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Tom tit:

Hé thong giam sat nhi¢t d9 tw dong cho lgn, tich hgp cam bién thé tai két hgp véi cong nghé Blue-
tooth Low Energy (BLE) va cac mo hinh hoc may, mang lai mgt gidi phap hién dai va hi€u qua trong
viéc theo dai sirc khée dan lgn. Cac cam bién dwoe gin trye tiép 1én thé tai c6 kha ning do nhiét do
co thé ciia tirng ca thé lién tuc, ddng thoi thu thap thong tin vé diéu kién méi trwong nhu do 4m va
nhiét do chudng trai. Dir liéu dwoc truyén vé trung tim xir Iy thong qua két ndi BLE va dwoc phan
tich trén nén tang dién toin dam may. H¢ thong sir dung cic md hinh hoc may tién tién nhw PCA-
SVC, PCA-Decision tree, PCA-Random forest va 1D-CNN dé phat hi¢n sé'm cac du hiéu bit thuwong.
Trong s6 d6, md hinh 1D-CNN cho két qua noi bat véi d9 chinh xac Ién t6i 96,6%, chirng minh hi¢u
qua vuot troi trong viéc xir Iy dir liéu chudi va phat hién cac vin dé sirc khée. Viéc irng dung cam bién
théng minh khéng chi ning cao d§ chinh xac, giam chi phi nhin céng, ma con toi wu héa kha niing
giam sat theo thoi gian thwe, gop phin quan trong trong phong ngira dich bénh va ning cao hiéu qua
quan ly chin nudi.

Tir khéa: Bluetooth Low Energy, cim bién thé tai, giam sat nhiét d9 lon, hoc may, 1D-CNN.
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Abstract:

The automatic temperature monitoring system for pigs, integrated with ear tag sensors combined
with Bluetooth Low Energy (BLE) technology and machine learning models, offers a modern and
efficient solution for monitoring the health of pig herds. The sensors are directly attached to ear
tags and are capable of continuously measuring each pig’s body temperature, while also collecting
environmental information such as humidity and ambient temperature inside the housing facility.
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Data is transmitted to a central server via BLE and analysed on a cloud computing platform. The
system employs advanced machine learning models such as PCA-SVC, PCA-Decision Tree, PCA-
Random Forest, and 1D-CNN to enable early detection of abnormal signs. Among these models,
1D-CNN demonstrates outstanding performance, achieving an accuracy of 96.58%, proving its
effectiveness in processing time-series data and identifying health issues. The application of smart
sensor technology not only enhances monitoring accuracy and reduces labor costs but also optimises
real-time surveillance capabilities. This contributes significantly to disease prevention and improves
overall livestock management efficiency.

Keywords: Bluetooth Low Energy, ear tag sensor, machine learning, temperature monitoring,

1D-CNN.

1. Dt van de

Chan nudi lon 12 mot nganh truyén théng quan
trong, dong gop 1on vao an ninh luvong thuc va kinh
té ndng nghiép, dac biét tai Viét Nam. Viéc giam sat
va canh bao sém cac van dé sirc khoe cua lon 13 yéu
t6 then chdt dé ngan chan dich bénh va bao vé hé
thong chin nuoi. Trén thé gidi, nhidu nudc phat trién
dd 4p dung cong nghé tién tién trong gidm sat va
quéan 1y stc khoe vat nudi nhu: nhan dang sinh tric
hoc, phan tich hanh vi va robot ty dong hoa trong
qua trinh chan nuéi. Tuy nhién, tai Vi¢t Nam, cong
nghé hién dai van chua duoc ap dung rong rai trong

giam sat dich bénh.

Nhiét d6 co thé 1a chi s6 quan trong dé chin doan
ste khoe lon [1]. Nhiét d6 co thé 1a mot chi sb sinh
Iy quan trong, nhiét do tang Ién khi xuét hién cac
triéu chimg bénh 1y. Phuong phap do truyén thong
qua truc trang giy cang thiang va nguy co lay nhiém
chéo, trong khi h¢ théng camera gidm st hién tai
yéu cau nhan lyc va khong dap tmg dugc viée giam
sat lién tuc [2, 3].

