ARRANGEMENT FOR MEASURING TRACK SECTJONS FOR THE
PURPOSE OF MAINTAINING RAILWAY TRACKS

The invention is directed to an arrangement for marking gnd measuring track sections
for the purpose of maintaining railroad tracks, particularly in the area of switches, crossovers,

curves, and other sections of track that are susceptible to wegf.

Measurements of track for defermini'ng maintenanc£ arcas are performed in a variety
of ways in the art through optical, capacitive, and eddy cjfrrent measurements. In this
connection, automa’ted measurement by measuring traigfs is usually notv sufficiently precise
for wear-critical areas to directly control exact work Wy work machinery (grinding machines
or tamping machines). Therefore, there is a need fof performing exact in situ measurement of
“work areas in track maintenance not only in a relif ly reprodubib]e manner but also so as to
be closely linked to the work machine as far as gossible. Computer-assisied measuring
apjjara‘ttlses in current use have so far not beeyf reproducible with sufficient precision —
particularly for complicated track areas sucl / as curves or S»vitclles — with respect to the
p051110n of'a work area when a work machyne travels over the tlack area mpeatcdly and the
work must always be resumed exactly atf detel mined location (determined beforehand by

rail profile measuring equipment).

A measuring device which 1 -keé it possible to check the slaAl'e of railroad track in
track sections such as cuxved areasfis described in DE 3210015 (,2 This is a hand-held
measuring devme for measuring ,-']e lateral pOSJuon and height pnsmon of railroad track
which uses two reference chol(“{; which are constructed as mpods whmh can be setup na
stationary manner at a d_e;ﬁne 'dlstanc;e from one another and have spmt levels, sighting
optics and stad_fa rods, and | as a stahd base having a cfésspiece for deploying on both rails.
'ThiSAmcasuring device mgasures t'hé i14a(;k position over long distances along a large chdrd of
the curve arc and, in ordfr to verify the measurement positions and the track position that is
found in this way, further req’uires referenée {o fixed points (e.g., overhead Jine masts) which
must be specified byfthe rail network operator. This does not allow track- positions to be
freely determined vorresponding to the ascertained state of the track for maintenance of the

track section.




Another measuring device for inspecting rails, particularly switghes, is known from
EP 1548 400 Al. In this case, the rail spacing is detected by a laser ¢fstance sensor, an
optical waveguide which projects the laser beam on the point to be pheasured, and a CCD

receiver at the location to be measured.

Apart from the fact that the measuring device mentionedfabove uses optical sensors
and, for this reason alone, is not suitable for use in work machyfnery such as grinding
machines, EP 1 548 400 Al discloses with regard to determihing and recognizing the
individual measuring points (which can lie at a distance off2 to 5 mm) that these measuring
points are recorded along the distances traveled, which afe transmitted to a rotary encoder by
the running wheels of the measuring device, and the mgasuring points are correlated with the
measurements taken at the measuring points: This defermination of measurement positions is
not 1'ép1'0ducjble with exactitude due to slippage, pgiticularly back-and-forth movements in
the curve area, so that the correlation is unsatisfagtory for controlling the locations where a .
work machine is put to use. Further, the rotary gncoders present systematic errors which
cause an accumulation of errors through wheg shppage during every forward and backward

movement in the work area.

- While visual detectability is desirgble for non-contacting detection of positions;
soiling caused by the work machinery ir lﬁail‘s position detection of the measuring points so
that visual methods cannot be employ d in direct combination with work machinery (e.g., rail
grinding machines). Consequently, £ measuring device for finding measurement locations |
which have been determined befor thand by rail proﬁﬁle measuring equipment as defective
sections of rail or which are defi ed by rules peﬁainihg to me'asdring or machining must be
designed in such a way that it 1: capable of reliably and repr oduclbly collecting posmon data

alongthe track which carinot b be falmﬁcd by ambient conditions:
Therefovre, i iS'the. "jeCI c)f the invention to find a novel possibility for marking and
measuring track sections 61‘ the' purpése of maimaining railroad tracks which allows track
sections which are suscfptible to wear, e.g., curves and switches, to be determined reliably
and accurately with r¢gspect to position, also in dnect cooperation with work machmuy,
without requiring fof this purpose that rail work be halted for measurement or that working

and measurement pe disjointed in some other way.

In an arphngement for marking and measuring track sections for the purpose of

maintaining rgfilroad tracks in which means are provided for optical acquisition of measuring
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points, the above-stated object is met according to the invention in that g sensor unit for
detecting measuring points located next to a rail has at least two indepgndent detector units
measuring in a non-contacting manner based on different measuremefht principles, wherein
one measurement principle makes use of an optical sensor having gpectrally selective
sensitivity and a second measurement principle makes use of an jfentification detector for
individual identification of measuring points, in that the measuying points have at least two
legs as angle elements, wherein a first, vertically oriented legAs detachably fastened to the
rail, and are provided at a second, horizontally oriented leg pvith a coating emitting in a
narrow spectral band for the spectrally selective sensor anfl with an identification value
carrier for the identification detector, and in that the sengor unit is so arranged at a device
which can travel on lracks that the independent detectgl units are guided parallel to the rail in
the same direction oryver the' measuring points with th£ movement of the device which can

travel on tracks.

The sensor unit is advantageously constrjicted so as to be vertically swivelable
transverse to the rail.

Further, the sensor unit can usefully pe arranged so as to be displaceable transverse to
the rail in order to adapt it to rail gauge and orientation of the measuring points with respect
to the rail.

~ A sénsor unit for cachrail is agiantagcously provided at the device which can travel
on tracks, the sensor units being arrafiged opposite one another in transverse direction with *
respect to the track. = - '

The measuring points ar_véd:visa'blry detachably fastened to the rail by mecans of a
permanent magnéi and are preferably. arranged on the outer side or inner side of the web of -
the rail. V

In this connection, /i is possible in case of a grooved rail to arrange the measuring
points al the guard rail of at the guide rail of a track.

The measuring/points are preferably provided with a luminescent layer as a coating
which emits in a nargdw band. In this variant, the sensor unit advantageously comprises a
spectrally selectivefsensor for luminescent light which is adapted to the emission wavelength

range of the lumihescent layer.
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Second, the measuring points are advisably provided with an idehtification tag in the
form of a RFID chip. For this embodiment, the sensor unit advisably fomprises a radio wave

transducer for reading the RFID Chip..

In an advantageous manner, the device which can travel oyf tracks and serves to fasten
the sensor unit is a work machine from the group comprising raif grinding machines or rail

lamping machines. However, it can also simply be a measurinf; vehicle.

The invention is premised on the basic consideration/that the known rail measuring
devices define the defermined defective areas either outsidg of and independently from the
stretch of track by way of fixed points (e.g., masts) or reguire optical detection of fine ~
measuring marks (é.g,, barcodes or the like) at the tracl{ and determine the position indirectly
by means of wheel-driven rotary encoders. -In both ¢fses, the customary soiling caused by
work performed on the rails (e.g., grinding) impairyoptical or mechanical position
measurement, although the latter is indispensible for accurately acquiri.ng measurement

values.

