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Nang cao d9 chinh xac cin bing tai bang bg loc Median va EMA
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Tom tdit:
Hé thong can bang tai dong vai tro quan trong trong cac diy chuyén san xudt cong nghiép nhw khai thac khoang
san, nha may nhiét dién, xi mang hay ché bién vitliéu roi. Nhiém vu chinh ctia hé thong nay 1a do lwong khéi lwgng
vt liéu dwoc van chuyén lién tuc, giip doanh nghiép theo déi san lwong, t6i wu hoéa qua trinh san xuit va duy tri
chit lwgng san phdm dau ra. Bai bao trinh bay mdt phwong phap loc tin hiéu két hop giira bd loc trung vi (Median)
va bé loc trung binh dong liiy thira (EMA) nham cai thién do 6n dinh va dé chinh x4c ctia tin hiéu cam bién tai trong
trong hé thdng cin bang tai. Hé thong dwoc xiy dwng trén nén tang vi diéu khién STM32H743ZIT tich hgp ADC
24-bit va hé diéu hanh thoi gian thwe FreeRTOS. Tin hiéu dworc xir Iy qua chudi loc Median bac 7 va EMA véi hé s6
a=0,3 trwdc khi hiéu chuin va tinh toan lwu lwgng. Thir nghiém tai diy chuyén thwc té cho thay, giai phap giap
giam nhiéu xung hon 68%, dd 1&éch chuin tin hiéu gidm hon 62%, dd tré chi khoang 104 ms, sai s6 do khéi lwong
duy tri dwéi +1,2%. Két qua cho thay phwong phap c6 tiém nang rng dung cao trong cac mdi trwong cong nghiép
c6 nhiéu manh.

Tir khéa: bé loc trung binh dong lity thira, cdm bién tai trong, cAn bang tai, gidam nhiéu, STM32, xi¥ ly tin hiéu s8.
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Abstract:

The belt weighing system plays a vital role in industrial production lines such as mineral mining, thermal power
plants, cement manufacturing, and bulk material processing. Its main function is to measure the mass of material
being continuously conveyed, enabling businesses to monitor throughput, optimise production processes, and
maintain the quality of the output products. This article presents a signal filtering method that combines the Median
filter and the Exponential Moving Average (EMA) filter to improve the stability and accuracy of load cell signals
in conveyor belt weighing systems. The system is implemented on an STM32H743ZIT microcontroller platform,
featuring an integrated 24-bit ADC and the FreeRTOS real-time operating system. The signal is processed using a
seven-point Median filter followed by an EMA filter with a smoothing factor a=0.3, prior to calibration and flow
calculation. Experimental results from a real-world industrial conveyor line demonstrate that the proposed method
reduces impulse noise by over 68%, decreases signal standard deviation by more than 62%, maintains latency at
approximately 104 ms, and keeps mass measurement error below +1.2%. These results verify the feasibility and
high efficiency of the proposed approach in harsh industrial environments with significant noise interference.

Keywords: conveyor belt weighing, digital signal processing, Exponential Moving Average filter, load cell, noise
reduction, STM32.
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1. it van de

Hé thong cin bing tai la thanh phan thiét yéu trong
cac diy chuyén san xuit cong nghiép nhw khai thac
khoang san, nhiét dién, xi mang va ché bién vt liéu roi.
Chtrc nidng chinh cua hé théng l1a do khoi lwong vat liéu di
chuyén lién tuc, gitip doanh nghiép kiém soat san lwong,
téi wu hoa van hanh va dam bao chat lwong dau ra. b6
chinh x4c ctia hé thdng phu thudc truec ti€p vao tin hiéu
thu dwoc tlr cdm bién tai trong. Tuy nhién, trong mai
trwong céng nghiép, tin hiéu nay thwong bi anh hwéng
b&i nhiéu dién tlr, rung déng co hoc va bién thién nhiét
d6 - gay ra dao dong khong mong mudn va sai sd do [1, 2].

