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Tém tit: Phat hién bat thuong hanh vi lon trong cac
trang trai 1a mot hoat dong quan trong trong theo doi va
giam sat suc khoe lon. Theo cac nghién clru trude day, lon
¢6 van dé vé sirc khoe thudng cé cac biéu hién khac thuong
trong hanh vi. Viéc sém phat hién dugc cic bat thuong
trong hanh vi lon c6 thé gitp xac dinh sém tinh hinh sirc
khoe lon va c6 cac hoat ddng kham bénh va diéu tri som,
nham ngan chan tinh trang lay lan cua dich bénh. Trong
bai bao nay, chiing t6i dé xuat phuong phéap phat hién mot
s6 tinh hudng bét thuong trong hanh vi lon théng qua theo
do6i va nhan dién ty dong tir camera giam sat. Phuong phap
tiép can bao gdm cac budc phat hién, theo ddi, nhan dién
hanh vi, va danh gia tinh hudng bét thudng trong hanh vi.
Céc tinh hudng bat thudng trong hanh vi dugc phat hién
bao gém céc hanh vi nhu nam lau, bo an, hoic tang van
dong. Cac tinh hudng dugc phat hién theo cac khung thoi
gian hoat dong, gitip giam thoi gian theo ddi tinh hudng
ma van dam bao phat hién bit thudng véi do chinh xac
cao. Cac thyc nghiém cho thay viéc sir dung thoi gian theo
ddi 30 phiit vira dam bao giam thiéu 18i sai dinh danh khi
theo doi, trong khi van dam bao do chinh xac phat hién bét
thuong 1én t6i 93.8%.

Tir khoa: phat hién bét thuong hanh vi lon, hoc sau,
theo doi lon.

l. MO BPAU

Theo ddi lon la mot hoat dong cd vai tro quan trong
trong viéc phat hién cac van de ve stic khoe lon. Viéc theo
ddi lon tha cong c6 nhiéu Van dé nhu khong thé theo doi
lién tuc va kha nang két nbi thong tin g1am sat kém. bac
biét, trong bdi canh cac trang trai lon ngay cang duoc cong
nghi¢p hoa va gia tang ve so lugng, viéc theo doi thu cong
trén so lwong I6n 1a diéu bt kha thi. Viéc sir dung camera
giam sat theo cach thong thuong cling chi gitp tang kha
néng theo ddi tir Xa va xem lai hinh anh qua khu khi c6 nhu
cau. Mot phuong phap cho phep tu dong theo dbi va nhan
di¢n hanh vi lon tir camera giam sat s& gidp giai quyet cac
van dé trén. Dau tién, viéc theo ddi tu dong s& gidp qua
trinh theo d&i dugc thuc hién thuong xuyén va khéng bi
ngat quang. Hon nira, theo ddi tu dong ciing gitp ghi nhan
c4c biéu hién hanh vi cia cac cé thé lon trong mot khoang
thoi gian, gilp kha nang phat hi¢n bt thuong tot hon khi
két hop chudi hanh vi trong mot khoang thoi gian thay vi
chi xét trong mét thoi diém.
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Bai bao nay trinh bay phuong phap ty dong theo doi,
nhan dién, va phat hién bat thuong hanh vi lon tir camera
giam sat. Cac hanh vi nhan di¢n dugc co thé duoc luu trix
va két hop dé xem xét kha nang co6 sy bat thuong hanh vi
trong mot khoang thoi gian, tir d6 ¢6 cac du bao vé tinh
trang suc khoe logn. Cac thuc nghiém dugc thuc hién trén
tap di lieu video lon duoc thu thap tir trang trai thuc té véi
hon 15.000 anh duoc trich xuat tir video va gan nhan (tong
cong hon 240.000 nhan lgn). Cac video thu thap trong dleu
kién tu nhién cua trang trai nhung van cho két qua tiém
nang véi do chinh xéac nhan dién, theo doi, va phat hién bat
thuong trén 93%.

Bai bao c6 ciu trac nhu sau. Phan I trinh bay vé cac
nghién ctru lién quan trong linh vuc tu dong phét hién, theo
doi, va phat hién bat thuong hanh vi lon. Phan 111 mo ta
phuong phép. Phan IV trinh bay vé cac két qua va thao
luan. Cudi cuing, cac két luan s& dugc trinh bay trong phan
V cuta bai bao.

1. TONG QUAN

Tu dong theo ddi hanh vi lon la mét huorng nghién cau
d3 nhan duoc nhiéu quan tm trong cac nim gan day. Thoi
gian dau, cac nghién ctu dugc thuc hién dé theo dbi va
nhan dién hanh vi theo nhém lgn (group-level). Mac du
nhan dién hanh vi theo nhém lon da ching minh tac dung
trong canh bao sic khoe dan, nhung viéc theo ddi va nhan
dién hanh vi theo ca thé (|nd|V|duaI level) dem lai nhiéu wu
diém khi c thé danh gla dugc tinh trang cua ting ca thé va
c6 phuong dn diéu tri riéng khi can thiét [1]. Theo ddi téi
timg ca thé lamat tac vu kho khin hon, tuy nhién véi nhiing
cai tlen vé ky thuat phat hién va theo doi vat thé trong thoi
gian gan day, cac nghlen ctiu vé theo ddi va phat hién lon
hién tap trung chii yéu vao hudng thyc hién theo ca thé.