This problerﬁ is solved in the inventiof through the use of suitable marking elements
(hereinaflter: measuring points) which are pgsitioned temporarily. or for longer periods of time
at or in lhervicinit‘y of the railroad tracks ghd whose characteristics are so constituted that 'tvhey
can be detected and acquired with suffi v ’ént accuracy actively or passively in a non-.

contacting manner by a measuring sysfem which is fastened directly to a railborne vehicle. -

The invention comprises a cgmbination of specially fabricated measuring points and

an accompanying sensor unit havifig multiple sensitivity.

The entire _measuring sy ein for a section of track to be worked on has a plurality of
"movable” measuring points v/ tich are preferably fastened in a detachable manner directly to
a lateral surface of the 1a11 wEb by means of a permanent magnet. The méasuring points are |
designed in such 271;‘way tha vljhey can -alsb easily be fastened to the guard rail (check rail) so

that they can also be used in closed track (embedded track in street construction). .

In s‘d doing, th¢ positions of the merasuring points are determined based on the
measurement logs offa rail profile measuring device previously employed in the section of
track or in cohforn ty withvan established rule governing measurement or work, and the
measu'ring points ére arranged at the locations which diétvvi‘hguish the starling point and end
point of one or fnore work areas, e.g., for a work machine (grinding machine or tamping

machine).



According to the invention, the measuring points are detectable py means of a sensor
unit based on at least two qualitatively different measurement principl€s, the sensor unit
being guided along at a device moving on the track. An additional lfnk to and transmission to

a GPS is possible by means of simple modifications.

Two non-contact measurement principles are preferably fised in conjunction for
detection, one of which makes use of an optical principle havifig the lowest possible
susceptibility to faults and .using spectrally sensitive marker Alyes (based on
photoluminescence), while the other measurement }-)1'incipl is one based on radio waves,
magnetism or capacitance and allows coding (ID tag). Bpth pliinciples can operate actively as

well as passively, but at least one active principle is adyisably used for the ID tag.

~ With respect to the optical principle, a floresgbnt dye which is sufficiently activated
by daylight or by the work Ii g]ﬁing of a work machfne is preferably detected by a spectrally
sensitive optical sensor which is adjusted to the efnission wavrelengths of the fluorescent dye.
In this way, position detection is ensured and cghfusion or ambiguities in connection with

other reflective objects 1s eliminated.

The measuring point is preferably opftfitted with a RFID chip (radio frequency
ldentlﬁCdllOD chip). ‘This serves to identiffy the optically detected measuring point and
‘constitutes the "counter” or the classific ,tlon of the work areas (which can also be "non- WOl]\

ar@as“-) of the section of track to be mafntained.

By meaxls'of the invention aga combination of two different rﬁcasurement methods
applied to sﬁitably clésiglled measyring points (marking elements), it is possibl.e to.impleme_m '
marking and measurement.of segtions of track for the purpose of maintaining railroad tracks
so as to allow a 1ehab]e and pof monally accurate determination of sections of track which are
susceptlble to wem also in d rect coopers ation with work machmew without 1cqulrmg for
~ this purpose that rail w_ork d halted for measurement or that wmkmg and measurement be
disjointed in some other yay. Aé a result ofth sensor system according to the invention, the |
position of all of the mehsuring points and the correct sequence thereof are d‘elel_'xhined
~ definitively, ambiguitfes are eliminated, and accuracy of repetition is reproducible over a

plurality of passageg/(exclusion of wheel slippage).

- The invenjfon will be described more fully in thefollowing with refercnce to

embodiment exginples. The drawings show:

“schematic diagram of a measuring point at a Vignoles rail;




Fig. 2 arrangement of the measuring points in the area of a spvitch (with

Crossover);
Fig. 3 arrangement of the measuring points in the area of a switch (no crossover);
Fig. 4 side view of a work machine with fasfening of the sensor unit in the rear;
Fig. 5 front view of a work machine with swivelabl# sensor unit;
Fig. 6 front view of a work machine with displacgable sensor unit, fastening on

the outside (Vignoles rail);

Fig. 7 front view of a work machine with displaceable sensor unit, fastening on

the jnside (grooved rail};

Fig. 8 front view of a work machine with/displaceable sensor unit, fastening on

the inside (on the grooved rail);

Fig. 9 schematic diagram of a measufing point with a grooved rail in the
encasement area having a mggnet which is constructed as the shorter leg of

_the angle element for fastefling the measuring point;

Fig. 10 illustration of the principle of operation of measuring point detection for the
' direct control of the w , 'k machine based on the acquired measuring points;

and

Fig. 11 - illustration of the pfinciple of operation of measuring point detection for
~ data acquisition ghd data processing of work machines using GPS. 1
As is shown schematicallf in Fig. 1, the basic arrangement according to the invention

comprises a measuring point 3fvhichis detachably arranged at a rail 1 (shown in a

conventionalized manner as A-':\/i‘gnol’es,rail). A sensor unit 2 fastened to a work machine 8 is
guided over thcrmcasuring» jdint 3. The sensor unit 2 éomprises two iridependem detector
units which arc based on fifferent p’fihc,iple‘s[ .

The first detectgr unit is an optical-sensor I which can capture spectrally selective
radiation within a limfied reception range (e.g., having a diameter of 2 cm at a distance of up
to 25 cm) and whiclf is ad] usted to a radiation emitted by the measuring i)oim 3 in a narrow

spectral band,

The secgnd detector unit is designed for a defined ID tag and is preferably an active

radio wave trghsducer 1T which can read the programmed value of a RFID chip 6. Tts range is



designed for approximately 10 to 30 ¢cm and is limited to a transmissionfreception cone

having approximately the same dimensions.

The measuring point 3 suited to this sensor unit 2 comprisesfan angle element 4 (e.g.,

made of a metal such as steel, stainless steel, brass, or the like, a sfable plastic or composite
such as CRP, GRP, ARP, or SRP, or other durable, dimensional}y stable materials). The
angle element 4 has at least two Jegs, a permanent magnet 7 bging fastened to or recessed into
a shorter 41 of the two ]egé, and a luminescent layer 5 (prefefably of fluorescent or
phosphorescent material) being arranged on the upper sideff a longer leg 42. The outer side
of the fong leg 42 is directed upward toward the sensor upiit 2. Further, the RFID chip 6
which contains the ID tag and can be read out by the raflio wave transducer 11 1s arranged at
the long leg 42 of the ‘anglc clement 4. In spéciﬁc embodiments, short legs 41 can branch off
from both sides of the longv leg 41 resulting in a T-shaped angle element 43 (as is shown in

Fig. 5).
While the optical sensor | detects a veryfnarrow reception range (of about 6 to § cm),
preferably for detection of a fluorescent dye, #s luminescent layer 5, which is sufficiently
activated by.daylight-or by the work lightin bf the work machine 8 and therefore ensures
sufficient position detection, the radio waye transducer 11 is responsible ‘for identifying the
measuring point 3 and is, therefore, a de fector within the meaning of a "counter” or a '
classifier for interpreting the work are .for the work machine 8, which work area follows the
measuring point 3. For this purpose evéry measuring point 3 is outfitted with a RFID chip 6 -

in which a determined ID value is grogrammed.