Xuat phat tir thuc t& va cac van dé néu trén,
nghién ctru nay da tién hanh phat trién “Hé thong
giam sat nhiét d¢ tu dong cho lon béng cam bién thé
tai tich hop cong nghé bluetooth va hoc may” cho
phép theo ddi lién tyc, phat hién sém bat thuong,
tur d6 canh bao kip thoi va nang cao hiéu qua quan
1y chan nudi. Ngoai ra, nghién ctru nay lam ndi bat

tinh moi trong viée ap dung mang no-ron tich chép
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mot chiéu (1D-CNN) dé phan tich va du doan cac
bét thuong vé nhiét d6 cua lon, mot phuong phap
chua dugc sir dung phd bién trong linh vuc nay.
So v6i cac md hinh hoc may truyén thong nhur PCA-
SVC, PCA-Decision tree hay PCA-Random forest,
mé hinh 1D-CNN cho thiy kha ning hoc cac dic
trung phuc tap tir dir liéu chudi thoi gian, mang lai
d6 chinh xac vuot trdi trong viéc phat hién sdém cac
bat thuong nhiét do, tir d6 gitp cai thién hi¢u qua

giam sat sttc khoe Ion.
2. Thiét bi va phuong phap nghién ciiu
2.1. H¢ thong gidm sdt nhi¢t dp bit thuwong ¢ lon

Hé¢ thong giam sat nhiét do bat thuong cia lon
(hinh 1) gdbm: cam bién thé tai (ManTemp), thiét bi
do diéu kién moi truong chudng trai (Man-THP),
camera giam sat hanh vi, by nhéan va truyén dir liéu

(ManPoint) va Cloud server (pigman.com).

Cac cam bién thé tai ManTemp dugc gin vao tai
lon dé do va ghi nhan nhiét d¢ co thé. Dit lidu tir cam
bién ManTemp dugc truyén dén hé thong thu nhan
dit liéu (ManPoint), sau d6 chuyén dén may cha dam
may dé xur 1y va phan tich.

Thiét bi Man-THP chiu trach nhiém giam sat cac
didu kién moi trudng chudng trai thong qua cac phép
do d6 am, nhiét do va ap suat. Hé thong gitip phat
hién su thay di méi truong c6 thé anh hudng dén
nhiét d6 co thé cua lon. Déng thoi, hé théng camera

giam sat duoc 1ép dat dé ghi lai va theo ddi hoat
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Hinh 1. Hé théng giam sat hanh vi va than nhiét.

dong cua lon lién tuc 24 gi¢. Hinh anh duogc luu triv
va phan loai theo ma ID lon va vi tri camera, sau
d6 guri dén may chu dam may pigman.com dé phan

tich.

Hé thong tich hop cac thanh phan nay c6 kha
ning st dung thuat toan phan tich dir liéu dé phat
hién sém céc bét thuong vé nhiét d6 co thé lon hodc
mdi truong séng. Thong tin thu thip dwoc giup
ngudi quan 1y ap dung kip thoi cac bién phap can
thiét nham dam bao sirc khoe va an toan cho dan lon.

2.2. Cém bién nhiét dj thé tai ManTemp

Cam bién nhiét d6 thé tai ManTemp duoc thiét
ké v6i 3 thanh phﬁn chinh: chdt khoa cb dinh c6 dém
16 x0, bo mach dién ttr véi cam bién nhiét do va phﬁn
than vo (hinh 2).

2.2.1. Bo mach dién tir va cam bién nhiét dé

Bo mach dién tr sir dung cong ngh¢ iBeacon va
BLE nRF52832 (hinh 3), cho phép két ndi va truyén
dir liéu nhiét d6 cung véi ma dinh danh cua lon dén
hé¢ thong trung gian (ManPoint) va sau d6 téi may
chu ddm may. Bo vi xtt ly MCU (Microcontroller
unit) dugc tich hop trén bo mach gitip tinh toan nhiét
do lién tuc, phuc vu viéc giam sat suc khoe lon theo

thoi gian thyec.

M6t cum cam bién (dugc han trén bang mach in
tiy chinh PCB) dwoc gin vao thé deo tai cho lon dé
ghi lai thong s6 nhiét d6 va bén ngoai c6 dinh danh
riéng cho timg con dé phan biét. BO xir 1y trung tim
¢6 thé thu thap va xt ly dit li¢u (& day 1a nhiét do cua

timg con lon), tir d6 xudt ra biéu do theo ddi nhiét

do theo thoi gian.

