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an arrangement for verification of a measurement device.
The prior art solu- tions have e.g. a disadvantage that the
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monitoring of the verification can be performed in the
distant point. The distant point can locate at a distance
from the local point, in which the measure- ments are
performed. The acceptance/rejection of the verification
is then made on the basis of the transferred data.
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Method and system for verification of a measurement device

Technical field

The invention relates to a method and a system for verification of a measurement
device. The invention can be applied to the verification of measurement devices,
which are used for the measurement of physical magnitudes, such as e.g. weight,
volume, flow, power, energy, velocity, acceleration, distance, temperature, con-
centration of substance, voltage, current, frequency or radiation intensity. When
applied for e.g. verification of weighing devices, the invention can be preferably
used for verification of weighing equipment, which are used for weighing material
that is transferred in loading or transportation equipment.

Background technology

Even if the invention can be applied for the verification of devices which measure
various magnitudes, the prior art relating to verification of weighing equipment is
next discussed in a form of an example.

Material transfer means, such as wheel loaders, excavators or forklifts often in-
clude a weighing device for weighing material to be transferred. The weighing in-
formation is used for e.g. determining the amount of the material to be transferred
for debiting the material. Scales can also be used for other purposes, such as for
facilitating the loading of a suitable amount of material with the material transfer
means to a truck in order to avoid overloading or transporting incomplete loads.

Figure 1 illustrates as an example one material transfer means according to the
prior art, a wheel loader 10. The wheel loader has a bucket 12 as a carrying
means for the material to be transferred. The bucket is connected to the body
parts of the wheel loader with an articulated beam 13. In order to lift/lower the
bucket, hydraulic cylinders 14 are connected to the beam, which cylinders are
controlled with valves. Additionally, the wheel loader has hydraulic cylinders 15
for turning the bucket.

The purpose of the weighing device of the wheel loader is to weigh the weight of
the material which is currently placed in the bucket. The weighing device may
function in such a way, for example, that pressure sensors are installed in the lift-
ing cylinders, which pressure sensors measure the pressure of the liquid in the
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cylinder. Additionally there may also be other sensors in the system or the weigh-
ing can be made with strain gauge transducers. The information received from the
sensors is processed on the basis of e.g. measurement parameters, and a weigh-
ing result is achieved as a result of the processing. The user interface 18 of the
weighing device is usually placed in the cabin of the wheel loader.

When a measurement device is used as a basis of debiting, verification must be
periodically performed for it. It is ensured by the verification that the measurement
result does not deviate from the real value of the object more than what is al-
lowed. The largest allowed deviation as well as the verification procedure is usu-
ally determined by the authorities.

The verification is commonly performed by using precision objects, in which the
value of the magnitude to be measured is very accurately set into a predeter-
mined reading. When the measurement device is e.g. scales of material transfer
means, the verification can be performed by weighing with the scales of the mate-
rial transfer means various amounts of precision weights, the weight of which is
within the operating range of the scales. The precision weight is placed on the
material transfer means and it is weighed with the scales of the material transfer
means. The weighing result of the weighing device is compared to the known
weight of the weight/weights which have been placed to the material transfer
means. It is also possible that the verification procedure includes several weigh-
ings of a same precision weight, weighings during movement of the material trans-
fer means and/or weighings in different positions of the carrying means, and dur-
ing movement and pauses between the movements of the carrying means. The
purpose of several weighings is also to check the repeatability of the weighing re-
sults of the weighing device.

In order to perform the verification in a reliable manner, it is essential that the per-
formance of the verification is controlled/monitored by an authority, someone who
is authorised by the authority or some other reliable instance. In practice, the veri-
fication process of measurement devices is often given as a task and responsibil-
ity for a certain organisation. In this case, the verification is performed, or the per-
formance is monitored by a representative of the organisation, who also performs
the acceptance/rejection of the verification on the basis of the measurement re-
sults, and gives a certificate of the verification.

Some disadvantages are related to the prior known verification solutions. If the
verification is performed in specific premises which are meant for verification the
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measurement equipment to be verified must be transported to the concerned loca-
tion for performing the verification. In this case the measurement devices to be
verified must be kept outside the normal use during both the verification and the
transportation. In addition to the measurement device, it is necessary to transport
e.g. a possible work machine with which the measurement device is used, be-
cause a measurement device must often be verified together with the actuator in
which the measurement device is used.

It is also possible to perform the verification at the operating location, the local
point, of the measurement device to be verified. In this case the person monitoring
the verification travels to the performance point of the verification and the meas-
urement device to be verified need not be transported into a specific place for the
verification. However, there is then a disadvantage that the person monitoring the
verification must travel to local points in which the verification is performed. The
places in which the measurement devices are commonly used and in which the
verification should be performed, may be in distant locations and/or at a difficult
travelling distance from the work place of the person who monitors the verification.
Thus the travelling may take a significant proportion of the work time of the person
who monitors the verification, and additionally, the travelling costs may be signifi-
cant.

Further, one disadvantage of the prior art is that in order to find a suitable point of
time for the verification it is necessary to match the operation time table of meas-
urement device and a possible related work machine, the time tables of the users
of the measurement device participating the verification, and the time table of the
person who monitors the verification. When the number of the measurement de-
vices to be verified is large, it may be difficult to match these time tables.

Summary of the invention

The purpose of the present invention is to avoid or reduce the disadvantages of
the prior art which were described above.

The object of the invention is achieved with a solution, in which data related to the
measurements to be performed in the verification is transferred from the local
point to a distant point in such a way that monitoring the performance of the verifi-
cation can be performed in the distant point. The distant point may locate at a dis-
tance from the local point where the measurements are performed. Then the ac-
ceptance/rejection of the verification is done on the basis of the transferred infor-
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mation. This way it is possible to avoid the transportation of both the measure-
ment device to be verified and the travelling of the person who monitors the verifi-
cation from their own locations for the verification procedure.

The invention can be applied, for example, in connection with such a known veri-
fication solution in which one or several precision objects is measured with the
measurement device, wherein the value of the magnitude to be measured is
known with an accuracy which is required in the verification. Then the measure-
ment results that are achieved with the measurement device are compared with
the known value of the precision object, and the verification of the measurement
device is accepted or rejected on the basis of whether the measurement result
deviates from the known value less or more than the predetermined highest al-
lowed deviation. In such a verification solution the invention is preferably applied
in such a way that the information on the measurement results of the measure-
ment device and the information on the value of the precision object, such as a
precision weight, are transferred from the local point to the distant point for the
monitoring and acceptance/rejection of the verification. In addition, it is possible to
transfer to the distant point images and/or video image about the performance of
the verification.

It is, however, possible to apply the invention also in such a verification solution in
which the object to be measured is also measured with a reference measurement
device, the accuracy of which is sufficient in relation to the accuracy which is re-
quired in the verification. In this case the results of the measurement device to be
verified and the reference measurement device are compared in a corresponding
manner as the results of the measurement device and the known value of the pre-
cision object were compared above. When using a reference measurement device
the object to be measured need not be a precision object but the measurement
can be performed with objects, which are commonly measured with the measure-
ment device. This way it is possible to avoid transportation of precision objects,
such as precision weights. Using a reference measurement device in verification
is described in patent application FI20075710, which is not public at the time of
filing the present patent application. In such a verification solution the present in-
vention is preferably applied in such a way that the information on the results of
measurement device and information on the measurement results of the reference
measurement device are transferred from the local point to the distant point for
the monitoring and acceptance/rejection of the verification. In addition, it is possi-
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ble to transfer to the distant point images and/or video image about the perform-
ance of the verification.

It is also possible that the number of the distant points is two or higher. For exam-
ple, one or several distant points can be used for the monitoring by persons who
are responsible for accepting the verification, and a further distant point can be
used for monitoring by a person who represents an owner or an administrator of
the measurement device, or equipment which the measurement device is used
with, or verification equipment. There may also be a distant point provided for the
usage of a supervisor of the person who monitors and accepts the verification.

The method according to the invention for verification of a measurement device is
characterised in that the method comprises at least the following phases:

- imaging performance phases related to the verification with imaging means in
order to form image data,

- transferring from a local point to a distant point said image data for monitoring
the performance of the verification in the distant point,

- performing in the local point a measurement of a first magnitude relating to a first
measurement object with the measurement device to be verified for achieving a
measurement result,

- transferring from the local point to the distant point information on said meas-
urement result in a form of e.g. image data or numerical data,

- forming information on reference value of the measured magnitude,

transferring from the local point to the distant point information on said reference
value in a form of e.g. image data or numeric data,

- comparing the measurement result with the reference value, and

- rejecting or accepting the verification of the measurement device on the basis of
said comparison.