‘The siﬁiplest "c"ounter” cgde consists in the alternating allocation of an 0/L code of the B
measuring points 3, where "0" '-c:lcn.tiﬁés the start position and "L" identifies the end position
for the individual’ work aréaé '{f the work machiner 8‘.

In case the section 'Fh‘ack which is to be maintained and in which the work machine
8 (repeatedly) travels ba and 'fortﬁ over the .section of track performing work has a plurality.
of work areas (and, the er'fore, a plurality of measuring points 3) or arcas comprising different
work steps, divergentfor expanded digital identifiers can be programmed in the RFID chip 6

for producing the ufambiguous assignment of measuring points 3.
The measyfring point 3 is preferably detected passively and actively by the sensor unit

2 which is movdd over the section of track with the work machine 8. Two non-contact

measuring meghods are employed jointly during detection so that an optical principle having



the lowest possible susceptibility to faults and using a coating (luminesgent layer 5) which
emits in a narrow spectral band for accurately determining the positioyf in the track is
combined with a radio wave transducer 11 which ascertains the uniqyely determined purpose
of the measuring point 3 and at the same time excludes the possibifity that an extraneous
signal detected by the optical sensor | can be further processed egfoneously as a measuring

point 3.

Alternatively, magnetic or capacitive measurement pyinciples can also be used for

detecting an 1D tag. -

Accordingly, as a result of the sensor system accgrding to the invention, the position
of all of the measuring points 3 and the correct sequenge thereof are determined definitively,
ambiguities are eliminated, and repetitive accuracy of measurernent point detection is

reproducible over a plurality of passages (exclusioy/of erroneous positions due to wheel
slippage). '
The measuring points 3 can be used forfifferent track markings, arranged and
rearranged as necessary and reused as often af required so that they can be used for
alterations and expansions (repair work) at fhe work sites or repeatedly between the latter and

always in a unambiguously assignable maf

The florescent coating (luminesy énl layer 5) can be restored directly on-site at the
construction site in case of surface day '1.age (soiling, mechanical influences) in a simple
mannel_"(e.g., by _ineaﬁs of :ﬂuoresce_ t spray paint). Therefore, the measuring points 3 are
resistant to \I:\'iear.pror\'f'iciﬁed 1haz thc: FID chip 6 is not damaged, and the signaisv of the
measuring points 3 zﬁ'e reprocluc:flé provided that the measuring points 3 are not acvcidently‘
displaced alohgit'l,ie 12111 1. |

The measuring pdih £ 3 are preferably produced as angle elements 4 having a width of
2t0 8 cm (preferably 4 cny vé_md have leg lengths between 2 and 6 cm (preferably 3 cm) for
the short leg 41 and 10 trx.20 cm (preferably 12 to 15 cm) for the long leg 42. In this
connection, the short ] g 4j can also be entirely or partially replaced by the permanent
: magnet.7, or two shoft legs 41 can bi'anch off from both sides of the long leg 42 resulting in a

T-shape.

Forthes fatial resolution of the position of the measuring points 3, a positioning

accuracy of 1 ¢fn can be maintained without difficulty — even when the width of the angle



element 4 is several centimeters — because it can be determined easily agfd accurately by

center detection or edge detection in the captured optical image of the fmeasuring point 3.

Since visual recognition (high-resolution point detection) is yinnecessary, normal »
soiling does not impair position detection of the measuring points p by the optical sensor 1.
However, in order to limit work soiling (e.g., grinding dust), air furrents can be introduced
additionally, preferably by means of nozzles (not shown), in the measuring gap between the
measuring point 3 and senéor unit 2. The measuring gap is bftween 10 cm and 30 cm,
optimally around 15 c¢m, in the aforementioned detection wplits (optical sensor I and radio

wave transducer II).

The entire measuring system for a section of trgtk to be worked on has a plurality of
"movable" measuring points 3 which are fastened terfiporarily to or in the vicinity of the
railroad tracks 1 in a simple manner; fastening is refiably carried out by means of a
permaﬁent magnet 7 directly at a side surfaée of the respective rail 1. I‘n order to be able to
use the measuring points 3 also in closed track gonstruction (embedded track), they are
desi gned in such a way that they can also be ffstened to the guard rail (cheek rail) without
difficulty. Fastening is preferably carried oyt at the outer side of the track as is shown in
Figs. 5and 6. HoWe;ver, there is a wide v ety of special track sections whiéh require - -
arrangement at the inner side of the trac or also at a guard rail (check rail) or a guide rail as

is shown in Figs. 7 and 8.

The management of an arran ément of the type described above is shown in Figs. 2
and 3. For the séke of clarity, only/the different measuring point§ 3'in the track area of a
switch are shown. ' -

Before the track is wor ed on by the work machine 8, defined work areas-are
determined in certain sectionf of track based on previously determined rail wear conditions or
on prescribed work 1as_ks, id the measuring points 3 are positioned ina con"csponding: :
manner. The positions a read-in by means of the sensor unit 2, and the data is processed,

stored and made availaffle for the automatic control of the work machine 8.

Fig. 2 shows ifTerent work areas during track maintenance in a section of track
having a switch whfch is set to cross over to the left (section turning S). In this case,
measuring point ositions 01 to 11, 11, to 21, and 2L to 3L, are to be detected at the left-hand

rail 1 as work afeas B and C, while sections OR to IR, IR to 2R, and 3R to 4R at the right-




hand rail 1 are work areas and section 2R to 3R at the right-hand rail 1 if an area A without

work.

The individual work areas of the section of track shown in tlfe drawing can be

specified as follows:

A - area without work (through-travel only)
B - area with some work (switch section)

C - area with continuous work on the rail surface (grinding of a.complete section).

' In Fig. 3, the route with straight travel T (no crossgver) is adjusted by the switch.
This results in areas OL to 1L, 1L to 2L, and 3L to 4L agfactive work areas B and C. On the
right-hand rail 1, the head of the rail 1 is to be workedfipon only partially (area B) in the area
of the switch in section L1 to L2, while work is suspgnded between 2L and 3L (passive work
area), i.c., the grinding elements (not shown) of th¢/work machine 8 are at a safe distance
‘from the rail 1 so that the switch is not damaged./In measuring point position 3L, the work
resumes and is carried out until position 4L. Oyl the right-band rail 1, the rail head is
completely reworked in the sections from OR o 1R and 2R to 3R, while it is only partially -

worked between measuring positions 1R andl 2R.