Hinh 2. So dd ciu tao ManTemp. 1: Chét khoa cb dinh c6 dém 16 xo; 2: Bo mach dién t& v&i cam bién nhiét do;

3: Than vo.
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Hinh 3. Thiét ké phan ctrng nRF52832.

Mach thu phat BLE Bluetooth 4.0 SoC nRF52832
véi bo vi xir Iy ARM Cortex-M4 64 MHz hd trg
FPU, dung lugng bd nhd RAM va Flash ting gip
ddi, hd tro BLE 5.0, v6i vu diém vuot troi vé khoang
cach va thong lugng.

Véi thiét ké linh hoat, bo mach hd trg nhiéu tiy
chon cip ngudn nhu céng Micro USB 5 V, jack do
dong nRF 3,3 V va pin CR2032 3 V. Cam bién nhiét
dd NTC-MF52 tich hop sin cho phép do nhiét do
trong khoang (-55+125°C) véi d6 chinh xac +0,5°C,
dam bao dir liéu do duoc 6n dinh va chit luong.

2.2.2. Thdn vé va chot khod cé dinh

Phan than vo cua ManTemp dugc ché tao tr
nhua tiéu chuan, bao gom hai mat trén va dudi tach
101, v&i cac canh bo xung quanh d€ bao vé cam bién.

Hinh 4. So’ d6 cau tao vé ManTemp.
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Théan v6 duoc thiét ké mot vi tri ha bac gitp cam
bién nhiét tiép xuc sat v6i da lon, dam bao d6 chinh
xac khi do. Ngoai ra, c6 mdt viung danh cho 10 xo va
chét khoa (hinh 4).

Chét khéa bao gdm dinh chdt bang vét liéu chong
gi, voi mot dau 16m dung cho kim bam va mot dau
nhon xuyén qua dém cao su dé gii thiét bi c6 dinh
chic chin. Lo xo xodn quanh dinh chdt ting d6 dan
hoi, cho phép thiét bi thich (mg véi su phat trién cua
lon va ddm bao phép do lién tuc chinh x4c.

ManTemp duoc thiét ké nho gon, thuan tién
trong st dung, gitp ngan chin phan Gng cing thang
0 lon. Phép do nhi¢t do ¢ dinh tang d6 chinh xac so
v6i cac phuong phap khong tiép xic, giam nguy co
lay nhidm. Thiét bi c6 kha nang truyén dir lidu thoi
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gian thyc toi cac thiét bi di dong hoac hé théng giam
sat tir xa, nho két hop cam bién nhiét do, MCU, céac
mo-dun cung cap dién, luu trit di liéu va truyén dan.

2.3. Mo hinh hoc may

Nghién ciru st dung bén mo hinh hoc may dé
du doan stc khoe lon dua trén dir liéu nhiét do:
PCA-SVC, PCA-Decision tree (PCA - ciy quyét
dinh), PCA-Random forest (PCA - rirng ngau nhién)
va 1D-CNN. Cac ky thuat phan tich thanh phan
(Component analysis - CA) gitp giam chiéu dit liéu,
trong khi SVC, Decision tree va Random forest 1a
cac thuat toan phan loai manh m&. PCA-SVC va
PCA-Decision tree st dung PCA dé giam s luong
dac trung, giip cac md hinh phan loai hoat dong
hiéu qua hon, nhung c6 thé mat thong tin quan trong
trong qua trinh giam chiéu. PCA-Random forest két
hop v6i nhiéu ciy quyét dinh dé cai thién d6 chinh
xac va giam overfitting. Mé hinh 1D-CNN, tuy
khéng dung PCA, nhung lai manh me trong vi¢c xtr
1y dir liéu chudi nhur tin hiéu thoi gian va am thanh
nho kha ning trich xuit dic trung phirc tap tir dir
liéu chudi.

Trong danh gia cac mo hinh hoc may, dac biét 1a
trong cac bai toan phan loai, c6 mét s6 chi sb quan
trong dugc su dung dé do luong higu suit caa mo
hinh. Nhitng chi s6 nay khong chi cung cip thong
tin vé kha nang dy doan ding hay sai cua mo hinh
ma con gitp ngudi dung hiéu rd hon vé kha ning xir
1y dir liéu ctia no, dic biét trong nhitng tinh huéng
¢6 su chénh Iéch 1on gitra cac 16p dir liéu. Cac chi
s6 phd bién bao gdm D6 chinh xac (Accuracy), Do
chinh xac duong tinh (Precision), P§ phu duong tinh
(Recall), va F1-Score. Mdi chi s6 ¢c6 mot y nghia
riéng va dugc ap dung tuy thudc vao dic thu cua bai
toan ciing nhu yéu cau cu thé ciia ngudi st dung.

