Tap chi Khoa hoc Trirong Pai hoc Can Tho

Tap 59, Sé chuyén dé: Khoa hoc Kj thudr va Céng nghé (2023): 25-34

SO chuyén dé: Khoa hoc Ky thuat va Cong nghé

®
Tap chi Khoa hoc Trudng Pai hoc Can Tho [ iioa soc

Tt b Eln T

website: ctujs.ctu.edu.vn

DOI:10.22144/ctu.jvn.2023.026

THIET KE THE RFID TiCH HQP CAM BIEN CONG SUAT THAP UNG DUNG
THEO DOI HOAT PONG CA THE BO SUA

Tran Minh Nhat'", Nguyén Chi Ngon? va Tran Viét Thang®

Khoa Pién tir Vién thong, Truwong Pai hoc Sai Gon

2Trwong Bdch khoa, Truong Pai hoc Can Tho

3Phong Khoa hoc Céng nghé, Truong Pai hoc Nguyén Tdt Thanh

*Nowoi chiu trach nhiém vé bai viét: Tran Minh Nhat (email: tranminhnhat@yahoo.com)

Théong tin chung:

Ngady nhdn bai: 27/10/2022
Ngay nhdn bai sira: 15/11/2022
Ngay duyét dang: 28/11/2022

Title:

Design of RFID Tag integrated
low-power sensor for tracking
the activities of milk cow

Tirkho'q: )
Cam bieén gia toc, hanh vi cia
bo, RFID

Keywords:
Accelerometer sensor, cow
behavior, RFID

ABSTRACT

Cow's milk and its products provide many nutrients that contribute to the
healthy growth of the body. In addition, milk production brings great
benefits to producers and ensures household livelihoods, food security
and nutrition. However, the ability to exploit milk may be limited due to
poor quality feed, diseases and capacity of conventional farms. To
improve dairy farming efficiency, we have proposed a dairy cow
monitoring system based on motion recognition and wireless
communication. The core of our system is a sensor card equipped with an
accelerometer sensor. To evaluate the feasibility of the proposed system,
experiments were conducted to identify three behaviors, usually dairy
cows, for a week with the help of camera and observer systems. These
behaviors include standing, walking, and grazing. Our achievements can
pave the way for the development of smart and precise farm systems.
TOM TAT

Sita bo va cdac san phdm ciia né cung cap nhiéu chat dinh duong gop phan
vdo si phdt trién khée manh cua co thé. Ngodi ra, san xudt sita mang lai
loi ich to I6m cho ngueoi san xudt va dam bdo sinh ké hé gia dinh, an ninh
liwong thue va dinh dwong. Tuy nhién, kha ning khai théc sita cé thé bi
han ché do thirc an kém chat lwong, dich bénh va nang sudt cia cdc trang
trai truyén thong. Dé ndng cao hiéu qud chdan nudi bo sita, ching t6i da
dé xudt mot hé thong gidm sat bo sita dya trén nhdn dang chuyén dong va
giao tlep khong day. Cot 16i cuia hé thong la mét thé cam bién tich hop
cam bién gia toc. Pé danh gia tinh kha thi ciia h¢ thong dwoc dé xudt, cac
thi nghiém da dwoc tién hanh dé xdc dinh ba hanh vi ciia bo sita trong mét
tudn véi sie tro giup cua h¢ théng camera va thiét bi quan sat. Nhitng hanh
vi ndy bao gom ding yén, di bé va an cé. Nhitng két qua dat diege cia
chiing t6i ¢6 thé mé dwong cho sw phdt trién cdc hé thong trang trai théng
minh va chinh xdc.

1. GIOI THIEU

Ngay nay, c6 mot s6 thach thirc ma nganh nong
nghiép dang phai d6i mat, bao gom lang phi luong
thuc, nhan khau hoc va sy khan hiém tai nguyén
thién nhién (Mhatre et al., 2020). Theo mot bao céo