- This manner of work can be repegfed as often as required for each rail 1; it does not
Vmatte'r whether the work machine 8 wit {the sensor unit 2 travels over the area forward or
bzfckv{/ard, since the measuring points A guarantee an unambiguous assignment ofpositi()n '
and area. o x

This method of point-exacf control of the work machine § can be applied in any
section of track, particularly als _ 'in'side switches. In so doing, danger spots, i.e., locations
which may not be damaged, a ’marked and a flawless workin'grof the rail 1 is carried out in
that the sensor unit 2 de}trects he positioh exactly. The exact and unmistakable detection of
measuring p'oirits,3 also allpws work to be carried out on a plurality of successive switches of .

any shape.

Ina Side view ¢ff the work machine 8, Fig. 4 shows that the sensor unit 2 is arranged
in the front or rear arfa of the work machine 8. A view of a front/rear area of the work
machine 8, correspgndingly offset by 90° in'Fig. 3, shdws that when measuring points 3 are
arrangéd on the 0 tér side of the track the detector units T and 11 (optical sensor | and radio
wave transduceyf 11) are advantageously constructed as swivelable sensor unit 21 so as to keep

the latter safelf away from the measuring and working operations of the work machine 8,
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preferably in a housing niche (not shown), e.g., when the work machine 8 is moved from one

construction site to the next.

Further, Fig. 5 shows another preferred embodiment form offhe measuring points 3 in
which T-shaped angle elements 43 are fitted to the outer side of thf web of the rail 1. In so
doing, the short legs 41 fitted to the web can also be formed by tjie permanent magnet 7 in

that the long leg 42 is glued directly to the permanent magnet

Figs. 6 and 7 show a preférred embodiment of the inyention in which the detector
units I and 11 are conétructed as sensor unit 22 which is digplaceable transverse to the track
direction. Fig. 6 shows the position of the displaceable sgnsor unit 22 moved out along a
crosspiecé 9 for detéct_ing measuring points 3 arranged bn the outer side of the rails 1, while
Fig. 7 shows the moved in position for measuring pojts 3 fastened to the inner side at a
groove rail 11. In the latter fastening, the guard rai}f(check rail) is used for arranging the

measuring point 3 by means of the magnet 7 (notAhown here for the sake of simplicity).

Fig. 8 shows a similar situation in whicyf a section of track in embedded construction
makes an 'arx'angemént of the ﬁleasuring poin £ 3 at the guard rail (chéck rail) of the grooved
rail 11 mandatory, since no other fastening possibilities are available. Because of the
confined spacé conditions commonly fou [d next (o the grom)ed rail 11, 1t is sometimes

necessary to adapt the shape of the meaghiring point 3.

This type of modification of the measuring point 3 is shown in the enlarged view in
Fig. 9. In this case, the measuring pbint 3 is modified in such a way that it preferably lies
directly on the road support const Action (encasement aréa 12) and is fixed by frictional

engagement at the guard rail of_'_'é_grooved rail 11 by the permanent magnet 7.

Figs. 10 and 11 show ,.-i'schemvatic» diagram of the operziting mode of detection of

measuring points 3 as a .d‘at firansfer schema for direct control of the work machine 8 and for
the integration of the acqu"réd data'using a GPS. The signals acquired from the measuring
points 3 by means of the, ,_srensof units 2 are sent in a suitable manner via an interface to a
computer unit (PLC) if which they are further processed 1n order td carry out specific work

steps directly in the Jork machine 8. In Fig. 11, in which the acquisition of measurement

data is the same, a jhodem is connected downstream of the PLC so that the data (coordinates

of the measuring foints 3 and measured values) is supplied in a retrievable manner via
satellite to otheyflocations around the world (in a suitable manner via the Internct to a remote

station havingfthe corresponding access data).
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Reference Numerals

1
11
12
22
II
31
41

42
43

oW o>

w2

u, v, w travel direction

rail (conventionalized Vignoles rail)
grooved rail

encasement arca

sensor unit

swivelable sensor unit

displaceable sensor unit

optical sensor

radio wave transducer

measuring point

measuring point for encasement area
angle element

short leg

long leg

T-shaped angle element
luminescent layer
RFID chip

permanent magnet
work machine
crosspiece (for displacing th féeﬁsor unit)
non-work area : »
area with so_mé‘work (on fhe rail head)

area with c’ontinuo-us w fr“k (on the rail head)
section with tum—dff [ ' . ’

straight section
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Patent Claims

1. Arrangement for marking and measuring track sectiofs for the purpose of
maintaining railroad tracks, wherein means are provided for optica)fdetection of measuring
points, characterized in that a sensor unit (2) for detecting measuying points (3) located next
to a rail (1) has at least two independent detector units (I, 1) mghsuring in a non-contacting
manner based on different. measurement principles, whercin gfic measurement principle

makes use of an optical sensor (1) having spectrally selectivg sensitivity and a second

measurément principle makes use of an identification deteftor (11) for individual
identification of measuring points (3), the measuring pojhts (3) have at least two legs (41, 42)
as angle élements (4), wherein a first, vertically orient¢d leg (41) is detachably fastened to the
rail (1), and are proVided at a second, horizontally orfented leg (42) with a coating (5)
emitting in a narrow spectral band for the spectrally selective sensor (1) and with an

: idéntiﬁ‘cation value carrier (6) for the identificatign detector (11), and the sensor unit (2) is so
arranged ét a device (8) which cén travel on tragks that the independent detector units (1, 1)
are guided parallel to the rail (1) in the same ghrection over the measuring points (3) with the

movement of the device (8) which can travef on tracks.

Arrangement according tofelaim 1, characterized in that the sensor unit (2) is

o

constructed as sensor unit (21) which 1 /swivelable vertically transverse to the rail (1).

3. . Arrangement accordifig to claim 1, characterized in that the sensor unit (2) is
arranged so as to be ‘dis»jjlaé'e_abl,_e tghnsverse to the rail (1) in order to adapt it 1o rail gauge and

orientation of the measuring poipfts (3) with respect to the rail (1).

4. . Apangement a‘»éqrclin‘g to claim 1, characterized in that a sensor unit (2) for
each rail (1) is provided at tife device (8) which can travel on tracks, wherein the sensor units

(2) are arranged opposite ghe another in transverse direction with respect to the track. -

5. Arrange ient according to claim 1, characterized in that the measuring points

(3) are detachably fasfened {0 the rail (1) by means of a permanent magnet (7).

‘ghgement according 1o claim 5, characterized in that the measuring points

(3) are arranged gt the web of the rail (1).



7. Arrangement according to claim 5, characterized in that jhe measuring points

(3) are arranged at the guard rail of a grooved rail (11).

8. Arrangement according to claim 5, characterized in jhat the measuring points

(3) are arranged at a guide rail of the track.

9. . Arrangement according to claim 1, characterizedl in that the measuring points

(3) are provided with a luminescent layer (5) as a coating whfch emits in a narrow band.

7 10.  Arrangement according to claim 9, charactgrized in that the sensor unit (2)
comprises a spectrally selective sensor (I) for luminescepit light which is adapted to the -

emission wavelength range of the luminescent layer (

11. Arrangement according to claim 1, gharacterized in that the measuring points

(3) are provided with a RFID chip (6) as identificAtion value carrier.