Accuracy (d0 chinh xac): Ty 1€ du doan chinh xac
cta md hinh trén tong sb dir lidu.
TP+TN

Accuracy = —
y TP+TN+FP+FN

D

Precision (d6 chinh x4c dwong tinh): Ty 1¢ s6 luong
duong tinh (tc 1a du doan bénh) dugc phén loai chinh xac
trén tong s6 cac truong hop dugc phan loai 1a duong tinh.
2

TP
TP+FP

Precision =

Recall (@6 phu dwong tinh): Ty 1& sé luong
dwong tinh dwoc phén loai chinh xéc trén téng sb
cac truong hop thyc té 1a duong tinh.

TP
TP+FN

Recall =

&)

trong d6: TP: True positive (Dy doan ding duong
tinh); TN: True negative (Du doan ding am tinh);
FP: False positive (Du doan sai duong tinh); FN:
False negative (Dy doan sai am tinh).

3. Két qua va ban luan

3.1. Thur nghiém trong phong thi nghi¢m

3.1.1. Hiéu sudt ciia Bluetooth Low Energy

Pham vi hoat dong cuia mo-dun BLE phu thudc
vao loai dng-ten va suy hao dudng dan (hinh 5),
duoc tinh theo phuong trinh (4) dudi day [4]:

Suy hao dudng dan = 40+25xlog(d) 4)

trong d6: d 1a khoang cach gilra may phat va may
thu. B9 nhay cua may thu BLE nRF52832 1a -70
dBm, véi cong sudt phat tir -18 dén +8 dBm. Vi du,
v6i cong sudt phat +8 dBm va do nhay -70 dBm, suy
hao duong dan dat +78 dB, tuwong tng véi khoang
cach giao tiép 1y thuyét 1a ~33 m.

110 -

,_.

=

(=]
T

o
(=]
T

Suy hao dwémg dan (dB)

i
(=]
T

40 L 1 L L L ]
0 30 100 130 200 250 300

Khoang cach (m)

Hinh 5. Biéu dd biéu dién suy hao dwéng dan thu
dworc tir phwong trinh (4).

Nghién ctru da thir nghiém 10 cam bién ManTemp
& nhiéu khoang cach va téc do 1dy mau khac nhau
dé t6i wu hoa thoi lugng pin. Voi toe do 1y mau
5 1an/gidy, mo-dun bluetooth tiéu thu dong dién 3
mA, trong khi cdm bién nhiét do tiéu thu 1,5 mA.
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Str dung pin CR2030 véi dung Iugng 230 mAh, thoi

luong pin udc tinh 1a 51 gio.

Dé kéo dai tudi tho pin, ManTemp dugc cAu hinh
dé chi do nhi¢t do khi phat hién bat thuong kém theo
tin hiéu dén nhdy sang. Diéu nay gitip giam tan suat
do khong can thiét, tap trung vao cac thoi diém co
bién d6i nhiét do, qua do tiét kiém ning luong va

tang thoi gian st dung thiét bi.

Viéc két hop dén nhay sang va phat hién nhiét d¢
bét thuong gitp toi wu hoa hidu sudt va tiét kiém pin,
phu hop cho céc tmg dung yéu cau theo ddi nhiét do

mot cach thong minh va tiét kiém ning lugng.

3.1.2. Bdc tinh nhiét @ va danh gia hiéu chudn

ciia thiét bi ManTemp

ManTemp la thiét bi do nhiét d¢ co thé lon, hoat
d6ng trong pham vi nhiét d6 -5+125°C. Dé dam bao
tinh chinh xac va 6n dinh, viéc hiéu chuén thiét bi
truge khi st dung 1a bit budc. Quy trinh hiéu chuan
duoc thuc hién tai ba diém nhiét d6 dic trung (35,
40 va 45°C), trong diéu kién moi truong 6n dinh
v6i nhiét do 25+2°C va do am tuong dbi 50+60%.
Qua trinh hi¢u chuén dua trén so sanh truc tiép gitta
gia tri do ctia ManTemp va to hop thiét bi chuan

(Rotronic).

