
NGHIEN CLfU-TRAOBOI 

LOG NHliU CHO HE TH6NG CAN DONG 

NOISE FILTERING FOR DYNAMIC WEIGHING SYSTEM 

Nguyin Van Tu*ng', Trin Van Hung', Nguyin Tri 1X11' 
'Trucmg Dai hoc Nha Trang 

^Cong ty TNHH Tir dong hoa MenT 

TOM TAT 

Trong nhieu ITnh vjrc sdn xudt, sdn phdm duac cdn bang each su dung he thong can dong 
dung cam biin luc. Cam bien lire la thiet bi cdn khong co Heu khiin. Tuy nhien, bang each he tin 
hieu dien thu duac tit cdm biin luc, gia tri can co thi duac tinh toan. Ap dftng gidi thugt Ipc nhieu 
phil hap CO thi 1dm tdng tie do cdn vd dg chinh xdc can. Bdi bdo nay trinh bdy hai thuat todn Ipc 
nhiiu dp dimg cho he thong cdn dgng. Kit qud thu nghiem tren mot bdn edit dpng vai cdc qud cdn 
tieu chudn cho thdy cdc gidi thudt ndy cho phep dat do chinh xdc can vd tdc dp cdn cao. 

Tir khoa: Lpc nhieu, gidi thugt, he thong cdn dpng. 

ABSTRACT 

In many fields of production, products are weighed using load cell based dynamic weighing 
systems. A load cell is an uncontrollable weighing device. However, by filtering the electrical signal 
from a load cell, the value of weight can be calculated. Applying appropriate algorithms for noise 
filtering can increase the speed of weighing and enhance the measurement accuracy. This paper 
presents two filtering algorithms applied for the dynamic weighing system. The experiments on a 
dynamic weighing table with standardweights showed that the weighing speed and the measurement 
accuracy can be enhanced by using these algorithms. 

Keywords: Noise filtering, algorithm, dynamic weighing system. 

1. DAT VAN DE Loai can nay dixgc su dung r^ng rai trong cac 
Imh virc nhu di$n, hoa chit, khai Ichoang va 

Trong nhiSu linh vuc san xuit, san phto thuc phim [1], 
dugc can de phan loai theo trpng lugng cimg 
nhir loai bo nhiing san phim co trpng lupng Nguyen ly h$ thdng can dpng dung cam 
khong dat yeu ciu. DS tang nang suit can, bito tai trgng d6 can trpng lugng san phim 
nguoi ta su dimg cac he th6ng can su dung dugc th6 Men tren hmh 1. San phim can dugc 
bang tai can, hay con gpi la can dgng, thay thS chuySn tir bang tii vac lieu dSn bang tai can. 
cho cac he thong can thu cong. m thSng can Phia duoi bang tai can co b6 tri mpt ban can 
dang giiip cho day chuySn san xuit khdng bi lip trSn mgt cam biSn luc, 14 thiSt bi cSn co 
gian doan va giam so lupng nhan tai khau can. kha nang can san phim chay trSn bang tai. He 
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thdng cd mdt md-dun dd xu ly tm hieu didn thu 
tii thiet hi can va danh gia gia tri trgng lugmg 
san phSm, phat tin hidu cho can gat dd gat san 
ph§m v^o d chiia phu hgfp. 

•yi n rp-' ilniaqiBng BingIiiiiE«u C i n ^ 

•*] Btaiaai&ri.— 

Hinh 1. Sa dd nguyen ly cdn ddng dung bang tdi 

Do qua trinh can ddng dupe th\rc hien 
khi san pham dang di chuyin trdn bang tai can 
nen gia tn can bi anh hudng bdi nhilu ddn tu 
he thdng ca khi cua can (nhu rung dgng), he 
thdng dien (nhieu dien va tii tnrdfng) va loai 
san phim dugc can [2]. Cai thien Igc nhidu lam 
tang tdc do can va nang cao do chunh xac can 
[3]. Bai bao n^y trinh bay hai giai thuat Igc 
nhieu cho he thdng can ddng. Cac gia tri cSn 
trudrc, sau khi xu ly se duoc dua ra cung luc dd 
so sanh v£i tim dugc bg thdng sd tdi tru cho giai 
thuat. Mgt dau can ddng da dugc thidt kd va 
che tao de thu nghidm va chiing mmh cho tmh 
chhlh xac va dn dinh ciia giai thuat. 

