
1 
 

Method for measuring of object displacement 

 

The invention relates to the measuring equipment and can be used to 

determine the absolute displacement of objects in such areas as, for example, 

metallurgy, automotive industry, cranes, warehouse and production logistics, the 

production automation as a whole. 

When expending operational tasks in production, increasing of production 

process efficiency plays an important role. It can be achieved in particular due to 

fast and accurate object positioning at different periods of time within the production 

facilities. Effective monitoring of object movements allows creating an exact map of 

the production process, for example, at nighttime, and thereby reducing the number 

of employees involved.  

Known methods for measuring of object displacement are based on the 

displacement of a transducer and a signal source with respect to each other. For 

example, in digital systems a signal from the source is processed to obtain a value 

of a moving object only if the transducer received it. Thus, the accuracy of object 

position detection depends on the value of the measuring range of transducers, 

which in turn depends on and is limited to the area of the transducer sensitivity. 

A known method for measuring of object displacement (JP0850004, 

20.02.1996) consists of the following: the signal source - a magnet – is installed on 

the object; along the path of its movement the transducers - Hall sensors - are 

arranged. The exciting current is applied to the transducers. When an object is in 

motion, the voltage values are taken from the Hall sensors and then the value of the 

object movements are calculated.  

The disadvantages of this method are the low accuracy of measuring and 

limited measurement range due to transducers sensitivity area. In addition, it is 

necessary to lay an electric cable to each of the Hall sensor to ensure its supply and 

signal pickup. Thus, it considerably complicates the measurement system. 

There are known methods for measuring of object displacement (RU2125235, 

20.01.1999, RU2117914, 20.08.1998), according to which the transducer is 

installed on a movable object, the ultrasonic waves propagate from the sources 

located along the path of the object. One measures the signal propagation time 

from the source to the transducers and this value is used to estimate the value of 

the linear movement of the object. 
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The disadvantage of these methods is the inability to measure the object 

position outside the area of transducer sensitivity that does not allow to measure 

movement of the object to considerable distances, and thereby limits the use in 

production.  

There is a known method for measuring of object displacement (RU2196300, 

10.01.2003), according to which the transducer - a photoelectric receiver is installed 

on a moving object; using an optical system a light signal is fed to the transducer 

from the sources located along the path of the object, the photoelectric receivers 

use the output signal to estimate the value of object movement. 

The disadvantage of this method is the low accuracy, as far as the value of 

object movement depends on the location, size and intensity of the light spot on the 

photoelectric receiver. Using this method it is impossible to measure the object 

movement at a considerable distance. Moreover implementation of the method 

requires the additional equipment to be used (the optical system, the additional 

photoelectric receiver to account for the light flow instabilities of the emitter) that 

causes inconvenience in use and leads to additional expenses for object 

positioning.  

There is a known method of determining the absolute displacement of objects 

(RU93003536, 10.08.1995), according to which the mask and the measuring scale 

have a few rows of identical slots so that periods of slot arrangement have no 

common dividers. The mask is placed on the movable object, the measurement 

scale is set along the path of the object; by passing of the object with the mask 

along the measuring scale the intensity of light passing through the slots of the 

mask and the measuring scale is changed with a predetermined period, and values 

of the period fractions for each row have no common integer dividers, and thus the 

absolute value of moving object is determined.  

This method makes it possible in theory to increase the measuring range of 

object positioning due to unique periods of the mask and the measuring scale in any 

period of time. However, the application of dividers on the mask and the measuring 

scale is time-consuming and inconvenient; thus, virtually measuring the object 

displacement at a considerable distance is not possible. In addition, the accuracy of 

movement determination depends on the intensity of light spots produced after 

passing through the mask slots. In this connection the accuracy is low.  

