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LOC NHIEU CHO HE THONG CAN DONG
NOISE FILTERING FOR DYNAMIC WEIGHING SYSTEM
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TOM TAT

Trong nhiéu linh virc sin xuét, san phdm dwoc cdn bang cdch sur dung hé thong cin déng
diing cdm bién lyc. Cdm bién lec 14 thiét bi cdn khéng co didu khién. Tup nhién, bdng cdeh loc tin
higu dién thu dugce tie cdm bzen Twe, gid tri cdn c6 thé dugc tink todn. Ap dung gidi thudt loc nhiéu
phit hep c6 thé lam ting 1 t3¢ 85 cén va d§ chinh xic cdn. Bdi bdo néy trinh bay hai thudt todn loc
nhiéu dp dung cho k¢ théng cdn dgng. Két qud thir nghiém trén mét ban cdn déng véi cdc qud can

tiéu chufn cho thdy cdc gidi thudt ndy cho phép dat @9 chinh xdc cdn va tb¢ d6 edn cao.

Tir khéa: Loc nhiéu, gidi thudt, hé thong cin dong.

ABSTRACT

In many fields of production, products are weighed using load cell based dynamic weighing

ollable weighing device. He

systems. A load cell is an

, by filtering the electrical signal

from a load cell, the value of weight can be calculated. Applying appropriate algorithms for noise
Jiltering 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 ona

dynamic weighing table with dard weights sk

d that the weighi;

accuracy can be enhanced by using these algorithms.

g speed and the measurement

5

L4
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1. PAT VAN DE

Trong nhidu linh virc sin xudt, sén pham
dugc can dé phan loai theo trong lugng ciing
nhr loai bo nhitng san phim c6 trong lugng
khéng dat yéu ciu. P& ting ning sudt cdn,
ngudi ta sit dung cac hé théng can sit dung
biing tAi can, hay cdn goi 13 cin ddng, thay thé
cho cAc hé théng cin thi cong. Hé théng can
ddng gitp cho diy chuyén san xuét khong bi
gidn doan vA gidm s6 lwong nhén tai khéu cin.
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Loazi can ndy duwge st dung réng rii trong cic
linh virc ohu dién, héa chit, khai khoang vi
thurc pham [1].

Nguyén 1j hé théng cin dong dung cdm
bién tai trong dé can trong lu'cmg san phim
duoc thé hién trén hinh 1. San pham cén dugc
chuyén tir bing tAi vao lidu dén bing tai cfin,
Phia duéi bang tai can cé bd tri mot ban can
l3p trén mot cam bién luc, 13 thiét bi cAn cé
khé néing can san pham chay trén bang tai. He
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théng cé mot md-dun dé xir 1§ tin hiéu dién thu
tir thiét bi céin v dénh gid gia tri trong Tugng
sén phim, phat tin hidu cho can gat dé gat san
pham vio 6 chira phu hop.

Stoptdn, BUSCTOBn  Eiguic

/

Jim 13k qaave Bhng tin i cl/-p-

Cimbinke |

Hinh 1. So do nguyén I can déng dimg béng tdi

Do qud trinh cdn d6ng dugc thuc hién
khi san phim dang di chuyén trén bing tii can
nén gif tri cin bi anh hudng boi nhidu dén tir
bé théng co khi ciia can (nhu rung dong), hé
théng dién (nhifu dién va tir treong) va loai
san phim dugc ¢an [2]. Cai thién loc nhiu Jam
tang téc df can va néng cao d¢ chinh xic can
[3]. Béi bdo ndy trinh bay hai giai thuat loc
nhifu cho hg théng can ddng. Céc gid tri can
trrde, sau khi xi 1y s& dugce dua ra cing e dé
so sanh va tim drgc b théng s8 t6i wu cho giai
thudt. Mot ddu cin dong da dugo (hiét ké va
ché tao dé thir nghiém va chimg minh cho tinh
chinh x4c v& én dinh cha giai thuat.

