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(57) Abstract: The invention relates to asystem for measuring atrack (3), comprising two outer measuring devices (9, 10) and acentral 
-measuring device (13) arranged therebetween in the longitudinal direction (8) of the track (3). Each measuring device (9, 10, 13) has 

a fixed position relative to the track (3) in order to detect geometric track parameters. One outer measuring device (9) comprises a 
camera (12) with acapturing region (19), wherein an object (11) tobe measured of the other outer measuring device (10) and an object 

-(14) tobe measured of the central measuring device (13) are arranged in the capturing region (19), and the camera (12) is connected 
to an analysis device (18) in order to detect patterns. In this manner, all track (3)position parameters which are necessary for precisely 

Aligning and leveling the track (3) are detected by asingle camera.  

r(57) Zusammenfassung:DieErfidung betrifftein System zum Vermessen eines Gleises (3), welches in Lngsrichtung (8) des Gleises 
(3) zweii5ufere Messeinrichtungen (9, 10) und eine dazwischen angeordnete mittlere Messeinrichtung (13) umfasst, wobei jede Mess

oeinrichtung (9, 10,13)gegenber demGleis (3)einebestimmte Lageaufweist, umgeometrischeGleisparameter zuerfassen. Dabei 
umfasst die einei5uere Messeinrichtung (9) eine Kamera (12) mit einem Aufahmebereich (19), wobei indem Aufahmebereich (19) 

01 

ein Messobjekt(11)deranderenuoeren Messeinrichtung(10)unde Messobjekt (14) der mittleren Messeinrichtung(13)angeordnet 
esind undwobeicdie Kamera(12) miteiner Auswerteeinrichtung (18)zur Mustererkennung verbunden ist. Auf diesel Weise warden 

mittels einer einzigen Kamera (12)smtlicheLageparameter des Gleises (3)erfasst,diefurein praises Richten und Nivellierendes 

Gleises (3) notwendig sind.  
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Description 

System and method of surveying a track 

Field of technology 

[01] The invention relates to a system for surveying a track, comprising - with 

regard to the longitudinal direction of the track - two outer measuring devices 

and a central measuring device arranged therebetween, wherein each 

measuring device has a specific position relative to the track in order to 

detect geometric track parameters. The invention further relates to a method 

of operating the system.  

Prior art 

[02] The discussion of the background to the invention that follows is intended to 

facilitate an understanding of the invention. However, it should be 

appreciated that the discussion is not an acknowledgement or admission that 

any aspect of the discussion was part of the common general knowledge as 

at the priority date of the application.  

[02a] A track survey serves for detecting track position faults and for targeted 

execution of correcting measures. A system provided for this purpose 

determines geometric track parameters such as the position of the track in 

horizontal and vertical direction as well as the relative vertical position (super

elevation, twist) of the two rails of the track to one another.  

[03] In the case of tracks with ballast bed, lining and levelling are the essential 

corrective measures for producing a desired track position. By means of a 

lining system, the track is corrected as to its horizontal position. Vertical 

position faults of the track or the rails are rectified by means of a levelling 

system.  

[04] Track maintenance machines provided for this purpose comprise work units 

for bringing the track into the required position and for tamping the same.  

Thereafter, a dynamic track stabilization may take place by means of a 

vibration unit provided for this purpose in order to ensure a sustained position
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of the track in the ballast bed.  

[05] The so-called versine is used for lining the track. In this, serving as reference 

base as a rule is a measuring chord which is stretched in the track center 

between the two outer measuring devices of the afore-mentioned system. A 

feeler member of the central measuring device scans the thus-formed chord, 

yielding the versine at this point.  

[06] A simple vertical measurement of the two rails may take place via an 

inclination measurement of the particular measuring device, for example by 

an arrangement of pendulums. Such solutions, however, are too inaccurate 

for a precise levelling of the track.  

[07] Usually, a further measuring chord is arranged above each rail, the ends of 

which are coupled to the outer measuring devices via rod assemblies. With 

this, the vertical positions of the two outer measuring devices are transmitted 

to the respective measuring chord. A feeler member is provided at the central 

measuring device for each measuring chord. In this, as with the measuring 

chord in the track center, there is the difficulty of avoiding a collision of the 

measuring chords with the work units.  