Theo doi Ign tu dong tir camera 1a huéng nghién ciru
dugc quan tam rong rai gan day, do gia thanh thyc hi¢n thap
va dé dang Iap dat, trién khai so véi cac phuong phap giam
st bang thiét bj deo (the tai, thiét bi deo chan lon). Mot sb
nghién ctu sir dung cac cam bién c6 chiéu sau nhu camera
3D dé do dac chiéu sau ddi tugng trong anh va phat hi¢n ra
hanh vi lon 1a dang dung hay nam [2-5]. Tuy nhién, viéc sir
dung cac thiét bi c6 kha niang do chidu sau nay lam gla
thanh tang 1én, dong thoi khong ap dung dé nhan dién cac
hanh vi da dang khac nhu an, uong, di, chay, v.v. Cac
nghién ctu gan day tap trung vao str dung ky thuat hoc séu
dé phat hién, theo dbi va nhan dién da dang céac hanh vi lon.
Dya trén kién trdc mang no ron tich chap (CNN —
Convolutional Neural Network), cac thuat toan phat hién
da d6i tuong da duoc phat trién va sir dung rong rai nhu
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Faster R-CNN [6], SSD [7], YOLO [8]. Cac thuét toan nay
c6 thé xac dinh vi tri va phan loai cac do6i tugng phét hién
dugc trong anh, nho d6 ¢o thé ap dung dé xac dinh vi tri va
phan loai tu thé lgn trong cac khung hinh video cua camera
gidm sat. Phuong phap nay ¢6 thé duoc ap dung trén cac
camera 2D thong thuong va co thé phét hién cac hanh vi da
dang nhu ding, ném, an, ubng, di lai, v.v. [4, 5, 9-14] hoic
phan biét gita hanh vi di chuyen hay dimng yén [1]. Céac
hanh vi tinh (khéng di chuyen) c6 thé duoc nhan dién trong
giai doan phét hién lon bang cach phan chia 16p dbi tuong
trong md h‘mh phat hién Ign thanh cac 16p con nhu lgn
dung, lon nam, lon an v.v. [1, 10, 11] hogc st dung mot mé
hinh phan loai doc lap bd sung dé phan loai sau khi d3 phat
hién ra dbi tuong lon [13]. Céc hanh vi dich chuyén nhu di
hodc chay c6 thé dugc nhéan di¢n trong qua trinh theo ddi
bang cach do khoang cach dich chuyén cia ca thé lon trong
cac khung hinh lién tiép tir video [1, 13]. Khi cac hanh vi
dugc nhan dién trong qué trinh theo d6i, su thay doi hoac
bat thuong trong hanh vi c6 thé dugc phét hién thong qua
phén tich thoi lwong caa cic hanh vi [10, 13] hoac théng
qua phan tich tong thoi gian danh cho cac hanh vi di chuyén
hoac diing yén va khoang cach dich chuyén [11].

Mot trong c4c van dé khoé khan ctia theo dbi lon tu dong
la cac 16i dinh danh gay ra khi ca thé lgn bi ddo hodc thay
d6i dinh danh trong qua trinh theo doi da d01 tugng. Mot s6
nghlen ctru trude ddy da cd gang cai tién van dé nay thong
qua cac phuong phap nhu b6 sung thém cac budc tai khép
dbi trong méi xuat hién va bi mat dau [15, 16]. Mac du
vay, véi diéu kién cua céc trang trai hién nay nhu mat do
lgn cao, thiéu &nh sang, goc nhin camera khong t6i wu,
ddng thoi do dic diém giong nhau vé hinh dang lon, viéc
theo d&i mot ca thé lon trong mot thoi gian lau dai véi ty 1€
15i nham dinh danh thip van la mot tac vu khé khan.

Trong nghién ctru nay, ching toi dé xuat mot phu’orng
phép phat hién bét thuong hanh vi lon theo tumg giai doan
hoat dong trong ngay. Phuong phap tong thé bao gom cac
giai doan phét hién, theo ddi, nhan dién hanh vi va phat hién
bat thuong hanh vi lon. Pé giam thiéu tic dong cﬂanSi
nham dinh danh trong qua trinh theo ddi 1én ket qua tong
thé, nghién ciru dé xuat phuong phéap phat hién bat thuong
trong khoang thoi gian 30 phut. Ngoai ra, dé dam bao kha
ning phat hién bt thuong hanh vi trong thoi gian ngan,
nghlen ctru ciing dé xuit viéc ap dung phat hién bét thuong
theo giai doan hoat dong. Theo nghién ctu cua chung toi,
lon thudng c6 cac hanh vi dién hinh trong céc giai doan
hoat dong khéc nhau trong ngay nhu g1a1 doan an, ngh1
choi va viéc phat hién bt thuong hanh vi theo ting giai
doan c6 thé duoc thuc hién véi thoi gian ngan ma khong
can phai theo ddi qua lau. Theo tim hiéu cia chung t6i, chua
¢6 nghién ctiu nao trude day ap dung cach tlep can tuong
tw. Phan tiép theo s& trinh bay chi tiét hon vé& phuong phap
duoc thyc hién trong nghién ctru.