2. BAN CAN BONG

Ban can d6ug bao gdm phin co khi va
phin dién. Phn co khi gém céc bo phan chinh
nhr béng t4i cén, ban can, khung d&. Mt bang
tai 1am bing v4t lidu PE, day 0,8 mm, con Lin
duge 1am bing nhya POM, cac két chu co khi
khic duoc 13m bing thép khong ri SUS 304,
Hinh déng bén ngoai cla ban can duoc thé
hién trén hinh 2. Kich thuéc pha bi dai, réng
vi cao 1n Iuot 12 450 mm, 350 mm vi 150
mm. Bing tai dugc din ddng béi déng co dign
mét chidu 24 VDC, 30 W. Téc do biing tai ¢o
thé digu chinh tir 0 den 0,35 mJ/s. Tong kndi
lwong ciia ban cin gin trén cam bién tai trong
14 8 kg,
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bing 1
Hinh 2. Ban can dong

Phén dién cia ban cdn gom cim bién
luc, khnéch dai va loc tn sb, b bién dbi tuong
tu-s6 (Analog to Digital Converter - ADC) 24
bit va vi didu khién 8 bit. o db khéi ciia phin
dién ban cén dong dugc thé hién trén hinh
3. Cam bién lyc s& bidn dbi tir Iuc thanh gia
tri dién 4p, dién 4p nay dwoe khudch dai lén
128 l4n rdi qua mach Ioc tir dé gi4 tri dién 4p
g dua truc tiép vao bo bién dbi ADC. Mic
dién 4p ndy uoc chuyén thanh dif lidu s6 nhy
ADC v dugc xir 1f boi phin clmg nhiing véi
vi didu khién, Théng sb quan trong anh hong
161 gié trj ofn 1: Phurong phép bién déi, sb bit
va the ds bién dbi cia ADC, hé 56 khuéch dai
va d6 trdi cha khuéch dai [4]. B$ doc ban can
dlmc t]net ké tuyén tinh va ddc 1dp véi dién ap
nguon cap

FBinh 3. So 33 khéi phan dién dbu cin dong.

Cam bién hye: Cam bidn hyc bién déi luc
tac dung thanh dién 4p dAu ra. Dién 4p diu ra
ty 1€ thudn vai gid tri hee tic dung, hay khi luc
thc dyng cing 16n, dign 4p dAu ra cing 16m va
nguoc lai, Cam bidn Tyc dugc diung trén ban
cén ny 1a loai BM6A (Zemic, Ha Lan), tai tdi
da1a 30 kg, sai sb 14 0,023%, [P68 (chéng bui,
chéng nwéc), 1am bing thép khong gi [S].

Khuéch dai va loc tn sé: Gi tri diu ra®
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ciia cam bién thuong rit nhd va dwge khuéch
dai trude khi dua vé by ADC [6]. Bén canh
86, bé khuéch dgi khéng dugc lam suy gidm
tin hitu cin khuech dal, trdr khang d8u ra ahd,
it nhidu va hé sb khuéch dai Ién, Tin hidu cia
cam bién frc san khi du'ac khuech dai dugc
dua qua bd loc 48 loai di tAn s cao, thudmg
1a cac gia tri nhidu [4]. Trong nghién ¢im nay,
mach tich hop INA125 (Texas Instruments,
M5) va mdt mach loc RC duge sit dung cho
vige ktiuéeh dai tin hidu v loc nhidu,

ADC: ADC la thiét bi bién ddi lién tuc
gi4 tri dign, 4p thanh gid i s6. D& ddp ung do
phan gidi 1: 200000 cho cée Gng dung cin
chinh x4c phai cin dén ADC 24 bit. Nghién
cira ndy sir dung ADC tde df cao 24 bit loai
LTC2440 (Linear Technology Corporation,
M§).

Vi diéu khién: Céc thust todn va chuong
trinh diéu khién sau khi viét dugc nap vio vi
didu khleu Vi diéu khién s& thyc hién theo
dting tudn tr che bude theo chwong trinh dugc
nap. Trong nghién ciu ndy, vi diu khién
ATmega32 (Atmel, M¥) dugc chon dé cb thé
chimg minh dwge tinh hiéu qua cta thust todn.