Hinh 6. Hé théng giam sat nhiét do trai Ion (ManTemp, Man-THP, ManPoint).

Hinh 7. Cam bién thé tai (ManTemp) dwoc bam vao tai trai cua lon.
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Bang 1. D6 khéng dam bao do nhiét dé (k=2, U=95%).

Diém Gia tri trung binh Gia tri trung binh $6 higu chinh (°C) D6 khong dam bdo do
chuin (°C) ciia chuén (°C) ciia dbi tugng (°C) e mé rong (°C)

35 34,900 34,70 0,20 1,0

40 39,910 39,80 0,11 1,0

45 44,910 45,10 0,19 1,0

Két qua higu chuan cho thiy, sai s nho & tat ca
cac diém: tai 35°C, sai sb 14 0,20°C; tai 40°C, sai s
0,11°C; tai 45°C, sai $6 -0,19°C. b9 khong dam bao
do mé rong & cac diém la 1,0°C, nam trong gidi han

cho phép.

Két qua tir cac diém kiém tra cho thdy, ManTemp
hoat dong 6n dinh trong dai nhiét do dugc yéu cau.
Do khong dam bao do md rong tai tat ca cac diém
14 1,0°C, phu hop véi tiéu chuin cia thiét bi va dam
bao tinh chinh xé4c khi do nhiét do co thé lon (bang
1). So véi cac thiét bi tuong ty, ManTemp thé hién
dd chinh xéac cao va 6n dinh, dic biét 1a & cac diém
nhiét dd quan trong trong quy trinh theo doi suc

khoe dong vat.

Qua qua trinh hi¢u chuén, thiét bi ManTemp da
chung minh dugc kha nang hoat dong dang tin cay
trong viéc do luong nhiét do. Vai sai s6 nho va do
khong dam bao do mé rong nam trong gidi han tiéu
chuan, ManTemp dép tmg t6t cac yéu cau k¥ thuat
ctia mot thiét bi giam sat nhiét do trong chan nuoi.
Maic du c6 nhiing sai s6 nho & mot sd diém nhiét
d6, nhung nhiing sai s6 nay déu nam trong pham vi
chip nhan duoc, khong anh huong 16n dén két qua

do luong va danh gia strc khoe dong vat.

Viée so sanh voi céac thiét bi do nhiét do khac
cho th?iy, ManTemp co6 loi thé vé tinh 6n dinh va
kha niang duy tri do chinh xac trong sudt qua trinh
van hanh. Piéu nay khién ManTemp tro thanh mot
giai phap hi€u qua va tin cdy trong linh vyc theo
dodi nhiét do trong chan nuoi lon, dic biét khi so
sanh v6i cac phuong phap do nhiét do khong tiép

xuc khac.

3.2. Thik nghiém trén cd thé lon

Trong thir nghiém thuc dia, hé théng cam bién
thé tai ManTemp dugc kiém tra trén 5 ca thé lon
c6 trong luong trung binh 24 kg, theo doi lién tuc
trong 600 phut dé danh gia hiéu qua va tinh on dinh
trong diéu kién chudng trai thuc t& (hinh 6). Cam
bién dugc gin vao tai trai cua lon (hinh 7), khong
gdy ra phan ng cing thang, dam bao an toan va
khong anh huong dén hanh vi hay stic khoe ciia
lon. Than nhiét binh thuong cua Ign khoe manh dao
dong trong khoang 38,5-39,5°C. Tuy nhién, trong
sudt qua trinh theo ddi, nhiét d6 co thé cua lgn co
thé dao dong 37,5-40,5°C do cac hoat dong sinh 1y
nhu an udng, di chuyén va tam rira. Dit liéu thu thap
tir ManTemp cho thdy, kha ning giam sat nhiét do
co thé gén v6i thoi gian thyce, dat d§ chinh xac cao,
tir d6 gitip phat hién sém cac déu hi¢u bat thudng vé
stc khoe cua lon.

