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ABSTRACT

The invention relates to control scales whereon the weight of
products (14) is determined in a dynamic manner during the transport thereof on a
weighing strip (4) by means of filtering weight values detected during said
transportation. According to the invention, said scales comprise an optimisation

device which automatically determines the optimum length of filtering.
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TRANSLATION (LZ-109PCT) :

Translation of WO 2004/102,135 Al (PCT/EP2004/005,299)
with Amended Pages Incorporated Therein

METHOD AND DEVICE FOR WEIGHING PRODUCTS

The 1nvention concerns a method for weighing products,
wherein the products are 1ndividually fed to a measuring
interval and conveyed along the measuring interval, during which
weilght values are determined at regular 1ntervals, and mean
values and varlances are formed from the weight wvalues detected
on a partial interval of the measuring interval to determine the
welghing result. The 1nvention also concerns a device for
carrying out this method.

With methods of this type, the products are dynamically
weilghed during their conveyance along the measuring interval.
This makes 1t possible to achieve a high throughput, because in
this dynamic operation, 1n contrast to static weighing, it 1is
not necessary to wait for a stable final value to settle in. In
general, of course, the shorter the amount of time that is
avallable for 1it, the greater is the uncertainty of the dynamic

welghing. Numerous disturbances acting on the products during
their conveyance along the measuring interval cause oscillations

and lead to corresponding fluctuations of the determined weight
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values.

Therefore, previously known scales that operate by methods
of this type, which are referred to as control scales (company
brochure of Garvens Automation GmbH or EP 0 507 957 Al), have a
filtering device, which 1s provided for the purpose of forming a
mean value that comes as close as possible to the true weilght
value from the weight wvalues detected during the dynamic
weighing of each product.

In a previously known method of the aforementioned type (US
5,635,679 A), a test weight repeatedly passes through the
measuring 1interval. During each passage, the weight wvalues are
determined at the same preset measuring points of one and the
same predetermined partial interval, and the wvariance or
standard deviation for all passages i1s formed for each measuring
point. To determine the final weighing result, the measuring
point at which the variance determined in this way assumes a
minimum 1S selected. However, the determination of the weighing
result on the basis of the single predetermined partial interval
does not always produce the optimum with respect to the
uncertainty of the weighing result.

The objective of the invention is to optimize a method of

the atorementioned type with respect to the formation of this

mean value and to specify a device that i1s suitable for carryving
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out this method.

In accordance with the i1nvention, the objective with
respect to the method 1s achieved in such a way that, to
determine the weighing result, the partial interval with the

smallest variance 1s selected from among a number of different

partial intervals, for each of which the variance of the weight
values detected on 1t 1s formed.

The method of the 1nvention i1s based on the recognition
that, contrary to the usual expectation, the maximum utilization
of the weight wvalues detected along the measuring interval for
forming the mean value does not always yield the best results
with respect to the uncertainty of the weighing result. For
example, the 1mpact of products such as jars or cans on the
measuring 1nterval tends to produce vibrations that only slowly
subside. Moreover, disturbance peaks in the measured weight
values can also occur along the measuring interval. All of
these effects result in an increased standard deviation. In
accordance with the 1nvention, by determining the wvariance of
the detected weight wvalues for each of the different partial
intervals of the measuring interval, the partial interval with
the smallest variance can be found and selected for determining
the weighing result. In this regard, only the weight wvalues

detected along the selected partial interval of the measuring
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interval are used to form the mean value, thereby optimizing the
uncertainty of the weighing method.

It 1s advantageous for the method of the invention to be
carried out in such a way that a partial interval is preset, and
the different partial intervals of the measuring i1nterval are
obtained from it by random variations. This makes 1t especilally
easy to automate the discovery of the partial interval with the
smallest variance. In this regard, the user can bring 1n his
empirical experience through the presetting that he uses and
especially predetermine a framework that he sees as desirable
for the size of the partial intervals to be used.

Furthermore, in an advantageous embodiment of the method of
the invention, it is provided that a lower limit for the
distance between the beginning of the partial intervals and the
beginning of the measuring interval is preset for the different
partial intervals. In particular, this lower limit 1s preset 1in
such a way that the distance between the beginning of the
measuring interval and the beginning of the partial interval 1is
greater than the length of the product in the direction ot
conveyance. This ensures that only those weight values are
considered, during the detection of which the whole length ot
the product is located on the measuring interval. It can also

be advantageous to preset an upper limit for the length of the
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different partial intervals of the measuring interval. The
presetting of this type of length limitation has the advantage
that i1n the determination of the optimum partial interval, no
partial intervals of such a great length are used that they
cannot be considered optimum from the very beginning. However,
this does not exclude the possibility of allowing lengths that
exceed the physical length of the measuring interval. This can
make sense in the formation of the mean value with the aid of
filters, which settle in and subside to the final value with
some delay. Although this can result 1n reduction of the
weighing result, this can be easily compensated by suitable
computing logarithms.

