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(A Study on Signal Processing of Weighing Sensor
for Automatic Weighing Conveyer Installation)
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Abstract

A high speed and stable A/D conversion data process is required to weigh a mass on moving conveyer weigh-
ing platter. Moreover, in the measurement of weight, many design factors should be considered, which is differ-
ent from the other sensors. This paper presents a new method to obtain more stable and faster automatic weigh-
ing A/D conversion data process. At first, the characteristics of Load Cell signal on conveyer weighing platter
are analized. And then a low pass filter is designed by using the result of natural { requency from the simulation
and measurement. Next,A/D conversion circuit is constructed to realize a stabel A/D conversion data process al-
gorithm using single chip microprocessor. Finally, the proposed method is applied to the real design, and that ex-
perimental results showed good perfor mances on the weighing speed and A/D conversion stability.
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Fig. 2 Characteristics of weighing signal.

(429) 35



W Aol wgol ofdl & ol Suo| WA
of Aol A sFe gAHel Fad

2ot A Fwol Mol AF el izl of
o Al s Hold we] e 71&1} ol Al
o )t Edek Aulst gy w3k 1g
2910l THAAZNE A o R A
T A/DAEE wi= ok 2o E kx4

ol it} =,

1) @& 2ud Bex Age] 7] &i¥
R ool wh ghdAe] o a5 Ager A%
o2 Wit § =ZEs} 2] (creep) 54
& neny

2) T £HA4L AN E Ase] Adoighe]
obdet Aol ghol ek AehA ]l wele] gtut
ol g it

3) skFel 7kl AlaL iz FEfol Mtz o Al

A3 Fe gaZdo] HE dolee] 259
o] olAi= ot¥lu o] AsfEI= Foli
Z A gehatofo} i),

4) THE ANYS W A 3] ae e A )
Ay ZEA g AN Y gPoze Al
& Age] 279k

H3h, 9 Eg o] 7)o o] Aol 5
1T 749 net weight (IR ) WHe 3EAl&fe]of sl

BODE__DIAGRAM __ (COMPTIANCE)
" T | [NOMBER OF
3 | ‘ ' | FIGEN FREQ!
i o | , UENCY =6
g o I | FREQ,
I ! ' ; DAMPING
- ] g (Fz) RATIO
¢ B | 1 18.10 00229
: o m |2 2354 00176
P ‘ ] ! | }! 3 5042 00082
i ! \ | P[4 9307 0008
8 i VNG T [ 49 00000
L Lot IR 6 723.2 0.0006
T (]! t SR
5 IHI N
o w P N
chn Co oL
wl DU ‘
L LY
i 2 e 3 w ECI
FREQUENCY{112) n
TUNE |
NEL T COIFEQH G FREJENTT RIYKL
ERCLILL B 2 1IN = 109 )
R wi-CE L -7 2 N s 100,00 z)

02 3 2Ede| sgeiM &2

Fig. 3. Modal analysis output of load cell.

36 (430

2 A9 dHe 19 29 true zeroo A actual
zerof 0.2 ol FatA drh ulElr o]5L AN E
Aol o uitea] zjejstedof 3 Hart 9l
.

ojuff kA Aspgh ube} o] Al 9o LA
7b AN olgstel AZE wzbA = 279t
mpxjul BLitel] v xlgo] A7]=dl HA o 7
ol tigh a2 ol HAR slo AR 9
& A/DEEIo dATE HEje] HAZ M
wojof ghch

3. Al el T siAMnt ZEfo A

Geje] AACIN e Foh4g Agatr] 9la)
A AR AE s Ao oldk MA] AT EA

]

& A7l skl AlEdolAnt HZo ot

S Btk 2= 3o g A%
Ao AXE TOYO Intelligence Co. Ltd2] FEMAS
(Finite Element Method Assist System)$} SAP
(Structual Analize Program for Static & Dynamic
Response of Linear System)& A}&3l901, Al E
doj Aol 2188 HFEE v Digital Equip-
ment Co. (DEC)¢] VAX634071ZF <o ® 32Bit/
4CPUEA OS+= VAX/VMSE o] &3} )

a9 38 AlEd ol ZE 139 modal analy
sis”e} A%z st gl 18Hze #Fo| shg
AA ebt o siA g olF wEkel 93Hz
8 oA %E Holzart HEHNY. EE AA
Aol (platter) & A 2H8F W= 1 z7]9F YAboll

GAIN(dB]
0

20 {

40
FREQUENCY [Hz]
1 4 2T ASO| FFT SHZED

Fig. 4. FFT measurment result of load cell signal.