2. BAN CAN DQNG 

Ban can dgng bao gdm phSn ca khi va 
phan didn. Phan ca khi gdm cac bg phan chinh 
nhu bang tai can, b^n can, khung do. Mat bang 
tai lam b^ig vat lidu PE, day 0,8 mm, con lan 
duac lam bang nhua POM, cac ket cau co khi 
khac dugc lam hang thep khdng ri SUS 304. 
Hinh dang ben ngoai cua ban can dugc the 
hien trdn hinh 2. Kich thuoc phii bi dai, rdng 
v^ cao lan lugt la 450 mm, 350 mm va 150 
mm. Bang tai dugc din ddng bdi ddng ca dien 
mdt chidu 24 VDC, 30 W. Tdc do bang tai cd 
thd didu chinh tii 0 ddn 0,35 m/s. Tdng khdi 
lugng cua ban can gin trdn cam bidn tai trgng 
Ik 8 kg. 

Hinh 2. Bdn cdn dong 

Phln didn cua ban cSn gdm cam bien 
luc, khudch d î va Igc tdn sd, bg bidn ddi tuang 
tu-sd (Analog to Digital Converter - ADC) 24 
bit va vi didu khidn 8 bit. Sa do khdi ciia phin 
dien ban can dgng dugc thd hidn tren hinh 
3. Cam bien luc se bidn ddi tir luc thanh gia 
tri dien ap, didn ap nay dugc khudch djii Idn 
128 lan rdi qua mach Igc tii do gia tri didn ap 
dugc dua true tidp vao bd bien ddi ADC. Muc 
dien ap n^y dugc chuydn thanh dii lidu sd nhdf 
ADC va dugc xu ly bed phan ciing nhung vdi 
vi didu khidn. Thdng sd quan trgng anh hudng 
tdi gia tri cai la: Phuang phap bidn ddi, sd bit 
va tdc do bidn ddi cua ADC, he sd Idiuech dai 
va do trdi cua khudch dai [4]. Bg dgc ban can 
dugc thiet kd tuyen tinh va doc l|p vdi didn ap 
ngudn cap. 

H Butten I 

0EE [^ 
Hinh 3. Sadd khdi phdn diin ddu cdn dgng. 

Cam bidn luc: Cam bidn luc bidn ddi luc 
tac dung thanh dien ap dau ra. Dien ap diu ra 
ty le thuan vdi gia tri luc tac dung, hay khi luc 
tac dung cang Idfn, didn ap dau ra cang Ion va 
ngugc lai. Cam bien luc dugc diing tren ban 
can nay la loai BM6A (Zemic, Ha Lan), tai tdi 
da la 30 kg, sai sd \k 0,023%, IP68 (chdng bui, 
chdng nude), lam bing thep khdng gi [5]. 

Khudch dai va Igc tin sd: Gia tri diu ra'^ 
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cua cam biSn thudng rat nho va dugc khuech 
dai truac khi dua ve b6 ADC [6]. BSn canh 
do, bg khuSch dai khong dirge lam suy giam 
tin hieu c§n khuech dai, tro khang dau ra nho, 
it nhiSu va he so khuSch dai I6n. Tin hiSu cua 
cam bien luc sau khi dugc khuSch dai dugc 
dua qua bg lpc dS loai di tin s6 cao, thuong 
la cac gia tri nhiSu [4]. Trong nghiSn ciiu nay, 
mach tich hgp INA125 (Texas Instruments, 
My) va mpt mach Igc RC dugc su: dyng cho 
viec khuSch dai tin hieu va Igc nhilu. 

ADC: ADC la fhiSt bi biSn ddi lien tiic 
gia tri dien ap thanh gia tri s6. DS dap ling dp 
phan giai 1: 200000 cho cac iing d\mg can 
chinh xac phJi cin dSn ADC 24 bit. NghiSn 
ciiu nay sil dung ADC tSc dp cao 24 bit loai 
LTC2440 (Linear Technology Corporation, 
My). 