12. Arrangement according to clainf 11, characterized in that the sensor unit (2)

compriseé a radio wave transducer (II) for reAding the RFID chip (6).

13. . Arrangement according to £laim 1, characterized in that the device which can
travel on tracks for fastening of the sens, T unit (2) is a work machine (8) from the group

comprising rail grinding machines or tAmping machines.

14. A'n'angement accordfng to claim 13, characterized in that the device which can

——

travel on tracks is a measuring veficle.
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ARRANGEMENT FOR MEASURING
SECTIONS OF TRACK FOR THE PURPOSI
OF MAINTAINING RAILROAD TRACKS

The present application claims priority from German
Patent Application Nos. IDE 10 2011 017 134.7 filed on Apr.
10, 2011, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTIOIN

1. Field of the Invention

The invention is directed to an arrangement for marking
and measuring sections of track for the purpose of maintain-
ing railroad tracks, particularly in the area of switches, cross-
overs, curves, and other sections of track that are susceptible
to wear.

2. Description of Related Axt

Measurements of track for determining maintenance areas
are performed in a variety of ways in the art through optical,
capacitive, and eddy current measurements. In this connec-
tion, automated measurement by measuring trains is usually
not sufficiently precise for wear-critical areas to directly con-
trol exact work by work machinery (grinding machines or
tamping machines). Therefore, there is a need for performing
exact in situ measurement of work areas in track maintenance
not only in a reliably reproducible manner but also so as to be
closely linked to the work machine as far as possible. Com-
puter-assisted measuring apparatuses in current use have so
far not been reproducible with sufficient precision—particu-
larly for complicated track areas such as curves or switches—
with respect to the position of a work area when a work .
machine travels over the track area repeatedly and the work
must always be resumed exactly at a determined location
(determined beforehand by rail profile measuring equip-
ment).

A measuring device which makes it possible to checl the
state of railroad track in track sections such as curved areas is
described in IDE 32 10 015 C2. This is a hand-held measuring
device for measuring the lateral position and height position
of railroad track which uses two reference chords, which are
constructed as tripods which can be set up in a stationary
manner at a defined distance from one another and have spirit
levels, sighting optics and stadia rods, and has a stand base
having a crosspiece for deploying on both rails. This measur-
ing device measures. the track position over long distances
along a large chord of the curve arc and, in. order to verify the
measurement positions and the track position that is found in
this way, further requires reference to fixed points (e.g., over-
head line masts) which must be specified by the rail network
operator. This does not allow track positions to be freely
determined corresponding to the ascertained state of the track
for maintenance of the track section.

Another measuring device for inspecting rails, particularly
switches, is knownfrom EP 1 548 400 A 1l. In this case, the rail
spacing is detected by a laser distance sensor, an optical
waveguide which projects the laser beamm on the point to be
measured, and a CCID receiver at the location to be measured.

Apart from the fact that the measuring device mentioned
above uses optical sensors and, for this reason alone, is not
suitable for wuse in work machinery such as grinding
machines, EP 1 548 400 A1l discloses with regard to deter-
mining and recognizing the individual measuring points
(which can lie at a distance of 2 to 5 mm) that these measuring
points are recorded along the distances traveled, which are
transmitted to a rotary encoder by the running wheels of the
measuring device, and the measuring points are correlated
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with the measurements taken at the measuring points. This
determination of measurement positions is not reproducible
with exactitude due to slippage, particularly back-and-forth
movements in the curve area, so that the correlation is unsat-
isfactory for controlling the locations where a work machine
is put to use. Further, the rotary encoders present systematic
errors which cause an accumulation of errors through wheel
slippage during every forward and backward movement inthe
work area.

While visual detectability is desirable for non-contacting
detection of positions, soiling caused by the work machinery
impairs position detection of the measuring points so that
visual methods cannot be employed in direct combination
with work machinery (e.g., rail grinding machines). Conse-
quently, a measuring device for finding measurement loca-
tions which have been determined beforehand by rail profile
measuring equipment as defective sections of rail or which
are defined by rules pertaining to measuring or machining
must be designed in such a way that it is capable of reliably
and reproducibly collecting position data along the track
which cannot be falsified by ambient conditions.

SUMMARY OF THE INVENTION

Therefore, it is the object of the invention to find a novel
possibility for marking and measuring sections of track for
the purpose of maintaining railroad tracks which allows track
sections which are susceptible to wear (e.g., curves and
switches) to be determined reliably and accurately with
respect to position, also in direct cooperation with work
machinery, without requiring for this purpose that rail work
beé halted for measurement or that working and measurement
be disjointed in some other way.

In an arrangement for marking and measuring sections of
track for the purpose of maintaining railroad tracks in which
means are provided for optical acquisition of measuring
points, the above-stated object is met according to the inmven-
tion in that a sensor unit for detecting measuring points
located next to a rail has at least two independent detector
units measuring in a non-contacting manner based on differ-
ent measurement principles, wherein one measurement prin-
ciple makes use of an optical sensor having spectrally selec-
tive sensitivity and a second measurement principle makes

‘use ol an identification detector for individual identification
of measuring points, in that the measuring points have at least
two legs as angle elements, wherein a first, vertically oriented
leg is detachably fastened to the rail, and are provided at a
second, horizontally oriented leg with a coating emitting in a
narrow spectral band for the spectrally selective sensor and
with an identification wvalue carrier for the identification
detector, and in that the sensor unit is so arranged at a device
which can travel on tracks that the independent detector units
are guided parallel to the rail in the same direction over the
measuring points with the movement of the device which can
travel on tracks.

The sensor unit is advantageously constructed so as to be
vertically swivelable transverse to the rail.

Further, the sensor unit can usefully be arranged so as to be
displaceable transverse to the rail in order to adapt it to rail
gauge and orientation of the measuring points with respect to
the rail.

A sensor unit for each rail is advantageously provided at
the device which can travel on tracks, the sensor units being
arranged opposite one another in transverse direction with
respect 1o the track.
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The measuring points are advisably detachably fastened to
the rail by means of a permanent magnet and are preferably
arranged on the outer side or inner side of the web of the rail.

In this connection, it is possible in case of a grooved rail to
arrange the measuring points at the guard rail or at the guide
rail of a track.

The measuring points are preferably provided with a Iuimi-
nescent layer as a coating which emits in a narrow band. In
this variant, the sensor unit advantageously comprises a spec-
trally selective sensor for luminescent light which is adapted
to the emission wavelength range of the luminescent layer.

Second, the measuring points are advisably provided with
an identification tag in the form of a RFIID chip. For this
embodiment, the sensor unit advisably comprises a radio
frequency transducer for reading the RFID chip.

In an advantageous manner, the device which can travel on
tracks and serves to fasten the sensor unit is-a work machine
from the group comprising rail grinding machines or rail
tamping machines. However, it can also simply be a measur-
ing vehicle.