A system according to the invention for verification of a measurement device is
characterised in that the system comprises at least:

- imaging means for imaging performance phases related to the verification and
for forming image data,

- means for transferring image data from a local point to a distant point,

- means for transferring from the local point to the distant point measurement re-
sult information on a first magnitude relating to a first object which has been
measured with the measurement device under verification, in a form of e.g. image
data or numeric data,

- means for receiving the measurement result information to the distant point,
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- means for transmitting a reference value of the measured magnitude from the
local point to the distant point in e.g. a form of image data or numerical data, and

- means for receiving the reference value information to the distant point,

for rejecting or accepting the verification on the basis of the information trans-
ferred from the local point to the distant point.

Some preferable embodiments of the invention are described in the dependent
claims.

Significant advantages can be achieved with the invention when compared to the
known solutions. When using the solution according to the invention the person
monitoring the verification does not need to travel to the local point where the
measurements of the verification are performed. This way travel time and ex-
penses are saved. In a corresponding manner, a certain amount of people moni-
toring verifications are able to monitor a significantly large amount of verifications
of measurement devices.

In one embodiment of the inventive solution the information which relates to
measurements or other actions of the verification is stored in e.g. a station placed
in the local point, in a station placed in the distant point, or in a server which is
connected to a data transfer network. This way the person who monitors the veri-
fication does not need to perform the monitoring exactly at the instant of meas-
urement but the person can look through the information that is stored about the
verification later, at a point of time which is suitable for her/him. Thus it is not nec-
essary to match the time tables of the people performing the measurement and
the usage of the measurement device for verification with the time table of the
person monitoring the verification. This makes the practical arrangements of the
verification easier. Additionally, the person monitoring the verification does not
need to monitor the whole verification process but he/she can look through only
the essential items of the stored information. This way the monitoring person can
further save a significant amount of time.

It is also possible to make the verification process according to the invention in
part or wholly automatic so that information on the objects to be measured or the
information on the highest allowed deviation need not be processed manually dur-
ing the performance of the verification. In the verification action, the measurement
device or the reference measurement device can give an instruction for the user
about which object is to be handled, and the results can be transferred between
the devices automatically through wireless and/or wired connections. This way the
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measurement device can also compare automatically the measurement results in
order to determine the deviation and possibly to compare the deviation values to
the highest allowed values. Also the tuning which is performed before or in con-
nection with the verification can be automatic or it can be performed from the dis-
tant location. Therefore, one advantage of the invention is that special knowledge
is not needed in the local point in order to perform the verification.

In this patent application “verification” means e.g. especially such verification of
the functionality and/or accuracy, which is required by the legislation, such as law,
decree, directives etc. on a measurement device, such as a measurement device
which is used for debiting a commodity. Additionally, verification has a wider
meaning of inspection of any function and/or accuracy of a measurement device
which is required by some instance, standard, quality system, or other instruction.
The verification can most preferably relate to checking a weighing device, but
verification has here a wider meaning of inspecting any other measurement de-
vice as well.

In this patent application the term “local point” means a location in which the
measurement relating to the verification of a measurement device to be verified
takes place. “Distant point” means a location, which has at least such a distance
from the local point that the monitoring of the measurement incident requires use
of auxiliary means in order to transfer the information relating to the verification
incident from the local point to the distant point.

In this patent application a “measurement object” or in short “object” means e.g.
the matter in which the magnitude to be measured is related to and from which the
measurement of the magnitude is performed, such as material to be weighed.
However, a measurement object may also mean the matter, which produces the
magnitude to be measured, such as a light source, whereby the intensity of the
lights it produces is measured with the measurement device to be verified.

Short description of the drawings

In the following part the preferable exemplary embodiments of the invention are
described in more detail by referring to the enclosed drawings, in which:

Figure 1 illustrates a wheel loader according to prior art;

Figure 2 illustrates a flow diagram of one embodiment of a method according
to the invention for verification of a weighing device;
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Figure 3 illustrates a flow diagram of another embodiment of a method ac-
cording to the invention for verification of a weighing device;

Figure 4 illustrates a flow diagram of a third embodiment of a method accord-
ing to the invention for verification of a weighing device;

Figure 5 illustrates a block diagram of an embodiment of a system according
to the invention for verification of a weighing device; and

Figure 6 illustrates a block diagram of an embodiment of a system according
to the invention for verification of a weighing device;

Detailed description of the invention

Figure 2 illustrates one method according to the invention for verification of a
measurement device 200, in which method of the Figure the measurement device
is a weighing device of a material transfer means. The principle of the method
can, however, be applied also for verification of measurement devices which
measure other magnitudes and for weighing devices which are meant for other
uses.

First in phase 205 imaging of measurement incidents relating to the verification is
started. In the imaging which is performed with imaging means, such as a video
camera, image information is achieved, which is transferred electrically from the
measurement location i.e. location point to the distant point. In phase 210 it is
checked that the carrying means of the material transfer means is empty, and the
weighing device of the material transfer means and the reference scales are ad-
justed to zero. One can also check the operation of the reference scales by e.g.
using a small precision weight. The size of the precision weight may be e.g. only
10% of the maximum weight of the operating range of the reference scales.

After zeroing, preferably zero checking is performed, phase 215. This can be
done e.g. in the case of a wheel loader in such a way that the weighing result re-
mains in zero with a predetermined accuracy after each movement of the bucket.
During the zero checking the weighing device is preferably set to a accuracy step
which is one accuracy step smaller than the accuracy step under normal use so
that the stability of zero is more accurately detected.

In phase 220 a first weighing set of material is set on the material transfer means,
which first weighing set corresponds in its weight to the smallest verification
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weight to be used. The material can be set to the material transfer means in the
same way in which material is set to the material transfer means in its common
use. Thus, material can be set to the bucket of a wheel loader by filling the bucket
from a material heap, such as a gravel heap, by controlling the wheel loader and
the bucket. The weight of the bucket is monitored with a weighing device included
in the material transfer device, and amount of material is set to the material trans-
fer means, which amount is close to the smallest required verification weight. It is
preferable to use same kind of a measurement object such as material in the veri-
fication as what is used in the common use of the measurement device. This way
e.g. the weight distribution corresponds to the weight distribution appearing in a
real use, and the verification situation corresponds very closely to the real situa-
tion of use. The corresponding situation also concerns measurement of other
magnitudes.

When a suitable amount of material has been achieved, the material is weighed
with a weighing device of the material transfer means, phase 230. The information
on the weighing result is transferred electronically to the distant point, phase 235,
in which distant point the weighing result is recorded or stored. The weighing re-
sult can also be stored/recorded at the local point. The transfer of the measure-
ment result can take place e.g. in a form of digital, numerical data, whereby the
information is achieved from the measurement device under verification. However,
it is also possible to image the display of the measurement device with imaging
means, such as a camera or a video camera, and to transfer the achieved image
information to the distant point. There is an advantage in transferring image in-
formation that it is easier to verify the correctness of the transferred information,
but there is a disadvantage that a higher transfer capacity is required for transfer-
ring a sufficiently accurate image when compared to transferring numerical infor-
mation. If the transfer of numerical data is used it is easier to perform calculation
processing of the result in the distant point.

After this, in phase 240, the material located at the material transfer means is
transferred to the reference scales so that the carrying means becomes empty.
The emptying of the material transfer means can be checked with the weighing
device, which should give zero as a weighing value after the emptying. This
phase is preferably described with imaging means, and the image information is
transferred to the distant point for monitoring the performance of the phase. After
the material has been transferred to the reference scales it is weighed with the
reference scales, phase 250. The information about the weighing is transferred



10

15

20

25

30

35

WO 2009/043976 PCT/F12008/050553

10

electronically to the distant point, phase 255, in which distant point the weighing
result is recorded or stored. The weighing result can also be stored/recorded at
the local point. The weighing result of the reference scales can also be trans-
ferred to the distant point either in the form of numerical data or image in the
same way as the information on the measurement result of the measurement de-
vice.