Vi dieu khiSn: Cac Ihuat toan va chuong 
trinh diSu khien sau khi viSt dugc nap vao vi 
diSu khiSn. Vi diSu khiSn se thuc hien theo 
dung tuin tu cdc buoc theo chuong trinh dugc 
nap. Trong nghien ciiu nay, vi diSu khiSn 
ATmega32 (Atmel, My) dugc chgn dS co thS 
chiing minh dugc tmh hieu qua cua thuat toan. 

Dpng CO va bg diSu khiSn: Dgng co dien 
mgt chiSu 24 VDC, 30 W dugc diSu khiln 
thong qua mach cong suit de khuSch dai tin 
HSu va kSnh PWM cua vi diSu khiSn. Thong 
qua kenh PWM, tic da dpng co co thS thay d6i 
tu 0 dSn 0,35 m/s. 

3. GIAI THU.^T LOC NHIEU 

Trong can dgng, gia tri liy mlu do dugc 
chiu rit nhiSu tac ddng boi nhilu [4]. Gia tri 
do dugc se biSn thiSn cho du kh6i lugng san 
pham can khorig dSi. Liy gia tri trung binh la 
phuong phip tit dS giam nhilu trong khi vin 
giii dugc toe d6 dap iing ciia he th6ng. Bang 
each su dung cto s6 dich chuySn khi liy gia tri 

trung binh se tang toe do dap ting ma van giam 
dugc nhilu. Sg d6 giai thuSt lay gia tri trung 
binh dugc the hiSn trSn binh 4. 

B0 Igc se tinh gia tri trung binh trong bp 
dSm cua ADC. Gia tri cua bp dSm dugc liy 
trirc tiSp tir gia tri dauracuaADC. Sau khi loai 
loai di gia tri Ion nhat va nho nhat cua M mlu 
trong bg dSm, thuc Men tinh gid tri trung binh" 
cua "M-2" mau con lai. Ben canh loai di gia tri 
Ion nhat va nho nhat cua M mau diu vao, cac 
gia tri vugt nguong cung dugc loai bo mgt lin 
niia. 

Hinh 4. Gidi thudt Idy gid tri trung binh. 

Tu kit qua trung bmh ciia M-2 mau, 
tiing gia tri mlu mpt se dugc so sanh voi gia 
tri trung binh, neu gia tri do vugt qua nguong 
thi bi loai bo khoi mang [7]. KSt qua thu dugc 
chinh xac va tm cay hon. Tdng s6 mlu bj loai 
bo la "n" mlu, s6 mlu con Iji Id "M-2-n". Kit 
qua gid tri cdn sau khi dugc Ige nhilu dugc 
trinh bdy o cong thiic (1). 

new_ti€ita = - (1) 

Ve CO bdn thi gidi thuat liy gia tri trung 
binh CO thS gidm nhilu dang kS, nhung t6c do 
ddp ling chjm khi kh6i lugng can thay dii [7]. 
Sau khi khdi lugng thay dii, gid tri diu ra cua 
cam biSn luc se thay dii toi mdt trang thai mm 
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trong mdt thai gian rat ngan. Theo giai thuat 
tren, gia tri diu ra cua bg Igc se khdng dung 
sau mgt thdi gian la M mau. Thdi gian dap iing 
bi gjdfi han la M mau (sd mau dugc lay trung 
binh). Do do, can thdm m$t giai thuat khac dd 
kidm tra sg thay ddi cua mau diu vao tii dd dap 
ling dugc tdc do thay ddi ciia cam bien luc. Do 
la giai thuat cap nhat du heu vao mang va gia 
tri hidn thi, dugc thd hidn trdn hinh 5. 

