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CROSS REFERENCE TO RELATED APPLICATIONS

poo1] This application is a continuation-in-part of U.S. Application S/N

12/465,473, entitled, “SYSTEM AND METHOD FOR INSPECTING SURFACES
USING OPTICAL WAVELENGTH FILTERING, filed May 13, 2009, naming John

5 Nagle, Steven C. Orrell, Christopher Villar, and Charlic Aaron as inventors, which is a
continuation-in-part of US Application S/N 11/172,618, entitled, “SYSTEM AND
METHOD FOR INSPECTING RAILROAD TRACK, filed June 30, 2005 and naming

John Nagle, Christopher Villar and Steven Orrell as inventors, which is a non-provisional
application claiming benefit of U.S. Provisional Application S/N 60/584,769, also entitled,

10 “SYSTEM AND METHOD FOR INSPECTING RAILROAD TRACK, filed June 30,
2004, naming John Nagle and Steven C. Orrell as inventors, each being hereby

incorporated by reference in their entirety.

FIELD OF THE INVENTION
15 o021 The present invention relates generally to systems and methods for
inspecting railroad surfaces and, more particularly to systems and methods for determining

rail seat abrasion via the utilization of tilt correction algorithms.

BACKGROUND OF THE INVENTION
20 0o03] Railroads are generally constructed on a base layer of compacted, crushed
stone material. A layer of gravel ballast rests on top of this stone layer. Crossties are laid

in and on this ballast layer, and two parallel steel rails are attached to the crossties with
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fasteners. The majority of crossties in service are made of wood. Various other materials
are used such as concrete, steel, and composite or recycled material in the manufacture of
crossties.
oo4) The ties are normally paced on top of the track ballast. The remaining
5 construction differs slightly depending on the type of tic material useds. If wood ties are
used, tie plates are then placed on top of the ties. Rails are then placed on top of the tie
plates. The rails are then fastened to the ties through the use of spikes or bilts driven
through holes in the tic plates. When concrete ties are used, rails are placed on top of the
ties, with a thin polymer pad preventing direct contact between the steel and the concrete.
10 Steel clips are often used to fasten the rail to the tie. Additional track ballast is then used
to fill spaces between and around the ties to assist in anchoring.
0o0s] Normal railroad traffic causes friction between ties and rails, as well as rails
and spikes, bolts, screws, or clips, and the surface under the ties. Of particular concern is
friction at the point where the rail seats against the tie. Wear at this point, also known as
15 rail seat abrasion, directly impacts the life of the tiec by causing it to loosen from the rail.
In spite of the pads used between rails and concrete ties, rail seat abrasion remains a

continuing problem with concrete ties.

poos] When the rail seat wears, it affects the amount of tension on the fastener so

that the rail mounting force required to firmly affix it to the tie is not achieved. Should this

20 happen, the rail can slide against the tie, which increases the rate of abrasion. Rail slide
can also cause rail welds to pull apart, either from stress or from temperature

misalignments. Another concern with rail seat abrasion is that it increases the exposure of
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the surface of the ties to environmental conditions, further accelerating rail seat abrasion
and tie degradation. Additional causes or contributing factors to rail seat abrasion can
include manufacturing defects, temperature variation patterns, railroad arrangements, such

as curvature, grade, and banking, and the state of the pad used between rail and tie.

5 o071 Measurement has been conducted to monitor the wear of concrete ties,
either by direct manual measurement, or through the use of electronic devices installed
below individual railroad ties. All previous methods have proved either unreliable,
hazardous, labor-intensive, requiring extensive equipment installation, or having a major

impact on the availability of railroads to train traffic.

10 oos]  In view of the foregoing, the present invention is directed to overcoming, or
at least reducing the effects of, one or more of the problems set forth above, thereby
providing a system capable of predicting instances of rail track abrasion without the need
for hazardous and unreliable manual measurements or costly electronic measurement

devices.
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SUMMARY OF THE DISCLOSURE

oos] Exemplary systems and methods for determining rail seat abrasion of a rail
road track are disclosed. Embodiments of the disclosed system includes an inspection
system comprising lasers, cameras, and processors adapted to determine whether rail seat

5 abrasion is present along the track. The processor employs a mathematics based algorithm
which compensates for tilt encountered as the inspection system moves along the track.
po10] Exemplary methods of the present invention comprise the steps of moving
the inspection system along the track, receiving image data corresponding to the track,
determining measurements of the rail seat abrasion for various portions of the track,
10 wherein the measurements adjust for tilt encountered as the inspection system moves along
the track.

o111 By mounting measurement devices on the inspection vehicle that traverses
the track, taking precise measurements of the height of the rail and the tie, and adjusting
these measurements for any expected tilt encountered, instances of rail track abrasion can

15 be predicted without the need for hazardous raising of rails for unreliable and time-
consuming manual measurements, or for costly and labor intensive installation of
clectronic measurement devices under individual ties.

o121 The foregoing summary is not intended to summarize each potential

embodiment or every aspect of the subject matter of the present disclosure.
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20

BRIEF DESCRIPTION OF THE DRAWINGS

o131 The foregoing summary, preferred embodiments, and other aspects of the
subject matter of the present disclosure will be best understood with reference to a detailed
description of specific embodiments, which follows, when read in conjunction with the
accompanying drawings, in which:

o141  Figure 1 schematically illustrates an embodiment of the disclosed inspection
System.

po1s]  Figure 2 illustrates a portion of an embodiment of a system for inspecting
railroad track according to certain teachings of the present disclosure.

o16]  Figure 3 illustrates an example frame of a portion of railroad track obtained
with the disclosed inspection system.

o177  Figures 4A-4C illustrate example frames of railroad track obtained with the
disclosed inspection system for determining the spacing between the crossties.

po18) Figure 5 illustrates an example frame of railroad track obtained with the
disclosed inspection system for determining the angle of the crosstic with respect to the
rail.

po19]  Figures 6A-6C illustrate example frames of railroad track obtained with the
disclosed inspection system for determining a break or separation in the rail.

o201 Figures 7A-7B illustrate example frames of railroad track obtained with the

disclosed inspection system for determining wear of the rail.
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20

o211 Figure 8 illustrates an example frame of railroad track obtained with the
disclosed inspection system for determining defects in the crosstie, spacing of the rail, size
of the crossties, and ballast height relative to the crosstie.

o221 Figure 9 illustrates an example frame of railroad track obtained with the
disclosed inspection system for determining a raised spike.

o231  Figure 10 illustrates an example frame of railroad track obtained with the
disclosed inspection system for determining a missing tie plate.

00241 Figures 11 and 12 illustrate three-dimensional compilations of image data
obtained with the disclosed inspection system.

o2s) Figures 13 and 14 illustrate an alternate exemplary embodiment of the
present invention.

o26] Figure 15 illustrates an exemplary embodiment of a camera according to the
present invention.

00271 Figure 16 illustrates a graph plotting the energy of the sun’s solar radiation
at specific wavelengths according to an exemplary embodiment of the present invention.

po28) Figure 17 illustrates a profile image of a rail road track tilted according to
an exemplary embodiment of the present invention.

oo29] Figure 18 is a flow chart illustrating a method of determining rail seat
abrasion according to an exemplary embodiment of the present invention.

po3e] While the disclosed inspection system and associated methods are
susceptible to various modifications and alternative forms, specific embodiments thereof

have been shown by way of example in the drawings and are herein described in detail.
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The figures and written description are not intended to limit the scope of the disclosed
inventive concepts in any manner. Rather, the figures and written description are provided
to illustrate the disclosed inventive concepts to a person skilled in the art by reference to

particular embodiments, as required by 35 U.S.C. § 112.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

o311  Referring to Figures 1 and 2, an exemplary embodiment of a system 30 for
inspecting railroad track according to certain teachings of the present disclosure is
illustrated. In Figure 1, the disclosed inspection system 30 is schematically illustrated

5 relative to a railroad track. In Figure 2, a portion of the disclosed inspection system 30 is
illustrated in a perspective view relative to railroad track.

00321 As best shown in Figure 1, the exemplary disclosed inspection system 30
includes a light generator such as a laser 40, a device for receiving light reflected from the
area to be inspected such as a camera 50, and a processing device 60. In the

10 implementation shown in Figure 1, the disclosed inspection system 30 is used to survey the
track bed of a railroad track. Although the disclosed inspection system and associated
methods are described for use in inspecting railroad track, it will be appreciated with the
benefit of the present disclosure that the disclosed system and method can be used in other
areas and in industries where surfaces or components require inspection. For example, the

15 disclosed inspection system and method can be used to inspect roads, electrical lines,
piping, or other networks or systems.

0033 The track bed includes crossties 10, rails 12, tie plates 14, spikes 16, and
ballast 18. Briefly, the laser 40 projects a beam 42 of laser light at the track bed. The
beam 42 produces a projected line L, shown in Figure 2, on the track bed that follows the

20 contours of the surfaces and components of the track bed. The light receiver, camera 50,

captures an image of the line L of laser light 42 projected on the track bed. The camera 50

DM _US:22215352.v1
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sends the captured image to the processing device 60 for processing and analysis as
described in more detail below.

0034  As best shown in exemplary embodiment of Figure 2, pairs of lasers 40 and
cameras 50 are positioned above each one of the rails 12 of the track. The lasers 40 and

5 the cameras 50 can be assembled onto a rigid framework 32, which can be mounted on an
inspection vehicle (not shown) or other device moving along the track so as to maintain the
inspection system 30 in the proper position. Only a portion of the framework 32 is shown
in Figure 2 for simplicity. However, it is understood that other known components for the
framework 32 may be needed to mount the lasers 40 and the cameras 50 on an inspection

10 vehicle.

o35 In general, the inspection vehicle can be any suitable vehicle for traveling
along the railroad track. For example, a common practice in the art is to equip a normal
highway vehicle, such as a pick-up truck, with “hi-rail” gear mounted to the frame of the
vehicle. Hi-rail gear typically includes a set of undersized railroad stock wheels that allow

15 the highway vehicle to ride along the rails. In one embodiment, then, the framework 32 of
the disclosed inspection system 30 can be mounted in the bed of a pick-up truck having
“hi-rail” gear. Alternatively, the inspection vehicle can be maintenance of way (MoW)
equipment that is specifically designed for working along the railroad track. In addition,
the disclosed inspection system 30 can be mounted on a chassis that is towed by a vehicle

20 or can be mounted on a locomotive or freight car.

0o3s] As best shown in Figure 2, the lasers 40 project a beam 42 of light having a

predetermined angular spread . The angular spreads B of the two lasers 40 cover

10
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substantially the entire surface of the track bed. In this way, the lasers 40 produce a
projected line L that is substantially straight and extends substantially across the track bed.
Each laser 40 preferably produces a beam 42 having an angular spread  of about 60-
degrees and covers approximately one half of the track bed. Preferably, the lasers 40
5 project the beam 42 substantially perpendicular to the surface of the track. Alternatively, a
single laser could be used that is positioned such as to create the projected line L across the
track bed.
00377 In addition, the lasers 40 are preferably infrared lasers having 4-watts of
optical output and producing light at an infrared wavelength of about 810-nm. The
10 relatively high optical output of the lasers 40 helps reduce effects of ambient light so that
shielding is not necessary. A suitable laser for the disclosed inspection system 30 includes
a Magnum laser manufactured by Stocker Yale. The parameters described above for the
lasers 40 are preferred for inspecting the surface of a railroad track. However, those
ordinarily skilled in the art having the benefit of this disclosure realize the present
15 invention may be utilized to inspect a variety of other surfaces. Other implementations of
the disclosed inspection system 30 can use an alternate number of light sources as well as
different wavelengths, optical outputs, and angular spreads.
0038]  As best shown in Figure 2, the cameras 50 are positioned adjacent the lasers
40. As best shown in Figure 1, the cameras 50 are mounted at an angle 6 with respect to
20 the beam 42 of light projected from the lasers 40. In one embodiment, the cameras are
positioned at an angle 6 of about 60-degrees. As the disclosed inspection system 30 is

moved along the track, the cameras 50 capture an image or frame of the track bed at small,

11
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regular increments. Preferably, the cameras 50 are capable of a substantially high frame
rate, such as about 5405 frames per second.

o39] Each still image or frame captured by the cameras 50 is then filtered and
processed to isolate the contoured laser line L projected on the track bed. The cameras 50

5 are fitted with band-pass filters 52 that allow only the radiant energy substantially at the
preferred infrared wavelength of the lasers 40 to pass. Because the wavelength of the
lasers 40 is about 810-nm, the band-pass filters 52 of the cameras 50 can climinate
substantially all ambient light so that the camera 50 acquires a substantially clear, still
image of the projected line L of light from the lasers 40.

10 oos0] Each of the two cameras 50 send image data directly to the processing
device or computer 60 via wired or wireless transmission lines. Preferably, the camera 50
includes a processor 54 capable of converting or formatting the captured image of the
projected line L into a dimensional profile that is sent directly to the processing device or
computer 60. The ability of the camera 50 to process or format the captured image in this

15 way can eliminate the need for expensive post processors or high-speed frame grabbers. A
suitable camera for the disclosed inspection system 30 having such processing abilities
includes a Ranger M50 manufactured by IVP Integrated Vision Products, Inc.

o411  Among other common components, the processing device or computer 60
includes a microprocessor, inputs, outputs, and a data storage device 62. The data storage

20 device 62 can include a hard drive, a non-volatile storage medium, a flash memory, tape,
or CD-ROM. The processing device 60 can further include an input/display 68 for a track

inspector to input and review data and to operate the disclosed inspection system 30. The

12
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processing device 60 operates with suitable software programs for storing and analyzing
the various data obtained with the disclosed inspection system 30. For example, the
processing device 60 can have any suitable image processing software, such as Matrox
MIL, Common VisionBlox, Labview, eVision, Halcon, and IVP Ranger. For example, the
5 processing device 60 can have image processing tools known in the art for analyzing image
data from the cameras 50 such as Region of Interest (ROI) tools, filtering tools, blob tools,
edge finders, histogram tools, and others.
o421 To effectively process all of the data obtained with the disclosed inspection
system 30, the processing device 60 in a preferred embodiment includes a computer having
10 a fast processor, such as an Intel Pentium 4 processor capable of running at 2.8 GHz. To
effectively store all of the data obtained with the disclosed inspection system 30, the
storage device 62 preferably includes two large-capacity hard drives configured to use both
read/write mechanisms simultaneously as one drive, which is also known as a Redundant
Array of Independent Disks (RAID) system. The fast processor of the processing device
15 60 and the dual hard drives of the storage device 62 allow for sustained real-time storage of
the data obtained with the disclosed inspection system 30. In a preferred embodiment, the
power for the disclosed inspection system 30 can be provided by 110 V AC power from a
belt driven generator running directly off the engine of the inspection vehicle.
o431  With the beams 42 projected onto the irregular surface of the track and
20 viewed at an angle, the projected line L shown in Figure 2 follows the contours of the
surface and components of the track bed. An example image or frame showing the

projected line L of the track bed is shown in Figure 3. The image data or frame includes a

13
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plurality of pixels given X-Y coordinates and shows a contour of the track bed captured by
the cameras 50. Due to filtering and other image processing techniques known in the art,
the image includes two pixel values, where the dark pixels represent the contour of the
track bed. Every pixel of a given image data is given the same Z-coordinate, which

5 represents the particular position along the length of the track at which the image data was
captured. In this manner, a plurality of captured images produce a three-dimensional scan
of the track bed in which each image of the scan has X-Y coordinates showing the contour
of the track bed and has a Z-coordinate representing the particular position of the contour
along the length of rail.

10 o441 It is understood that the speed at which an image is captured is limited by
the width and height of the scanned area, the distance between the discrete still images, the
resolution of the still images, the maximum frame rate of the cameras 50, the processing
speed of the computer 60, and the write speed of the data storage device 62. For a railroad
application of the disclosed inspection system 30, one preferred example is spacing

15 between still images or frames captured by the cameras 50 of about 0.1-inch, a preferred
velocity of the inspection vehicle of about 30-mph, a preferred height of the scanned area
of approximately 10 inches, and a preferred width of the scanned area of about 10-feet
across the width of the track bed. To satisfy these preferred parameters, a camera system
capable of about 5405 frames per second and a computer system capable of processing and

20 recording at about 8.3 MPS is preferred. Each frame or image, such as shown in Figure 3,

may require about 1,536 bytes of storage. With a frame captured at about every 0.1-inches

14
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along the length of track, about 633,600 frames would be captured for one mile of track
and would require 0.973 gigabytes of storage space.

[oo4s]  Another embodiment and as shown in Figure 1, the disclosed inspection
system 30 may further include a Global Position System (GPS) receiver 64 for obtaining

5 geographical locations of the inspection vehicle when inspecting the railroad track. The
GPS receiver 64 can include any suitable GPS receiver known in the art for obtaining
geographical locations. For example, the GPS receiver 64 can be an independent,
commercially available unit mounted on the inspection vehicle and connected to the
processing device 60 with a suitable cable connection and input/output interface. The GPS

10 receiver 64 can obtain the geographical location using a differential or non-differential
GPS system. Techniques for obtaining substantially accurate location and time data with a
GPS receiver 64 are well known in the art and are not discussed further. The geographical
locations are sent to the processing device 60 and can be compiled with the image data of
the track bed.

15 o4  When the image data from the cameras 50 is recorded, the geographical
location of the frame can also be recorded. Eliminating a continuous stream of
geographical location data from the GPS receiver 64 to the computer 60 can free the
processor time available for capturing the image data with the processing device 60.
Therefore, the GPS receiver 64 preferably feeds data to an auxiliary module 65. The

20 auxiliary module 65 packages this data and sends the data to the processing device or
computer 60 when queried. In addition to obtaining geographical location data, the GPS

receiver 64 can obtain time data. Furthermore, the location and time data obtained with the
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GPS receiver 64 can be used to determine other variables, such as the speed of the

inspection vehicle, which can be used for various purposes disclosed herein. Thus, the

disclosed inspection system 30 can use data from the GPS receiver 64 to trigger the

cameras 50 to capture a still image of the track bed at about every 0.1-inches along the rail.

5 00477 In an alternative exemplary embodiment and as shown in Figure 1, the

disclosed inspection system 30 can include a distance device 66 for obtaining geographical

locations of the inspection vehicle when inspecting the rail. The distance device 66 can be

an encoder that counts wheel revolutions or partial revolutions as the inspection vehicle

moves along the rail or can be the existing odometer sensor on the inspection vehicle. The

10 distance device 66 can provide location data to the processing device 60. Using the

distance device 66, the disclosed inspection system 30 can trigger the cameras 50 to
capture a still image of the track bed at about every 0.1-inches along the rail.

o481 In another exemplary embodiment, the disclosed inspection system 30 can

capture still images of the track bed at or near the maximum frame rate of the cameras 50

15 without being triggered by the GPS receiver 64 or distance device 66. For example, the

cameras 50 and processing device 60 can operate at or near the maximum frame rate while

the inspection vehicle travels along the track. Using the known average width of a crosstie

10 or tie plate 14, the disclosed inspection system 30 can calculate the velocity of the

inspection vehicle. The disclosed system can then delete any extra frames to reduce data

20 storage so that the retained frames would have an approximate spacing of 0.1-inch. It is

understood that exact spacing of 0.1-inch may not always be possible, but the spacing will

be known and may be between 0.05” and 0.1”. In this embodiment, the same number of
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frames must be discarded between each retained frame on a given tie so that frame spacing
remains uniform. For example, if the tie plates are known to be 8-inches wide and 244
frames are captured for a specific tie plate, then two frames can be discarded between each
retained frame. If the entire set of frames were numbered 1 through 244, then the retained

5 frames would be those numbered: 1,4, 7, 10, ... 241, 244. The retained 82 frames would
have a calculated spacing of 0.098-inch.

[oo49]  Alternatively, the disclosed system could interpolate between any two
captured frames to create a new third frame at any desired location along the track. Some
frames could then be discarded to achieve the exact frame spacing desired.

10 poso]  After the disclosed inspection system 30 completes a survey of railroad
track, computer analysis of the image data is performed. The computer analysis can be
performed by the processing device or computer 60 located in the inspection vehicle.
Alternatively, the computer analysis can be performed by another computer system having
image processing software known in the art. The computer analysis searches the image

15 data and determines or detects locations along the track where defects occur or where
allowable tolerances of the railroad track are not maintained. For a particular
implementation, the computer analysis can be customized or changed. The geographic
locations of defects or unallowable tolerances can be provided so that appropriate repairs
can be made or maintenance work can be scheduled.

20 o511 A number of measurable aspects of the railroad track can be determined or
detected from the image data of the track bed obtained with the disclosed inspection

system and associated methods. In examples that follow, a number of such measurable
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aspects are discussed, and various techniques for analyzing the measurable aspects are
disclosed. It will be appreciated that these and other measurable aspects of the railroad
track can be determined or detected from the image data of the track bed obtained with the
disclosed inspection system. In addition, it will be appreciated that other techniques

5 known in the art for analyzing the image data can be used with the disclosed inspection
system and associated methods, and that surfaces other than railroad components may be
inspected. Accordingly, the disclosed inspection system and associated methods are not
intended to be limited to railroad inspection or the measurable aspects and particular
techniques described herein.

10 os2]  For clarity, Figures 11 and 12 illustrate example compilations of image data
obtained with the disclosed inspection system and associated methods. Figure 11 has a
plurality of compiled image data showing a portion of a crosstie, tic plate, and rail in a
perspective view. Figure 12 has a plurality of compiled image data showing a more
detailed perspective view. As can be seen in Figures 11-12, the compiled image data

15 forms a three-dimensional representation (X, Y, and Z) of the arca of the track bed. The
representation has substantial detail, and various aspects of the components of the track
bed can be measured. In Figures 11-12, for example, cracks or splits in the crosstie 10 are
visible. Also, the height of the crosstie 10 with respect to the ballast layer 18 is visible.
The orientation and heights of the tie plate 14 and rail 12 are visible. These and other

20 details can be obtained with the disclosed inspection system and associated methods as

described in more detail below.
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oos3s]  In one example, the spacing between crossties can be determined from the

plurality of image data. Referring to Figures 4A-4C, example frames of the track bed

obtained with the disclosed inspection system 30 are illustrated that can be used to

determine the spacing between the crossties 10. Figure 4A shows an end frame F1 having

5 a contour of a first crosstic 10 that is at position Z1 along the track. This end frame F1

may designate the last frame showing this crosstic 10. Figure 4B shows an intermediate

frame F2 captured some time after the end frame F1 and at a further position Z2 along the

track. This intermediate frame F2 lacks a crosstie because it designates a location between

crossties of the track. It is understood that a plurality of such intermediate frames will

10 follow the end frame F1 of Figure 4A. Figure 4C shows an end frame F3 having another

crosstie 10’ that is at further position Z3 along the track. Computer analysis can determine

the spacing between crossties 10 and 10” by, for example, first counting the number of

such intermediate frames F2 lacking a crosstie. This number of intermediate frames F2

can then be multiplied by the known spacing between frames (e.g., 0.1-inch) to calculate

15 the distance between crossties 10 and 10°. In this way, a substantially accurate

measurement between crossties of the track bed can be obtained without the need for a

track inspector to physically inspect the crossties. Instead, the image data that forms the
three-dimensional scan of the track bed is used.

os4)  Determining whether a frame has a crosstic or not can be performed by

20 imaging techniques known in the art. For example and as shown in Figure 4A-4C, the

contour of a crosstic 10 is expected in a region of interest R of the frames F1-F3.

Computer analysis can search the region of interest R of a frame for pixels indicating the
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presence of a crosstie. This can be done, for example, by averaging or summing the value
of pixels in the region of interest R. Because the contour of the crosstie is composed of
dark pixels, the region of interest R in a frame F1 having a crosstie 10 will have a greater
average or sum than the region R in an intermediate frame F2 lacking a crosstie.

5 oss)  In another example, the angles of the crossties with respect to the rail can be
determined from the image data. Referring to Figure 5, an example frame of railroad track
obtained with the disclosed inspection system is illustrated. The angular orientation of the
heads of the rails 12 can be represented by a line L1. The line L1 can be estimated, for
example, by best fit or curve fitting techniques known in the art. Similarly, the angular

10 orientation of the crosstie 10 can be represented by a line L2. The line L2 can also be
estimated, for example, by best fit or curve fitting techniques known in the art. These lines
L1 and L2 can be averaged from several of the frames along the Z-axis near the crosstie
10. Computer analysis can then determine the angular relation between these lines L1-1.2
to determine the angles of the ties with respect to rail. This condition would indicate either
15 worn rail or a plate cut condition on a wooden crosstie.
oose] In another example, a break in the rail can be determined from the image
data. Referring to Figures 6A-6C, example frames F1-F3 of railroad track obtained with
the disclosed inspection system are illustrated that can be used to determine the separation
of rail 12. Figure 6A shows an end frame F1 having an end of a first rail 12 that is at
20 position Z1 along the track. This end frame F1 designates the last frame showing this rail
12. Figure 6B shows an intermediate frame F2 captured some time after the end frame F1

and at a further position Z2 along the track. This intermediate frame F2 lacks a rail
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because it represents a location between rails of the track. It is understood that a plurality
of such intermediate frames F2 may follow the end frame F1 of Figure 6A. Figure 6C
shows another end frame F3 having another rail 12 that is at further position Z3 along the
track. Computer analysis can determine the spacing between the rails 12 and 12°, for
5 example, by first counting the number of intermediate frames F2 lacking a rail. This
number of intermediate frames F2 can then be multiplied by the known spacing between
frames (e.g., 0.1-inch) to calculate the distance between the rails 12 and 12°.
o571 Determining whether a frame has a rail 12 or not can be performed by
imaging techniques known in the art. For example and as shown in Figure 6A-6C, the
10 contour of a rail 12 is expected in a region of interest R of the frames F1-F3. Computer
analysis can search the region of interest R of a frame for pixels indicating the presence of
a rail contour. This can be done by averaging or summing the value of pixels in the region
of interest, for example. Because the contour of the rail is composed of dark pixels, the
region of interest R in a frame F1 having a rail 12 will have a greater average or sum than
15 the region R in a frame F2 lacking a crosstie.
ooss] In another example, the wear of the rails can be determined from the image
data. Referring to Figures 7A-7B, example frames F1-F2, of railroad track obtained with
the disclosed inspection system, are illustrated and can be used to determine wear of the
rail 12. Computer analysis can determine if a rail 12 has wear, for example, by
20 determining whether the distance between the contour of the rail 12 and a reference point
in a frame is less than the same distance in a prior frame. Figure 7A shows a frame F1

having rail 12 that is at a position Z1 along the track. The contour of the rail 12 lies within
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a region of interest R and at a level L along the Y-axis of the frame F1. The contour of rail
12 is above a reference level L2, which may be the height of a tie plate, a measurable
distance LD. As would be apparent to one of ordinary skill in the art having benefit of this
disclosure, reference L2 may be located at a number of reference points such as tie plates
5 14, spikes 16, or crossties 10, for example. Figure 7B shows another frame F2 at another
position Z2 along the track. At position Z2, the distance LD is less between the contour of
the rail 12 and level L2 than at position Z1. Thus, frame F2 may indicate wear of the rail
12 at the position Z2 along the track. As would be apparent to one of ordinary skill in the
art having benefit of this disclosure, rail wear could also be determined comparing frames

10 taken at different times, but at the same position along a track bed.
00591 In another example, the defects in the crossties 10 can be determined from
the image data. As shown in Figure 8, an example frame of railroad track obtained with
the disclosed inspection system is shown. Defects D and D’ are shown in the crosstie 10.
Computer analysis can detect if the crosstie 10 has a defect, for example, by determining
15 whether portions D of the contour of the cross tic lie outside a region of interest R or
whether portions D’ of the contour are absent within the region R. As is known, defects in
a crosstie can include cracks, splits, or breaks in the ties. Using the plurality of image data
near such a defect, computer analysis can determine the width and length of the defect.
For example and as seen in Figures 11-12, the plurality of image data can be used to
20 estimate the width W and length L of the crack shown in the edge of the crosstie. In some
instances, the computer analysis can determine the depth of the defect, for example, when

the orientation of the defect allows light from the laser to be projected within the defect
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and to be captured by the camera. In one embodiment, the angle between the laser and the
camera can be relatively small so that the light projecting into a recessed defect can still be
captured by the camera positioned almost parallel to the beam of laser light.
oso]  In another example, the spacing or gage of the rail or length of the crossties
5 can be determined from the image data. In Figure 8, an edge detecting technique known in
the art can be used to find edges of the rail contours 12 in the frame, and the distance W1
between the edges can be calculated to estimate the spacing of the rails 12. Similarly, an
edge detecting technique known in the art can be used to find edges of the crosstie contour
10 in the frame, and the distance W1 between the edges can be calculated to estimate the
10 width W2 of the crosstie 10.
pos1]  In another example, the height of ballast 18 relative to the crosstie 10 can be
determined from the image data. In Figure 8, a line fitting technique can determine the
level of the ballast 18 and the level of the crosstie 10, and the difference between these
levels can estimate the height Hp of the ballast 18 relative to the crosstic 10. In another
15 example, the scans of the railroad track can be used to determine the size of stones in the
ballast 18. This can be done by analyzing a region of interest having ballast 18 and
estimating sizes of the ballast stone using curvatures in the contour of the ballast 18.
oos2] In another example, raised spikes can be detected from the image data.
Referring to Figure 9, an example frame of railroad track obtained with the disclosed
20 inspection system is illustrated. To determine whether there is a raised spike, a region of
interest R can be analyzed to determine whether a portion of the contour representing a

raised spike 16 occur within the region R.
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0os3] In other examples, missing tie plates, misaligned tie plates, or sunken tie
plates can be detected from the image data. Referring to Figure 10, an example frame of
railroad track obtained with the disclosed inspection system is illustrated. The missing or
sunken tie plate can be detected, for example, by analyzing a region of interest R and
5 determining whether a portion of the contour representing a tie plate occurs or does not
occur within the region R. A misaligned tie plate can be determined by line fitting the
portion of the contour of the tie plate and comparing the orientation of the line to that of
the crosstie, for example.
os4]  In regards to Figure 13, an alternative exemplary embodiment of inspection
10 system 30 will now be described. In this embodiment, inspection system 30 may be
constructed and operated in the same way as described in relation to the previous
embodiments. However, in this embodiment, the present invention has been adapted to
allow more efficient daylight operation. Inspection system 30 utilizes three line-generating
lasers 40 mounted above the surface to be inspected. Center laser 40 is mounted in the
15 center of framework 32 and scans the surface area within its angular spread B, while the
outer two lasers 40 scan the outer periphery of the inspected surface within their angular
spread PB. If, for example, a railroad track were being inspected, center laser 40 could scan
the full 9-foot tie, while the outer lasers would scan the rails.
poss] In this exemplary embodiment, the two outer lasers 40 are ecach tilted
20 outwardly away from the center laser at an approximate angle y of 10 degrees. The two
outer lasers 40 are tilted in this embodiment in order to allow the inspection system 30 to

be stowed into a truck bed, for example, while still being capable of scanning a 9 foot tie
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of a railroad track bed. By tilting lasers 40 outward, the present invention achieves the
scanning width required to inspect the ties, while still physically fitting within the trucks
limit. However, since the present invention can also be used to inspect other surfaces, the
two outer lasers 40 may not be tilted whatsoever dependent upon the practical
5 requirements of that application.
oss]  Further referring to the exemplary embodiment of Figure 13, lasers 40 are
7-watts lasers, each having a 45 degree angular spread B. However, angular spread 3 could
be more or less depending upon the distance between lasers 40 and the inspected surface as
understood by those skilled in the art having the benefit of this disclosure. The intensity of
10 the laser line L (i.e., laser beam L) projected by lasers 40 onto the inspected surface is at
least 0.15 watts per inch of the width of laser line L projected onto the surface. In the most
preferred embodiment, the intensity is 0.18 watts per inch of the width of laser line L
projected onto the surface. The number of lasers 40 utilized may be more or less than
three, as long as the number utilized can provide the necessary wattage per inch of laser
15 line L. Accordingly, those ordinarily skilled in this art having the benefit of this disclosure
realize there are a variety of laser combinations which could provide this minimum
wattage.
0os7]  Further referring to the exemplary embodiment of Figure 13, the combined
use of the three lasers 40 provides a higher light intensity, thereby producing a line of light
20 at a specific wavelength which is more intense than the solar radiation at that same
wavelength. In this exemplary embodiment, lasers 40 are each 808nm +/- 2nm wavelength

lasers as understood in the art. This choice of laser wavelength corresponds to a dip in the
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solar spectrum at approximately 808nm caused by the sunlight penetrating the earth’s
atmosphere, as illustrated in the graph of Figure 16. Here, the solar spectrum is shown at
sea level ranging from roughly 400nm to above 2400nm, which includes UV, visible and
infrared wavelengths. At approximately 808nm, there is a sharp dip in sun’s solar energy.
5 Thus, the 808nm lasers utilized in the present invention were specifically chosen because
their wavelengths at approximately 808nm are more intense than the solar radiation at the
same wavelength, thereby allowing their radiated light to be detected in sunlight via
cameras 50. Those ordinarily skilled in the art having the benefit of this disclosure realize
other laser wavelengths may be utilized to take advantage of other dips in solar radiation,

10 in accordance with the present invention.
oss] Referring to Figures 14 and 15, an exemplary alternative embodiment of
cameras 50 of the present invention will now be described. As previously discussed,
cameras 50 are mounted to framework 32 and send image data of the inspected surface (in
this example, a railroad track) to the processing device or computer 60 via wired or
15 wireless transmission lines. However, in this exemplary embodiment, cameras 50 each
include a housing 70 having a lens 72. Within housing 70 is a charge coupled device 74,
or CCD, which is an analog shift register that enables transmission of analog signals
through successive stages controlled by a clock signal. CCD 74 can be used as a form of
memory or for delaying samples of analog signals, as understood in the art. In the
20 alternative, however, a CMOS sensor as understood in the art may be utilized to capture
images as well. Those ordinarily skilled in the art having the benefit of this disclosure

realize there are a variety of cameras which may be utilized with the present invention.
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oo69]  As illustrated in Figure 15, CCD 74 is placed adjacent an optical bandpass
filter 76. In this exemplary embodiment, bandpass filter 76 was chosen to pass a band of
the laser 40°s wavelength -2nm and +1nm, while filtering at least OD4 for the remainder of
camera 50’s response range from 300nm to 1100nm, excluding the ramp-up and ramp-

5 down areas that exist near the band pass region as understood by those ordinarily skilled in
the art having the benefit of this disclosure. Therefore, by utilizing 808nm lasers, bandpass
filter 76 passes a wavelength approximately 806-810nm, while filtering out the remaining
solar radiation. Since there is a dip in the sun’s radiation at this wavelength, the line
generated by lasers 40 is readily detectable in the sunlight.