[08] Known from the prior art are also systems for track surveying without 

measuring chords. For example, a measuring device disclosed in AT 515 208 

A4 uses a machine frame of a track maintenance machine as reference 

base. Additionally, optical systems for track surveying have been known for 

some time, for instance from US 3,107,168 A.  

Summary of the invention 

[09] It is desirable to provide an improvement over the prior art for a system and a 

method of the type mentioned at the beginning.  

[10] According to one form of the invention, there is provided a system for 

surveying a track, comprising - with regard to the longitudinal direction of the 

track - two outer measuring devices and a central measuring device arranged 

therebetween, wherein each measuring device has a specific position relative 

to the track in order to detect geometric track parameters, wherein the one 

outer measuring device comprises a camera with a recording area, which is
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defined by track parameters such as lens focal length and image sensor size, 

wherein a selected lens aperture of the camera determines the depth of field 

within the recording area, wherein a measuring object of the other outer 

measuring device and a measuring object of the central measuring device 

are arranged in the recording area, and wherein the camera is connected to 

an evaluation device for pattern recognition, and wherein the evaluation 

device is a computer in which a pattern recognition and image evaluation 

software are implemented to recognize by means of pattern recognition, the 

measuring objects and to determine the position thereof relative to one 

another and with respect to an image section of the camera.  

[10a] According to another form of the invention, there is provided a method of 

operating a system according to the above form of the invention, wherein the 

system is moved along the track and wherein, during this, the changes in 

position of the measuring objects are determined by means of an evaluation 

of the images of the measuring objects recorded by means of the camera 

wherein by means of pattern recognition and image evaluation software 

implemented in the computer, the measuring objects are recognized and the 

position thereof relative to one another with respect to an image section of 

the camera is determined.  

[11] In this, the one outer measuring device comprises a camera with a recording 

area, wherein a measuring object of the other outer measuring device and a 

measuring object of the central measuring device are arranged in the 

recording area, and wherein the camera is connected to an evaluation device 

for pattern recognition.  

[12] By means of pattern recognition, the measuring objects are recognized and 

the position thereof relative to one another and with respect to an image 

section of the camera is determined. In this way, all of the position 

parameters of the track required for precise lining and levelling are recorded
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by means of a single camera. In total, only a few system components are 

required to perform the track surveying. In addition, track parameters such as 

versine, longitudinal level of the respective rail, twist and rail gauge can be 

recorded redundantly.  

[13] A simple embodiment of the invention proposes that the measuring object of 

the other outer measuring device is designed as a light source, and that the 

measuring object of the central measuring device is designed as a 

shadowing object which shadows a part of the light source against the 

camera. Such measuring objects are simple and robust components which 

are resistant against shocks and dust formation. The shadowing object may 

be a simple structural component of the central measuring device which 

stands out as a characteristic silhouette against the light source.  

[14] In another embodiment, it is advantageous if both measuring objects are 

designed as shadowing objects, each shadowing a part of a light source 

against the camera. In this, each measuring object has a characteristic shape 

which can be reliably detected by means of pattern recognition. The light 

source serves as planar background illumination.  

[15] A further development of the invention provides that a further measuring 

object is arranged in the recording area of the camera. With this, a so-called 

four-point measurement is realized, by means of which depressions of the 

track can be identified in a simple manner. With a multitude of measuring 

objects, it is possible to determine additional position data of the track. In this, 

one of the measuring objects can be designed as a light source which is 

partly shadowed against the camera by the other measuring objects.  

[16] As a further practical complement, at least one measuring object comprises 

luminescent elements. This measure enables a simpler and quicker 

evaluation by means of pattern recognition under difficult environmental 

conditions. For example, two images of the measuring object are recorded 

one immediately after the other, wherein the illumination is only activated for 

one picture. The measuring object is then instantly recognizable in this 

picture.  

[17] It is further advantageous if at least one measuring object or the camera is 

designed to be displaceable and/or pivotable in a mount of the associated
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measuring device. On the one hand, this ensures that both measuring 

objects remain within the recording area of the camera even in tight curves of 

the track course. On the other hand, this makes possible a tracking by the 

camera or the measuring objects, so that the camera and the measuring 

objects remain on a common axis during travel in curves.  