After the weighing, the reference scales can be emptied. It is also possible to
weigh several material sets without emptying the reference scales between the
weighings, whereby the reference scales is preferably zeroed/tared before weigh-
ing of each material set. If the reference scales is installed on a platform of a truck
the reference scales can be emptied by tipping the platform of the truck into an
inclined position whereby the material on the reference scales slides out of its
weighing level. If the weighing level has walls, it is preferable that one wall can be
opened when the platform is tilted for the removal of the material. Alternatively,
the weighing level of the reference scales can be continuously inclined and pro-
vided with a controllable removal opening at the lowest position of the weighing
level, whereby the material can be removed from the weighing level by opening
the removal opening. In case of material pieces the pieces can be removed with
the material transfer means. The above mentioned material transfer actions and
zeroing/taring are imaged and the image information is transferred to the distant
point in order to monitor the actions. The information on zeroing/taring can be
transferred additionally or alternatively by means of e.g. a digital message on the
basis of a signal received from the weighing device.

Although it is preferable to transfer only the material to be weighed onto the refer-
ence scales, it is also possible to transfer the material transfer means onto a ref-
erence scales. In this case, the reference scales can be a weigh bridge on which
the material transfer means can be driven. When the material transfer means is
weighed both with the material and without the material, it is possible to achieve
the weight of the material by subtraction and/or taring. However, if the material
transfer means is weighed together with the material, the accuracy of the weighing
result of the material may be worse than if the material is weighed without the ma-
terial transfer means. On the other hand, it may be easier to use a weigh bridge
as reference scales.

Next it is estimated/checked in phase 260, whether the verification requires more
weighings of material sets. Often the verification is made with many different
weights and/or loads. The amount of weighings and the verification weights to be
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used are commonly determined by the authorities. In the present embodiment, the
weight of each material set can deviate within certain limits because the verifica-
tion is not based on the accuracy of the weight to be weighed. Therefore, the
weights of the material sets can vary more from the standard values, preferably
significantly more, than e.g. the accuracy which is required from the measurement
device.

If more weighings are needed, next material set is placed to the carrying means of
the material transfer means in phase 260a e.g. in the same way as the previous
material set. After this, phases 230-255 are performed again. Material sets of de-
termined quantities are weighed in a required amount according to the verification
regulations, and the result information on the weighings and the image data about
performing the verification are transferred from the local point to the distant point.

After weighing all material sets, it is preferable to perform zero checking, phase
260b. If desired, the zero checking can be performed also after weighing of each
material set before setting the next material set to the material transfer means in
phase 260a.

The weighing results given by the weighing device and the reference device from
each material set are compared to each other in the distant point in phase 265 in
order to determine deviation between the weighing results of the weighing device
and the reference scales. The value of the deviation is further compared to the
maximum allowed value of deviation. If the value of the deviation is at most as
high as the highest allowed deviation, the weighing device fulfils the regulation in
this respect. If the value of the deviation is higher than the highest allowed devia-
tion the weighing device does not fulfil the verification regulations. The compari-
son can be made according to Figure 2 after all material sets have been weighed.
Alternatively the comparison can be made after weighing of each material set,
whereby the measurement results are transferred from the measurement location
to the distant point preferably always after each measurement.

When the weighings and result comparisons of the material sets have been per-
formed, the information on the result of the verification, i.e. the accep-
tance/rejection of the weighing device, can be transferred electrically from the dis-
tant point to the local point, phase 280. After this, the verification is finalised,
phase 290. A certificate on the verification can be made in the local point or dis-
tant point, or the certificate can be transferred from the distant point to the local
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point. The certificate can also be stored to the verified measurement device for
possible later need.

If the verification of the weighing device is rejected, it is possible that tuning of the
weighing device is performed. It is also possible that information required for the
tuning is transferred from the distant point to the weighing device by means of
data transfer connection. When the weighing device has been tuned it may be
possible to perform the verification again or to perform review weighings.

The verification process is monitored from the distant point, which may locate in a
desired location at any distance from the location point where the measurements
are performed. The weighing results given by the weighing device and the refer-
ence scales are thus transferred to the distant point. The weighing results can be
transferred from the weighing device and the reference scales to the distant point
through their electrical interfaces. As was described above, it is possible to trans-
fer the information as numerical data in form of e.g. digital message, or as image
data, whereby the displays of the weighing device and the reference scales are
imaged with e.g. mobile station, web camera or a video camera, and the image
data is transferred to the distant point. The image information is transferred to the
distant point preferably also about the performance of the verification process,
such as the transfer of the material sets and the usage of the weighing device and
the reference scales. In the distant point, the maximum allowed deviation can
preferably be stored and the weighing results of the weighing device and the ref-
erence scales can be compared with the maximum allowed value of the deviation.
Additionally, it is possible that tuning of the measurement device is performed
from the distant point by controlling the weighing device from the distant point by
means of data transfer. Common data transfer connections, such as wired and
wireless data transfer networks and connections, can be used for data transfer.

As one alternative, the verification information can also be stored and checked
afterwards. The storing can be made in the local point, whereby the stored data is
transferred to the distant point, and it is possibly stored also in the distant point
before checking the data. Alternatively, the recording can be made in the distant
point during the performance of the measurements. It is also possible to store the
data into a portable storage means or to a storage device, such as a server, which
is located in another location.

It should be noted that the verification method can also include repetitions of
weighing performed by the weighing device. For example, the verification of the



10

15

20

25

30

35

WO 2009/043976 PCT/F12008/050553

13

weighing device of a wheel loader may require several weighings of the same pre-
cision weight, weighings during the movement of the material transfer means,
and/or weighings in different positions of the carrying means and during move-
ment and pauses between the movements of the carrying means. The purpose of
several weighings is also to check the repeatability of the weighing results of the
weighing device. These phases are also imaged, and the image data and meas-
urement data is transferred to the distant point.

The solution according to the invention also applies to situations where a material
transfer means is used with several different carrying means, such as buckets,
pegs or grabs. Each carrying means is then examined in the verification. Individ-
ual tuning values for each carrying means can be stored in the memory of the
weighing device. Tuning values of each carrying means are selected at the scales
by selecting the tuning values of the tool being used manually or by providing the
weighing device and the tool of the material transfer means with automatic recog-
nition, such as bar code, magnetic tape or RFID identifier. The identification of the
tool can also be manual, whereby the tool has e.g. a number identifying the tool,
which number is input to the weighing device, after which the weighing device
takes the correct tuning parameters into use. This information related to the identi-
fication can also be transferred between the local point and the distant point so
that the person monitoring the verification can be assured on which tool is related
to each verification.

Figure 3 illustrates another embodiment 300 according to the present invention.
First in phase 305 imaging of measurement incidents relating to the verification is
started. In the imaging, which is performed with imaging means, such as a video
camera, image information is achieved, which is transferred electrically from the
measurement location to the distant point. At the beginning it is also possible to
check the operation of the reference scales by using a small precision weight. Af-
ter this, material used in the verification is transferred to the reference scales,
phase 308. The material can be placed to the reference scales with e.g. material
transfer means, the weighing device of which is meant to be verified. Alternatively,
the material can be transferred to the reference scales with some other transfer
means. It is preferable to transfer to the reference scales so much material that it
is sufficient for several material sets to be used in the verification. Before the veri-
fication weighings it is checked that the carrying means of the material transfer
means is empty, and the weighing device and the reference scales are preferably
adjusted to zero, phase 310. After zeroing, preferably zero checking is preferably
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performed, phase 315. This can be done e.g. in the case of a wheel loader in
such a way that an empty bucket is lifted and dropped for e.g. 5 times and it is
checked that the weighing result remains zero after each movement of the bucket.

Next the first material set to be used, weighed, is transferred from the reference
scales to the material transfer means, phase 320. In the transfer, the material set
can be removed from the reference scales by using similar removing manners as
were described above in connection with the description of Figure 2. In the
method according to Figure 3 the material set to be removed from the reference
scales is, however, dropped to the carrying means of the material transfer means.
The transfer of the material is preferably imaged, and the image data is trans-
ferred to the distant point.

After transferring the first material set it is weighed with the reference scales, how
much the weight of the material on the reference scales changed duo to the re-
moval of the first material set, phase 330. This change of weight is the reference
weight of the first material set to be used in the verification. If the reference scales
is zeroed/tared before the removal of the first material set, the weight of the first
material set is achieved after the removal of the first material set directly as an
absolute value of the weighing result of the reference scales. If zeroing/taring has
not been performed, the reference weight of the first material set is achieved by
subtracting the weighing result which is achieved after the removal of the first ma-
terial set from the weighing result which is achieved before the removal of the first
material set. The information on the result of the weighing performed with the ref-
erence scales is transferred from the measurement location to the distant point,
phase 335.