There is a known method for measuring of object displacement (RU1820209, 

07.06.1993), taken as the closest analog to the subject method. It consists of the 
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following: the transducer - a photosensitive charge-coupled device – is installed on 

a movable object. Along the path of the object movement there are signal sources – 

the illuminating line, the signals - rays of light – are formed and the distance 

between them is less than the transducer length. Cyclic polling of the transducer is 

put into effect. The signal sources are switched on in a predetermined sequence, 

one for each polling cycle of the transducer. When receiving the output signal, 

exhaustive search for switching on the signal sources is stopped, the output signal 

is converted, the signal source number is determined, and due to it the movement 

of an object is determined as well. 

This method allows increasing the measured distance at which the object can 

be moved. However, in this case, till the appearance of the output signal, overall 

time for determining the value of object movement increases due to exhaustive 

search for switching signal sources. In this method as well as in the analogs 

measurement accuracy is dependent on the area of the transducer sensitivity. 

The object of the invention is to increase the distance at which the object can be 

moved and to develop a method for measuring object displacements, in which 

different types of signal sources can be used, including magnets and/or 

electromagnets, as well as different types of transducers, including magnetostrictive 

transducer. 

The technical result consists in the increase of the measurement accuracy of 

the moving object and the increase of the speed of information processing received 

from the transducer and outputting data of the object and/or the transducer position. 

The technical result is achieved due to the usage of the displacement 

measuring method, consisting of the following: the transducer is installed on the 

object, along the path of the object there are signal sources, at each path section a 

special arrangement of signal sources is provided, that determines the change in 

the number of signal sources and/or the change of the distance between any two 

signal sources; the signal is sent to a moving object with the installed transducer, 

then an output signal from the transducer is received with the report about the 

position of signal sources that are in its measurement range; then the position of the 

object and/or the transducer is determined, and the displacement at a distance 

greater than the active zone length of the transducer is measured.  

The arrangement of signal sources, which is determined by changing the 

number of signal sources and/or the distance between any two signal sources, 

provides nonrecurring unique combinations of these signal sources at any part of 
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the object path. It provides unambiguous identification of transducer position at any 

time and further allows most accurately determining the position of the object as it 

moves, increasing the accuracy of the object displacement measurement, as well 

as increasing the distance the object can be moved. 

Unique combinations of signal sources in each path section can be determined 

only by changing the number of mentioned signal sources. In this case, within the 

sensitivity zone of  the displacement transducer a unique combination from different 

number of signal sources is located, which allows uniquely identifying the position of 

the object and/or the transducer and determining its displacement. The distance at 

which the object is moved, exceeds the range of the transducer sensitivity area. 

Unique combination of signal sources at each path section can be determined 

only by changing the distance between any two mentioned signal sources. In this 

case, the arrangement of signal sources in any 1D-, 2D-, 3D-, nD- dimension  is 

possible. In any position of the displacement transducer within its sensitivity area 

there is a unique combination of the same number of signal sources disposed in the 

space without repetitions that allows uniquely identifying the position of the object 

and determining its displacement.  

Also, unique combination of signal sources at each path of the object movement 

can be determined by changing the number of signal sources and by changing the 

distance between any two signal sources. In this case, a unique combination of 

different number of signal sources in any 1D, 2D, 3D, nD-measurement with a 

different distance between any two signal sources will be located in the sensitivity 

area of the transducer for uniquely identifying the position of the object and 

determining its displacement. 

Receiving nonrecurring combinations of signal sources allows determining not 

only the position and movement of the object and/or the transducer but also 

precisely identifying number of signal sources and their other parameters, if 

necessary.  

This method can be implemented by means of any signal sources and 

transducers. 

Magnets and / or electromagnets, elements containing magnets and / or 

electromagnets, structures containing magnets / electromagnets can be used as 

signal sources. 

In the function of signal sources one can use, for example, light sources, heat 

sources, radiation sources of any kind, kinetic energy sources, pressure sources, 



5 
 

ultrasonic waves, any material having inductive and/or capacitive physical 

properties, i.e. virtually any material, source with encoded information (for example, 

barcodes, 2D codes, 3D codes nD-codes, where n is an integer number). 