lIl. PHUONG PHAP

Dé c6 thé phat hién bat thuong trong hanh vi cia ting
cé4 thé lon, dau tién cac cé thé phdi dugc nhéan dién trong
céc khung hinh video. Cac ca thé lon dugc phét hién sau dé
duoc su dung de theo ddi va nhan di¢n hanh vi. Trong
phuong phéap d& xuit, cac ca thé lon khi dwoc nhan dién s&
duoc nhan kém cac hanh vi tinh (khong chuyen dong) nhu
dang, nam, an. P& xac dinh cac hanh vi lién quan dén
chuyen dong, can phai nhan dién dya trén vi tri lon trong
cac khung hinh lién tuc trong video. Cac hanh vi (bao gom
ca tinh va dong) sau khi dwoc nhan dién trong cac khung
hinh s& dwoc phan tich dé xac dinh cc bt thuong trong
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hanh vi. Chi tiét vé cac thuat toan dugc p dung trong cac
giai doan nay duoc trinh bay & cac phan tiép theo.

A. Phat hién lon trong danh

Trong giai doan nay, thuat todn YOLO v7 [17] duoc sir
dung dé phat hién cc viing anh c6 cé thé lon trong mot anh
toan canh thu duoc tir camera. YOLO la mot I6p thuat toan
phat hi¢n da vat the trong anh duoc st dung rat rong réi
hi¢n nay, cho két qua t6t ca vé khia canh do chinh xé4c va
tdc do thuc hién. Bé tng dung YOLO v7 trong nghién cau
nay, dau tién chiing toi tién hanh hoat dong tién huan luyén
(pre-train) mang nay véi tap dix li¢u chung la COCO [20],
sau do tién hanh hoat dong hoc chuyén giao (transfer-
learning) vai tap dit liéu riéng. Hoat dong tién huan luyén
la mot hoat dong can thiét vai hau hét cac mang no ron tich
chap (CNN) khi strdung trong bai toan phan hogc hodc phat
hién vt thé, nham tao ra cac trong s6 khai tao tt cho cac
mang no ron dua trén cac tap dit liéu cuc ky 16n vai hang
triéu anh.

_ Trong giai doan tiép theo, md hinh s& duoc huan luyén
ticp trén tap dix ligu riéng. Muc tiéu ciia mo hinh phat hi¢n
lon la khéng chi nhan dién ca thé Ign cung vi tri cta ching
ma con nhan dién kém cac hanh vi tinh nhu dang, nim, an.

B. Theo dbi lon trong video

Tir céc ca thé lon phat hién duoc trong cac khung hinh
vavi tri cua chung, chiing toi st dung DeepSORT [18], mot
thuat toan theo ddi da ddi tuong st dung phé bién hién nay,
dé theo déi lon trong video. DeepSORT la mot ban cai tien
cua thuat toan SORT, vén st dung b¢ loc Kalman [21] cung
véi thuat toan Hungarlan [22] dé khép tap cac dbi twong
phét hién dugc gitra cac V|deq frame, tir @6 hinh thanh qua
trinh theo ddi tung ca thé lon. Cai tién chinh cua
DeepSORT nam & chd né st dung d6 turong ddng hinh anh
hoc duoc tir mot mang hoc sau dé xac dinh hai anh ca thé
lgn ¢6 phai 1a tir mot ca thé lon hay khong. Cai tién nay lam
tang khd nang xéac dinh ding mot dbi tuong phat hién &
video frame ké tiép 1a d6i tugng nao da dugc phat hi¢n ¢
v1d‘eo frame trudc hay 1a mot doi tugng méi duoc phat hle;r)
bieu nay sé giup lam giam cac tinh huong nhén di¢n sai doi
tuong khi xay ra truong horp bi mit dau (do khuat tam
camera hoic bj 16i trong qua trinh phat hién). Bé xay dung
d6 do tuong dong nhu noi & trén, ching t6i sir dung mang
OSNet (Omni-Scale Network) [23], mot mang dugc tien
huan luyén trén tap dir liéu tai nhan dién ngudi va sau do
dugc huan luyén bo sung trén tap tai nhan dién lon do
chlng t6i tu x&y dung.

Thuat toan DeepSORT nguyén ban dugc phat trién cho
bdi canh nhan dién da déi tuong tong quat trong d6 sd
lugng cac d6i tugng la khong biét trude va c6 thé bién dong
(vi du s6 lwong ngudi di bo trong video ¢ thé thay doi khi
c6 ngudi di ra khoi khung hinh hodc nguoi méi di vao
khung hinh). Khi ting dung trén tac vy theo ddi lon trong
trang, trai voi bdi canh sb hrong d01 tuong theo doi la céac
ca thé lon trong mot chuong ¢6 d6 6n dinh hon, thuat toan
DeepSORT co thé gan céc ma ID khéc nhau cho cung mot
dbi tugng 1a mot ca thé lon dugc theo ddi khi cac khung
hinh trong video tang lén. Diéu nay s& gay ra I5i nham dinh
danh va lam ting ma ID vuot qua s6 luong lon thuc té, dan
dén viéc trich xut hanh vi cua cac ca the lon bi giam do
chinh xac. Dé giai quyet van dé nay, ching toi sir dung
thuat toan DeepSORT cai tién duoc dé xuat boi S. Tu et al.
[16], trong d6 budc tai khop 601 tugng (re-matching) duoc
bé sung cho cac déi twong bi mat dau va cac doi tugng méi
tao ra st dung ca dir liéu quy dao va do do twong ddng hinh
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anh. Budc bo sung nay da gilp lam tang dang ké do chinh
xac theo doi va giam cac 16i nham dinh danh nhu mé ta
trong phan két qua ctia hoat dong theo ddi lon.