10 o701  In order to reduce the blue shift associated with light passing through a filter
at an angle, bandpass filter 76 is mounted between lens 72 and CCD 74. Typically, when
light passes through a filter at extreme angles, in order to get the same wavelength of light
at many different angles, you must have a filter with a wide passband. If a filter were
placed on the exterior of the lens, light would come in at an extreme angle. However, by

15 moving the filter behind the lens, the light is much more parallel and the blue shift effect is
dramatically decreased. This reduction in the blue shift results in a much tighter filter
bandpass, which is necessary to filter out as much solar radiation as possible. Accordingly,
bandpass filter 76 is mounted behind lens 72.

po71] A spacer 78 is positioned on the other side of bandpass filter 76 opposite

20 CCD 74. Spacer 76 comprises an opening 80 which allows image data to be collected
from lens 72. In this embodiment, bandpass filter 76 screens out as much nonlaser-

generated light as possible, thereby enabling daytime inspection. Also, this embodiment
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results in a slight increase in focal length due to the light passing through filter 76. This
phenomenon is compensated for by mounting CCD 74 slightly further from lens 72 via the
use of spacer 78 located between lens 72 and camera housing 70. Spacer 78 changes the
orientation of the lens 72 relative to CCD 74. Spacer 78 may be, for example, a precision

5 shim washer. In the alternative, however, spacer 78 would not be necessary in
embodiments utilizing a camera lens which has a sufficiently wide focusing range.
Accordingly, those ordinarily skilled in the art having the benefit of this disclosure realize
there are a variety of spacers which could be utilized with the present invention, and that
the need for spacer 78 may be negated through lens choice.

10 00721 In yet another exemplary embodiment of the present invention, rail seat
abrasion may be predicted with a high level of accuracy. This embodiment utilizes the
image data previously described and the application of algorithms that adjust for vehicle
tilt. As inspection system 30 moves along the track, it may encounter curves or bends in
the track which result in a suspension lean of the system 30 as it moves through the curve.

15 This lean results in the railroad track itself leaning either to the left or right in the field of
the cameras 50 view. The resulting measurement data is used to target which ties should
be physically inspected for rail abrasion. However, the leaning, or tilt, must be taken into
account when identifying ties to be inspected for rail seat abrasion, as will be described
below.

20 o731 The tilt phenomena is more clearly described in reference to the profile
image depicted in Figure 17. Although this image would be three dimensional as

previously described, it is illustrated here as a profile for simplicity. In this exemplary
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embodiment, left and right rails 12 are illustrated laying atop concrete tie 10. Line L3
represents level ground. Although not shown, it is envisioned this section of the track is
within a curve, and an inspection system of the present invention is moving along the track
resulting in an angular tilt of cross ties 10 represented by line L4. As such, the track is
5 tilting slightly to the left. In order to determine whether rail seat abrasion is present, height
measurements of the each rail must be taken in accordance with the methods previously
described. However, in this example, the height of right rail 12 would appear taller then
left rail 12, resulting in skewed data measurements. Accordingly, during significant
empirical and mathematical research for the present invention, a standard tilt correction
10 factor of 0.12 was determined. This tilt correction factor is incorporated into algorithms of
the present invention in order to adjust for tilt caused by variations in vehicle suspension,

rail height placement standards, and other factors unrelated to rail seat abrasion.
o741 In further reference to the exemplary embodiment of Figure 17 and the
exemplary flow chart of Figure 18, a tilt correction algorithm for the present invention is
15 now described. Based on the three-dimensional image data received from cameras 50 as
previously described, at step 100, a measurement is taken of the rail base height of each
rail, left (H™*") and right (H*™"), as well as each tie, left (H**) and right (H*"). The rail
base and tie heights are the heights of the rails and ties relative to line L5, representing the
top of the three-dimensional image. Once the dimensional images have been captured, the
20 rail base heights and tie heights are determined based upon the vertical pixel count of
gl gRel g and H®, which is then normalized based upon a 0-255 measurement

index. In operation, the laser light reflected by the track structure that passes through the
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camera lens is projected onto the camera CCD, as previously described. The dimensions
of each CCD, in an exemplary embodiment, are 256 pixels by 1536 pixels. In this
exemplary embodiment, there are two cameras placed roughly side by side. Accordingly,
the total field of view for the two cameras combined has a field of view of 256 pixels by

5 3072 pixels — hence the 0-255 index. Those ordinarily skilled in the art having the benefit
of this disclosure realized there are a variety of methods to determine the heights.

0o7s)  Thereafter, at step 102, inspection system 30 records the uncorrected H*™!,
HY! | HM® | and H®™ height measurements of rails 12 and tie 10 based upon the pixel
value of each. Then, at step 104, the processor of inspection system 30 derives the tilt

10 correction factor (TC) based upon the following equation:
TC = (HM - {Reiy 12)

o]  Thereafeter, at step 106, the actual A (i.c., the distance/difference between
two points) is determined for both the right and left rail bases based upon the following
equation:

s AlefiRail _ (ppLail_ pyliiey 1
AvishtRail _ pyRusil _ pyRtiey |
The result is the actual A between the rail base height and tie elevation for both the right
20 and left rails. Please note the foregoing equations take into account the lean, or tilt, of the
truck, whether left or right.

o771 Then, at step 108, the rail seat abrasion value (“RSA”) for the right and left

rail bases is determined based upon the following formula:

RSAM™! = (32/54) — (A*™*/ 50)
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RSAR™! = (32/54) — (A"€"™Rail / 50))
The “32/54” is the expected A between the rail base and tie elevation, signifying no rail
scat abrasion. The “50” represents the rate of collection in height, 50 pixels per inch.
Those ordinarily skilled in the art realize the 50 pixels inch rate of collection could vary
5 based upon the geometry of the camera and laser setup.

o781 Thereafter, at step 110, the RSA values are outputted in a form suitable for
further analysis. At step 112, the next frame image is then analzed and the algorithm
begins again. The RSA data provides accurate measurements of rail seat abrasion and
allows for effective, accurate identification of potential safety hazards and wear points

10 requiring monitoring or corrective action to ensure track safety.

00791  An exemplary system for determining rail seat abrasion of a rail road track
comprises at least one light generator positioned adjacent the rail road track, the light
generator adapted to project a beam of light across the rail road track; at least one camera
positioned adjacent the rail road track for receiving at least a portion of the light reflected

15 from the rail road track and for generating at least one image representative of a profile of
at least a portion of the rail road track, and at least one processor adapted to perform the
steps comprising: analyzing the at least one image; and determining whether rail seat
abrasion is present along the rail road track, wherein, when determining whether rail seat
abrasion is present, the at least one processor compensates for a tilt of the rail road track.

20 ooso] In other exemplary embodiments, the processor compensates for the tilt of
the rail road track by the steps comprising: determining a height of a left rail base, right rail

base, left crosstie and right crosstie; determining a tilt correction factor; determining an
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actual delta for the right and left rail bases; and determining a rail seat abrasion value for

the right and left rail bases. In yet another exemplary embodiment, the step of determining

the heights further comprises the steps of: determining vertical pixel counts for each of the

heights of the left rail base, right rail base, left crosstie and right crosstie; and normalizing
5 the vertical pixel counts based upon a measurement index.

o811 In other exemplary embodiments, the step of determining the tilt correction
factor is accomplished based upon the left and right rail base heights and a standard tilt
correction factor. In yet another exemplary embodiment, the step of determining the actual
delta is accomplished based upon the tilt correction factor. Also, other embodiments

10 provide for the step of determining the rail seat abrasion value to be accomplished based
upon the actual delta.

os2] Exemplary methods of the present invention provide a method for
determining rail seat abrasion of a rail road track, the method comprising the steps of:
determining a height of a left rail base, right rail base, left crosstie and right crosstic;

15 recording the heights of the left rail base, right rail base, left crosstic and right crosstie;
determining a tilt correction factor; determining an actual delta for the right and left rail
bases; and determining a rail seat abrasion value for the right and left rail bases. Another
exemplary method provides a method the step of determining the heights further comprises
the steps of: determining vertical pixel counts for each of the heights of the left rail base,

20 right rail base, left crosstie and right crosstie; and normalizing the vertical pixel counts

based upon a measurement index.

32

DM _US:22215352.v1

PAGE 41 OF 232



[0os3] Further exemplary methods provide methods wherein the step of
determining the tilt correction factor is accomplished based upon the left and right rail base
heights and a standard tilt correction factor. In other examples, the step of determining the
actual delta is accomplished based upon the tilt correction factor. In other examples, the

5 step of determining the rail seat abrasion is accomplished based upon the actual delta for
the right and left rail bases.

os4) In yet another exemplary method of the present invention, a method for
determining rail scat abrasion of a rail road track is provided, the method comprising the
steps of: moving an inspection system along the track; receiving image data corresponding

10 to at least a portion of the track; determining a measurement of the rail seat abrasion for the
portion of the track, wherein the measurement are adjusted for tilt encountered as the
inspection system moves along the track; and determining whether rail seat abrasion exists
based upon the adjusted measurement. In another exemplary method, the step of
determining a measurement of the rail seat abrasion further comprises the steps of:

15 determining a height of a left rail base, right rail base, left crosstic and right crosstie;
determining a tilt correction factor; determining an actual delta for the right and left rail
bases; and determining a rail seat abrasion value.

ooss) In other exemplary methods, the step of determining the heights further
comprises the steps of: determining vertical pixel counts for each of the heights of the left

20 rail base, right rail base, left crosstie and right crosstie; and normalizing the vertical pixel
counts based upon a measurement index. In another exemplary method, the step of

determining the tilt correction factor is accomplished based upon the left and right rail base
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heights and a standard tilt correction factor. In yet another method, the step of determining
the actual delta is accomplished based upon the tilt correction factor. In another method,
the step of determining the rail seat abrasion value is accomplished based upon the actual
delta.

5 poss]  Although various embodiments have been shown and described, the present
invention is not so limited and will be understood to include all such modifications and
variations as would be apparent to one skilled in the art. Accordingly, the invention is not

to be restricted except in light of the attached claims and their equivalents.
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CLAIMS

WE CLAIM:
1. A system for determining rail seat abrasion of a rail road track, the system
5 comprising:
at least one light generator positioned adjacent the rail road track, the light
generator adapted to project a beam of light across the rail road track;
at least one camera positioned adjacent the rail road track for receiving at least a
portion of the light reflected from the rail road track and for generating at
10 least one image representative of a profile of at least a portion of the rail
road track, and
at least one processor adapted to perform the steps comprising:
analyzing the at least one image; and
determining whether rail seat abrasion is present along the rail road track,
15 wherein, when determining whether rail seat abrasion is present, the at least one

processor compensates for a tilt of the rail road track.

2. A system as defined in claim 1, wherein the processor compensates for the tilt of
the rail road track by the steps comprising;:
20 determining a height of a left rail base, right rail base, left crosstiec and right
crosstic;

determining a tilt correction factor;
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determining an actual delta for the right and left rail bases; and

determining a rail scat abrasion value for the right and left rail bases.

3. A system as defined in claim 2, wherein the step of determining the heights further
5 comprises the steps of:
determining vertical pixel counts for cach of the heights of the left rail base, right
rail base, left crosstic and right crosstic; and

normalizing the vertical pixel counts based upon a measurement index.

10 4. A system as defined in claim 2, wherein the step of determining the tilt correction
factor is accomplished based upon the left and right rail base heights and a standard tilt

correction factor.

5. A system as defined in claim 2, wherein the step of determining the actual delta is
15 accomplished based upon the tilt correction factor.
6. A system as defined in claim 2, wherein the step of determining the rail seat

abrasion value is accomplished based upon the actual delta.

20
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7. A method for determining rail seat abrasion of a rail road track, the method

comprising the steps of:

(a) determining a height of a left rail base, right rail base, left crosstie and right
crosstic;
5 (b) recording the heights of the left rail base, right rail base, left crosstic and
right crosstic;
(©) determining a tilt correction factor;
(d) determining an actual delta for the right and left rail bases; and
(®) determining a rail seat abrasion value for the right and left rail bases.
10
8. A method as defined in claim 7, wherein step (a) further comprises the steps of:

determining vertical pixel counts for each of the heights of the left rail base, right

rail base, left crosstie and right crosstie; and

normalizing the vertical pixel counts based upon a measurement index.

9. A method as defined in claim 7, wherein the step (¢) is accomplished based upon

the left and right rail base heights and a standard tilt correction factor.

10. A method as defined in claim 7, wherein step (d) is accomplished based upon the

20 tilt correction factor.
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11. A method as defined in claim 7, wherein step (¢) is accomplished based upon the

actual delta for the right and left rail bases.

12. A method for determining rail seat abrasion of a rail road track, the method
5 comprising the steps of:
(a) moving an inspection system along the track;
(b) receiving image data corresponding to at least a portion of the track;
(©) determining a measurement of the rail seat abrasion for the portion of the
track, wherein the measurement are adjusted for tilt encountered as the
10 inspection system moves along the track; and
(d) determining whether rail seat abrasion exists based upon the adjusted

measurement.

13. A method as defined in claim 12, wherein step (¢) further comprises the steps of:
15 determining a height of a left rail base, right rail base, left crosstic and right
crosstie;
determining a tilt correction factor;
determining an actual delta for the right and left rail bases; and
determining a rail seat abrasion value.
20
14. A method as defined in claim 13, wherein the step of determining the heights

further comprises the steps of:
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determining vertical pixel counts for each of the heights of the left rail base, right
rail base, left crosstie and right crosstie; and

normalizing the vertical pixel counts based upon a measurement index.

5 15. A method as defined in claim 13, wherein the step of determining the tilt correction
factor is accomplished based upon the left and right rail base heights and a standard tilt

correction factor.

16. A method as defined in claim 13, wherein the step of determining the actual delta is
10 accomplished based upon the tilt correction factor.
17. A method as defined in claim 13, wherein the step of determining the rail seat

abrasion value is accomplished based upon the actual delta.
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ABSTRACT
A system and method for determining rail seat abrasion of a rail road track is
disclosed. An inspection system comprises lasers, cameras, and processors adapted to
5 determine whether rail seat abrasion is present along the track. The processor employs a
mathematics based algorithm which compensates for tilt encountered as the inspection

system moves along the track.

40

DM _US:22215352.v1

PAGE 49 OF 232



30
\ 65
" Input/
’ Displa
Device "
66 65 { 60 '
(. . L e J . )
Distance Auxiliary . ~ , | Storage
Device " Module Pmnmng 1 Device
A %
M Processor
o g
, &
N o
E- \\l- -
) % 42
§t \\ 0 ;
A Y . 20
LA NN
% \ VAT Y WY A
DY LW \*.?""’74'-% Y ALY
18~ 10 14 16
FIG. 1

PAGE 50 OF 232




z/}Z

30y
! 10+ .

]
B l ik 42
5 Bl
1 i
‘ 4] ,. 1
il 1H ]
ﬂ‘[ll 4 T ABEN]; 14 i ) :
= = i R T
1 ) — Ny
— L TR r——— 5
= O — .
e &
— T
o = : g7t
2 - ; Bl =N
e :  ; ) —
e g £ ob =
g 5
==t § _h-‘_____ﬁ?“ ;
o =&

" aae §

FIG. 3

PAGE 51 OF 232



312

F*l\ Spacing Belween Crossfies
12
R L —
4 18 ;-—*-l--——;:.:--.:-—*'-------*"'—---——-———": --- T ———— -:
T G~ ~
FIG. 4A
F2y
R - —
2 N e :
) R oo e IR I R T TR S
FIG. 4B
FS\
R - —
23 18 """'3"""-"'_::‘__: ________________________ : T ———— 1|
—5’-&*_’- """""" 1_ g T T o
FIG. 4C
Angle of Crosste with Respect fo Rall
L P
18 I
FIG. 5

PAGE 52 OF 232



%1z

FIy Gap Size Between Sections of Rai
12
Ry
Z1 10
g — —~ ™
i
FIG. 6A
F2y
R
2 1
" A e
.ﬂ“—“l
FIG. 6B
FB\ -
R«l.‘:_{' !
Z3
1
T A
FIG. 6C

PAGE 53 OF 232



iy Rail Wear
L Ry _12
. B W = S—
10: L2 14;1‘_53 1LD
18 PUSISI R T e o 5 e o 2t e b o bt e e
""v\«""‘""
FIG. 7TA
F2~\
L RN 12
T E—
14 R
18 -——-:-0;@._.:.::]"3:‘—“"'” ————————————— i
FIG. 7B

| W2
W1 [
12 12
Hb 10} pt l"( hhhhhhh
I — ;.-_____-"f-f_”..:___-_.:-{,("..__—_:-"..—______..:_{_:_‘_:.____:_:;’-:::'::"' .
~gg D R D '
FIG. 8

PAGE 54 OF 232



PAGE 55 OF 232

Raised Spike
1 __(12
14 ﬁi """" R
AW )
FIG. 9
Missing Tie Plates
ﬁ?_
v N R
FIG. 10




PAGE 56 OF 232



PAGE 57 OF 232



117

0 N 2 @
——t =
1 éﬁ{v { \\ ! !
// b 0 o
B ‘r/' ‘*--~B--* 3 i
FI6. 13

PAGE 58 OF 232



PAGE 59 OF 232



FiG. 15
164 -
% - @ SOLAR SPECTRUM
A
1.2+ / ,c’ |
/ Uh -~ DIP 4T APPROXIMATELY
5 808 NM

™

=

V7
0.0 p f : I. ' m
400 800 1200 1600 2000 2400
wavelength [nm]
FIG. 16



»(_START

\
100~ TAKE HEIGHT MEASUREMENTS
OF RIGHT AND LEFT RAILS/TIES

A
102\ RECORD FEIGHT MEASUREMENTS

/
704\| DETERMINE TILT CORRECTION FACTOR

Y

106~ DETERMINE ACTUAL A FOR
LEFT AND RIGHT RAIL BASES

y
708\ DETERMINE RSA VALUE FOR
LEFT AND RIGHT RAILS

112 Y
N ANALYZE NEXT FRAME

PAGE 61 OF 232

FIG. 18

110
/" OUTPUT
RSA VALUES,,



PTO/SB/M7 (12-04v2)

Approved for use through 07/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number

Fi tto th CaEm;‘cdﬁvre:X 12/08/'2{3'04' Act, 2005 (HR. 4818) “omplee Thnown
es pursuant to the Consolidated Appropriations Act, s - |application Number  [UUnassigned
FEE TRANSMITTAL Filing Date Herewi?h
For FY 2005 First Named Ivertor_|Christopher M. Villar
K Applicant claims small entity status. See 37 CFR 1.27 [Examiner Name Juan D. Valentin
OTAL AMOUNT OF PAYMENT ’($) 462.00 o 2877
' Attorney Docket No.  [11042,0098.CPUS02 4

ETHOD OF PAYMENT (check all that apply)

] check [ Credit Card [_] Money Order [_] None [_] Other (plesse identify):
X beposit Account  Deposit Account Number: 08-3038 (11042.0098.CPUS02) Deposit Account Name: Howrey LLP

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

Charge fee(s) indicated below DCharge fee(s) indicated below, except for the filing fee
x Charge any additional fee(s) or underpayments of fee(s) Credit any overpayments

under 37 CFR 1.16 and 1.17
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PTO-2038.

JFEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILING FEES SEARCH FEES EXAMINATION FEES
Small Entity Small Entity Small Entity Fees Paid ($)
Application Type Fee ($) Fee($) Fee ($) Fee($) Fee ($) Fee ($)
Utility 330 165 540 270 220 110 $462.00
Design 220 110 100 50 140 70
Plant 220 110 330 165 170 85
Reissue 330 165 540 270 650 325
Provisional 220 110 0 0 0 0
2. EXCESS CLAIM FEES Small Entity
Fee Description Fee ($) Fee ($)
Each claim over 20 (including Reissues) 52 26
L Each independent claim over 3 (including Reissues) 220 110
Multiple dependent claims 390 195
Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims
17 -20or HP 0 X 26 =0 Fee ($) Eee Paid (3$)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid ($)
3 -30rHP= 0 x 10 | =80

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $260 ($130 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

[Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid ($)
55 -100 = 0 /50 = 0 (round up to a whole number) x $0 = $0
4. OTHER FEE{S) Fees Paid ($)

Non-English Specification,

Other (e.g., late filing surcharge):

SUBMITTED BY // - *
Signature / W p\engolls'rtr:;l/r/’-\nggrg) 54,255 Telephone 71 3*787—1 400

Name (Print/Type) @ﬂe yf_aye pate June 23, 2009

DM_US:22222855_1

PAGE 62 OF 232



Filing Date:

06/23/09

PTO/SB/06 (12-04)

Approved for use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

*

*

*

If the entry in column 1 is less than the entry in column 2, write *0" in column 3.
If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20".

*** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3".
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
i -87
Substitute for Form PTO-875 1 2/489 , 570
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE (§) FEE ($) RATE ($) ’ FEE (3)
BASIC FEE N/A N/A N/A 82 N/A
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE -
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A 270 N/A
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A 110 N/A
TOTAL CLAIMS
(37 CFR 1.16() 17 inus20 = x$26 OR x§52
INDEPENDENT CLAIMS R
(37 CFR 1.16()) 3 minus 3 = x$110 x$220
. If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $260 ($130 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See
35U.5.C. 41(a)(1)(G) and 37 CFR
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 195 390
* If the difference in column 1 is less than zero, enter “0" in column 2. TOTAL 462 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
< AFTER PREVIOUSLY EXTRA RATE ®) I'IEOEN(ASE RATE ) E'E)ENQE
= AMENDMENT PAID FOR
w Total . . - _ — OR =
Z |7 crr 160 Minus = = X =
Z | Independent |, : o - = =
& |7 crr1.160) Minus - = or | X =
< | Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR ADD'T FEE
(Column 1) (Column 2) (Column 3) OR
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
o AFTER PREVIOUSLY EXTRA RATE (8) :?EN(’;L RATE (3) IE)EN’;L
£ AMENDMENT PAID FOR ) ®
w
Total N . . = - OR _
2 |7 crr 1080 Minus = = X =
z Independent K
w - P2l = = =
s | 37 cFR 1.16(n) Minus or | X
< Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR  ADD'T FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
‘including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Paten'
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS.

PAGE 63 OF 232

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/489,570 06/23/2009 Christopher M. Villar 11042.0098.CPUS02
CONFIRMATION NO. 1864
23369 FORMALITIES LETTER
HOWREY LLP-HN
C/O IP DOCKETING DEPARTMENT N AT

2941 FAIRVIEW PARK DRIVE, SUITE 200
FALLS CHURCH, VA 22042-7195

Date Mailed: 07/07/2009

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

+ The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

* Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings submitted to the Office are not electronically reproducible because portions of figures 11,12
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be
submitted with the missing items identified in this notice.

page 1 of 2

PAGE 64 OF 232



SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $65 for a small entity
« $65 Surcharge.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tberhane/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2

PAGE 65 OF 232



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/489,570  06/23/2009 3617 462 11042.0098.CPUS02 17 3
CONFIRMATION NO. 1864
23369 FILING RECEIPT
HOWREY LLP-HN
C/O IP DOCKETING DEPARTMENT O AR
000000036769046

2941 FAIRVIEW PARK DRIVE, SUITE 200
FALLS CHURCH, VA 22042-7195

Date Mailed: 07/07/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Christopher M. Villar, Residence Not Provided;
Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of 12/465,473 05/13/2009
which is a CIP of 11/172,618 06/30/2005
which claims benefit of 60/584,769 06/30/2004

Foreign Applications

If Required, Foreign Filing License Granted: 07/01/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/489,570

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 of 3

PAGE 66 OF 232



Title

Tilt Correction System and Method for Rail Seat Abrasion
Preliminary Class

238

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
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protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
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if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Serial No: 12/489,570

Response to Notice to File Missing Parts
Inventor: Villar et al.

Attorney Docket: 11042.0098.CPUS02

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Villar et al

Group Art Unit: N/A
Serial No.: 12/489,570

Confirmation no.: 1864 Examiner: N/A

Filed: June 23, 2009
Docket No: 11042.0098.CPUS02

Title: TILT CORRECTION SYSTEM
AND METHOD FOR RAIL SEAT
ABRASION

6D S L N L L L L L LD L S L U

RESPONSE TO JULY 7, 2009, NOTICE TO FILE MISSING PARTS

MAIL STOP MISSING PARTS
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;
In response to the Notice to File Missing Parts of the referenced application under
37 C.F.R. § 1.53(b), dated July 7, 2009, there are enclosed herewith:

&) Declaration executed by John Anthony Nagle, Christopher M. Villar, and
Steven C. Orrell;

(b)  Power of Attorney executed by Christopher M. Villar; and

© Replacement Figures 11 and 12.

DM_US:22408941.v1 1
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Serial No: 12/489,570

Response to Notice to File Missing Parts
Inventor: Villar et al.

Attorney Docket: 11042.0098.CPUS02

The Commissioner is authorized to charge the fee of $65.00 to deposit Account
No. 08-3038/11042.0098.CPUS02/LAYE. Should any additional fees under 37 C.F.R.
§8 1.16 to 1.21 be required for any reason relating to the enclosed materials, the

Commissioner is authorized to deduct said fees from said Deposit Account.

Respectfully submitted,

HOWREY LLP JABE O. LAYE, ESQ.
2941 Fairview Park Drive, Box 7 Reg. No. 54,255
Falls Church, VA 22042 ATTORNEY FOR ASSIGNEE

Phone: (713) 787-1400
Fax: (703) 336-6950

Date: 7" ‘/’0 7

DM_US:22408941.v1 2
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11042.0098.CPUSO2

ASSIGNMENT

FOR GOOD AND VALUABLE CONSIDERATION, the receipt, sufficiency and
adequacy of which are hereby acknowledged, the undersigned, do hereby:

SELL, ASSIGN AND TRANSFER to Georgetown Rail Equipment Company (the
"Assignee”), having a place of business at 111 Cooperative Way, Suite 100, Georgetown, TX
78626, the entire right, title and interest for the United States and all foreign countries in and to
any and all improvements which are disclosed in the application for United States Letters Patent,
Serial No. 12/489,570, which has been filed on June 23, 2009 and is entitled “TILT
CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION”, such
application and all divisional, continuing, substitute, renewal, reissue and all other applications
for patent which have been or shall be filed in the United States and all foreign countries on any
of such improvements; all original and reissued patents which have been or shall be issued in the
United States and all foreign countries on such improvements; and specifically including the
right to file foreign applications under the provisions of any convention or treaty and claim
priority based on such application in the United States;

AUTHORIZE AND REQUEST the issuing authority to issue any and all United States
and foreign patents granted on such improvements to the Assignee;

WARRANT AND COVENANT that no assignment, grant, mortgage, license or other
agreement affecting the rights and property herein conveved has been or will be made to others
by the undersigned, and that the full right to convey the same as herein expressed is possessed by
the undersigned;

COVENANT, when requested and at the expense of the Assignee, to carry out in good
faith the intent and purpose of this assignment, the undersigned will execute all divisional,
continuing, substitute, renewal, reissue, and all other patent applications on any and all such
improvements; execute all rightful oaths, declarations, assignments, powers of attorney and other
papers; communicate to the Assignee all facts known to the undersigned relating to such
improvements and the history thereof, and generally do everything possible which the Assignee
shall consider desirable for vesting title to such improvements in the Assignee, and for securing,
maintaining and enforcing proper patent protection for such improvements;

TO BE BINDING on the heirs, assigns, representatives and successors of the undersigned
and extend to the successors, assigns and nominees of the Assignee.

