¢ theo déi hanh vi ciia cac con bo ¢ trong phan (4) va phan (5).

2.2. Thiét bi thu thap dit li¢u gia téc ba truc
2.2.1. So d6 khoi thiét bi gia toc ké gan ¢ chdn va cé bd

Dé c6 cai nhin tong quan hon vé so d6 khdi cta thiét bi ching t6i dang sir dung dé deo cho bo
dugc mo ta trong hinh 2.

Trén hinh 2, phia trén (A) 14 so d0 thiét bi dugc gin & chan bo dé do chuyén dong dé do chuyén
dong xung quanh cac truc X,Y,Z. Thi€t bi nay gdbm ¢6 cac thanh phén sau: Cam bién MPU-6050 la
loai 3DoF, Nhan vi xt 1y Atmqga,328, Modul truyén thong RF24LO], modul ¢6 tan s6 2.4 GHz,
Pin Lithium 3.7 V-4500 mAh dé cap ngudn néng lugng dién de thi€t bi hoat dong. Phia dudi (B) la
so do thi€t bi gan ¢ ¢0 bo dung d¢ do cac chuyén dong tai phan c6 cua bo. Nhirng thanh phéan cua
loai thiét bi deo & cd cua bo gdbm: Cam bién gia toc k¢ MPU-6050 1a loai 3DoF, nhan vi xur b’f
Atmega 328, modul truyén thong RF24L.01, modul LoRa, pin Lithium 3.7 V — 4500 mAh cung cap
nguon dién, cudi cung la modul LoRa s& tao thanh mdt mang cam bién khong day.
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Hinh 2. So do khoi thiét bi do chuyén déng gin ¢ chan va cé bo.
2.2.2. Pong bj dix liéu hai cam bién gia toc gan trén chdn va co

Diém méu chét cta nghién ctru 1 dong bd hoa dir liéu giira hai thiét bi (A) va (B) (hinh 2).
B xtr ly s€ thuc hién nhitng viéc sau:

+ Lay s mﬁg gia toc chan bo nhan dugc trong mot gidy goi la N, N<=10, tinh trung binh
cOng gia tri gia toc cua N mau thu dugc trén moi truc X, Y, Z.

+ Ly s6 mﬁq gia toc nhin dugc tir cd bo trong mét gidy goi 1a M, M<=10, tinh trung binh
cOng gia tri gia toc cua M mau thu duoc trén moi truc X, Y, Z.

+ Néu cac mau chi thu duoc dit liéu & chan hodc ¢ ¢b do duong truyén ‘thi cac méq nay s€ bi
loai bo. Chung t61 luu cdc gia tri trung binh ma thong tin thoi gian (tinh bang gidy) ton tai 6 ca
chén va co

O b6 vi diéu khién, dir liéu gia tég c¢d va chan duqc déng bd hoa theo don vi la gidy va dugc
dong goi thanh mot siéu khung bao gom cac thanh phan sau:

+ Ma dinh danh (ID) ctia bo

+ Thoi gian tinh bang gidy

+ Phan trdm pin con lai trong thiét bi ¢4 va chan

+ Gia tdc ba truc X, Y, Z do & chan bo.

+ Gia tbc ba truc X, Y, Z do & ¢6 con bo.

Dir lidu déng goi duge giri dén nit trung tim thong qua mo-dun giao tiép LoRa. Ching t61 da
st dung md-dun LoRa tir Al-Thinker. Con chip RA-02 ¢6 161 SX1278 cua SEMTech c6 tan so
hoat dong 433 MHz va khoéng cach giao tiep 10 km.

Chting t6i tién hanh thir nhiém trén 5 con bo. D¢ danh gia sy thich nghi cua con bo khi deo
thi€t bi, nhitng con bo dugc chia thanh hai nhém. Cac cam bién dugc gan vao bo cia nhom dau
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tién (bao gdbm ID1 va ID4) hai tudn trudc khi thr nghiém, va cho bo ctia nhom con lai (bao gdm
ID2, ID3 va ID5) vao ngay thtr nghiém.