In phase 350 the first material set is weighed with the weighing device of the ma-
terial transfer means to which the first material set was transferred from the refer-
ence scales. The information on the weighing is transferred from the measure-
ment location to the distant point in phase 355.

Next it is evaluated/checked in phase 360, whether the verification requires more
weighings. If further weighings are required, the next material set is placed from
the reference scales to the carrying means of the material transfer means in
phase 360a e.g. in the same manner as the previous material set. The the verifi-
cation weight which is used in the verification is larger than the first verification
weight, the first material set can be left to the carrying means of the material
transfer means and an additional set of material with a size of the difference be-
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tween the first second verification weight. This way the second material set has a
size of the first material set and the additional material set. The transfer of the ma-
terial is preferably imaged and the achieved image data is transferred from the
local point to the distant point. After the transfer of material phases 350-355 are
performed again. A required amount of material sets of determined sizes are
weighted according to the verification regulations.

When all material sets have been weighed, zero checking of the weighing device
is preferably performed, phase 360b. When all material sets have been weighed
with rising or descending weight, the weighing results from each material sets are
compared to each other in phase 365 in order to determine the deviation between
the weighing results of the weighing device and the reference scales. The value of
the deviation is further compared with the highest allowed value of the deviation. If
the value of the deviation is at most as high as the highest allowed deviation, the
weighing device fulfils the regulation in this respect. If the value of the deviation is
higher than the highest allowed deviation the weighing device does not fulfil the
verification regulations. A certificate on the verification can be made in the local
point or distant point, or the certificate can be transferred from the distant point to
the local point. The certificate can also be stored to the verified measurement de-
vice for possible later need.

The comparison can be made according to Figure3 after all material sets have
been weighed. Alternatively the comparison can be made after weighing of each
material set before weighing the next material set.

If the deviation is higher than the predetermined maximum value of the deviation,
the weighing device may be tuned. When the weighing device has been tuned,
verification or checking weighings may possibly be performed. After the weighings
of the material sets and the comparisons of the results have been performed, the
verification is finished, phase 390.

Also in the embodiment of Figure 3 information can be transferred to the distant
point directly from the weighing device and the reference device in e.g. digital,
numeric form, or said devices and the verification process van be imaged with a
mobile station, web camera or video camera, for example, whereby the all this im-
age data can be transferred to the distant point. The verification incident can also
ne stored and the incident can thus be examined afterwards. By means of storing
the person monitoring the verification can monitor the verification independently
on time and place via the Internet, for example.
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Further, it is possible to store the highest allowed value of the deviation in the
weighing device, into which value the measured deviation can be compared. It is
also possible that the verification incident is monitored from the distant point. For
example, it is possible to transfer information from the distant point to the refer-
ence scales on which size of a material set is to be transferred from the reference
scales to the weighing device. There may also be a data transfer connection be-
tween the weighing device and the reference scales, whereby the weighing device
can monitor the weighing incident and e.g. to give information to the reference
scales on the size of the material set to be transferred. Further, it is possible that
a data transfer connection has been arranged to the distant point only from the
weighing device or the reference scales, whereby the connection between the
weighing device and the reference scales is also used fro the transfer of data be-
tween the distant point and the device which does not have a direct connection to
the distant point.

Figure 4 illustrates a third embodiment according to a method according to the in-
vention 400, in which the measurement device is a weighing device of material
transfer means. First in phase 405 imaging of the measurement incidents is
started. In the imaging, which is performed with imaging means, such as a video
camera, image information is achieved, which is transferred electrically from the
measurement location to the distant point. In phase 410 it is checked whether the
carrying means of the material transfer means is empty, and the weighing device
is zeroed. After zeroing, preferably zero checking of the weighing device is pref-
erably performed, phase 415. This can be done e.g. in the case of a wheel loader
in such a way that an empty bucket is lifted and dropped for e.g. 5 times and it is
checked that the weighing result remains zero after each movement of the bucket.

In phase 420 a first precision weight, which serves as a precision object and cor-
responds in its weight e.g. the smallest verification weight to be used, is placed on
the material transfer means. The precision weight can be placed to the material
transfer means with another transfer means, for example. In phase 425 informa-
tion on the weight of the precision weight placed on the material transfer means is
transferred from the local point to the distant point. A weight marking of the preci-
sion weight can be e.g. imaged and the image data can be transmitted to the dis-
tant point. Another alternative is that the weight marking of the precision weight is
read with an optical reader, and the read data is transferred to the distant point. In
this case, the precision weight may have a bar code, for example, which shows
the weight data and which is read with a bar code reader. Further, the weight in-
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formation can alternatively be stored electrically or magnetically to the precision
weight by connecting e.g. an RFID chip or a magnetic tape to the precision
weight. The data to be transmitted to the distant point is then read with an RFID
reader or a magnetic reader.

The precision weight is weighed with the weighing device of the material transfer
means in phase 450. The information on the weighing is transferred electrically to
the distant point, phase 455, in which distant point the weighing result is recorded
or stored. Transferring the data related to the weighing result can be performed in
e.g. form of digital, numeric data, whereby the data is received from the meas-
urement device under verification. However, it is also possible to image the dis-
play of the measurement device with imaging means, such as a camera or a video
camera, and to transfer the achieved image information to the distant point. A per-
son located in the distant point can read the display reading of the measurement
device, or the reading can be recognised by means of e.g. pattern recognition.
There is an advantage in transferring image information that it is easier to verify
the correctness of the transferred information, but there is a disadvantage that a
higher transfer capacity is required for transferring a sufficiently accurate image
when compared to transferring numerical information.

After weighing the precision weight can be removed from the material transfer
means if it is not desired to perform next a measurement using several precision
weights and to use the precision weight already existing on the material transfer
means as one precision weight. The transfer actions of the precision weights and
the zeroing/taring mentioned above are preferably imaged, and the image data is
transferred to the distant point for monitoring the actions. The data about zero-
ing/taring can be transferred additionally or alternatively in the form of e.g. a digi-
tal message based on a signal received from the weighing device.

Next it is evaluated in phase 460, whether the verification requires more weigh-
ings of precision weights. Often the verification is made with many different
weights and/or loads. The amount of weighings and the verification weights to be
used are commonly determined by the authorities. If further weighings are re-
quired, the next precision weight or combination of weights is placed on the carry-
ing means of the material transfer means in phase 460a. After this, phases 425-
455 are performed again. A required amount of precision weights and/or their
combinations of determined sizes are weighed according to the requirements of
the regulations, and the result data of the weighings and the image data about the
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performance of the verification are transferred from the local point to the distant
point.

After all material sets have been weighed, zero checking is preferably performed,
phase 460b. If desired, the zero checking can also be performed after weighing of
each precision weight/combination before the next precision weight/combination is
placed on the material transfer means in phase 460a.

After this, in phase 465 weighing results given by the weighing device from each
set of precision weights are compared with known values of the precision weights
in the distant point in order to determine the deviation between weight data of the
weighing device and the known ones. The deviation value is compared to the
highest allowed value of the deviation. If the value of the deviation is at most as
high as the highest allowed deviation, the weighing device fulfils the verification
regulations in this respect. If the value of the deviation is higher than the highest
allowed deviation the weighing device does not fulfil the verification regulations.
The comparison can be made as shown in Figure 4 after weighing all material
sets. In this case it is possible, instead of the instant data transfer shown in the
flow diagram, to perform the transfer of the measurement result data from the lo-
cal point to the distant point not until all the measurements have been performed.
Alternatively, the comparison can be made after weighing of each material set,
whereby the measurement result is transferred from the measurement point to the
distant point preferably after each measurement.

When the weighings and result comparisons of the material sets have been per-
formed, the information on the result of the verification, i.e. the accep-
tance/rejection 470 of the weighing device, can be transferred electrically from the
local point to the distant point, phase 480. After this, the verification is finalised,
phase 490. A certificate on the verification of the weighing device can be made in
the local point or distant point, or the certificate can be transferred from the distant
point to the local point. The certificate can also be stored in the verified weighing
device for possible later use.

If the verification of the weighing device is rejected, it is possible that tuning of the
weighing device is performed. When the weighing device has been tuned it may
be possible to perform the verification again or to perform review weighings.

