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TOM TAT

Bai bdo nay trinh bay mt hé thdng diéu khién va giam sat can bang dinh lugng dua trén cong nghé Internet van vét (loT), dugc trién khai xay dung mé hinh
ting dung cho phong thi nghiém. Hé thong dé xudt st dung bén cdm bién loadcell Iap d&t dudi bé bang tai d€ do khéi lugng vat liéu trén bang tai. Nham gidm
nhiéu do va ndng cao d9 chinh xac, dif liéu thu dugc dugc xit Iy bang bé loc Kalman. Két qua thuc nghiém cho thdy phuang phap loc dé xudt gitip cai thién do
chinh xdc, sai s trung binh 1,6%. Hé thdng dugc xdy dung véi bo diéu khién nhing va tich hop véi nén tang loT dé giam sat va truyén dif liéu theo thdi gian
thuc. Cac thi nghiém dugc tién hanh véi cdc mau tai c6 khdi lugng tir 0,5 dén 1kg. Két quéa cho thay hé thong dé xuat gitip ndng cao dd chinh xac ciia phép do va
cung cap mot giai phap kha thi cho viéc giam sat va diéu khién hé thong can bang dinh luong st dung cong nghé loT.

Tirkhéa: Cin bdng dinh lugng, cdm bién khdi luong, loc Kalman, internet van vdt, hé théng nhiing.

ABSTRACT

This paper presents the design and implementation of an Internet of Things (loT)-based control and monitoring system for a belt weighing feeder developed
on a laboratory-scale model. The system employs four load cell sensors mounted beneath the conveyor belt platform to measure the mass of materials on the
belt. To reduce measurement noise and enhance accuracy, the acquired signals are processed using a Kalman filter. The control and monitoring system is
implemented using an embedded controller and integrated with an loT platform for real-time data monitoring and transmission. Experimental tests are
conducted with sample loads ranging from 0.5 to 1kg. The experimental results demonstrate that the proposed filtering method improves measurement
accuracy, achieving an average error of approximately 1.6%. These results confirm that the proposed system provides a reliable and feasible solution for real-
time monitoring and control of belt weighing feeder systems based on loT technology.

Keywords: Belt weighing feeder, Load cell, Kalman filter, Internet of Things (loT), Embedded system.
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1. GIGI THIEU CHUNG clia cac hé théng san xuat va logistics. Tai Viét Nam, cac

Trong nhiing ndm gan day, su phét trién nhanh ung dung loT trong giam sat hang héa va vat liéu dang
chéng cda cong nghé Internet van vat (Internet of ~Ngay cang dugc quan tam, dac biét trong cac linh vuc
Things - 10T) d3 m& ra nhiéu co hoi cho viéc tu dong héa  €Ong nghiép, nong nghiép,’ khai thac khoang san, van
va gidm sat trong cac hé théng cong nghiép. Viec tich  tai va logistics. Cac hé thé,ng nay gidp giam sy phu
hop cac cam bién théng minh v6i nén tang loT cho thudc vao phuong phép kiém tra tha cong, dong thoi
phép thu thap, truyén va phan tich di liéu theo thdi nang cao d6 chinh xac, tang tinh tu dong héa va t6i uu
gian thuc, tif d6 nang cao hiéu qua quan Iy va van hanh  hoa chiphivan hanh.
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Trong cac hé thdng san xuat, van chuyén vat liéu, can
bang dinh lugng déng vai trd quan trong trong viéc do
ludng va kiém soat khéi lugng vat liéu trén bang tai. Hé
théng nay thuong dugc st dung trong cac nha may xi
mang, khai thac khoang san, ché bién néng san va cac day
chuyén san xuat cong nghiép nham dam bao d6 chinh
xac trong qua trinh dinh lugng va van chuyén vat liéu.

Trong nhiing nam gan day, nhiéu nghién cdu trong
nudc da tap trung vao viéc phat trién cac hé théng can
bang tai va giam sat tu xa. Nghién ctu [1] da thiét ké hé
théng can bang tai dinh lugng tich hgp chic nang tron
phan tu dong sir dung PLC S7-1200 két hgp véi phan
mém giam sat WinCC. Bén canh dd, nghién cutu [2] da dé
xudt mé hinh can dong trong hé théng can bang dinh
lugng nham nang cao d6 chinh xac cta phép do trong
qua trinh van hanh. Trong linh vuc giao théng van tai,
nghién ctiu [3] da phat trién hé théng can dong dé kiém
tra tai trong xe cd gidi mét cach nhanh chéng va chinh
xdac. Ngoai ra, nghién ctu tai Bai hoc Bach khoa Ha Noi [4]
da dé xuat hé thong kiém dinh bang tai nham dam bao
d6 chinh xac clia can dong trong cac hé théng can dinh
lugng tai nha may.