Hinh 5. Gidi thudt cap nhdt du Ueu vdo mdng vd 
gid tri hien thi 

Truac het, thuc hien kiem tra so mau 
thay ddi dd quyet dinh khdi lugng d§ thay ddi. 
Khi CO su thay ddi cua 3 mau ddu v^o lidn tidp 
tii ADC va gia tri diu ra sau khi Igc Ion han 
nguong dat Ax thi quyet dinh khdi lugng da 
thay ddi. Toan bd M mlu se dugc thay thd toan 
bd bing gia tri mdi de bd qua thai gian cSp 
nhat, dap ung dugc tdc dg thay ddi ciia cam 
bien luc. Dd cung la thdi gian dd cam bien luc 
dn dinh. De tdi uu qua trinh, sau khi su thay 
ddi khdi lugng dugc xac nhan, toan bd gia tri 
trong bd ddm se dugc thay the vai gia tri mdi 
nhat ciia ADC trong MI (Ml < M) chu ky tiep 
theo. Sau Ml chu ky do, gia tri trung bmh se 
dugc cdp nhat lai. Nhung khi khdi lugng dgc 
dugc gin gia tri thuc, man hinh se nhap nhay 
do thay ddi gia tri hen tuc. De giii man hinh 
hien thi dn dinh, gia tri chi cap nhat ra ngoai 
m ^ hinh khi gja tri mdi thay ddi vugt qua 
nguong Ay. Ndi mgt each khac, trong chu ky 

quet gia tri hidn thi, chuong trinh se quydt dinh 
gia tri nao se dugc hidn thi trong chu ky nay. 
Ndu khdi lugng can khdng thay ddi vugt qua 
nguong Ay thi gia tri can hien thi se khdng ddi 
trong chu Isy nay. Ndu nd cd su thay ddi, su 
thay ddi lorn han gia tri nguong thi gia tri hidn 
thi se dugc c^p nhat gia tri mdi. 

Nghidn ciiu nay su dyng phSn mem 
CodeVisionAVR dd lap trinh cho vi dieu khidn. 
Cac giai thuat Igc nhidu se dugc lap trinh nha 
trinh bien dich C cd trong CodeVisionAVR. 
Chuong trinh vidt tren Code\^sionAVR se 
dugc nap vao vi didu khidn Atmega32 trong he 
thdng didu khidn. 

4. THirc NGHIEM C A N 

DIU can dugc van hanh khdng tai va cd 
tai dd kidm tra hieu qua eia ky thuat Igc nhidu 
theo hai giai thuat ndi tren. Khi chay cd tai, 
dung cac qua can tieu chuan co khdi lugng ISn 
lugt la 50, 100,200, 500, lOOOg dugc chd tao 
theo cip chinh xac Ml (tidu chuan DLVN 286: 
2015). Tung qua can dugc sur dung de can thu, 
mdi qua can chay qua bang tai can lap di lap lai 
7 lin vdd 3 tdc dg bang tai lin lugt la 0,1 m/s, 
0,2 m/s va 0,3 m/s. 

Ket qua tiii^c nghidm cho thay, khi bang 
tai can diing yen, tin hieu can van cd dao ddng 
do nhieu tac dgng. Khi cho bang tai can hoat 
dgng vdi cac tdc do khac nhau, tin sd dao ddng 
cua tin hieu can thay ddi theo va bien do dao 
dgng ciia tm hieu can tang theo tdc do bang tai. 
So di nhu vay la vi dau can hi rung do cac thay 
ddi trong he thdng nhu ma sat, do cang cila 
day dai, do cmg cua bang tai. Cac ydu td do 
tac ddng true tiep len cam bidn luc va lam sai 
lech gia tri ADC. Bieu dd tin hidu can khi chay 
khdng tai dugc thd hidn tren hinh 6. Duong 
mau xanh (Al) la gia tri ADC da qua bd Igc 
theo giai thuat lay gia tri trung binh va dudng 
man do (A2) la gia tri can sau khi xu ly theo^^ 

ISSN 0866 - 7056 

TAP CHI CO KHl VlfiTNAM, Sd 1+2 nam 2017 
www.cokhivietnam.vn 



NGHIEN CLfU - TRAOBQI 

gidi thujt cap nh$t dii liSu vao mang va hien 
thi. Cdc gia tri dpc tit ADC se dupe xii ly lien 
Ujc vd tra vS gia hi khii lugng thvc cua dau 
cdn hien tai. 

Tr'T "TTir nrfln 

mpt qua can. Gia tri can dugc "bat lai" kbi gia 
tri tra vl tit cam biin luc co su thay doi, tiic 
la sau then gian khoang 250 ms tiiJ gia tri cSn 
dugc xdc nhan. Thai gian bat mlu phu thuac 
nhiiu vao tic do bang tai vdi nguong cac v|t 
cdn can. 