Bong co va b diéu khidp: Ding co dien
mdt chidu 24 VDC, 30 W dugc didu khidn
théng qua mach cbng suht d& khuéch dai tin
hiéu va kénh PWM clia vi didu khién, Thong
qua kénh PWM, téc do dong co co thé thay dbi
tir 6 dén 0,35 m/s.

3. GIAI THUAT LQC NHIEU

Trong cén dong, gi4 tri 1y miu do duoc
chiu rét nhidu tic déng bai nhidu [4]. Gi i
do durgc s& bién thién cho dit khéi lrong sén
phim can khong abi. Liy gia trj trung binh la
phuong phap 16t @é gidm nhifu trong khi vin
giit duge téc dd dap g cia h¢ thong Ba.ng
céch sit dung cira sé dich chuyén khi lay gié tri
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trung binh s ting tbc 46 dap tmg ma vin gidm
dugc nhifu. So dd giai thujt Ay gi4 trj trung
binh dwgc thé hién trén hinh 4.

B4 loc sé tinh gia tri trung binh trong b
dém cta ADC. Gia tri cha bd dém duge léy
trwc £iép tir gid tri dAu.ra cha ADC. San ki loai
loai di gid tri 16n nhét va nhd nhét cta M méiu
trong bo dém, thuc hién tinh gi4 trj trung binh”
ctia “M-2” miu cdn lzi. Bén canh logi di gid tri
I6m nhét va nhd nhit cia M miu diu vao, cic
gia trj vugt ngudng ciing dugc loai bo mot [in
nira.

(op_dat-Ay<array o d-h[xl{imp dn+A.
mv,dm—_
et

Hinh 4. Gigi thuiit Iy gid tri trung binh.

Tir két qué trung bioh ciia M-2 méu,
ting gia tr lnau mit s& dugc so sanh véi gid
tri trung binh, néu gid tri d6 vrgt qua ngudng
thi b loai bo khéi mang [7). Két qua thu duge
chinh xdc va tin @y hon. Téng sb méu bj loai
bo 1a “n* mén, sé mAu con Iai & “M-2-n%, Két
qua gid tri cdn sau khi duge loc nhidu dugc
trinh by & céng thixe (1).

new_data =

M—z—nzu 3_“)'7 @

V& co ban thi giai thujt lay gia tri frung
binh ¢6 thé giam nhifu dang k&, nhung tic 46
dép tmg chém khi khéi hrong can thay d6i [7].
Sau khi khéi lwong thay abi, gid tri dau ra cia
cam bién lyc s& thay d8i t6i mat trang thai maéi
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irong mot théi gian rit ngén. Theo gii thujt
trén, gia tri diu ra clia bd loc s& khong ding
sau mot thér gian la M mau. Thei gian dap tmg
bi giéi han 13 M méu (s6 miu duge liy trung
binh). Do d6, cin thém mat gidi thujt khac dé
kibm tra sy thay ddi ciia méu ddu vao tir d6 dap
{mg duoc the d6 thay dbi clia cim bidn lyc. D6
la giai thuat cdp nhat dif liéu vao mang va gia
trj hién thi, duge thé hién trén hinh 5.