20 mau/gidy 1a tde ~dcf) 1§}{ mau cua tin hiéu tho; ching t6i lay trung ’binh & mot mau/gidy dé
luu trit tin hi¢u lay mau xudng. Khong c6 han ché hodc anh huong dén cac hoat ddng cuia bo
dugc cong nhén trong qua trinh thir nghiém.

2.3. Phén loai hanh vi ciia bo sir dung thuét toan Random Forest
2.3.1. Mo hinh thudt todn

Hinh 3. M6 hinh thudt toan phdn logi hanh vi ciia bo.

Hinh 3 mé ta mo6 hinh thudt toan phan loai hanh vi ctia bo dugc sir dung trong nghién ctru
nay. Mo dau 1a “Dit liéu gia toc ké gin & chin va cd bo (d3 duoc ddng bd hoa)” véi “Chuin hoa
dit liéu theo do dai cua s6 window_size = 16”. “Trich xuét cac dic trung” dé tinh toan cho céc
ban ghi gdm cac: gia tri hiéu dung (RMS), d6 1éch chudn (SD) va gia tri trung binh dugc (mean).
“Céc nhan hanh vi” gdm bdn 16p: an, nam, dung, di.

Dit liéu sﬁr‘ dung cho thuat toan RF s& dugc chia thanh dir liéu dao tao 60% (train data) dya
trén dir liéu de xuat, dir liéu thir nghiém 40% (test data) dua trén mo hinh phan loai. Cac di liéu
cua két qua vé hanh vi ctia bo dugc danh gia tir quan sat tai hién truong.

2.3.2. Cac hanh vi dwoc phan logi

Nhom nghién ctru cua chiing tdi tap trung vao b6n hanh vi phan loai chinh gom: An - Bo dang
an (nhai/can va lay thc an dung miéng), Nam - Bo dang ¢ tu thé nam nghi ngoi, Ding - Bo
dang dung trén tat ca 4 chan, Pi - Bo dang budc trong vong 1 giay.

2.3.3. Trich chon dac trung

Pay 1a budc quan trong nhit trong mo hinh phan loai giup huan luyén mé hinh tét hon, cac
dac trung duoc trich chon dugc mo ta nhu sau:

m(X;) = Il @
)

@)

Céc cong thirc & trén la cua truc X, voi X~Ié dir liéu cta truc X; X j1a ban ghi j; N 13 s6 luong
mau ciia mot ban ghi (d9 dai ctra s0); Xila mau i ctia ban ghi Xj; m(X;) 1a trung binh cua X;j; o (X;)
la d6 1éch chuan cua Xj; RMSy; 1a gia tri hiéu dung cua X;. Cac cong thire (1),(2),(3) danh cho truc
X; cac truc khac c6 cong thirc tuong tu nhu truc X.

2.3.4. Danh gid phan loai
Cong thirc dé tinh d6 chinh xac trong phan loai nhur sau:
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TP+TN
TP+FP+TN+FN (4)

Duong tinh thét (True Positive - TP) 1a cac gia tri du doan khép voi gid tri thuc té, gid tri thuc
té 1a hanh vi nao d6 va mé hinh du doan dung hinh vi d6. Am tinh that (True Negative - TN) la
gia tri du doan khép véi gia tri thue té, gia tri thuc té 1a khong phai hanh vi nao d6 va mo hinh
du doan dang khong phai hanh vi d6. Duong tinh gia (False Positive - FP) - 1a gia tri du doan da
duoc du doan sai, gia tri thuc té 1a khong phai hanh vi ndo d6 nhung mé hinh du doan doé 1a hanh
vi d6. Am tinh gia (False Negative - FN) - 1a gia tri du doan da dugc du doan sai, gia tri thyuc té
1a hanh vi nao d6 nhung mo6 hinh dy doan khong phai hanh vi d6.
2.3.5. Khdo sdt cdc tham sé ciia RF

Chung t6i lwa chon thuét toan Ring ngiu nhién v6i uu diém tranh duge van dé overfitting va
thue hién tot ngay ca khi dit liéu bi thiéu (trong qua trinh thu thap dit liéu hodc truyén di liéu, dit
lidu c6 thé bj mét). Tuy nhién vi n6 dya trén két qua du doan cua cac ciy quyét dinh con nén mdi
lan thyc hién phan loai hanh vi s& tén thoi gian hon, diéu nay cling 12 van d& han ché khi trién
khai trén vi mach.