A weighing device is often tuned before the verification It is also possible to per-
form the tuning by means of precision weights by using one or several precision
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weights according to phases 410-460. However, if the deviation achieved in the
verification is higher than the predetermined maximum value of the deviation, the
tuning can be made on the basis of the deviations between the achieved weighing
results and the known weight values.

The verification process is monitored from the distant point, which may locate at
any distance from the location point where the measurements are performed. The
weighing results given by the weighing device and the reference scales are thus
transferred to the distant point. The weighing results can be transferred from the
weighing device and the reference scales to the distant point through their electri-
cal interfaces. As was described above, it is possible to transfer the information as
numerical data in form of e.g. digital message, or as image data, whereby the dis-
plays of the weighing device and the reference scales are imaged with e.g. mobile
station, web camera or a video camera, and the image data is transferred to the
distant point. The image information is transferred to the distant point preferably
also about the performance of the verification process, such as the transfer of the
material sets and the usage of the weighing device and the reference scales. In
the distant point, the maximum allowed deviation can preferably be stored and the
weighing results of the weighing device and the reference scales can be com-
pared with the maximum allowed value of the deviation. Additionally, it is possible
that tuning of the measurement device is performed from the distant point by con-
trolling the weighing device from the distant point by means of data transfer. Com-
mon data transfer connections, such as wired and wireless data transfer networks
and connections, can be used for data transfer.

As one possibility, the data can also be stored and checked afterwards. The stor-
ing can be made in the local point, whereby the stored data is transferred to the
distant point, and it is possibly stored also in the distant point before checking the
data. Alternatively, the recording can be made in the distant point during the per-
formance of the measurements.

It should be noted that the verification method can also include repetitions of
weighing performed by the weighing device. For example, the verification of the
weighing device of a wheel loader may require several weighings of the same pre-
cision weight, weighings during the movement of the material transfer means,
and/or weighings in different positions of the carrying means and during move-
ment and pauses between the movements of the carrying means. The purpose of
several weighings is also to check the repeatability of the weighing results of the
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weighing device. These phases are also imaged, and the image data and meas-
urement data is transferred to the distant point.

The solution according to the invention also applies to situations where a material
transfer means is used with several different carrying means, such as buckets,
pegs or grabs. Each carrying means is then examined in the verification. Individ-
ual tuning values for each carrying means can be stored in the memory of the
weighing device. Tuning values of each carrying means are selected at the scales
by selecting the tuning values of the tool being used manually or by providing the
weighing device and the tool of the material transfer means with automatic recog-
nition, such as bar code, magnetic tape or RFID identifier. This information related
to the identification can also be transferred between the local point and the distant
point so that the person monitoring the verification can assured on which tool is
related to each verification.

The principles of the methods shown in Figures 2-4 can be used, in addition to the
weighing devices, also for the verification of measurement devices which measure
other magnitudes. In the following, some examples of such magnitudes and verifi-
cation applications are described.

Volume is often measured with a container, into which material to be measured is
filled, whereby the container has scales or another marking, by means of which
the volume of the material can be estimated. The volume can also be measured
by means of a mechanical or electrical measurement device at the container,
which devices are used in e.g. fuel tanks. In accordance with the invention, the
verification can be made by using an accurate reference measuring container in
such a way that a certain amount of material is measured both with the container
to be verified and with the reference measuring container. Measurement results of
both are transferred to the distant point, wherein the measurement results are
compared with each other. If the measurement results deviate from each other by
less than the predetermined highest allowed deviation, the verification of the con-
tainer is accepted. Additionally, the filling of the containers with material / the
transfer of material from one container to the other is preferably imaged and the
image information is transferred to the distant point for the purpose of monitoring
the verification. Also the measurement result can be transferred to the distant
point as image data.

Another possibility for verification of a container used for measuring volumes is to
use an accurate amount of material. The measurement can thus be performed by
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means of such a quantity of liquid, whose volume is known with sufficient accu-
racy compared to the accuracy required in the verification. In this case the known
amount of material is placed on the container under verification, and the meas-
urement result is checked at the container. The measurement result and the in-
formation on the known quantity of the material is transferred to the distant point,
where the measurement result is compared with the known volume value of the
material. If the deviation is at most as high as the highest allowed deviation, the
verification is accepted. Further, the filling of the container with material is im-
aged, and the image information is transferred to the distant point for the purpose
of monitoring the verification. Also the measurement result and the information on
the volume of the precision material can be transferred to the distant point as im-
age data.

Volume measurement is often also used for measuring volume of flowing liquid.
This kind of a measurement device is used for e.g. the measurement of water
consumption, whereby an e.g. mechanical or electric measurement device is con-
nected to a pipe wherein the liquid to be measured flows. A measurement device
like this can be used for debiting consumption of liquid quantity, whereby the veri-
fication of the measurement device is essential. The verification can be performed
in accordance with the invention by e.g. connecting a reference measurement de-
vice in series with the measurement device under verification, whereby the flowing
liquid travels through both measurement devices. The reference measurement
device must have a sufficient accuracy in relation with the accuracy that is re-
quired in the verification. A desired amount of substance to be measured is led
through the measurement devices, and the measurement results are transferred
to the distant point. The measurement results can be transferred in the form of
e.g. digital, numeric data or by imaging the displays of the measurement devices
and by transferring the achieved image data. Additionally, the performance of the
measurement is preferably imaged, and said the related image data is transmitted
to the distant point. The results of the measurement device under verification and
the reference measurement device are compared with each other, and if their dif-
ference is at most equal to the predetermined highest allowed deviation in its
quantity, the verification of the measurement device is accepted.

Verification of a volume measurement device can also be performed is such a way
that material is led through the measurement device under verification, and the
quantity of the material is known accurately enough in relation to the verification
accuracy. Thereby the measurement result achieved with the measurement de-
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vice and the information on the known volume of the material quantity are trans-
ferred to the distant point. In addition, the performance of the measurement is
preferably imaged, and related image information is transmitted to the distant
point. The measurement result of the measurement device under verification is
compared with the known volume value of the used material quantity, and if their
difference is at most equal to the predetermined highest allowed deviation, the
verification of the measurement device is accepted.

Verification of a flow meter can be performed in a corresponding manner by
means of a reference measurement device as was described above. Thereby the
information on the results of the flow meter and the reference measurement de-
vice are transferred to the distant point. Results of the flow meter under verifica-
tion and the reference measurement device are compared with each other, and if
their difference has at most the value of the predetermined highest allowed value
of deviation, the verification of the measurement device is accepted. If it is possi-
ble to form a material flow of such amount which is known sufficiently accurately, it
is possible to perform the verification without a reference measurement device. In
this case information on the result given by the measurement device under verifi-
cation and the known value of the flow are transferred to the distant point. The
measurement result of the measurement device under verification is compared
with the known value of the flow, and if their difference has at most the value of
the predetermined highest allowed deviation, the verification of the measurement
device is accepted. Flow meters can be used for e.g. measuring a volume of a
flowing substance, whereby a time integral of the measured flow is formed in or-
der to determine the volume of a substance which has flowed within a specified
time.

The verification solution according to the invention can also be used for verifica-
tion of rate meters of vehicles which measure distance, time and/or velocity. The-
se kinds of meters are used in taxis, for example. The verification can be per-
formed by using a reference measurement device, whereby the measurement is
performed simultaneously with a measurement device under verification and a
reference measurement device, which is connected to a vehicle with which a de-
sired distance is driven using a desired velocity. The achieved results are trans-
ferred to the distant point, wherein the results achieved with the measurement de-
vice under verification and the reference measurement device are compared with
each other. If the difference of the measurement results has a value which is at
most as high as the highest allowed deviation the verification of the measurement
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device is accepted. The measurement results can be transferred e.g. in the form
of digital, numerical data received from electrical connections of the devices or by
imaging the displays of the measurement devices and transferring the achieved
image data. Additionally, the performance of the measurement is preferably im-
aged and the related image data is transferred to the distant point. The transfer of
the data is preferably made wirelessly, whereby the data can be transferred from
a moving vehicle.

It is also possible to verify a rate meter by driving a distance which is known suffi-
ciently accurately with a vehicle, using velocities which are sufficiently accurately
known, so that it is known in advance which reading the rate meter connected to
the vehicle should show after driving the distance. Thereby, information on the
reading shown by the rate meter and on the correct reading known in advance are
transferred to the distant point, wherein they can be compared with each other. If
the value shown by the rate meter deviates at most the amount of the highest al-
lowed deviation, the verification of the rate meter is accepted. Also in this verifica-
tion procedure the performance of the verification is preferably imaged and the
related image information is transmitted to the distant point in order to monitor the
performance of the verification.