trong Hoi nghi Thuong dinh Chinh phu Thé gidi,
khoang 660 triéu ngudi trén thé gidi duoc du doan
s& bi d6i va suy dinh dudng vao nam 2030 (FAO,
2021). Bao céo chi ra ring nhan loai s& phai san xuat
thém 70% luong thyc dé d4p tmg nhu cau vao nim
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2050. Bé giai quyét van dé nghiém trong nay, nhiéu
giai phap b sung phai dugc xem xét. Ngoai ra, cac
phuong phap nong nghi€p va trang trai thong
thuong phai dugc thay doi va hd trg boi nhiing tién
bo méi trong cong nghé, chang han nhu rd bot, cam
bién théng minh va h¢ théng thong tin & lién lac
(Mhatre et al., 2020). Trong qua trinh chan nuoi,
viéc xac dinh dich bénh vat nu6i 1a vo cung quan
trong vi dich bénh lam giam ning suét, tang chi phi,
hao hut thwong pham, giam gia tri thi trudng, mét an
toan vé sinh thuc phiam. Tac dong cua dich bénh gia
stic dén kinh té va xa hoi da dugc ching minh trén
toan cau, & ca cac nude phat trién va dang phat trién
(Perry & Grace, 2009). Vi du, bénh I& mém long
mong 1a mot bénh do vi rit rat dé lay lan anh huong
dén cac loai gia stic nhai lai, bao gdm: bo, lon va clru
(World Organisation for Animal Health, 2020).
Theo thng ké, can bénh nay wdc tinh gay thiét hai
cho céac qudc gia c6 dich bénh tir 6,5 ty d6 la dén 21
ty d6 la hang nam. Cac nudc trude day khong cod
dich bénh phai chiu chi phi tir 0,5 ty d6 la dén 10 ty
d6 la sau khi dich bung phat (Knight-Jones &
Rushton, 2013). Do d6, viéc phat hién sém dich
bénh vat nudi két hop véi hanh dong kip thoi gitp
ngan ngira Sy Xuit hién cac van dé sirc khoe cho vat
nudi, tir d6 giam thiéu thiét hai kinh té va ning cao
chat lugng san pham. Tuy nhién, viéc theo ddi stic
khoe cuia dong vat hang ngay la rit kho, dac biét 1a
& nhitng trang trai 1on, noi nhan vién khong c6 du
thoi gian dé quan sat va nhan thay mot sb triu
ching bénh ctia dong vat (Mhatre et al., 2020).
Trong chin nudi bo sita, ¢ nhitng dau hiéu khac
nhau cho thiy bo bi nhidm bénh. Nhiing diu hiéu
nay bat ngudn tir nhiing tén thwong dbi véi cac co
quan cta bo nhu co, xuwong va da day
(SWAZILAND DAIRY BORD, 2020). Chiang c6
thé duoc nhan ra boi sy thay ddi trong cac hanh vi
véan dong cua bo, thoi quen an udng, nhiét d6 co thé
va tham chi ca chat thai tir hé tiéu hoa (Mayer,
2020). Do d6, viéc phat hién nhiing thay doi trong
hanh vi ciia bo ddi voi can bénh nay 1a mot van dé
quan trong. C6 nhiéu cach thyc hién dé theo doi
hanh vi clia bo. Trong cac nghién ciru ban dau, quan
sat tryc tiép hodc ghi video da duoc sir dung dé xac
dinh thoi gian cta cac hanh vi gdm c6 va nhai lai
(Nielsen, 2013). Tuy nhién, cach tiép can nay phai
d6i mat véi nhimg thach thac I6n 14 tén nhiéu thoi
gian va cong sirc, n6 tré nén khong thuc té trén quy
mé 16n & cac trang trai hién dai. Vi sy phat trién
cia cong nghé cam bién, c6 rat nhiéu thiét bi dua
trén cam bién dé nhan biét cac hanh vi cua bo. Hi-
Tag dugc phét trién dé ghi lai 4m thanh nhai ctia bo
dua trén tin hiéu am thanh (Burfeind et al., 2011).
Mic du thiét bi Hi-Tag nay cung cap do chinh xac
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cao nhung nd c6 thé bi anh hudng manh boi cac
ngudn nhidu bén ngoai. Mot phuong phéap khac dua
trén phép do 4p sudt da duoc thuc hién (Zehner et
al., 2017), nhung dng ap suét silicone duoc sir dung
trong phuong phap nay c6 anh huong Ién dén su
thoai mai ciia bo. Cam bién gia toc c6 chi phi thip
va khong dé bi can thiép. Thiét bi c6 cam bién gia
toc tich hop s& khong anh huong dén su thoai mai
cta bo do kich thudc nho va trong lugng nhe (Shen
etal., 2020). Vi nhimg 1y do do, ching t6i tim cach
nhan biét hanh vi di chuyén cta bo sita dra trén cam
bién gia toc Mat khac, trong nhitng thap ky gan day
su phat trién nhanh chong cua mang cam bién khong
day da khién chung c6 thé duoc ap dung cho cac linh
virc nghién ctru mai ndi nhu IoT (Internet of Things)
va cac thiét bi deo dé theo ddi suc khoe
(Pantelopoulos & Bourbakis, 2010).