C. Phat hién bat thwong trong hanh vi lon

Trong giai doan nay, cac hanh vi cua lon s& dugc nhan
dién va phan tich, nham phat hién cac bat thuong trong
hanh vi. Tir két Qua cua cac giai doan phat hién va theo doi
lon, cac hanh vi caa céc thé lon nay c6 thé duoc nhan dién
trong tung video frame hoc trén mot chudi cac video frame
lién tiép. Trong truong hop tu thé cua ca thé lon duwoc nhan
dién 1a nam hodc an, hanh vi dugc xac dinh trong video
frame tuong ing Vi tu the d6. Tuy nhién, néu tu thé dugc
nhan di¢n la dung, thi can tlep tuc xac dinh trong cac video
frame tiép theo xem hanh vi 1a démg hay dich Chuyen Diéu
nay duoc xac dinh dya trén vi tri tuong d6i cua ca thé lon
trong cac video frame lién tiép. Néu vi tri cua cé thé lon
khong thay doi thi hanh vi dugc x4c dinh 1a ding, nguoc
lai hanh vi dugc xac dinh la di chuyén.

Dua trén céch thirc ndy, cac hanh vi cua tirng cé thé lon
sé& dugc xac dinh trong qua trinh phat hién va theo déi. Thoi
gian cia mdi hanh vi s€ duoc tinh toan dya trén hanh vi
nhan dién dugc trén mdi khung hinh va dugc phan tich dé
xéc dinh c6 su bat thuong trong hanh vi cia lon trong mét
khoang thoi gian nhit dinh hay khdng. Trong nghién cau
nay, chung t6i thuc nghiém phan tich phat hi¢n ba loai bat
thudng hanh vi, bao gom:

- Lon nam lau khdng hoat dong
- Lonboan
- Lon tang van dong

Pé giam thoi  gian theo ddi nhung van dam bao do chinh
xac phét hién bat thuong, chung t6i dua ra khai niém vé
“giai doan hoat dong” cua lon trong ngay. Mot giai doan
hoat dong cua lon chi khoang thoi gian lon chu yeu thuc
hién mot s hanh vi dién hinh. Trong nghién ciu nay,
chung t6i dua ra ba g1a1 doan hoat dong cua lon 1a giai doan
nghi, giai doan an, giai doan choi nhu trong bang so6 1.

Cac giai doan va thoi glan ctia mdi giai doan dugc dua
ra dua trén tham khao tir cac trang trai trong thuc té (theo
thoi glan biéu va quan sat cua cac trang tral) Luuy rang,
thoi gian biéu cua mdi trang c6 thé thay ddi va trong cac hé
thong trién khai thuong mai, cc chu trang trai cd thé thiét
lap khung gio hoat dong cho trang trai hogc cho ting
chudng riéng. Hé thong sé tién hanh thu thap dir liéu va
thuc hién phan tich dya trén céc thiét 1ap nay.

Bdng 1. Cdc giai dogn hoat dong cua lon trong ngay

Giai doan Thei gian Mo ta

Giai doan Oh-6h, 8h-10h, | Lon cha yéu danh

nghi 14h-16h, 18h- | thoi gian cho céc
24h hoat dong nghi, ngu

Giai doan 7h-8h, 13h-14h, | Lon chu yeu danh

an 17h-18h thoi gian dé an

Giai doan 6h-7h, 16-17h Lon chu yeu danh

choi thoi gian dé di lai,

tim thirc an

Vi viéc chia thoi glan trong ngay cua lgn ra thanh céc
giai doan hoat dong, viéc phat hi¢n cac bat thuong hanh vi
s& dugc thyc hién theo cac quy tac trén cac khung gio nay
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dé dam bao phat hi¢n ra su bat thuong trén cac hanh vi dién
hinh trong moi giai doan. Nho viéc phat hi¢n bat thuong
hanh vi theo hanh vi dién hinh trong mdi giai doan, thoi
gian theo ddi phat hién bat thuong cé thé duogc rat ngan
thay vi phai theo d6i trong mét thoi gian dai nhu nira ngay
hoic mot ngay. Trong nghién ctru nay, ching toi lwa chon
thoi gian theo ddi phat hién bt thuong 1a 30 phut. Khoang
thoi glan theo ddi phat hi¢n bat thuong 30 phat vira dam
bao giam thiéu cac 16i dinh danh khi theo doi lon (cang tang
khi thoi gian theo ddi cang dai), nhung van dam bao két
qua theo doi chinh xac do viéc phat hi¢n dugc thuc hién
dua trén phén tich hanh vi dién hinh trong mdi giai doan
hoat dong. Cu thé, viéc phat hién cac bét thuong dua trén
phan tich hanh vi dién hinh trong céc giai doan hoat dong
dugc thyc hién theo quy tic sau:

- Néu thoi gian lon nam vuot ngudng trong giai doan
an hodc giai doan choi, lgn o6 thé duoc coi la co
bat thuong hanh vi nam qua lau.