IN WITNESS WHEREOF, exccuted by the undersigned on the date(s) opposite their
name(s).

DM_US:22333694_1
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PATENT
11042.0098.CPUS02

(,/"t) /() / .
Signature: 7:\:\\/ 7 (v Date: %.{”,7/&7% & 7
© {

Name: Steven C. Orrell

STATE OF 7 <@Xcadd )
‘ } ss.

COUNTY OF [} A A2 rrasicio)

BEFORE ME, the undersigned authority, on this AN day of LE.L'&(* tead , 2009,
personally appeared Steven C. Orrell, known to me to be the person whose name 13 subscribed to
the foregoing instrument and acknowledged to me that he executed the same of his own free will

for the purposes and consideration therein expressed,
& §
N oy A
QRAD W Lt}\ t.,%i & f’g}_,. SV £L
| NOWRYPUBUC Notary or Consular Officer
[SEAL] STATE OF TEXAS
MY COMM, BXP §-4-2010

DM_US:22333694_[
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11042.0098.CPUS02

Signature: { B e Date: Atwy.or S Taos
Name: Christopher M. Villar < ‘
STATEOF / €ACLO )
} ss.

COUNTY OF (¢ &% et poitasem )

BEFORE ME, the undersigned authority, on this L_ day of ff_{‘t&ﬂ a4, 2009,
personally appeared Christopher M. Villar, known to me to be the pc:rson"*whose name is
subscribed to the foregoing instrument and acknowledged to me that he executed the same of his
own free will for the purposes and consideration therein expressed.

"((’?" e [0 e £
Notary or Consular Officer

LARA D. HTE
NOTARY PUSLIC
STATE OF TEXAS

[SEAL]
MY COMM, EXP §4-2010

DM_US:22333694_1
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11042.0098.CPUS02

SignatugeT - lﬁé% \“(;"‘Zzl’ii,...,w.w Date: B’ / 202009
Niame:~Fohn Anthony Nagk \EI f {
STATEOF lexaS )
)} ss.

COUNTY OF Lu LionSom )

BEFORE ME, the undersigned authority, on this ZQ day of A’Hﬁ%w‘)“' , 2009,
personally appeared John Anthony Nagle, H, known to me to be the persomwhose name is
subscribed to the foregoing instrument and acknowiedged to me that he executed the same of his
own free will for the purposes and consideration therein expressed.

i et ces

Notary or Consular Officer

[SEAL] ,j

Siasomc:

DM US:22333694 1
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11042.0098.CPUS02

DECLARATION

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to nmy name.

I believe I am the original, first and sole inventor (if only one name is listed below) or the
below named inventors are the original, first and joint inventors (if plural names are listed below)
of the subject matter which is claimed and for which a patent is sought on the invention entitled
TILT CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION, the

Specification of which:

[] is attached hereto.
X was filed on June 23, 2009 as Application Serial No. 12/489,570.

I hereby state that 1 have reviewed and understand the contents of the above-identified
specification, including the claims.

I acknowledge the duty to disclose to the Patent and Trademark Office all information
known to me to be material to patentability of the subject matter claimed in this application, as
"materiality” is defined in Title 37, Code of Federal Regulations, § 1.56.

! hereby claim priority benefits under Title 35, United States Code, § 119 of any foreign
application(s) for patent, United States provisional application(s), or inventor's certificate listed
below and have also identified below any forcign application for patent, United States
provisional application, or inventor's certificate having a filing date before that of the application
on which priority is claimed:

PRIORITY APPLICATION(S) Priority
Claimed
(Number) (Country) (Date Filed) Yes/No

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, § 112, 1 acknowledge the duty to disclose all
information known to me to be material to patentability of the subject matter claimed in this
application, as "materiality" is defined in Title 37, Code of Federal Regulations, § 1.56, which
become available between the filing date of the prior application and the national or PCT
interniational filing date of this application:

DM_US:22332971_1
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_12/465,473 05/13/2009 Pending
{Application Serial No.}  (Filing Date) (Status)

(Application Serial No.)  (Filing Date) (Status)

I hereby direct that all correspondence and telephone calls be addressed to JADE O.
LAYE, Howrey LLP, 2941 Fairview Park Drive, Suite 200, Falls Chorch, Virginia 22042,
(713)787-1400.

I HEREBY DECLARE THAT ALL STATEMENTS MADE OF MY OWN
KNOWLEDGE ARE TRUE AND THAT ALL STATEMENTS MADE ON INFORMATION
AND BELIEF ARE BELIEVED TO BE TRUE; AND FURTHER THAT THESE
STATEMENTS WERE MADE WITH THE KNOWLEDGE THAT WILLFUL FALSE
STATEMENTS AND THE LIKE SO MADE ARE PUNISHABLE BY FINE OR
IMPRISONMENT, OR BOTH, UNDER SECTION 1001 OF TITLE 18 OF THE UNITED
STATES CODE AND THAT SUCH WILLFUL FALSE STATEMENTS MAY JEOPARDIZE
THE VALIDITY OF THE APPLICATION OR ANY PATENT ISSUED THEREON.

Inventor’s Full Name: (,HRISTOP HER M. VILLAR
Inventor’s Signature: { fx’ ««*”’xz‘;x"ff’“ “E A

Country of Cltlzenshlp: USA v Date:  § -4 -4
Residence Address: 301 Ranch Road 1869

(strect, number, city, state, Liberty Hill, TX 78642

and/or country} .

Post Office Address:

{if difterent from above)

Inventor’s Full Name: | JOHN , ANTHONY i NAGLE, 1}

Inventor’s Signature: m:_—.ﬁt\ TR ]

Country of Citizenship: | USA A Date: X/Z °/’COD‘f
T

Residence Address: 1005 Taliow Trl

{street, number, city, state, Cedar Park, TX 78613

and/or country) )

Post Office Address:

(if different from above)

DM_U$:22332971_1

PAGE 76 OF 232



Inventor’s Full Name: STEVEN C. ORRELL
Inventor’s Signature: BN (}f N - P

»
Country of Citizenship: | USA Date: g/ 2,‘?’”/ o9

Residence Address:
{street, number, city, state,
and/or country)

414 W, 10th Street
Georgetown, TX 78626

Post Office Address;

(if different from above)

DM, _US:22332971 1
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Christopher M. Villar Group Art Unit: 3617

John Anthony Nagle, 11

Steven C. Orrell Examiner: Unknown
Serial No.: 12/489,570 Atty. Dkt. No.: 11042.0098.CPUS02
Filed: June 23, 2009 Confirmation No.; 1864
For: TILT CORRECTION SYSTEM AND

METHOD FOR RAIL SEAT ABRASION

ELECTION UNDER 37 C.F.R. §§ 3.71 AND 3.73
AND POWER OF ATTORNEY

Commissioner for Patents
P.O. Box 1450

Alexandria VA, 22313-1450

Sir:

The undersigned, being Assignee of record of the entire interest in the above-identified
application by virtue of an assignment recorded in the United States Patent and Trademark
Office as set forth below, hereby elects, under 37 C.F.R. § 3.71, to prosecute the application to
the exclusion of the inventors.

The Assignee hereby revokes any previous Powers of Attorney and appoints:
practitioners associated with Customer Number 23369, including Floyd R. Nation, Reg. No.
27,580, Jade O. Laye, Reg. No. 54,255, Gregory A. Duffey, Reg. No. 42,501, and Jeffrey I.
Phillips, Reg. No. 51,125, each being an attorney or agent with the law firm of Howrey LLP,

with full power of substitution and revocation, to prosecute this application, to make alterations

and amendments therein, to transact all business in the Patent and Trademark Office in

Power of Altorney
lof2
DM US:223340%6 1
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connection therewith, to receive the Letters Patent document, and for one year after the issuance
of such Letters Patent to file any request for a certificate of correction that may be deemed
appropriate.

Pursuant to 37 C.F.R. § 3.73, the undersigned has reviewed the evidentiary documents,
specifically the Assignment to Georgetown Rail Equipment Company referenced below, and
certities that to the best of my knowledge and belief, title remains in the name of the Assignee.

Please direct all future communications regarding this application as follows:

Customer Number 23369

Howrey LLP

c/o IP Docketing Department

2941 Fairview Park Drive, Suite 200
Falls Church, VA 22042-7195

ASSIGNEE: GEORGETOWN RAIL EQUIPMENT CO.

B f ,.";l‘ “: e

{ S

Name: \Ei‘;ristopher M. Villar

Title: Vice President - Engineering

Date: <§¢ -

ASSIGNMENT:
<]  Concurrently filed by EPAS, copy attached.
] Previously recorded

Date:

Reel:

Frames:

Power of Attorney
20f2
DM_US:22334096 _1
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Electronic Patent Application Fee Transmittal

Application Number:

12489570

Filing Date:

23-Jun-2009

Title of Invention:

Tilt Correction System and Method for Rail Seat Abrasion

First Named Inventor/Applicant Name:

Christopher M. Villar

Filer: Jade O. Laye
Attorney Docket Number: 11042.0098.CPUS02
Filed as Small Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sub-Total in
UsD($)
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Late filing fee for oath or declaration 2051 1 65 65

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

65
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Electronic Acknowledgement Receipt

EFS ID: 6021502
Application Number: 12489570
International Application Number:
Confirmation Number: 1864

Title of Invention:

Tilt Correction System and Method for Rail Seat Abrasion

First Named Inventor/Applicant Name:

Christopher M. Villar

Customer Number: 23369
Filer: Jade O. Laye
Filer Authorized By:
Attorney Docket Number: 11042.0098.CPUSO02
Receipt Date: 04-SEP-2009
Filing Date: 23-JUN-2009
Time Stamp: 17:12:25

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $65

RAM confirmation Number 12333

Deposit Account 083038

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
Applicant R to Pre-E 45671
1 Pplicant nespanse to Fre-txam 02Remarks.pdf no 2
Formalities Notice
bf9a672f1cf3478867f3fb599975887ac95df|
837
Warnings:
Information:
Assi howind of hi 37 1040153
ssignee showing of ownership per .
2 CFR 3.73(b). 02Assignment.pdf no 4
6a28d1fa7c5c0a367f5dddae2cc051b67653
<179
Warnings:
Information:
918168
3 Oath or Declaration filed 02Declaration.pdf no 3
bf25f1d5e1129d8825cceac2f05ed0bd33ch)
8d75
Warnings:
Information:
675677
4 Drawings-only bla‘ck and white line 02Drawings.pdf o 5
drawings
d3437d6c4643106b4cafb0c69566c0c6df3
Warnings:
Information:
510035
5 Power of Attorney 02PoA.pdf no 2
9568ed5fbf4691676580e56f856d397d3¢2§
Warnings:
Information:
30027
6 Fee Worksheet (PTO-875) fee-info.pdf no 2
<195d7b988bf6acs2ea3e5ed368b97chbb37]
Warnings:
Information:
Total Files Size (in bytes)1 3219731
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/489,570  06/23/2009 3617 527 11042.0098.CPUS02 17 3
CONFIRMATION NO. 1864
23369 UPDATED FILING RECEIPT
HOWREY LLP-HN
C/O IP DOCKETING DEPARTMENT T M e
000000037817980

2941 FAIRVIEW PARK DRIVE, SUITE 200
FALLS CHURCH, VA 22042-7195

Date Mailed: 09/16/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Christopher M. Villar, Liberty Hill, TX;
John Anthonty Nagle I, Cedar Park, TX;
Steven C. Orrell, Georgetown, TX;
Power of Attorney: The patent practitioners associated with Customer Number 23369

Domestic Priority data as claimed by applicant
This application is a CIP of 12/465,473 05/13/2009
which is a CIP of 11/172,618 06/30/2005
which claims benefit of 60/584,769 06/30/2004

Foreign Applications

If Required, Foreign Filing License Granted: 07/01/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/489,570

Projected Publication Date: 12/24/2009
Non-Publication Request: No
Early Publication Request: No

** SMALL ENTITY **
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Title

Tilt Correction System and Method for Rail Seat Abrasion
Preliminary Class

238

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
12/489,570 06/23/2009 Christopher M. Villar 11042.0098.CPUS02
CONFIRMATION NO. 1864
23369 POA ACCEPTANCE LETTER
HOWREY LLP-HN
C/O IP DOCKETING DEPARTMENT IR TS
2941 FAIRVIEW PARK DRIVE, SUITE 200 000000037 793309

FALLS CHURCH, VA 22042-7195

Date Mailed: 09/16/2009

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/04/2009.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/nbekele/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFTFICE

In re Application of:

Christopher M. Villar Group Art Unit: 3617

John Anthony Nagle, I

Steven C. Orrell Examiner: Unknown
Serial No.: 12/489,570 Atty. Dkt. No.: 11042.0098.CPUS02
Filed: June 23, 2009 Confirmation No.: 1864
For: TILT CORRECTION SYSTEM AND

METHOD FOR RAIL SEAT ABRASION

ELECTION UNDER 37 C.F.R. §§ 3.71 AND 3.73
AND POWER OF ATTORNEY

Commissioner for Patents
P.O. Box 1450

Alexandria VA, 22313-1450

Sir:

The undersigned, being Assignee of record of the entire interest in the above-identified
application by virtue of an assignment recorded in the United States Patent and Trademark
Office as set forth below. hereby elects, under 37 C.F.R. § 3.71, to prosecute the application to
the exclusion of the inventors.

The Assignee hereby revokes any previous Powers of Attorney and appoints:
practitioners associated with Customer Number 23369, including Floyd R. Nation, Reg. No.
27,580, Jade O. Laye, Reg. No. 54,255, Gregory A. Duffey, Reg. No. 42,501, and Jeffrey J.
Phillips, Reg. No. 51,125, each being an attorney or agent with the law firm of Howrey LLP,
with full power of substitution and revocation, to prosecute this application, to make alterations

and amendments therein, to transact all business in the Patent and Trademark Office in

Power of Attomey
fof2
DM_US8:22334096_2
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connection therewith, to receive the Letters Patent document, and for one year after the issuance
of such Letters Patent to file any request for a certificate of correction that may be deemed
appropriate.

Pursuant to 37 C.F.R. § 3.73, the undersigned has reviewed the evidentiary documents,
specifically the Assignment to Georgetown Rail Equipment Company referenced below, and
certifies that to the best of my knowledge and belief, title remains in the name of the Assignee.

Please direct all future communications regarding this application as follows:

Customer Number 23369
Howrey LLP
cfo IP Docketing Department

2941 Fairview Park Drive, Suite 200
Falls Church, VA 22042-7195

ASSIGNEE: GEORGETOWN RAIL EQUIPMENT CO.
w.-f ?,_/.x/—’/: 7 - ,.51{;“
By: LCQﬁci/ LT e

Name:  Christopher M. Villar

Title: Vice President - Engineering

Date: J- -0

ASSIGNMENT:
r_] Concurrently filed by EPAS, copy attached.
X Previously recorded

Date: 09/04/2009
Reel: 023197
Frame: 0859

Poawer of Attorney
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For: TILT CORRECTION SYSTEM AND Confirmation No.: 1864
METHOD FOR RAIL SEAT ABRASION

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In compliance with the duty of disclosure under 37 C.F.R. § 1.56, it is respectfully
requested that this Supplemental Information Disclosure Statement be entered and the documents
listed on attached Form PTO-1449 be considered by the Examiner and made of record. Copies
of the listed documents required by 37 C.F.R. § 1.98(a)(2) are enclosed for the convenience of
the Examiner.

In accordance with 37 CFR §§ 1.97(g) and (h), this Supplemental Information
Disclosure Statement is not to be construed as a representation that a search has been made, and
is not. to be construed to be an admission that the information cited 1is, or is considered to be,
material to patentability as defined in 37 C.F.R. § 1.56(b).

In accordance with 37 C.F.R § 1.97(e)(1), Applicant hereby certifies that each item of

information contained in this Supplemental Information Disclosure Statement was cited in a
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Decision on Grant in a counterpart Russian application not more than three months prior to the
filing of the present statement, as evidenced by the date of the enclosed search report. Only
those references which have not been previously submitted in a prior
Information Disclosure Statement are submitted herewith,

The present Supplemental Information Disclosure Statement is being filed prior to the
receipt of a first Official Action reflecting an examination on the merits, and hence is believed to
be timely filed in accordance with 37 C.FR § 1.97(b). No fees are believed to be due in
connection with the filing of this Supplemental Information Disclosure Statement, however, if
this is not the case the Commissioner is authorized to deduct fees from Deposit Account No. 08-
3038/11042.0098.CPUS02.

Applicants respectfully request that the listed documents be made of record in the present

case.

Respectfully submitted,

Date: [2-9-07

Jadt O. Lgte, Esq.

Reg. No/54,255

Attomey for Applicants/Assignee
Customer No. 23369

HOWREY LLP

1111 Louisiana, 25™ Floor

Houston, Texas 77002

Telephone: (713) 787-1400

Facsimile: (713) 787-1440
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METAL SURFACE HIGH-SPEED INSPECTION DEVICE
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Abstract of JP 2000221146 (A)

PROBLEM TO BE SOLVED: To provide a metal
surface high-speed inspection device for speedily
inspecting the defects of a continuous metal surface
such as a railroad rail during running. SOLUTION: A
device is provided with a fluorescent agent
permeating device 12 that is installed on a vehicle
11, a UV pulse laser device 14 and an image pickup
device 16, and an analytical device 18 for analyzing
an image that is picked up by the image pickup
device 16. The fluorescent agent permeation device
12 applies a fluorescent agent 2 to a metal surface
1a of an object 1 to be inspected, eliminates the
fluorescent agent 2 adhering on the surface, applies
a developing agent 3 to the surface, and allows the
fluorescent agent 2 to remain only at a defective
part. An ultraviolet pulse laser beam 5 with a
wavelength of approximately 355 nm is applied to
the metal surface, that is treated by the fluorescent
agent permeation device 12 by the UV pulse laser
device 14, the image of the metal surface is picked
up in synchronization with the oscillation of the
ultraviolet pulse laser beam by the image pickup
device 16, and a fluorescent position (defective
position) on the metal surface is detected by the
analytical apparatus 18.

Data supplied from the esp@cenet database — Worldwide

http://v3.espacenet.com/publicationDetails/biblio?DB=EPODOC&adjacent=true&locale=en EP... 11/20/2009
PAGE 103 OF 232



c68cvlIiec NAH

1 O

{(19)

POCCUACKOE AFEHTCTBO
Mo NMATEHTAM U TOBAPHBIM 3HAKAM

RU'" 2142 892"’ ¢1

(51) MIIKS

B 61 K9/08

(12 ONMUCAHWUE U30BPETEHWA K NMATEHTY POCCUACKOW ®EJEPALINA

(21), (22) 3asBka: 95113612/28, 03.08.1995
(46) [ata nybnukauumn: 20.12.1999

(56) Cebinku: DE 3611795 A1, 15.10.87. DE 3901185
A1,26.07.90. DE 2618365 A1, 17.11.77. EP
0461628 A1, 18.12.91. SU 1796514 A1, 23.02.93.

(98) Aapec Ana nepenucku:
194100, CaHkT-lMNeTepbypr, JlecHo# np., 64, HM®
"Cneuymaru"

(71) Baasutens:
Ocwunoe Bukrtop Bacunbesuny,
MNaxomoB AnekcaHgp eoprueBny

(72) WN3obpetartens: Ocunoe B.B.,
Maxomos ALl

(73) MaTeHTOOGNaAaTeND:
Ocunoe BukTtop BacunbeBuuy,
NaxomoB AnekcaHgp [eoprveBuny

(54) ONTOJNEKTPOHHAA CMCTEMA BECKOHTAKTHOIO W3MEPEHMA B ABVMXEHWA MEOMETPUHECKUX
XAPAKTEPUCTUK XXENE3HOAOPOXHOW KOJNEW. ONTOJNEKTPOHHbLIM AATYMK BECKOHTAKTHOIO

M3MEPEHWA MNMONOXEHWA M M3HOCA PENBCA

(57) Pedpepar:

MaoBbpeTteHue OTHOCHTCA K
nyTenamepuTensHsIM cpeacTeam ans
W3MEpPEHWS Npocuns NONEPEYHOr0 CEYEHMS,

BoKOBbIX ] BepPTUKaNLHLIX OTKINOHEHWI
HKenesHOAOPOKHbBIX pensces. Cuctema
coaepxKnT ONTOSNEKTPOHHbIE  JaTYKKK Ha

nop,peccopeHHos?{ pame TenexkKn BarcoHa, saTtem B
cepednHe no npaeBoMy W nesomy OoOpTy B
cepeluHe BaroHa, No NpoAonbHOW ocw. Kmu
obpa3cBaHbl  KOpOTKAas W AnNWHHas

WN3MepUTEnbHble 6asbl. ONTO3NEKTPOHHbIA
JaTUMK COAepPXKUT OnoK 3acBETKW, BKITHOMAOLLMA
B cebf nasepHbIi WCTOYHWK cBeTa. bBrok
3aCBeTKM ONTUYECKW CBfA3aH Yepe3 penbe ¢
6nokom nsobpaxeHWH. MocnegHwWia BKNKOYaeT B
ceba onTudeckne ycTpoicTea, OQHO W3 HWX
OPWEHTMPOBAHO ANSA rOpU30HTanLHOW, a apyroe
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AOCTUXKeHWe KoTOpOoro HanpaeneHo
n3obpereHne, aBnaeTcH noebllLeHKWe
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(57) Abstract:

FIELD: railway transport; testing
facilities. SUBSTANCE: invention relates to
track measuring devices for measuring rail
cross section profile, side and vertical
deviations. Proposed system includes
optoelectronic sensors mounted on  sprung

components of rail image. Optical device is
made on basis of instrument with charge
coupling and is connected to signal
processing unit. EFFECT: enhanced
reliability and accuracy of measurement,
reduced overall dimensions of sensor. 4 cl,
6 dwg
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frame of car bogie, also in middle at right
and left side, and in middle of car on

longitudinal axis. Sensors form sheort and m,m
long measuring bases. Optoelectronic sensor |

A has exposure unit including laser light ]

cC source. This is optically coupled through m‘,
rail with image unit which includes optical =
devices. One of optical devices is oriented .|

N for horizontal and the other, for vertical
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MaobpeTteHue OTHOCUTCA K
KENEe3HOLOPOKHOMY TPaHCNopTY, Gonee
KOHKPETHO K MyTensMepuTensHoMy cCpencTey, B
YaCTHOCTW K YCTpOWCTBAM AN1A W3MepeHns
OWHaMU4eckorh AedopMaTUBHOCTU
KENe3HOAOPOXKHOIC  MOMoTHa,  Npoduns
nonepeyHoro ceyeHus, B0KOBbIX n
BepTUKANEHLIX OTKIIOHEHWIA KeNne3HOAOPOKHBbIX
(x.A.) pensceB. [M.A. Bnoxoukuid 1 ap. MaluuHel
W MeXaHWaMbl OnA MyTeBoro xoasictea. M.:
Tpaxcnopt, 1970.]

COBpeMeHHb[e nyTensmepuTenbHble
CUCTEMBI NOMHOCTBE UKW YacTUUHO OCHOBaHbI

Ha npUMEHEHNN ©ECKOHTaKTHbIX
ONTOSMEKTPOHHBLIX [JaTYMKOB. W3BEeCTHbl Takue
n3mepuTenbHble cUcTEMbI KaK RCA

(Benukobputanua), Litesfice (AscTpanus),
ORIAN (Karaga) v gp. , HO B 3TUX CMGTEMAX He
yfanock AOCTUTHYTb TpebyembiX TEeXHWYECKUX
XapaKkTepucTUK MO Pa3fMYHbIM - NPUYKHaM
(HecoBepLLEHHblE crnocobbl 3acBETKA PENbCOB,
HeyaCBNEeTBOPWUTENbHLIA ~ NPUeM  CUrHanos,
MCMNONb30BaHWe MeXaHUYeCKux ]
9MNeKTPOMEXaHNYECKNX YCTPOHCTB).

MaBecTHO  mM30BpeTeHMe NC  naTeHTy
FepmaHum N 3901185, MMK5 B 61 K 9/08, G
01 B 11/18, E 01 B 35/08, 3asABneHoO
17.01.89r., onybnukosaHo 28.07.90 r. "Meton
WM YCTPOWCTBO OECKOHTAKTHOIO W3MepeHud
agedopManmn M M3Hoca penbcos”.

YCTpORCTBO BKMoYaeT ONOK  OCBeLleHUs
CBETOBEIMW Nyvamu (6rok aacBeTkn), KOTOPbIA
CTauMoHapHCO  CBf3aH C  PEnbCOBbIM
TPaHCNOPTHLIM CPEACTBOM. BnoKk ocBelleHus
reHepupyeT HanpaBneHHbIR NepneHanKynsapHo
BEepXHEeH NMOCKOGTW penbca CBETOBOW Nyd B
hopMe KOHTPAaCTHOM CBETOBROW MOMNocku. 3T1a
CBETOBAs MNONOCKa OCBELIaeT KaK BEpXHI00
CTOPOHY T[OMNOBKW penbca, Tak W BHYTPEHHWH
KpaiA ronoBku penbca. CeeToBas nonocka
NPOXOOMUT MOMNEPEK HanpPaBneHUsa ABMKEHWS, T.e.
nonepek HanpasneHns pensca.

Kpome Toro, Ha pensCOBOM TpPaHCNOPTHOM
CPEeACTBE KeCTKO 3akpenneHa BuAasokamepa,
none 3peHUs WNK OMNTUYecKkas OCb KOTOPOWR
HanpaeneHa B obnacTb BepxHel NoBepXHOCTW
penca, B KOTOPOA HaxoguTcs cBeToBas
nonocka. YCTPOWCTBO COASPMWUT  LUPpOBOIA
JaTyuK nepemeLlleHud, KOTOPbIA perncTpupyet
NpoAAeHHEIE U3MEepUTENEBHEIE OTPE3KM MYyTHU W
NoKasaHWA KOTOPOro CTaBATCH B COOTBETCTBUE
3HAYEHUAM peayneTaTos npocmoTpa
BUAeOKamepbl AnA 0OpasoBaHWA CUIHANOB
"nzobpaxeHune-nepemeLleHue".

MNMocne npoBeeHns 3aMepoB, HaKONIEeHHbIA
obbem uHbopmMauumu nogsoguTcs K Bnoky

obpaboTky,  YCUNEHHOMY  BblMUCMUTENbHOM
MalWHOW U Tam obpabaTeizaeTcs. Mo npuuvHe
Pa3nUYHbIX BO3MOKHOCTEN YCTaHOBKM

BUEOKaMEpbl MOXHC OOHApYXWUTb CHUMaEMYHo
BUOSOKAMEPOX DOpPMY CBETOBOW MOJSIOCKK, T.e.
npocuna  penbca, MO  CPaBHEHWH C
hakTreckm npodunem
TPaHCHOPMUPOBAHHOM, Te. WCKaXXeHHO
npeacTaBneHHor chopmbl. PakTuyeckas cdopma
npogung pensca OyaeT onpegeneHa ¢

NOMOLLLIO BLIMMCTIMTESNBHOM MaLLNHbI.
OnpefdgeneH1e NOBLIWEHHOrO  U3HOCA UMK
aedopmaLnii NOBEPXHOCTH KaraHus

ocylectenaetcs B 6rnoke  oTpaboTku
CpaBHeHWeM 3achUKGUPOBAHHOMO B npolecce
U3MepeHWid curHana
"vaobpaxeHue-nepeMeLleHmre” ¢ 3aJaHHOM
XapaKTepUCTUKOW Npoduns hopMbl.

MNonoxeHve BUeoKamMepbl N3MeHseTcAa U3-3a
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ynpyriux nepemeLleHui penbscoBoro
TPaHCMNOPTHOMO cpedcTea MpW OAHOBPEMEHHOM
M3MEeHEeHUW NONOXeHWs ONTUYEeCKOW ocKu 1 nona
3peHns  Bugeokamepbl. [OnA  ydeta  STUX
W3MEHEeHWA  NpUMEHseTCsl  ONTUYecKUr
BCMOMOraTenbHbl CurHan B opMe BUOMMOro
nasepHoro nyya. JlaaepHblid Nyd HanpasnseTtcs
OT CTaLMOHapHO CBA3AHHOIO C PenbCoBbIM
TPaHCMOPTHEIM CpeAcTBOM NCTOMHUKA
M3MNyYeHns Ha BEPXHIOK MOBEPXHOCTb rONoBKU
pensca, Onarojaps dYemy MoxeT 6biTb
ycTaHoBNeHa onopHas BbIGOTA H.
OnpefeneHHasa BeicoTa H ucnoneayetca Ana
pacyeTHoro  onpeaeneHvs  akTU4ecKoro
npochbunsa BepxHel NoBepXHOCTW penbca

HepocTatkom yKasaHHoro ycTpoKrcTBa
aBnseTca 1o, 4To Heobxoaumo obpabaTbiBaTth
O0MbLLOe KOMMHEeCTBO MHAOPMALIMK, CNOXKHOCTb
obpaboTkM  WMHOpMaLMKU W, Kak CcrneacTeue,
HeJocTaTouHbLIe TOYHOCTb nonyyeHmns
pesynbTaTta W GbicTpoaeicTBHe.

MaBecTHbl "CucTeMa  M3MEPEeHWA  LUMPWHDI
Konewu, a Takke FOPU3OHTANBHOMO U
BEpPTMKaNbHOTO  M3HOGA  MKeneaHOAOPOKHbIX
penscoB”. [MateHT [epmaHum P 3538439.5-52
onybnukor. 29.10.1985, n "OnroaneKkrpoHHas
cuctemMa  OECKOHTAKTHOrO  M3MepeHus B
ABVKEHMM NPOhUnsa NonepeyHoro ceveHus
KenesHOAOPOXKHBbIX  penbcoB,  Npodwns
nonepeyHoro ceuveHWss U napaMmeTpoB Konec
KENE3HOAOPOXKHOIO  MOABMXHOTO — COCTaBa,
NonepeyHoro  CeveHWa  KeneaHOOOPOKHbLIX
BaroHoBs, OOKOBLIX 1 BEPTUKANbHBLIX OTKNOHEHWIA
MeNneaHoAOPOXHBLIX PefbcoB, NaTteHT MepMaHn
N DE 3611795, zaaen. 8.04.86 r., onybnuk.
15.10.87 r. MMK G 01 B 11/24, G 01 B 11/14,
BblOpaHHas Hamu 3a NpoToTuUn.