2. THIET KE PHAN CUNG VA UNG
DUNG

Hinh 1 mo ta vé thiét ké thé cam bién cong suat
thap tng dung theo ddi hoat dong cuia céc ca thé bo
sira, thiét ké nay duoc phat trién dua trén co s¢ cua
thé cam bién khong day da dwoc nghién ciru cung
v6i nhom nghién ciru cua Han Quéc (Dang, 2022).
Thiét ké c6 hai mé-dun: mé-dun cung cdp ning
lwong va moé-dun cam bién.

X

Battery 3.7v BG quan Iy ngudn |
880 mAh ps62060+CSD75208w1015)

. ] ,

RFID chip XLP-MCU Cam bién gia téc
EM4325 STM32L432 ADXL362

Hinh 1. So' d6 khdi caa thiét ké thé cam bién

Béng 1. Cong suét tiéu thu céa cac thanh phin
thiét bi chinh trong mach

Dong tiéu

STT Tén thiét bi thu (uA)
1 Quanly ngudn cds75208w1015 ~0
2 On ap DC-DC Tps6260 18
3 RFID (Radio Frequency 0
Identification) tag
4 Cam bién gia toc 3
ADX362 400Hz
5 MCU STM32L432 672(8MHz)
Cong suat ti€u thu
(theo thiét ké) 693
Cong suat thuc t& 1027

(do bang thiét bi Fluke-87¢)
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V6i pin 880mANh, thiét bi cam bién thiét ké co
kha nang su dung trong 800h, du dung trong thir
nghiém.

2.1. Khéi quén Iy ngudn (Power manager)

Khéi quan 1y ngudn st dung cip MOSFET kénh
P cho phép bat hoic tit tai hé thong. Thiét bi
CSD75208W1015 MOSFET c¢6 kich thudc rat nho
duoc chon dé thiét ké khbi nay. MOSFET dugc diéu
khién boi bo diéu khién trung tim nhdm cung cép
nguon tir pin dén cac khoi chirc nang cua hé thong
Khéi chuc ndng nay dam bao nguon cap ludn on
dinh. Dién ap dau ra cia MOSFET dugc dua dén
mach 6 on ap cong suat thap TPS62060 dé duy tri dién
ap 6n dinh cho céac thiét bi. Dong tiéu thu trung binh
cua thiét bi 6n ap nay chi & mac 18 pA, nhung co
kha ning cung cdp mot dong dién ra 1én dén 1.6A
(Texas Instruments, 2015).

2.2. Cam bién gia téc (Accelerometer sensor)

Do nhu cau ti uru hoa trong thiét ké mo-dun cam
bién vé kich thudc va nang lugng tiéu thu, cam bién
gia tbc dwoc chon 1a ADXL362. Cam bién nay la
mot cam bién gia toc ba truc hoat dong & muc tiéu
thy dién nang cuc ky thap N6 do ca gia toc dong,
chang han nhu chuyén dong va gia téc tinh, bat
ngudn tir do nghiéng. Dit liéu tang téc duoc giri dén
may chu luu trlr thong qua giao thuc SPI (Serial
Peripheral Interface). Mot s6 tinh niang wu viét cua
ADXL362 c6 thé ké dén nhu sau:

—  Giao tiép SPI.

— Dai dién ap cung cip rong: 1,6 - 3,5 V.

— 1,8 pA ¢tde do dit ligu dau ra 100 Hz, nguon
cungcap 2.0 V.

— Dong dién cho 10 nA.

— Do phan giai cao: 1 mg / LSB.

— Kich thudc thiét bi: 3 mm x 3,25 mm x 1,06
mm.