& pham vi qudc t&, nhiéu nghién ctiu da ap dung cac
céng nghé tién tién nham nang cao hiéu qua giam sat va
van hanh ctia hé théng bang tai. Nghién ctu [5] dé xuat
hé théng giam sat va diéu khién téc do bang tai dua trén
nén tang Internet. Nghién ctu [6] phét trién hé théng
gidm sat trang thai hoat dong clia bang tai s dung céng
nghé RFID UHF két hgp véi mang no-ron nhan tao da l6p.
Ngoai ra, cac phuong phap hoc mdy nhu LightGBM da
dugc ap dung trong chan doan 16i clia hé théng bang tai
[7]. Mét s6 nghién ctu khac cling dé xuat giai phap can tu
dong tich hop cdm bién &p suat va céng nghé dién toan
dam may [8], cling nhu hé théng bao tri du doan thong
minh duya trén thuat todn Random Forest [9].

Mac du da cé nhiéu nghién ctiu vé hé théng can bang
tai va giam sat bang tai, phan I6n cac nghién clu hién
nay tap trung vao cac hé théng quy moé cong nghiép
hodc cac thuat toan chan doan 16i nang cao. Tuy nhién,
cac nghién ctu vé moé hinh hé théng can bang dinh
lugng tich hgp loT & quy mo6 phong thi nghiém, két hop
vGi cac phuong phép xt ly tin hiéu nham nang cao d6
chinh xac do ludng van con han ché. Bén canh do, viéc
tich hgp cac phuong phap loc tin hiéu nham giam nhiéu
do trong cac hé théng can bang si dung cam bién
loadcell chua dugc nghién ctu day da trong cac mé hinh
thuc nghiém quy mo nho.

DE gidi quyét cac van dé trén, bai bdo nay dé xuat
moét hé théng diéu khién va giam sat can bang dinh
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lugng dua trén cong nghé loT dugc trién khai trén mo
hinh thi nghiém quy mé phong thi nghiém cho gido duc
va dao tao. Hé thong sir dung bén cam bién loadcell 13p
dat song song duéi chan cla c khéi bang tai dé do khdi
lugng vat liéu trén bang tai va ap dung bo loc ciing RC
valoc mém Kalman dé xt ly ditliéu do nham giam nhiéu
ciing nhu nang cao dé chinh xac cta hé théng. Ngoai
ra, hé théng dugc tich hgp nén tang loT dé thuc hién
giam sat va truyén dir liéu theo thai gian thuc. Cac thi
nghiém dugc tién hanh véi cac mau tai c6 khoi luong tu
0,5 dén 1kg nham danh gia hiéu qua ctia phuong phap
dé xuat.

2. PHUONG PHAP XU LY TiN HIEU

2.1. Loc nhiéu phan citng bang mach loc RC

Tin hiéu dau ra cta cdm bién loadcell c6 bién do6 rat
nho va dé bi anh hudng bdi nhiéu dién ti trong moi
truong cong nghiép. Do d6, trudc khi dua tin hiéu vao bd
khuéch dai va chuyén déi ADC (HX711), can st dung
mach loc phan ciing dé€ gidm nhiéu tan sé cao.

Trong nghién ctu nay, mét mach loc RC bac mét duoc
st dung dé loc nhiéu tin hiéu ti loadcell nhu minh hoa
trong hinh 1. Gid tri cac linh kién dugc lua chon nhu sau:
R=100Q, C=0,1yF.Viéclya chon gia tri dién tré nho gilup
han ché suy gidm bién dé tin hiéu tu loadcell khi truyén
t6i bo khuéch dai HX711. Déng thdi, tu dién 0,1uF 6 tac
dung loc cac thanh phan nhiéu tan sé cao, giup én dinh
tin hiéu trudc khi xtrly sé. Tan s6 cat cia mach loc RC dugc
xac dinh theo cong thuc: f. = 1/2nRC

Vi cac gid tri linh kién da chon, mach loc cho phép
gidm nhiéu cao tan nhung van dam bao tin hiéu do tu
loadcell khéng bi bién dang hoac tré dang ké. Hinh 1 minh
hoa sa d6 mach loc RC dugc st dung trong hé théng.