Magnetostrictive transducers, various designs containing magnetostrictive 

transducers, can be used as transducers. Hall sensors, photocells, magnetostrictive 

transducers, inductive and capacitive transducers, radiation transducers, pressure 

transducers and other energy converters also can be used as transducers. 

Also, the components of the identification system, such as the reader 

(processor) and the attached antenna (read/write head), can be used as 

transducers, while tags (chips, data carriers) will act as a signal source. 

Processing of the output signal received from the displacement transducer is 

provided using appropriate equipment in accordance with the used types of signal 

sources and displacement transducers. Information for processing can be 

transmitted over different interfaces and protocols, such as analog interface, TCP / 

IP, IO-Link, ASInterface, Profinet, Profibus, DeviceNet, CANopen, EtherCAT, 

Ethernet, Varan. 

When using this method it is possible to obtain precise information about the 

time and place of the object in the manufacturing process, so that increases the 

efficiency of production management. 

The figure shows a device for implementing the claimed method for measuring 

of object displacement, which comprises the transducer 1 located on the object 2, 

signal sources 3 mounted along the path of the object movement 2 in such a way 

that there is a unique arrangement of signal sources at each path point determined 

by changing of the number of signal sources 3 and/or the distance between any two 

signal sources 3. 

For instance as a transducer there is the magnetostrictive linear displacement 

transducer 1 set on a moving object. It has a displacement measurement range a. 

Along the object path the magnets and/or electromagnets 3 are placed. Let's 

consider the case when at each path section a the same number of magnets and/or 

electromagnets is used, but the distance between the two magnets and/or 

electromagnets is being changed (see FIG.). So at the first path section equal to the 

measuring range a of the magnetostrictive displacement transducer, the magnets 

and/or electromagnets are placed close to each other to form a first unique set. At 

the second similar path section with the length a the second set of magnets and/or 

electromagnets is located, in which, for example, the rightmost magnet and/or 
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electromagnet is moved aside at the distance Δ. At the third similar path section 

with the length a the third set of magnets and/or electromagnets is located, in which, 

for example, the rightmost magnet and/or electromagnet  is moved aside at the 

distance 2Δ, etc. Furthermore the distance at which the object is moved, exceeds 

the length of the magnetostrictive transducer sensitivity area. We get that at any 

path section opposite the transducer sensitivity area there is a nonrecurring 

combination of signal sources, which allows uniquely identifying the position of the 

object and determining its displacement.  

Also, the magnets and/or electromagnets at each path section equal to the 

measuring range a of the magnetostrictive displacement transducer may be 

arranged in such a way so that the distance between the magnets and/or 

electromagnets remains the same, but their number is changed. So that at the first 

path section two magnets and/or electromagnet  can be placed, at the second path 

there are three magnets and/or electromagnets,  etc. 

In this case, at any path section opposite the magnetostrictive transducer 

sensitivity area there is a nonrecurring combination of signal sources, which allows 

uniquely identifying the position of the object and determining its displacement.  

An alternative version of arrangement is possible. The magnets and/or 

electromagnets are placed at any path section equal to the measuring range a of 

the magnetostrictive transducer, when not only the number of magnets and/or 

electromagnets but also the distance between any two magnets and/or 

electromagnets  is changed, i.e. at the first path section, for example, two magnets 

and/or electromagnets are placed with the distance Δ between them, at the second 

path section there are three magnets and/or electromagnets with the distance Δ 

between the first and second magnet and/or electromagnet and the distance 2Δ 

between the second and third magnet and / or electromagnet, etc. The distance at 

which the object is moved, exceeds the length of the magnetostrictive transducer 

sensitivity area as well. In this case, an unequivocal identification of the position and 

the displacement of the object is also provided.  

Data on the unique signal sources arrangement are recorded beforehand to the 

equipment that is used for output signal processing. When the object moves along 

the path with the set magnets and/or electromagnets, the magnetostrictive 

transducer outputs the position value of each of the magnets and/or electromagnets  

located opposite the object with the magnetostrictive displacement transducer. The 

received values are transferred to the processing equipment, which compares them 
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with the data on the location of the magnets and/or electromagnets received 

previously and determines the position of the object and its displacement. 