A= ARk 280 ddjolirMe] SSAM Mo et A+

gl Fisrh wpHoz B dgdas Ade e 9454 st dfE 3ol 10H
A9 30kg types] ZU A AFY Aol=(200  Tow AL

m < 400mm) & 715 e sk o & 8% a2 5% AAE LPFE4, Butterworth® o)
o] Aol B9 AAZFESY] &9 A #He=m 54E& 7MY gA5AEE Eolv] 8 2vem
skl BAe} A oy FEE A ) o FAHANR 189 AE BEHOS AW i
& gow b 05 ADAS ol A foi g Hew A,

T e A S 1

74 xel7k 497k Hs)= RRzCCe (1)
(R 39 4 HP3BG2A FFT analyeerst %7 San) Rlc chz ]sqLRR%L -

B g A% Foaw dAel Algdoly Az X

o} watsh Bu) Ao) A=sh b 0§ A% fe= S VRRCC: @)
e Ax PO 28H FaelA Az WA webd oje} 7bA zv]e) A A9 g
7h debgedl ol AdFe] A9 e BA xgss)l wslsbd (2)49 Ry CHe WEAA

" 2AEAAlA o vigwgoRnt e 7 7hs] 2As 7l duh B A E fos
5E Uetd= BAZ 32k dAlo] A &A% 10Hzo| W& ste] R1=R2=50k®, C1=0.224F,
Algglolde] Astebz tha thEA vehd Ao C2=047 uFgto. 2 a}ich

gk ool Autr AdAstuz sk aY 62 AAY LPFe| Fut5543 94
Low Pass Filter(LPF)2| ¢ Fat45 &9 % A& SPICE Al E#lo] A3 Aot

i

=

c2 [ ~
S o

e T Oy P |y e,

RIORZ | Load Cell converter CPU foutput

o T photo sensor |7

2l s MAIE MY S0 Ze{s| 2. Motor controt

Fig. 5. Circuit of proposed low pass filter.

08 7. ot=fllofe) 285

LOW PASS FILTER Fig. 7. Block diagram of hardware.
0 -,
—40
B U O W
ody- YDBG) S —
—200d
\\\;
100uH, 10mH, 100mH, 1.0H, 10H, 100H, 1.okH,
Frequency
216 Mo =0k ZEefe] SPICE AISd0|M 2ot J121 8 MEAE 2|0 ARl AFRL
Fig. 6. SPICE simulation result of low pass filter. Fig. 8. Photo of constructed conveyer weighing scale.

¥ 8% 5555 1994F 10H (431) 37



a. st=sofel 7y

°]"°ﬂ s
tationd o]'® =
LPFE AA &% 439 31§ 1559 go]
AAE 2N A/DEZ 7)o e A A = =)
A/DRE7) = 2o Bajsat A/DHES oA
= GAYFTE TS FEE dolet
| 7bsstefol stz Rals 12Bits} 4
& 20 time/seco] 3o} Aol Qg

2 2% HEHol o] 2ol B ol oA
HF WHAL westel HAY ASAHI
KASEI9] de} Alznpae] CS5506-8 AlL &4
E]_‘ll)

A/DREE7| R RE FEE dolels nlo)ai

G

o o oz
2 ol mE ob
o]
l sy S

A/D data input
5IXn

o

stable yes
check stable process ’

oonvert

auto zero

J3 9 2ZES0 Z20H SEE

Fig. 9 Flowchart of software program.