2.3. B thu phat RF (Transceiver)

Bo thu phat RF khong chi cho phép thé cam bién
nhan yéu cau tir bo doc ma con truyén dit liéu ID
(identification) bo sira va gia toc tra lai bo doc. Dé
Xt ly nhitng tac vu nay, chung t6i khai thac gia tri
cua cong nghé tan xa nguoc. Mét chip thé RFID
dugc sir dung dé phuc vu giao tiép vai bo doc. Thiét
bi nay tuan tha chuén I1SO / IEC 18000-63 va EPC
Class-1 Generation-2. Hon nita, EM4325 ¢ thé
duogc s dung & ché do chu dong hodc ché do thy
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dong co hd trg kéo dai thoi gian sdng caa cam bién
véi tan s hoat dong tir 860 MHz dén 960 MHz. Mot
s6 tinh ning tiéu biéu cia EM 4325 duoc tom tat
nhu sau:

— Giao tiép SPI.
— Dii dién 4p vao: 1,25V dén 3,6 V.

— Tich hop cam bién nhiét do: -400C dén 600C
V641 @6 chinh x4ac £+ 1.00C.

— 352 bit cho ma hoéa UIl / EPC.
— 3072 bit cho dit liéu Nguoi dung.
~— Tbcdo di ligu lién két chuyén tiép: 26,7 kbps
dén 128 kbps.
— Tbc @6 dir lidu lién két tra vé: 40 kbps dén
640 kbps.
2.4. Bd vi diéu khién (Microcontroller)

Bo vi diéu khién duoc lya chon trong thiét ké
nay véi s6 lugng chan GPIO (General Purpose Input
Output) va ngoai vi dui dap ng voi yéu cau cia hé
thdng va duoc liét ké trong Bang 2.

Theo Bang 2, bo vi diéu khién c6 10 chan GPIO
va 2 ngoai vi SPI. Ngoai ra, bo diéu khién tiéu thu
dién nang rat thap dé dap g nhu cau cho thiét ké.
Do d6, thiét bi STM32L432KC dugc dua vao trong
thiét ké thée cam bién. Thiét bi STM32L4 bao gom
cac bo vi diéu khién cong suét thip dwa trén 15i
ARM Cortex-M4 32-bit RISC (reduced instruction
set computer) hiéu nang cao. STM32L432KC sd&
hitu bo nhé toc do cao, bao gom 256 Kbyte bo nhé
Flash va 64 Kbyte SRAM. Hon nira, thiét bi nay
thuc hién mot s co ché bao vé dé truy cap vao bo
nhé Flash va SRAM: co ché bao vé doc, ghi va
tuong hra (STMicroelectronics Hungarian Branch,
2022). Mot sb tinh nang quan trong cuia chip
STM32L.432KC nhu sau:

— Dién ap ngudn tir 1,71 V dén 3,6 V.

—  Muc tiéu thu hién tai 1a 84 uA / MHz cho ché
d6 hoat dong, 28 nA cho ché d6 cho, va 8 nA cho
ché do tit may.

— Tan sb xung nhip 1én dén 80 MHz.

— Chan IO 1én dn 26 chan, hau hét cac chan
5V.

— Ngoai vi phong phu, ching han nhu 2x SPI,
2x 12C FM +, SMBus / PMBus, 3x USART, 1x SAl
va 1x USB 2.0 toc d¢ day du.


https://dictionary.cambridge.org/dictionary/english/identification
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Béng 2. Chan GPIO va ngoai vi trong thiét ké thé

cam bién
e . S6 chan
Khoi Ngoai vi GPIO
Cam bién gia toc SPI 5
B0 truyen nhan khong day SPI 4
Bo nguon khong 1
3. THIET KE CHUONG TRINH PIEU
KHIEN
3.1. Phan mém cho cam bién (Firmware for
Sensor)

Khi thiét ké chuong trinh dé diéu khién hoat
dong cua thé cam bién, diéu can can nhic nhat 1a
chuong trinh nap vao MCU (microcontroller unit)
phai chay sao cho cong suét tiéu thu caa mach cang
thip cang tot. P& lam duoc diéu do, cam bién gia
tc, b thu phat RF va MCU can danh phan 16n thoi
gian cta chung & ché do tiéu thyu dién ning thap nhat
ma ching c6. Quay tré lai Phan 2, dong dién tdi
thiéu xay ra & ché do cho cua cam bién gia toc, ché
d6 ngua cua bo thu phat RF tiéu thy it dién ning nhat
tir ngudn dién va tham chi ca MCU khi & ché o tit
may sé& st dung it ndng lwong hon cam bién gia tc
& ché do cho. Luu d6 cua chwong trinh cho thé cam
bién dugc trinh bay trong Hinh 2.