Dé& cai thién chit lwong tin hiéu, nhiéu nghién ctiru
da ap dung cac ky thuit loc s6 trong khau xt ly tin hiéu
load cell. i. Yabanova (2017) [2] d4 (tng dung cac phwong
phép xtr ly tin hiéu s6 nham gidm nhiéu dong trong hé
théng cin bang tai, trong khi D. Richiedei va cs (2022)
[3] dé xudt bo loc thich nghi dang Shaper-Based gitip rit
ngan thoi gian 6n dinh tin hiéu. F. Liang va cs (2021) [4]
trién khai bo loc trung binh trwot cai tién cho hé théng
can dién tr cho thiy, kha nang lam min tin hiéu nhwng
d6 phan hoi con chdm khi tai bién thién nhanh. Ngoai ra,
B. Sun va cs (2021) [5] va M. Meller va cs (2014) [6] da
nghién cttu cac bo loc thich nghi nhw LMS va Kalman c6
kha nidng tw diéu chinh theo dic tinh nhiéu, tuy nhién
yéu ciu md hinh hé théng chi tiét va chi phi tinh toan
cao, han ché khi &ng dung trén vi diéu khién céng suit
thap.

Trong khi d6, cac bd loc phi tuyén nhw Median c6
wu diém ndi bat trong viéc loai bé nhiéu xung ngin ma
khong 1am bién dang tin hiéu gbc [7]. Tuy nhién, Median
chwa dt hiéu qua khi d6i mit véi nhiéu tin thap. D& khac
phuc, EMA véi hé s6 suy gidm a=0,3 dwoc sir dung nham
1am muwot tin hiéu va duy tri do tré thap [8, 9]. Viéc két
hop hai bd loc nay cho phép tin dung wu diém cua tirng
loai - Median loai nhiéu dot bién, EMA 6n dinh tin hiéu
theo thoi gian - qua dé cai thién dd chinh xac va tinh dap
rng ctia hé thdng do trong moi trwdng nhiéu cao.

Trong bdi canh dd, bai bdo nay dé xuat mot phwong
phép loc tin hiéu két hop gitta Median bac 7 va EMA véi
a=0,3, dwoc trién khai trén vi diéu khién STM32H743ZIT
tich hop bd chuyén ddi twong tw - sé (ADC) 24-bit
ADS125H02 va hé diéu hanh thoi gian thwe FreeRTOS.
Giai phap dwoc danh gia trén hé thong cin bang tai thuc
té€ tai nha may nhiét dién nham kiém chirng kha ning
giam nhiéu, nang cao dd 6n dinh tin hiéu va gidam do
tré xir ly, dap ing yéu ciu do lwdong lién tuc trong moi
trwong nhiéu cdng nghiép phirc tap.
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2. Ca sd lua chon hé loc

Trong hé théng cin bang tai, cdm bién tai trong c6
nhiém vu do lwc tac dung tir vt liéu di chuyén trén bang
tai, sau d6 chuyén ddi lwc nay thanh tin hiéu dién twong
wng. Tuy nhién, trong moi trweong céng nghiép, tin hiéu
dau ra tir load cell thuwdng bi nhiéu béi cac yéu t6 nhw
dao dong co hoc, nhiéu dién tir (EMI) tir dong co, nhiéu
ngudn va bién thién nhiét do. Nhirng yéu t6 nay giy bién
dong tin hiéu va anh hwdng truc tiép dén do chinh xac
cua phép do trong lwong tirc thoi [1, 2].

Theo S. Haykin (2014) [10], tin hiéu twr load cell cé
thé dwoc biéu dién dwdi dang:

x(Q)=s()+n(t) 1)

trong dé: x(t): tin hiéu do dwoc; s(t): tin hiéu thuwc té tir
tai trong; n(t): nhiéu téng hop [1, 4].