The verification solution according to the invention can also be used for verifica-
tion of measurement devices which measure power or energy. For example, veri-
fication of a measurement device which measures electric energy can be per-
formed by connecting in series with the measurement device a reference meas-
urement device, the accuracy of which is sufficient in relation to the accuracy re-
quired in the verification. A desired amount of energy is transferred through the
measurement devices, and the measurement results are transferred to the distant
point, in which the results of the measurement device under verification and the
reference measurement device are compared with each other. If the difference
between the measurement results has a value of at most the predetermined al-
lowed deviation, the verification of the measurement device is accepted. The
measurement results can be transferred e.g. in the form of digital, numerical data
received from electrical connections of the devices or by imaging the displays of
the measurement devices and transferring the achieved image data. Additionally,
the performance of the measurement is preferably imaged and the related image
data is transferred to the distant point.

It is also possible to verify a measurement device which measures power or en-
ergy by transferring through the measurement device power or an amount of en-
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ergy, the value of which is known sufficiently accurately in relation to the accuracy
which is required in the verification. The measurement result of the measurement
device under verification is compared with the known value of the power or the
amount of energy, and if the difference between these has a value of at most the
predetermined highest allowed deviation, the verification of the measurement de-
vice is accepted. Power and energy measurement devices can be used for e.g.
the measurement of used/transferred heating water or electricity.

In addition to measurement devices which measure electric power or energy it is
also possible to use the verification solution according to the invention for the
verification of measurement devices which measure other electric magnitudes.
Such magnitudes include e.g. current, voltage, frequency, amplification, attenua-
tion, etc. The invention can also be used for the verification of measurement de-
vices which measure magnitudes that relate to optics/radiation. These kinds of
magnitudes include e.g. intensity and wave length of light/radiation. Measurement
devices measuring these magnitudes can be used e.g. for inspection of light
sources and the measurement of radiation produced by x-ray sources. In a corre-
sponding manner, the invention can also be used in the verification of acoustic
measurement devices. These kinds of measurement devices are used in e.g.
measurement of acoustic noise.

The present invention can also be used for verification of a measurement device
which measures temperature. These kinds of measurement devices are used e.g.
in cold stores. The verification can be performed by e.g. using a reference meas-
urement device, the measurement accuracy of which is sufficient in relation to the
accuracy required in the verification. In this case, the measurement device under
verification and the reference measurement device measure the temperature of
the same object, such as the temperature of the surrounding air. The measure-
ment results that are achieved at certain points of time are transferred from the
local point to the distant point. The measurement results are compared with each
other, and if the deviation has at most the value of the highest allowed deviation,
the verification is accepted.

Another alternative is to use, instead of a reference measurement device, a preci-
sion object the temperature of which is accurately known. This kind of a precision
object can be e.g. water which is in icing or boiling point, the temperature of which
is known with sufficient accuracy. Thereby, the data about the results given by
the measurement device under verification and the data about the known tem-
perature of the precision object are transferred to the distant point. The informa-
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tion is compared with each other, and if the deviation has at most the value of the
highest allowed deviation, the verification is accepted. In addition, the perform-
ance of the measurements is imaged and the related image data is transferred to
the distant point in order to monitor the verification.

Further, the invention can be used for verification of measurement devices which
measure substance concentration. These kinds of measurement devices include
e.g. chemical analysers, such as medical analysers, alcometers, devices which
measure concentration of emissions, such as exhaust gases etc. Also in these
mentioned applications it is possible to perform the verification either by using a
reference measurement device or a precision object, of which the value of the
magnitude to be measured is known. Thereby, data about the results achieved
with the measurement device under verification and about the value of the magni-
tude to be measured which is achieved in another way are transferred from the
local point to the distant point. The data is compared with each other, and if the
deviation has at most the value of the highest allowed deviation, the verification is
accepted. In addition, the performance of the measurement is imaged and the re-
lated image data is transferred to the distant point in order to monitor the verifica-
tion.

Figure 5 illustrates a system according to the invention for the verification of a
weighing device of material transfer means by means of reference scales,
whereby measurement results of the measurement device and the reference
scales are transferred to the distant point. A corresponding system can be used,
however, as well in relation to measurement devices which measure other magni-
tudes.

In the system illustrated in Figure 5, the material transfer means is a wheel loader
10, which has a weighing device 60. The weighing device measures weight of the
material placed in the bucket of the wheel loader by means of one or several sen-
sors 61. The sensors comprise e.g. a pressure sensor which is installed in the lift-
ing cylinder of bucket and a positional and/or an acceleration sensor installed in
the lifting shaft. A measurement unit 62 of the weighing device receives the sig-
nals achieved from the sensors and calculates the weighing result. The weighing
result is shown to the user on a user interface 63, which includes a display, for
example. The user interface has preferably also input means, such as a keyboard,
by means of which the functions of the weighing device can be controlled. By
means of input means the weighing device can e.g. be set into weighing mode,
verification mode or tuning mode, and weighing results and tuning data achieved
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in the verification can be input to the weighing device. The measurement device
also has a data transfer unit 65 for transferring data electrically between the
measurement device and another device. The measurement device further has
means 66 for transferring data through radio waves. A data transfer unit is, how-
ever, not needed if the measurement results are transferred to the distant point as
image data, which includes e.g. images about measurement results shown on the
display.

The system also has reference scales 40, which has been installed on a platform
of a truck 47. The reference scales is thus tiltable for removing weighed material.
One or several weighing sensors 71 are related to the electric part 70 of the ref-
erence scales, which sensors can be e.g. strain gauges or pressure sensors. The
sensors have been placed e.g. between the weighing platform and the installation
platform, or between the weighing platform and other structure of the reference
scales. The measurement unit 72 of the reference scales receives signals
achieved from the sensors and calculates the measurement result. The weighing
result is shown to the user on the user interface 73, which includes e.g. a display.
The user interface has preferably also input means, such as a keyboard, by
means of which the functions of the reference scales device can be controlled.
Also the reference scales has a data transfer unit 75 for transferring data electri-
cally between the measurement device and another device. The reference scales
also has means 66 for transferring data through radio waves. A data transfer unit
is, however, not needed if the measurement results are transferred to the distant
point as image data, which includes e.g. images about measurement results
shown on the display.

In connection with the verification, material sets are placed on the bucket of the
wheel loader and transferred away from it. Corresponding material sets are trans-
ferred to the reference scales and away from the reference scales. Material sets
used in verification can be transferred with the wheel loader and/or the reference
scales. This way separate transfer means are not needed for transferring material
sets to be weighed.

The system also has imaging means 81 and 83 for transferring image information
from the local point to the distant point. The imaging means have means 82, 84
for wireless data transfer. These imaging means are mobile stations, web cam-
eras, video cameras or corresponding ones, and they have been arranged to
transmit to the distant point image information from the user interface of the
weighing device and the reference scales, such as from the display and from the
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keyboard. This way it is possible to see at the distant point the shown weighing
results and also the actions that are performed with the user interfaces of the
weighing device and the reference scales. A third camera 85 of the system is ar-
ranged to image the verification procedure at a wider area, whereby it is possible
to monitor e.g. the transfers of material sets from the distant point. Also this third
camera can be equipped with a wireless data transfer means, 86.

The weighing device, the reference scales and/or the imaging means can thus
have data transfer means, by means of which it is possible to transfer weighing
results directly to the distant point or to a local station 80, such as a computer, lo-
cated at the local point, which station forwards the data to the distant point by
means of data transfer means 88 of the data acquisition device. The data transfer
means of the weighing device and the reference scales can also be used for
transferring data between said devices. The communication can take place in
wireless or wired manner by using short range data transfer or public data transfer
systems, such as cellular network or Internet network or their combinations.
Therefore, the weighing device and the reference scales can transfer also other
data which relate to the verification between those devices and other devices. The
information can be e.g. the size of the next material set required in the verification,
the weighing result achieved with reference scales, the weighing result achieved
with the weighing device, tuning parameters, etc. By means of the data transfer it
is possible to make the verification procedure automatic so that the user need not
input data concerning weighing sets and/or information relating to tuning and/or a
check sum to the weighing device.