Hé thdng cam bién ManTemp d duoc thir nghiém
trong diéu kién thuc té tai chuéng trai, theo doi nhiét
dd co thé lon trong khoang cach 25-30 m, vdi do
chinh xdc cao va kha ning giam sat gan thoi gian
thuc. Hé thong phat hién va canh bao som cic dau
hiéu bat thuong vé stic khoe théng qua sy thay ddi
nhiét d6. Pdng thoi, hai cam bién méi truong (Man-
THP) dat tai cac vi tri khac nhau trong chuéng trai
ghi nhan nhiét d6 trung binh 35,5°C va do am trung
binh 55,7%RH, véi do 1éch chuén thap, cho thdy tinh
6n dinh cao. Hé thong ManTemp két hop voi Man-
THP cung cap dif liéu toan dién, gitip giam sat hiéu
qua moi truong sdng cta lon va phat hién sém cac

van d¢ suc khée tiém an (hinh 8).
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Hinh 8. Di¥ liéu thu thap tir 5 thiét bj
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Hinh 9. Di¥ liéu ManTemp ID T22272 dwoc xuét ra tir phan mém ManTemp.

¢ > C @ pigmancomvn/quan-ly-chuong

There are no bookmarks. Add bookmark or Import bookmark from other browser for a fast access.
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Thai gian (phit)

ManTemp va 2 thiét bj Man-THP.

b6 moéi truong séng cia lon. Didu
nay giup tang cuong kha nang dy
b4o va phat hién sém cac van dé
tiém 4n, lién quan dén suc khoe
cua lon, dic biét 1a cac thay do6i
dot ngot vé nhiét d6 hodc do am.

Hé théng ManTemp di chimg
minh kha nang hoat dong 6n dinh
va cung cap dit lidu c6 gia tri trong

e viéc giam sat suc khoe lon. Cam
bién ManTemp theo ddi nhiét do
N co thé lon mot cach chinh xac

ma khong anh huéng dén hanh
vi ty nhién cua ching, diéu nay
rat phu hop cho ung dung trong
thuc té chin nudi. So voi phuong
phép thu cong hay dung camera,
ManTemp ty dong hoéa qua trinh
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thu thap va xu ly dor li¢u, giam
thiéu chi phi va cong strc, dong
thoi cung cp kha ning giam sat
tir xa va gan nhu trong thoi gian
thuc, giup phat hién sém céac bat
thudng vé sirc khoe.

Hé théng vuot troi hon so voi
céc giai phap hién tai vé do chinh
xéac, d6 6n dinh va kha nang phat

Hinh 10. Hé théng theo dbi nhiét d6 ManTemp.

So v&i cac hé thdng giam sat moi truong khac
trong chan nudi, hé thong ManTemp két hop vai cac
cam bién moi truong Man-THP mang lai sy on dinh
va do chinh xac cao hon. Viéc dit cac cam bién &
nhiéu vi tri khac nhau gitip theo doi va phat hién
nhiing thay doi trong méi truong mot cach toan dién
hon, d¢am bao rang dir liéu thu thap khong chi phan
anh mot phan cta chudng trai ma con bao quat toan
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hién sém. Bén canh theo doi nhiét
d6, ManTemp con tich hop cac
cam bién moi truong dé giam sat
cac yéu t6 nhu d6 am, gitip cai thién hiéu qua chim
soc va nudi dudng. Thir nghiém cho thiy ManTemp
¢6 do chinh x4c cao va hd trg ngin ngira dich bénh
qua viéc phat hién sém céc tridu ching bat thuong.
Thiét bi ManTemp duoc gan tryc tiép 1én lon, ghi
nhan lién tuc nhiét do va truyén dir lidu 1én hé thong
dé phéan tich (hinh 9). Thuat todn phat hién sy thay
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d6i nhiét do bat thuong, canh bao kip .,
thoi vé nguy co bénh dich, cho phép

nguoi quan ly va chuyén giathuy can 100
thi¢p nhanh choéng. Dit li€u nay ciing
duoc luu trir dé tao lich su stre khoe,
gitp nguoi quan 1y hiéu rd hon vé
yéu to anh huong dén strc khoe ciia
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dan lon, tor moéi truong nudi dén dinh ~ «
dudng va cham soc (hinh 10).
20,
3.3. Dw doan sw bat thwong
0

3

nhiét dé bang mé hinh hoc mdy

Pé tang cuong kha ning phat
hién sém cac bt thuong vé nhiét do
0 lon, nghién ctru da st dung bdn mod
hinh hoc may khac nhau: PCA-SVC, PCA-Decision
tree, PCA-Random forest va 1D-CNN. Muc tiéu cta
viéc ap dung cac mo hinh nay la phan tich va du
doan cac trang thai nhiét do thong thuong (BT) va
bat thuong (BBT) tr vi¢c thu thap nhiét do dir ligu
dugc thong qua hé thong cam bién thé tai ManTemp.

nhiét do.