Nhiéu n(t) bao gdbm cac thanh phan:
(i) Nhiéu trang Gaussian: n (t) ~ N(0, 0°) 2

trong d6: n (t): tin hiéu nhiéu tréng Gaussian tai thoi
diém t; N(0, ¢%): phin bd chuin v&i trung binh 0 va
phwong sai 6% 6% phwong sai (mitc cwdong do nhiéu).

(i) Nhiéu xung: n(t) = £ a,8(t - t,) 3

trong do: n(t): tin hiéu nhiéu xung tai thoi diém ¢ a:
bién do xung thir k; &(t - t,): ham Dirac delta, biéu dién
xung xay ra tai thoi diém ¢; ¢,: thoi diém xudt hién xung
thir k.

(iii) Nhiéu tan s6 thap: n(t) = Asin(2nft + ¢) 4)

trong do6: n(¢): tin hiéu nhiéu tin s8 th4p tai thoi diém
t; A: bién d6 ctia nhiéu; f: tn s6 thip cta nhiéu; ¢: thoi
gian; ¢: pha ban dau cda séng sin.

Dé& loai bo cac thanh phian nhiéu va khéi phuc tin hiéu
mang y nghia vatly, cAc ki thuat xi 1y tin hiéu s6 (Digital
signal processing - DSP) dwoc ap dung, trong d6 cac bo
loc s6 la cong cu then chot. Mot s b loc phé bién gom
[3,4,10]:

B0 loc trung binh cong: B6 loc tuyén tinh don gian, 14y
trung binh mot ctra s6 mau trwot. Dé trién khai nhwng
phan ho6i chdm trwdc tin hiéu thay d6i nhanh.

B0 loc Median: B0 loc phi tuyén, hiéu qua cao trong
loai bé nhiéu xung hodc dot bién, bing cach 14y gia tri
trung vi trong tdp mau. Phu hop véi tin hiéu c6 nhiéu
nhiéu ngau nhién [2, 7].
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Bo loc EMA: B loc tuyén tinh dé quy, 1am min tin hiéu
bang cong thitc:

y[n] = ax[n] + (1 - aJy[n - 1] (5)
trong do: o (O<a<1) la hé s6 lam min, quyét dinh mirc do
phan &ng cta bo loc; y 1a gia tri tin hiéu sau khi da qua
b0 loc EMA. EMA don gian, nhe tai nguyén, phu hop véi
vi diéu khién [11].

B0 loc Kalman: B6 loc t6i wu theo nghia binh phwong
t6i thiéu, hiéu qua cao trong moi treong c6 mé hinh
doéng hoc ro rang. Tuy nhién, viéc thiét 1ap tham s6 phu
hop doi hoi hidu biét sdu vé hé thong [11].

Bo loc LMS (Least Mean Squares Filter): B loc tw
thich nghi, diéu chinh trong sé dwa trén sai s6 gitta dau
ra va tin hiéu mong muén. Tuy manh trong méi trueong
c6 nhiéu thay d6i, LMS can c6 tin hiéu “desired” xac dinh
- diéu kh6 dam bao trong do tai trong thoi gian thue [12].

2.1. Pdnh gia cdc bé loc

Do phirc tap tinh toan va tai nguyén hé théng ctia cac
bd loc dwoc trinh bay trong bang 1.
Bang 1. So sanh dac tinh cac bé loc [2-6, 8, 10, 11].

B6 loc S6 phép tinh Yéu cau bo DPic diém

S mdi miu nhé’ (RAM) tinh toan
Median %20 phép so sanh + 7 mAu (buffer 1 Pfu tli,yen'_cafl
(bac 7) sap xép chiéu) sap xép lai dix

: liéu mdi chu ky
EMA 1 phép nhan + 1 1 mau trudc dé Tuyer‘lltmh, .
(a=0,3) phép cong +1hés6a nhe tai nguyén,

’ ; ; khong cin buffer
Trung binh Tuyén tinh, don
cdng 6 phép cong + 1 chia 7 mAu (buffer) gian, nhung c6
(bac 7) do tré 16n