Khoi dau, STM32L432KC duoc ciu hinh, bao
gdm viéc khoi tao cac chan GPIO va ngoai Vi,
ADXL362 va EM4325 cling duoc khoi tao. Trong
budc tiép theo, cam bién gia toc bit dau do va truyén
dir liéu. Sau khi két thic qua trinh truyén, cam bién
nay s& giri tin hiéu ngit ¢én MCU. MCU quan sat
tin hiéu ngit dugc tao ra tir tin hiéu hoan thanh
Chuyén ddi cia ADXL362 dé quyét dinh xem n6 c6
chuyen sang ché do ngu hay khong. Néu tin hiéu
ngat xuat hién, MCU s& dugc chuyén sang ché do
hoat dong va lay dir ligu gia toc. Sau do, dir liéu gia
téc dugc dwa vao ché do cho dé giam tidu thy dién
ning va MCU chuyén sang ghi dit liéu vao bo nha
nguoi dung cua EM4325. Vi EM4325 cho phep ghi
dir liu & ché do ngu, bo thu phat nay khong can
danh thirc dé bao toan nang luong. Khi dit liéu dugc
ghi lai dy trong bo nhé nay, MCU sé kich hoat déng
hé thoi gian thuc dé tu danh thie dinh ky 10 gidy
mot lan. Cubi ciing, STM32L432KC vao ché do tat
va sau khi thoat khoi ché do tt, né can phai cau hinh
lai tat ca cac chan GPIO va ngoai vi vi dit liéu dinh
c4u hinh cho chiing s& bi mt trong ché do nay.
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Cau hinh cac chan va ngoai vi
Khdi tao ADXL362, EM4325

{

ADXL362 bat dau chuyén doi

Vao trang thai
sleep chd tin hiéu
ngét tr cam bién

Chuyén ddi xong

b

Nhan di¥ liéu tr ADXL362

'

Pua ADXL362 vao trang thai standby

¥

Ghi dif liéu vao bd nhd ciia EM4325

-l

b d

Ghi xong

Kich hoat timer ctia RTC

¥

Chuyén vao trang thai
Shutdown va chd timeout

Hinh 2. Luu dd xir Iy cia thé cam bién
3.2. Phan mém co s& cho b doc (Reader)

Bo doc RFID giao tiép vai thé cam bién bing
cach su dung co ché dugc goi 1a co ch‘ “phan hoi
yéu cau”. Pau tién, bo doc giri yéu cau xac dinh 1D
cua thé va doi phan hoi tir thé cam bién. Sau khi
nhan duoc yéu cau nay, thé giri lai 1D cia n6. Tiép
theo, bo doc xac minh ID nay va dua ra yéu ciu thir
hai dé thu thap dit liéu trén theé. Cubi cung, thé cam
bién chuyén dit liéu gia téc cna né t6i bo doc va qua
trinh giao tiép giita bo doc va thé cam bién hoan tat.
Toan b qua trinh giao tiép dwoc quan sat trong
Hinh 3.
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Bo doc Cam bién
B& doc yéu cau ID
>

Cam bién gdi ID

-t
B& doc yéu cau dir lieu
Cam bién gdi dif liu

ot

Hinh 3. Co ché phan hdi yéu cau

Ngoai ra, dé dam bao dir liéu gia toc duoc thu
thap chinh xéc, bd doc sé& giao tiép vai thé cam bién
sau khi thé nay chuyén sang ché do ngi. Trong ché
d6 nay, cam bién gia téc khong hoat dong, vi vay
khong c6 dir liéu maéi nao duoc thém vao bd nhd
ngudi ding cia EM4325. Nho dé, bo doc c6 thé truy
cap bo nhd nay dé doc dir liéu ma khong gap bat ky
tré ngai nao.

Hon nita, chwong trinh chi tiét cua bo doc duoc
thé hién bang mot luu do trong Hinh 4. Sau khi gui
yéu cau (request) xac nhan ID cua thé, néu bo doc
khong nhan duoc bat ky phan hdi (response) nao,
n6 s& goi yéu cau nay mot 1an nira. Néu bo doc van
khong nhan duoc phan hdi, né s& két thuc chu ky
doc nay va chd chu ky tiép theo. Quy trinh tuong tu
dugc ap dung khi bo doc yéu cau thé cam bién tra
vé dit liéu (data) gia téc cua no.

