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Abstract

A checkweigher is an automatic machine to meaheemeight of inmotion products. It is usually located aro
the end of the productigorocess and ensures the weight of a product wighéeified limits. Any products are tal
out of line if their weights are out of the speaifilimits. It is usully equipped with an optical device. It is usei
make a trigger to set the time duration to allowaduct to move completely on the weigh belt fomphing the
weight. In this paper, a new method of mass measeme for checkweighers is proposed whigdes just sign
processing without the optical device. The effeiess of the method is shown through experimeniso £
possibility of faster estimation of weight is shawn
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1. Introduction

A checkweigher is an automatic machine to measwwaeveight of in-motion products€.,
objects). It is usually located around the endrofdpction process and ensures the weight of
an object within specified limits. As shown in Fibg), a typical checkweigher consists of
three conveyor belts: an infeed belt, a weigh lze&lt a reject belt. The weigh belt is usually
mounted on a weigh transducer such as a loadildelThe weight signal of the transducer is
adequately sampled and processed to form a wdiglgtobjects whose weights are out of the
specified limits are taken out of the process liyea sorting device equipped on the reject
belt unit. In most cases, an optical device, sushaghoto-electric sensor, to detect the
passing of an object is mounted between the inbsdand weigh belt (see Fig. 1b)). The
signal from the optical device is used as a triggeset the time duration to allow the object to
move on weigh belt completely for sampling the vagig

If we can make the trigger just by processing tleegit signal from the transducer, we
would be able to remove the optical device. Thalfeto bring about a reduction in costs.
However, a general signal processing method hayetdbeen achieved to make the trigger
instead of the optical device and to determine weght of the object, because the
checkweigher needs to cope with various types @otd and various conveyor speeds. The
difficulty is caused by that checkweighers measbeeweights of in-motion objects, hence,
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we have to take weight measurement in the checkwei@s one of “Dynamic mass
measurement problem-+2]”.

Ono [2] has worked on a type of checkweighers whias a beam-balance and differential
transformer. He has applied modern estimation theor improve the efficiency of
checkweighers in weighing time and accuracy. Thiea,feasibility of the proposed method
has been shown through simulations and experimant$,also the possibility of dynamic
mass measurement has been shown.

Leeet al [8] have proposed an algorithm to improve theusacy and weighing time for
checkweighers and conveyor belt scales. They haxdehed the system as a second order
ordinary differential equation. They have proposedise recursive least square regression
method for estimating the parameters in the diffea¢ equation when the step input was
given. Thereby, mass could be estimated. Howelies; have only shown the feasibility of
the method through simulations.

Kameokaet al [9] have developed a signal processing methodcfackweighers to
realize high speed and highly accurate measureriét.checkweighers which they have
worked on have a conveyor belt supported by a kea@t one point and a photo-electric
switch. A low pass filter and notch filters are diser smoothing the weight signals from the
loadcell. The mass value is calculated as the ragtit mean of the sampled data of the
smoothed weight signal. They have shown througleex@nts the method is effective. Also,
he [10, 11] has worked on the effect of floor vilma on the measurement accuracy for
checkweighers.

Umemotoet al [12, 13] have worked on checkweighers which haweactive weigh belt
that is supported on a load cell and photo-elecgnosor. The weight signals from the
loadcells contain vibrations caused by the convéyait. Then, they have proposed to use
adaptive notch filters to remove the vibrationgha weight signals. The feasibility has been
checked through experiments with a commerciallylalbe checkweigher.

As mentioned above, any general signal processietpad has not yet been achieved to
make the trigger instead of the optical device tandetermine the weight of the object. Then,
the purpose of this paper is to develop a gendgalithm for processing the weight signal to
determine the precise moment to begin and finistsdmple the weight signal and to
determine the accurate weight of an object, thad gy, the accurate mass of the object.

a) b)

Photc-electric

Sensor ¢ | S
=] Object A
—@3- (@D Weigh Belt -@D-
W < L >

53“\ Loadcel

Fig. 1. a) Checkweigher and b) its devices for \iig.
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2. New method of mass measurement
2.1. New method for low speed weighing

In our researches on Axle Weighing System for Irtiamo Vehicles [47], we have
proposed a simple method [7] to determine the phd weight signal to be processed for
weighing based on finding characteristic positioha differentiated weight signal. This part
for weighing is referred to as the effective parthis paper. In the case of axle weighing, the
effective part means the segment of the signal whemwhole contacting areas of tires fixed
on an axle of an in-motion vehicle are on the weiglge.
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Fig. 2. Signal$(kT) and AHf(kT) contain no vibration components.

