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Improvements of Mass Measurement Rate for Moving Objects

Woo Gab Lee*, Kwang Pyo Kim*

ABSTRACT

This study presents an algorithm and related techniques which could satisfy the impor-
tant properties of check weighers and conveyor scales. The algorithm of Recursive Least
Squares Regression is applied for the weighing system simulated as a dynamic model of
the second order. Using the model and the algorithm, model parameters and then the
mass being weighed can be determined from the step input.

The performance of the algorithm was tested on a check weigher. Discussions were
extended to the development of noise reduction techniques and to the lagged introduction
of objects on the moving plate. It turns out that the algorithm shows several desirable
features suitable for real-time signal processing with a microcomputer , which are high
precision and stability in noisy environment.
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Fig. 1 Input and output of employed filter

Table 1. Delay effect due to filtering

W, XdAT s log (W) log(x] 84 71)
0.05 0.55 -1.3 -0.26
0.10 0.23 -1.0 -0.64
0.20 0.10 -0.7 -1.00
0.40 0.06 -0.4 -1.22
0.80 0.025 ~0.1 -1.60

€ A g 29 Aojon Azte] @9l Fig. 1
o] A7k 1000] 12o sl gyt

2 EY wolAd U tHHE AP i
xolAg IANE WIFAA Hy dndFomtH
PojR= old EAA 3 A 549 d%H<
B Z 5 AY o|FHEY FN FAHFG o)y}
0.5 %3 && W FH0] SaHATT sl &
L5€ Az Aseldd.

Table 2¢€ ©f 2£85e AL JohF wolx] &
71 0.01, 0.05, 0.10¢] digle] 22z Fd Foe

-2 ] T H ! 1
S SV S S o - ;
1.6 :
!
-1111 Qa
log() |— e
7, Y. PRSRUEED SR EUPUUR DRV St SO S f——
_ R T
04 - i
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0 1 \ ; -]
0 03 0.6 -0, -1.2 -1.
log(Wc)

Fig. 2 Effects of Wc on lag time t
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Wil g 9 EoFE Table 20] BQ nis}
Zo] xo]x] 277} 10 W2 AR RAd haje] Wert
e A%E o 9] vadty Wob S74gd da)
I o] veidtt. § kol A7t F/MSHE 3
28 Azte] ¥ ZojFit},

W7 0.5 rad/sEc} 29 |5 Figto]
A @3 e ATl Rold e HdF
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8L HoFr},
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A, %}ﬂﬁ' o] FAI7E MERNE o] &sta B 4eEE
439, dEE 254 ARY Zo|Ed FAH
= HES E0|E W o] EA} & ¢ o5 &
=2 AYstn Wies o e YEsL T

A/D H#7e 12 HE, 91 k samples/sec &3
£5E zZtet, HME o FAYE A4 oF FAE
OrientAt #A2He] US315-402 2d RELE AFAAA
ol EA A% AW & 1 2kg FEY AF 300
g, 7lo} =489 A% 700¢] HEHY &&= 2Fe] 7%
g At FH0EY ol 40cmeln 4¥L
ZYolE o] FEE 48 cm/solA Y E T

#A3y 2c42 43 Huntleigh TechnologyAt
Aze] =d 10112 Apke of Lo Bt}

24 A% g A7he 2=Auit toksict, o
2 Huntleigh Tech. At model 10102 <535 A2

|
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Table 2. Effects of noise

\(noise
W, 0.01 0.05 0.10
0.1 63 62 63
0.15 47 49 51
0.2 M4 38 42
0.3 33 44 40
0.4 34 43 80
0.5 41 38 40
0.6 36 45 57
0.7 36 43 38
0.8 46 59 43
0.9 42 42 49
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Table 3. Specifications of Huntleigh Technology

model

rated load 5 kg |
reoommended excitation 16 V DC
2 mV/V +- 10 %

| input_impedance 415 +- 15 ohms
output_impedance 350 +- 3 ohms
| insulation > 10" ohms
compensated temp. range | -10 to 50
safe temp. range -30t0 70 T

£ 0.5 mm _at rated Joad |

deflection

o] 4.5 %o]a model 10112 1 o]t}

A/D HE7|2%H A5 E o} o] 455 FH Az
du B 478 B4 ol BA ¥ 3L 3
o M ANY HAAEH (Recursive Least Squ-
ares Regression Method) x3)&& 7%4)7)7] 4
o] PC7F AMEH It AMEE PCE Intel 486 sx
33 MHz9 CPUE WA3% et}

Fig. 3el= & 4% A4 AXNSS
Heltk, PC ¢ &o A/D ¥&77F RAm 1
o AF Ar)7) Bl WE Zgole 4 o
EA MNEE AMEE R 40 Zoide Fo] ¥
7F 8ot} Ad7)e] 4F gd Hol: AL £49
doz QF ZolE Hisle WS £33 =d
£5E 2rde 2EHY Aol &l MA
A 9 v yestn wE "y delgE AF

olA W4 £47)7F Rzt

Bede A
a4%

éni_i_?:—tm

] °]’1:

3-3. 43 Zut
$4 B4% 2397 ool 37 Ave] 99AQ
Ag S0l NYIAD. ) 5L A o, IPA,

Fig.-3 Photograph of the experimental apparatus
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AUE, AA=Y Aot} 2z 29 g A/D W
719] W gl 8.75 Voltse melstd o AF
875 g€ AW AFe R gy, SHE o A
\._E EE% ""'LZ] 01'1'1 °]'%E E“ Z]J\ %k()] 6 972656019\1
o AHEE &3 ¥ o AAl o] 8.7451172 ¥
stgon olg 108 wEHAS W £ T2 &g XA
Aok AAgho] Wale A4 Y Z FA=E (1.8
g)/(4.9 x 10° A3k volts) olth.

WA 23 AEE 37 gk AEE o ASeldl
S o AAlghe] MFAE HASAT o)F9 HA=
% ¢ 5’_3-& @A), & 9% (#=7), 9 2E2F

B o,

(F9), | 4% (F&)elr}. o] AANA e ZF A4
e U}DS’J l Bl g2 & w7 3ol =30
A& A7 Hste EwolE FU £F52

:ulr!

0g. 200g. 400g. 600g, 800g & &H io"“ﬂ o]
9 AAgke] AdHoz FrleleA HiTh F AR
%7}0“ g AA gke] F7h dV/dm, E‘iiﬂrﬂ' A

A BAERAG. Foll Hl wis} o] dV/dme A
AR o) % FL 1/10,000 FEolth, ¥5e 7

7IHA 23 Zely doz ZAAFEN BEE o
8| 2|l Al 2= ERGR] gotct
é"_.E ‘5‘01:)\)— wl %‘U]E ‘3’}:}\3-2. _?;I?'ﬂ.oq
Bo] 24Z Yolo] ALgH A
Za Fo] dhro Wy Wl
AFct. 92 AFAARE A& 8.
em3oltt, Z¥olES HEE 8.5 5
o|F Wy gt e deko R AFsE

#olEg
At & ZeolEY AlHo] E oW 22 F
A FE3txF SHT.
Table 4. Test of 4 corner error
9 b EES 5 X3
[ B.745117 | 8.75 8.75 8.745117 | B.745117
75 745117 | 8.745117 75 8.75
745117 | 8.745117 | 8745117 745117 8745117
8.745117 | 8.745117 | B.745117 | 8.745117 .75
8.745117 | 8.745117 | 8.745117 | 8.15 745117
Table 5. Linearity test
A, g | AN, volts dV/dm
0 6.992188 2.03858 x 107
200 7.399903 203856 x 107
400 7.807617 2.03858 x 107°
600 8.215332 2.03858 x 10°
800 3. 623047
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Atk Fig. 49 2¥ = FolEE 2ANALT g
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02 A% G E RAEY i o] E(guide-
line plate)ld F&& £5& sith7t FY=+ Aol
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Fig. 4 Precision test of measurement with station-
ary belt plate
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Fig. 5 Precision test of measurement with moving

belt plate
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Aate Ao Lot B dmeFdx ZEdw &
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Fig. 6 Repeatability of convergence time
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HdFo] FEHoz FHo| AY 41+ AGT(step
function) Y¥E} Az @A 7R vl o]
2707 59 2 ASoE o] FHol ARY AT
et o2 ARG ol2¥H k& 4 g3
g&E Mgt AgF Mo A% 59 §ol AA 270
2 o, Azl did iEe 4 9 Ft)e B8E
ZAA e (ramp function)# Adeteste] Aoz
Fig. 4-1914 9} Zo] EAF Sl

7} 3T o4

X(nT) = ~(a, -)X(nT -T)
-(a, —a)X(nT -2T) + a,X(nT - 31"
+Mg(Cot, (A, + A, +A) 14)

A71A AAR HA2AsE (Recursive Least
Squares Regression Method)¥ 2. 25 W4 g 4
747t B EE Mg/ (Coto) 7t BT Cp7t AHFE of
t EAE Addte 23 oE2YH 239 4 gerz
Mg/ty® 23T 0% wakd X9 e ed
2,

X(t) = Mg /(C,t,)[-2aB + t + 2aB exp(—at) (15)
cos(br) = (2a°B ~ 1) exp(-at)sin(bf)/ b]

4-2, AIHE ZHul
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Fig. 7 Modeling with a ramp function
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(recursive least squares regression method) &
NYEE S8, volg 27 AR e 23 A
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Fig. 8 Results of ‘near step input’
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Fig. 9 Results of ‘ramp input’
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