~A10_20 pheP nhan./ ~10 bién trang  Tinh to4n phikc

cong + 1 phép nghich . R e o
Kalman A RN ~ thai (matrdn + tap, can xi ly ma

ddo ma tran (tuy mo B tran

hinh) :

~2N phép nhan + A x ., Twthich nghi,
LMS 2N phép cong (N=s6 gihigﬁ +Ngia can nhiéu RAM

hé s6) : khi N 16n

Cac thong sé trong bang 1 dwoc xac dinh dwa trén
nguyén ly hoat dong ctia tirng bo loc va sé phép toan can
thuc hién dé xir Iy mot mau dir liéu. Viéc wéc lwgng nay
duwgc tham khdo tir cong thirc tinh todn dac trung cta
tirng bo loc.

Két qua danh gia hiéu qua loc nhiéu cta cic bd loc
dwoc trinh bay trong bang 2.
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Bang 2. So sanh cac bd loc s6 dung trong xt ly tin hiéu load cell
[2-9].

Do phirc Yéu ciu Khaning Kha ning
Boloc  Uudiém Nhwocdiém taptinh .. . loainhiéu 1am min
A tai nguyén PPN
toan xung tin hiéu
Loai bo tot €640 trne
x pha, khong
Median nhicu xung, thichhgp  Trung
A khong lam o x \ Thép 1.5.2.0.8 S 8 ¢ $-3+4
(bac7) ., voinhieu binh
REgd e tan thdp lién
bién tin hiéu p
T tuc
Lam min Khong xtt
EMA —ttnhetal lyhibuqud o prgas aak aokkkk
(a=0,3) nguyén,dé  nhiéu xung
tinh todn lén
T6iwuhod  Cinmd hinh
dya trén chinh xac, Trun
Kalman mohinhhé  phtrctapkhi Cao binhg 1. $.8.0 ¢ ¢ 8 ¢ ¢
thong loai  trién khai
nhiéu ot thuc t&
Tu thich nghi  Can tin hiéu
theo moi mong muén
s reomgthay - (desired), o e, IHAIH hAKH
doi, totcho  kho cd trong
tin hiu bién  thoi gian
thién thue
Dé trién khai, D¢ tré pha
TrUNg  piswquavsi  lom, kém
binh P MK Thip  Thip  KRARA KkkAR
N nhiéu tdn hiéu qua véi
cdng . x
thap nhiéu xung

Trong nghién ctru nay, nhém tac gia da khao sat nhiéu
thuit todn va lwa chon hai bo loc phtt hop cho hé théng
can bang tai: Median bac 7 va EMA véi a=0,3 véi nhitng
ly do sau day:

2.2. B¢ loc Median bdc 7 |2, 4,7, 9]

Ly do chon bdc 7: i) Clra s6 7 mau cho phép loai b
nhiéu xung ngan hiéu qua (c6 thé loai bé tdi da 3 mau
nhiéu lién tiép); ii) Thoi gian dap rng khoang 75 ms (véi
tAn s8 14y mau 40 Hz) - phu hop véi yéu cau thoi gian
thuc; iii) P06 tré pha c6 dinh va cé thé du doan dworc; iv)
Ton it tai nguyén tinh todn hon so v&i bac cao hon.

Hiéu sudt: i) Loai bé hiéu qua nhiéu xung c6 bién do
16m; ii) Bao toan cac canh tin hiéu t6t hon so v&i bd loc
trung binh cong; iii) Khong lam bién dang tin hiéu goc.

2.3. B¢ loc EMA véi «=0,3 [8, 10, 11]

Ly do chon a=0,3:

i) Thoi gian dap tng: 178 ~ 3 X ——=x T, = 175 ms,

ii) Do tré tin hiéu dic trung: ~29 ms.

X
mxfs =~ 2,73 Hz,

iii) Bing thong: fc =

iv) Can bang tdt gitra d6 6n dinh va thoi gian dap ng.
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v) Phu hop véi tin sd thay ddi tai trong thwc té trén
bang tai.