GGi request ID

Nhén response?

Gdi lai request ID

Gdi request data

| Bua ADXL362 vao trang thai standby |

Y

Doc data

Nhan response?

Gdi lai request data

Nhan response?

| Théng bao 16i cho ngudi ding I

v

Hinh 4. Luu db xir Iy cta bd doc

_ Hinh 5 mach RFID tich hop cam bién deo trén
€6 de giam sat hanh vi cua bo.
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(a) Mit truéc

(b) Mat sau

Hinh 5. Mach RFID tich hop cam bién do hanh
vi cia bo sira
4. PO LUONG HANH VI CUA BO
4.1. Thiét lap thir nghiém
4.1.1. Vi tri ldp dat thiét bj

Thi nghiém cta chang t6i dugc thyc hién tai
trang trai bo stta Tan Tai Loc, xa Pai Tam, huyén
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M$ Xuyén, tinh Soc Trang. Pay la mét trang trai tu
nhan véi dién tich danh cho thu nghiém hé thong
khoang 60 m2 (4m*15m). Hinh 6 mé ta cach bo tri
cua trang trai bo sita nay.

Ta co:

BC~4m

DC~15m

OC~V7.5%2 + 22m

OC~7.76m

Vy voi khoing cach xa nhat OC (7.76m) hoan
toan nam trong vung hoat dong cta bo doc (kha
nang doc cua bo doc dat 8-12m khi sir dung ang-ten

12 dBi).
Bd doc 1 15m
A B
0
4m
7.76 m
D 7.5m c
BG doc 2

Hinh 6. So d6 trang trai bo sita
4.1.2. Bo doc RFID

Bo6 doc dugc sir dung dé danh gia hiéu suét cua
thé cam bién va dau doc Speedway R220 da duogc
chon cho thu nghiém nay. Speedway R220 s¢ hiru
hiéu suat cao va 1a mot san pham thuong mai. Ngoai
ra, mot ang-ten phan cyc tron 12 dBi da dugc dua
vao dé truyén cong sudt RF tir bo doc. Bang 3 mo ta
cac tinh nang quan trong cua d4u doc Speedway
R220.

Bang 3. Pic diém k§ thuat cia diu doc speedway

R220
Tham s6 Gia tri
Sé cong ang-ten 2
Tocdodoc  hon 200 thé/gidy
Gilao thife truyen - G.51/epC global UHF Gen-2
thong
Do nhay cuc dai -84 dBm

Cong suét truyén  32.5 dBm AC/ 31.5 dBm PoE
24 VDC/ 2.1 A (AC-DC) or

Ngudn cung cip 802.3af POE

Ngoai ra, trong thir nghiém nay, cong suét dau ra
cua bo doc duoc dinh ciu hinh & mirc 30 dBm dé dat
khoang cach ~4m trong chudng nudi va dé nhay dat
t6i gid tri I6n nhat. Hinh 7 moé ta vi tri 1ap dat bo doc
va ang-ten tai trang trai bo sira.
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Hinh 7. Vi tri cia ing-ten va bg doc trong kho
4.1.3. Doi tuong thir nghiém

Bang 4 la danh sach 05 con bo céi thir nghiém,
nhimg con bo nay 16n hon ba ndm tudi. Do 1a glong
bo Holstein Friesians, mot giéng bo sita ¢ ngudn
géc tir cac tinh Bic Ha Lan va Friesland cua Ha Lan,
va Schleswig-Holstein ¢ Bic Puc (Simonyan &
Zisserman, 2015). Nhimg con bo nay khong mang
thai, khong dong duc, stuc khoe tot, khong co biéu
hién bénh.

Bang 4. Danh sach bo thir nghiém

1D Khoi lrong (Kg) Tinh trang
1 495 Khoe manh
2 485 Khoe manh
3 479 Khoe manh
4 499 Khoe manh
5 501 Khoe manh

Vi tri cua thé cam bién dwoc minh hoa trong
Hinh 8.