Accuracy =

Trong nghién ctru nay hai tham sé chinh dé khao sat cta thut toan Rimg ngau nhién gom: sd
lugng cay (n_estimators) va do sau (max_depth). Véi so lugng cay chung toi khao sat cac gia tri
trong khodng tir 10 dén 100 cay. Doi véi do sau chiing toi khao sat cac gia tri tir 3 dén 50.

3. KET QUA VA THAO LUAN

Nhu di trinh bay trong phan 2.2.5, nghién ctru nay khao sat gia tri ciia tham s6 s6 lugng cay
va d6 sau nao la phu hop nhat cho mé hinh phan loai do chung t6i d¢ xuat. Vi moi gia tri clia
hai tham s0 trong qua trinh huan luyén sé cho ra cac mo hinh tuong ung, tiéu chi d chinh xac
duoc str dung d€ danh gia cac mo hinh nay, tir 46 giup lya chon dugc céc gia tri tham s6 phu hop
nhat. B chinh xac thé hién trong két qua la d¢ chinh xac binh quén cua viéc phan loai 4 hanh vi
gom: an, ding, di, nam.

A. Két qua khao sat s6 lugng ciy
Biéu db khao sat két qua s6 lvong ciy trong rirng
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Hinh 4. Két qua khao sat gid tri so lwong cdy trong RF.

Biéu d6 duong thé hién két qua trén hinh 4, cho thay véi gia tri s6 lwong cdy n_estimators = 25
cho d6 chinh xdc tot hon cac gia tri tir 10 dén 20 va tuong dwong vdi cdc gia tri cdy 16n hon 40
(déu 1a 0.96). Vi gia tri sO lugng cay cang 16n thi d6 phuc tap tinh toan ciia mo hinh cao hon. Do
d6, ching t61 xac dinh duoc véi so lugng cay n_estimators = 25 1a pht hop nhat véi mo hinh.
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B. Két qua khao sat dj siu
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Hinh 5. Két qua khdo sdt gia tri d¢ sau trong RF.

T hinh 5, voi cdc gia tri d6 sdu cua cdy tir max_depth =3 gién max_depth = 5 cho ké} qua
phan loai thap hon dudi 0.95. Cac gia tri o séu trr 15 tro 1én deu cho ket qua phén loai tot voi
gia tri déu dat trén 0.95. Trong d6 voi gia tri d sdu max_depth = 35 va max_depth = 45 cho két
qua tot nhat déu la 0.961. Vi gia tri max_depth = 15, d6 chinh xac ciia mo hinh dat két qua 1a
gan 0.958, day 1a gia tri tham s6 pht hop v6i md hinh. Vi gia tri d§ séu 1a 15 nho hon s€ mang
lai lgi ich gip mo hinh tinh toan nhanh hon, dd phtic tap thap hon ma van dam bao dugc do
chinh xac trong mo hinh phan loai. So sanh cong trinh lién quan.