The 1nvention also provides that the partial intervals are
expressed 1n terms of a travel time along the measuring interval
on the basis of the constant rate of conveyance of the products
and/or that the limits are expressed in terms of a travel time
along the measuring interval on the basis of the constant rate
of conveyance of the products. These measures are effective
especilally 1f the weight wvalues are detected with a transducer
which yields the weight values at regular 1ntervals of time,

1.e., at a constant frequency. 1,200 Hz 1s an example of a

tyvpical frequency for load cells. Representation in terms of

the given travel time 1s also effective with respect to the
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formation of the mean value by means of a filter whose filtering
length 1s expressed by a filtering time.

In accordance with the invention, a device for weilghing
products that is suitable for achieving the objective of the
invention, with a belt conveyor that serves as the measuring
interval, to which the products are individually delivered and
on which they are conveyed in a direction of conveyance; with a
load cell, on which the belt conveyor 1s supported and which
detects weight wvalues at regular time 1ntervals; with a sensor
device, which is coordinated with the belt conveyor and detects
the leading end and the trailing end of each conveyed product
that passes through its detection zone; and with a filtering
device for forming a mean value of the weight values detected on
a partial interval of the measuring interval; 1s characterized
by the fact that the filtering device 1s assigned a selection
device, which determines the wvariance of the detected weight
values for each of a number of different partial intervals and
selects the partial interval with the smallest variance to
obtain the weight result.

Advantageous refinements of the device of the i1nventilion are

specified in dependent Claims 9 and 10.
The following description explains the i1nvention 1n greater

detail with reference to the drawlngs.
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-- Figure 1 shows a schematic view of a control scale.

-- Figure 2 shows an enlarged schematic view of the control
scale belt conveyor, which 1s supported on a load cell.

The control scale 1llustrated i1n Figure 1 has a base ftrame
2 with vertically adjustable supports 1 that support 1t on the
floor. A feed conveyor 3, a belt conveyor 4 that serves as the
measuring interval, and a discharge conveyor 5 are successively
installed in horizontal alignment on the base frame 2. The
three conveyor belts 3, 4, 5 turn in the same direction and at
the same speed over two horizontally spaced rollers for each
belt, of which the rollers 6, 7, and 8 are driven by electraic
motors 9, 10, and 11, respectively. These electric motors are

automatically controlled in such a way that the adjustment of

all three belts 3, 4, 5 to the same belt speed 1s guaranteed.
At least one of the electric motors (electric motor 11 1in
the illustrated embodiment) is provided with a tachometer
generator 12, which serves as a pulse generator and generates a
pulse sequence at a pulse rate that 1s proportional to the
rotation of the drive shaft of the electric motor. The number
of pulses of the tachometer generator 12 that occurs per unit
time thus corresponds to a conveyance distance that each ot the

i
—

belts 3, 4, 5 travels in this unit of time as 1t turns.

The belt conveyor 4 that serves as the measuring interval
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1s supported on a load cell 13 mounted on the base frame 2. The
load cell delivers weight values that correspond to its load at
a preset frequency, for example, 1,200 Hz. Products 14 to be
welighed are i1ndividually fed by the feed conveyor 3 to the belt
conveyor 4 that serves as the measuring interval at the feed end
of the belt conveyor 4 with respect to the direction of
conveyance. The product 14 that has been fed onto the belt
conveyor 4 that serves as the measuring interval 1s conveved by
belt conveyor 4 to its discharge end with respect to the
direction of conveyance, where 1t 1s transferred to the
discharge conveyor 5. The latter 1s associated with a sorting
device 16, which i1s only schematically indicated, e.g., in the
form of a pusher, with which products 14 of the incorrect weight
can be sorted out.

A sensor device 17 in the form of a light barrier 1is
installed at the feed end of the belt conveyor 4 that serves as
the measuring interval. This sensor device 17 detects the
passage of the leading edge 18 and the trailing edge 19 of the
product 14 as the product moves through the light barrier in the
direction of conveyance.