«1M- - . u 

Hlnhe.Biiuiocdnkhichaykhongtdi | j j |j I n U II II 

Gia hi. dgc vl cua cam biin luc & hai 
khoang then gian: Gia trj thue trong 9 giay dau 
tien va gia tri sau khi tinh toan tu giay thti 10 
dugc thS hien tren hinh 7. Khi gid t4 can chua 
dugc xit ly, gia tri bi dao d6ng liSn tuc trong 
khoang ±7 g, dac biet c6 liic xung len toi horn 
30 g. Sau khi dugc xii 1̂  nhilu, gid tri in dinh 
hon vd dao dpng trong khodng ±1 g vd khong 
con xung dot biSn. 

Hinh 8. Biiu di khoi lugng cdn vai tdi SOg 

m 

I'i^AMiMW 

Hinh 7. Biiu do gid tri ADC truac vd sau 
khi xu ly nhieu. 

Hmh 8 va hmh 9 thd hign gia tri khdi 
lugng khi cd vat chay qua vai 7 lan lap lai cho 

Bdng 1: Kit qud thii nghiem vdi cdc qud cdn tai v = 0,l m/s 

Hinh 9. Bieu do khoi lugng cdn vdi tai SOOg 

Khi qud can bSt ddu di vao bang tdi thi 
gay ra su thay dii dOt biSn vl gid tri. Khoi 
lugng tang vpt len trong khodng thoi gian dau, 
sau do giam manh gin vl gia tri thuc. Tai thoi 
diim do gia trj cdn vin chua xdc nhan khi gia 
tri diu vao van dang thay dii 16n. Khodng 250 
ms sau do, gid tri bit diu in djnh vd khii lugng 
dugc xac nhan. Tuong tvr khi qud cdn di ra khoi 
diu can, cung sau khodng then gian then gim 
250 ms thi khii lupng cdn dugc xdc nhan. Ket 
qud can tbir nghiem cac qud cdn dugc trinh bay 
trong 3 bdng duoi ddy. 

SIT 

1 

2 

3 

4 

5 

Khii lirtfng 
qua can (g) 

50 

100 

200 

500 

1000 

Khoi lirtfng C3D dutfc (g) 

Lan 1 

50 

100 

200 

500 

1001 

Lan2 

50 

100 

201 

500 

1000 

Lan 3 

50 

100 

200 

499 

1001 

Lan 4 

50 

99 

200 

500 

1000 

Lan 5 

50 

100 

200 

500 

999 

Lan 6 

50 

100 

200 

501 

1000 

Lan? 

50 

100 

199 

500 

1000 

Trung binh 

50,00 

99,86 

200,00 

500,00 

1000,14 

Sai si 
(%) 

0,00 

0,14 

0,00 

0,00 

0,01 
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Bdng 2: Ket qua thic nghiem vai cdc qud cdn tai v = 0,2 m/s 

SIT 

1 

2 

3 

4 

5 

IQiii liTcmg 
qua c3n (g) 

50 

100 

200 

500 

1000 

Khoi Ivtfng cSn dirQ'c (g) 

l i n l 

50 

101 

200 

502 

998 

Lan 2 

50 

100 

199 

500 

1001 

LdnS 

50 

99 

200 

499 

1000 

Lan4 

51 

100 

200 

500 

1001 

Lan 5 

50 

101 

201 

501 

1000 

Lan 6 

50 

100 

201 

' 5 0 0 

999 

Lan? 

50 

100 

200 

500 

1000 

Tmngbinh 

50,14 

100,14 

200,14 

500,29 

999,86 

Sai s i 

(%) 

0,29 

0,14 

0,0? 

0,06 

0,01 

Bang 3: Kit qud thu nghiem vdi cdc qud cdn tai v = 0,3 m/s 

SIT 

1 

2 

3 

4 

5 

Khii lirgng 
qua can (g) 

50 

100 

200 

500 

1000 

Khii Ivcmg c3n dir̂ ^c (g) 

Lan 1 

50 

101 

200 

498 

1002 

Lan 2 

49 

100 

201 

502 

1000 

Lan 3 

50 

101 

202 

500 

998 

Lln 4 

51 

100 

200 

501 

1000 

Lan 5 

50 

lOI 

199 

500 

1001 

Lan 6 

51 

100 

200 

499 

1002 

Lan? 