Hink 5. Gidi thudt cdp nhat dir liéu vdo mdng va
gid tri hién thi

Trwée hét, thue hién kiém tra sb mén
thay dbi dé quyét dinh kndi Iuo-ng d3 thay 601
Khi ¢6 sy thay d6i ciia 3 mAu diu vao lign tlep
tir ADC va gi4 tri dAu ra sau khi Joc 16n hon
ngudng dit Ax thi quyét dinh khéi hrong d&
thay dbi. Toan bd M mau s& duoc thay thé toan
b bing gis tri mGi dé b qua thoi gian cip
uht, dap img duoc thc do thay d8i ciia cam
bxen lye. D6 cling 14 thdi gian dé cam bién lye
&én dinh. P& t8i wu qua trinh, sau khi sy thay
dbi khéi fugng duge xac nhén, toan bd gia tri
trong bg dém s& dugc thay thé v6i gid tri méi
nhit cia ADC trong M1 (M1 < M) chu k¥ tiép
theo. Sau M1 chu ky d6, gia tri trung binh s&
duoe cip nhat lai. Nhung khi khéi luong doc
dugc gan gia trj thye, man hinh 53 nhip nhiy
do thay déi gia tri lién tuc. D& gilt min hinh
hién thj &n dinh, gia tri chi cdp nhit ra ngoai
min hinh khi gia trj moi thay d8i vuot qua
ngudmg Ay. Noi mdt cach khae, trong chu ky
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quét gid tri hién thi, chirong trinh s& quyet dinh
gla tri ndo s& duge hién thi trong chu ky nay.
Néu khéi luong cin khong lhay d6i vuot qua
ngudng Ay thi gid tri cén hién thi s& khong abi
trong chu ky nay. Néu n6 cb sy thay dbi, sur
thay @i 16m hom gia tri ngudng thi gid tri hién
thi s& duge cdp nhit gia tri moéi.

Nghién ciru ndy sir dung phan mém
CodeVisionAVR & lap trinh cho vi diéu khién.
Céc giai thuit loc nhidu s& dwgc 13p trinh nho
trinh bién dich C ¢6 trong CodeVisionAVR.
Chuong trivh viét trén CodeVisionAVR s&
dwoe nap vao vi diéu khién Atmega32 trong hé
théng difu khién.

4. TRU'C NGHIEM CAN

Phu can duge van hanh khong tai va cd
13 dé kiém tra hiéu qué cia k¥ thugt loc nhidu
theo hai gidi thuat noi trén. Khi chay <o tii,
ding cdc qud cén tidu chuln ¢6 khéi Lrgng Hn
lurot la 50, 100, 200, 500, 1000g duge ché tao
theo cp chivh xac M1 (tiéu chudn PT.VN 286:
2015). Timg qué can duge sir dung dé oan thir,
mbi qud cin chay qua bang tii can 13p di 13p lai
7 1An v6i 3 the 6 bing tai lin luot 13 0,1 m/s,
0,2 m/s va 0,3 mvs.

Két qua thyc nghiém cho thiy, khi bing
t3i cn dimg yén, tin hidu can vAn 6 dao dong
do nhidu tic dong. Khi cho bing tai cin hoat
dng v6i chc te d6 khac nhau, tin s6 dao dong
cna tin hiéu cén thay i theo v& bién d6 dao
dong ciia tin higu cén ting theo the dé biing tai.
S& di nhur vay 1a vi dhu can bi mng do céc thay
dbi trong hé théng nhur ma sat, d6 cing clia
ddy dai, 0§ clng ciia bing tii. Cic ybu 16 d6
téc dong truc tiép 1&n cdm bién luc va lim sai
1&ch gi4 tri ADC. Biéu db tin hiéu cén khi chay
khong il dwge thé hin trén hinh 6. Buong
mau xanh (A1) 1a gid tri ADC d4 qua bd loc
theo gidi thugt 1y gi4 trj trung binh va dudng
mén db (A2) 13 gia trj cdn sau khi xt Iy theo®
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gidi thudt cip nbit dit liéu vdo ming vd hién
thi. Céc gid t trj doc tit ADC s& duge xir Iy lign
tuc va tra vé gid tri khéi lugng thye cia dhin
cén hién tai.

ol
i
i

Khd[ lueng @)

PRy Sy

Hink 6. Bidu db can khi chay khong tdi

Gia tri doc v& ciia cdm bién Iuc & hai
Kkhodng thdi gian: Gia tr] thyc trong 9 gidy din
tién vA gid tri sau khi tinh toén tir gidy thir 10
dugc thé hién trén hinh 7. Khi gi4 tri cn chua
durge xir 1§, gid tri bi dao dong lién tuc trong
khoéng +7 g, dc biét ¢ Tic xung lén t6i hon
30 g. Sau khi duge xit 1y phifu, gi4 trj 6n dinh
hon vi dao dong trong khoang +1 g va khéng
con xung dot bwn