In Fig. 2, we show a plot of a weight signal, signderived from it, and some important
points on them indicated with symbof¢kT) for k[IZ denotes the discrete signal sampled
from a weight signal(t)with sampling timeT. It should be noted th&tkT) shown in Fig. 2 is
a virtual signal which does not contain any vilmatcomponentAf(kT) is a differentiated
signal:

AT(KT) =(z-1) f(kT). (2)

It is smoothed to be a smooth signal:
AHf (KT) = H(2)Af(KT) (2)

by applying a low pass filtét(z). Here, the time delay d&fHf(kt) has been corrected.

The weight signals of checkweighers have the saateermp as those of axle weighing
systems, then we can apply the proposed simple adetb the weight signals of
checkweighers. The length of conveyor helind conveyor speedare known when we use
a checkweigher. Hence, we can determine the efee¢tme B, b] of the weight signal by
finding the pointsSandP. In Fig. 2,a denotes a positive scalar. lLledenote the length of an
object on the conveyor belt as shown in Fig. 1libb)most cases, we should set= 1. If
necessary, we can setappropriately with considering the characteriseéshe low pass
filter H(2). The obtained weight sign&kT) from the weight transducer of checkweighers
contains vibration components, then we have tolaseass filters. If the conveyor speed is
low enough, we can use a higher-order filter whialm smooth signals sufficiently. Using
such filters, we can obtaikHf(kT) sufficiently smooth and apply the simple methedshown
in Fig. 2.
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However, if the conveyor speed is high, we canrsgt such high-order low pass filters.
This is because the length of the true effectivesti

b —a, =(L-1)/v ©))

is very short when the conveyor speed becomeshighy The time intervalq a], in which
AHf(KT) is non-zero, increases with the increase in tideroof the filter. Hence if we apply
the method shown in Fig. 2 to the weight sigfflal) in this case, we might determine the
point a at almost the end of the effective tinbe or beyond it. Consequently, the obtained
effective time &, b] would be useless for mass estimation. Then, we ba use lower-order
filters. As a result, the poi® picked up fromAHf(kT), which is not smooth enough, would
not be the appropriate point to determine the &ffegart (see Fig. 5 b)). In this case, we use
a new method.

2.2. New method for high speed weighing

We take the following steps:

Step 1 Determination of a provisional effective part:

We determine the effective tima, [b]of the weight signal by finding the poing&andP in
Fig. 2 even though the signal is not smooth enoddien we take thé\ = f(a) as the
beginning of the effective part provisionally.

Step 2 Design of a FIR filtelGy(2):

By using the least squares method, we design axdemaler FIR filter whose coefficients
are symmetric:

G (2 =1+ Bz +Z7, (4)
;’T(IB ;;e (r), )

e(r)=f((r+2T)+ f(T)+ L. (KTf((r +DYT)-C(k) =G, (2 f((r +2T)-C(k), (6)

wherek=a/T,a/T+1---,b/T-n+1 n=4.
Step 3 Estimation of the angular frequency of a dominabtation component:
We calculate zerosgi(k) and g, (k) of the filter:

G(2) = - 0(KZ )L~ 0, (Kz ™), (7)
where ¢, (k) denotes the complex conjugate @fk). Then, we can obtain the dominant
angular frequencyu(kT) by taking argument of the zero:

a (kT) =Uo,(k)/T(>0). 8) (

Step 4 Correction ofa in Fig. 2:
We pick up a poinkT which satisfies the following inequality:

(wp —B) <y (KT) < (w, +A ) (9)

and take it as the corregtwhich is denoted bgc. Whereay denotes the dominant angular
frequency of the mechanical structure of a weiglsipggiem, and denotes a tolerance value.
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In the strict sensegc is not the point when the object is completelytba weigh belt,
however the effect of transient vibration can bgleeted.

Step 5 Calculation of mass(kT):

By estimating the coefficient in Step 3, we caroabtain an estimated value of the mass
m(kT) atkT as follows:
C(k)

G Mg ’

whereg is the gravitational constant. Than(ac) would be the earliest mass value estimated
with high accuracy.

m(KT) = (10)

3. Experimental Results

We introduce some results obtained by applying nbes method, consisting of Steps
mentioned above, to the weight signglsl) from the load cell of a checkweigher when an
object moved through on the weigh bed with low high conveyor speeds. These speeds are
30 m/min and 80 m/min, respectively. The checkweighe used in the experiments is made
by YAMATO Scale Co., Ltd. and has an active weigdit Isupported on a load cell. Some
specifications are tabulated in Table 1.