'I‘he invention is premised on the basic consideration that
the knowmn rail measuring devices define the determined
defective areas either outside of and independently from the
stretch of track by way of fixed points (e.g., masts) or require
optical detection of fine measuring marks (e.g., barcodes or
the like) at the track and determine the position indirectly by
means of wheel-driven rotary encoders. In both cases, the
customary soiling caused by work performed on the rails
(e.g., grinding) impairs Opth’l] or mechanical position mea-
surement, although the latter is indispensable for accurately
acquiring measurement values.

This problem is solved in the invention through the use of
suitable marking elements (hereinafter: measuring points)
which are positioned temporarily or for longer periods of timme
at or in the vicinity of the railroad tracks and whose charac-
teristics are so constituted that they can be detected and
acquired with sufficient accuracy Ctlve]y or pa 551ve]y in a
non-contacting manner by a measuring system which is fas-
tened directly to a railborne vehicle. .

The invention comprises a combination of specially fabri-
cated measuring points and an flcn,onlpﬁnylno sensor unit
having multiple sensitivity.

The entire measuring system for a section of track to be
worked on has a plurality of “movable’ measuring points
which are preferably fastened in a detachable manner directly
to a lateral surface of the rail web by means of a permanent
magnet. The measuring points are designed . in such a way that
they can also easily be fastened to the guard rail (check rail) so
that they can also be used in closed track (embedded track in
street construction).

In so doing, the positions ol the 1n‘easuri11g, points arc
determined based on the measurement logs of a rail profile
measuring device previously employed in the section of track
or in conformity with an established rale governing measure-
ment or work, and the measuring points are arranged at the
locations which distinguish the starting point and end point of
one or more work areas (e.g., for a work machine such as a
grinding machine or a tamping machine).

Accordlng to the invention, the measuring points are
detectable by means of a sensor unit based on at least two
qualitatively different measurement principles, the sensor
unit being guided along at a device moving on the track. An
additional link to and transmission to a GPS is possible by
means of simple modifications.

Two non-contact measurement principles are preferably
used in conjunction for detection, one of which nlal\(,b use of
an optical principle having the lowest possible susceptibility



4

to faults and using spectrally sensitive marker dyes (based on
photoluminescence), while the other measurement principle
is one based on radio waves, magnetism or capacitance and
allows coding (IID tag). Both principles can operate actively
as well as passively, but at least one active principle is advis-
ably used for the 1ID tag.

With respect to the optical principle, a florescent dye which
is sufficiently activated by daylight or by the work lighting of
a work machine is preferably detected by a spectrally sensi-
tive optical sensor which is adjusted to the emission wave-
lengths of the fluorescent dye. In this way, position detection
is ensured and confusion or ambiguities in connection with
other reflective objects is eliminated.

The measuring point is preferably outfitted with a RFIID
chip (radio frequency identification chip). This serves to iden-
tify the optically detected measuring point and constitutes the
“counter” or the classification of the work areas (which can
also be “non-work areas”) of the section of track to be main-
tained.

By means of the invention as a combination of two differ-
ent measurement methods applied to suitably designed mea-
suring points (marking elements), it is possible to implement
marking and rmmeasurement of sections of track for the purpose
of maintaining railroad tracks so as to allow a reliable and
positionally accurate determination of sections of track which
are susceptible to wear, also in direct cooperation with worlk
machinery, without requiring for this purpose that rail work
be halted for measurement or that working and measurement
be disjointed in some other way. As a result of the sensor
system according to the invention, the position of all of the
measuring points and the correct sequence thereof are deter-
mined definitively, ambiguities are eliminated, and accuracy
of repetition is reproducible over a plurality of passages (ex-
clusion of wheel slippage).

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows a schematic diagram of a measuring point at
a Vignoles rail;

F1G. 2 shows an arrangement ofthe measuring points in the
area of a switch (with crossover);

F1G. 3 shows an arrangement ofthe measuring points in the
area of a switch (no crossover);

FIG. 4 shows a side view ofa work machine with fastening
of the sensor unit in the mat;

F1G. 5 shows a front view of a work machine with swivel-
able sensor unit; :

FI1G. 6 shows a front view of a work machine with displace-
able sensor unit, fastening on the outside (Vignoles rail);

FIG. 7 shows a front view of a work machine with displace-
able sensor unit, fastening on the inside (grooved rail);

F1G. 8 shows a front view of a work machine with displace-
able sensor unit, fastening on the inside (on the grooved rail);

F1G. 9 shows a schematic diagram of a measuring point
with a grooved rail in the encasement area having a magnet
whichis constructed as the shorter leg ofthe angle element for
fastening the measuring point;

FIG. 10 shows an illustration of the principle of operation
ofmeasuring point detection for the direct control of the work
machine based on the acquired measuring points; and

FIG. 11 shows an 1llustration of the principle of operation
of measuring point detection for data acquisition and data
processing of work machines using GPS.

DETAILED DESCRIPTION OF EMBODIMENTS

Itis to be understood that the figures and descriptions of the
present invention have been simplified to illustrate clements
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that are relevant for a clear understanding of the present
invention, while eliminating, for purposes of clarity, many
other elements which are conventional in this art. Those of
ordinary skill in the art will recognize that other elements are
desirable for implementing the present invention. FHlowever,
because such elements are well known in the art, and because
they do not facilitate a better understanding of the present
invention, a discussion of such elements is not provided
herein.

The present invention will now be described in detail on the
basis of exemplary embodiments.

Asis shown schematically in FIG. 1, the basic arrangement
according to the invention comprises a measuring point 3
which is detachably arranged at a rail 1 (shown in a conven-
tionalized manner as a Vignoles rail). A sensor unit 2 fastened
to a work machine 8 is guided over the measuring point 3. The
sensor unit 2 comprises two independent detector units which
are based on different principles.

The first detector unit is an optical sensor I which can
capture spectrally selective radiation within a limited recep-
tion range (e.g., having a diameter of 2 cm at a distance of up
to 25 cm) and which is adjusted to a radiation emitted by the
measuring point 3 in a narrow spectral band.

The second detector unit is designed for a defined 1D tag
and is preferably an active radio frequency transducer 11
which can read the programmed value of a RFIID chip 6. Its
range is designed for approximately 10 to 30 cm and is limited
to a transmission/reception cone having approximately the
same dimensions.

The measuring point 3 suited to this sensor unit 2 com-
prises an angle element 4 (e.g., made of a metal such as steel,
stainless steel, brass, or the like, a stable plastic or composite
such as CRP, GRP, ARP, or SRP, or other durable, dimension-
ally stable materials). The angle element 4 has at least two
legs, a permanent magnet 7 being fastened to or recessed into
a shorter 41 of the two legs, and a luminescent layer 5 (pref-
erably of fluorescent or phosphorescent material) being
arranged on the upper side of a longer leg 42. The outer side
of the long leg 42 is directed upward toward the sensor unit 2.
Further, the RFID chip 6 which contains the IID tag and can be
read out by the radio frequency transducer 11 is arranged at the
long leg 42 of the angle element 4. In specific embodiments,
short legs 41 can branch off from both sides of the long leg 41
resulting in a T-shaped angle element 43 (as is shovwn in FIG.
5). :
While the optical sensor I detects a very narrow reception
range (of about.6 to 8 cm), preferably for detection of a
fluorescent dye, as luminescent layer 5, which is sufficiently
activated by daylight or by the work lighting of the work
machine 8 and therefore ensures sufficient position detection,
the radio frequency transducer 11 is responsible for identify-
ing the measuring point 3 and is, therefore, a detector within
the meaning of a ““counter’ or a classifier for interpreting the
work area for the work machine 8, which work area follows
the measuring point 3. For this purpose, every measuring
point 3 is outfitted with a RFID chip 6 in which a determined
1D value 1s programmed.