- Néu thoi gian lon an thip hon ngudng trong glal
doan an, lgn c6 thé dugc coi 1a bat thuong hanh vi
bo an.

- Néuthoi gian lon di chuyen vugt ngudng trong giai
doan nghi hogc an, lon c6 thé dugc coi la ¢ bat
thuong hanh vi ting van dong.

IV. THUPC NGHIEM VA KET QUA

A. Dz liéu va méi truong thuc nghiém

Céc tap dix liéu thuc nghlem duoc su dung trong nghién
clru nay dugc thu thap tir cac chudng lon tai sau trang trai
lon trong thuc té. Trong tap dir ligu nay, mot so chu0ng
chira cac ca thé lon khoe va mot sé chu0ng chira cac ca thé
lon 6m (dugc gom tir cAc chu0ng khac nham muc dich cach
ly). C4c videos tir cac chudng déu duoc sir dung dé tao cac
tap dix liéu huan luyén cho mé hinh phat hién va theo doi
lon, cing nhu dé thic nghiém mé hinh phat hién bét thuong
hanh vi lon.

Cac video duoc thu thap st dung cac camera
HIKVISION (resolution: 2560 x 1440, focal length:
4.0mm, max frame rate: 25 FPS) va EZVIZ (resolution:
1920 x 1080, focal length: 4.0mm, max frame rate: 15
FPS), trén cac chuéng chua 15-18 ca thé lon véi tudi tir 3
dén 4 thang va cd trong luong tir 40 dén 50 kg Céc video
dugc chon dé lam tap dir liéu c6 do phan giai 1280 x 720,
dugc chon trong cac khung gior khac nhau dé dam bao do
khach quan cua tap dir ligu. Tir cac video nay, cac video
frame duogc trich ra dé xay dung céc tap di liéu phuc vu
phat hién lon, theo doi lon, tai nhan di¢n lon, va phat hién
bat thuong hanh vi lon.

1) Tdp di liu phat hi¢n lon

Dé tao tap dir lidu phat hién lon, cac anh s& duoc trich
XUét tir c&c video thu thap duogc va dugc gan nhan thu cong
bing cong cu Labellmg []. Khi st dung cong cu nay dé gan
nhan, mdi ca thé lon s& duoc tao mot dwong vien xung
quanh va gan cho n6 mét trong ba nhan la dimg, nam, hoac
an (dé gan nhan an, duong vién phai bao khéng nhung ca
thé lon dang an ma bao ca mang an cua lon dé mo hinh c6
thé hoc dugc tu thé lon dang an thire an trong méang hay
khong). Khi dwoc gan nhan, cong cu nay sé tao mot tap dir
liéu cha giai luu trix vi tri cua hinh vién bao gom toa do tam
va hai goc trén trai dudi phal cua hinh chix nhat, cung véi
nhan cua ddi tuong dugc gan. Tong cong c6 15.469 anh
dugc trich xuét tir cAc videos va gan nhan cho muc dich
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huén luyén va kiém thir mo hinh phat hién lon (248.532 c4
thé lgn dugc gan nhén trong cac anh).

Camera 01

Hinh 1. Mét s6 anh mdu trong tap dzz liéu
2) Tdp diz ligu theo dbi lon

Dé tao tap dir liéu phét hign lon, chi can tao vién va gan
nhén phan loai cho cac ca thé lon trong dnh nhu noi ¢ trén.
Tuy nhién, dé tao tap dir liéu theo doi lon, can phal gan cho
mdi ca thé lon mot ma dinh danh gidng nhau trén cac khung
hinh. Cac khung hinh in tap dit li¢u theo ddi lon duoc lya
chon theo thir tu ching xuat hi¢n trong video nhung khong
can phai lién tuc do tan suat khung hinh (frame rate) cua
video rat nhanh, nén viéc liy va gan nhan cac khung hinh
lién tuc la khong can thiét (vi trong hai khung hinh lién
nhau, cac ca the lon ¢ vi tri rat sat nhau, kho phan bigt bang
mat thuong). Trung binh, cac khung hinh duoc lya chon va
gan nhan bang mot phan tu tong so khung hinh trong mdi
video duoc chon lam tap dit ligu theo dBi lon. MO hinh theo
ddi lon dugc xdy dung nhu mo ta & phan 111.B khbng can
phai huan luyén cho buéc theo d6i (chi huan luyén cho
budc tai nhan dién bang tap dir liéu tai nhan dién sé duoc
mO td ¢ bén dudi). Cac tap dix ligu theo doi lon dugc tao ra
nhu mo ta bén trén dugc su dung dé danh gla m0 hinh. bPé
danh gia md hinh trén ca chu0ng lon khoe va lon 6m, chling
toi da tao hai tap dix li¢u trén cac video tir mot chu0ng lgn
khoe va mot chuong lon ém. Nhu da noi ¢ trén, cac khung
hinh trong mot tap di li¢u theo ddi can phai duoc dit theo
thir tyr xuat hién, do vay ching cé thé dugc coi nhu mét
chudi khung hinh (frame sequences). Bang 2 mo ta Vé Cac
tap dit liéu theo di lon dwoc sir dung dé danh gia mé hinh
theo dai lon trong nghién cuau.