Hinh 8. Thiét bi cé dinh trén cb bo va ba truc
toa d¢ chi thj ciia cam bién gia toc cho 2 bo co
ma 1va2
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4.1.4. Quy trinh thi nghiém

Chung ti da quan sat ba hanh vi cua bo stra, do
1a hanh vi an co, ding yén va di bg. Tat ca ching
duogc xac dinh trong Bang 5.

Bang 5. Pinh nghia cic hanh vi khac nhau cia bo
Hanh Vi M6 Ta

Cudn cé va gam thuong xuyén ma
khong can nging dau 1én

Pung yén Khong di chuyén dén vi tri khac

bi bd Di chuyén tir vi tri ndy sang vi tri khac

An co

Thoi gian 4n ciia bo vao budi sang, budi trua va
budi chiéu lan luot 1a 6:30 sang, 12:30 trua va 4:30
chiéu. Dir ligu gia téc dwoc lay mau hai lan mot
ngay, moi Ian 60 phat va lién tyc trong 7 ngay vi
tan sb ldy mau la 50 Hz. Lan Iay mau thir nhat va
thir hai dwoc thuc hién vao budi sang va budi chiéu
sau khi bo an xong. Ngoai ra, ching t6i da quan sat
ting hanh vi trong vong mét gio. May anh da dugc
str dung dé ghi lai cac hanh vi ctia bo dé dong bo hoa
v6i dir liéu cam bién va dir liéu ghi nhan sau nay.
Hon nita, trong qué trinh thi nghiém, tit ca cac hanh
Vi ctia bo ciing dwoc quan sat vién theo doi dé dam
bao dd chinh xac cao.

4.2. Phép do hanh vi bo sira

4.2.1. Mai quan hé giita tin hiéu cam bién va

hanh vi cua bo sira

Dix ligu gia toc ba tryc ciia 05 con bo thi nghiém
da duogc thu thap thanh cong. Qua qua trinh phan
tich thdy hanh vi ctia 5 con bo gan tuong tu nhau nén
ldy dai dién bo c6 ID 1a 1 dé vé biéu db dang séng
gia tc ba truc cia mdi hanh vi. Hinh 9 trinh bay cac
dang song tir dir liéu gia toc cua hanh vi ding yén.
Céc gia tri do I6n trén mdi truc twong déi 6n dinh
theo thoi gian, ngoai trir mét vai khoang thoi gian
dit liéu dao dong, nhung khong dang ké.
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Hinh 9. Céc dang séng gia téc cho hanh vi dirng
yén

C6 mot sy thay d6i nho trong bién do cia hanh
vi gam co6. bac biét, trén truc X va truc Y, dir liéu
gia toc cha yéu dao dong trong khoang -1 g dén 1 g,
trong khi dit liéu nay trén truc Z chu yéu dao dong
trong khoang -1 g dén 0 g. Dit liéu gia téc ba truc
cua hanh vi an c6 dugc mo ta trong Hinh 10.
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Hinh 10. Cac dang séng gia toc cho hanh vi in cé

Céc dang song gia t6¢c cua hanh vi di bo duoc
trinh bay trong Hinh 11, n6 c6 thé dugc thay rd rang
cac tin hiéu gia toc co bién do 16n va bién thién
manh. Gi4 tri d6 I6n caa truc X va truc Y nam trong
khoang tir -1 g dén 1 g trong khi gi4 tri d¢ I6n cia
truc Z thay doi trong khoang tir -2 g dén 0 g. Pac
biét, mot s6 diém dit liéu trén ca ba truc déu co gia
tri tuyét d6i Ion hon 3 g.
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Hinh 11. Cac dang séng gia toc cho hanh vi di bd
4.2.2. Gid tri do lon tin hiéu
Pé tryc quan hon trong viéc quan sat su thay doi
bién d¢ cua dir liéu gia toc ba truc trong quan hé vai
cac hanh vi ctia bo, ching t6i tinh gia tri do lon tin
hiéu (Shen et al., 2020) nhu sau:

Amag = faz + a2 + aZ

trong d0 amag dai dién cho gia tri d§ 16n tin hiéu.
ax, 8y va az lan luot la gia toc theo truc X, truc Y va
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truc Z. Cac gia tri cuong do tin hiéu cua tat ca cac
hanh vi duoc vé trong Hinh 12.

Pung yén

.
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Hinh 12. Cac dang song d lén tin hiéu cia ba
hanh vi: (a) Dling yén, (b) An cé, (c) Di b
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