Pdc diém:

i) Lam min tin hiéu hiéu qua.

ii) Pap &ng nhanh véi thay doi tai trong.

iii) Tén it bd nh& (chi can lwu 1 gid tri trwdce do).

iv) Tinh toan don gian, phtt hop véi vi diéu khién.

2.4. Két hop hai bé loc [2, 6, 8]

Thi tw xtt ly: Median —» EMA.

Loi ich: Median loai bé nhiéu xung trwéc; EMA 1am
min tin hiéu sau; d9 tré tin hiéu téng hop: ~104 ms; téng
thoi gian dap &ng: ~275-300 ms; d6 6n dinh cao v&i
nhiéu da dang.

Hiéu suit téng thé: gidm nhiéu xung: ~68%; giam
nhiéu tin so thip: >70%; dd 6n dinh tin hiéu: £0,1% fs;
thoi gian dap wng: phu hop véi yéu ciu thuece té.

Viéc két hop tuan tw hai b loc nay gidp tidn dung wu
diém clia tirng phwong phap - Median loai bé nhiéu dot
bién hiéu qud, trong khi EMA 6n dinh tin hiéu theo thoi
gian. Tir d6, hinh thanh chubi loc c6 kha ndng loai nhiéu
tot, ddm bao tin hiéu dau ra vira 6n dinh vira dap ng
nhanh véi bién dong trong luwgng.

3. Phuong phap va thiét ké hé théng
3.1. Kién tric phdn cirng

Hé théng dwoc thiét ké nham thuc hién xir Iy tin hiéu
tai trong theo thoi gian thwe, dap ng yéu ciu chinh xac
va dd 6n dinh cao trong mdi treong cong nghiép. Cau
hinh phéan cléng chinh (hinh 1, 2) bao gom:

AR HE

Over Current
Protection

SIG

FH———ys( ]

Isolation

( ENcoDER | [ LOADCELL |

Hinh 1. So d6 khéi hé théng.

ANALOG INPUT LOADCELL

USB  DIGITAL INPUT

f ‘ ‘Entl:oder

S T S
|y |

Ethernet RS485 Display  DIGITALOUTPUT ANALOG QUTPUT

Hinh 2. So’ d6 khéi va mach phan cirng thiét bi.
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Vidiéu khién STM32H743ZIT: Vi diéu khién hiéu ning
cao cta STMicroelectronics véi nhin ARM Cortex-M7
@480 MHz, RAM 1 MB, h6 tro xtt Iy tin hiéu s6 va hé diéu
hanh thoi gian thye FreeRTOS [12-15].

B0 chuyén ddi ADC ADS125H02: Chuyén ddi tin hiéu
tir load cell véi dd phan gidi 24-bit va dd nhiéu thap, ddm
bao tin hiéu do cé dod chinh xac cao [16-18].

Load cell: CAm bién tai trong ki€u cau dién trd strain
gauge, ndi truc tiép dén ADC théng qua mach khuéch dai.

Cam bién t6c do: Pwoc gan trén truc quay hodc biang
tai dé do tdc dd chuyén dong, tir d6 tinh toan lwu lwong
vat liéu.

Giao ti€ép RS485/Modbus va Modbus TCP: Truyén dir
liéu da xtr Iy dén hé thong giam sat va HMI.

3.2. Luéng xir ly tin hiéu

Hé théng xt ly tin hiéu theo chu ky 14y mAu cd dinh
(10-20 ms), stt dung FreeRTOS dé phan chia va quan ly
lubng dir liéu:

Xt ly tin hiéu tdi trong:

B1: ADC ADS125H02 14y mAu tin hiéu analog tir load
cell.

B2: B9 loc Median bac 7 loai bé nhiéu xung dot bién.
B3: B loc EMA («=0,3) 1am min va 6n dinh tin hiéu.

B4: K&t qua loc dwoc hiéu chuin dé tinh ra khoi lwong
tirc thoi (ke).

Xt ly tin hiéu téc do:
B1: Bo dinh thoi (TIM3) dém s6 xung tir cdm bién téc do.