Bdng 2. M0 ta vé tap diz liéu theo ddi lon

Tap dir ligu Do dai (gidy) | So khung
hinh
Chuong lon khoe 300 247
Chuong lgn 6m 300 250

3) Tadp dir ligu tai nhan dién lon
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Tap di liéu tai nhan dién lon chira cac anh cé thé lon
v6i muc dich nhéan dién lgn khéng phéan biét hanh vi. Do
vay, tap dir liéu nay duoc xay dung tir cac anh lon duoc
trich ra tir cac khung hinh trong video. Téng cong 50.460
anh dugc thu thap cho 90 ca thé lon duoc sir dung cho tap
dir liéu tai nhan dién lon. Cac anh co kich thude la 256 x
128 va duoc dung dé huan luyén mang hoc sau tai nhan
dién lon nhu mé ta & phan 111

4) Tap dir liéu phat hién bat thiong hanh vi lon

Tép dix ligu phat hién bat thuong hanh vi lon bao gém
sau videos, mdi video dai 30 phut duoc thu thap tir cac
chudng lon khoe va lon ém, va trong ba giai doan hoat dong
nhu di noi ¢ trén. Cac tap dir liéu ndy nham muc dich dé
danh gia mo hinh phat hi¢n bt thuong theo g1a1 doat hoat
dong. Mbi video dung dé do dac, phan tich va phat hi¢n bat
thuong hanh vi cua lon (khoe hodc m) trong mét giai doan
hoat dong (an, nghi, hoéc choi).

B. D¢ do danh gida

Pé danh gia mo hinh nhan dién, dau tién d6 chinh xac
vi tri duoc tinh toan qua chi s6 loU (Intersection of Unlon)
cta 2 hinh chir nhét vién cua dbi tuong dugc phat hi¢n va
dbi twong thuc té theo cong thirc 1. Chi sé loU cang cao
ching t6 vi tri duoc phat hi¢n cang chinh xac. Mét nguo’ng
s& dwoc dit ra dé cho biét muc d6 khop cua 2 hinh 1a ¢6 dat
khong.

Dién tich giao cia 2 hinh

IoU =

(@)

Dién tich hop cla 2 hinh

T chi s6 loU cuia mdi cap ca thé du doén dugc va thyuc
té, do do AP (Average Precision) s& dugc tinh cho mai Iop
dbi twong Vva cuoi cung d6 do mAP 1a trung binh cua cac
AP trén mdi l6p duoc st dung 1a d6 do danh gia cudi cing
theo cac cong thic 2 va 3, trong d6 TP(c) va FP(c) lan luot
1 chi s di doan dung duong va sai duong (True Positive
va False Positive) con AP(c) la chi s AP cua lép c.

_ o
AP(C) - TP(c)+FP(c) (2)
mAP = classes lasses Zclasses AP (€) 3)

Do do danh gia cho mo hinh theo di lon dugc su dung
trong nghién ctru la 46 do MOTA (Multi-Object Tracklng
Accuracy). Déy 1a d6 do duoc str dung phd bién trong cac
nghién ctu vé theo ddi da ddi tugng trudc déy, dién hinh 1a
trong cac cudc thi MOT Challenge Do do nay st dung
cong thire dya trén 3 loai i 6 thé xay ra trong theo doi da
dbi tuong 12 s6 sai am (FN False Negative), s6 sai duong
(FP - False Posmve) vaso ca thé bi nham (IDSW - Identity
Switch) nhu cong thic s6 4.

YiFNi+ FP;+ IDSW;

MOTA =1 - o

4)

Trong cong thuc trén, FNi la ca thé lon c6 thyc nhung
khong duoc theo ddi, FPi laca thé lon khong c6 thuc nhung
lai dugc theo doi, IDSWi la s6 cap ca thé bi nham dinh danh,
va GTi la ca thé lon thuc té.

Bé&n canh MOTA, d6 do F1 ciing dugc su dung dé danh
gia mo hinh theo doi lon. D6 do nay tap trung vao dénh gia
van dé nham dinh danh hon so v4i d6 do MOTA. Do do
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nay dugc tinh nhu trong cong thirc (5), trong d6 IDTP,
IDFP, IDFN la cac chi so True Positive, False Positive,
False Negative trén cac 16i nham dinh danh.

2IDTP

IDF, = —=21% ___
2IDTP+IDFP+IDFN

®)

Dé d4nh gia mo hinh phat hién bat thuong dya trén phan
tich hanh vi, d6 do chinh xac thong thuong (Accuracy)
duoc st dung nhu trong cong thuc (6).

S8 trwong hop phat hién ding (6)

Accuracy =
y T6ng s6 treomg hop

C. Két qua thuc nghiém
Bang 3 trinh bay két qua cia md hinh phét hién lon.
Luu ¥ rang bén canh d6 do mAP nhu da trinh bay & phan

trén, chdng toi béo cao thém két qua nhan dién theo cac do
do Precision (P) va Recall (R).