CucTeMa  COASPKUT  XKECTKYIo  OMOPHYHO
LTaHry, Kotopas nofselunBaeTcs Hag penbcom
Ha penbcoBOM (TpPaHCMopTHOM) cpefcTee. Ha
KOHLUaX W B CepeauHe LUTaHIX pPacronoXeHs!
AAaTUMKK BECKOHTaKTHOrO WaMepeHus npocuns
nonepeYHoro ceveHuns 6oKoBoOro n
BEPTUKANbHBIX OTKNOHEHWA KeneaHoAOPOXKHBLIX
penccoB. [Ons onpegeneHua  GOKOBOIo
OTKMOHEHUS 3aMepsloT NpoekLUW OTPe3KoB
P 1, P2, P3 Mexay eCTKOW LUTAHTOMA U PEenbLCoM.
MamepeHus nNpoBOAST B TOPU3OHTAMNLHOW
nrockocT  Ana  onpefeneHns  GoKoBoro
OTKMNOHEHWS U B BEPTUKANbLHOW NNOCKOCTWU ANs
onpefeneHna OTKIMOHEHUSA MO BbiCOTE.

HDatunk Brknoyaet B ceba NpoeKkTUpYoLLKUA
Onok "OS" (Bnok 3acBeTKW), COCTOAWMA W3
McTouHMka ceeta Q ¢ 3epkanoMm U
Bpawjarowmnmea GapabaHom T, ©nok npuema
OTpPaXeHHbIX OT penbca CBeTOBbIX Myvei (bnok
M300paKEHNA), COCTOAWMA M3 NMUH3I LS n LD, B
hoKyce KOTOPbIX HAXOAATCH MyUKU ONTUYECKUX
BonokoH  GS,  pasMelleHHelX No  cxeme
"cTpoka-ctondel". Bce BonokHa ogHoro ctonbua
BeAyT K OOHOMY W TOMY e (hOTOTPaH3NGTOpY.
CurHan ¢oToTpaH3uCTOpa 3aTeM noaBepraeTcs
AdancHehwen obpaboTke BO BXOAHOM
ycTpoiicTtee E, ycunutene V u npeobpasoBatene
F (6nok obpabotkn). CymmaTtopel Eq #
E 5 npyHuMaloT MMnynechl OT npecbpasosarens
W reHepupyloT Ha CBOWX BLIXOAAX HaNpsiKeHWs,
NponopLuuoHanbHble  YPOBHIO — OCBELLEHHOCTH
nopepxHocTeld pencca. BapabaH T npu
BpalleHu obecrneynBaeT OCBeLlleHWe pernbca
nocnegoeatensHo B Toukax ¢, d, f, h, p.

BapabaH ycTaHOBINeH Tak, 4Tobbl ocBelleHne
TOYkK "C" oCylEecTBNANcch Nod yrnom 45° ¢
Luenbilo OTMETUTb ee MO BO3MOXHOCTW Gonee
TOYHO. [pK 9TOM YUYUTBIBAETCA TOT aKT, 4TO

27142892 C1
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yyactok ab ans niw6oro pensca obpaayet yron
30° ¢ ropusoHTansl.

MpoekumMoHHas cucTemMa C  NOMOLLE
3MNeKTPOHHO-ONTUYECKOTO  Bnoka  oceellaeT
pensc MyyoMm, KOTCPLIA npoberaet oOTpeaok oT
ToukM "' K Touke "P". T[lpoekuma Ha
FOPW3OHTANBHYIO MMNOCKOCTb HEMNOCPEACTBEHHO
cuMTBIBAETCHA IWH3OW LS, a npoekuma Ha
BepTWMKane - nuH3oh LD, opHako nocne
OTP&aKEHUA OT KPYroBOro 3epkana TSy, € Lenslo
6onee TOYHOW 3anucu NpodunA pensca NUH3Y
LD MOXKHO NOBEpHYTL Ha yron o OT BepTukanu,
npuyeM oHa 3amMeT nonoxerHwe LDz CurHan,
KOTOpbIA  OyneT nofABefdeH K perucTpatopy,
A0IKeH ObITb YMHOXEH neped 3TUM Ha COSc.

OOHaKo paccMOTPEeHHas cucTeMa UMeeT
cneayloLme HegocTaTku.

Bo-nepBLIX, oHa He nNoasonseT onpefenaTb
AUHaMUYeckylo AethOpMaTUBHOCTb
KENE3HOAOPOKHOW KOMeu.

Bo-BTOpbIX, HW3KasA HaAeKHOCTb, T.K.
JAaTHUKU  pacnonoKeHbl Ha  LUTaHre, KecTKo
CBAZAHHOW C HEenoJpecCOpPeHHOW  4YacTbi
TENEKKN.

Kpome Toro, B paccmaTpuBaeMoli cucteme
HeaocTaToYHas 3aluUTa onTUYecKUx BoKos oT
MbiNMA W TPA3M, T.K. CHW pacCroOXeHsl B
HenocpecTBEeHHOM 6rmaocTu oT
)KeJ'Ie3HOp,OpO)KHOI7I Konew.

OTKINOHEHWEe TeOMETPUUECKUX XapaKTepUCTUK
CT  HOpMbl  MOXeT ©blTb  obycnoeneHo
Pa3NUUHLIMKA  NPUYUHAMK, HANpPUMEp WM3HOCOM
pensca, AedopMaluver 3eMnaHore nonotHa u
1.4. PaccmaTpuBaeMoe TexHWYeckce pelleHune
He obecneymBaeT BO3MOXKHOCTM ydeTa 9TuX
NPUYKH.

K HegocTaTkam AaT4uka criefyeT OTHeCTU To,
YTO Mana HaAeXHOCTE U3-3a NPUBA3KK K YacToTe
3acBeTkM penbca, a CKOPOCTb BpalleHws
GapabaHa onpepenerHHas. Kpome Toro, saceeTka
pensca OCYLECTBNSETCA C  MOMOLLLI
Bpaljalollerocs yana 6GapabaHa, uto TakKe
BNWSET Ha HaAEXHOCTb.

Hanuuyne oTpaxaloLLux 3epkan,
PacnoONOXEHHBLIX HWKE YPOBHS FOMOBKA pensca,
3aTPYAHSET MPOXOXAEHWE KA.  CTPEnoK,
nepeesacs. Kpome TOro, Heobxoanmo
noaJepxueaTtb oTpaxaoLue 3epkana
OOGTATOMHO  HWUCTBIMM, @ MpU  TakoMm WX
pacnonomxeHu aTo npobnemaTuyHo.

Manas TOYHOCTE W3MepeHus, T.K. Ha BeCb
OManasoH  uamepeHuda npuxogutes 100
YYBCTBUTEMNBHBIX ~ SNEMEHTOB  OMNTUYECKOro
YyCTpOWCTBA.

KoHCTpyKkUMs AaTydnMka rpomosgka, T.K. Ans
obecnevyeHusa paboTOCNoCOBHOCTU HeobXxoaWum
BTOPOW WCTOYHUK 3acBETKA HWKHEH KPOMKW
TONOBKW penbea.

Bajava, Ha pelUeHWe KOTOPOW HanpasneHo
3anBnsemMoe K3obpeTeHne, - ycTpaHeHwe
YKasaHHbIX HedOoCTaTKOB.

Orta 3ajava pelleHa Tem, 41O
ONTOSMNEKTPOHHAsA cUcTemMa  BeCcKOHTaKTHOro
W3MEPEHWA B [JBWXKEHWM [€OMEeTPUYECKUX
XapaKTepWUCTUK  XKENe3HOAOPOXKHOW  Konew,
cofepKallas no KpahHeh Mepe nNo OAHOMY
OBYXKOOPAMHATHOMY JaTyniky B Tpex TouKax
Xopabl, NpefcTaBnsAlowWeR coboh  KeCTky
nameputencHyto  6asy, pasMelleHHbX  Ha
penscoBOM cpefcTBe, cHabXeHa JdaTyukami,
pPacnonoxXeHHLIMKU TaK, 4yTo obpaaytoT
OOMONHUTENBHYK M3MepWTenbHy Basy, npu
aTOM oaHa M3 6aa pacnonoxeHa B o6GnacTu
Harpy>eHus, a gpyras BHe obnacTu HarpyxeHus
pensca, B CepeavHe PenbCOBOro CpPeacTea no
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nNpoaonsHOR ero ocu.

Cuctema CcHabxXeHa nartymkamm,
pacnonoXeHHbIMA  NO  KpasM  PerbCoBOro
cpedctBa Mo MNPOAONbHOW ero ocu, obpasys
namepuTensHyto Gasy.

B OMNTOSNEKTPOHHOM Jatuunke
OECKOHTAKTHOrO M3MepeHWs NonoXeHWsa W
M3HoCa PenbCoB, CoAepX)allem PacrnonoKeHHbIe
Ha PenbLCoOBOM CpeacTBe ONTUUECKW CBA3AHHbI
Jepes penbc OMOK 3acBeTKW, BKMOMaOWWA B
cebsi nasepHbld UCTOMHWK CBeTa C  YanoMm
copMupoBaHNs  3acBeTKW Ha  penbc, M«
BKIIOYAOWMA B ceba ONTUYecKMe CUCTEMBI,
OfHa W3 KOTOPbIX OPWEeHTUpOBaHa  And
rOPU3OHTANBLHOW, a Apyras Onsf BepTUKarbHOW
COCTaBMALLMX, ©OnNoK M300pakeHnd, 6ok
06paboTkM CcUrHanoB, yaen ¢opMUpPOBaHKA
3acBeTKM Ha penbc BbINOMHEH B BWAae
obbekTuBa, obecneumBaioLLero 3acBeTKy
rOMoBKN penbca B BWAE MOMNOCKA as3epHOro
cBeTa, ONTUYECKOe YCTPOACTBO BLIMOSMHEHO Ha
ocHoBe MNpubopa ¢ 3apafoBod cBfA3bio (M13C),
cHabXeHHOrO Ha Bxoge dopMmupoBaTenem
M30BpaXKeHWh,  Hanpumep  aHaMOpPPOTHEIM
obbekTnBOM, 1 coeanHeHo ¢ Bnokom obpaboTku,
npn 9TOM  YYBCTBUTENbHOCTL  Npubopa ¢
3apAA0BOI CBA3bI0 BbiOpaHa yaoBNeTBOpAOLWLEen
BbIpaxeHuIo

z

F = K¢ — ,

IR

rae | - MHTeHCNBHOCTL 3aCBETKM pernbea;

R - oTpaxaTenbHas cnocofHOCTb penbea;

L - yaaneHHocTb ocu penbca;

F - uyBcTBUTENBHOCTL NPUbOpPa C 3apsAOBOA
cBfabio (M3C);

K - koahhnLmneHT nponopLMoHanbHOCTK.

CornacHo nyHkTy 2 T3C npepctasnseT
coboli no kpaiHen mepe ape [13C-nMHeRKN,
pacnonoXeHHble TaK, YTO MonA 3peHust UX He
BINMWEKOT OQHO Ha gpyroe.

Takum oﬁpaaoM, AononHUTenbHble AaT4yrukn 1
yKkasaHHOe WX  pasMmelleHne, obpaaysa
naMmeputensHytlo 6aay B HarpyeHHoil Yactu (Ha
Tenexke) penbCoBOrC cpeActBa (BaroHa) W B
cepeauHe BaroHa "KopoTkasa Gasa" no
nNpoJcneHoOW ocw, "AnvHHasa Basa" no Kpaawm
BaroHa nNo MpofdofibHOW OcK, MO3BONSOT
3aMepnTb Nporud, o6yCcnoBNEeHHbI Harpyskoh Ha
pensc 1 HeHarpyKeHHblid pensc, onpeaenuTb ux
pasHuLy, KoTopas W XapaKkrepuayet
0ePOPMATUBHOCTL HENe3HOLOPOMHOW Koneu.

HageKHoCTb ChCTeMbl NoBbIlLEHa TeM, YTo
AaTyMKKM  pacnonoXeHel Ha NoApeccopeHHOR
4JactTn penbcoBore cpeacts. o atoRd  xe
npuynHe yeBenuyeHa 3alWUEeHHOCTb ONTUYEeCKUX
©nokos " obecneveHa BO3MOXHOCTb
6ecnpenaTeTBEHHOMO NPOXOXASHUS CTPENoK U
nepeesgos.

Mpwn H3MepeHUn reoMeTPUHECKUX
Xapaktepuctik a4 Konmen  obecneveHa
BO3MOXHOCTL YYECTb AMHAMUYECKOS U3MEHEHWE
9TUX XapaKkTepuUCTUK (LUMPUHA KONew, YpPOBEHb,
nepekoc, wuark6é W T.4) noad ASACTBUEM
Harpy3Kku# Ha KOnelw GO CTOPOHEBI KOMEeCHbLIX nap
Tenexex BaroHa. Mo AVHaMUYecKoMy
W3MEHEHUIO rEOMETPUHMECKUX  XapaKTEepUCTUK
MOXHO CyAUTb O AedOopMaTUBHOCTUW X/A NyTH.

Cxema  pasmelleHnss  [OAaT4YMKOB W
KOHCTPYKLWUA A3TYMKOB MNO3BONSIOT U3MEpUTh
pasnuyHble BK1aAbI npwn onpegeneHnm
XapaKTepucTHK KeneaHoAOPOXKHOR Konew.

MoBbiweHwe HadexHOCTK JaTtuuvka
obecneyeHo Tem, YTO 3a CYeT BbINOHEHWA yana
3acBeTKM, CO3JaloWero  3acBeTKy  [ONOBKW
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pensca B BWAE CMMOWHOW WNWU NYHKTUPHOW
NONOCKW Na3epHOro ceeTa W BuINONHeHWs Bnoka
WM3o0paNKeHWid, CYUTBIBAKOLLErD WHMOPMALKUID ©
y3na 3acBeTKW, NO3BOMNAET NPOU3BOAWUTE 3amep
NONOXEHUs penbca MO KpahHUM  TOUKaM
3acBeTky, B peaynetate obecneveHa
BO3MOHOCTb pasgeneHus BESIMYKUHEI
WCKPWBINEHWA NyTW OT U3HOCa penbca.
MpeanoxeHHaa B cucTeme NPOAONLHAas
CXeEMa pa3MeLlEHNS JAaTYMKOB MO OTHOLLEHWIO K
penscy noaeonser wuabexatb NPAMOro

nonagaHus OTPaKEHHDBIX nyqen, a
obpabaTbiBaTb TOMbKO CUrHan M3ctpaxeHus
CylHOCTE  M300peTeHnMsa  NosAcHeHa

yepTexamu, rae usobpaxeHo:

ur. 1 - obWmMI BMO CUCTEMbI CBEPXY;

dur. 2 - obLWKin BUA crcTemMsl cBoky;

ur. 3 - 0B BUA SaTuvka;

dur. 4 - cxema U3MepeHNs LLNPUHBI Konew,

ur. 5 - cxema NamepeHUs ypoBHS,

cur. 8 - cxema U3MEPEHNS PUXTOBKM.

Ha penccoBom cpeicTBe (BaroHe) 1
pasmMeLleHbl ONTOANeKTPOHHbIe AaT4YKrKA.

Oatumkn 2, 3, 4 pasmeweHsl Ha
NoAPECCOPeHHO pame Tenexku 5 BaroHa 1.

datuvkn 6, 7, 8 pasmelleHbl B cpegHen
yacTu pambl BaroHa (1) no npaBoMy W nNeBoMy
Gopry.

Hatumkn 9, 10 paamellieHbl NO Kpasm BarcHa
1 no npasomMy W nNesomy 6opTy.

Hatunkn 2, 3, 4 obpasyloT UaMepuTensHYH
Gasy B 06NacTU HarpyXeHua pensca pensLcoBbiM
CpecTBOM.

fatumkn 6, 7, 8 obpasyloT "KOpoTkyto"
nsmeputensHylo 6asy BHe o6nacTu HarpyxeHus.

fatumkn 9, 7, 10 obpaayloT "AnNUHHYK"
M3mepuTensHyo 6asy BHe obnacTu HarpyxeHus.

Ha pame Ttenexku 5 BaroHa 1 pasmelleH
Jaryuk maHoca pensca 11. Cuctema cHabxeHa
rMpockonom 12, 3ajalolWUM  UCKYCCTBEHHEIA
TOPU3OHT AN1A M3MepeHUa ypoBHA Konen. Kpome
TOro, cuctema cHabxeHa garyvkom nytv 13

Ha ©ykcax konecHoOW napel Tenexkn 5
pasmMeLlleHbl TeH3odaT4HuKn 14 Aanga onpegeneHna
BENAYUHLI  CTATUMECKOW W OMHAMUYECKOH
Harpyakn penbcoB 15 OT  TpaHCNOpTHOroO
cpedcTea.

Bce patuMkn  cBfidaHbl  NOCPEACTBOM
NOKanbHOW CeTU € LUeHTpansHbIM Mogynem 3BM
(Ha uepTexe He nokasaH), Ans o6paboTku
OaHHbBIX.

ONTO3NEKTPOHHBIA JaTuUuK chur. 3 coaepunT
6rnok 3aceeTkM 16, BKMOYAWWA NasepHLId
WCTOYHKWK cBeTa 17 W yaen copmupoBaHua
3acBeTkM Ha pensc 18, 3akpenneHHble Ha
penscoBoM cpefctse 1, 5. [aTuMk COASPKWT
6nok naobpaxeHwin 19, BrIovalOWMA B cedbs
npubop ¢ 3apaaoBoi  cBAsbl 20 WM
dopmrpoBaTenb n3obpaxeHna 21.

Mprbop ¢ 3apaaoBOiA cBA3L 20 coeMHEH C
Bnokom obpaboTkun 22,

Ha cur. 3 naobpaxeH cBeToOBOA pacTp 23,
hopMUpyEMBIA Bnokom 3acBeTKM 18,
CO3[alwlLIMA CBETOBYHK MONOCKY 24 HA pensce
156

Ha cpur. 4 nsobpaxeHa cxema, NOACHAKLLASA
W3MepPeHWe LUNPUHbI PenibCoBON Komew.

Ha chur. 5 nsobpaxeHa cxema, NOACHAOLLASA
U3MepeHre YPOBHA PenbcoBOi Konew, rae:

25 - NONOXeHWe WCKYCCTBEHHOrO YPOBHSA
rMpocKkona,;

26 - NONOXeHVe YPOBHS pambl TEMEXKU,

27 - NonoMeHWe YPOBHS PerbCOBOW Komnew.

Ha cour. 6 nsobpaxeHa cxema, NoACHAWLWAs
namepeHue cTpenbl Uarnba pensCoBCH Koneu B
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nnaHe (pWxToBKa), rae 28 - uamepuTenbHas
Basa.

PaBota cucTemMbl oOcCHOBaHa Ha yyere
PasnUYHbIX NPUYWH, BbI3BIBAKOLWMX OTKIOHEHMWE
OT HOPMbl FEOMETPUYECKUX XapaKTepUcTUK X 4.
Konew.

Bce wuamepeHWs npousBofsT B obnacTtu
AMHEMWYECKOro HarpyxeHud XenesHo4opoXHOoro
pensca  TENeXKOW  (KOMecHBIMW  napamu)
penscoBoro  cpeacTea (BaroHa) " B
HeHarpyeHHbIX ofnactax:

cepedvHa BaroHa - "kopoTkaa" basa,

no AnvHe saroHa - "anuHHas Gasa".

Mpn onpepeneHWn fecopmMaTvBHOCTM XK.4.
NyTW NpW ABWKEHUW BAroHa CHUMAIOT NOKa3aHWA
JatdnkoB 2, 3, 4, KOTOpble XapakrepuayloT
COCTOSIHWE MOf, HarpyskoW, aaTtem B 3TOW xe
TOYKEe CHUMAIOT MokKasaHus gaTumkos 6, 7, 8,
KOTOpbIE  XapaKTepuaywT cocTosHue 6e3
Harpyskv. PasHnua Mexay 9TMMU NokasaHWamu
XapaktepuayeT AechopMaTUBHOCTE XK.4. MyTU S,
onpeaensemMylo kak ynpyryro ocagaky nyta Y npu
BO3ENCTBUU AUHAMWYECKOW Harpysku P: S = PfY
[em. M.®. Bepuro, A.A. KoraH "BaanmopeicTeune
nyTm W nodswHoro coctaea’. M, TpaHcnoprT,
1986].

[ns uamepeHus LIMPWHLI PENBCOBOR Koneu
"lW" cHUMAIOT nokasanus Jatdukoe 2 u 11,
KOTOPbIE XapaKTepWUayoT CCCTOSHUE perbca nog
HarpyaKkoid, 3aTeM B STOW Xe TouKe CHUMAIOT
noKasaHua JaTYMKOB 7, KOTOPbIE XapakTepusyT
COCTOsiHWE penbca 6e3 Harpysku.

[aTtamkoM 2 M3MepsalT  paccTosHWe B
TOPU3OHTANBHOA  NMOCKOCTM  MeXZy  paMoid
TEMNEXKN U BHYTPEHHER BOKOBOW rpaHbio pensca
aq, ap (chur. 1). B pesyncTate MMeemM LUMPUHY
koneun B T. B (cur. 4), kotopad paBHa ag +
a1 + ap, rae ap - PaccTosHUe Mexdy AaTynKaMu
2.

Hatuukom 11 KMamepsloT BenUYuHY WuaHoca
TONOBKM pensca a4, Ads.

I'IonyqaeM BENWYUHY WKWPUHBI KONewn

Qotadqtpagptatay.

AHanorMyHo Jatunky 2 CHUMaeT noKasaHus
aarduka 7.

OTKMOHEHWE LUMPKHBI KoNnew oT HopMbl (L)
MoxeT  ObiTb  OOYCNoOBMNeHoO  cneayioLuMu
nprUuuHaMK:

- UBHOCOM PenbcoB (Adq+A30);

- fecpopmaumeit semnaHoro nonotHa (Aasg);

- OTKMOHEHWEM PEenkCOB OT NEpBOHAYanbHOM
NPOKNaAKKU B NpoLecce SKenyatauum Aay.

W = Wt a8yt a8t pB3TABY

Kak nokasaHo, M3HOC penbcoB onpeaensem
npamMbiM U3MepeHneM gatymkaMn nsHoca 1.

PaaHocTb nokasaHui £33 mexay
BeNnu4nHaMK, onpeaensemMbiMu gat4ukamu 2 u 7,
XapakTepuayeT W3MeHeHWe LWWPUHBl  Konew,
BbI3BaHHOE JedopmMaliveli 3eMINSHOroO NonoTHa.

OcTaBLIascs BeNUYUMHA OTKITOHEHWIA LUMPUHBI
KOMEW XapaKkTepuayeT OTKNOHEHWe, Bbi3BaHHOE
cTaTU4eckUM AedOpMUPOBAHUEM PeribCoB Aay4.

Takum 0Bpa3oMm, Mbl NonyYaem kak 3HaveHune
LLUWPUHBI PENBCOBCH KOnew, Tak W Cnpefensem
NPUHKHLI,  BbI3BABLUME OTKIOHEHWe  LUMPWHBI
Konen OT HOPMBbI.

Mpn onpefeneHW B3aUMHOIO MOMNOKEHUS
pPensCoBbIX HWUTEH B nonepedyHoMm npochune
(ypoBeHb) CHAMaeM NoKasaHWA JaTyYnKoB 2 U 7,
XapaKkTepusylolMe pacCTOfHWE OT  TOMNOBKK
penbca Ao AaTyvka B BEpTHUKaIIbHOW MIOCKOCTM.

Mvpockonom 12  33agaH  WCKYCCTBEHHbIA
TOPW30HT, OTHOGUTENBHO KOTOpOro "
onpeaensem ypoBeHs.
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MpK NOSBNEHUN HeHYNEBOTO YPOBHS
{dwr. 5) « = 0 N0 OTHOLIEHWIO K MCKYCCTBEHHOMY
FOPU3OHTY 25 NPOUCXOANT HaKIOH OCK KONECHOM
napel Tenexk. Becnefacteme aToro nNpoucxoaut
HaKMNOH pamMbl TENEeXKU BaroHa Ha yron B (dur.
5) N0 OTHOLWIEHUNK K YPOBHKO KOMEW.

BenvynHa yrma B onpeaenseTtca B
LieHTpansHoOM Mogyne, no NokasaHUaM JaTHUKOB
2.

C rupockona CHUMalOT —3HauveHwe yrna
HaKNoOHa pambl TEMEeXKA K WCKYyCCTBEHHOMY
ropu3oHTy y (cpur. 5).

3HaueHue yrna o
COOTHOLUeHWem

o = By

BenuuunHy npesbilUeHWs OOHOTO penbca Haf
OPYrM ONPeaensioT BbiPaKeHWEM

h = Wesina,

roe W - aHadeHWe WWpUHLI KOoNew B MecTe
onpeaeneHns ypoBHs.

Mapoi gaTunkoB 7 NPOW3BOASAT WU3MepeHue
YPOBHSA B TOM Xe MEeCTe Kofew, Ho 6e3 Harpysku
Ha Konew BaroHom.

COOTBETCTBEHHO, 3HAYeHWe yrna o MOXEeT
OTNNYaTbCA Ha BEMUYUHY A

A = Uity

ah =ho-h7 = |_|_|2-Sinoc2—|_|_|7nsino<.7,

rae ah - xapaktepuayet oTKNoHeHWe YPOBHA
OT HOpMbl, ©OBycrnoBrneHHoOe HeoAMHAaKoBOW
NedopMaTUBHOCTBIO KENe3HOOOPOXKHOA Koneu
roA, NeBbIM Y NPAaBbIM PENbCOM;

ao, Bo, -ha, W - 3Ha4YeHMn, onpedensemele
no nokasaHwam aaTyvka 2;

a7, p7 h7; Wy - 3Ha4eHna, onpenensemsie no
nokasaHvam gartduka 7.

Mo 3HauyeHUAM BenUUMHBI WM3HOCa BepXHew
MOBEPXHOCTU KaTaHWA PernbcoB, WU3MepsemOn
fatyvkamu 11, onpefensoT BKNag W3Hoca B
OTKIMOHEHWE YPOBHS KOMNewn OT HOPMbI.

Mpy onpefeneHUn MNOMNOXEHUs PEerbCoBbLIX
HUTEl B NnaHe (PUXTOBKA) CHUMAIOT MOKa3aHWA
[aTYMKOB:

2, 3, 4 - namepuTenbHas 6asa nog Harpyakom;

6, 7, 8 - "KopoTkaa" nameputensHasa 6asa,

9, 7, 10 - "anvHrHasa" nameputenbHas basa.

OnpepeneHve BENUYUHBI PUXTOBKM
Npou3BOAAT XOPACBLIM MeTOA0M [MnoxaLkuid M.
A. 1 ap. MawuHbl 1 MexaHuaMbl A5 NyTeBoro
xozarcTea. M.: Tpaxcnopt, 1970].

Hatynkamyn uamepsalT pacctosHue "P" B
nnaHe oT BHYTPEeHHeR MOBEPXHOGTU TOMNOBKW
penbca Touka "B" (dur. 4) oo patyuka.

OTKNOHEeHWe OT NPAMONUHEeRHOCTW penbea B
niaHe Ha WaMepuTensHOW Gase Noj HarpysKoi
onpefensiT 3HaYeHUeM cTpensl nporuéa (dur.
6).

P4, P2, P3 - pacctosiHMe OT AaTyukoB A0
peneca 17,

A - cTpena nporuba.

Ha 6aze Tenexkn nog Harpyskon

onpefensatoT

PZ+P4
AT = P - ——
2 b4
Ha "kopoTkoi" Oase BaroHa
PB+PB
Ak =P - —— |
7 k4
Ha "anuHHoi" Gase BaroHa
P _+F
9 10
AD =P - ————
7 2

MamepeHne npowsBodsT B Touke "B,
NoaTOMY He MPOUCXOAUT y4eT U3HOCa PenbCoB.
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PasHuuya sHaveHWid AT-AK onpepenser
BKNag, OOycnoBneHHbId fdedopmMaumen KA.
Konen B BeNMMYWUHY PUXTOBKW.

Mpn onpedeneHvy npocagok pPefbCoBbIX
HWUTEA CHMMAIOT MOKasaHWsA aatyukos 2, 4; 6, 8
1 9, 10, onpedensalT paccTofHWe OT BEPXHER
NOBEPXHOCTKU FTONOBKW penbca 40 JaTyuka.

[MOCTOAHHO OMKCHPYIOT pa3HOCTL NOKa3aHWA
Mexzay napamu gatymkoB 2, 4; 6, 8 n 9, 10, a
TawKe PUKCUPYIOT PA3HOCTL NOKa3aHWA Mexay
napamu gatumkoB 4, 2; 8, 6 u 10, 9 B TOl xe
TOuKe.

Mpu npoeaae Hap NokanbHOW HEPOBHOCTHIO

nyTu NPOVCXOZUT nepekoc TENeXKN
OTHOCUTENBHO  penbca B BepTUKalbHON
NNOCKOCTH.  PasHOCTb  NOKa3aHWA  Mexay

Jardukamu 2 u 4 onpefenset BeNWYUHY 3TOR
HEepOBHOCTW. 3aTeM NpKU Npoxode Haj SToW xe
HEPOBHOCTLIO flaTuuKa 4, Tak xe onpefensercs
PasHOCTL MokKasaHuin Mexay gaTdivkamu 4-2.

Ecnu ata pasHocTb MO BenuuuHe Oyner
OAMHAKOBOM, HO NPOTUBOMNOSOKHOK NO 3HAKY, TO
aTa BENWYWHA XapakTepusyeT Npocaky.

AHanorn4Ho onpedensioT Npocaakv ApyrimMm
napamu aatdukos 6-8 n 9-10.

Hdatumkn 2-4 1 6-8 DUKCUPYIOT KOPOTKWE
npocazky, a aatyunkn 9-10 UKCUpYHOT ANWHHbIE
npocagkm [M.A. Mnoxauknuii 1 ap. MawuHbl ©
MEXaHWambl Ans nyTeBoro xosdicrtea. M.
TpaHcnopT, 1970].

Y4YeT NpUuUMH, NpUBOOALLMX K OTKNOHEHUIO
npocagok OT HOPMbI, MPOU3BOAAT aHaNoOrm4Ho
KaK Npy N3MepeHUaX ApYrux XapakTepucTuK.

Mo peaynbTatam W3aMepeHus  WMaHoca
NOBEPXHOCTM  KaTaHWA  T[OMOBKW  penbca
onpegensalnT BKNag U3HOCa B NepeKkoc pernbCoB.

PaaHocTs 3HAYEHWUIA NepeKkocoB,
onpefenseMblx Jatyukamu 2, 4 u 6, 8§,
XapaKTepuayeT U3MeHeHUe BENUYMHLI Nepekoca
nof AeilcTBMEM AMHAMWYECKOW Harpysku.