This situation 1s 1llustrated in Figure 2, in which the
arrow 20 1ndicates the direction of convevyance. A counter is

reset by the output signal of the sensor device 17. The output
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signal 1ndicates the passage of the leading edge 18 of the
product 14. The counter then starts to count the pulses of the
tachometer generator 12. The present count of the counter thus
gives the distance traveled by the leading edge 18 of the
product 14 on the belt conveyor 4 since i1ts passage through the
light barrier 17. In Figure 2, the trailing edge 19 of the
product 14 1s just passing through the light barrier 17. The
count reached by the counter at this i1nstant corresponds to the
state 1n which the product 14 1is lying with its full length on
the belt conveyor 4 for the first time.

To form the weilighiling result from the weight wvalues output
by the load cell 13, two counts are preset, which determine the
beginning and the end of a partial interval through which the
product passes. In Figure 2, this partial interval is
1llustrated by a double arrow 21. In the situation illustrated
in Figure 2, 1t 1s selected 1n such a way that its beginning is
determined by the position of the leading edge 18 of the product
14 when the trailing edge 19 1s detected by the sensor device
17. In Figure 2, the end of the partial interval 21 lies at the
discharge end of the belt conveyor 4 that serves as the

measuring interval and is designated by a symbolic mark 22. The

distance between the sensor device 17 and the mark 22 along the

measuring 1lnterval 1s designated by a double arrow 23. The
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passage of the product 14 through the selected partial interval
1s thus determined by the count of the counter reaching the
preset counts that characterize the beginning and the end of the
selected partial interval.

The weight wvalues detected by the load cell 13 during the
passage of the product 14 through the selected partial interval
21 are fted to a filtering device, which derives the final
welghing result by taking the mean value. For this purpose, the
welght wvalues detected by the load cell 13 are continuously
input into a buffer storage unit. The buffer storage unit has a
capacity that 1s sufficient for storing all weight values
produced during selectable partial intervals. For example, 1t
can be designed to hold 2,000 weight wvalues. The data 1s stored
in the manner of a pushup storage unit, 1n which the memory
content i1s continuously updated according to the order of 1input.
Therefore, at any given time it contains the last weight wvalue
detected by the load cell 13 and all previous weight values
until its capacity 1s exhausted. When the count of the counter
reaches the count that corresponds to the end of the selected
partial interval 21, the weight wvalues produced during the
partial interval 21 are read out of the buffer storage unit and

made available to the filtering device to form the mean value.

In particular, this can occur by converting all of the
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travel distances expressed by the counts that have been reached

r T

to travel times on the basis of the constant convevance speed o:
the belt conveyor. This produces a time base, which starts in
each case with the detection of the leading edge 18 of the
product 14 by the sensor device 17. When the travel time that
corresponds to the end of the partial interval 21 marked by the
mark 22 has elapsed, the weight wvalues for the elapsed travel
time that corresponds to the selected partial i1nterval 21 are
transferred from the buffer storage unit to the filtering
device.

The control scale has an input device with which the user
can preset a partial interval. For example, this 1is
accomplished by inputting the total travel time that elapses
from the detection of the leading edge 18 by the sensor device
17 until the end of the partial interval indicated by the mark
22 1n Figure 2 and by inputting the remaining travel time that
corresponds to the length of the selected partial interval 21.
The weight values detected by the load cell 13 during the
conveyance of a product 14 over the belt conveyor 4 are then
evaluated for the input partial interval and for various
modified adjustment of partial intervals. The partial interval

that yvields the smallesgt standard deviation or wvariance of the

detected weight wvalues 1s selected as the optimum partial
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interval and retained for the formation of the weighing result.
The partial intervals that are used are determined by a random
generator algorithm and can be varied over and over again. A
specific number of products can be preset during which the
determination of an optimum partial interval i1s carried out.

To speed up the adjustment of the optimum partial interval,
restrictions for the partial intervals that are used can be
provided. In particular, a tolerance window defined in relation
to the position of the sensor device 17 can be preset for the
end of the given partial interval. In addition, a tolerance
limit can be established for the maximum length of the partial
interval.

The mean value associated with the partial intervals can
vary with the wvariation of the partial intervals. These mean
value fluctuations associated with the continuous optimization
can be computationally compensated in the weighing result. To
this end, a factor can be used to correct the mean value
computed from the optimum adjustment. This factor can be
defined as a gquotient of the mean value computed with the
partial interval preset at the beginning of the optimization
process and the mean value computed with the partial interval

found by the optimization.