Bdng 3. Két qua ciia md hinh phat hién lon

Lép mMAP | Precision | Recall
(%) (%)
bing 99.3 98.3 98.5
Nam 99.6 98.6 99.1
An 98.9 97.0 97.0
Trung binh | 99.3 97.9 98.2

Turbang 3, co thé thiy mé hinh phat hién lon c6 két qua
rat tot ¢ tat ca cac do do, xét trén diéu kién cua cac trang
trai thwong mai tai Viét Nam (duoc thu thap lam dir liéu
thuc nghi¢m cua nghién Cuu) Trong cac trang trai thuong
mai hién nay, tran cua cac chudng lon duoc thiét ké thap
nham muc dich tiét kiém do vay cac camera khong c6 dugc
g6c nhin tot va cac ca thé lon d& bi che khuét khi ching
dang st nhau hoac di ra xa vi tri camera. D¢ chinh xac phat
hién lon c6 thé ting 1én néu céc trang trai duoc thiét ké pho
hop hon cho hé thong theo ddi tu dong.

Két qua cua giai doan theo ddi lon duoc biéu thi trong
bang 4. Ngoai cac 46 do MOTA va IDF1 nhu da trinh bay
& trén, chiing t6i cling bao cio két qua theo d¢ do identity
switches (IDS). D6 do nay tinh toan so lan céc cé thé duoc
theo ddi bi nham lan Vvéi ca thé khac. Pay ciing 1a do do
quan trong, thé hién sb 16i nham dinh danh trong qué trinh
theo doi lon.

Bdng 4. Két qua cia md hinh theo ddi lon

DeepSORT DeepSORT cii tién
MOTA | IDF1 | IDS | MOTA | IDF1 | IDS
(%) (%) (%) (%)
Chubng | 915 | 934 | 13 | 928 | 956 | 10
khoe
Chuong | 925 [ 940 [ 10 | 943 | 9.1 | 8
om
Trung | 92.0 | 937 |[115] 936 | 959 | 9
binh

Céc két qua trung binh & d6 do MOTA (93.6%) va IDF1
(95.9%) la céc ket qua tot. Tap dix liéu thu thap ¢ chudng
lon 6m c6 két qua cao hon do trong chudng lon ém, céc ca
thé lgn it di chuyén gy xao tron hon so vai tap dir liéu ¢
chudng lon khoe.

Chi s6 IDS trung binh 14 9, ¢6 nghia 1a moi c4 thé lon
bi thay ddi dinh danh 0.4 lan trong sudt qua trinh theo doi.
Céc két qua cua thuat toan DeepSORT cai tién ciing cao
hon so véi thuat todn DeepSORT gdc dic biét Ia chi sé
IDF1 va IDS cho thay hi¢u qua cua thuat toan nay trong
viéc giai quyét van dé giam 15i nham dinh danh.

Bang 5 cho thay két qua cia md hinh phét hién bat
thuong hanh vi lon véi ngudng la 15/30 phat. Do cac vén
dé vé quan ly khdng cho phép ching t6i thu thap duoc cac
video tai cac chudng cé ca lon khoe va lon 6m, chung toi
tién hanh thuc nghlem phét hién bt thuong trén cac video
tai cac chu0ng chi ¢6 lon khoe hozc chi ¢6 lon ém, nhu da
trinh bay ¢ phan trudc. Quatrinh phat hign bat thuong duoc
xem la thanh céng néu khong phét hién bét thuong trong
video lon khoe, nhung phat hi¢n ra bat thuong trong video
lon ém. Theo két qua trong bang 5, ba video lon khoe trong
ba giai doan déu chi canh bao bt thuong tir 1 dén 2 ca thé
trén tong s6 16 ca thé. Ty & chinh xac 1a 87.5% dén 93.8%.
Hai video lon 6m trong g1a1 doan &n va choi c6 ty I¢ phat
hién bat thuong la 14 va 13 trén tong s6 15, dat do chinh
X4ac 86.7% dén 93.3%. Video lon 6m trong giai doan nghi
khdng phat hién bat thuong ting van dong do trong tap dir
licu video lon dm swr dung trong nghién cau, khéng c6 ca
thé nao bi nhim loai bénh c6 tinh ting van dong (hiu hét
lon 6m déu mét va nam nghi trong giai doan nay). Do vay,
thuc nghiém phét hién bat thuong ¢ giai doan nay cé két
qua cao do khong c6 mau lon bénh ding. Mic du vay, Vi
d6 chinh x&c ctia mo hinh theo déi va nhan dién hanh vi,
viéc tinh toan thoi gian van dong cua lon cung s€ chinh x&c
va cho két qua tot khi c6 mau lon bénh c6 tinh chét ting
van dong.

Bdng 5. Két qua ciia md hinh phét hién bar thirong hanh vi lon

Video | S8 lgn Loai Giai doan hoat Loai bt thwong | S6 lon phét hign | Ty I¢ dang
chuong dong bat thwong
1 16 Khoe Giai doan an Bo an, Nam lau 1 93.8%
2 16 Khoe Giai doan nghi Téang van dong 2 87.5%
3 16 Khoe Giai doan choi Nam lau 1 93.8%
4 15 om Giai doan an Bo6 an, Nam lau 14 93.3%
5 15 Oom Giai doan nghi Tang vén dong 0 100%
6 15 om Giai doan choi Nam lau 13 86.7%
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V. KET LUAN

Trong nghién ctru nay, ching t6i da trinh bay phuong
phap phat hién, theo ddi, nhan dién va phat hién bat thuong
hanh vi

lon trong diéu kién tw nhién tai cAc trang trai s dung
hoc sau. Nghién ciru dé xuat phuong phép phat hién bat
thuong theo giai doan hoat dong, qua d6 giam thoi gian
theo ddi nhung van dam bao do chinh Xxac trong phat hién
bat thuong. CAc thuc nghlem da duoc tién hanh trén cac tap
dix liéu tu thu thap tir cac trang trai lon thuong mai, V&i cac
kich ban thuc nghi¢m khac nhau cho cac két qua kha quan.
biéu nay cho thay tiém ning cua vigc ung dung phuong
phap trong thuc te, dac bi¢t la chi can sir dung cac thiét bi
thong thudng va ré tién nhu camera giam sat.