Qua trinh chuén bj dir liéu cho hé théng giam sat
than nhiét lon PigMan bao gém viéc lua chon va xu
ly dir liéu tr 1500 thé tai ManTemp cta ca lon binh
thuong va bét thuong. D@ liéu dugc phan loai dya trén
ngudng nhié¢t do: lon c6 nhié¢t do <40°C (TN) dugc coi
la binh thuong, trong khi lon ¢6 nhiét 4§ >40°C (TP)
duoc coi 1a bat thuong. Ching toi da sir dung cac mo
hinh hoc may, bao gom; Phan tich thanh phan chinh
két hop voi PCA-SVC, PCA-Decision tree, PCA-
Random forest va 1D-CNN dé danh gia hi¢u suat du
doan trén cung mot bo dir lidu. Két qua du doan lon
bét thuong tur cdc mo hinh thu dugc tai bang 2.

Dir lidu trén phan anh két qua phéan loai ciia
bén mé hinh hoc may, bao g@)m PCA-SVC, PCA-
Decision tree, PCA-Random forest va 1D-CNN,
dwa trén cac chi sé True positive (TP), True negative
(TN), False positive (FP) va False negative (FN). Mo
hinh PCA-SVC c¢6 két qua kém nhit v6i 694 truong
hop du doan ding lon bat thuong va 806 truong hop

Bang 2. Két qua dw doan lon bat thwong tir cac mé
hinh.

M5 hinh TP TN FP FN
PCA-SVC 694 806 145 160
PCA-Decision tree 607 893 58 73
PCA-Random forest 591 909 42 57
1D-CNN 568 932 19 34

86 chinh xac (%)

B chum (%) TY 1€ thu hdi (%) DIEm F1 (%)

mPCASVC m PCADecisionTree W PCA-Random Forest  m 1D-CNN

Hinh 11. Biéu dd danh gia mé hinh dw doan bat thwong duwa trén cam bién

dang lon binh thuong, nhung lai co6 sb luong du
doan sai kha cao véi 145 sai duong tinh (FP) va 160
sai am tinh (FN). Trong khi d6, PCA-Decision tree
cho théy su cai thién rd rét, voi sb luong sai duong
tinh va am tinh giam dang ké, chi con 58 FP va 73
FN, cung v6i do chinh xac t6t hon trong phan loai.
PCA-Random forest thé hién hiéu suit cao v&i 929
truong hop TN va 571 TP, dong thoi chi c6 22 FP
va 37 FN, cho thdy kha ning phan loai rit dang tin
cay. Cudi cung, 1D-CNN Ia mé hinh c6 hiéu suét
t6t nhat, v6i chi 19 FP va 34 FN, phan anh kha ning
phan loai chinh xac va 6n dinh nhit trong s6 cic mod
hinh dugc so sanh. Piéu nay cho thay, ID-CNN la
lua chon tbi wu khi can giam thiéu sai sot trong du
doéan bat thuong nhiét d cia lon. Cu thé, két qua
danh gia mo hinh dy doan sy bat thuong cta lgn dya
trén dir liéu cam bién nhiét do theo thoi gian bfing
cac thuat toan hoc may (hinh 11).

Mo hinh PCA-SVC dat d6 chinh xac 83,1%, véi
Precision 82,7% va Recall 81,3%. Mac du c6 kha
nang phan loai kha, mé hinh nay van bo st mot so
truong hop bat thuong do viée giam chiéu dit liéu
bang PCA c6 thé lam mit thong tin quan trong.

M6 hinh PCA-Decision tree c6 do chinh xac tang
lén 92,0%, voi Precision 91,3% va Recall 89,3%.
Mo hinh nay cai thién kha nang phéan loai nhd cdu
trac phan nhanh cua cay quyét dinh, nhung van co
nguy co overfitting khi xtr 1y dir liéu phtrc tap.

Mo hinh PCA-Random forest véi d0 chinh xac
93,8%, Precision 93,4% va Recall 91,2%, mo hinh
nay cho thay hiéu suit tot hon nho viéc tong hop két
qua tir nhiéu cay quyét dinh, giam thiéu overfitting
va tang kha ning tong quat hoa.
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M& hinh 1D-CNN dat hiéu suat cao nhét véi do
chinh xac 96,6%, Precision va Recall déu dat 96,8
va 94,4%. 1D-CNN c¢6 kha ning trich xuét cac dic
trung phtrc tap tir dit liéu chudi thoi gian, giup phat
hién chinh xac cac bat thudng nhiét do.