The components used to perform the optimization process
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discussed above, especially the filtering device and the
selection device with 1ts counter and buffer storage unit, can
be realized by a microprocessor system. The accommodation of
these components 1n the base frame 2 of the control scale 1is
schematically 1llustrated in Figure 1 by reference number 24.
Figure 1 also shows that the microprocessor system can have a
display screen, on which the various operations and adjustments
of the control scale are displayed. However, the filtering
device 1s preferably realized by a separate microprocessor

1nstalled i1in the locad cell 13.

In Figure 1, the direction of conveyance of the products 14
1s from left to right. It should be pointed out that the
control scale can be designed to allow reversal of the direction
of conveyance. 1In this case, the discharge conveyor 5 takes on
the function of the feed conveyor 3 and vice versa.

Accordingly, a sorting device 16' that corresponds to the

sorting device 16 1s shown 1in Figure 1 at the feed convevyor 3.

List of Reference Numbers
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1 SuUpports

2 base frame

3 feed conveyor

4 belt conveyor

5 discharge convevyor

6, 7, 8 rolliers

9, 10, 11 electric motors

12 tachometer generator
13 load cell

14 product

16, 16 sorting device

17 sensor device

18 leading edge

19 trailing edge

20 direction of convevance
21 double arrow

22 mark

23 double arrow

24 M1Croprocessor system

14



CA 02540352 2005-11-18

CLAIMS

1. Method for weighing products, wherein the products are
individually fed to a measuring interval and conveyed along the
measuring interval, during which weight values are determined at
regular intervals, and mean values and variances are formed from
the weight wvalues detected on a partial interval of the
measuring 1interval to determine the weighing result,
characterized by the fact that, to determine the weighing
result, the partial interval with the smallest variance is
selected from among a number of different partial intervals, for
each of which the variance of the weight wvalues detected on it
1s formed.

2. Method in accordance with Claim 1, characterized by the
fact that a partial interval is preset, and the different
partial intervals are obtained from it by random variations.

3. Method 1n accordance with Claim 1 or Claim 2,
characterized by the fact that a lower limit for the distance
between the beginning of the partial intervals and the beginning

of the measuring interval is preset for the different partial

intervals.

15



CA 02540352 2005-11-18

4. Method in accordance with any of Claims 1 to 3,
characterized by the fact that an upper limit 1s preset for the
length of the different partial intervals.

5. Method in accordance with any of Claims 1 to 4,
characterized by the fact that the partial intervals are
expressed in terms of a travel time along the measuring interval
on the basis of the constant rate of conveyance of the products.

6. Method 1in accordance with Claim 3 or Claim 4,
characterized by the fact that the limits are expressed in terms
©of a travel time along the measuring interval on the basis of
the constant rate of conveyance of the products.

7. Device for weighing products, with a belt conveyor (4)
that serves as the measuring interval, to which the products are
individually delivered and on which they are conveyed in a
direction of conveyance; with a load cell (13), on which the
belt conveyor (4) is supported and which detects welght wvalues
at regular time intervals; with a sensor device (17), which is
coordinated with the belt conveyor (4) and detects the leading
end (18) and the trailing end (19) of each conveyed product (14)
that passes through its detection zone: and with a filtering

device and a selection device assigned to it for determining the
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welghing result on the basis of mean values and variances formed
from weight values detected on a partial interval; characterized
by the fact that, to determine the weighing result, the partial
interval with the smallest variance 1s selected by the selection
device from among a number of different partial intervals, for
each of which the variance of the weight values detected on it
1s formed.

8. Device 1n accordance with Claim 7, characterized by the
fact that a pulse generator (12) that generates a pulse sequence
proportional to the conveyance motion of the belt conveyor (4)
1s assigned to the belt conveyor (4), and by the fact that a
counter, which serves to count the pulses of the pulse sequence,
18 reset by the output signal of the sensor device (17) when the

leading end (18) of a product (14) is detected and then starts

to count the 1ncoming pulses, such that the beginning and the
end of each partial interval 1s determined by suitable counts of
the counter.

9. Device 1in accordance with Claim 8, characterized by the
fact that the count that determines the beginning of each
partial interval 1is the count reached when the trailing end (19)

of the product (14) is detected by the sensor device (17).
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weight values detected up to the present rime and from which the

weight values corresponding to the selected partial interval can

be supplied to the filtering device.
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WO 2004/102135 PCT/EP2004/005299

Fig. 1

Weight Terminal
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