[atynk paboTaeT cnegylowum obpasom.

NasepHbIM WCTOYHUKOM cBeTa 17 (dur. 3)
CO34akoT NyHOK CBETA, KOTOPbLINA, Npoxcas vYepes
y3en hopMUpoBaHna 3acseTkk 20, npuobpeTaeT
chopmy pacTpoBOA nogdockun ceeTa 25. Paamepsl
CBETCROMO pacTtpa hopMUPYIOT TakUMKU, YTOGHI
Npy BCEX B3AWMHLIX YXO4AX ONTUYECKOW OcK
6noka 3acseTkn 16 1 penbca 15 ronoeka pensca
okasblBanacb 3aCBEYEHHOW MONOCKON nasepHoro
nanyueHusa. Takum obpasom, touku "A" n "B"
(cour. 3), NO KOTOPbIM MPOW3BOAAT OTCYeT
NOMNOXeHWs penbca, BCEraa OKassiBalTCH
noacBeNMeHHbIMA.  TpK  U3MepeHWn  Kn3Hoca
penbca nonoca 3acBeTKW WTpUXoBagq.

Toukn "A" n  "B" pacnonoxeHol Ha
HEW3HalLMBAEMbIX YacTAX [OMOBKM penbca.
Touka "A" - Havyanc 3akpyrmeHHOW BHEeLIHer
4yacTu BepxHelh MOBEPXHOCTW ronoBKK penkca, a
Touka "B" - HWKHAS BHYTPEHHANA KPOMKA rCNoBKK
pensca

[0 Todke "A" NPOM3BOAAT NPUBA3KY Npoduns
pensca (43Hoca) Kk Touke "B", NOCKOMbKY
LITPUXOBas 3aceeTka He obecrneynsaeT TOMHYHO
nprBs3Ky K Touke "B".

CBeT, paccesHHblA OT ronoBKU penbea,
nonagaeT Ha hopMUpoBaTens U3obpaxeHui 21
6noka naobpaxeHwid 19, KOTOPLIA pacnonoXeH
nof, OCTPbIM YIMOM K MPOAOIbHOW OCHU penbea.

VaobpaxeHne 3acBeYeHHOW 4acTi ronoeku
pensca dopmupytoT Ha M3C nuHeirkax 20, ¢
KOTOpLIX nocpefcTeoM 6Gnokos obpabotku 20
BedyT OTCYET BePTUKAlNbHLIX U TOPU3OHTANBHbLIX
3Ha4YeHUI NONoKeHUs penbca.

MpK M3MepeHnn NONOXKEeHWA penbca AaTymk
Bbf@eT Ha UeHTpanbHeld  moayns  (LIM)
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3Ha4YeHUs BepTUKanbHbIX H 1 ropnaoHTanbHbIX S
KoopguHat Toqek A n B.

MpK M3MEpeHWK W3HoCa pPenbcoB AAaTyMK
Bblgaetr Ha LIM 3HadveHns H n S Bcex Toudek
3acBeTKU, nonaeLnx Ha penbe. Mpyn obpaboTke B
LIM npovcxoanT npuesaka MaHoca K NONOXEHWIO
penbca no Todke A. 3Ha4YeHWa BepTUKanbHbIX "H"
7 TOPU30HTANBHLIX st KoopguHaT
onpefensiotcs 6nokom obpabotkn 22 no

copmynam:

L 1-(L1-K(ﬂ1-N1)/(f1.COSq)1+Siﬂ(p1.K(n1-N1),
8 = L_—<L_*ain_-N_>/Cf *cosii +
F4 Z 2 2 2 Z

i *KEn_—-MH_>+t *H
fS.l.'I'll.Dz “2 - T gll]z 3

TAe ¢q - Yron Mexay ONTUYECKCHA OChio
obbekTvea 21, WIMEpPSAWEero BepTuKancHLe
KOOPAMHATEI W TOPUBOHTANBHOW MNOCKOCTHIO;

L4, Lo - paccTosHWe oT obbekTneoB 21 0o
penepHoii Todkn "B" Ha penbce;

@o - Yron Mexgy rOpW3CHTanbHOM
npoeKkyMer onTuieckor ocu obbekTrea aaryuka
23, W3MepAaIoLLETO rOPU3OHTanNbHbLIE

KOOpAWHATbLI, K NNOCKOCTLIO, NEPNeHANKYNAPHOR
ocK pernbea.

f1, fo - POKyCHblE paccTosfHWA OBBLEKTUBOB
21

N1, Nz - Homep oanemeHta T[13C,
COOTBETCTBYWLLMIA Hauany KoopauHarT;

n{, nhp - Homep oenemeHTa [3C,
COOTBETCTRYIOLMNIA M3MEPAEMOMY MOTIOKEHWIO
pensca;

K - paccrosHMe Mexgy coceaHVMU

anemeHTamu U30;

H - BepTukanbHas KoopavHaTa UaMepsemMoi
TOUKK peneca;

S - ropv3cHTansHas
Mamepﬂemoﬁ TOYKK penbca.

dopmyna nsobpeteHus:

1. OnToanekTpoHHan crcTema
GeckoHTaKTHOro M3MepeHnd B OBMXEHUKU
reoMeTpu4Hecknx xapaxkTepUucTuk
)KeneaHo,u,opox(Hon KonewW, cogepxalas no
KpakHelh mepe nNo ofHOMY ABYXKOOPAWHATHOMY
ONTOJNEKTPOHHOMY  AaTyMKy B TpeX ToMKax
xopakl, npefcTaensioLei cotoi
namepuTensHylo 0asy, pasMelleHHoMy Ha

KoopauHaTta
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penscoBOM CpefcTBe, OTNUMYALLAACS TEM, YTO
OHa cHabxeHa [OMNOMHUTENBHO AaTynkamu,
pacnonoXeHHbIMK TaKk, 41O obpasyoT
ACMOMHUTENbBHYID  UamepuTensHyo 6asy, npu
9TOM OfHa U3 U3MEepUTENbHBIX 6a3 pacnonoxeHa
B 06nacTy Harpy;eHus penbsca, a Apyras - BHe
obnacTu HarpyxeHws B cepeauHe penbcoBoro
cpegcrtea no I'IpD,qOJ'IbHOI;I ero ocu.

2. Cuctema no n.1, oTnMYalolWanca TemM, Uto
OHa [JOMNCIHUTENEHO cHabKeHa paTynkamu,
pacnonoXeHHbIMKW N0 KpasiM  PenbCoBOro
cpeacTea NoO MNPOAOMBHOM ero ocu, obpasys
uaMepuTensHylo Gaay.

3. ONTOSMNEeKTPOHHbIA AaT4uK DecKoHTaKTHOro
W3MEPEHNUA MONOXEHWA U KM3HOCa penbsca,
cofepiallid pacnonoXeHHble Ha pPernbcoBoM
CPeACcTBe ONTHUYECKW CBHR3AHHLIE Yepead penbec
OnoK 3acBeTKW, BKMIOYAIOWKA B cebst nasepHbli
WUCTOYHUK CBETA C Y3MOM (hOPMUPORAHUA
3aCBeTKW, ONTUYECKN CBA3AHHLIA Yepe3 pensc ¢
OnokoMm usobpaxeHWid, BkTovalowMm B cebs
ONTUYECKWE YCTPOWCTBA, OOHC W3  KOTOPbLIX
OpWEHTUPCBAHO AN roOpU3oHTaNLHO!, a apyroe
AN BepTUKansLHON COCTABNAIOLLIMX
naobpaxeHud penbca, W 6nok obpaboTtkn
CUrHanoB, OTNUYAIOWMACA Tem, 4TO y3en
HOPMUPOBaHWSA 3aCBETKA HA PEIbC BLINOMHEH B
Buae obtektuea, obecrnevnBaloliero 3acBeTky
rONoBKM penesca B BUAE NONOCKWA J1a3epHOro
cBeTa, ONTUYECKOE YCTPOACTBO BLINOMHEHO Ha
ocHoBe npubopa ¢ 3apagoBoi cesabio (M13C),
CHabXeHHOro Ha Bxoge hopMUpoBaTenem

M300paKeHni, Hanpumep  aHamopOTHBLIM
OGLEKTUBOM, W COeAMHEHHOro ¢ Grnokom
obpaboTkn CUrHamnoB, npw 3TOM
yyBcTBUTENEHOCTE  M3C  ypgoenetBopseT
BbIP@XEHWUIO

z

L

F = K — ,
IR

rae F - uyscTBuTensHocTb M3C;

| - MHTEHCGKBHOCTbL 3aCBETKU penbca;

L - yaaneHHOCTb OT penbca;

R - oTpaxaTtensHaa cnocoGHOCTL penbea,;

K - koathh1UmneHT nponopLmoHansHOCTH

4. Jatynk No n.3, oTnMYaloWMica Tem, YTo
M3C npefcraBnaeT cobol No KpanHeh mepe Ase
M3C-nuHelKky, pacnonoxeHHbIe Tak, YTo nons
3PEHNA UX He BMUSIOT OAHO Ha Apyroe.
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(57) HszobpereHuHe OTHOCHTCH K TpaH—
CHODPTY H HamnpasJleHO Ha IOBBUIEHHE Tou-—
HOCTH H HagexXHoCTH. YacTOTHBEI CHI'Hal
OT HOOIIEePOBCKOro H3MepHuTensa | cKopo-
CTH, NPONOPLMOHAJNBHLET CKODOCTH IBIDKE~

HUSI TPAHCMNOPTHOrO CPEACTBAa, SIBIAETCH
aMIUIMTYIHO—MOLYIHPOBAHHbLIM M3—3a OT—
pPaxeHHsI OT HEOLHOPOMHOM IOBEPXHOCTH
PesbCOBOrO MOJIOTHA. PHUIBTPBI 7 u8

‘c momolubl noporosoro anemeHta 10,

KIoueBQro ajiemMeHTa 9 B uHBepropa 11
GOpPMHDYT CHI'HAI CKOPOCTH HAa BhXoe
cymmaTopa 12 mo, aMIHTYOHON MOOYIisi—

MU DU HUSKOH CKOPOCTH ABHKEHHA H

IO CHTHaly HOMIePOBCKOM YacTOTH NpH
BBICOKOH CKOPOCTH OBHXeHHS, CHUrHan
CKODOCTH [ABHXEHHS CPDABHHBAEeTCA B
6rroke 13 cpaBHeHHs C CHIHaIoOM, Mpo-
MOPLUHOHANIbHBM YAaCTOTE BpameHHs KOHT-—
ponHpyeMoil KosecHolfl napel, a pesyib—

THpYIOmMIl cuHrHam c 6ioxka 13 Bospeii-

cTByeT uepes 6nok 14 ynpaBiieHMs Ha

THDUCTODHBIT npeobpasosatens 15, nu—
Tawmuil TATOBLE SNeKTponsBHraTtens 16,
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H3ob6peTreHHe OTHOCHTCH K TpaHCcnop-
TY, B YAaCTHOCTH K YyCTpOHCTBAaM nns
3AMMThE OT GOKCOBAHHA H 1034 penbcosbm
TPAHCIIOPTHLX CpPencTRB.

Ilenp H306peTeHHss — TOBbLIIEHME TOY=-
HOCTH H HAHEeXHOCTH. .

Ha ueprexe npencraBrmeHa 6nok-cxema
npenjiaraeMoro ycTpoHcTBAa.

YcTpo#icTBoO COOePXUT [OOILIEPOBCKHI
H3MepHTeNis 1 CKOPOCTH, BKIIOUAWHEl
reHeparop 2, $eppHTOBBII HUHPKYJIATOP

10

3, npuemHo-Neperalmyo aHTeHHY 4 M ycu-

NUTens 5, BBIXOA KOTODPOI'O ABIAETCS
BEIXOZOM H3MepHuTena 1, BeXof, M3Mepu—
Tena 1 nopkoyeHK BXomy aMIyIHTyn~
HOT'o meTekTopa 6, K BBXOAY KOTOPOro
NOAKIMoOYeHsl BXoJaMH GUIIBLTPHl 7 U 8 ya—
CTOT M knwuesoli snement 9, Buxog
¢wIsTPa 7 yepes NOporosBmil siemMenT

10 monkiwuen x BTOpoMy BXOOY KIlpoue—
BOro aneMenta 9. Bbxon ¢unsvrpa 8 ye-—
pe3 HHBepTOp 11 MOOKIIWUEH K omHOMY
H3 BXOAOB cymmaTopa 12, ppyroit BXOn,
KOTOPOI'o NOUKIIOYEH K BbIXOQY Killoue-—
BoFo aneMenTa 9, a BRXOH COEAMHEH C
OOHHM H3 BXoHoB 6noka 13 cpaBHeHHHA .
Bexon nocnenHero CoeOMHEH C' BXOOOM

15

20

25

6rnoka 14 ymnpaBnenus THPHCTODHBIM Npeot-

pasoBarenem 15, nurammuMm TArosbEl 3j1e—
KTPOOBHUraTelb 16 C KOTODPbLM COYJIEHEeH
AaTYHK 17 4acTOTH BpalleHUs, MOLKILIO—
YEeHHbE K APYTOMY BXony Snoxa 13 cpas-

HEHHSH ,
|
YcrpoiicTBo paGOTaeT cnenymmHM 06-

pasoM.
I'envepaTop 2 BbmaﬁaTuBaeT 3NeKTpo—
MaTHUTHbIE xoneﬁannﬂ, KOTopble yepes
LHAPKYJATOP 3 mMonafganT B PYHODHO—=ITHH—
30BYI0 NpHEMHO-NIEPEeNanmyd aHTEeHHY &
H H3JIy4yawrcs, OCYWEeCTRIAA 30HIHPO—
BaHHe XeJIe3HOLOPOXHOI'O MoJoTHa. OTpa—
KEeHHbI{ CHI'Hal/l BOCIIPHHHMAaeTCs TON
Xe aHTeHHOH 4 M Yyepea mupkynasrTop 3
nonaeTcAa Ha BXOO YCHIHTENsS 5 BBIC OKOH -
uyacrtorst. Ha Bxoa mnocnenmnero uepes
LHPKYJIATOD 3 NPHXOOHUT Takxe 3 OHOHDYI—
IHH cHrHan. [IpH HallOXeHHH 3THX IOBYX
CHTHAJIOB BO3HHKAET SsIBIIeHHe OHeHHs
¢ uvacToTto#i [omnepa. Curxan OONJIepoBC—
KOH YacTOTH ABAAeTCS aMIIJIUT YO HO~MO—
OYJIMPOB&HHBIM HM3—3a OTPaXeHHUS OT He-—
OHOPOZHOH TMOBEePXHOCTH Xee3Homop OX—
HOI'O MOJOTHA, BH3BAHHON HalHYHeM
uman. H3 storo currana éunsTpamm 7
H 8 BHOenAwTcA curxan OOMnepoBCKoHi
YaCTOTH H CHI'HaAJl aMIUIHTYOHOM MOOYris—
IMH. ECIIH CKOpPOCTBH JIOKOMOTHBA BHIG—
PaHHOH YCTaBKH, HalnpHMep, MeHble
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“TeM,

10 kM/u, T.e, BxomHoe HanpAxeHHe
noporosoro snementa 10 Menbme nopo-
TOBOI'O 3HAYEeHHs, KJIWYEBOH 3NeMeHT 9
Pa3’soOMKHYT, H nHHeHHan CKOPOCTH JOKO-
MOTHBa olpepnesnseTcs 10 YaCTOTE CHr-—
Hana amMIMHTYRHON MooysisiuMH. Ecnu cko—
pocTh sokoMoTHBa Gombme 10 xkM/u,
cpabaTbiBaeT KnwyeBoH anement 9 u Ha .
NepBHit BXOO cyMMaTopa 12 nomaeTcs mMo-—
OYJIHPOBAHHBIY CHI HAJ Honnepa, -a Ha
BTOpPOH BxoA4 cymmaTopa 12 nopmaercs
HHBEPTHPDOBAHHbII HHBEPTOpoM 11 cur-
Han aMIMIHTYOHOH MoaynauuH., Ha Boxope
cymmaTopa 12 6yner cHrHag HOM1EpoBCKOid
JaCTOTH, KOTOPOH TORAeTCS Ha NepBboi
BXon Gnioka 13 cpaBHeHHs.

CHrhan nuHeitHOH ckopocTH V, B 6no-
Ké 13 cpaBHenus CpaBHHBaeTed c CHUIr'Ha=~
JIOM CKOPOCTH JIOKOMOTMEA V1, IpHxXo—-
AAMHM Ha BTOPOH BXog Giioka 13 cpae-—
HeHUSs] OT parumka 17.

B cnyuae, korpa V 2, T.e, Korpa
6ykcoBanue (ms) Konecumx map orcyr-
CTBYeT, Ha BbXOHe 6noka 13 cpaBHeHus
IPHCYTCTBYET PA3HOCTHBLII CHI'HAaJI 4V =
=0, u, Cl1eqoBaTeNibHO, Ha BXOoObl
6rnoka- 14, ynpasnenMsa nocrynaer Tolib-
KO CHIHall 'V jqs 3a0aHHR CKOPOCTH.

Ecmm V, # V,, na Bexome 6noka 13

. CpaBHeHHHA IPHCYTCTBYET DPA3HOCTHBI

-B 3TOM cnyuae BO3MOXHbI.
noBa BapHaHTa. Ecnu AV £ O, T.e. vV, <
4V, (6ykcosaHue), B 6ioke 14 Bh~
uHTaeTca H3 Vigq,, TEeM CambiM CHHXaET—
CA HanpsXeHHe THPHCTOPHBM IpeobSpaszo=—
BaTeneM 15 Ha TArosom ppurarene 16,
YMeHBllaeTCsA CKOPOCTH BpPameHHsl KoJjec—
HbIX Map JIOKOMOTHBA, MNPEeKpamaeTcs W3-
ObTOuHOEe BYKCOBaHHE KOJIECHBIX Map.
Eciiu oV 7 0, T.e. V1 7 V2 (w3),
nomaerca Ma ycTpoiictBo (He mokaszaHnog).
npeKpameHHsa ©3a KOJIeCHBIX Iap.

curuan aAv.

PopmMyna uMu3o6bpeTeHH-HA

Ycrponcvso nnn samHTm oT GOKCcOo-
‘BaHHA M 1034 DENIbCOBBIX TPaHCTIOP T HbIX
CpeacTB, cofepxamee LOIUIEPOBCKHI H3—
MEDHTE&JIb CKOPOCTH TDAHCNOPTHOrO cpen—
cTBa, OJOK CpaBHeHHA, OOHH H3 BXOHOB
KOTOPOTO CcOefHHeH C OAaTYHKOM YacTOTh
BPAMEHHA TSTOBOTO 3JIeKTPOABHTaTeNs,’
COWIEHEHHOI'o C KOHTDOJHpYeMoit Koslec—
HOH IIapo#i, a BbXOI = C GJIOKOM ynpas=-
JIeHHSI THUPUCTODPHBIM npeobpasoBaTerneM Ha-—
IPAXEHHSI, O TN H Y alwmeecs
YTO, C' LeNbl MNOBHIIEHHS TOUYHOCTH
H HanexHOCTH, OHO cHabGxkeHoO ammuMTYH-
HbIM O EeTeKTOopOoM, @unbrpauﬂfqacfow,
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. MTOPOT'OBBIM 3JIEMEHTOM, KJIKNUEBbLIM 3JIe— poro, OpHH H3 BXONOB KJIIOUEBOro 3j1e—

MEHTOM, HHBEPTOPOM H CYMMATODOM, MEeHTa H BXOI Apyroro ¢HiIbTpa 4acToT
BbIXON, KOTOPOro INOOKJIIOYEeH K OpyroMy COeITHHEeHb C BHXOIOM AaMIUIHTYAHOI'C ne-
BxXony 6noka cpaBHeHHMsA, a OOHMH H Ipy-— TexTopa, HOOKIIYEeHHOI'O BXOMOOM K BEXO=—
roi BXOHOb KOTOPOI'O NOAKIIWYEHb COOT= 5 Aoy HOoIJIEpOBCKOrO H3IMEPHTENIA CKODOCTH,
BETCTBEHHO K BbIXOLAaM KJIlKUeBOr'oO 3Je- NPpH 3TOM BBXON APYyroro uisTpa 4acroTr
MEHTa M HHBepTOpa, MNOCJIeOHHHA H3 KO- coeHHEH C BXoOoM MOPOTrOBOro 3je-
_TOPbBX MOAKJIICUEH BXOAOM K BbHIXOOY OO~ ,MeHTa,‘Bbmon KOTOpPOr'o INOAKJIinYeH K
HOro H3 GWIBLTPOB YacTOT, BXOI KOTO— 10 OpyroMy BXoOy KIIOUEeBOI'O 3JIeMeHTa.

. CocraBurens Jl. PesHuKoBa
Pepaxtop H. TopnHan - Texpen A.KpaBuyk KoppekTop M. HOemunx

3akas '4106/16 Tupax 569 NommucHoe .

BHHHIIK TocynapcrBenHoro xommurera CCCP
o genaM H30GpeTeHHil M OTKPHTHE
. 113035, Mockma, X- 35 Paymcxaﬂ Ha6., n. 4/5

lIpousBoacTeeHHo-nONHUrpadHueckoe IpennpusiTHe, r., Yxropon, yi. IlpoekrtHas, &
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Our reference:  2412-141421RU/8272 7F & PARTNERS
Application No.: 2007103331
Attorney Name: Yury D.Kuznetsov Page 1 0of 9

FEDERAL SERVICE ON INDUSTRIAL PROPERTY, PATENTS AND TRADE MARKS (ROSPATENT)
bld. 30-1, Berezhkovskaya nab., Moscow, G-59, GSP-5, Russia, 123995 Telephone (8-499) 240-60-15. Fax (8-495) 234-

30-58
To No. 2412-141421RU/8272 To “Gorodissky & Partners” Law firm Ltd.,
(21) Our No. 2007103331/28(003582) B. Spasskaya str., 25, bidg. 3, Moscow, 129090, Russia
DECISION ON GRANT
A PATENT FOR INVENTION
(21) Application No. 2007103331/28(003582) (22) Application filing date 30 June 2005

As a result of the substantive examination of the present application for invention, it has been stated that
[ ] the claimed invention
[x] the claimed group of inventions
relates to the objects of patent rights and complies with the patentability conditions stipulated by the Civil Code of the
Russian Federation and, in view of this, a decision to grant a patent for the invention has been taken.
A Report on Examination Results is enclosed.

Enclosure: on 15 sheets in 1 copy.

Head Signature B.P. Simonov

N/ mepa A 4 A A~
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Application No.: 2007103331

Attorney Name: Yury D.Kuznetsov Page2of 9

TRANSLATION

CONCLUSION ON EXAMINATION RESULTS

(21) Application Ne 2007103331/28(003582) (22) Date of filing the application June 30, 2005

(24) Date from which industrial property rights may have effect June 30, 2005
(85) Date of commencement of the national phase January 30, 2007

PRIORITY IS FIXED ON DATE

O  (22) Date of filing the application
0O (23) Date of filing of additional materials of to the earlier application Ne
O (62) O priority date of the application Ne of from which the present application has been divided up
O filing date of the application Ne of from which the present application has been divided up
O (66) Filing date of the earlier application Ne
&  (30) Data relating to priority under the Paris Convention
(31) Number assigned to priority  (32) Date of filing priority (33) Country Claim
application application code
60/584,769 June 30, 2004 us

(86) PCT Application number and date US 2005/023132 of June 30, 2005
(87) PCT Publication number and date WO 2006/004846 of January 12, 2006

(72} Inventor(s) NAGLE, John, Anthony, 1., US
ORRELL, Steven, C., US
VILLAR, Christopher, M., US
(73)  Assignee(s) GEORGETOWN RAIL EQUIPMENT COMPANY, US

(54)  Title SYSTEM AND METHOD FOR INSPECTING RAILROAD TRACK

As a result of the substantive examination of the application as conducted with respect to
[ ] the original set of claims [x] the set of claims amended by the Applicant, the concordance of
[ ] the claimed invention [x] the claimed group of inventions to the requirements of the Articles 1349 and 1350 of the Civil
Code of the Russian Federation has been revealed.

The set of claims is presented in page(s) 3-13.

NOTE: to eliminate a technical error the feature “a first frame” was canceled from dependent claims 13, 23, 36, 46,

59, 69 (according to the third line of the said claims states “analyzing one or more intermediate frames and an end frame...”
from where this feature is deleted).
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(21) 2007103331/28

(51) IPC
GO1C 3/08 (2006.01)
B61K 9/08 (2006.01)

(57)

1. A system for inspecting a railroad track bed, including the railroad track, to be mounted on a vehicle for movement along
the railroad track, the system comprising:

at least one light generator positioned adjacent the railroad track for projecting a beam of light across the railroad track bed;
at least one optical receiver positioned adjacent the railroad track for receiving at least a portion of the light reflected from
the railroad track bed and generating a plurality of images representative of the profile of at least a portion of the railroad
track bed; and

at least one processor for analyzing the plurality of images and determining a geographic location of the plurality of images,
the processor being further capable of compiling the plurality of images with one or more respective physical characteristics
and recording the respective geographical location of the plurality of images.

2. The system of claim 1, wherein the light generator is a laser.

3. The system of claim 2, wherein the laser emits an infrared beam of light.

4, The system of claim 1, wherein the at least one light generator is positioned substantially above the railroad track and
emits the beam of light substantially perpendicular to the railroad track.

5. The system of claim 2, wherein the laser emits the beam of light with an angular expanse.

6. The system of claim 1, wherein the at least one optical receiver comprises a digital camera.

7. The system of claim 1, wherein the optical device comprises a band pass filter allowing substantially only the wavelength
of the beam of light to be captured in the plurality of images.

8. The system of claim 1, wherein the at least one processor comprises a data storage device for storing the plurality of
images.

9. The system of claim 1, further comprising a GPS receiver or an encoder that provides the geographical location data for
analysis by the processor.

10. The system of claim 1, further comprising a temperature sensor positioned adjacent the railroad track that provides a
temperature of the railroad track for analysis by the processor.

11. The system of claim 1, wherein each of the plurality of images comprises a plurality of pixels given X-Y-coordinates.

12. The system of claim 1, wherein each of the plurality of images comprises a Z-coordinate representing the location of the
image along the length of railroad track.

13. The system of claim 1, wherein the processor includes an algorithm for determining the distance between crossties of
the railroad track bed, the algorithm comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frames comprising

crossties while the one or more intermediate frames lack crossties:
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(b) determining a number of the one or more intermediate frames lacking crossties;

(c) determining a known spacing between frames; and

(d) determining the distance between the crossties of the end frame based upon the number of the one or more intermediate
frames lacking crossties and the known spacing between the frames.

14. The system of claim 1, wherein the processor includes an algorithm for identifying specific components of the railroad
track bed.

15. The system of claim 1, wherein the processor includes an algorithm for determining a defect in a crosstie of the railroad
track bed.

16. The system of claim 1, wherein the processor includes an algorithm for detecting missing, misaligned, damaged, or
defective fastener components of the railroad track bed.

17. The system of claim 1, wherein the processor includes an algorithm for detecting a misaligned or sunken tie plate of the
railroad track bed, the algorithm comprising the steps of:

(a) analyzing a frame of the plurality of images, the frame comprising a region of interest;

(b) determining whether the region of interest contains a tie plate;

(c) if a tie plate is present, determining a crosstie contour and a tie plate contour;

(d) comparing an orientation of the crosstie contour and an orientation of the tie plate contour; and

(e) determining whether the tie plate is misaligned or sunken based upon the comparison.

18. The system of claim 1, wherein the processor includes an algorithm for determining wear of the rails of the railroad track.
19. The system of claim 1, wherein the processor includes an algorithm for determining spacing of the rails of the railroad
track.

20. The system of claim 1, wherein the processor includes an algorithm for determining a height of ballast relative to a
crosstie of the railroad track bed.

21. The system of claim 1, wherein the processor includes an algorithm for determining a size of ballast stones of the
railroad track bed.

22. The system of claim 1, wherein the processor includes an algorithm for determining a gap size between sections of the
railroad track.

23. The system of claim 1, wherein the processor includes an algorithm for identifying a break in a rail of the railroad track
bed, the algorithm comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frame comprising rails
while the one or more intermediate frames lack rails;

(b) determining a number of the one or more intermediate frames lacking rails;

(c) determining a known spacing between frames; and

(d) identifying the break in the rail based upon the number of the one or more intermediate frames lacking rails and the
known spacing between the frames.

24. A method for inspecting railroad track bed, the railroad track bed including crossties, rails, associated fastening
hardware, and ballast, the method comprising the steps of:

a) illuminating a line across the span of the railroad track bed:
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b) receiving at least a portion of the light reflected from the railroad track bed:

c) generating a plurality of images representative of the profile of at least a portion of the railroad track bed:

d) analyzing the plurality of images and determining a geographic location of the plurality of images along the railroad track
bed;

e) compiling the plurality of images with one or more respective physical characteristics of the railroad track bed;

f) recording the respective geographical location of the images; and

g) displaying the determined physical characteristics of the said portion of the railroad track bed.

25. The method of claim 24, wherein a laser illuminates the line across the span of the railroad track bed.

26. The method of claim 25, wherein the laser emits an infrared beam of light.

27. The method of claim 24, wherein the line across the span of the railroad track bed is substantially perpendicular to the
rails of the railroad track bed.

28. The method of claim 25, wherein the laser emits the line with an angular expanse.

29. The method of claim 24, wherein a digital camera receives the at least a portion of light reflected from a portion of the
railroad track bed,

30. The method of claim 24, further comprising the step of filtering the portion of light reflected from a portion of the railroad
track bed with a band pass filter.

31. The method of claim 24, further comprising the step of storing the plurality of images.

32. The method of claim 24, further comprising the step of providing the geographical location data from a GPS receiver or
an encoder.

33. The method of claim 24, further comprising the step of obtaining a temperature of the rails of the railroad track bed.

34. The method of claim 24, wherein the plurality of images comprises a plurality of pixels given X-Y coordinates.

35. The method of claim 34, wherein the plurality of images further comprise a Z coordinate representing the location of the
image along the length of rail of the railroad track bed.

36. The method of claim 24, further comprising the step of determining the distance between crossties of the railroad track
bed, the step of determining distance comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frame comprising
crossties while the one or more intermediate frames lack crossties;

(b) determining a number of the one or more intermediate frames lacking crossties;

(c) determining a known spacing between frames; and

(d) determining the distance between the crossties of the end frame based upon the number of the one or more intermediate
frames lacking crossties and the known spacing between the frames.

37. The method of claim 24, further comprising the step of identifying specific components of the railroad track bed.

38. The method of claim 24, further comprising the step of determining a defect in a crosstie of the railroad track bed.

39. The method of claim 24, further comprising the step of detecting missing, misaligned, damaged, or defective fastener
hardware of the railroad track bed.