38 (432)

Z2A| A del o] diojete) ¢t s A gn
2l5& skl <hdd dioleEg gaZa ol
A e Azgon dgsl do ¥
M Ui g 54 7% 7ha Qeale]
8052 A& wmlolar ZEAMAE o|lgstUr)
w3 8052 CPU9| QIEYE 752 o]g3sle] =
Ho] Al $iol F Al 27H o Abe] A Eiol
SR A RE o] 2w BHAMNE x5}
o Lgs ‘?l"a—xﬂoi/]‘SE P52 3tk
I 82 AzrE o] Ao Ablolch

5. AZERoe +4

obf-2] Fdd stmdojz A/DRES Faw
oef 71X °°L<1:2 016}04 HEFOAER Hgy
dolete 714 3 BE5A4er AE}AY
Agxs] ok 19} 2 AL 2cAde) E
AW ofel opd 21 BAle] RE Az}, 183

49 32, 74X AE 5 HE BE 2o 94
Oil ZIlEt s hHH dlolete] YE $latd
AN EY o] eilg]Fo] FQsir)

a9 9% ve) xw

jait)
o

| 2xEd o] e

i

=
FHE s F A/DWSE dlolels
< A vlolas MR J¥HEd WA
Hzol wlolasm mzalAel UR RAMS oo
whel A/Dujolet §4+E Shustel Fi FIFOA
o AXE WA AR doletE WA A4
AZIek o] nAhel delebs gatalol 1/ng
W ogEAZL Mre Oe gastd doleheA
te Aelol ozt oA Mwa upeh 7o)
Aol ehadsl 2eld W AA" @ 4
of Hol AEsk MAyatA sii=v] o] 7|7ha} e
3l =8 F AAE o] V)3tels 2T E 9o
How Fuste] dolehs Aelal = Wat 3
o % 29 2004 b~dst e~gr|7be Ho] 7]
rolmz A/DHEE Jb$E ko]l not stable
check €104 £50 7125 o4 W3} 519S o
not stable flags A#3t31 A/D¥gr|7p e
& wxrel dolerh e §Ee Al dlolet}
L& A3t} d~e7]| 7t Fol = stable check#



Wol M oby 3158 Alzstel oy Ml ul(+ 2
countyoll Al 9 71k wite] A WEL A
e A Ase) glo] Bl dlolel gro.

V=

[V=100mv

'

(c) 08+

12110, AlRFEL| EntAleto 1 E 2eEM AT} LPF &
Q| A& e
Fig. 10, Waveforms of load cell signals and LPF outputs

during passing time of a mass.

85 FE5% 1995 108

2 gA8 F= BndEES stee] AH dlo]
e A7 ssEs stk old A/DHSE
HNEE sk A BAHE FF EASLe W

(o)

7HEE9} Hdl FZHspan) 150007} E 2 4]
5:1¢} v]&&E ZF, 5 count=1 digit® 3} HA
T EA 1 dgtjolA] +2 71&E7) Hig e
AA BAISE THE WAgslx gong L
M T XA 7hsEAl doh

a9 2914 a~be} g~h7]7+e 9
o2 2rdo JFAHHAAAEAHo
E%% aegil ko 2 & 388
Moy nAs Fojof 3 &, A7
ZF ol A QR E el A m A 2EA W

S FHe =EZez dusti
gl dial 1 FlEEA pAS Ui
auto zero tracking* g]ol| A= o] 717 Fo] A&
Hog olo] B2 A/D FHE o] AAgH &
A ge vaste] 1 Wyl AdA 7)7F - o
g dsgls Urke ARIA £33l Wst] 14
a AR ol AR E dkaste] #9lglol
FHY HAE AeHog FJt) o] w Wt
¥ Fhol Hx A onAlel glolEQl 27 4H@
wnoh AU ol (£20071ENIA L Wste
A9 2xAdolvt A/DWE sz ngd &
&o] Fou
B}

BA7|ZH

¢

- =
Fo] Fov g ojuj= auto zero trackingHFElS
FEsto] o 1'*ll*lll~ =5 grh

COUNT DISPLAY DATA

o}
840[[ . before compensation(A)
gao| | after compensation(B)

10
800} HEATING OFF
780 - . 15
760k HEATINGON -~ -
740 F—- \ e L
720
700 E - - 5

0 2 4 6 8 10 12
TIME(h)
T2 11 ATER0 28 el RE E2|ZE A
AlSH ?:17|»

Fig. 11. Experimental resuit of temperature drift test of be-

fore and after software compensation.