B2: Ctr sau T ms (cho phép cai dat, mac dinh 100 ms),
hé théng tinh t6c d6 bang tai theo cdng thirc:

_ Noeung XC 6)
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trongdo:N, - s6 xung dém dwoc trong thoi gian T; C: hé
s6 quy doi tir xung sang mm.

B3: Tdc dd nay dwoc dung dé tinh lwu lwong vat liéu:
Q =khéilwong tiec thoi x v (7)
3.3. Qudn ly da tdc vu vo'i FreeRTOS

FreeRTOS dwoc st dung dé thuc hién song song v&i
cac chirc nang chinh ctia hé théng (bang 3).

Bang 3. Tac vu FreeRTOS dwoc sir dung dé thwe hién cac chirc
ning chinh cuda hé théng.

Két qua cho thay, tin hiéu sau loc c6 dd dao dong thip
hon, loai bd hiéu qua nhieu xung va dao dong khong
mong mudn, trong khi van gitt dwoc dic trueng vatly cta
tai trong.

4.3. So sanh dinh lwo'ng tin hiéu

Bang 4 trinh bay céc chi s6 thdng ké gobm: gia tri trung
binh, d¢ 1éch chuin, phwong sai, gia tri cwc tri, cac t&
phén vi va hé s6 bién thién (CV).

Bang 4. Chi s6 théng ké sé liéu.

Tac vu

Chire ning chinh

Task ADC

Doc tin hiéu tir ADS125H02, loc, hiéu chudn

Task SpeedSensor

Pém xung tdc do, tinh van tdc bang tai

Task Calculation

Tinh lwu lrong (kg/s, tin/h), tong tén, lru trir dit lidu

Task Communication

Gui dir liéu 1én HMI/may tinh qua TCP/Modbus

Task Monitor

Giam sat 15i cam bién, bao dong, reset h¢ théng. ..

Viéc phan chia rd rang gidp hé théng hoat dong 6n
dinh, dé mé& rong va tang cwdng kha ndng gidm sat - diéu

rat quan trong trong wng dung céng nghiép lién tuc.
4. Thuc nghiém va danh gia két qua
4.1. Méi trwrong thwe nghiém

Hé théng dwoc trién khai va kiém tht tai cAn bang 4B
day chuyén 2 - Cong ty CO phan Nhiét dién Pha Lai. Thir
nghiém nham danh gid kha ning loc nhiéu, dd 6n dinh
tin hiéu, thoi gian dap ¢ng va sai s6 do khdi lwong trong
diéu kién cong nghiép thuc té (rung dong, nhiéu dién ti,
bién thién nhidt do).

Thong s6 cai dat: tdc dd 18y mau: 40 Hz; bo loc Median:
clra s6 7 mau; EMA: hé s6 a=0,3; thoi gian cip nhat téc
do: 100 ms.

4.2. D6 thi tin hiéu va nhdn xét ban ddu

Tap dit liéu gobm 1.000 mAu dwoc thu thip tir cam
bién tai trong trong trang thai vadn hanh &n dinh. Hinh 3
minh hoa tin hiéu g6c (raw), sau loc Median va sau chudi
loc Median + EMA.
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raw Median Median + EMA

Hinh 3. Tin hiéu cam bién tai trong.

JHOAHOC . -

Chi s6 théng ké Raw Median 7mAu ~ Median 7+EMA (¢=0,3)
$6 hwong méu (n) 1.000 1.000 1.000

Trung binh (Mean) 167256393 1.672.541,12 1.672.543,70
D0 léch chudn (Std) 333,11 139,53 111,63
Phuong sai (Var) 110.960,32 1946741 12.460,58
Min 1671733 1.672.034 1672219
Q1 (25%) 1672324 1.672.445 1.672.472
Median (50%) 1672554 1.672.540 1.672.539
Q3 (75%) 1672791 1.672.633 1.672.616
Max 1673461 1.673.058 1.672.887
CV (%) 0,0199 0,0083 0,0067

Do 1éch chuin sau loc gidm hon 62%, CV (%) giam tw
0,0199 xudng 0,0067, thé hién tin hiéu tré nén 6n dinh
va tin cay hon.