Hinkh 7. Bidu dd gid i ADC truée vd sau
Khi xik Iy nhiéu.
Hinh 8 va hinh 9 thé hién gi4 tri khéi
Iugng khi cé vét chay qua véi 7 1n Up lai cho

mét qua can. Gié tri can dirge “Piit lai” khi gm
tri trd v€ fir cdm bién lyc cd su thay dbi, tirc

14 sau thoi gian khodng 250 ms thi gid tri cin
duge xdc nbfn. Thoi gian bét miu phu thudc
phidu vio tbc 40 bang tai vai ngudng cac vat
cn ¢n.

B

Khi1 fueng @)
s =

KIS heoniz G
- 288

j=———s

Hink 9. Bidu db khdi lwong can voi tdi 500g

Khi qua cin bét dhu di vdo bing ti thi
gy ra sy thay d8i dot bifn vé& gia ti. Khéi
Iugng ting vot 1én trong khoaug thdt gian ddu,
sau d6 gidgm manh gan vé gi4 trj thyc. Tai thi
didm do gia tn can vAn chra xdc nhan khi gid
trj déu vao vin dang thay | déi 16m. Khodng 250
ms sau d6, gi4 trj bit &hu n dinh va khéi leong
duge xdc nhan. Tuong tw khi qua cin di ra khéi
dhu cin, ciing sau khoang théi gian thoi gmn
250 ms thi khdi lueng cn duoc xdc nhén. Két
qua cin thi nghiém cac qua cin duge trinh biy
trong 3 bang dudi ddy.

Bang 1: Két qud thik nghiém véi cdc qui cén tgi v = 0,1 m/s

i
Kbi hegng Khii lrgng cin dwoe (g) Sﬁ
STT | Jua can (g)
Linl | Lin2 | Lin3 | Lin4 | Lan5 | L3n6 | Lin7 [Trungbioh
1 50 50 | 50 50 50 50 50 | s0 | so00 [ 000
2 100 100 | 100 | 100 | 99 | 100 | 100 | 100 [ 9986 | 014
3 200 200 | 200 | 200 | 200 | 200 [ 200 | 199 | 20000 | 000
4 500 500 | 500 | 499 | so0 | so0 | so1 | se0 | 50000 | 000
5 100c | 1001 | 1000 [ 1001 | 1000 | 995 | 1000 | 1000 | 1000,14 | 8,01
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Bing 2: Két quét thir nghiem véi cde qué can tai v = 0,2 m/s

Sai sb
Khéi lrgng Khbi hrgng cin dwge (g) (%)
ST qua cin (g)
Linl | Lin2 | 1403 | Lin4 | Ldn5 | Lin6 | Lin7 | Trungbinh
1 50 50 50 50 51 50 50 50 50,14 | 0,29
2 100 101 | 100 99 100 101 100 | 100 | 100,14 | 0,14
3 200 200 | 199 200 | 200 | 201 201 | 200 | 200,14 | 0,07
4 500 502 { 500 | 499 | s00 500 [500 | 500 | 50029 | 006
5 1000 998 | 1001 | 1000 | 1001 | tooo | 999 | 1000 | 999,86 | 0,01 |
Bing 3: Két qud thi nghiém véi cdc qué cén tai v = 0,3 m/s
Sai sb
Khdi hrgng Khdi hwgng can duge (g) (%)
SIT qua cin (g)
Lanl | Ldn2 | Lén3 | Ldn4 | Lén5 | Lin6 | Ldn7 [ Trungbich
1 50 50 49 50 51 50 51 50 50,14 | 0,29
2 100 101 100 101 100 | 101 100 99 10029 | 0,29
3 200 200 | 201 202 | 200 199 | 200 | 200 | 20029 | 0,14
4 500 498 | 502 500 | s01 500 | 499 | 501 | 500,14 | 0,03
s 1000 1002 | 1000 | 998 | 1000 | 1001 | 1002 | 999 | 1000,29 | 0,03