(433) 39



olgA FozM FHY AT ADHEE 7}
SE o] Adigto] ol A&£How £
dHoZRE WG HAY FF BANE
el sHleg wo ks D Zdst %
ole}7t AolA A ). AA= 300082 1HE9
AUEZ §x87] ey 2edd £ =g
zZeU OPZe] 934 =iLEJ
o] Athror A yelGBEE o] RE Ad
3 anEdo] Hele s Fasch

olg7 dolA FF dlolet: wiE HEA &7
of oJa] gxaZo] HAY T LE o3 A
7] AaRlo g dgEo] g kol wt of
8 N2 &84 5 Arh

o o

L o
N
2

o

6. g Ant

a9 102 A ZFEe] ARd fldAM el F2
Alzbe] 7tz 3.0%, 1.0%, 08%9 7% OPY=
o] A9t w1y LPF Fohe] #gt 53 &
OAg 2P derzrz FFF Aot

AR B vlel o] Al Sl IA F
Bo| A &£t AAHE &0 T
A% stdo] BAHU Y LPFE 5343 A5
o FE zEe] AAY e e

g 11e 193 AZEAE @7ter] 9
sto] Ao REAe 2k EgLES WA
A7 auto zero trackingo] A &HA FAHE=AE
Brrsl B Aoz Hzx AdE A7 AE(730
A/DFFEE)NAM G3le] AEIE 7IdsTrt
g2oAl glgteld 3lEE stdste] ZAE A/D
FHeEZe] A5aeg ok 1243k dA
Ags) 2 Ay ol 50 A/DIEES] W W
oM T EA taFyo] deles “07g #A
gto 2 1okt daE)F Y B S S

w0, Aty FAE FHEA U= 3000E
9 12 AAFE A7|el wet o zelzt gl
o B3 40~75719] A HEg UEE et

Aee wASAH
7. 28

A% A Bulo] MulolA wry A&kl <t
g A% dojete) AaAMy WHE AR

40 (434)

¥ A7) Ane A AR 2ke] Ao] of
g gajolo} AelA o]F FolE A&alm W
# Aol AsHn $EE skt 44 A7
g 85 Alxdols) $go] lggh

dnE#

2

1) Mills Dean & Richard D. Donglas, ‘Semiconductor and
Conventional Strain Gauges’, Academic Press, 1962, pp45
~75.

2) Ei% B, 0dARS-CLZORER Ch2, AT
1987.

3) ma i, g YT oo X, BBRE 1984, p24l.

4) Willis J. Tompkins & G. Webster, ‘Interfacing Sensors to
the IMB PC’, Prentice— Hall Inc., 1988, pp250—268.

5) Joseph H. Carr, ‘Sensors and Circuits’, Prentice—Hall Inc.,
1993, pp.1 —37.

6) g, ‘BeAde AA 2 34, FYFHANEL 7%
B3 85—2, 1985, pp71—117.

7) A3}, CREA L] AL FHE A A71H W
19 AeAA R AR A, FAAETH, 1984

8) Dawvid M. Auslander, Paul sagues, ‘microprocessor for mea-
surement and control’, McGraw—Hill, 1984, pp93—116.

9) MAFE ‘AH hom s XORER, EEYE, 1990, pps4
—97.

10) Robert. F. Coughlin, ‘Operational Amplifiers and Linear

Integrated Circuits’, Prentice—Hall, ch. 8, ch.12, 1990.
11) ASHAHI KASE], ‘Semiconductor data book’, cs 5506 A/
D converter, 1991.

CEERMNO

g = A (HET)

19554 7H 100 4. 19784 ZE A
ER AR A 19829 gk A%
B TEAC AR AT D). 19867 &
2t N e T R B S S TG O
19915 ~19924 (1A ISHIDA SCALES Co. Ltd. R &
D Center, Invited Engineer. 1987 fE ~Bift 1[5 REMK
A R B3R,

BR - EENWBESR