In the system illustrated in Figure 5 data relating to the verification is transferred
in accordance with the invention to the distant point 90, in which monitoring of the
verification can be performed. The monitoring can be performed e.g. by an author-
ity, by someone authorised by an authority or by an instance, which administers
material transfer equipment or verification equipment. In the distant point there is
equipment for data transfer and data processing, such as a personal computer 90,
which has means 96 for transferring data. The data transfer can take place, for
example, in a wireless manner via a cellular network or in a wired manner via the
Internet network or as a combination of these. It is also possible that there are
more than one distant points and corresponding equipment in the system.

The data transfer between the work station of the distant point and the weighing
device and the reference scales can take place directly, via a local station 80, or
the work station can be connected to the Internet, through which the data travels.
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Thus the weighing results given by the weighing device and the reference scales
can be acquired to the distant point. Additionally, it is possible that the verification
procedure is also monitored from the distant point. It is also possible that the data
to be transferred from the local point to the distant point are stored before, during
or after the transfer of the data. Thus the storing of the data may take place in the
local point, such as in a computer 80 which serves as a local station, or in the dis-
tant point. It must be noted that if the data is stored in the local point into a port-
able storage, such as a CD disc or a memory stick the transfer of the data to the
distant point may also take place by delivering said storage means from the local
point to the distant point. If the verification-related data which is to be transferred
are stored, it is preferable also to store the information on the actual time of per-
formance of the verification. The time information can be achieved from e.g. a
camera, whereby the imaging time is stored together with the storing of the im-
ages of the camera. It may be preferable to transfer the information on the point of
time to the distant point together with other data even if the data would be trans-
ferred in real time.

The data transfer of the units which are located in the local point, illustrated in
Figure 5, can be implemented by means of e.g. a wired data transfer network
(LAN, for example), a short range wireless data transfer (WLAN, Bluetooth data
transfer) or by using e.g. public wireless cellular network.

The data transfer between the units of the local point, such as a local station, and
the distant point can be implemented by using e.g. public cellular network data
transfer, such as GSM (Global System for Mobile Communications), UMTS (Uni-
versal Mobile Telephone Service), GPRS (General Packet Radio Service) data
transfer. It is also possible to use Internet for the data transfer in such a way, for
example, that the station 80 of the local point and the station 90 of the distant
point connect to the Internet in a wireless or wired manner. The use of Internet for
the data transfer is described in more detail in connection with the description of
Figure 6.

Figure 6 illustrates another embodiment of the system according to the invention
for verification of a measurement device. The measurement device 60 to be veri-
fied can be a measurement device measuring some physical magnitude, such as
weight, volume, flow, distance, velocity, temperature, energy, power etc. The
measurement device has one or several sensors 61, which converts the magni-
tude to be measured into an electric signal, which is further amplified and con-
verted into digital form in the measurement unit 62. The measurement unit 62 cal-
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culates the measurement result on the basis of the signals received from the sen-
sors. The measurement unit may thus have a memory, processor and means for
processing the signal received from the sensors, such as performing a math-
ematic correction to be made for the signal. The measurement unit can also have
a circuit which detects time and date and which may have been arranged in such
a way that the information of the measurement moment is combined to the meas-
urement result.

The measurement result is shown to the user with a user interface 63, which in-
cludes e.g. a display. The user interface has preferably also input means, such as
a keyboard, by means of which the functions of the weighing device can be con-
trolled. By means of input means the weighing device can e.g. be set into weigh-
ing mode, verification mode or tuning mode, and weighing results and tuning data
achieved in the verification can be input to the weighing device. The measure-
ment device also has a data transfer unit 65 for transferring data electrically be-
tween the measurement device and another device. The measurement device fur-
ther has means 66 for transferring data through radio waves.

The system illustrated in Figure 6 also has a reference measurement device 70,
which measures the same magnitude as the measurement device under verifica-
tion. The reference measurement device may have corresponding parts 71-76 as
the parts 61-66 of the measurement device. The reference measurement device
is, however, better in its accuracy than the accuracy required in the verification.
The reference measurement device shown in Figure 6 also has a reader device
78, by which it is possible to read the magnitude value of a precision object, such
as a precision weight. The reader can be a magnetic reader, an RF reader or an
optical reader, such as a bar code reader. This way it is possible to use precision
objects for performing the verification, instead or in addition to a reference meas-
urement device. The reader device may connect to a local station 80, such as a
computer, which is located at the local point. In such a case reference measure-
ment device is not necessarily needed for performing the verification when a pre-
cision object is available. Further, the reader can be an independent device,
which has a similar wireless or wired interface as the measurement devices and
the cameras of the system.

The system includes an imaging means 81 for imaging the measurement under
verification during the verification, and imaging means 83 for imaging the refer-
ence measurement device during the verification. The imaging means can be di-
rected to image the measurement devices in such a way that image formed by the
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imaging means shows the display of the measurement device under verification /
reference measurement device, and the readings on the display. This way the
measurement results can be transferred and stored also when the measurement
device under verification and/or the reference measurement device is mechanical
or it does not otherwise have an electrical connection for transferring the meas-
urement results electrically. The system also has a third imaging means 85, which
is directed to image the performance of the phases related to the verification. The
imaging means can be an analogue or digital camera, a video camera, a web
camera or a mobile communicator. The imaging means may have means for im-
age processing, by which it is possible to convert the image data into another
form, and means for transmitting image data in a wireless or wired manner, possi-
bly including means for connecting to a data network. Signal processing means
for processing image data may also locate in some other data processing device,
such as the local station 80, station of the distant station 90, or on a server 97
which is connected to a network. Additionally, the imaging means may also have a
memory unit for storing image data, and a processor for e.g. converting image
data into another form, and means for lighting the object being imaged, such as a
flashlight or a halogen light, for example. The imaging means may also have an
organ which indicates time or date, which may have been arranged in such a way
that information on the moment of the imaging is combined to the image data.

The wireless data transfer connections 66, 76, 82, 84 and 86 which are situated in
the measurement device under verification, in the reference measurement device
and the imaging means can transfer data directly to one or several distant points
90 via some data transfer network, such as a cellular system or Internet. However,
the system preferably has a local station 80, such as a portable computer, to
which the data transfer of the measurement devices and the cameras takes place
at the first instant. The data transfer between the devices of the local point can
take place e.g. in a wired manner of by using a short range data transfer, as was
described above. The local station 80 collects the data from the measurement de-
vices and the cameras of the local point and forwards the data further to the dis-
tant point 90. It is, however, possible that a server 97 is connected to a data trans-
fer network, such as the Internet, to which server the data is transferred and
stored from the local station. Then a computer which is located in the distant point
and connected to a data transfer network can fetch the data from the server 97
when it is desired in the distant point to perform the monitoring of the verification.
The data can be stored alternatively or additionally to the local station 80, to a
portable storage means or to a computer station, as was described above.
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The computer 80 serving as the local station has typically means for connecting to
a data network 99, such as the Internet, via some data transfer connection, and
means means for transmitting measurement data/image data to the data network.
In a corresponding manner, the computer 90 serving as a distant station has
means for receiving or loading data from the data network. The computers also
typically have at least one processor for processing data, at least one memory
unit, which may comprise RAM i.e. central memory (Random Access Memory) as
well as ROM i.e. permanent memory (Read only Memory), and additionally inter-
mediate memory. In addition, a data processing device may have e.g. statistic
data processing means. The local station can preferably be a portable computer,
whereby it is easy to be transported between verification locations e.g. together
with a reference measurement device. The reference measurement device and
the local station can also be integrated into one device entity.

It is possible to make a certificate of the verification e.g. in a local station situated
at the local point, or in the distant station situated at the distant point. The certifi-
cate can be printed with a printer connected to the station, or the certificate can
be formed and kept in electric form. If desired, the certificate can also be trans-
ferred from teh distant point to the local point. The certificate can also be stored in
the verified measurement device for possible later need.

The invention has been described with the reference to the enclosed embodi-
ments. It is, however, clear that the invention is not restricted only to those, but is
comprises all embodiments which can be imagined within the inventive idea and
the enclosed patent claims.

One must note, for example, that the data transfer according to the invention is
not in any way restricted to the use of only those data transfer connections or data
networks which are mentioned in this description, but the idea can be applied and
used in any data transfer solutions.

Even if the application of the invention for verification of weighing devices is ad-
vantageous, it is clear that the described embodiments can as well be applied to
the verification of measurement devices which measure other magnitudes.