Vi the 46 bang tai 13 0,1 nvs, sé [4n can
bit sai khéi [wong 13 8 (chiém 23% s6 lin cén)
v0'1 46 18ch so vai khéi Iu(mg chufn 13 1 g, sal
56 16m nhét 13 0,14%. Khi the o bing taf ting
dén 0,2 m/s v& 0,3 m/s thi 56 1An can bit sai
khéi hrong ting 1én tuong tmg 1a 14 (chiém
40% s6 1in can) v& 20 (chiém khoang 57% sb
130 can). Tuy 6 1An bét sai khi leong vt can
ting 1én khi ting téc @6 bing tai cn nhung gia
i 8 léch so voi khéi luong chudn [uén nhé
hon hodic bing 2g, ing véi sai 6 16n nhét la
0,29%. Tde d6 ting dong nghia véi thoi gian
qua cén trén biing t4i cin gidm, tc do bit cin
nhanh hon din dén sb 1in sai sé nhiéu hen,
Bén canh d6, toe d6 ting 1am cho hé théng co
khi rung d6ng manh hon, quén tinh ciia qua
cén 16n hon nén gia tri doc vé tir ADC cd bién
d6 dao dong 16n hon. Tuy nhién, véi két qua

TAP CHI CO KHI VIET NAM, S6 142 niim 2017

thuc nghiém thu duoc thi nhén dinh ring gia
tri can &n dinh va sai s cén nhé. Véi sai sb
ndy, c6 thé tmg dung dhu can ddng véi céc giai
thuft loc nhifu di néu cho mét sb img dung
cén déng nhwr cén phén loai san phim, can*bao
g6i sin phim, ...

Trong nghién ciru ndy, tinh kb thi cac
giai thugt loc nhiéu cho c4n ddng da duoc kiém
ching trén mét ban cin ddng. V6i giai thudt
loc nhidu niy cé thé cho phép thuc hién cén
d6ng chinh x4c hon. Qué trinh thuc nghiém
ciing cho thiy, dé néng cao tinh chinh xdc va
bn dinh cda h¢ théng cén, ngoii viéc &p dung
gidi phap loc nhi€u da néu, cin pha1 thye hién
mbt sb giai phép lién quan ¢ dén phdn cimg ciia
hé thoug cn nhu ngubdn clp, loai ADC va hé
théng co khi. q
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6. KET LUAN

Giai thuft 14y gia tri trong binh va giai
thujt oép nhat dft lidu vao ming va gid trf hién
thi ciza tin hidu can trong b6 dém ciia ADC cua
thiét bi cAn déng dugc trinh by trong bai béo
nay. Tinh kha thi ctia hai giai thudt loc nhifu
cho ¢in déng di duge kiém chimg bing thuc
nghiém véi ban cAn ddng ty ché tao. Két qua
thure nghiém cén véi cic qud cén tidu chuin
theo ba té¢ bing tai khéc nhau cho thdy cic
giai thuat d4p (mg yéu chu it ra 12 gidm nhifu
phat sinh trong qué trinh doc gid tri cAn. Bén
canh d6 téc d6 “bit” gid tri cAn vAn dim béo
khi ¢6 sin phim chay qua bing t3i cAn. Céc
gidi thudt thich #ng véi ban cin da ding cho
thir nghiém. D4 nng cao tinh chinh x4c va n
dinh cia hé thong cn, ngoai vige ap dung giai
phap loc nhiéu di néu, can phél nghién ctru
anh hudng cia mot so yéu t6 phin cimg cta
dhu can dong nguon ¢Ap, loai ADC va hé théng
co khi dén cic nhidu sinh 1a khi cin,«

Ngéy nhan bai: 10/01/2017
Ngéy phan bién: 14/02/2017
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