Mbi twong quan giita céc chi tiéu cho thdy 1D-CNN
vuot trdi hon cac mo hinh khac trong viéc can béng
gitra d9 chinh xac va kha nang phat hién day di cac bat
thuong, khang dinh tiém ning 16n cua viéc Gmg dung
mang no-ron tich chép trong giam sat suc khde lon.

Két qua nghién ctru phu hop véi xu huéng trong
linh vuc trng dung hoc sau vao giam sat suc khoe vat
nudi. Cu thé, viée su dung mang no-ron tich chép
dé phan tich dit liéu cam bién da duoc chimg minh
1a hiéu qua trong nhiéu nghién ctru trude day. Vi
duy, nghién ctru ctia B. Savoini va cs (2025) [5] da
st dung 1D-CNN dé phan tich dir liéu va phat hién
som bénh ¢ gia suc, dat do chinh xac 90%. Két qua
96,6% ctia nghién ciru nay cao hon, cho thay tiém
nang lon cua viéc ap dung 1D-CNN trong giam sat
suc khde lgn. Ngoai ra, nghién ctru cua Y. Kim va cs
(2019) [6] da 4p dung Random forest dé phan loai
tinh trang strc khoe ¢ lon dua trén dir liéu hanh vi,
dat do chinh xac 92%. Két qua 94,5% cua nghién
ctru ndy v6i PCA-Random forest cho thdy, viéc két
hop giam chiéu dir liéu bang PCA c6 thé cai thién
hiéu suét mé hinh.

Céc két qua cho thdy, mé hinh 1D-CNN c6 hiéu
suét vuot troi trong viéc du doan sy bat thuong nhiét
d6 ¢ lon, nho kha nang hoc cac dic trung phuc tap tu
dir liéu chudi thoi gian. Viéc phat hién sém cac bat
thuong nhiét d6 la rat quan trong dé ngan chan dich
bénh va dam bao surc khoe dan lIon. So vdi cac mo
hinh truyén théng, 1D-CNN khong chi cai thién do
chinh x4c ma con dat sy cin bang tot giita Precision
va Recall.

4. Két luan

Nghién ctru nay da phat trién va thir nghiém hé
théng giam sat nhiét do ty dong ManTemp danh cho
chan nuoi Ign, st dung cam bién thé tai va két ndi
Bluetooth song ngén (BLE). Két qua cho théy, hé
théng ManTemp c6 kha ning do luong va truyén tai
dit liéu nhiét d6 chinh xac, hiéu qua trong viéc phat
hién cac bat thudong vé nhiét d6 co thé cia lon.
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Céc thuat toan hoc may duoc ap dung, bao gdm
PCA-SVC, PCA-Decision tree, PCA-Random forest
va 1D-CNN, da duoc danh gia dya trén cac chi tiéu
dd chinh xac, precision, recall va Fl-score. Trong
d6, 1D-CNN da chung minh la m6 hinh hi€u qua
nhét v6i do chinh xac 96,6%, vuot trdi so véi cac
mo hinh khac. Piéu nay khing dinh tiém ning cua
ID-CNN trong viéc xu ly dir lidu chudi thoi gian,
gitip phat hién sém cac bét thuong va cac dau hiéu
bénh tat.

Hé théng ManTemp khong chi 1a mot budc tién
trong viéc ing dung cong ngh¢ vao chan nudi ma
con mé ra nhiéu co hdoi moi dé xay dung mot nén
ndéng nghiép thong minh. Viéc két hop giita cong
nghé cam bién va cac thuat toan hoc may trong giam
sat suc khoe lgn, mo ra hudng di méi trong viéc ap
dung cong nghé s6 vao ndng nghiép. Cac nghién ctru
tiép theo c6 thé mo rong pham vi img dung sang cac
loai vat nudi khac va tiép tuc tdi uu héa cac mo hinh
hoc may dé nang cao hiéu suat du doan.

LO1 CAM ON

Nghién ctru nay dugc hd tro boi Vién Han 1am
Khoa hoc va Cong nghé Viét Nam trong dé tai ma sb
CN4000.01/21-23. Cac tac gia xin chan thanh cam on.
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