:
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Hinh 1. St dung mach loc RC cho loadcell
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2.2. Loc nhiéu phan mém st dung thuit toan Kalman
Filter

2.2.1. Gidi thiéu chung vé bé loc Kalman

Bo loc Kalman duogc dé xuat bai Rudolf E. Kalman
(1960) va la moét thuat toan udc lugng téi uu dugc strdung
réng rai trong cac hé théng diéu khién va xt ly tin hiéu.
Thuat todn nay cho phép udc lugng trang thai cta hé
théng dua trén cac ditliéu do bi nhiéu thong qua viéc két
hagp gilta mé hinh hé théng va cac phép do cam bién.

Trong cac hé thong do ludng st dung loadcell, tin hiéu
do thudng bi anh hudng bai nhiéu ngudn nhiéu nhu rung
dong co hoc, nhiéu dién tur hoac sai s6 cam bién. Bo loc
Kalman c6 kha nang gidm nhiéu hiéu qua va cai thién dé
chinh xéc cta tin hiéu do bang cach thuc hién hai buéc
[3p chinh:

Budc du dodn (Prediction):Uéc lugng trang thai tiép
theo clia hé théng dua trén trang thai truéc dé va mo
hinh déng hoc.

Buéc cdp nhat (Update):Két hop dir liéu do méi tir cdm
bién dé hiéu chinh trang thai du doan nham giam sai s6
uéc lugng.

Nh& co ché cap nhat lap nay, bd loc Kalman cé thé
cung cdp cac udc lugng trang thai 8n dinh va chinh xac
ngay ca khi di liéu do bi nhiéu.

2.2.2. Lua chon logi Kalman Filter

Hién nay c6 nhiéu bién thé clia bo loc Kalman va dac
diém cla cac loai nhu thé hién trong bang 1.

Bang 1. So sdnh cac cac dang thuat todn Kalman Filter

Tuyén | Phi | Ddchinh | Tinh
Dang , e . .
: tinh | tuyén Xac phic tap
Standard Kalman Filter (6 Khong +++ Thap
Extended Kalman Filter Khong (6 ++ Trung binh
Unscented Kalman Filter | Khong (6 ++++ (ao
Information Filter (€] Khong +++ | Trung binh
Ensemble Kalman Filter | Khong (6 ++++ Rét cao

Hé théng can bang dinh lugng trong nghién cu nay
chiu anh hudng cla cac yéu t6 nhu rung dong co hoc, ma
sat va do tré cdm bién. Mac du day la mot hé théng co
tinh phi tuyén, nhung trong diéu kién bang tai hoat dong
8n dinh véi téc d6 gan nhu khéng déi va khéi lugng vat
liéu thay d6i khong 16n, hé théng c6 thé dugc xap xi nhu
mot hé tuyén tinh.

Do dé, dé don gian hoa tinh toan va dam bao kha
nang trién khai trén hé théng nhing, nghién ctu nay lya
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chon Standard Kalman Filter (KF) dé xu ly tin hiéu do tu
cdm bién loadcell. Qua trinh loc nhiéu clia KF dugc thé
hién trong hinh 2.

2.2.3. Mé hinh tinh todn cia Kalman Filter

Qua trinh tinh toan clia bo loc Kalman bao gém cac
budc sau: (1) Khéi tao udc luogng ban dau: Gia dinh ban
dau vé gia tri (c6 thé sai), kém theo d6 khong chéc chan
cao (dugc thé hién bdi khodng +); (2) Du doan: Gid st cac
diém do khong thay d6i qua nhanh, bé loc sé du doan gia
tri ti€p theo; (3) Cap nhat trang thai udc lugng va cap nhat
sai s6.Lap lai lién tuc: Mdi 1an [3p sé cai thién dé chinh xac,
dudng cong udc lugng ngay cang dugc thu hep, gan sat
véi “gid tri thuc”.

a) Tinh hé s6 Kalman Gain

Kalman Gain tai thai diém ttt dugc xac dinh theo
cong thuc:

P{HT
=TT (1)
HP H +R

Trong dé:

Ke: Kalman gain tai thai diémt (0 < K, < 1)

P : Phuong sai du doan ban dau

H: Ma tran do dugc

H™: Chuyén vi ctia H

R: Phuong sai s6 do ludng

Trong d6 ti s6 P, HT: K&t hgp d6 tin cay cta du doan
véi phép do. Mau s6 HP, HT + R: téng phuaong sai cta tin
hiéu do. Khi R 16n thi cam bién kém tin cay hé sé Kalman
Gain nho thi tin vao mo6 hinh hon. Khi P~ 16n dan t6i mo
hinh kém tin cdy va hé s6 Kalman Gain I6n thi tin vao do
luong hon. Khi H =1 thi:

“ HPH'+R

b) Cdp nhdt trang thdi udc lugng

Trang thai udc lugng tai thai diém t dugc xac dinh
theo (3):

X = Xyeq t K,(z,- H'Xt|t—1) (3)

Trong dé:

x¢: vector trang thai udc lugng tai budc t
Xge-1: UGc lugng trudce khi cap nhat

Z:: Gia tri do tir cdm bién

H: Ma tran do dugc

Ke: Kalman gain tai thai diém t (0 <K< 1)
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Vi H =1 thi phuong trinh (3) tr& thanh:
X = Xt|t—1+ Kt(zt_ Xt|t—1) (4)

Phuong trinh nay cho phép diéu chinh gia tri du doan
dua trén sai léch gilia gia tri do va gia tri du doan. Néu
K= 1: Hé th6ng tin hoan toan vao phép do, udc lugng sé
bang gia tri do (khédng con loc) nhu vay dé bi nhiéu néu
cam bién khéng én dinh. Néu K= 0: Hé théng khéng tin
vao phép do, gilr nguyén udc lugng ci nhu vay Estimate
6n dinh nhung cham phan ting véi thay déi thuc té.

¢) Cdp nhdt sai s6 udc lugng

7: PR
' Pia+R

Trong dé:

Py Sai s6 udc lugng trudc dé

P. : Sai s6 udc luong hién tai

Tu (2), ta c6 sai s6 sau khi dugc cap nhap thi K, ltic nay:

Py R
t|t-1
e R NS R ©)
t|t—1+ t\t—1+
TU day ta cé:
Pt =(1- Kt)Pt|t—1 (7)
Ute lugng ban du + (Sai s hodc 49 khong chic chin) Uée lwong bing bd loc
Kalman
' o
[ ] [ [}
. [}
o . . 8 ] )
[} % (] L] . 0,
° - Gi tr thye
[}
0 \L_/ [} 0 0 .
[} L ) . L] .
[ ] o 0 [ ]
o * ¢ o 0 . s *~—p
[ ]
0 [}
[ ] " [} °
°
. ®  Cicdibmdo duge
Thoi gian do

Hinh 2. M6 ta qua trinh loc nhiéu Standard Kalman Filter (KF)

D06 thi dap tng mién thai gian tai hinh 3 minh ching
ré6 nét hiéu qua triét nhiéu cua thuat toan Standard
Kalman Filter trong viéc 6n dinh di liéu cho khau diéu
khién.

Tin hiéu do ludng tho (Raw Measurement): D(r liéu tho
(dudng mau cam) bi thay d6i manh bai nhiéu déng luc
hoc va luc va cham. Bién d6 dao déng dinh rat I6n (256,0
dén 259,0) vai cac dinh gai nhiéu lam gidam nghiém trong
ty s6 tin hiéu trén nhiéu. Néu st dung truc tiép, dac tuyén

Vol. 62 - No. 6A (June 2026)

phan ky nay sé gay hién tugng dao ddng ky sinh
(chattering), khién co cau chap hanh déng/cat sai léch.

o @ =

gia tri th
(Raw Measurement) gia udc lugng

[
i (Kalman Estimated State) /\ / \
\
\ y |
| \
| |

I
S~—_F

Hinh 3. D0 thi do gia tri thuc té khi can khdi luong vat

Trang thai udc lugng (Kalman Estimated State): Trai
nguac lai, quy dao tin hiéu sau loc (duGng mau xanh) da
triét tiéu hoan toan cac dao ddng qua do va nhanh chéng
hoi tu vé trang thai xac lap quanh truc gia tri 257,5. Viéc
tinh chinh t6i uu ma tran hiép phuong sai gitp thuat toan
déng vai trd nhu mot bé loc théng thap, "san phang" moi
nhiéu trang.