40. The method of claim 24, further comprising the step of detecting a misaligned or sunken tie plate of the railroad track

bed. the step of detectina comorisina the stens of:
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(a) analyzing a frame of the plurality of images, the frame comprising a region of interest;

(b) determining whether the region of interest contains a tie plate:;

(c) if atie plate is present, determining a crosstie contour and a tie plate contour;

(d) comparing an orientation of the crosstie contour and an orientation of the tie plate contour; and

(e) determining whether the tie plate is misaligned or sunken based upon the comparison.

41. The method of claim 24, further comprising the step of determining wear of a rail of the railroad track bed.

42. The method of claim 24, further comprising the step of determining spacing of rails of the railroad track bed.

43. The method of claim 24, further comprising the step of determining a height of ballast relative to a crosstie of the railroad
track bed.

44. The method of claim 24, further comprising the step of determining a size of ballast stones of the railroad track bed.

45. The method of claim 24, further comprising the step of determining a gap size between sections of rail of the railroad
track bed.

46. The method of claim 24, further comprising the step of identifying a break in a rail of the railroad track bed, the step of
identifying comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frame comprising rails
while the one or more intermediate frames lack rails;

(b) determining a number of the one or more intermediate frames lacking rails;

(c) determining a known spacing between frames; and

(d) identifying the break in the rail based upon the number of the one or more intermediate frames lacking rails and the
known spacing between the frames.

47. A method of inspecting railroad track bed having a crosstie, rails, associated fastening hardware, and ballast, the
method comprising the steps of:

a) traveling along the rails;

b) projecting a focused beam of light across the span of the railroad track bed:

¢) capturing a plurality of images of the focused beam of light projected across a portion of railroad track bed while traveling
along the rails;

d) determining one or more aspects of the portion of the railroad track bed by processing the plurality of images;

e) compiling respective images of the portion of the railroad track bed with respective physical characteristics of the railroad
track bed;

f) recording the respective geographical location of the respective images; and

g) outputting the determined one or more aspects of the portion of the railroad track bed.

48. The method of claim 47, wherein a laser projects the focused beam of light across the span of the railroad track bed.

49. The method of claim 48, wherein the laser emits an infrared beam of light.

50. The method of claim 48, wherein the laser is positioned substantially above the rails and emits the focused beam of light
substantially perpendicular to the rails.

51. The method of claim 48, wherein the laser emits the focused beam of light with an angular expanse.

52. The method of claim 47, wherein a digital camera captures the pluralitv of imaaes.
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53. The method of claim 47, further comprising the step of filtering the projected beam of light with a band pass filter.

54. The method of claim 47, further comprising the step of storing the plurality of images on a data storage device.

55. The method of claim 47, further comprising the step of obtaining the geographical location data from a GPS receiver or
an encoder.

56. The method of claim 47, further comprising the step of obtaining the temperature of the rails.

57. The method of claim 47, wherein the plurality of images further comprises a plurality of pixels given X-Y coordinates.

58. The method of claim 57, wherein the plurality of images further comprise a Z coordinate representing the location of the
image along the length of the rails.

59. The method of claim 47, further comprising the step of determining the distance between crosstie of the railroad track
bed, the step of determining distance comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frame comprising
crossties while the one or more intermediate frames lack crossties;

(b) determining a number of the one or more intermediate frames lacking crossties;

(c) determining a known spacing between frames; and

(d) determining the distance between the crossties of the end frame based upon the number of the one or more intermediate
frames lacking crossties and the known spacing between the frames.

60. The method of claim 47, further comprising the step of identifying specific components of the railroad track bed.

61. The method of claim 47, further comprising the step of determining a defect in a crosstie of the railroad track bed.

62. The method of claim 47, further comprising the step of detecting a missing, misaligned, damaged, or defective fastening
hardware.

63. The method of claim 47, further comprising the step of detecting a misaligned or sunken tie plate of the railroad track
bed, the step of detecting comprising the steps of:

(a) analyzing a frame of the plurality of images, the frame comprising a region of interest;

(b) determining whether the region of interest contains a tie plate;

(c) it a tie plate is present, determining a crosstie contour and a tie plate contour;

(d) comparing an orientation of the crosstie contour and an orientation of the tie plate contour; and

(e) determining whether the tie plate is misaligned or sunken based upon the comparison.

64. The method of claim 47, further comprising the step of determining wear of the rails.

65. The method of claim 47, further comprising the step of determining spacing of the rails.

66. The method of claim 47, further comprising the step of determining a height of ballast relative to a crosstie of the railroad
track bed.

67. The method of claim 47, further comprising the step of determining a size of ballast stones of the railroad track bed.

68. The method of claim 47, further comprising the step of determining a gap size between sections of rail.

69. The method of claim 47, further comprising the step of identifying a break in a rail of the railroad track bed, the step of
identifying comprising the steps of:

(a) analyzing one or more intermediate frames and an end frame of the plurality of images, the end frame comprising rails
while the one or more intermediate frames lack rails;
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(b) determining a number of the one or more intermediate frames lacking rails;

(c) determining a known spacing between the frames; and

(d) identifying the break in the rail based upon the number of the one or more intermediate frames lacking rails and the
known spacing between the frames.

70. A system for inspecting a railroad track bed including the rails, the system to be mounted on a vehicle for movement
along the track, the system comprising:

at least one light generator positioned adjacent the railroad bed for projecting a beam of light across the entire track bed;

at least one optical receiver positioned adjacent the railroad track bed for capturing at least a portion of the image of the
railroad track bed by receiving at least a portion of the light reflected from the railroad track bed, wherein the optical receiver
includes a processor to generate a dimensional profile of the captured image of the railroad track bed; and

at least one processor for analyzing the dimensional profile and determining a geographic location of the plurality of images,
the processor being further capable of compiling the plurality of images with one or more respective physical characteristics
and recording the respective geographical location of the plurality of images along the railroad track bed.

(56) RU 2142892 C1,20.12.1999
SU 1418105 A1, 23.08,1988
US 6615648 A1, 09.09.2003
JP 2000/221146 A1, 11.08.2000

When publishing information on issuance of the patent the specification and the figures in the original Applicant's version will
be used.

Enclosure:

1. Abstract corrected by the Examiner on 1 sheet in 1 copy.

State Patent Examiner

PAGE 125 OF 232



Your reference:  11042.0098.PCRU00 Decision on Grant
Our reference:  2412-141421RU/8272
Application No.: 2007103331

Attorney Name: Yury D.Kuznetsov Page 9 of 9
To be published with Fig. 1 Enclosure Ne 1
For application Ne 2007103331/28
GO1C 3/08 (2006.01)
B61K 9/08 (2006.01)

(54) SYSTEM AND METHOD FOR INSPECTING RAILROAD TRACK

Abstract

(57) The invention relates to a system and method for inspecting railroad track and, more particularly to a system and
method for inspecting aspects of a railroad track using a laser, camera, and a processor. The technical result is to simplify
the inspecting of the railroad track condition. The method for inspecting railroad track bed comprises the steps of:
illuminating a line across the span of the railroad track bed; receiving a portion of the light reflected from the railroad track
bed; generating a plurality of images; analyzing the plurality of images; compiling the plurality of images; recording the
respective geographical location of the images; and displaying the determined physical characteristics of the portion of the
railroad track bed. The system implementing the method of inspecting railroad track bed and to be mounted on a vehicle
comprises at least one light generator being a laser and positioned adjacent the railroad track for projecting a beam of light
across the railroad track bed; one optical receiver positioned adjacent the railroad track. The optical receiver comprises a
digital camera, one processor for analyzing the plurality of images and determining a geographic location of the plurality of
images. The processor is configured to compile the plurality of images and to record the respective geographical location of
the plurality of images. 4 independent and 66 dependent claims, 12 figures.
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OEIEPAJILHAS CJIVKBA 110 HHTEJJIEKTYAJILHON COECTBEHHOCTH,
ITATEHTAM 1 TOBAPHBIM 3HAKAM

(POCITATEHT)
Bepexxosckas a6 , 30, kopn 1, Mockea, I'-59, I'CI1-5, 123995 Tenedon (8-499) 240- 60- 15 Daxkc (8-495) 234- 30- 58

Ha Ne 2412-141421RU/8272 ot 16%’622%%99 ,_1 29090, Mocksa, yr. B.Criaccxas, 25, c1p.3, _l

09.
Ham Ne 2007103331/28(003582) 000 "IOpumuueckaa ¢upma I'opomucekaii u
TlapTHeps"

ITpu nepenucxe ny cci A HA HOMEP 30A6KY U
coobupums 0amy notyueHua Hacmoswei Koppecnoxderyuu
om

L _

1.7 CEH 2009

PENIEHHE
0 BBIZAYE NATeHTR Ha u3oGpeTeHHe

(21) 3asexa Ne 2007103331/28(003582) (22) Hara nogaum 3aseku  30.06.2005

B pesyasTaTe SKCNEPTH3H 3aIBKN Ha H306peTEHHUE 110 CYIIECTBY YCTaHOBIICHO, ITO

[1 3asBiIEeHHOE 300peTCHHE

[x] 3adBjeHHas Ipymna u3oObpeTeHui
OTHOCHTCS K 00BEKTaM NMATEHTHEIX NPaB ¥ COOTBETCTBYET YCIOBHAM IaTEHTOCNOCOOHOCTH,

HpeaycMOTpeHHBIM ['paxxaaHckuM xoxexkcom Poccuiickodt ®enepanyu, B CBA3M ¢ 4eM

NPHHATO peleHne o Bhlade NaTeHTa Ha n3obpeTenue.

3axn04eHNE [0 pe3yJIFTaTaM SKCIIEPTH3HI pHiaraercs.

[Mpunoxenue: Ha 15 1. B 1 9K3.

PyxoBonurens B.I1.CumoHoB
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3AKJ/IIOYMEHHUE ITO PE3VJIBTATAM SKCHEPTHU3bI
(21) 3azexka Ne 2007103331/28(003582) (22) lata nogauu 3asexn 30.06,2005
(24) Jara nauana orcgera cpoxa aeitcrsus natenta 30.06.2005
[x] (85) Mara nagana paccMOTpeHMs MeXAYHapOXHOM 3ajBKH Ha HauuoHansHo# dase 30.01,2007
TITIPHOPUTET YCTAHOBIJIEH 1O JATE
[] (22) nonauu 3asxu
[1 (23) nocTynnenns RONONHUTENBHEIX MaTEPHAIOB OT
K paHee NoaHHoM 3agBxe Ne oT
[1 (62) [] npuopurera m3oGpeTeHns 10 NepBOHAYANEHOM 3asBKe Ne oT ,
13 KOTOpO# IAHHAA 3a9BKa BRIJIE/IEHA
[ 1 noaaun nepsonavanbHolt 3assku Ne ot ’
M3 KOTopol faHHad 3a18Ka BEIACTCHA
[1 (66) nomaun panee noxanHoit 3asBku Ne oT
[1 (30) nonauu nepeoii(bx) 3asBki(0K) B rocyapcree-yuactruke [Taprkckoil KOHBEHIMM
(31) HoMep neproli(e1x) 3a1BKH(0K) (32) Hara noxauu nepsoii(eix) 3ansku(ox)  (33) Koa crpaHe
1. 60/584,769 30.06.2004 Us
[x] (86)3amekaNe PCT/US2005/023132 ot 30.06.2005 [1 (96)3asska Ne EA

[x] (87) Homep ny6nuxamm u fata my6nuxauwy sasexe PCT ' WO02006/004846 ot 12.01.2006
(72) Asrop(st) HOTJI Jxon Duronn I, OPPEJII Crusen C., BUJUJIAP Kpucrodep M., US
(73) Marentoobnanarens(n) JLKOPIDKTAYH PRI SKBUIIMEHT KOMITAHH, US

(54 Hazsanne mobperenns  CICTEMA W CITOCOB JJISI KOHTPOJLIA XXEJIESHOJOPOXHOI'O
IIYTHU

(cm_Ha oBopome)
04 i JIOM.  16.07.2009 280201
JOT 09.09.2009

BHUMAHME! C yeavro uckuouenua owiubox npocs6a npoeepunts c8edenun, npusedeHHble @ 3aKnodenuu, m.x.
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Hezamednumensno coobufums 06 06NAPYHCERHBLX OMIUGKAX.
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(S1)MIIK
GO01C 3/08 (2006.01)
B61K 9/08 (2006.01)

(57
1. Cucrema nns KOHTPOJIA KEJIE3HOMOPOKHOI'0 IIOJIOTHA, BKIIOYAIOIEr0 B cebs

XKEeJe3HOJOPOXKHBIH MyTh, MOJIEXKANAas YCTAHOBKE Ha TPaHCIOPTHOM CpEICTBe
IV TIEPEMEILEHHS 10 XKENE3HONOPOKHOMY ITyTH, CHCTEMA COJEPKHUT:

II0 MEHbIIEH Mepe, OOWH HCTOYHHK CBETa, PACIOJOXKEHHBIH psSIoM cC
KENE3HOJOPOKHEIM IIyTeM UL IPOCIMPOBaHMS Iy4yKa CBETa OT Kpas o Kpas
KEeJIe3HOJOPOAKHOrO IOJIOTHA,

MO MeHbINel Mepe, OZWH ONTHYECKMIl NMPHEMHUK, PacIOJIOXKEHHBIH pSfoM c
XKENEe3HONOPOXKHEIM IIyTeM, IUIf TpHEMa, IO MeHbIIeH Mepe, 4acTH CBETa,
OTPAXXEHHOTO OT JKeNe3HOAOPOXHOrO MOJIOTHA, U IeHepalMi COBOKYNHOCTH
n300pakeHuid, TNpeACTaBIIOIIMX MNpodune, O MeHbIIeH Mepe, y4acTKa
KENEe3HOXOPOIKHOrO MOJIOTHA, H

II0 MeHbIIel Mepe, OUH NPOLECCOp IS aHANM3a COBOKYITHOCTH M300paxxeHuit
H  oOmpeleleHUss reorpaduyeckoro  MECTONONIOXKEHHS  COBOKYNHOCTH
n300paskeHni, MpIveM NpoLEeccop AONOIHATENEHO BRITOIHEH C BO3MOXKHOCTLIO
KOMITWJTHPOBAHHA COBOKYNTHOCTH M300paxeHMH ¢ oaHoH wmnm Oonee
COOTBETCTBYIOIIUMH  (DM3MYECKMMM  XapaKTepHCTHKaMM, M  3alHCH
COOTBETCTBYIOILET0  reorpaUyeckoro  MECTONONOXKCHHA  COBOKYNHOCTH
n306pakeHui.

2. CucteMa 110 1. 1, B KOTOPO# MCTOYHHMKOM CBETa ABJIACTCSA JIasep,

3. Cucrema 110 1. 2, B KOTOPOIA Jiazep U3ydaeT NyJyoK MH(paKpacHOro cBera.

4. Cuctema mo 1. 1, B KOTOpoOif, M0 MeHpIIeH Mepe, OAMH MCTOYHHK CBETa
PACIIONIOXKEH, IO CYLIECTBY, HaJ{ KeJIe3HOAOPOXKHEIM IyTEM M H3IIy4aeT Iy4OK

CBeTa, 110 CYIIECTBY, EPNEeHAHKYIAPHEI XKeIe3HOXOPOXKHOMY IMyTH,
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5. CuctemMa 1o I. 2, B KOTOpOii Nlasep U3TydaeT IYYOK CBETa C YIJIOBBIM
pacxoxJeHHeM.
6. CucreMa mo mn. 1, B KOTOpOif, 110 MeHBIUEH Mepe, OLMH ONTHYECKHIi
IPHUEMHHK COAEPXKHUT NUGPOBYIO KaMepy.
7. Cucrema o 1. 1, B KOTOpO#i ONITHYECKOE YCTPOHCTBO COJEPXKUT MOJIOCOBOM
GuneTp, NMO3BONAIOIMH 3aXBaThIBaTh, IO CYIUECTBY, TONBKO OIpPEETICHHYIO
JUIMHY BOJIHEI ITy4Ka CBETa B COBOKYITHOCTH H300pakeHHI.
8. Cucrema 1o 11, 1, B KOTOpO#i, M0 MeHbIIEH Mepe, OAWH NPONECCOP COREPIKHUT
YCTPOMCTBO XpaHeHUsI AaHHBIX JUI XpaHEeHHS COBOKYTHOCTH U300paxKeHui.
9. Cucrema no n. 1, [omonHUTENEHO coAeprkamasn npueMuuk GPS unu xoxnep,
KOTOpBIH IIpeflocTaBNsAeT JAaHHbIE reorpa@UIecKoro MECTOIONOXKEHHS JUIf
aHaIN3a ¢ IOMOLLIBIO Mpolieccopa.
10. Cucrema mo 1. 1, XONONHUTENBHO cojepxailas AAaTYUK TeMIIEpaTypH,
PacIoNIOXEHHBIA PANIOM C JKEeJIE3HOJOPOXHBIM IIyTeM, KOTOPBIH MpefoCTaBIseT
TeMIepaTypy XKeJNe3HOAOPOKHOTO IMyTH JULL aHATH3a ¢ MOMOIIBIO Npolieccopa.
11. Cucrema mo m. 1, B KOTOpoif Kaxmoe H3 COBOKYNHOCTH HM300pakeHHI
COIEPXKHUT COBOKYITHOCTBH IHKCeNeH, 3a1aHHyI0 B KoopauHarax X-Y.
12. Cucrema no m. 1, B KOTOpoif Kaxaoe M3 COBOKYITHOCTH H300pakeHHil
COZIEP’KUT KOOpAMHATY Z, IpeACTAaBILIOUIYI0 MECTONONOXeHHe H300pakeHus
BZOJb JKEAE3HOAOPOXHOIO ITyTH.
13. Cuctema o 1. 1, B KoTOpOif mponeccop BKJIIOYaeT B ce0st aNropuTM IjIs
OIpelleNIeHHs PACCTOSIHUA MEXAY IOnanaMH Kele3HOAOPOXKHOIo TIOJIOTHA,
IpHYEM AITOPUTM COIEPIXKHUT 3TAlB], Ha KOTOPBIX:
QHAM3UPYIOT OAMH HIM 0oliee NMPOMEKYTOYHBIX KagpOB M KOHEYHEBIM Kanmp
COBOKYTTHOCTH H300paXKeHui, MpuyeM KOHEUHbIH KaJip COMIepsKUT INMIak], TOra
Kak ofuH UK GoJlee IPOMEXYTOIHBIX KaJIpOB C OTCYTCTBHEM IIIIIA,;
ONpefeNISIOT KOJNHYECTBO M3 OfHOrO MM Gojlee NMPOMEXYTOYHBIX KaJpoOB C
OTCYTCTBHEM ILIIA;

onpenensoT U3BECTHBIMN HHTEPBA MEXIYy KaapaMu, H
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OTpE/IeNIAIOT PACCTOSHHE MEXAy LIanaMHd KOHEYHOrO Kajapa, Ha OCHOBAHHH
KONIMYEeCTBA M3 OJHOTO WM Goliee NPOMEXYTOYHBIX KapOB C OTCYTCTBUEM
IINaJ ¥ H3BECTHOTO MHTEpBalia MEeXAY KaapaMH.
14, Cucrema mo 1. 1, B KOTOpo#i npoueccop BKIKOYAeT B Ce0s AIrOPHIM A
AIeHTH(HUKALMA KOHKPETHBIX KOMIIOHEHTOB JXeJIe3HOAOPOXHOTO MOJIOTHA.
15. Cucrema o m. 1, B KOTOpOif IpoLeccop BKITIOYAET B ce0sl aIrOPUTM ISt
onpezeneHus Aedexra B INaNe XKeJIe3HOTOPOXKHOTO ITON0THA.
16. Cucrema mo m. 1, B KoTOpO#f npolieccop BKIIOYAET B ce0A aJIrOPUTM AN
OOHapyXeHHs OTCYTCTBYIOIIHX, HEBBIPOBHEHHBIX, IIOBPEXHEHHBIX HIH
Je(eXTHBIX KOMIIOHEHTOB Kpelexa Kele3HOAOPOKHOro MOJIOTHA.
17. Cucrema 1o 1. 1, B KOTOpO# npolieccop BKIIOYAeT B ce0s alropuT™M ans
OOHapyeHHsT HEBRIDOBHEHHBIX MIH OCEBIIMX pENBCOBBIX HOAKIAHOK
*KeJIe3HOAOPOXKHOT'O ITOJIOTHA, IIPHIEM AITOPUTM COTEPKHUT 3Talbl, HA KOTOPEIX:
QHATM3HPYIOT KaJp COBOKYNHOCTH H300paXKeHHH, NpHUYEM Kaip COAEPXKHT
HHTEPECYIOLLYIO 00)1acTh;
ONpEREIIOT COAEPKUT JIM HHTepecyIolas 061acTh PeNbCOBYIO MOAKIANKY,
ONpeNeIsIOT KOHTYp INMANsl M KOHTYpP peNbCOROH IOAKIAanKd, B Clyyae
NPENOCTABICHHUS PeJIbCOBO IOKIANKH;
CPaBHHBAIOT OPHEHTANNIO KOHTypa IINaNkl 1 OPHEHTALUIO KOHTYpa pellbCOBON
TOAKIIaAKH; U
ONpeNeNsioT Ha OCHOBAaHMH CpPaBHEHHS, SBIAETCS JIH PeNbcoBast MOAKIAnKa
HEBEIPOBHEHHO} WY OCeBIIeH.
18. Cucrema no n. 1, B KoTOpOii mpoleccop BKIIOYAET B ¢€0S anroput™ Ui
OnpeeNicHIs H3HOCA PEJIbCOB JKeNe3HONOPOXXHOTO ITyTH.
19. Cucrema no n. 1, B KOTOpoii Iporeccop BKIIOYAET B ce0s anropHT™M A
OIpeJeNeH st PacCTOSHUA MeXKIy pellbCaMH JKelIe3HOOPOXKHOTO My TH.
20. Cuctema mo 1. 1, B KoTOpOil Ipoueccop BKIMOYaeT B cebs alropuT™ ULt
ONpefeNeHNss  BHICOTHI  INEGEHOYHOTrO  CNOS  OTHOCHTENBHO  HINAJE

KeJIC3HOAOPOXKHOI'0 ITOJIOTHA.
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21. Cucrema no 1. 1, B KOTOpoii mpolieccop BKIIOYAET B Ce0S alnropuT™M U
onpefieNeHHs pa3Mepa meGHs JKeIe3HOAOPOKHOTO MOJIOTHA,

22. Cucrema mo 1. 1, B KoTOpoii mpoleccop BKIO4aeT B cebs alropuT™ s
OTpejieNieHnst pasMepa 3a30pa MeXIy CEeKIUAMHU XKeJIe3HOAOPOXKHOTO IyTH.

23. Cucrema mo m.l, B KOTOpOif IpoLECCOpP BKIKOYaeT B ce0f aIrOpHTM
HASHTH(HUITUPOBAHUS Pa3pEIBa B PENbCE JKENe3HOLOPOXKHOr0 MONOTHA, IPUYEM
aNTOPUTM COJEPKUT STaIbl, HA KOTOPHIX:

QHATH3UPYIOT OJMH My Oolee IPOMEXYTOUHBIX KaApOB M KOHEYHBIH Kajip
COBOKYNIHOCTH H300pa’KCHHI, NpHYEM KOHEYHBI Kafip COHNEPKUT pENbCH,
TOrZa KaK oJuH uiu 6oJiee MPOMEXYTOYHEIX KaJIpOB ¢ OTCYTCTBHEM peJbC;
OlpefieNIfOT KONHYECTBO M3 OAHOro wiu Gojee IMPOMEXYTOYHBIX KaIpoB ¢
OTCYTCTBHUE PEILC;

OTIPeIENAIOT H3BECTHBI HHTEPBAT MEXIY KajpaMHu; 1

HeHTH(UIHPYIOT pa3phIB B pelibce Ha OCHOBAaHHM KONHYECTBA M3 OJHOTO MIH
GoJiee IIPOMEXYTOYHEIX KaJpOB C OTCYTCTBHEM PENBC ¥ U3BECTHOTO HHTEpBaja
MEXy KajipaMH.

24, Cnoco®  KOHTpONsS  XKEJNE3HOJOPOXHOrO  IONIOTHA,  IIpHYeM
JKENEe3HOAOPOXKHOE  IONOTHO  BKJIOYaeT B ce0S  IIManel,  peNbCH,
COOTBETCTBYIOLIEE KpenexHoe o0opyxoBaHHe M IIieGeHOUHBIH cloi, crmocol
COJIEPKHT 3Tallbl, Ha KOTOPHIX

a) OCBEWIAIOT JIMHHUIO OT Kpast IO Kpasi XeJIe3HOLOPOXKHOr0 MOJIOTHA,

b) npuHMMalOT, NO MeHBIIEH Mepe, YacThb CBETa, OTPAKEHHOrNO OT
’eJIe3HOAOPOKHOTO MOJIOTHA,

C) TEeHEepHPYIOT COBOKYIIHOCTb H300paKeHMH, NMPEACTABIAIOMMX NMpodHib, Mo
MeHbLIei Mepe, y4acTKa XKee3HOOPOXKHOTro NOJIOTHA, H

d) aHANM3UPYIOT COBOKYMHOCTH U300paXKeHHH M ONpefeNnsioT reorpaduyeckoe
MECTOIIONIOKEHHE COBOKYIIHOCTH M300paKeHHH II0 JKee3HOAOPOKHOMY

MIOJIOTHY;
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€) KOMIMIUDYIOT COBOKYMHOCT: H300pakeHMH ¢ oxHo#t wumu Gornee
COOTBETCTBYIOIMMH (H3HYECKUMH XapaKTEPHCTHKAMH JKENe3HOAOPOXKHOI0
TIOJIOTHA;
f) samuceIBaIoT COOTBEICTBYIOIiEe TreorpadMIeckoe  MeCTONOIOKEeHHe
n300paxeHuii; u
g) oToOpakaloT omnpejaecNeHHBIE (QU3NYECKUE XapaKTePHUCTMKH YIIOMIHYTOIO
KeJIe3HOJJOPO’KHOTO MOIOTHA.
25. Cnoco6 1o 1. 24, B KOTOpPOM Jia3ep OCBENIAeT JIMHHIO OT Kpad A0 Kpad
*eJe3HOJOPOXKHOro MOJNOTHA.
26. Crioco6 1o 11. 25, B KOTOPOM Jiazep H3Iy4aeT IIyYoK UH(PaKpacHOTO CBETa.
27. Criocob no 1. 24, B KOTOPOM JIMHHS OT Kpas A0 Kpas >KeJIe3HOJOPOXXHOIo
II0JIOTHA, IO CYLIECTBY, NEPHEHAUKYISIPHA pPeEIbcaM JKeJIE3HONOPOKHOro
TIONIOTHA.
28. Cnoco6 no m. 25, B KOTOpPOM Jasep WU3NY4YaeT JIMHUIO C YIJIOBBIM
pacxoxIeHUeM.
29. Cnioco6 mo 1. 24, B XoTopoM nu¢ppoBas kKamepa NPHHUMAET, 0 MeHbIIei
Mepe, 4acTh CBeTa, OTPAXXEHHOT0 OT y4acTKa JKeJIe3HOAOPOKHOTIO MONIOTHA,
30. Cnoco6 mo m. 24, NONONHHTENHHO COMEPXXAIUMH 23Tam, Ha KOTOPOM
OTQUIIETPOBLIBAIOT YacTh CBETa, OTPAXEHHOI'O OT YYAaCTKa XKEeJIE3HOAOPOKHOTO
IIOJIOTHA, C IIOMOIIBIO ITOJIOCOBOTO (GUIBTpA.
31. Cnoco6 mo m. 24, MOMOJHHUTENBHO COHEpKalMil 3Tam, Ha KOTOpOM
COXPaHSAIOT COBOKYITHOCTE H300paXKeHuil.
32. Cnoco6 1o 1. 24, ZOMOJHUTENBHO COAepIKallfii 3Tan, Ha KOTOPOM BEIAAIOT
JlaHHBIE reorpapuueckoro MecTononoxenus u3 npuemunka GPS unu xozepa.
33, Cnoco6 mo m. 24, HONOJIHHUTENBHO COZEpXAlUH 3Tal, HAa KOTOPOM
IONy4aroT TEMIIEPATYPY PENBCOB JKeJIe3HOAOPOXKHOIO MOJNOTHA.
34, Croco6 mo m. 24, B KOTOPOM COBOKYNHOCTh M300paKeHHil cOneput

COBOKYIHOCTE ITHKCeNel, 3aJaHHBIX B KoopauHaTax X-Y.
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35. Cnoco6 no n. 34, B KOTOPOM COBOKYIHOCTh H300pakeHHH HONONHUTENBHO
CONIEPKUT KOOPAUHATY Z, NpPe/CTaBIAIOIYI0 MECTOHOJOXEHHe U300pakeHus
BZIOJIb PeJIbCa JKeJIE3HOOPOKHOTO IOJI0THA.
36. Crmocob mo 1. 24, NOMONHUTENLHO COJAEpXKAaIUii 3Tal, Ha KOTOPOM
ONpENIENIAIOT PAacCTOSHHE MeEXIy IINajaMH >KEJIEe3HOAOPOXKHOTO IIOJIOTHA,
NIpUYeM 3Tanl onpejieNleH st PACCTOSHUS CONEPKUT STAIEI, Ha KOTOPbIX:
aHATM3APYIOT OXMH MM Gonee NMPOMEXYTOYHBIX KaJpOB M KOHEYHEHIH Kajp
COBOKYIHOCTH H300pakeHH, NpHYeM KOHEYHBIH Kafp COEPAHUT LINAlE], TOTAa
KaK OOUH WK 60ojiee IPOMEXYTOYHBIX KaAPOB C OTCYTCTBHEM IIIIAl;
ONpeNeNsioT KONMYECTBO H3 OJHOro Win (ojiee NPOMEXYTOUHEIX KaipoB ¢
OTCYTCTBHEM ILIIAN;
OIIpeNeNsIOT H3BECTHBIN HHTEPBAN MEXY KaJpaMH; U
OTIpeJIENSIOT PAacCTOSHHUE MEXIy LIMaJaMH KOHEYHOrO Kajapa, Ha OCHOBaHMH
KOJIMYECTBA U3 OJHOTO WM Oojlee IPOMEXYTOYHBIX KAJpOB C OTCYTCTBHEM
ILINAJT ¥ H3BECTHOrO MHTEPBANA MEXIY KaJpaMH.
37. Cmoco6 no m. 24, IONMONHUTENBHO COAEpXKAalMif 3Tam, Ha KOTOPOM
HIEHTHQHIUPYIOT KOHKPETHBIE KOMIIOHEHTEI XKENe3HOLOPOXXHOTO IOJNIOTHa.
38. Cnoco6 mno m. 24, MONONHUTENBHO COmepXammif 5Tam, Ha KOTOPOM
onpeaesioT Ae(eKT B IIITANe XKeNe3HOAOPOXKHOro MONOTHA.
39. Cnoco6 mno mn. 24, NOMONHHTENBHO COACPKAIMHM 3Tam, Ha KOTOPOM
O0HapYXUBAIOT OTCYTCTBYIOI[ME, HEBHIPOBHEHHBIE, IIOBPEXICHHBIE HIIH
ne(eKTHBIE KpeneXHEIe IPUCIIOCOONEHHA KEeNE3HOAOPOKHOTO MONOTHA.
40. Cnoco® mo 1. 24, IOMONHHTENBHO COAEpXKallMit 3Tam, Ha KOTOPOM
0OHapyXHMBAalOT HEBEIDOBHEHHBIE WIH OCEBUIHE DENLCOBBIC IONKIAAKH
XeJIe3HOLOPOXHOIo ITOJIOTHA, IPUYEM 3Tal 00HapYKEHHUsS COINEPKUT ITAIlbI, Ha
KOTOPBIX:
AHAJIM3APYIOT Kaip COBOKYNHOCTH H300paXkeHHi, NpUYeM Kaip COUEPXKUT
HHTEPECYIOLTYIO 001acTh;