The objects used for the weighing experiment haeesame dimension: 95 mm x 65 mm
x 45 mm, however, the statically measured weighhefobject for the low speed weighing is
478.4 g and that for the high speed weighing isA86

In Fig. 3, we show amplitude properties of theefiit used for experiments reported in the
present paper. Their other characteristics ardd#daliin Table 2. We designed two types of
low pass FIR filter$d, (2) andHg(2) asH(2) of (2) used for smoothinigkT). Although a band
pass filterHg(2) is not used in the new method, it is additionattyoduced in Fig. 3. This is
because it is used for extracting the dominantatibn component fronf(kT) in later
discussions.

Table 1. Specifications of the checkweigher.

Spec. Performance
Weighing Range 6~600 g
Max Weighing Speed 330 packs/min
Sampling Period 2ms
Weigh Conveyor Length 330 mm

Table 2. Descriptions of FIR filters for weight sajs.

Notation H (2) Hs(z2) Hg (2)
Tap number 101 33 401
Type Lowpass Lowpass Bandpass
Desired cutoff freq. (-6dB) 5 Hz 5 Hz 20 Hz, 30 Hz
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Fig. 3. Amplitude properties ¢, (2), H¢(2) andHg(2).

3.1. Example of low speed weighing

In Fig. 4, we show the weight sigrf@kT) in the case that the conveyor speed is 30 m/min.
Its smoothed signal:

H_f(KT) = H_(2 f(kT) 1j1

and the smooth differentiated sigd, f(kT) obtained by applyindi(z) = H.(2), whose time
delays are corrected, are also shown. Since tleeleagith of the effective part available for
measurement is sufficient enough, in this case aveselect the higher order filtet (z) as
H(2) in (2). AH f(KT) processed by a high order filtdr (2) is naturally smooth enough, hence
we can apply the simple method shown with Fig. 8.tAe result, we have obtained=
0.978s)p = 1.082s then:

q=p-s= 0104s, (12)
a=p+g=1186s (13)
| =2qv= 0104m, (14)
and
b=a+(L-I)/v=s+L/v= 0978+ 0309/05= 1596s. (15)

In this case, since the data length of the effecpart is sufficient enough for averaging,
we can simply obtain an accurate value by averagdiing average of the filtered weight
signalH_f(kT) in the interval [1.186 s, 1.596 s] is 478.90 g, abhis almost equal to the static
value 478.4 g.
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Fig. 4. Example of actu#(kT), H_f(kT) andAH,f(kT) in the case that conveyor speed is 30 m/min.
3.2. Example of high speed weighing

Here, we treat an actufkT) obtained in the case that the conveyor speed is\@nin.
This is the example of weight signals in high speewjhing that we cannot use a high order
filter. In Fig. 5 a), we showW(kT), its smoothed signdd_f(kT) and smooth differentiated signal
AH f(KT) byH(2) =H.(2), in the same manner as in Fig. 4.

As mentioned before, Fig. 5 a) shows a typical gdarthat the determinealis beyondb.

If we use high order filters such Big(2), the time delay of the differentiated signal wbbk
so long that we cannot use the simple method ridtesd in Fig. 2.

a) b)
S% o B . f(kT) g o'i] Poll B . f(kT)
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Fig. 5. Example of actu#(kT) and its derivative signals in the case that cgavepeed is 80 m/mirfi(kT), H.
f(kT) and AH_ f(kT) are plotted in a) and(kT), Hs f(kT) andAHs f(kT) are plotted in b).

After all, it might be possible to determine theeqdate effective timea[ b] by adjusting
coefficienta in Fig. 2, but it is not practical to find effeati a for so many kinds of objects to
be weighed with using trial-and-error approachdthdugh usefula are obtained, we cannot
measure weights by averaging. This is becadsef(kT) in [a, b] in Fig. 5a does not contain
the flat part as observed in Fig. 4.
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Consequently, we must apply the lower order filigz), whose ability to smooth is not
enough, td(kT). As shown in Fig. 5bHsf(kT) andAHsf(kT) would not be smooth enough.
Hence we take Steps of the new method describedeabo

We can obtain an estimated mag&T) and an estimated angular frequenrg(kT) at each
time KT in Steps 3 and5 (see Fig. 6), then, we make a paix(kT), m(kT)) atkT. In Fig. 7, we
show the plots of the pairga(kT) is measured along a horizontal axis anfT) is measured
along a vertical axis, when we set15. We can see from Fig. 7 thaikT) is almost
constant and close to the static value in the roeighhood of w(kT)/(27) = 25Hz. We can,
therefore, tentatively accepty/(27) = 25Hz and\ /(279 = 0.5 Hz. Thus, we would obtain
KT =ac = 1.142 s which is the first moment (earliest fitiat satisfies the inequality:

24.5Hz< o KT )/ (27)< 25.5 H: (16)

At the same time, we can obtaim(1142) =48845 . g

a) b)
0. & | ¥ M
5 L e =AY
AU AT A Y A S 2 I \
R i A i e -
e [} | < Y g
0.4F 7 N S 10 i
102 11 115 12 128 13 10 11 115 12 125 1=
TimekT [s] TimekT [s]
a=1.072s b=1228's n=15 a=1.072 s b=1.228 s n=15

Fig. 6.Estimated values obtained by usi@gz) designed fof(kT) in Fig. 5; a) the estimated mass of object
m(kT) and b) the estimated angular frequency of dontinamponentu (kT)/(27).
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Fig. 7. Plot of estimated angular frequenraykT)/(275 and massn(kT).

[ka]

m(KT)

If we take an average, a more precise vauean be obtained, namely,

m= ni 3 m(kT), (17)
E ={KT | ea(KT) O[ca, —A.cq, +A], KT O[ab—(n =) T}, (18)

where n_ is the number of elements i In this case,d, b — (n — 1) T]=[1.142 s, 1.200 s],
AN(27) = 0.5 Hz, andh, = 12, then:
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M = 487.60y. (19)

By taking advantage of the observation of Fig. & can also check the estimated mass of
the object whether it is accurate or not. For eXamihe estimated mass kil = 1.188 s is

m(1.188) = 470.19 g. It would not seem to be aceyrda¢causen(kT)/(27) atkT=1.188 s is
estimated to be 22.20 Hz and

,(1.188/(2n1) = 2220Hz < 25Hz. (20)
Actually, m(1.188) = 470.19 ¢ far from the static value 486.7 g.

4. Considerations
4.1. Power spectral density of weight signals

In Fig. 8, we show the estimated power spectralsitierof the signals truncated by
applying a Hanning window to weight signals imméelia after objects unload the weigh
belt, which is calculated using a 1024 points FHIe power spectral density of Fig. 8 is very
smooth, because it is obtained by taking the aeeodignore than 40 FFTs of sample signals
after weighing various kinds of objects againsiou#s conveyor speed settings.

-20 i H I
ﬁ24.9osz
— '40
m
k= 10.284 Hz )L
Fl
o -60
g Wil ¥
E L\ X
S 80— i
= ol L\
-100 i,
120 T
10 107

Frequency [Hz]
Fig. 8. Estimated power spectral density of wegighal immediately after weighing smoothed by agemg.

We can observe two dominant spectral peaks atH®.8nd 24.9 Hz. Since the conveyor
speeds are not constant, the highest peak at 22 @rdbably indicates the natural vertical
vibration due to the weighing structure (the loddegth the weight belt) and another one at
10.3 Hz, the disturbance due to the floor vibmatio

The full scale of the test machine is 600 g andstla¢éic weight of the object is 486.7 g
which was regarded as the true value. Since thetrsjpe in Fig. 8 obtained when the machine
is unloaded, the peak, which indicates the nafoeguency, should be shifted to lower during
weighing of the object. However, the center frequyeof the tolerance range (16)., 25 Hz
that has been determined by observing Fig. 7 i@stiraqual to the peak frequency in Fig. 8.
This fact suggests that the weighing mechanicaicgire is not completely expressed as a
single-degree-of-freedom mass-spring-damper sydtamay be a very important observation
in the determination of the toleranfsen the inequality (9).



www.czasopisma.pan.pl P@N www.journals.pan.pl
P
C>
S~

K. Fukuda et al.: A NEW METHOD OF MASS MEASUREMERR CHECKWEIGHERS

4.2. Effect of disturbance

The key point of our new weighing method is to dadhe FIR filter of order tw@y(2) ,
which is the most simple structure, on the intefidl (k + n — 1)T] whose data length is.
G(2) can, therefore, eliminate only one vibration congranFor this example, the method is
reduced to the design of the most simple filtet tia@iches at the natural frequency around 25
Hz.

Consequently, other vibratory disturbances inclgdine most dominant 10.3 Hz floor
vibration are separated as the resié&(g through solving the normal equation. In other
words, we observe the influence of the 10.3 Hzatibn component by (16) instead of by
evaluating the characteristics of the resid{tg. Whenaw (kT) satisfies (16)m(kT) is adopted
as a highly accurate measurement value.