Code thuat toan Standard Kalman Filter:

1 float StandardKalmanfFilter:updateEstimate(float z_k)
{ K k=P_prev/(P_prev+R);

x_k =x_prev + K_k* (z_k - x_prev);
P_k=(1.0-K_k) * P_prev + fabs(x_prev - x_k) *q;

x_prev =x_k;

S L1 AW N

return x_k;}

3. CAU HINH HE THONG DIEU KHIEN VA GIAM SAT
CAN BANG DINH LUONG SU DUNG CONG NGHE loT
3.1. So dd dé khdi hé théng dé xuat

Dua vao muc tiéu hoat ddng clia can bang dinh lugng,
hé thong bao gom: (1) Bang tai di chuyén san pham qua
cac vi tri do va phan loai, sir dung cdm bién dé phat hién
su hién dién; (2) Do trong lugng: Cam bién trong luong
do khéi lugng san pham, chuyén déi thanh tin hiéu dién;
(3) X&' ly tin hiéu: B diéu khién (nhu PLC hosc vi diéu
khién) xt ly tin hiéu, loc nhiéu va xac dinh khéi lugng theo
nguéng dinh trudc; (4) Phan loai: Co cdu phan loai dugc
kich hoat dé phan loai san phdm vao cadc nhém tuang
Ung, déng thai ghi nhan d liéu dé hién thi va giam sét.
Cac thanh phan ctia hé théng dugc mo ta nhu hinh 4, so
do6 nguyén ly téng thé 1a hinh 6 va ché tao bo diéu khién
cho hé théng nhu hinh 5. Cad mé hinh hé théng dugc thé
hién trong hinh 7.
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Dau vio Bd dieu khién Daura

Cim bién Min hinh hién th
Héng ngoai 1 || Héng ngoai 3

LCD 20x4

A
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Phim bim Bf_) it Iy Co ciu day vt
(rng im

[
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T
] ESP 32 Bi .
< » Dong co bang tai
74HC165N < -
Nguon cap

+HXT711

Hinh 4. So do khdi hé thong

b) B6 diéu khién duoc ché tao
Hinh 5. Bd di€u khién ctia hé thong

Code Thuét toan truyén loT:

1 void TaskWebCode(void * pvParameters)
{ for (;) { myWeb.handle();
vTaskDelay(2/portTICK_PERIOD_MS); }}

xTaskCreatePinnedToCore(TaskWebCode,
4 "TaskWeb", 10000, NULL, 1, &TaskWeb, 0);

Cac endpoint API J S((:;:l‘ ;;::a:

jpo Ma lénh Chiic nang

) [Xi y Tra vé trang HTML

g dashboard {

: I E e A BN

g o8 /toggle Bat/tat bang tai mym

) o /reset Reset bd dém san pham | "G™

g /set?id=&val= E)ZFIJ nhat s6 lugng timg ;
/trigger?id= Kich xy-lanh thd cong "Time" }
/download Tai file CSV

a) 50 d6 PCB mach diéu khién /delete Xda toan b6 dirliéu
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IR SENSOR BLOCK

T_IA \” ) L

RELAY CONTROL BLOCK

WEIGHT SENSOR BLOCK

RTC BLOCK

§ ]
T‘ M
: :
&) 2]
& =
: 2
o o
z ) A
2 |l
N
A 2 §
IR -
Ei Tr(é 8 5l aszAEHRASRASEEE
J& = i
[

EXPANSION IC BLOCK

PUSH BUTTON BLOCK

L‘m RN

Hinh 6. Sa d6 nguyén Iy tong thé cta b diéu khién
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3.2. Thi nghiém va danh gia hé théng
| S 3 _
Cic cam bién hong ngoai Xilanh1 Xilanh2 XJ lanh 3 ]B‘“;g tc]l