Nghién ctu cé thé tiép tuc duoc cai tién voi cac huong
tiém nang nhu ty dong xac dinh thoi gian cho cac giai doan
hoat dong cho lon hay xéc dinh cac tinh hu0ng bat thuong
phtrc tap hon nham ¢6 cac danh gia tot hon vé tinh hinh sirc
khoe lon.

LOI CAM ON

Nghlen ctru nay duoc hd trg boi Vien Han 1am Khoa
hoc va Cong nghé Viét Nam trong dé tdi ma sb
CN4000.01/21-23.
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PIG BEHAVIOR ABNORMALITY DETECTION
FROM CAMERA USING DEEP LEARNING

Abstract: Automatically detection and tracking pigs
from surveillance cameras in pig farms is an important task
in abnormal detection of pig health and welfare. Previous
researches showed that pigs with problems in health often
have abnormalities in behaviors. Monitoring the pig
behaviors can help detect the abnormality timely and take
early medical examination and treatment to prevent
disease from spreading. In this paper, we presented a
method for automatically detection of pig behavior
abnormality based on behavior tracking and identification
from camera using deep learning. Our approach includes a
stages such as pig detection, tracking, behavir
identification, and behavior abnormality detection. The
behavior abnormalities detected include lying too long,
eating less, being excited. The behavior abnormalities are
detected according to different activity periods, which
helps reduce the time to monitor, while still ensuring the
high accuracy. Experiments show that the use of a 30-
minute monitoring period ensures a reduction in
identification errors when tracking, while still ensuring an
abnormality detection accuracy of up to 93.8%.

Keywords: plg behavior abnormaltity detection, deep
learning, pig trackin

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 103


https://github.com/tzutalin/labelImg

Dwong Thanh Nam, Nguyén Thj Kim Phuong, Tran Thi Hoa, Tran Son Tung, Dwong Trén Bic

o~ -
- e~y
-
puel
~

SO 04 (CS.01) 2023

Dwong Thanh Nam Tét nghiép Dai
hoc chuyén nganh Thé nhuéng ndm 2001
tai Trwong Pai hoc KHTN Ha Néi; bang
Thac si chuyén nganh Thd nhu&ng ndm
2005 tai trwdng BPai hoc Nong nghiép | Ha
Noi, Thac si nganh Khoa hoc Mbi trwdng
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N&i va tién si nganh DAt va Dinh dwéng
cay tréng nam 2011 tai Pai hoc Néng
nghiép Ha Ngi. Hién tai, 6ng la Phé Giam
déc Trung tam Phat trién va Dich vu Do
Iwéng, Trung tdm Nghién ctru va Chuyén
giao Coéng nghé, Vién Han 1dm Khoa hoc
va Céng nghé Viét Nam.
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thuat Moi trwdng nam 2020 va dang theo
hoc Thac si chuyén nganh Khoa hoc Méi
trwdng tai Treo'ng Pai hoc Tai nguyén va
Maéi trwd'ng Ha Noi. Hién tai dang cong tac
tai Vién Kiém dinh Coéng nghé va Mai
trwong.

Tran Thi Hoa nhan bang cir nhan
chuyén nganh Hoa hiru co va Sinh hoa
hiru co nam 2017; bang thac si chuyén
nghanh Hoa phan tich nam 2020 tai
Trwong Dai hoc Téng hop quéc gia
Voronezh, Lién Bang Nga. Hién dang
cdng tac tai Trung tm Phat trién va Dich
vu Do lwong, Trung tdm Nghién clru va
Chuyén giao Coéng nghé, Vién Han Iam
Khoa hoc va Coéng nghé Viét Nam.

TrAn Son Tung nhan bing ci nhan
chuyén nganh Méi trwdng nam 2010 tai
Trwéng Dai hoc Thai Nguyén; bing Thac
si chuyén nganh Céng nghé Mbi trwvong
nam 2013 tai trwong Pai hoc Khoa hoc Ty
nhién Ha Noi. Hién dang cdng tac tai
Trung tdm Phat trién va Dich vu Do lwong,
Trung tam Nghién ctu va Chuyén giao
Cong nghé, Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

Dwong Tran Birc Tét nghiép Dai hoc
KHTN, Dai hoc Québc gia Ha N&i nganh
Cong nghé théng tin nam 1999, Thac sy
chuyén nganh Hé théng théng tin tai Dai
hoc Téng hop Leeds, Vwong Quéc Anh
nam 2004, va Tién s§ chuyén nganh Ky
thuat may tinh tai Hoc vién Coéng nghé
Bwu chinh Vién théng nam 2018. Hién
dang cong tac tai Khoa Céng nghé Théng
tin, Hoc vién Céng nghé Bwu chinh Vién
théng.
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