C. Théo luin
Bdng 1. So sénh cong trinh lién quan.

A PR 2 1A 1A .z A Do
Nghién ciea | Wanhvi | Congmshési | Tyleldy | Cisi | Thudt | oo,
dung mdu dir liéu toan AC
dung, nam, ) o
\Wana va cac an, di by, ket hop gia toc ke
con gsu[15] nam xudng, gan trén chén va 1Hz 6 gidy | AdaBoost | 86%
one St ding 1én, di cam bién vi tri
bo tich cuc
két hop gia toc ke
f A dikng, nam, | gdn trén cé do va L Random 0
Chang 01| = “iibs | gia téc ké gonwren | 2017 | 109 | "ppog | 9%
chan

Wang va cong su [15] dé xuat mot phuong phép dua trén viéc két hop cam bién gia toc va vi
tri gén trén chan va thuat toan AdaBoost dé phan loai bay hanh vi ctia bd. Trong thi nghiém cua
ho, tbc do 14y mau 12 1 Hz, thoi lugng cta s6 1a 6 gidy. Trong d6 co bbn hanh vi nhu nghién ctru
cua ching t61: an, nam, dimg, di. P9 chinh xac cta hé thong dugc dé xuat trong nghién ciru nay
t6t hon cia Wang va cong su [15] (0,95 so voi 0,86). Dé phan biét giira cho an va ding, két qua
phan loai va vi tri cua bd dd dwoc phan tich. Két qua hanh vi an cia Wang va cong su [15] do
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chinh xé4c 0,75, két qua ding 1a do chinh xac 0,75. Nhing két qua nay thip hon truong hop xau
nhit ciia chung toi. N6 chimg minh rang giai phap két hop cam bién chan va cam bién c6 cua
chung t6i hoat dong t6t hon so vai giai phap cam bién chan va cam bién vi tri cia Wang va cong

u [15]. Hon nira, giai phap cua Wang va cong su [15] chi phu hop v6i bo nu6i ¢ chudng vi vi tri
cho an da ¢b dinh. Trong trudng hop nay, su nham 1an c6 thé xuit hién néu bo dang dimg & vj tri
cho dn ¢b dinh.

4. KET LUAN

Nhim muyc dich nang cao hiéu sut cua hé thong phan loai hanh vi bo tir dir liéu gia tbe dong
bd thu dugc tir gia toc ké gin trén chan va cd, chung t6i dé xuét sir dung thuat toan Riung ngau
nhién/Random Forest v&i b déc trung gia tri trung binh, d 1éch chuén, gia tri hiéu dung va lua
chon gia tri t6i wu cho hai tham sd: n_estimators = 25 (s6 lucng cdy) va max_depth = 15 (d0 sau
cdy) gitp md hinh dat d¢ chinh xéc 0.96. Diéu nay gitp cai tién hiéu sudt phan loai tot hon, phu
hop trién khai trén vi mach phan ctmg. Trong twong lai, chuing 61 tiép tuc nghién ciru cac van dé
anh huong toi két qua phan loai cia mo hinh, vi du nhu van dé cam bién bi deo 1éch dé giup cai
tién tot mo hinh hon nita va trién khai mé hinh phén loai duoc nhiéu hanh vi hon.

Loi cam on: Nghién ciru nay duwoc tai tro boi Quy Phat trién khoa hoc va céng nghé Quoc gia
(NAFOSTED) trong dé tai ma sé: 02/2022/TN. Tran Pirc Nghia dwoc tai tro boi Chwong trinh hoc béng
sau tién s7 trong nwée ciia Qui Déi mdi sang tao Vingroup (VINIF), ma s6 VINIF.2022.STS.38.
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ABSTRACT
Cow behavior classification: The optimal set of parameters for the random Forest algorithm

Accelerometer data are key in animal behavior classification systems using pet-
mounted accelerometers. Behavioral data reflecting the health status, early detection of
some diseases of cows, monitoring the health of cows through behavior are effective
support tools for ranchers to help improve performance and save money cost. In the
previous study, we proposed feature sets, data windows and used a random forest
algorithm to classify four important cow behaviors, including: eating, lying, standing and
walking. In this study, in order to improve the performance of the classification system, we
propose to use suitable values for the important parameter set of the random forest
algorithm on the experimental data set. The experimental results show that with the value
of the parameter set: number of trees = 25 and depth = 15, the classification performance
is good with an accuracy of 95,9%.

Keywords: Classification; Monitoring; Accelerometer; Behavior; Cow; Random forest.
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