L ‘
Nguon24V \ "ll aﬂll - _ _' = 3 : B

Lhad cell

b
K

Hinh 7. M6 hinh thuc té€ clia hé thong dé xudt 14 700 688,6 114 | -1,63% | Via

Hé théng st dung bén cdm bién Loadcell két hop véi 15 750 731,5 -18,5 | -2,47% | Nang
mo’dule HX711 dé do khéi lugng cac ve,jt mau. Cac cdm 16 800 789.6 104 | -130% | Ning
bién dugc dat & cac chan clia ca hé thong bdng tai nén 17 450 $329 71 | 201% | s
dam bao d6 6n dinh va chinh xac cao trong qua trinh van ! ! AR | ang
hanh, khéng anh hudng nhiéu béi téc d6 bang tai hoac | 18 900 8783 21,7 | -241% | Ndng
d6 1in chia bang tai khi dat dudi tam bang tai. Méi vat mau 19 950 964,8 +14,8 | 1,56% | Nang
dugc do nhiéu lan va tinh gia tri trung binh cho méi mau 2 1000 9924 76 | -0,76% | Ning

dé dat dugc do chinh xac cao trong do ludng.

Sai s trung binh | 1,6%

Bang 2. Két qua do ludng khdi lugng cac vat mau chudn

kil khéi luonado | Saiss | Saisé | Pha Nhan xét két qua thuc nghiém: T két qua do ludng
STT hO'A, ong oiluengdo | Safso aol/so | af‘ khéi lugng ctia 20 mau thi trong bang 2, c6 thé dua ra
chuan (g) (9) (9) (%) oal mot s6 nhan xét sau:
- | 0,
1 20 9 01 | -0,20% | Nhe - D6 chinh xdc cta phép do
2 100 1031 +31 | 310% | Hhe Két qua thuc nghiém cho thay hé thong do luong dat
3 150 145,7 -43 | -2,87% | Nhe dé chinh xac tét trong toan bé dai khéi luong khao sat. Sai
4 200 200,2 +0,2 | 0,0% | Nhe s6 tuong d6i cla tat ca cac mau déu nho hon 3,1%, nam
5 250 2571 471 | 284% | Nhe trong gidi han cho phép doi vg’i hé th6,ng can bang dinh
lugng quy mé thi nghiém. Sai s6 tuyét déi dao dong tir0,1g
6 300 2941 -59 | -1,97% | Nhe . Tk v . % . A s e
(tai mau 50g) dén 21,79 (tai mau 900g). Mdc du sai s6 tuyét
/ 350 3476 24 | 069% | Via d6i c6 xu hudng tang khi khéi lugng mau I6n hon, nhung
8 400 409,9 +9,9 | 2,48% | Via xét theo sai s6 tuong doi, hé théng van duy tri d6 chinh xac
9 450 1543 +43 | 096% | Via 8n dinh trén toan bo dai tai ti 50g dén 1000g.
10 500 4955 45 | -090% | Via Két qua cling cho thay thuat toan Kalman Filter hoat
» 550 5586 w86 | 156% | va dong hiéu qua trong viéc gidm nhiéu tin hiéu do ti cam
d d 227 e bién loadcell. Gia tri do sau khi xt ly bam sat gia tri khoi
12 600 5954 46 | 077% | Via lugng thuc t&, déng thoi han ché dugc cac dao ddng ngau
13 650 641,2 -88 | -135% | Vua nhién phat sinh trong qua trinh van hanh clia bang tai.
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- Kha nding ting dung trong hé phan logi sén phdm

Hé théng phan loai san pham theo cac ngudng khéi
lugng cai dat vdi ty 1é chinh xac dat 100% trén toan b 20
mau th nghiém. Dac biét, hé théng van dam bao kha
nang phan loai chinh xac tai cac diém ranh gidi gilia céac
nhém khaéi lugng. Vi du, tai mau s6 6 véi khéi lugng chuén
300g (ngudng chuyén gitta nhém “Nhe” va “Via”), gia tri
do dugc la 294,1g, do d6 hé théng phan loai ding vao
nhom “Nhe” theo quy tac da thiét 1ap. Tuong tu, tai mau
s6 14 vai khéi lugng chuédn 700g, gia tri do dugc 1a 688,69
va hé thong da phan loai chinh xac vao nhém “Vira”.

NhUing két qua nay cho thay hé thong c6 kha nang xt
ly tin hiéu do mot cach 6n dinh va dua ra quyét dinh diéu
khién ca cau chdp hanh chinh xac, ddm bao yéu cau cda
hé théng can bang dinh lugng tu déng va tng dung cho
phan loai san pham.
3.3. Giao dién ctia hé théng

Hé théng st dung module ESP32 dé két néi Wi-Fi va
hién thi di liéu trén giao dién web. Trong qua trinh thi
nghiém, cac thong s6 nhu khéi lugng, s6 lugng san pham
ting loai, va téng s6 san pham dugc cap nhat thai gian
thuc trén giao dién web nhu hinh 8.