By means of the output signal from the magnetostrictive displacement 

transducer it is also possible to determine the numbers of the signal sources 

impacting on this displacement transducer or any other parameters of the signal 

sources, if necessary. 

The increase of the distance of possible object displacement can be calculated 

as follows. For example, a transducer by Balluff GmbH is used as a 

magnetostrictive linear displacement transducer. It has a nonlinearity value of 30 

µm, the measurement range is 4500 mm. When using this transducer and two 

signal sources, taking into account that there are changes in the distance of 31 µm 

between them at each path sector and the minimum required distance between 

signal sources should be no less than 60 mm, it is possible to get: 

     (1) 

 unique positions of the mentioned signal sources. 

Thus, the total measurement range using two signal sources is as follows: 

 

                4500 х 70645 = 317 902 500 mm. = 317,9 km.          (2) 

with an accuracy of 30 µm. 

  

As a result, the method for measuring the object displacement allows increasing 

the accuracy of the object displacement measurement alongside the significant 

extension of the distance at which the object can be moved. It allows increasing the 

speed of information analysis received from the magnetostrictive transducer and the 

speed of the object position detection and its displacement over the production area 

that in its turn increases the efficiency of the production process as a whole. There 

is only one magnetostrictive transducer necessary for displacement measuring that 

simplifies not only power supplying but also the method of measurement. In addition 

for the implementation of the method, various signal sources, displacement 

transducers and the corresponding equipment for processing the output signal can 

be used, which makes it universal. 
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Claims: 

1. The displacement measuring method consists of the following: a transducer 

is installed on the object, along the path of the object there are signal sources, at 

each path section a special arrangement of signal sources is provided, that 

determines the change in the number of signal sources and/or the change of the 

distance between any two signal sources; the signal is sent to a moving object with 

the installed transducer, then an output signal from the transducer is received with 

the report about the position of signal sources that are in its measurement range; 

then the position of the object is determined. 

2. The displacement measuring method consists of the following: a 

magnetostrictive transducer is installed on the object, along the path of the object 

there are magnets and/or electromagnets, at each path section a special 

arrangement of magnets and/or electromagnets is provided, that determines the 

change in the number of magnets and/or electromagnets and/or the change of the 

distance between any two magnets and/or electromagnets; the signal is sent to a 

moving object with the installed magnetostrictive transducer, then an output signal 

from the magnetostrictive transducer is received with the report about the position of 

magnets and/or electromagnets that are in its measurement range; then the position 

of the object is determined, and the displacement at a distance greater than the 

active zone length of the magnetostrictive transducer is measured. 

3. The method according to point 1 consists of the fact that in the function of 

signal sources, for example, magnets and/or electromagnets, light sources, heat 

sources, radiation sources of any kind, kinetic energy sources, pressure sources, 

ultrasonic waves, any material having inductive and/or capacitive physical 

properties, sources with encoded information can be used. 

4. The method according to point 1 consists of the fact that Hall sensors, 

photocells, magnetostrictive transducers, inductive and capacitive transducers, 

radiation transducers, pressure transducers can be used in the function of 

transducers. 

5. The method according to point 1 consists of the fact that the reader 

(processor) and the read/write head attached to it are used as transducers, while 

chips and data carriers act as a signal source. 

6. The method according to point 1 consists of the arrangement of signal 

sources is implemented in 1D-, 2D-, 3D-, nD- or any other dimension. 
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7. The method according to point 1 consists of the fact that the number of signal 

source is identified by the output signal from the transducer. 

 8. The method according to point 2 consists of the arrangement of magnets 

and/or electromagnets is implemented in 1D-, 2D-, 3D-, nD- or any other dimension. 

 9. The method according to point 2 consists of the fact that the number of 

magnet and/or electromagnet is identified by the output signal from the transducer. 

 

  