[18] For a simple design of the system, it is useful if the measuring objects and 

the camera are each arranged on a measuring trolley mobile on the track. In 

this, the particular trolley is pressed against a rail, resulting in an 

unambiguous position of the measuring trolley relative to the track. Thus, the 

position of the track at the particular position of the measuring trolley is 

defined by the position of the latter.  

[19] In an advantageous embodiment it is provided that the system comprises a 

track maintenance machine on which the measuring devices are arranged. In 

this, it is merely necessary to make certain that there is visual contact 

between the camera and the measuring objects. Even if said visual contact is 

briefly interrupted by a work unit, the functionality of the system continues.  

This would be different, according to the prior art, in the case of a collision 

with a measuring chord.  

[20] It is favourable if the track maintenance machine is designed as a track 

tamping machine and if a measuring object for detecting a track correction is 

arranged in the region of a tamping unit. The camera is arranged at an outer 

measuring device and thus removed from the working units (tamping unit, 

lifting-lining unit) of the tamping machine. The central measuring object in the 

region of the working units can be designed as a simple shadowing object 

and is thus insensitive to vibrations and dust. For that reason, the central 

measuring object can also be arranged directly at the tamping unit where the 

track position fixed by tamping is to be measured.  

[21] In a further development of this system design, a position measuring system 

is associated with at least one measuring device, by means of which the 

position relative to the track can be determined. The measuring device can 

thus be designed contact-free with regard to the track. The evaluation of the 

camera recordings yields the position of the measuring devices relative to 

one another, and the evaluation of the position measuring system yields the
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position of the measuring devices equipped therewith with respect to the 

rails. From this, the track parameters to be detected are computed by 

coordinate transformation.  

[22] In the method, according to the invention, of operating an above-mentioned 

system it is provided that the system is moved along the track and that, 

during this, the changes in position of the measuring objects are determined 

by means of an evaluation of the images of the measuring objects recorded 

by means of the camera.  

[23] The evaluation of the recorded measuring objects takes place by means of 

pattern recognition, wherein the position of the recognized measuring objects 

is determined in each image. Via the known geometric relationships between 

the measuring devices, the various position parameters of the track are thus 

computed.  

[24] An advantageous further development of the method exists if a characteristic 

vibration frequency is specified for the system, and if for the camera a frame 

rate is specified which is at least double the characteristic vibration 

frequency. Such characteristic vibration frequencies occur during operation of 

a track maintenance machine, with system vibrations resulting therefrom. In 

an image sequence with a correspondingly high frame rate, such 

disturbances can be eliminated mathematically in a simple manner.  

Specifically, the system vibrations are detected in the process and 

subtracted.  

[25] Advantageously it is provided that at least one measuring object or the 

camera is displaced and/or swivelled during travel in a curve. For such 

tracking, a drive of the corresponding measuring device is controlled in 

dependence of an occurring curve radius of the track. For example, the two 

measuring objects and the camera are aligned with regard to one another 

along a common axis in order to determine the track positions at the 

measuring point by means of the lateral displacements required to that end.  

[26] Alternatively or in addition thereto, it may be useful if a pattern, affixed to a 

measuring object, is recorded by means of the camera, wherein the image of 

said pattern changes in a characteristic way when the position of the pattern 

changes. Then, lateral tracking is no longer necessary in curves since a
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displacement of the particular measuring object is determined by means of 

the changing recording of the pattern.  

[27] An advantageous further development of the method provides that a 

working unit of a track maintenance machine is controlled in dependence on 

the detected position of a measuring object. In a track tamping machine, for 

example, the track position is determined by means of a shadowing object 

in immediate proximity to the tamping unit. Depending therefrom and in 

ongoing comparison to a desired track position, the lifting-lining unit of the 

track tamping machine is controlled.  

[28] Additionally, it is advantageous if at least the position of one measuring 

object or the camera with respect to the track is detected in a contact-free 

manner by means of a position measuring system. With this, mechanical 

components prone to wear, such as running wheels of measuring trolleys, 

can be omitted. Even simple optical position measuring systems such as 

laser line scanners are suited for determining with sufficient precision the 

position of the particular measuring device relative to the rails.  