ONpENeSIOT COLEPXUT JIK HHTEpECyIoLlas 061acTh PENBCOBYIO NOAKIIANKY,
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ONpeNeNAloT KOHTYp IINanbl M KOHTYp PpelbCOBOM IMOAKNAfKH, B Clyuae
NPEeOCTaBIEHHUS PENbCOBOM NMOAKIIAJKH;
CPaBHHBAIOT OPUEHTALUIO KOHTYpPA INNANEl H OPHEHTALMIO KOHTYPa PenbCoBOi
TONKIIANKU; ¥
OTIpe/IeNAI0OT HA OCHOBAHHM CPABHEHHS, SBIACTCS 1M PENbCOBasd MOAKIANKa
HEBBIPOBHEHHOM HITH OCeBIIeH,
41. Cpnoco6 mo n. 24, IONONHWTENBEHO CORepXaluili 3Tam, Ha KOTOPOM
ONpEENAIOT U3HOC PENbCa JKeJIE3HOAOPOXKHOTO IOJIOTHA.
42. Crmoco® mo m. 24, NONOMHHTENHHO COAEpXKAIMii 3Talm, HAa KOTOPOM
ONpeAENsIOT pacCTOSHUE MEXAY peNIbCaMH KeNe3HOAOPOKHOTO MOJIOTHA.
43. Cnoco6 mo m. 24, IONONHHUTENHHO COAEpIKAIIMiA 3Tal, Ha KOTOPOM
ONpefeNnsioT  BBICOTY  IIEOCHOYHOrO  CJIOS  OTHOCHTEJABHO  IUMANEI
KENE3HOAOPOIKHOTO IIOJIOTHA.,
44. Cnocod no m. 24, [ONONHWTENLHO COZepXaliuil 3Tam, Ha KOTOPOM
ONpEeIeNIOT pasMep MeOHS JKeJIe3HOJOPOXKHOTO IONIOTHA.,
45. Cnocob mno m. 24, IOMONHUTENBHO COAEpPXAIIMHA STam, Ha KOTOPOM
ONpEHENAIOT pa3Mep 3a30pa MEXIY CCKHHAMH PpeNbCa JXKeNE3HOAOPOXKHOIO
MOJIOTHA.
46. Crocod mo m. 24, IONMONHHUTENHHO CONEpPKAIIMii 3Tall, Ha KOTOPOM
HICHTUUIMPYIOT pa3phiB B PENbCE JKeJIe3HOAOPOIKHOTO MOJIOTHA, IPHYEM 3Tal
HIeHTH(HKALHHY COASPKUT ITAIIB], HA KOTOPHIX:
AQHATHU3UPYIOT OfMH WM OoJiee NMPOMEXYTOYHLIX KaApOB M KOHEYHBIH Kaup
COBOKYIIHOCTH H300paxkeHUH, NpHYEM KOHEUHEBI Kafp COMEPXHT DeNbChI,
TOT/a KaK OfHH HiH Gollee IMPOMeXXyTOTHBIX KafpoB € OTCYTCTBHEM peJkC;
OIpeJIeNIIOT KONMMYECTBO M3 OXHOro MM 6oiee NMpOMEXYTOYHBIX KaZpoB C
OTCYTCTBHE peJIEC;
OMpeseNA0T H3BECTHEINH HHTEPBAT MEXAY KaipaMu; H
HAeHTH(GHUHUPYIOT Pa3phIB B PeNbCe HAa OCHOBAaHHHM KOJIMYECTBA M3 OJHOTO HIIH

Gonee NPOMEXYTOYHEIX KaApOB € OTCYICTBHEM PEJIEC ¥ H3BECTHOrO HHTEPBAJA

MeXIy Kanpamu,
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47. Croco® KOHTPONSA JKEIe3HONOPOXKHOrO IOJOTHA, HMEIOLIEro IIabl,
PeNBCEI, COOTBETCTBYIOIIEE KpenexHoe o0opyaoBaHue U meGeHouHElt cirof,
croco® COAEPXKHUT ATAIbI, HA KOTOPHIX
a) nepeMelaoTcs BIOIb PeNbCOB,
b) mpoelMpyIOT CGOKYCHpOBaHHBIA ITy4OK CBETa OT Kpai [0 Kpas
’KeJIe3HOIOPOKHOTO MOJIOTHA,
C) 3aXBaTHIBAIOT COBOKYMHOCTh H300paXkeHn# chOKyCHPOBAHHOIO IyYKa CBETa,
NPOENUPYEMOro OT Kpasd JO Kpad Kele3HOAOPOXXHOTO IIONOTHA IIpH
nepeMeLiCHUH BIONb PEbCOB,
d) onpemendroT ofuH uUnM Oonee NapamMeTpOB YYACTKa JKENE3HOLOPOKHOIO
TIOJIOTHA TyTeM 00paboTKH COBOKYIIHOCTH H306pakeHuit;
e) KOMITHJIHPYIOT COOTBETCTBYIOIIVE H300pakeHUs yJacTka
KEeNE3HOJOPOXHOIO  IIOJIOTHA C  COOTBETCTBYIOINMMH  (QH3MYECKHMH
XapaKTepUCTHKAaMH JKeIe3HOJOPOXXHOI0 IIONOTHE,
f) 3amuceiBaloT  COOTBETCTByrollee reorpauyeckoe  MeCTOIONOKEHHE
COOTBETCTBYIOIIMX M300paKeHuit;
g) BHIBOAAT ONpPEHENCHHBIE OAMH MM Oojlee IapaMeTpoB ydacTKa
KeJIe3HOJOPOXKHOr0 IMOJIOTHA.
48. Cnoco6 no 1. 47, B KOTOpOM J1asep Npoeurupyer chOKYCHPOBaHHEIN My40K
CBETa OT Kpas 0 Kpas XeJIe3HOAOPOKHOrO HOJIOTHA.
49. Crnioco6 1o 1. 48, B KOTOpOM Ja3ep U3ITy4aeT Iy4oK HH(PPaKpacHOro cBeTa.
50. Croco6 no m. 48, B KOTOpOM Jiasep pacmoNOXeH, IO CYIIEeCTBY, Haj
penscaMH M M3MydaeT COOKYCHpPOBAaHHEIM ITyYOK CBeTa, IO CYINECTBY,
NEePIEeHANKYIAPHBIH penbcaM.
51, Cnoco6 mo n. 48, B KOTOpOM Jiasep M3TydaeT CHOKyCHPOBAaHHEIH ITy4OK
CBETa C YITIOBEIM PACXOXICHHUEM.
52. Crnioco6 no m. 47, B xoTopoM nudpoBas kaMepa 3aXBaThiBaeT COBOKYIHOCTh
HU3006paxeHni.
53. Cnmoco6 mo n. 47, NONONHHTENEHO cojepXKaImui 3Tam, Ha KOTOPOM

GUIBTPYIOT HPOEUHPYEMBIH ITyHOK CBETa C IIOMOIIBIO HOJI0COBOTO GUIBTPa.
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54. Cnoco6 mo m. 47, JOIONHHTENEHO COAEPXAIIMA 3Tam, HA KOTOPOM
COXpPaHSIOT COBOKYNHOCTB H306paxeHuii B yCTpOUCTBE XpaHEHHS JaHHEIX.
55. Cnoco6 mo m. 47, HOMONHUTENBHO COAEepXamMii 5Tam, Ha KOTOPOM
TONMY4al0T JaHHbIE re0rpauyecKoro MeCTONONIOXeHH 13 mpueMHnka GPS win
Kozepa.
56. Cnocob mo m. 47, HOMONHMTENBHO COHEpKAalIMi 5TaNl, HA KOTOPOM
T0JTy4aloT TEMIIEPATYPy PENbCOB.
57. Cnoco6 1o 1. 47, B XOTOPOM COBOKYITHOCTE H300pakeHUH TONOJTHUTENHHO
COIEPXKHT COBOKYITHOCTB ITHKCE/EH, 3aJaHHbIX B KoopauHaTax X-Y.
58. Cnocob 1o m. 57, B KOTOPOM COBOKYIHOCTb H306pakeHHi JONONHUTENBHO
CONIEP>XXUT KOOPAMHATY Z, NPEACTABIAIONIYI0 MECTONONOKEHHE H300paKeHHS
BIOJb PENILCOB.
59. Cnoco6 mo m. 47, MOMONHUTENBHO CONEPXAIUMi 3Tal, Ha KOTOPOM
ONpPENIENAOT PAcCTOSHHME MeXAY LIanaMH >KeJe3HOAOPOXXHOIo IIONOTHa,
IIPHYEM 3Tall ONPENENISHNs PACCTOSHHS CONEPIKHT 3TAllbl, Ha KOTOPBIX:
QHANM3UPYIOT ONMH WM Gojee NMPOMEXYTOYHBIX KapoB M KOHEYHEIH Kanp
COBOKYITHOCTH M300paKeHui, IpiyeM KOHEYHbIi Kap COAEPIKUT MINak, TOr/a
KaK OJ{WH W1y Golee IPOMEXYTOUHBIX KaJpoB C OTCYTCTBHEM LUNAT,
ONpENENAOT KOJIMYECTBO M3 OJHOro WIM Ooliee NMPOMEXYTOYHBIX KaipoB C
OTCYTCTBHEM LA,
ONpEAENAOT U3BECTHEIN HHTEPBAI MEXIY KaapaMH; 1
ONpENENAIOT PAcCTOsTHAE MeXAY IIMNajJaMd KOHEYHOro Kaapa, Ha OCHOBAaHHM
KOJNMYECTBA M3 OJHOro WiH Goliee IPOMEKYTOYHBIX KapOB C OTCYTCTBHEM
IINaJ ¥ H3BECTHOTO HHTEpBaJla MEXIY KafpaMu.
60. Croco6 mo m. 47, JONONHHTENLHO COAEPXKALIMH 3Tall, HAa KOTOPOM
UIIeHTHOUIHPYIOT KOHKPETHEIE KOMITOHEHTH JKEJIE3HOAOPOKHOTO IONOTHA.
61. Cnoco6 mo mn. 47, NONONHHTENFHO COAEPXAINMA 3Talm, Ha KOTOPOM

ONpENEIIA0T ACHEKT B IIIIANE XKeNe3HONOPOKHOTO NOJIOTHA.
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62. Crnoco6 mno m. 47, NONMONHHTENBHO COXEpXAlUMii 3Tall, Ha KOTOpOM
00HapyXHBAIOT OTCYICTBYIOLIME, HEBLIDOBHEHHEIE, MOBPEXKAEHHEIE WA
NedeKTHEIE KpenexHble IIPUCTIOCODIIeH .
63. Croco6 no n. 47, IOMONHUTENBHO COIEPXALIMii 3Tal, Ha KOTOPOM
0OHapy»MBalOT HEBBIPOBHEHHbIE WM OCEBIIHE PEbCOBBIE  MOIKIAMKA
JKEJIE3HONOPOIKHOTO MOJIOTHA, MPUYEM dTal OOHAPYKEHHS! COREPHKUT STAIE], HA
KOTOPBIX:
QHAIM3UPYIOT KaJp COBOKYNHOCTH H300paskeHHI, NpHYEeM Kafp COHEPIKHT
HHTEPECYIONIYIO 00/1aCTh;
OTIPENIeNAI0T CONEPXKHUT JIM HHTepecyolast 00J1aCTh PesIbCOBYIO MOAKIIANKY}
OnpeneNdloT KOHTYp IUMANBl M KOHTYP pelnbCOBOM MOAKNANKH, B Ciydae
IPeROCTABIEHNSA PENBECOBOM MOAKIANKH;
CPaBHHBAIOT OPHEHTAUMIO KOHTYpa IUMNaJIEl H OPHEHTALMIO KOHTYpa pebCoBOii
TIOKJIAKH; H
OIIpeAeNIAIOT HAa OCHOBaHMM CPaBHEHMS, SABISETCH M PENbCOBas TOAKIANKa
HEBBIPOBHEHHOH HIIH OCeBIIei.
64. Croco6 mo m. 47, NONONHUTENBPHO COXEPXAallMif 3Talm, Ha KOTOPOM
ONpeeNsioT H3HOC PebCOB.
65. Croco6 mo m. 47, INONONHHUTENBHO COREpXaIlHii 3Tam, Ha KOTOPOM
ONPENEIAIOT PACCTOSHHE MEXKIY PelIbCaMH.
66. Cnoco6 mo m. 47, NONONHUTENHLHO COJEepXKAIUMif 3Tam, Ha KOTOPOM
ONpeNessioT  BBHICOTY  INeOEHOYHOrO  CJIOA  OTHOCHTENBHO  LIMAJEl
KeJIe3HOZOPOIKHOTO ITOJIOTHA.
67. Cnoco6 mo mn. 47, HONONHWUTENBHO COHEpXKamuii 3Tam, Ha KOTOPOM
OTpEJIeNAI0T pa3Mep MeGHA XKeNe3HOAOPOKHOTO NONOTHA.
68. Croco6 mo m. 47, HONMONHWUTENEHO COAEpXallMii 3Tam, Ha KOTOPOM
OTIpENIENIAIOT pa3Mep 3a30pa MEXKIY CEKLIUAMH penbca.
69. Cnoco6 mno m. 47, NONONHHUTENBHO COAEpXKAIHil 3Tam, Ha KOTOPOM
HI[eHTH(bHIIpr}OT PaspsiB B pelibCe XKEJIE3HOAOPOXXHOI0 IOJIOTHA, IPHUYEM 3Tall

H}IGHTK(I)HKB.IIHH COICPIKHT J3TAllbl, HA KOTOPBIX:
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AHATH3UPYIOT OAMH MM Ooliee MPOMEXYTOYHBIX KajpoB M KOHEYHBIH Kaap
COBOKYIIHOCTH H300paKeHHi, NpHYEeM KOHEUYHBIH Kaip COJEPKHUT peJLCHI,
TOT/Ia KaK OJMH M OoJiee MpoMeKyTOUHEIX KafipoB ¢ OTCYTCTBHEM DEJIEC;
OIPEACIIAIOT KONUYECTBO M3 OAHOrOo wnu Gojee NMPOMEXKYTOYHBIX KagpoB C
OTCYTCTBHUE PEJIEC;

OTIPENEIIAIOT U3BECTHBIH HHTEPBAJ MEXY KaipaMu; 1

HIeHTHQHUUPYIOT pa3pEiB B peiibce Ha OCHOBaHHH KOJIMYECTBA U3 OJHOTO MIIH
Oonee NpoMeXKyTOUHBIX KaZpOB ¢ OTCYTCTBHEM pelbC H M3BECTHOTO MHTEpBana
MEXy KaJpaMH.

70. CucteMa 1 KOHTPOJNS KENC3HOAOPOXKHOTO IONOTHA, BKIIOYAIOLIETO B
ce0s pensChl, TNpHYeM CHCTeMa [TOJUIEXUT YCTAHOBKE Ha TPAHCIIOPTHOM
CpeAcTBe Ul IepeMeleHIs 110 XKEIE3HOJAOPOKHOMY IYTH, CHCTEMA COEPXKHT:
0 MeHbHIEHR Mepe, OJWUH MHCTOYHHK CBETAa pAcHOJIOXEHHBIH pAIOM C
KeNe3HONOPOXKHEIM TIOJIOTHOM, IS NPOElHPOBaHHUA IyYKa CBETa OT Kpad Mo
Kpas BCero noJioTHa,

Mo MeHbIIeil Mepe, OAMH ONTHYECKHH NMPHEMHHUK, PacIlONOXKEHHBIH pANOM ¢
KeJIe3HOLOPOXKHEIM IIOJIOTHOM JUIA 3axBaTa, IO MeEHbIIeH Mepe, dYacTH
n300paXkeHUs KeNe3HONOPOKHOrO IOJIOTHA IIYTEM IIpHeMa, IO MEHbIeH Mepe,
YacTH CBeTa, OTPPKEHHOTO OT JKENe3HOAOPOXKHOrO MOJIOTHA, IpHYeM
ONITHYECKHH IIPHEMHHK BKIIOYaeT B cebs npoueccop i TIeHepaluu
NPOCTPAHCTBEHHOTO NpOQHIIA 3aXBaYCHHOT0 H300paXXEeHHA KEeNIE3HOAOPOKHOIO
TI0NIOTHA, U

10 MeHbIIei Mepe, OIUH IPOLECCOP I aHaNM3a POCTPAHCTBEHHOTO Npodus
H  ompeieieHud  TreorpaUuecKoro  MECTOINONIOKEHHS  COBOKYNHOCTH
u300pakeHuit, IpHIeM IpoLeccop JOMOTHHTENEHO BHIIONHEH C BO3MOMXHOCTBIO
KOMIIMJIMPOBAHMS COBOKYNHOCTH M300paxeHmit c opHoli mum  Gonee
COOTBETCTBYIOIIUMH  (U3MYECKUMH  XapaKTepHCTHKaMM, M 3alHCH
COOTBETCTBYIOLUEr0  reorpadM4eckoro  MECTONMOJIOXKEHHA  COBOKYITHOCTH

H300paxkeHU#t 10 JKele3HOJOPOKHOMY IIOJIOTHY.
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K 3agske Ne 2007103331/28
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(54) CHICTEMA U CIIOCOB IJIs1 KOHTPOJIA XXEJE3HOJOPOXHOI'O
YT

- Pedepar

SR Mt

(57) N306peTenne OTHOCUTCS K CHCTEME H CIIOCO0Y KOHTPOIS JKEJIE3HOLOPOKHOTO
NyTH, B 4YacTHOCTH, K CHCTeMe M CHoco0y KOHTPOJA MapaMeTpoB
KeNe3HONOPOXKHOIO IyTH € HCIONB30BaHHEM Jla3epa, KaMepsl W MpoIeccopa.
Texundeckuit pesynpTaT H300pETEHMS 3aKIIOYACTCA B YIPOIICHHH NpPOLELYPHI
KOHTPONSA COCTOSHHA  JKENe3HOAOpOXHOro mojyorHa. Cnocob  KoHTpons
XEJE3HOAOPOXKHOrO IIyTH COZEPXKUT 3Tallbl, HA KOTOPHIX: OCBEINAIOT JHMHUIO OT
. ' Kpasg JI0 Kpas >KeJIe3HONOPOXKHOTO IyTH; NPHHUMAIOT YacTh CBETa, OTPaXEHHOIro
OT XEIe3HONOPOKHOIO MONOTHA; TEHEPHPYIOT COBOKYIHOCTH MW300paxeHwUit;
AHATM3UPYIOT COBOKYITHOCTE H300paXeHHH; KOMIWIHPYIOT COBOKYIHOCTD
H300paKeHuUi; 3aNKCHIBAIOT COOTBETCTBYIOLICE reorpaduyeckoe
MECTONONOXEHUH H300paxkeHuif; oTOOpaXaroT (H3UYESCKHE XapaKTePHCTHKM
yJacTKa ele3HoxopoxHoro mytd. Cucrema, peanusyromas Crocot KOHTpPOIS
XKENE3HOAOPOXXHOTO NYTH, MOMNIEKAIas YCTaHOBKE Ha TPAaHCIIOPTHOM CpPEJCTBE,
COIEPKHT: MO MeHbIueil Mepe, OMH HCTOYHHK CBETa, SBJISIOLIMIICS JIa3sepoM,
PacIoNOXEHHBIN PANOM C KEIEe3HOJOPOKHBIM ITyTeM IS NPOSHUPOBAHAS ITyqKa
CBET2 OT Kpad /MO0 Kpas >KeJIe3HOJOPOXHOIO IOJNOTHA, OJWH ONTHYECKHH
IPHEMHHK, PACTIONIOKEHHBIH DPANOM C JKEJIE3HONOPOXHEIM IyTeM. Ilpu sTom
ONTHYECKHil IIPHEMHHMK CONEPKUT LH(POBYIO KaMepy, OOUH IPOLECCOp A
aHaJIM3a COBOKYIIHOCTH H300paKE€HHH H oOnpemeNeHHs reorpadhH4eckoro

MECTOIIOJIOXXEHHA COBOKYITHOCTH n306pa>xemxﬁ. HpmeM NIponEeCccop BBIMOJIHEH C
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BO3MOXHOCTBIO ~KOMIHIMPOBAHHMA COBOKYNHOCTH H300paXXeHMd M  3alHCH
COOTBETCTBYIOIIETO  reorpauyeckoro  MECTONMOJNOXEHHUS  COBOKYIHOCTH

n3o0paxenuit. 4u.n.¢-n51, 663.1m.¢-151, 12w,

Pedeperr  E.I'. Bogosozosa
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AJipec U1 IEPENHCKH C NATeHTOO0IaaTeNeM HIll ero NpeACTaBUTeNeM, KOTopsIi GyneT
ony6nukoBan B obHIHamEHOM Gro/eTene
[1

[x] yxa3aH Ha THUEBOI CTOpOHE pemeHUA

Alpec I HanpasleHHs NaTeHTa
[1

[x] ykasaH Ha MIEBOH CTOPOHE peIeHUs
[1 yxasas B rpabe «Anpec i NEPENUCKH ¢ TATCHTOOGIanaTe/IeM. . »

B pesynbTaTe SKCIEPTH3b! 3a4BKH 110 CYIIECTBY, IPOBEIEHHOM B OTHOIIEHHN
[1 nepBoHauanbHOM GopMynsl H300peTeHus [x] yrouHeHHOH 3asBHTENEM (OPMYIIBI
n300peTeHns YCTaHOBIICHO cOOTBETCTBHE [] 3asgBnenHoro ms3obperenus [x] 3asBieHHOH
rpynnst u3o0pereruii TpeOopanmaM craredf 1349 m 1350 I'paxuanckoro komekca Poccmiickoit
Qenepauyy.

Qopmyna n3obpereHns npuBeaeHa Ha cTpanune(ax) 3-13.

TlpuMmeuanne: ¢ LENbIO  YCTpaHEHMS TEXHHYSCKOH  ONIeYaTKH M3  3aBHCHMBIX
n..13,23,36,46,59,69 ¢dopMynsl HCKITIOYEH TIPU3HAK «IIEPBHI Kanp» (IO aHAIOTHH C YETBEPTOi
CTPOKOf YIIOMSHYTHIX ITYHKTOB (OPMYIIEI, OTKY/a 3TOT NPU3HAK HCKIIOUEH: «QHAM3HPYIOT OJIHH

nH Gosee NPOMEKYyTOYHEIX KaJpOB M KOHETHBIH Kaip...».
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/489,570 06/23/2009 Christopher M. Villar 11042.0098.CPUS02
CONFIRMATION NO. 1864
23369 PUBLICATION NOTICE
HOWREY LLP-HN
C/O IP DOCKETING DEPARTMENT R TS MW R
00000003936186

2941 FAIRVIEW PARK DRIVE, SUITE 200
FALLS CHURCH, VA 22042-7195

Title:Tilt Correction System and Method for Rail Seat Abrasion

Publication No.US-2009-0319197-A1
Publication Date:12/24/2009

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Christopher M. Villar
John Anthony Nagle, I1 Group Art Unit: 3617
Steven C. Orrell

Examiner: Unknown

Serial No.: 12/489,570

Atty. Dkt. No.: 11042.0098.CPUS02

Filed: June 23, 2009

For: TILT CORRECTION SYSTEM AND Confirmation No.: 1864
METHOD FOR RAIL SEAT ABRASION

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In compliance with the duty of disclosure under 37 C.F.R. § 1.56, it is respectfully
requested that this Second Supplemental Information Disclosure Statement be entered and the
documents listed on attached Form PT(O-1449 be considered by the Examiner and made of
record. Copies of the listed documents required by 37 C.F.R. § 1.98(a)(2) are enclosed for the
convenience of the Examiner.

In accordance with 37 C.F.R §§ 1.97(g) and (h), this Second Supplemental Information
Disclosure Statement is not to be construed as a representation that a search has been made, and
is not to be construed to be an admission that the information cited is, or is considered to be,
material to patentability as defined in 37 C.F.R. § 1.56(b). In addition, this Second Supplemental

Information Disclosure Statement is not to be construed as a representation the cited art is, in

fact, prior art.

DM_US:23229321_[
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In accordance with 37 C.F.R § 1.97(e)(1), Applicant hereby certifies that each item of
information contained in this Second Supplemental Information Disclosure Statement was cited
in a Search Report in a counterpart PCT application not more than three months prior to the
filing of the present statement, as evidenced by the date of the enclosed search report. Only
those references which have not been previously submitted in a prior Supplemental
Information Disclosure Statement are submitted herewith.

As this Second Supplemental Information Disclosure Statement is being filed prior to the
receipt of a first Official Action reflecting an examination on the merits, and is believed that no
fee is required. However, if any fees under 37 CF.R. § 1.16 to 1.21 are deemed necessary for
any reason related to these materials, the Commissioner is hereby authorized to deduct said fees
from Deposit Account No. 08-3038/11042.0098.CPUS02.

Assignee respectfully request that the listed documents be made of record in the present
case. In order to facilitate the resolution of any issues or questions presented by this paper, the
Examiner may directly contact the undersigned by phone to further the discussion.

Respectfully submitted,

Date: {/ 5// o

Reg/No. 54,255
Attorney for Applicants/Assignee

Customer No. 23369
HOWREY LLP

1111 Louisiana, 25® Floor
Houston, Texas 77002
Telephone: (713) 787-1400
Facsimile: (713) 787-1440

DM_US:23229321 1
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Form PTO-1449 (modified) Atty. Docket No. Serial No.
11042.0098.CPUS02 12/489,570
List of Patents and Publications for Applicant’s Applicant
Christopher M. Villar et al.
INFORMATION DISCLOSURE STATEMENT
Filing Date: Group:
(Use several sheets if necessary) 06/23/2009 3617
U.S. Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 1 See Page 1
U.S. Patent Documents
Exam, | Ref. Document Date Name Class Sub | Filing Date of
Init. | Des. Number Class App.
Al US 2006/0017911 A1 | 01/26/2006 | Villar et al 356 4,01 06/30/2005
A2 4,700,223 10/13/1987 | Shoutaro et al 358 93 02/24/1986
A3 3,562,419 02/09/1971 | Beckmann et al 178 6 12/21/1967
Foreign Patent Documents
Exam. | Ref. Document Date Country Class Sub Translation
Init. | Des. Number Class Yes/No
Bl
B2
B3

Other Art (Including Author, Title, Date Pertinent Pages, Etc.)

Exam, | Ref, Citation
Init. Des.
Cl PCT International Search Report and Written Opinion dated April 22, 2010 for corresponding
PCT/US2010/025004
C2
EXAMINER: DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION 1§ IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH CITATION
IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APELICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

DM_US$:23229334_1
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: PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: JADE LAYE
HOWREY LLP
2941 FAIRVIEW PARK DR. SUITE 200
FALLS CHURCH, VA 22042

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
(day/month/year)

Applicant’s or agent’s file reference

FOR FURTHER ACTION  See paragraphs 1 and 4 below

11042.0098.00PCO1

International application No. International filing date
PCT/US2010/025004 (day/month/year) 23 February 2010
Applicant

GEORGETOWN RAIL EQUIPMENT COMPANY

When?
international search report.

2. [

3. [
O

O

4, Reminders

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

The time limit for filing such amendments is normally two months from the date of transmittal of the

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70

For more detailed instructions, see the notes on the accompanying sheet.

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith,

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicaht is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication,

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Ghuide, Volume 11, National Chapters and the WIPO Internet site,

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No, 571-273-3201

Authorized officer:
Blaine R. Copenheaver

Telephone No,  571-272-7774

Form PCT/ISA/220 (January 2004)

RECT HOM
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. PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: JADE LAYE PCT

HOWREY LLP

2941 FAIRVIEW PARK DR. SUITE 200
FALLS CHURCH, VA 22042 NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing

(day/month/year) 2 2 A P R 20 10

FOR FURTHER ACTION  See paragraphs 1 and 4 below

Applicant’s or agent’s file reference

11042.0098.00PCO1

International application No. International filing date
PCT/US2010/025004 (day/monthlyear) 23 February 2010
Applicant

GEORGETOWN RAIL EQUIPMENT COMPANY

1. }E The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (sce Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70

For more detailed instructions, see the notes on the accompanying sheet.

2. [:l The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4, Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication,

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume 11, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US Authorized officer:
Mait Stop PCT, Attn: ISA/US .
Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1460
Facsimile No. §71-273-3201 Telephone No,  671-272-7774
Form PCT/ISA/220 (January 2004) (See notes on accompanying sheet)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Atrticle 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
11042.0098.00PCO1 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2010/025004 23 February 2010 23 June 2009

ége}&?é'l]:"TOWN RAIL EQUIPMENT COMPANY

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18, A copy is being transmitted to the International Bureau.

This international search report consists of a total of y sheets,
I:I 1t is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
K{ the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. I:I This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.
2. D Certain claims were found unsearchable (see Box No. II),
3. D Unity of invention is lacking (see Box No. III).

4, With regard to the title,
v
M the text is approved as submitted by the applicant.
I__—' the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

I:I the text has been established, according to Rule 38.2, by this Authority as it appears in Box No, IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 18
K{ as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2010/025004

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1C 3/08 (2010.01)
USPC - 356/4.01

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

USPC - 356/4.01, 445, 625; 342/357.08; 701/300; 702/34

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - GO1C 3/08; GO6F 19/00; E01B 35/00; B61K 9/00, 9/08 (2010.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PatBase

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2006/0017911 A1 (VILLAR et al) 26 January 2006 (26.01.2008) entire document
US 4,700,223 A (KATO et al) 13 October 1987 (13.10.1987) entire document
US 3,562,419 A (BECKMANN et al) 09 February 1971 (09.02.1971) entire document

1-17
1-17
1-17

D Further documents are listed in the continuation of Box C.