If the magnitudes of disturbances classifiec(@y are relatively large in comparison with
that of the natural vibration to be notched, thisr@ possibility thatw(kT) satisfying (16)
does not exist, which means that we cannot obtaimculeaten(kT). Let us observe the
magnitudes of the disturbances of the weight sidid) in Fig. 5 by removing the natural
vibration with a high order FIR filter.

The upper graph in Fig. 9 shows the output signal.

H; f(kT) =Hg (2 f(kT), [21

whereHg(2) is a 401 taps band pass FIR filter whose pasd 1saj20 Hz, 30 Hz] as shown in
Fig. 3. The lower one shows the original sighfiel) (a dashed line) and

Hg f(kT) = f(KT)-H; f(kT), (22)

which does not contain the 24.9 Hz component. Measaf the magnitudes of these signals
on the effective time interval [1.142 s, 1.228 & #abulated in Table 3. According to the
table, if the root mean square Hf, f(kT) is about one-fifth times as large as thaHef(kT),

the new method is probably successful for high emuweighing at high speed.

In any case, we must clarify the relation betwdendstimated mass(kT) and dominant
angular frequencyu(KT) in advance. Even though the disturbance can péected, there
may exist the cases that we cannot find out thar aiglationship like that shown in Fig. 7.
Hence, the new method would not be complete froemilew point of practical use. We,
however, would develop practical techniques takirggadvantage of the idea of checking the
validity of m(kT) by ai(kT) which has been first introduced for checkweighmsrshe authors.

The weighing method would be seriously affected abywibratory disturbance whose
frequency is smaller than the natural vibratiomérency due to the weighing mechanism. We
should add the remark that frequencies of disturésnvould directly affect the selection rule
for the data length in (5) that is an important parameter in desigritrey2nd order FIR filter
Gi(2) att =KT.

The alternative idea for coping with disturbancewiincrease the order Gf(z). That is to
say, for example, we replace (4) with:

G (2 =1+ B(KZ " + B, (KWz " + B (K  + 27, 4y

when we regard the 10.3 Hz floor vibration as tlenohant vibration component to be
notched as well as the natural vibration. Neveed®l at the present time, it would be almost
impossible to implement (4)" in commercially avéile checkweighers, considering the
calculation load on its CPU system. Although thdeorof G,(z) increases, it is also noticed
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that the evaluation of the disturbance is stilispegnsable for the new method in practical use.
At least, we must clarify the condition that guaems the existence of(kT) of G(z) which
satisfies (9).

£ 02} HB'f(kD /"\
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g H '.:'_\/.:{: . ,I, ~ ."\{1

. IO v

5 FkT) — He f(kKT) A4

? L KD B

] L .
1 11 a 12b 1.3 1.4

Time [s]

Fig. 9. Dominant vibratiorH, f(kT)and H, f(kT) = f(kT) - H, f(KT).

Table 3. Measures of magnitudes of signals in E2g.

f(kn™ H, f(KT) H, fkm)
Maximum value 0.10121 0.11706 0.02020
Minimum value -0.11970 -0.12173 -0.02067
Peak to peak 0.22092 0.23879 0.04087
Root mean square 0.07400 0.07633 0.01490

Unit: kg

*1) Offsets of(kT) and Hg f(kT) are cancelled.
*2) Calculated by thetesggular method for numerical integration.

5. Conclusions

1. In case that the conveyor speed is lower, we Ishown the effectiveness of an algorithm
to determine the effective part in weight signatsnf a checkweigher. The algorithm
consists of smoothing the weight signals and figdiharacteristic points on differentiated
weight signals.

2. In case that the conveyor speed is higher, we peoposed a new method which consist
of three phases, namely:

a. designing a 2nd order FIR filter whose coeffitseare symmetrical;

b. applying it to many local parts of a weight sigim order to estimate the angular
frequency of dominant vibration component and tleggiv in each local part of them;

c. determining the first local part whose estimdteduency is acceptable in comparison
with preset value such as the natural frequenaph@fweighing mechanism. The first
point of that part is the beginning point for weig and the estimated weight in that
part would be accurate.

3. The methods mentioned above have been showstiedfeghrough experiments.

Consequently, we have shown the possibility to nemahe optical device from
checkweighers and to achieve a fast weighing mefiothem.

In the next step, we should confirm whether a naoraroller equipped with an actual
checkweigher executes the real time processingneiew method or not. Meanwhile, the
evaluation of the weighing accuracy by considering examples in the present paper is
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insufficient. We wish to clarify the nominal accayaof the method by the static analysis
based on the many results obtained by processigdiual weight signals.
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