Do tré cua chubi loc dwoc xac dinh khodng ~104 ms,
nam trong gi¢i han yéu cau ctia can bang tai cong nghiép.

4.4. Phdn tich chdt lwong tin hiéu
D& danh gia hiéu qua loc tin hiéu, cac chi s6 ning cao
dwoc st dung (bang 5).

Bang 5. Panh gia tdng hop chét lweng tin hiéu sau loc.

Chi s d4nh gia Raw Median 7miu  Median+EMA (¢=0,3)
Giam nhidu xung (YJAy)) 380.392 150.146 120348

Giam nhiéu tan s6 thip (Std) 333,11 139,53 111,63

Do muot (zigzag) 638 641 636 (mugt nhat)
Tuong quan voir (voiraw) 1,000 0,364 0,219

Chubi loc Median+EMA mang lai d6 muot t6t nhét
(zigzag giam), loai bo nhiéu xung dén 68%, dong thoi
van duy tri dap rng thoi gian thuc.

4.5. Pé chinh xdc va thoi gian ddp iwwng ctia hé
théng cdn

Hé thong dwoc so sanh véi cAn thwong mai da hiéu
chuin, két qua cho thiy sai s6 trung binh duy tri & mic
+1,2% so v&i gia tri chuln, trong khi bién thién tin hiéu
trong 5 phit vin hanh lién tuc nho6 hon 0,5 kg. Vé dong
hoc tin hiéu, sau khi 4p dung chudi loc Median bac 7 va
EMA (a=0,3), tin hiéu 6n dinh trong khoang 275-300 ms
ké tir khi xay ra bién dong tai trong, trong dé do tré do



qua trinh loc chi khoang ~104 ms. Khoang thoi gian nay
dap rng yéu cau phan hoi kip thoi cho van hanh thuec té
cla can bdng tai cong nghiép.

Ngoai ra, hé théng st dung tin hiéu tir cdm bién téc
d6 dé tinh lwu lwong tic thoi theo céng thikc:

Q(t) = m(t) x v(t) (8)
trong d6: m(t) 1a khdi lwong tirc thoi va v(t) 1a téc dé
bang tai.

Tin hiéu tdc d6 dwgc loc nhe bang EMA vé&i hé s6
«=0,2 nham loai bé dao dong ngan han, gidm sai léch va
dam bao d6 6n dinh cta gia tri lwu lwong.

Giai phap loc két hgp Median bac 7 va EMA («=0,3)
da cai thién rod rét do n dinh va dd chinh xac cda tin hiéu
cin bang tai cong nghiép, dong thoi dap ng yéu ciu thoi
gian thuc va dé trién khai trén phan ctirng vi diéu khién
STM32H743ZIT trong mdi trwdng nhiéu cao.

Trong thdi gian téi, nhém nghién clru sé tdp trung
vao viéc t8i wu thuat todn nham gidm hon nita dd tré xi
1y, nghién ctru phan cirng hiéu nang cao nhung tiét kiém
nang lwong, va mé& rong sang cac thuat toan loc thich
nghi hodc lai ghép dé nang cao kha ning chéng nhiéu
trong nhiéu diéu kién vin hanh khac nhau.

TAI LIEU THAM KHAO

[1] W. Hernandez (2006), “Improving the response of a load
cell by using optimal filtering”, Sensors, 6(7), pp.697-711, DOI:
10.3390/s6070697.

[2] 1. Yabanova (2017), “Digital signal processing-
based dynamic mass measurement system for egg weighing
process”, Measurement & Control, 50(4-5), pp.101-111, DOI:
10.1177/0020294017713768.

[3] D.Richiedei, A. Moro, A. Padovani (2022), “Adaptive shaper-
based filters for fast dynamic filtering of load cell measurements”,
Mechanical Systems and Signal Processing, 188, DOI: 10.1016/j.
ymssp.2021.108541.