[28a] Where any or all of the terms "comprise", "comprises", "comprised" or 

''comprising" are used in this specification (including the claims) they are to 

be interpreted as specifying the presence of the stated features, integers, 

steps or components, but not precluding the presence of one or more other 

features, integers, steps or components.  

Brief description of the drawings 

[29] The invention will be described below by way of example with reference to 

the attached figures. There is shown in schematic representation in: 

Fig. 1 a track maintenance machine in a side view 

Fig. 2 measuring devices during curve travel in a top view 

Fig. 3 arrangement with measuring trolley in curve travel 

Fig. 4 image of the measuring objects 

Fig. 5 image with position change of the measuring objects 

Fig. 6 central measuring device 

Fig. 7 image of the measuring objects with position-dependent pattern
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Fig. 8 image with position change of the measuring objects with position

dependent pattern 

Fig. 9 pattern recognition of a position-dependent pattern 

Fig. 10 position-dependent pattern with detected position change 

Fig. 11 image of two shadowing objects in front of a light source 

Fig. 12 image with position change of the shadowing objects
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Description of the embodiments 

[30] The track maintenance machine 1 in Fig. 1 is configured as a track tamping 

machine and mobile on rails 2 of a track 3. A machine frame 4 of the track 

maintenance machine 1 is supported on on-track undercarriages 5 and 

carries tamping units 6 and a lifting-lining unit 7 as working units. Other track 

maintenance machines, such as cleaning machines or dynamic track 

stabilizers, are also suited for the system according to the invention.  

[31] Two outer measuring devices 9 and 10, with respect to the longitudinal 

direction 8 of the track 3, are arranged on the track maintenance machine 1.  

The front measuring device 10, as seen in the working direction, comprises a 

measuring object 11 in the form of a flat light source. The luminous area of 

this light source faces a camera 12 which is attached on the rear measuring 

device 9.  

[32] Arranged between the two outer measuring devices 9, 10 is a central 

measuring device 13. Fastened to the latter in immediate proximity to the 

tamping unit 6 is a further measuring object 14. This is a geometrically 

characteristic extension which, as a shadowing object, covers a part of the 

light source against the camera 12. This is, for example, a rod or punched 

sheet metal. By means of the additional measuring object 14, the position of 

the track 3 at this point is detected so that the track position fixed here by 

means of the tamping units 6 can be adjusted to a prescribed target track 

position.  

[33] In the first example of embodiment, measuring devices 9, 10, 13 are shown 

which are designed contact-free with regard to the track 3 (Figs. 1, 2). In this, 

each measuring device 9, 10, 13 comprises a position measuring system 15 

for measuring the position of the rails 2 relative to the measuring devices 9, 

10, 13. The respective position measuring system 15 comprises, for 

example, a laser line scanner or another known optoelectronic sensor for 

each rail 2.  

[34] With this, successive cross-sectional profiles of the respective rail 2 with 

reference to a coordinate system of the measuring device 9, 10, 13 are 

detected during forward travel of the track maintenance machine 1. From
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this, a position model of the particular rail 2 emerges by means of which the 

coordinates of defined measuring points 16 are determined. For each 

measuring device 9, 10, 13, the measuring points 16 are intersection points 

of a reference plane 17, extending perpendicularly to the rails 2, and the 

theoretical running edge of the respective rail 2 (at the inner contour 14mm 

below the upper rail edge).  

[35] For computing the measuring point coordinates, the system comprises a 

computer as evaluation device 18 which is arranged in a control room of the 

track maintenance machine 1, for example, and connected via a bus system 

to the measuring devices 9, 10, 13. In this, synchronization times are 

prescribed which enable a chronological matching of the measuring results.  

[36] For computing the measuring point coordinates, the geometric relationships 

of the track maintenance machine 1 are used in addition to the measuring 

results. The evaluation is simplified if the measuring devices 9, 10, 13 are 

always aligned perpendicularly to the rails. In a simple manner, this takes 

place by arranging the outer measuring devices 9, 10 on a bogie frame of the 

respective undercarriage 5.  

[37] The camera 12 has a recording area 19 which is defined by camera 

parameters such as lens focal length and image sensor size. In addition, a 

selected lens aperture determines the depth of field within the recording area 

19. The camera 12 is pointed in the direction of the two measuring objects 

11, 14. These are thus arranged in the recording area 19 of the camera 12.  