The simplest ““counter’ code consists in the alternating
allocation of an O/LL code of the measuring points 3, where “*0””
identifies the start position and ““IL>7 identifies the end position
for the individual work areas of the work machine 8.

In case the section of track which is to be maintained and in
which the work machine 8 (repeatedly) travels back and forth
over the section of track performing work has a plurality of
work areas (and, therefore, a plurality of measuring points 3)
or areas comprising different work steps, divergent or
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expanded digital identifiers can be programmed in the RFIID
chip 6 for producing the unambiguous assignment of measur-
ing points 3.

The measuring point 3 is preferably detected passively and
actively by the sensor unit 2 which is moved over the section
ot track with the work machine 8. T'wo non-contact measuring
methods are employed jointly during detection so that an
optical principle having the lowest possible susceptibility to
faults and using a coating (Jluminescent layer 5) which emits
in a narrow spectral band for accurately determining the
position in the track is combined with a radio frequency
transducer 11 which ascertains the uniquely determined pur-
pose of the measuring point 3 and at the same time excludes
the possibility that an extraneous signal detected by the opti-
cal sensor I can be further processed erroneously as a mea-
suring point 3.

Aldternatively, magnetic or capacitive measurement prin-
ciples can also be used for detecting an 11D tag.

Accordingly, as a result of the sensor system according to
the invention, the position of all of the measuring points 3 and
the correct sequence thereof are determined definitively,
ambiguities are eliminated, and repetitive accuracy of mea-
surement point detection is reproducible over a plurality of
passages (exclusion of erronecus positions due to wheel slip-
page). ‘

The measuring points 3 can be used for different track
markings, arranged and rearranged as necessary, reused as
often as required and displaced if required so that they can be
used for alterations and expansions (repair work) at the work
sites or repeatedly between the latter and always in a unam-
biguously assignable manner.

The florescent coating (luminescent layer 5) can be
restored directly on-site at the construction site in case of
surface damage (soiling, mechanical influences) in a simple
manner (e.g., by means of fluorescent spray paint). Therefore,
the measuring points 3 are resistant to wear provided that the
RFID chip 6 is nor damaged, and the signals of the measuring
points 3 are reproducible provided that the measuring points
3 are not accidentally displaced along the rail 1.

The measuring points 3 are preferably produced as angle
elements 4 having a width of 2 to 8 cm (preferably 4 cm) and
have leg lengths between 2 and 6 cm (preferably 3 cm) for the
short leg 41 and 10 to 20 cm (preferably 12 to 15 cm) for the
long leg 42. In this connection, the short leg 41 can alsc be
entirely or partially replaced by the permanent magnet 7, or
two short legs 41 can branch off from both sides of the long
leg 42 rebultlng in a T-shape.

For the spatial resolution of the p051t1on of the measuring
points 3, a positioning accuracy of 1 cm can be maintained
without difficulty—even when the width of the angle element
4 is several centimeters—because it can be determined easily
and accurately by center detection or edge detection in the
captured optical image of the measuring point 3.

Since wvisual recognition (high-resolution point detection)
is unnecessary, normal soiling does not impair position detec-
tion of the measuring points 3 by the optical sensor 1. How-
ever, in order to limit work soiling (e.g.. grinding dust), air
currents can be introduced additionally, preferably by means
of nozzles (not shown), in the measuring gap between the
measuring point 3 and sensor unit 2. The measuring gap is
between 10 cm and 30 cm, optimally around 15 cm, in the
aforementioned detection units (optical sensor I and radio
frequency transducer 11).

The entire measuring system for a section of track to be
worked on has a plurality of ““movable” measuring points 3
which are fastened temporarily te or in the vicinity of the
railroad tracks 1 in a simple manner; fastening is reliably
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carried out by means of a permanent magnet 7 directly at a
side surface of the respective rail 1. In order to be able to use
the measuring points 3 also in closed track construction (em-
bedded track), they are designed in such a way that they can
also be fastened to the guard rail (check rail) without diffi-
culty. Fastening is preferably carried out at the outer side of
the track as is shown in FIGS. 5 and 6. However, there is a
wide variety of special track sections which require arrange-
ment at the inner side of the track or also at a guard rail (check
rail) or a guide rail as is shown in FIGS. 7 and 8.

The management of an arrangement of the type described
above is shown in FIGS!. 2 and 3. For the sake of clarity, only
the different measuring points 3 in the track area of a switch
are shown.

Before the track is worked on by the work machine 8,
defined work areas are determined in certain sections of track
based on previously determined rail wear conditions or on
prescribed work tasks, and the measuring points 3 are posi-
tioned in a corresponding manner. The positions areread in by
means of the sensor unit 2, and the data is processed, stored
and made awvailable for the automatic control of the work
machine 8.

FIG. 2 shows different work areas during track mainte-
nance in a section oftrack having a switch which is set to cross
over to the left (section turning S). In this case, measuring
point positions 0L to 1L, 1T to 2., and 2I. to 3L are to be
detected at the left-hand rail 1 as work arecas B and C, while
sections OR to 1R, TR to 2R, and 3R to 4R at the right-hand
rail 1 are work areas and section 2R to 3R atthe right-hand rail
1 is an area A without worlk.

The individual work areas of the section of track shown in
the drawing can be specified as follows:

- A—area without work (through-travel only)

B-—area with restricted work (switch section)

C—area with complete work on the rail surface (grinding

of a complete section).

In FIG. 3, the route with straight travel T (no crossover) is
adjusted by the switch. This results in areas OL to 1L, 11 to
2T., and 3L to 4L as active work areas which are areas with
restricted work B or areas with complete work C. On the
right-hand rail 1, the head of the rail 1 is to be worked upon
only partially (area B with restricted work) in the area of the
switch in section L1 to 1.2, while work is suspended between
2L, and 3L in an (passive) areca A without work (.e., the
grinding elements (not shown) of the work mmachine 8 are at a

safe distance from the rail 1 so that the switch is not dam-
aged). In measuring point position 3L, the work resumes and
is carried out until position 41.. On the right-hand rail 1, the
rail head is completely reworked in the sections from OR to 1R
and 2R to 3R, while it is only partially worked between
measuring positions 1R and 2R.

This manner of work can be repeated as often as required
for each rail 1; it does not matter whether the worlk mmachine 8
with the sensor unit 2 travels over the area forward or back-
ward, since the measuring points 3 guarantee an unambigu-
ous assignment of position and area.