50 

99 

200 

501 

999 

Tnmg binh 

50,14 

100,29 

200,29 

500,14 

1000,29 

Sai s i 
(%) 

0,29 

0,29 

0,14 

0,03 

0,03 

Vdi tdc do bang tai la 0,1 m/s, sd l in can 
bat sai khdi lugng la 8 (chidm 23% sd l in can) 
vdi do lech so vdi khdi lugng chuin la Ig, sai 
sd Idn nhat la 0,14%. Khi tdc do bang tai tang 
ddn 0,2 m/s va 0,3 m/s thi sd lin can bi t sai 
khdi lugng t&ig len tuong iing la 14 (chidm 
40% sd l in can) va 20 (chidm khoang 57% sd 
lan cSn). Tuy sd lan bat sai khdi lugng vat can 
tang len khi tang tdc do bang tai can nhtmg gia 
hi do Idch so vdi khdi lugng chuin ludn nhd 
hon hoac bang 2g, iing vdi sai sd Idn nhat la 
0,29%. Tdc do tang ddng nghia vdi thdi gian 
qua can trdn bang tai can giam, tdc do bat c in 
nhanh hon dan den sd lan sai sd nhidu hon. 
Bdn canh do, tdc dg tang lam cho he thdng ca 
khi rung dgng manh hem, quan tinh cua qua 
can Idfn hon ndn gia tri dgc vd tii ADC cd bien 
do dao ddng Ion han. Tuy nhidn, vdi kdt qua 

thuc nghiem thu dugc thi nhan dinh rang gia 
tri can dn dinh va sai sd can nhd. Vdi sai sd 
nay, cd thd iing dung d iu can ddng vai cac giai 
thuat Igc nhidu da neu cho mdt sd iing dung 
can ddng nhu can phan loai san phim, can oao 
gdi san pham, . . . 

Trong nghien ciiu nay, tinh kha tiii cac 
giai thuat Igc nhieu cho cSn ddng da dugc kidm 
chiing trdn mgt ban can dgng. Vdi giai thuat 
Igc nhidu nay co the cho phep thuc hidn can 
ddng chinh xac han. Qua trinh thuc nghidm 
ciing cho thay, dd nang cao tinh chinh xac va 
dn dioh ciia he thdng can, ngoai viec ap dung 
giai phap Igc nhidu da ndu, c in phai thuc hien 
mdt sd giai phap lien quan ddn phin ciing cua 
he thdng can nhu ngudn cip, loai ADC va hd 
thdng CO khi. Q 
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6. KET L U ^ Tai lieu tham khao: 

Giai thuat liy gia tri trung bmh va giai 
tiiuat cap nhat dii lieu vao mang va gid tri hidn 
thj cua tm hidu cSn trong bd dem cua ADC cua 
thidt bi can dgng dugc trinh b^y trong bai bdo 
ndy. Tinh kha thi ciia hai giai thuat Igc nhidu 
cho cdn dgng da dugc kiem chiing bang thuc 
nghiem vdi bdn cdn ddng tu chd tao. Ket qud 
thuc nghiem can vdi cdc qud cdn tidu chuan 
theo ba tdc bang tai khac nhau cho thdy cdc 
gidi thudt ddp iing ydu cdu dat ra la giam nhieu 
phdt sinh trong qud trinh dgc gid tri can. Ben 
canh do tdc dg "bat" gid tri can vdn ddm bdo 
khi cd sdn pham chay qua bang tai cdn. Cdc 
gidi thuat thich iing vdi ban can da dung cho 
thii nghiem. De nang cao tinh ehinh xac va dn 
dinh ciia he thdng can, ngoai vide ap dyng giai 
phdp Igc nhieu da neu, can phdi nghien ciiu 
dnh hudng ciia mdt sd yeu td phan ciing cua 
diu cdn ddng ngudn cip, loai ADC va he thdng 
CO khi den cac nhieu sinh ra khi cdn. • 
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