[38] In Fig. 2, the three measuring devices 9, 10, 13 are shown during travel in a 

curve. In this embodiment, the rear and the central measuring device 9, 13 

keep their position relative to the machine frame 4. The front measuring 

device 10 is designed to be laterally displaceable with respect to a mount 20, 

so that the two measuring objects 11, 14 remain aligned on a common axis 

21 with respect to the camera 12. To that end, for example, a spindle drive is 

provided which tracks the outer measuring object 11 by means of regulating 

during curve travel. Alternatively, the measuring device 10 can also be 

displaceable with respect to the machine frame 4. The displacement path is 

used for computation of the coordinates of the measuring points 16.
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[39] The position measuring system 15 can be omitted if the respective 

measuring device 9, 10, 13 is designed as a measuring trolley and guided on 

the track 3 by means of wheels 22 (Fig. 3). During this, the wheels 22 have to 

be pressed laterally against the rails 2, so that the respective measuring 

device 9, 10, 13 has a distinct position relative to the rails 2. In this case, the 

computation of the coordinates can be carried out in a simpler way since the 

evaluation of the position measuring system 15 is omitted. However, the 

maintenance expense increases as a result of the moving components.  

[40] For operation in tight curves, the camera 12 and the outer measuring object 

11 are arranged to be laterally displaceable. Due to this controlled tracking, 

the two measuring objects 11, 14 and the camera 12 remain aligned on a 

common axis 21. To that end, the camera 12 and the outer measuring object 

11 are each guided on a mount 20 and displaceable by means of an 

adjustment drive. In this embodiment, the measuring devices 9, 10, 13 are 

connected to the track maintenance machine 1 via a respective articulated 

suspension.  

[41] A targeted pivoting of the camera 12 can also be useful in order to keep the 

measuring objects 11, 14 in a central viewing axis 37. When computing the 

coordinates of the measuring points 16, the corresponding horizontal and/or 

vertical pivoting angle is then also taken into account. Otherwise it is 

sufficient to also include the detected displacement paths of the camera 12 or 

the measuring objects 11, 14 in the computation.  

[42] In Figures 4, 5, 7, 8, 11 and 12, examples of images 23 of the measuring 

objects 11, 14 taken by the camera 12 are shown. In this, the images 23 of 

Figs. 4 and 5 result from a system arrangement according to Fig. 2. The 

images 23 are evaluated by means of pattern recognition. For this, suitable 

camera systems and software solutions have long been known.  

[43] The position of the recognized measuring objects 11, 14 is determined by 

means of specified reference systems. As a rule, a first reference system 

with an x-coordinate axis xo, a y-coordinate axis yo and a coordinate origin Uo 

is defined for the camera 12 in the image sensor plane. The coordinates of all 

recognized elements are referenced to this first reference system.
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[44] Separate reference systems are provided for the position measuring systems 

15 for determining the positions of the measuring objects 11, 14 relative to 

the track 3. In particular, a second reference system with an x-coordinate 

axis xi, a y-coordinate axis yi and a coordinate center U1 is associated with 

the central measuring object 14 designed as a shadowing object. A third 

reference system having an x-coordinate axis X2, a y-coordinate axis y2 and a 

coordinate center U 2 is associated with the outer measuring object 14 

designed as a light source.  

[45] The measuring points 16 on the rails 2 are first detected in the associated 

reference system by means of the respective position measuring system 15 

and then transformed to the first reference system. During this, the z

coordinates of the measuring points 16 ensue also via the already known 

geometric relationships. For synchronization of the measuring results, a rail 

model formed by means of the position measuring systems 15 is used. This 

requirement is omitted if the measuring devices 9, 10, 13 are always aligned 

perpendicularly to the rails 2 and all measuring points 16 can be detected 

simultaneously.  

[46] In any case, a relative or absolute allocation of the measuring points 16 to 

geo-coordinates of the track 3 is useful. In this, the measuring point 

coordinates detected in the first reference system are transformed to a super

ordinate coordinate system of the track maintenance machine 1 or the track 

3. This super-ordinate coordinate system is defined in a known manner by 

means of an inertial measuring system, by means of a GNSS system and/or 

by means of fixed points mounted next to the track.  