Above, it was described verification of a weighing device which was in connection
with a wheel loader, but the invention can naturally as well be applied in connec-
tion with all kinds of loading etc. material transfer means, such as an excavator, a
material machine, a forklift, a crane, flat scales, a belt scales, a conveyor, a silo, a
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car, a train, a garbage truck, a timber truck, a harvester, a drive machine, a mini
loader, a dumper, a reach truck, a tank truck, or other weighing devices. In a cor-
responding manner, the material to be weighed can be loose material, grain mate-
rial, longitudinal material or liquid material. The carrying container of the material
transfer means can be a container, platform or a gripper instead of a bucket.

Although the above embodiments have included one distant point, it is also possi-
ble to have two or several distant points in the system.

Although the verification of the measurement device is mentioned to be preferably
to fill the requirements of the authorities, it is naturally possible to use the in the
verification of the measurement device also a better limit of accuracy. Additionally,
even if verification of a measurement device based on legislation, law, decree or
directive has been described as the most preferable embodiment, the invention
can naturally be used also in such applications, targets and environments,
wherein the verification is not an action required by the authorities but is based on
voluntariness, standards, recommendations or other agreements.
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Claims

1. Method for verification of a measurement device, characterised in that the
method includes at least the following phases:

- imaging performance phases related to the verification with imaging means for
forming image data,

- transferring said image data from a local point to a distant point for monitoring
the verification in the distant point,

- performing in the local point a measurement of a first magnitude, which relates
to a first object, with the measurement device under verification in order to
achieve a measurement result,

- transferring from the local point to the distant point data about said measurement
result, e.g. in the form of image data or numeric data,

- forming data about a reference value of the measured magnitude,

- transferring from the local point to the distant point data about said reference da-
ta e.g. in the form of image data or numeric data,

- comparing the measurement result with the reference value, and

- accepting or rejecting the verification of the measurement device on the basis of
said comparison.

2. Method according to claim 1, characterised in that said comparison is per-
formed in the distant point.

3. Method according to claim 1 or 2, characterised in that said image data in-
cludes said data about the measurement result and/or said data about the refer-
ence value.

4. Method according to any of the preceding claims, characterised in that said
data about the measurement result and/or said data about the reference value is
transferred from the local point to the distant point as numeric data.

5. Method according to any of the preceding claims, characterised in that in
order to form the reference value, the magnitude relating to the object is meas-
ured with a reference measurement device.

6. Method according to claim 5, characterised in that in the verification same
kind of measurement object is used, for measurement of which the measurement
device is meant for.
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7. Method according to any of the preceding claims, characterised in that the
object to be measured is a precision object, and the reference value is formed by
reading the object related value of the magnitude to be measured.

8. Method according to claim 7, characterised in that for detecting the refer-
ence value the reference value of the precision object is read from writing, bar
code, magnetically stored data and/or electrically stored data, which exists at the
precision object.

9. Method according to any of the preceding claims, characterised in that the
accuracy of the reference value in relation to the real value of the magnitude to be
measured is better that the accuracy which is required on a measurement device
under verification.

10. Method according to any of the preceding claims, characterised in that the
data about the measurement result includes the measurement result, and the data
about the reference value includes the reference value.

11. Method according to any of the preceding claims, characterised in that data
about the measurement result, data about the reference value or data about the
performance of the verification is stored.

12. Method according to claim 11, characterised in that the storing is made to a
device which is located at the local point, to a device which is located at the dis-
tant point, to other device, which connects to a data transfer network connecting
the local point and the distant point, and/or to a portable storage means.

13. Method according to claim 11 or 12, characterised in that the stored data is
read, and the monitoring of the verification is performed on the basis of the read
data.

14. Method according to claim 13, characterised in that the monitoring of the
verification of a measurement device is performed on the basis of the read data
after all measurements relating to the verification of the measurement device have
been performed.
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15. Method according to any of the preceding claims, characterised in that the
magnitude to be measured with the measurement device under verification is one
of the following: weight, volume, flow, power, energy, velocity, acceleration, dis-
tance, temperature, concentration of substance, voltage, current, frequency or ra-
diation intensity.

16. Method according to any of the preceding claims, characterised in that after
the first measurement, one or several measurements are performed with the
measurement device in the verification by using one or several other objects in
addition to or instead of the measurement object used in the first measurement.

17. Method according to any of the preceding claims, characterised in that a
highest allowed value of deviation between the measurement result and the refer-
ence value is stored in the device which is located at the distant point, and the
deviation between the measurement result of the measurement device under veri-
fication and the reference value is compared to the highest allowed value of the
deviation, which is stored in the distant point, whereby the acceptance of the re-
jection of the verification is made on the basis of said comparison.

18. Method according to any of the preceding claims, characterised in that the
data about the rejection or the acceptance of the verification is transferred from
the distant point to the local point.

19. Method according to any of the preceding claims, characterised in that in-
formation is transferred between the local point and at least two distant points.

20. A system for verification of a measurement devise, characterised in that the
system has at least:

- imaging means for imaging performance phases relating to the verification and
for forming image data,

- means for transferring image data from a local point to a distant point,

- means for transmitting from the local point to the distant point measurement re-
sult data on a first magnitude relating to a first object which has been measured
with the measurement device under verification, in a form of e.g. image data or
numeric data,

- means for receiving the measurement result data to the distant point,

- means for transmitting reference value data of the measured magnitude from the
local point to the distant point in e.g. a form of image data or numerical data, and
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- means for receiving the reference value data to the distant point,
for rejecting or accepting the verification on the basis of the information trans-
ferred from the local point to the distant point.

21. System according to claim 20, characterised in that the system has means
in the distant point for showing the measurement result and the reference value
and/or for performing a comparison between them.

22. System according to claim 20 or 21, characterised in that said image data
includes said data about the measurement result and/or said data about the refer-
ence value.

23. System according to any of claims 20-22, characterised in that it has means
for transferring said data about the measurement result and/or said data about the
reference value from the local point to the distant point as numeric data.

24. System according to any of claims 20-23, characterised in that it comprises
a reference measurement device for forming a reference valued which relates to
the object.

25. System according to claim 24, characterised in that the measurement object
to be used in the verification is of a same kind, for measurement of which the
measurement device is meant for.

26. System according to any of claims 20-25, characterised in that the object to
be measured is a precision object, and the reference value is formed by reading
the object related value of the magnitude to be measured.

27. System according to claim 26, characterised in that for detecting the refer-
ence value the system has a reading device for reading the reference value of the
precision object from bar code, magnetically stored data and/or electrically stored
data, which exists at the precision object.

28. System according to any of claims 20-27, characterised in that the accuracy
of the reference value in relation to the real value of the magnitude to be meas-
ured is better that the accuracy which is required on a measurement device under
verification.
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29. System according to any of claims 20-28, characterised in that the data
about the measurement result includes the measurement result, and the data
about the reference value includes the reference value.

30. System according to any of claims 20-29, characterised in that the system
has means for storing data about measurement result, data about reference value
or data about performance of the verification.

31. System according to claim 30, characterised in that the storing means are
in a device which is located at the local point, in a device which is located at the
distant point, and/or in other device, which connects to a data transfer network
connecting the local point and the distant point, and/or the storage means is a
portable storage means.

32. System according to claim 30 or 31, characterised in that it has means for
reading stored data and for showing it in the distant point for performing the moni-
toring of the verification on the basis of the read data.

33. System according to any of claims 20-32, characterised in that the magni-
tude to be measured with the measurement device under verification is one of the
following: weight, volume, flow, power, energy, velocity, acceleration, distance,
temperature, concentration of substance, voltage, current, frequency or radiation
intensity.

34. System according to any of claims 20-33, characterised in that it comprises
means for transferring data which relates to several measurement results and
several reference values from the local point to the distant point.

35. System according to any of claims 20-34, characterised in that it has means
for storing highest allowed value of deviation between the measurement result
and the reference value, means for comparing the deviation between the meas-
urement result of the measurement device under verification and the reference
value to the highest allowed value of the deviation, which is stored in the distant
point, and means for performing the acceptance or the rejection of the verification
on the basis of said comparison.
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36. System according to any of claims 20-35, characterised in that it has means
for transferring data about the acceptance or the rejection of the verification from
the distant point to the local point.

37. System according to any of claims 20-36, characterised in that it has at
least two distant points.
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