This method of point-exact control”’of the work machine 8
can be applied in any section of track, particularly also inside
switches. In so doing, danger spots (di.e., locations which may
not be damaged) are marked and a flawless working ofthe rail
1 is carried out in that the sensor unit 2 detects the position
exactly. The exact and unmistakable detection of measuring,
points 3 also allows work to be carried out on a plurality of
successive switches ot any shape.

In a side view of the work machine 8, FI1G. 4 shows that the
sensor unit 2 is arranged in the front or rear area of the work
machine 8. A view of a front/rear area of the work machine 8,
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correspondingly offset by 90° in FIG. S, shows that when
measuring points 3 are arranged on the outer side of the track
the detector units I and 11 (optical sensor I and radio frequency
wransducer I1) are advantageously constructed as swivelable
sensor unit 21 so as to keep the latter safely away from the
measuring and working operations of the work machine 8,
preferab]y in a housing niche (not shown) (e.g:., when the
work machine 8 is moved from one construction site to the
next).

Further, FIG. S shows another preferred embodiment form
ot the measuring points 3 in which T-shaped angle elements
43 are fitted to the outer side of the web of the rail 1. In so
doing, the shortlegs 41 fitted to the web can also be formed by
the permanent magnet 7 in that the long leg 42 is glued
directly to the permanent magnet 7.

FIGS. 6 and 7 show a preferred embodiment of the inven-
tion in which the detector units I and II are constructed as
sensor unit 22 which is displaceable transverse to the track
direction. FIG. 6 shows the position of the displaceable sensor
unit 22 moved out along a crosspiece 9 for detecting measur-
ing points 3 arranged on the outer side of the rails 1, while
F1G. 7 shows the moved in position for measuring points 3
fastened to the inner side at a groove rail 11. In the latter
fastening, the guard rail (check rail) is used for arranging the
measuring point 3 by means of the magnet 7 (not shown here
for the sake of simplicity).

FI1G. 8 shows a similar situation in which a section oi traclk
in embedded construction makes an arrangement of the mea-
suring points 3 at the guard rail (check rail) ofthe grooved rail
11 mandatory, since no other fastening possibilities are avail-
able. Because of the confined space conditions comimonly
found next to the groovedrail 11, it is sometimes necessary to
adapt the shape of the measuring point 3. :

This type of modification ofthe measuring peint 3 1s shown
in the enlarged view in FIG. 9. In this case, the measuring
point 3 is modified in such a way that it preferably lies directly
on the road support construction (encasement arca 12) and is
fixed by frictional engagement at the guard rail of the grooved
rail 11 by the permanent magnet 7. :

FI1GS. 10 and 11 show a schematic diagram ofthe operating
mode of detection of measuring points 3 as a data transfer
schema for direct control of the work machine 8 and for the
integration of the acquired data using a GPS. The signals
acquired from the measuring points 3 by means of the sensor
units 2 are sent in a suitable manner via an interface to a

~computer unit (PLC) in which they are further processed in
order to carry out specific work steps directly in the work
nachine 8. In FI1G. 11, in which the acquisition of measure-
ment data is the same, a modem is connected downstream of
the PL.C so that the data (coordinates of the measuring points
3 and measured values) is supplied in a retrievable marnner via
satellite to other locations around the world (Gn a suitable
manner via the Internet to a remote station having the corre-
sponding access data).

While this invention has been described in conjunction
with the specific embodiments outlined above, it is evident
that many alternatives, modifications, and variations will be
apparent to those skilled in the art. Accordingly, the preflerred
embodiments of the invention as set forth above are intended
to be illustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the inventions
as defined in the following claims.

REFERENCE NUMERALS

1 rail (conventionalized Vignoles rail)
11 grooved rail



12 encasement area

2 sensor unit

21 swivelable sensor unit

22 displaceable sensor unit

I optical sensor

1T radio frequency transducer

3 measuring point

31 measuring point for encasement area

4 angle element

41 short leg

42 long leg

43 T-shaped angle element

5 luminescent layer

6 RFID chip

7 permanent magnet

8 work machine

9 crosspiece (for displacing the sensor unit)
A area without work (non-work area)

B area with restricted work (on the rail head)
C area with complete work (on the rail head)
S section with turn-otf

T straight section

u, v, w travel direction



10

What is claimed is: ,

1. An arrangement for marking and measuring sections of
track for the purpose of maintaining railroad tracks, compris-
ing:

means for optical detection of measuring points; and

a sensor unit for detecting measuring points which 1s con-

figured to be located next to a rail, the sensor unit includ-

ing:

an optical sensor having spectrally selective sensitivity,
where the optical sensor measures 1n a non-contact
manner; and :

an identification detector for individual identification of
measuring points, where the identification detector
measures in a non-contact manner;

wherein the measuring points include at least a first,
vertically oriented leg and a second, horizontally ori-
ented leg as angle elements;

wherein the first, vertically oriented leg 1s configured to
be detachably fastened to the rail;

wherein the second, horizontally oriented leg has a coat-
ing which emits in a narrow spectral band for the
spectrally selective sensor, and has an identification
value carrier for the identification detector;

wherein the sensor unit is arranged at a device configured

to travel on tracks, so that the optical sensor and the
identification detector are configured to be guided par-
allel to the rail in a same direction over the measuring,
points with a movement of the device.
2. An arrangement according to claim 1;
wherein the sensor unit is configured to be swivelable
vertically transverse to the rail.
3. The arrangement according to claim 1;
wherein the sensor unit is arranged so as to be displaceable
transverse to the rail in order to adapt the sensor unit to
rail gauge and orientation of the measuring points with
respect to the rail. '
4. The arrangement according to claim 1;
wherein a sensor unit for each rail i1s provided at the device
which can travel on tracks., so that the sensor units are
arranged opposite one another in a transverse direction
with respect to the track.
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5. The arrangement according to claim 1;

wherein the measuring points arc configured to be detach-
ably fastened to the rail by means of a permanent mag-
net.

6. The arrangement according to claim 5;

wherein the measuring points arc arranged at a web of the
rail.

7. The arrangement according to claim 1;

wherein the measuring points are arranged at a guard rail of
a grooved rail.

8. The arrangement according to claim 5;

wherein the measuring points are arranged at a guide rail of

~ the track.

9. The arrangement according to claim 1;

wherein the measuring points are provided with a lumines-
cent layer as a coating which emits in a narrow band.

10. The arrangement according to claim 9; :

the sensor unit comprises a spectrally selective sensor for
luminescent light which is adapted to the emission
wavelength range of the luminescent layer.

11. The arrangement according to claim 1;

wherein the measuring points wherein are provided with an
RFID chip as an identification value carrier.

12. The arrangement according to claim 11;

wherein the sensor unit comprises a radio frequency trans-
ducer for reading the RFID chip. :

13. The arrangement according to claim 1;

wherein the device which can travel on tracks i1s a work
machine selected from a group consisting of rail grind-
ing machines and tamping machines.

14. The arrangement according to claim 13;

wherein the device which can travel on tracks is a measur-
g vehicle.