[47] The image 23 in Fig. 4 results if the measuring devices 9, 10, 13 are 

arranged on a straight, level track 3 without twist. Then, the silhouette 24, 

arising from the shadowing, of the central measuring point 14 lies centered 

over the light surface 25 which is formed by the front measuring object 11.  

This is an example of an adjustment for an initial position. The silhouette 24 

and the light surface 25 can be evaluated as geometric shapes in the image 

by means of pattern recognition. To that end, as a rule, corner points or 

intersection points of edges of shapes and defined evaluation lines are 

recognized and set in relation to one another.
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[48] The recognizability of the measuring objects 11, 14 is facilitated if these 

include redundant elements. This is obvious in the case of the silhouette 24, 

produced by means of a cross-shaped shadowing object, with its 12 

geometrically arranged corner points. But also the square light surface 25 

remains recognizable if a corner is hidden, for example, by dust or by an 

obstacle 26 (Fig. 5). Such an obstacle 26 may be, for example, an 

undercarriage 5 which, in a curve, pushes itself partially between the camera 

12 and the measuring object 11.  

[49] Travel in a curve results in an image 23 according to Fig. 5. In this, there is 

usually a twisting and displacement of the measuring devices 9, 10, 13 

relative to one another. The twisting is caused by super-elevations or ramps 

in the track 3 which are detected by the present system. For determination of 

the lateral displacement, the light surface 25 of the outer measuring object 10 

is tracked laterally so that the center points of the light surface 25 and the 

silhouette 24 are always on a common vertical axis 26. In this, the distance 

between this axis 26 and the y-axis yo of the first reference system indicates 

the lateral displacement of the central measuring object 14. The lateral 

displacement of the front measuring object 11 additionally results from the 

displacement path of this measuring object 11 relative to the mount 20.  

[50] For determination of the twist, a tilt of the light surface 25 or the silhouette 24 

is evaluated. First, a first tilt angle a1 is recorded about which the silhouette 

24 is tilted in the image 23. A second tilt angle (2 indicates the amount of tilt 

of the light surface 25 in the image 23. Additionally, the measuring results of 

the position measuring systems 15 are evaluated. From this, the twist values 

of the track 3 are computed by means of the evaluation device 18.  

[51] The vertical positions of the track 3 and the two rails 2 are also detected by 

evaluation of the positions of the light surface 25 and the silhouette 24 in the 

images 23 as well as the position machine frame system 15. In particular, the 

displacements of the measuring objects 11, 14 in the y-direction and the 

transformed coordinates of the measuring points 16 yield the vertical level 

values for the rails 2. If the respective measuring device 9, 10, 13 is a 

measuring trolley guided on the rails, then the level values are determined 

from the displacement values and tilt values of the measuring objects 11, 14.
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[52] Shown in Fig. 6 is the central measuring device 13 in a front view. This 

measuring device 13 is favourably connected to the lifting-lining unit 7 or to a 

tamping unit frame. In this manner, the measuring device 13 follows the 

lateral movement during travel in a curve, or a shifting of the track by means 

of the lifting-lining unit 7.  

[53] The measuring device 13 is designed contact-less with regard to the rails 2 

and therefore comprises a position measuring system 15. In this, a laser line 

scanner is directed at each rail, for example, in order to detect the position 

coordinates of measuring points 16 in the reference system of the measuring 

device 13. Favourably, the origin of this reference system is the center point 

of the measuring object 14 which is mounted on a transverse beam 28 of the 

measuring device 13.  

[54] By evaluation of the measuring results of the position measuring system 15 

and the above-described position determination of the measuring object 14 

relative to the camera 12, the super-elevation 29 of the outer rail 2 versus the 

inner rail 2 is determined.  

[55] A tracking of the outer measuring object 11 for determining the lateral 

displacement can be omitted if a characteristic pattern 30 is attached to the 

measuring object 11. Corresponding images 23 are shown in Figures 7 and 

8. In this, for example, the y-axis yo of the first reference system forms an 

evaluation line 31 by means of which the lateral position of the recorded 

pattern 30 is determined.  