DAIHOCDENLKC

TEN DE TAL: NGHIEN CUU THIET KE HE THONG

THONG TIN HE THONG

Trang théi: DANG CHAY Nhe:

197.33G

Khoi lugng:
San pham nhe: 19

San pham vira: 9 RESET
San pham nang: 12

Téng san pham: 40

Hinh 8. Két qué giam sat qua loT

Thai gian phan hoi cla tin hiéu trung binh 0,5 gidy tu
khi vat dugc can dén khi di liéu hién thi trén web. Ty lé
truyén di liéu thanh cdng 100%. Tinh nang diéu khién tu
xa: Cac lénh reset, ding/tiép tuc bang tai, va chinh stta s6
lugng sdn pham dugc thuc hién thanh céng qua giao
dién web.
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Code diéu khién phan loai san pham:

DIEU KHIEN VA GIAM SAT CAN BANG DINH LUONG SU DUNG CONG NGHE 10T

TAIEXCEL m
CO CAU CHAP HANH:

1 voidxu_ly_phan_loai() {

if (bang_tai_on && da_chot_so &&
2 Ixylanh_dang_chay) {

if (vat_chot >= 700 && digitalRead(PIN_IN_CB_2)
3 =LOW){
4 kich_hoat xI(PIN_DK_XL_1,2);}

else if (vat_chot >= 350 && vat_chot < 700 &&
digitalRead(PIN_IN_CB_3) ==LOW){

6 kich_hoat_xI(PIN_DK_XL_2, 1);}

else if (vat_chot >= 20 && vat_chot < 350 &&
digitalRead(PIN_IN_CB_4) == LOW) {

kich_hoat_xI(PIN_DK_XL_3, 0);}}
if (da_chot_so && Ixylanh_dang_chay) {
10 if (vat_realtime < 10) {

11 da_chot_so = false;
12 so_mau_da_doc = 0;}}}
4, KET LUAN

Bai bao da dé xuat va xay dung mét hé théng diéu
khién va giam sat can bang dinh luong dua trén céng
nghé Internet of Things
(loT). Trong nghién ctu
nay, thuat toan
Standard Kalman Filter
dugc ap dung dé xt ly
va loc nhiéu tin hiéu do

E= tr cadm bién loadcell,

[ ciponat | g6p phén nang cao do

[ cion | 6n dinh va dé chinh xac
ca hé théng trong

g diéu kién van hanh

dong. Bong thaoi, hé
théng dugc tich hgp
chic ndng gidm sat va
diéu khién tur xa théng
qua giao dién web,
gilp nang cao tinh linh
hoat va kha ndang quan
ly hé théng.

Két qua thuc nghiém cho thay hé thong dat hiéu ndng
t6t trong qua trinh van hanh. Sai s6 do ludng trung binh
cta hé théng khoang 1,6%, trong khi thuat toan phan loai
san pham dua trén ngudng khdi lugng dat ty & chinh xac
100% d6i véi cac mau thi nghiém. Bén canh d6, viéc tich
hgp nén tang loT cho phép ngudi dung theo doéi di liéu
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va diéu khién hé théng tir xa théng qua giao dién web,
g6p phan hién dai héa qua trinh giam sat va van hanh.
M6 hinh hé théng cling dugc thiét ké gon nhe, két hgp
giao dién LCD va cac nut diéu khién truc tiép, gitp ngudi
dung dé dang thao tac tai chd, dong thai hé trg diéu
khién tl xa théng qua nén tdng web.

Cac két qua dat dugc cho thay hé thong dugc dé xuat
c6 kha nang dap ung tét yéu cau do ludng, phan loai va
gidm sat trong mo hinh can bang dinh lugng quy m6 thi
nghiém. Trong cac nghién ciu tiép theo, nhom tac gia sé
tdp trung vao viéc nang cao do 6n dinh cta hé théng
trong cac diéu kién moi trudng bién déng, dong thoi
nghién ctu cac phuong phap x( ly tin hiéu va thuat toan
t6i uu hon nham cai thién do chinh xac va kha nang trién
khai trong céc Ung dung thuc té.
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