[4] F. Liang, Q. Ou (2021), “Design of weighing system
based on improved moving average filter algorithm”, Journal
of Artificial Intelligence Practice, 4, pp.74-77, DOI: 10.23977/
jaip.2020.040212.

[5] B. Sun, Z. Teng, Q. Hu, et al. (2021), “A novel LMS-based
self-adaptive noise cancellation (SANC) for conveyor belt-
type checkweigher”, IEEE Transactions on Instrumentation and
Measurement, 70(1), DOI: 10.1109/TIM.2020.3019618.

KHOA
&CONGHI\?GCI:-IE

68(5) 5.2026

s Khoa hoc Ty nhién | V4t Iy; Khoa hoc Ky thuét va Cong nghé | Ky thuat dén dung: kj thuat dia chét cong trinh; Ky thudt dién, ky thuat dién ti, ky thudt thong tin

[6] M. Meller, M. Niedzwiecki, P. Pietrzak (2014), “Adaptive
filtering approach to dynamic weighing: A checkweigher
case study”, Proceedings of The 19" World Congress of the
International Federation of Automatic Control, pp.2355-2360,
DOI: 10.3182/20140824-6-ZA-1003.00395.

[7] L. Xiong (2024), “Research on filtering algorithm of vehicle
dynamic weighing signals”, World Electric Vehicle Journal, 15(6),
DOI: 10.3390/wevj15060254.

[8] M. Pereira, E. Espindola, M. Pinto (2024), “Evaluation
of different filtering methods devoted to magnetometer
data  denoising”, 13(11), DOI: 10.3390/
electronics13112006.

Electronics,

[9] Q. Zhang, L. Xu, J. Jia (2014), “100+ times faster weighted
median filter”, Proceedings of The IEEE Conference on Computer
Vision and Pattern Recognition, pp.2830-2837, DOI: 10.1109/
CVPR.2014.362.

[10] S. Haykin (2014), Adaptive Filter Theory, Pearson
Education, 889pp.

[11] G. Welch, G. Bishop (2006), An Introduction to The Kalman
Filter, University of North Carolina at Chapel Hill, 16pp.

[12] STMicroelectronics (2023a), STM32H742x1/G
STM32H743xI/G, https://www.st.com/resource/en/datasheet/
stm32h743vi.pdf, accessed 15 March 2025.

[13] STMicroelectronics (2023b), STM32Cube MCU Package
for STM32H7 series (HAL, Low-Layer APIs and CMSIS, USB, TCP/IP,
File System, RTOS, Graphic - and Examples Running on ST Boards),
https://www.st.com/en/embedded-software/stm32cubeh?.
html, accessed 15 March 2025.

[14] STMicroelectronics (2024), UM1718 User Manual,
https://www.st.com/resource/en/user_manual/dm00104712-
stm32cubemx-for-stm32-configuration-and-initialization-c-
code-generation-stmicroelectronics.pdf, accessed 15 March 2025.

[15] STMicroelectronics (2025), UMZ2609 User manual,
https://www.st.com/resource/en/user_manual/um2609-
stm32cubeide-user-guide-stmicroelectronics.pdf, accessed 15
March 2025.

[16] Texas Instruments (2019), ADS125H02 +20-V Input,
2-Channel, 40-kSPS, 24-Bit, Delta-Sigma ADC With PGA and Voltage
Reference, https://www.ti.com/lit/ds/symlink/ads125h02.pdf,
accessed 15 March 2025.

[17] Texas Instruments (2023), Digital Filter Types in Delta-
Sigma ADCs, https://www.ti.com/lit/an/sbaa230a/sbaa230a.
pdf, accessed 15 March 2025.

[18] Texas Instruments (2024), Calculating Conversion Latency
and System Cycle Time for Delta-Sigma ADCs, https://www.ti.com/
lit/an/sbaa535a/sbaa535a.pdf, accessed 15 March 2025.