[56] In this, the recorded image section is selected in such a way that always only 

a part of the pattern 30 is detected and evaluated. For that reason, a wide 

light source is arranged as measuring object 11 which projects laterally 

beyond the image section. Favourably, the pattern 30 is arranged in an area 

of the light source which is not shadowed by the central measuring object 14.  

In this, it can also be useful to arrange several cameras 12 in order to adapt 

the recording area 19. This also goes for other variants of embodiment of the 

invention.  

[57] The central measuring object 14 also may have a characteristic pattern 30 for 

detection of a position change. For example, geometric shapes are stamped 

into the measuring object 14 designed as a sheet metal part, so that the light
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source of the front measuring object 11 shines through. This can be so-called 

fiducial markers which can be identified by means of pattern recognition and 

image evaluation.  

[58] If both measuring objects 11, 14 have a characteristic pattern 30, unintended 

swivelling motions of the camera 12 can be recognized immediately. That is 

because the measuring objects 11, 14 move in the same direction, taking into 

account the distance relationship. Such an evaluation is then not interpreted 

as motion of the measuring objects 11, 14, but as a swivelling motion of the 

camera 12.  

[59] Other undesired interferences, like vibrations, can be filtered out with a 

correspondingly high frame rate. In this, the frame rate must be so high that 

the motions, occurring as a result of the vibrations, of the objects recorded in 

the images are transparent. In addition, it may be useful to provide a camera 

system with integrated image stabilization.  

[60] In another embodiment, the central measuring object 14 is configured having 

self-luminous elements. In this, for example, light-emitting diodes are 

arranged in a characteristic way which can be detected well by means of the 

camera 12. This enhances the image recognition under difficult ambient 

conditions, for example at night or in the case of heavy dust formation.  

[61] A simple evaluation is present if the characteristic pattern 30 has a triangle 

32 (Figs. 9, 10). In this, in a neutral position of the system, one side of the 

triangle 32 is oriented horizontally. Above and below the triangle 32, 

horizontal lines 33 are additionally arranged to detect a tilting of the pattern 

30.  

[62] Detection of the pattern 30 is described with reference to Figures 9 and 10. In 

this, the edge of the image 23 recorded by the camera 12 is shown in dashed 

lines. In the middle of the image 23, the central evaluation line 31 is 

arranged. Further evaluation lines 34 are provided to the left and right 

thereof. The evaluation lines 31, 34 are used for pattern recognition in that, 

by means of a suitable image evaluation software, intersection points of 

these evaluation lines 31, 34 with edges of the triangle 32 and with lines 33 

are searched. Recognized points 35 are indicated in the Figures 9 and 10 by 

small squares.
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[63] Such a representation serves not only for further image evaluation, but also 

for adjustment of the system by operating personnel. To that end, the 

computer is connected to a control panel and a monitor. In addition, further 

programs are implemented in the computer besides the pattern recognition 

and image evaluation software. For example, the detected position 

coordinates of the measuring points 16 are processed for machine control 

and stored in a data memory for archiving and documentation.  

[64] On the basis of the recognized points 35, a height 36 of the triangle 32 is 

determined and stored as a characteristic value for the present lateral 

position of the pattern 30. A corresponding evaluation scheme is realized in 

the pattern recognition and image evaluation software. Other shapes such as 

diamonds or trapezes are also suitable for the evaluation method.  

[65] For determining a position change of the pattern 30, a pattern recognition 

and image evaluation takes place again in an updated image 23 (Fig. 10). A 

tilting of the pattern 30 shows up on the basis of the points 35 recognized 

along the parallel lines 30. With this it is also possible to convert the detected 

height 36 of the triangle 32 to a value which corresponds to the non-tilted 

triangle 32. This value is representative of the updated lateral position of the 

pattern 30.  

[66] The discussed embodiments represent only a few of the variants covered by 

the invention. For example, in a further variant of the invention, more than 

two measuring objects 11, 14 are arranged to record further position data.  

With three measuring objects, a so-called four-point measurement can be 

carried out, wherein the coordinates of the measuring objects and the 

camera 12 are evaluated. For example, two shadowing objects and a 

positionally detected light source or three shadowing objects are arranged.  

With this in particular, sinking of the track 3 can be detected.  

[67] Figures 11 and 12 show images 23 of two measuring objects 11, 14, 

designed as shadowing objects, which stand out as pattern 38, 39 from a 

background illumination 40. To that end, a light source is arranged behind the 

two shadowing objects, as seen from the camera 12. This light source does 

not need to have characteristic features for pattern recognition.
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[68] Only the shadowing objects have a characteristic shape, wherein one 

shadowing object can be attached directly on a luminous surface of the light 

source. Both shadowing objects may also be arranged at a distance from the 

light source, wherein the distances between the shadowing objects and the 

camera 12 are used for position determination.  

[69] In Fig. 11, a neutral position of the shadowing objects is shown. Each 

shadowing object produces a cross-shaped pattern 38, 39. The positions of 

the coordinate origins U1, U 2 and the orientation of the crosses are 

recognized by means of pattern recognition. In the case of a change in 

position, the changed positions of the coordinate origins U1, U 2 and the 

changed orientation of the crosses are recognized, and a computation of the 

new coordinates of the measuring objects 11, 14 takes place.
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The claims defining the invention are as follows: 

1. A system for surveying a track, comprising - with regard to the longitudinal 

direction of the track - two outer measuring devices and a central measuring device 

arranged therebetween, wherein each measuring device has a specific position 

relative to the track in order to detect geometric track parameters, wherein the one 

outer measuring device comprises a camera with a recording area, which is defined 

by track parameters such as lens focal length and image sensor size, wherein a 

selected lens aperture of the camera determines the depth of field within the 

recording area, wherein a measuring object of the other outer measuring device and 

a measuring object of the central measuring device are arranged in the recording 

area, and wherein the camera is connected to an evaluation device for pattern 

recognition, and wherein the evaluation device is a computer in which a pattern 

recognition and image evaluation software are implemented to recognize by means 

of pattern recognition, the measuring objects and to determine the position thereof 

relative to one another and with respect to an image section of the camera.  

2. A system according to claim 1, wherein the measuring object of the other outer 

measuring device is designed as a light source, and wherein the measuring object 

of the central measuring device is designed as a shadowing object which shadows a 

part of the light source against the camera.  

3. A system according to claim 1, wherein both measuring objects are designed 

as shadowing objects, each shadowing a part of a light source against the camera.  

4. A system according to any one of claims 1 to 3, wherein a further measuring 

object is arranged in the recording area of the camera.  

5. A system according to any one of claims 1 to 4, wherein at least one 

measuring object comprises luminescent elements.



17 

6. A system according to any one of claims 1 to 5, wherein at least one 

measuring object or the camera is designed to be displaceable and/or pivotable in a 

mount of the associated measuring device.  

7. A system according to any one of claims 1 to 6, wherein the measuring objects 

and the camera are each arranged on a measuring trolley mobile on the track.  

8. A system according to any one of claims 1 to 7, wherein the system comprises 

a track maintenance machine on which the measuring devices are arranged.  

9. A system according to claim 8, wherein a position measuring system is 

associated with at least one measuring device, by means of which the position 

relative to the track can be determined.  

10. A method of operating a system according to any one of claims 1 to 9, wherein 

the system is moved along the track and wherein, during this, the changes in 

position of the measuring objects are determined by means of an evaluation of the 

images of the measuring objects recorded by means of the camera wherein by 

means of pattern recognition and image evaluation software implemented in the 

computer, the measuring objects are recognized and the position thereof relative to 

one another with respect to an image section of the camera is determined.  

11. A method according to claim 10, wherein a characteristic vibration frequency 

is specified for the system, and wherein for the camera a frame rate is specified 

which is at least double the characteristic vibration frequency.  

12. A method according to claim 10 or 11, wherein at least one measuring object 

or the camera is displaced and/or swivelled during travel in a curve.
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13. A method according to any one of claims 10 to 12, wherein a pattern, affixed 

to a measuring object, is recorded by means of the camera, wherein the image of 

said pattern changes in a characteristic way when the position of the pattern 

changes.  

14. A method according to any one of claims 10 to 13, wherein a working unit of a 

track maintenance machine is controlled in dependence on the detected position of 

a measuring object.  

15. A method according to any one of claims 10 to 14, wherein at least the 

position of one measuring object or the camera with respect to the track is detected 

in a contact-free manner by means of a position measuring system.
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