[]

*
“An

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claime

“p»

apn

“«Q»

“p»

“T” later document published after the international filing date or priority
date and not in conflict with the aplghcanon but cited to understand

the principle or theory underlying the invention

“X* document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wyn

“&” document member of the same patent family

Date of the actual completion of the international search

12 April 2010

Date of mailing of the international search report

22 APR 2010

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 671-272-4300
PCT OSP: 671-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: JADE LAYE PCT

HOWREY LLP
2941 FAIRVIEW PARK DR. SUITE 200
FALLS CHURCH, VA 22042

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing .

(day/monthlyear) z 2 A P R ZO ‘0
Applicant’s or agent’s file reference FOR FURTHER ACTION
11042.0098.00PCO1 See paragraph 2 below
International application No, International filing date (day/month/year) Priority date (day/month/year)
PCT/US2010/025004 23 February 2010 23 June 2009

International Patent Classification (IPC) or both national classification and IPC
IPC(8) - GO1C 3/08 (2010.01)
USPC - 356/4.01

Applicant GEORGETOWN RAIL EQUIPMENT COMPANY

1. This opinion contains indications relating to the following items:
}AV‘ Box No. I Basis of the opinion
Box No. Il Priority
Box No. IIl  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI  Certain documents cited

Box No. VII Certain defects in the international application

Qo0 Xoog

Box No. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220,

Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer:
Mail Stop PCT, Attn: ISA/US N
Commissioner for Patents 12 April 2010 Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Helpdesk: 671-272-4300
Facsimile No. 571-273-3201 PCT OSP; 671-272-7774

Form PCT/ISA/237 (cover sheet) (July 2009)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2010/025004

Box No. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis oft
m the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2, E] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:

a, (means)

on paper

]
[:I in electronic form

D in the international application as filed
D together with the international application in electronic form

subsequently to this Authority for the purposes of search

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (July 2009)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY

PCT/US2010/025004

Box No. V Reasoned statement under Rule 435is,1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims None YES
Claims 1-17 NO

Inventive step (IS) Claims None YES
Claims 1-17 NO

Industrial applicability (IA) Claims 1-17 YES
Claims None NO

2.  Citations and explanations:

Claims 1-17 lack novelty under PCT Article 33(2) as being anticipated by Villar et al.

Referring to claims 1-6, Villar et al discloses [Cl. 1] a system (30) for determining rail seat abrasion of a rail road track (12), the system
(30) comprising: at least one light generator (40) positioned adjacent the rall road track (12), the light generator (40) adapted to project a
beam of light (42) across the rall road track (12); at least one camera (50) positioned adjacent the rail road track (12) for receiving at least
a portion of the light (42) reflected from the rail road track (12) and for generating at least one image (Para [0030)) representative of a
profile of at least a portion of the rail road track (12), and at least one processor (60) adapted to perform the steps comprising: analyzing
the at least one image (Para [0025]); and determining whether rail seat abrasion s present along the rail road track (12) (Para [0055]),
wherein, when determining whether rail seat abrasion is present, the at least one processor compensates for a tilt of the rail road track
(12) (Para [0047]); [CI. 2] wherein the processor (60) compensates for the tilt (L1) of the rail road track (12) by the steps comprising:
determining a height of a left rall base (12), right rail base (12), left crosstie (10) and right crosstie (10); determining a tilt correction factor
(difference between the heights of the rails); determining an actual delta for the right (12) and left rail bases (12); and determining a rail
seat abrasion value for the right (12) and left rail bases (12) (Fig. 5, Para [0047)); [Cl. 3] wherein the step of determining the heights further
comprises the steps of: determining vertical pixel counts for each of the heights of the left rail base (12), right rail base (12), left crosstie
(10) and right crosstie (10); and normalizing the vertical pixel counts based upon a measurement index (Para [0049)); [Cl. 4] wherein the
step of determining the tilt correction factor is accomplished based upon the left (12) and right rail base heights (12) and a standard tilt
correction factor (Para [0047]); [Cl. 5) wherein the step of determining the actual delta (angle) Is accomplished based upon the tilt
correction factor (See. Fig. 5, the height of the rails are shown by L1 compared to the height of the crossties shown by L2 provide the
angle between the two lines to determine the angle, Para [0049]); [Cl. 6] wherein the step of determining the rail seat abrasion value is
accomplished based upon the actual delta (Fig. 5, Para [0047]).

Referring to claims 7-11, Villar et al disclose [Cl. 7] a method for determining rail seat abrasion of a rail road track (12), the method
comprising the steps of: (a) determining a height of a left rail (12) base, right rall (12) base, left crosstie (10) and right crosstie (10); (b)
recording the heights of the left rail (12) base right rall (12) base, left crosstie (10) and right crosstie (10); (c) determining a tilt correction
factor (differences between the heights of the rails); (d) determining an actual delta for the right (12) and left rail (12) bases; and (e)
determining a rail seat abrasion value for the right (12) and left rail (12) bases (Para [0047]); [CI. 8] wherein step (a) further comprises the
steps of: determining vertical pixel counts for each of the heights of the left rail (12) base, right rail (12) base, left crosstie (10) and right
crosstis (10); and normalizing the vertical pixel counts based upon a measurement index (Para [0048]); [C). 9] wherein the step (c) is
accomplished based upon the left (12) and right rail (12) base heights and a standard tilt correction factor (differences between heights of
the rails); [Cl. 10] whereln step (d) is accomplished based upon the tilt correction factor (actual delta takes into account the heights of both
the ralls 12 and crossties 10 and the differences between the left and right sides); [CI. 11] wherein step (e) is accomplished based upon
the actual delta for the right (12) and left rail (12) bases (the height of both rails and crossties would be the most reliable way to confirm
the presence of rail seat abrasion, Para [0047]).

Continued on Supplemental Box
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY
PCT/US2010/025004

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:
Box V

Referring to claims 12-17, Villar et al disclose [Cl. 12} a method for determining rail seat abrasion of a rail road track (12), the method
comprising the steps of: (a) moving an inspection system (30) along the track (12); (b) receiving image data (Para [0030]) corresponding to
at least a portion of the track (12); (c) determining a measurement of the rail seat abrasion for the portion of the track(Para [0047]), wherein
the measurement are adjusted for tilt encountered as the inspection system (30) moves along the track (12) (heights of the rait and
crossties are both taken to determine if tilt or rail abrasion has happen, Para [0047]); and (d) determining whether rall seat abrasion exists
based upon the adjusted measurement (as seen in Fig. 5, a problem section of track is shown, also, as seen in Fig. 8, defects are shown
in crosstie 10, which could show rail seat abrasion on a portion of track); [Cl. 13] wherein step (c) further comprises the steps of:
determining a height of a left rail (12) base, right rail (12) base; left crosstie (10) and right crosstie (10) (see Fig. 2); determining a tilt
correction factor (difference between heights of the two rails); determining an actual delta for the right (12) and left rail (12) bases
(differences between rail and crossties are considered); and determining a rail seat abrasion value (amount that one rail may have sunken
below its original height); [Cl. 14] wherein the step of determining the heights further comprises the steps of: determining vertical pixel
counts (Para [0046]) for each of the heights of the left rail (12) base, right rail (12) base, left crosstie (10) and right crosstie (10); and
normalizing the vertical pixel counts based upon a measurement index; [Cl. 16) wherein the step of determining the tilt correction factor
(difference between heights of the two rails) Is accomplished based upon the left (12) and right rail (12) base heights and a standard tiit
correction factor (crossties will often be tilted through curved sections of railroad tracks, so rail abrasion may appear if this tilt is not
accounted for); [Cl. 16] wherein the step of determining the actual delta is accomplished based upon the tilt correction factor (the heights of
the rails, the crossties and the tilt of the crossties all need to be considered in determining if rail seat abrasion is occurring); [Cl. 17]
wherein the step of determining the rail seat abrasion value is accomplished based upon the actual deita (Para [0047)).

Claims 1-17 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under Article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information. see also the PCT Applicant’s Guide.

In these Notes, “Article,” “Rule™ and “Section™ refer to the provisions of the PCT. the PCT Regulations and the PCT
Administrative Instructions. respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searching Authority, one opportunity to amend the claims of the international application. [t should however be emphasized
{hat, since all parts of the international application (claims. description and drawings) may be amended during the
international preliminary examination procedure. there is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant’s Guide. Annex B).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be
established (see PCT dpplicant's Guide. International Phase, paragraph 296).

What parts of the international application may be amended?

Under Article 19, only the.claims may be amended.

During the international phase, the claims may also be amended (or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the International Preliminary Examining Authority.

Upon entry into the national phase. all parts of the international application may be amended under Article 28 or,
. where applicable. Article 41.

" When? . Within 2 months from the date of transmittal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the [ntemational Bureau afler the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, sce below.

How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed.

A replacement sheet or sheets containing a complete sct of claims in replacement of all the claims previously filed
must be submitted.

Where a claim is cancelled, no renumbering of the other claims is required. Tn all cases where claims are
renumbered, they must be renumbered consecutively in Arabic numérals (Section 205(a)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the international application and the amended claims. It should not be
confused with the “Statement under Article 19(1)™ (sce below, under “Statement under Article 19(1)”).

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international
application is French, the letter must be in French.

Notes to Form PCTASA/220 (first sheet) (July 2009)
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Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
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PAGE 161 OF 232



PTC/SB/96 {07-00)

Approved for use Lhrough 07/31/2012. OMB 0651-0031

U.5. Patenl and Trademark Office;. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995. o persons are required to respond ta a collection of information unless it dispiays & valid OMB control number;

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Ge0rgetown Rail Equipment Company

| Application No./Patent No.: 12/489,670 Fited/lssue Date: 06-23-2003
Titled: .
e TITLE CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION
Georgetown Rail Equipment Company .a corporatioq
(Name of Assignee) (Type of Assignee, e.g., corporation, parinership, university, government agency, etc

states that it is:

1. l:)fj the assignee of the entire right, title, and interest'in;

20 an assignee of less than the entire right, titte, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D the assignee of an undivided interestin the entirety of (a complete assignment frem one-of the joint inventors was made)

the patent appiication/patent identified above, by virtue of either:

| A IE An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
i the United States Patent and Trademark Office at Reel 023197 , Frame 0859 ,-or for which a
copy therefore is attached.

OR
B. D A chain of tifle from the invertor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From, To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . orfor which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame . orfor which a copy thergof is attached.

3. From: . ] To:

The document was recorded in the United States Patent and Trademark Ofice at
Ree! , Frame_ or for which a copy thereofis attached.

f | Additionai documents in the chain of title are listed on a supplemental sheet(s).
D As required by 37 CFR 3.73(b)(1)(i), the ducumentary evidence of the chain of title from ihe original owner to the assigres was,
or cencurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy {i.e., @ true copy of the original assignment document(s)} must be submitted to Assignment Division in
accordance with 37 CFR Part 3. to record the assignment in the recards of the USPTO. See MPEP 302.08]

The undempned hose title ig.supdlied helow) is authorized to act on behaif of the assignee.
I/ A 49 Jan3 20
Ll s - { P L u—?ff ,VQY\. { )

Signature Date
Wilkkar €. Shell (ﬁré’sb(en‘}f(’,éo
Printed or Typed Name Title

This coftection of information is required by 37 CFR 3.73(b}. The information is required to obtain or retain a benefit by the public which is tc file {and by lhe USPTO io
process) an application. Confidentiality is governed by 35 U.S.C. 122.and 37 CFR 1.11 and 1.14. This collecticn is eslimated (o lake 12 minutes to complele, including
gathering, prepanng, and submitting 1he completed application form to the USPTO. Time will vary depending upon the individuat cese. Any comments on the amount of tme
you require o complele this form andfor suggestiens for reducing this burden, should be sant to the Chief Informalion Officer, U.S. Patent and Trademark Office, U 8.
Department of Commerce, PO Box 1450, Alexandna, VA 223131450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioher
for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

I you need assistance in complating the form. call 1-800-PT0-9199 and select option 2.

PAGE 162 OF 232



Electronic Acknowledgement Receipt

EFS ID: 9315923
Application Number: 12489570
International Application Number:
Confirmation Number: 1864

Title of Invention:

Tilt Correction System and Method for Rail Seat Abrasion

First Named Inventor/Applicant Name:

Christopher M. Villar

Customer Number:

23369

Filer:

Rexford A. Johnson/Marjorie Dugdale

Filer Authorized By:

Rexford A. Johnson

Attorney Docket Number: 11042.0098.CPUSO02
Receipt Date: 26-JAN-2011
Filing Date: 23-JUN-2009
Time Stamp: 21:01:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document

Document Description
Number P

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

1 Power of Attorney

GREX057CIP2_POA.pdf

509714

72c580c1457102db2450dbc 1bd8a51af3d

d7lc

no

Warnings:

Information:

PAGE 163 OF 232




494229
Assignee showing of ownership per 37 | GREX057CIP2_Stmt_under_373

2 CFR 3.73(b). b.pdf no !
369dc0e2d604bc2c7fc0440bel eOc6c2add
Warnings:
Information:
Total Files Size (in bytes):i 1003943

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
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Verfahren zur Messung von Schienenprofilen und Gleislagestérungen sowie Vorrichtung zur Durchfiihrung des
Verfahrens

@ Nach der Erfindung zur Messung von Schienenprofilen
und Gleislagerstérungen wird die Kontur des Profils in
der y-z-Ebene punktuell erfasst und fiir diese Punkte wer-
den in der x-z- und x-y-Ebene Relativbewegungen ermit-
telt, wobei eine laseroptische Messeinrichtung den Rela-
tivabstand zwischen der realen Lage des jeweiligen
Schienenstranges im Raum zu dem Inertialsystem als Be-
zugsbasis im Raum sowie die Kontur der Fahrkantenpro-
file der rechten und linken Schiene misst. Die gemesse-
nen Profile werden als Videobilder abgespeichert und bei
nachfolgender Auswertung analysiert, gemittelt und/oder
als Datenfile einem Simulationssystem zur Verfligung ge-
stellt. Wahrend der Fahrt werden die rechten und linken -
Profile optisch ausgewertet, die Hohenanderungen und 2
Seitenanderungen ausgewahlter Punkte der Profilkontur
sowie der Schienenabstand als Spurweite online analog
oder digital wieder ausgegeben. Da die Ausflihrung der
Messtechnik fir die linke und rechte Schiene je ein Ab-
tastsystem beinhalten, welche starr miteinander verbun-
den sind, kann neben der Erfassung der Gleislagefehler
auch die Spurweite online ermittelt werden.

W
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1
Beschreibung

[0001] Die Erfindung betrifft ein Verfahren zur Messung
von Schienenprofilen und Gleislagestdrungen sowie Vor-
richtung zur Durchfiihrung des Verfahrens nach dem Ober-
begriff des Anspruchs 1 und 2.

[0002] Dic fahrzcugspezifische Belastung des Fahrwegs,
dessen Zustand (Verschleif, Spurweitendnderungen) sowie
der Zustand der Laufflachen am Rad sind wesentliche Krite-
rien, die das Laufverhalten von Schienenfahrzeugen beein-
flussen. Diese haben Auswirkungen auf die Zuordnung der
Beriihrpunkte an Rad und Schiene bei seitlicher Auslen-
kung, die Definition der dquivalenten Konizitit, die Radien-
differenz zwischen linkem und rechtem Rad und den Ein-
fluss der Spurweite und Schienenform.

Stand der Technik

[0003] Es ist ein Verfahren zur beriihrungslosen Messung
des VerschleiBes von Schienen und Vorrichtungen zur
Durchfithrung des Verfahrens bekannt mit folgenden Ver-
fahrensschritten:

a) der Schienenkopf wird schridg oder senkrecht zur
Fahrtrichtung belichtet

b) entlang einer vorgegebenen Messstrecke wird der
Lichtstreifen videotechnisch mit einer am Fahrzeug an-
gebrachten Videokamera abgetastet

c) das erzeugte visuelle Signal wird beim Uberfahren
der Wegstrecke den Wegsignalen eines Weggebers zu-
geordnet

d) die Bild-Wegsignale werden in einem Speicher ab-
gespeichert und die abgelegten Signale werden mit
Hilfe einer Auswertungseinheit in schienenspezifische,
‘Weg abhingige Informationen ausgewertet

[0004] Dieses bekannte Bildmesstechnik- Verfahren ist ge-
eignet fiir die exakte Auswertung von Profillinienkonturen
in der y-z-Ebene. Es ist aber nicht geeignet fiir die Ermitt-
lung der Fahrweg abhingigen Gleislagestérungen.

[0005] Weiterhin ist ein Inertialmess-Verfahren auf der
Basis Newtonscher Axiome bekannt, das die Erfassung von
Messgrofien wihrend der Fahrt in Bezug auf eine im Raum
bewegte kreiselstabilisierte Plattform ermdglicht. Ausge-
hend von einem Festpunkt lassen sich Lage und Hohe wei-
terer Punkte bestimmen. Nachteilig bei diesem Verfahren
wirken sich die mechanischen Komponenten aus, die beriih-
rungsabhingig funktionieren und Ursache fiir Fehler sind.
Mit diesem Verfahren ist es nicht méglich, die Profilkontur
zu bestimmen. Aulerdem kann dieses Verfahren durch die
mechanische Abtastung nur innerhalb begrenzter Ge-
schwindigkeiten angewendet werden.

Aufgabe der Erfindung

[0006] Aufgabe der Erfindung ist es, ein Verfahren zur
Messung von Schienenprofilen und Gleislagestérungen so-
wie eine Vorrichtung zur Durchfithrung des Verfahrens zu
schaffen, mit denen dic Fehler aus der mechanischen Abta-
stung beseitigt werden, hohe Fahrgeschwindigkeiten zulédsst
und mittels Bildmesstechnik- Verfahren den Mess- und Aus-
werteumfang erweitert. Die Aufgabe der Erfindung wird da-
durch gelost, dass die Kontur des Profils in der y-z-Ebene
punktuell erfasst wird und fiir diese Punkte in der x-z- und x-
y-Ebene Relativbewegungen ermittelt werden, wobei eine
laseroptische Messeinrichtung den Relativabstand zwischen
der realen Lage des jeweiligen Schienenstranges im Raum
zu dem Inertialsystem als Bezugsbasis im Raum sowie die
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Kontur der Fahrkantenprofile der rechten und linken
Schiene misst. Die gemessenen Profile werden als Videobil-
der abgespeichert und bei nachfolgender Auswertung analy-
siert, gemittelt und/oder als Datenfile einem Simulationssy-
stem zur Verfligung gestellt. Wahrend der Fahrt werden die
rechten und linken Profile optisch ausgewertet, die Hohen-
#nderungen und Scitenénderungen ausgewihlter Punkte der
Profilkontur sowie der Schienenabstand als Spurweite on-
line analog oder digital wieder ausgegeben. Da die Ausfiih-
rung der Messtechnik fiir die linke und rechte Schiene je ein
Abtastsystem beinhalten, welche starr miteinander verbun-
den sind, kann neben der Erfassung der Gleislagefehler auch
die Spurweite online ermittelt werden.

Beispiele

[0007] Die Erfindung soll anhand eines Ausfithrungsbei-
spiels naher erldutert werden. In den zugehérigen Zeichnun-
gen zeigen:

[0008] Fig. 1 die Darstellung von Fahrkante der Schiene
und Laufflache des Rades bei eingetretenem Verschleifl
[0009] Fig. 2 die Zuordnung von MessgroRen zueinander
beziiglich der gesuchten Messgrofie

[0010] Fig. 3 die Darstellung des starr miteinander ver-
bundenen Inertial- und Bildmesssystems

[0011] Fig. 4 die Darstellung der Lage der Schienenprofil-
kontur, der Bilderfassungssysteme und der Linienprojekto-
ren im Raum

[0012] Fig. 5 ausgewihlte Punkte der Schienenprofilkon-
tur

[0013] Fig. 6 Messpunkte der Schienenprofilkontur
[0014] Fig. 7 vertikale Lageédnderung der Scheitelpunkt-
koordinaten {iber der Fahrstrecke in der x-z-Ebene

[0015] Fig. 8 horizontale Lage4nderungen der rechten und
linken Spurweitenpunktkoordinaten zueinander und {ber
der Fahrstrecke in der x-y-Ebene

[0016] Fig. 9 Lage der gemessenen Einzelprofile in der y-
z-Ebene

[0017] Fig. 10 Ermittlung der Koordinaten eines Scheitel-
referenzpunktes.

[0018] In Fig. 1 sind VerschleiBzustinde an Rad und
Schiene dargestellt. Bei eingetretenem Verschleif3 stellt sich
eine reale Profilkontur 8 der Fahrkante der Schiene und eine
reale Profilkontur 9 der Laufflache des Rades ein, die erheb-
liche Abweichungen zu ihren urspriinglichen Konturen ha-
ben. Das bringt eine Verdnderung der Beriihrgeometrie zwi-
schen Rad und Schiene und eine Spurweitenidnderung mit
sich. In Fig. 2 ist eine Zuordnung von MessgroRen zueinan-
der ersichtlich, deren Verkettung erforderlich ist, um eine
gesuchte MessgroBBe Mg zu erhalten.

[0019] Uber ein sich bewegendes Inertialmesssystem 4,
welches sich in der relativen idealen Inertialebene 2 bewegt,
wird eine Messgroe M; ermittelt, welche den Abstand zu
einer absoluten idealen Bezugsebene 1 beinhaltet.

[0020] Von dem sich bewegenden Inertialmesssystem 4,
welches sich in der relativen idealen Inertialebene 2 bewegt,
wird eine MessgroBe Mg ermittelt, welche den Abstand zu
einer relativen realen Messebene 3 am Messobjekt Schie-
nenprofilkontur 7 beinhaltet.

[0021] In Fig. 3 sind die iiber eine starre Verbindung 6
miteinander verbundenen Komponenten Inertialmesssystem
4 und Bildmesssystem 5 dargestellt. Das Inertialmesssystem
4 enthilt die Messplattform 13. Das Bildmesssystem S ent-
hilt das Bilderfassungssystem 11 und den Linienprojektor
12. In Fig. 4 ist die Lage der Schienenprofilkonturen in der
y-z-Ebene, die Lage der Bilderfassungssysteme 11 und der
Linienprojektoren 12 im Raum ersichtlich. In der y-z-Ebene
sind die Mess- und Auswerteebenen 10 des Bilderfassungs-
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systems 11 dargestellt. In Fig. 5 sind ausgewihlte Punkte
der Schienenprofilkontur 14, welche sich aus Einzelmess-
punkten zusammensetzt, dargestellt. Hierbei handelt es sich
um die Koordinaten des Scheitelpunktes SP auf der z-Achse
fir die rechte und linke Schiene und den Spurweitenmess-
punkt SW auf der y-Achse fiir die linke und rechte Schiene.
Fig. 6 cnthilt cinc Darstellung der aus zahlreichen Einzel-
punkten zusammengesetzten Schienenprofilkontur 14. In
Fig. 7 ist die vertikale Lagednderung der Koordinaten des
Scheitelpunktes SP tiber der Fahrstrecke in der x-z-Ebene
dargestellt. In Fig. 8 ist die horizontale Lagednderung der
rechten und linken Koordinaten der Spurweitenpunkte SW
zueinander und iiber der Fahrstrecke in der x-y-Ebene dar-
gestellt. Fig. 9 zeigt die Lage aufeinanderfolgend gemesse-
ner Schienenprofilkonturen 14 in der y-z-Ebene. Fig. 10 de-
monstriert die Ermittlung der Koordinaten eines Scheitelre-
ferenzpunktes SR. Diese beinhaltet als ersten Schritt die Su-
che des Spurweitenmesspunktes SW 14 mm unterhalb des
Scheitelpunktes SP im Bereich der Fahrkante. Von diesem
Punkt aus wird im horizontalen Abstand von 35 mm nach
oben gelotet der Scheitelreferenzpunkt SR auf der Kontur
ermittelt. In den Zeichnungen und Beschreibungen bedeu-
ten:

1 = links

r = rechts

i = Zahlvariable [1, 2, .. ., n]

x = Raumkoordinate horizontal lings = Fahrtrichtung

y = Raumkoordinate horizontal quer

z = Raumkoordinate senkrecht

Bezugszeichenliste

1 absolute ideale Bezugsebene im Raum

2 relative ideale Inertialebene im Raum

3 relative reale Messebene am Schienenprofil im Raum
4 bewegtes Inertialmesssystem

5 bewegtes BildmeBsystem

6 starre Verbindung (von 4 und 5)

7 Messobjekt Schienenprofilkontur

8 reale Profilkontur der Fahrkante der Schiene
9 reale Profilkontur der Lauffliche des Rades
10 Mess- und Auswerteebene

11 Bilderfassungssystem

12 Linienprojektor

13 Messplattform

14 Schienenprofilkontur

SP Scheitelpunkt

SR Scheitelreferenzpunkt

SW Spurweitenmesspunkt

1 links

r rechts

i Zahlvariable [1, 2, .. ., n]

x Raumkoordinate horizontal l4ngs (Fahrtrichtung)
y Raumkoordinate horizontal quer

z Raumkoordinate senkrecht,

Mg gesuchte Messgrofle des Verfahrens

M; MessgroBe des Inertialsystems

Mg MessgroBe des Bildmesssystems

Patentanspriiche

1. Verfahren zur Messung von Schienenprofilen und
Gleislagestorungen sowie Vorrichtung zur Durchfiih-
rung des Verfahrens unter Anwendung des Inertial-
mess- Verfahrens und des Bildmesstechnik-Verfahrens
und der Vorrichtungen zur Ausfuhriing der Verfahren,
dadurch gekennzeichnet, dass eine Schienenprofil-
kontur (14) in einer y-z-Ebene als Matrix im Videobild
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einer laseroptischen Messeinrichtung des Bilderfas-
sungssystems (11) erfasst wird und fiir ausgewihlte
Punkte dieser Kontur in einer x-z- und x-y-Ebene Orts-
verdnderungen bestimmt werden und das Bilderfas-
sungssystem (11) den Relativabstand zwischen der rea-
len Lage des jeweiligen Schienenstranges im Raum zu
der Bezugsbasis Incrtialmesssystem (4) im Raum so-
wie die Kontur der Fahrkantenprofile der rechten und
linken Schiene misst, dass die gemessenen Schienen-
profilkonturen (14) als Videobilder abgespeichert, die
Konturen geglittet und als Datenfile ausgelagert wer-
den, dass wahrend der Fahrt die rechten und linken
Schienenprofilkonturen (14) optisch ausgewertet wer-
den und die lateralen und vertikalen Lageénderungen
der Profilkontur in der y-z-Ebene sowie der Schienen-
abstand als Spurweite aus den Konturen online wah-
rend der Fahrt als Messwert ausgegeben werden, wobei
die Ausfuhrung der Messtechnik fiir die linke und
rechte Schiene je ein Bilderfassungssystem (11) vor-
sieht, die mechanisch starr miteinander verbunden
sind.

2. Verfahren nach Anspruch 1 dadurch gekennzeich-
net, dass pro Schienenprofil mehrere Bilderfassungssy-
steme (11) vorhanden sind, die aus unterschiedlichen
Einfallwinkeln den Schienenkopf betrachten.

3. Verfahren nach Anspruch 1, dadurch gekennzeich-
net, dass die Auswertung der Profilkontur einen Schei-
telreferenzpunkt (SR) auf der Lauffliche im Bereich
der Mitte des Schienenkopfes ermittelt.

4, Verfahren nach Anspruch 1, dadurch gekennzeich-
net, dass die Messdaten der unterschiedlichen Mess-
verfahren, Inertialmesssystem (4) und Bildmesssystem
(5), synchron durch einen oder mehrere synchronisierte
Computermesssysteme erfasst werden.

5. Vorrichtung zur Messung von Schienenprofilen und
Gleislagestorungen, bestehend aus einem Inertialmess-
system und zwei bereits fest miteinander verbundenen
Bildmesssystemen, dadurch gekennzeichnet, dass min-
destens zwei Bildmesssysteme (5) und mindestens ein
Inertialmesssystem (4) starr miteinander verbunden
sind:

6. Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Vorrichtungen fiir die unterschiedli-
chen Messverfahren, Bildmesssystem (5) und Inertial-
messsystem (4), am Wagenkasten angeordnet sind.

7. Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Vorrichtungen fiir die unterschiedli-
chen Messverfahren, Bildmesssystem (5) und Inertial-
messsystem (4), im Drehgestell angeordnet sind.

8. Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Vorrichtungen fiir die unterschiedli-
chen Messverfahren, Bildmesssystem (5) und Inertial-
messsystem (4), in einem separaten Messfahrzeug an-
geordnet sind.

9. Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass in die Vorrichtung ein oder mehrere syn-
chronisierte Computermesssysteme integriert sind.

Hierzu 5 Scite(n) Zeichnungen
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@ Dispositif de controle d’'une voie de chemin de fer.

L’invention conceme un dispositif de contréle dimen-
sionnel d’'une voie de chemin de fer.

Il comprend un chariot (20) se déplagant sur la voie a
contréler, deux ensembles de mesure (31, 32) disposés
chacun sur un cété dudit chariot au voisinage d’un rail et un
dispositif de traitement de données (43).

Chaque ensemble de mesure comprend un émetteur de
faisceau laser (31) monté a rotation de maniere a réaliser
un balayage sur le rail dans un plan incliné par rapport a la
verticale et une caméra matricielle, réglable en site, azimut
et déplacement latéral de maniére a visualiser la partie du
rail éclairée par le faisceau laser. Le dispositif de traitement
de données (43) traite les signaux foumis par les deux ca-
méras (32) pour calculer des caractéristiques dimension-
nelles de la voie.

Application aux voies de chemin de fer d’usines métallur-
giques.

FR 2 674 809 - A1
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La présente invenfion concerne le contrdle des
caractéristiques dimensionnelles d'une voie de chemin de
fer. Pour éviter des accidents, en particulier des
déraillements, il est nécessaire de vérifier que les
voies de chemin de fer respectent des normes dimension-
nelles.

Or, en particulier les voies de chemin de fer sur
lesquelles circulent des wagons de poids élevé, comme
c'est le cas des voies de chemin de fer des usines
métallurgiques, sont soumises & une usure importante et
il est donc nécessaire de faire des contrdles périodiques
pour vérifier que les voies respectent les normes impo-
sées afin de déclencher une opération de remise en état
si cela s'avére nécessaire.

Ce contrdle s'effectue actuellement par un
opérateur qui parcourt les voies & contrdler et effectue
les mesures nécessaires. Outre les opérations de mesure,
1l'opérateur doit noter les résultats de ces mesures ; il
Yy a donc un travail important de relevé et les valeurs
relevées doivent ensuite faire l'objet d'une saisie en
vue d'un traitement informatique qui détermine les
travaux d'entretien & effectuer. Cette opération est donc
longue et pénible et il y a un risque d'erreurs humaines
dont les conségquences peuvent étre coilteuses.

La présente invention se propose de fournir un
dispositif de contrdle dimensionnel d'une voie de chemin
de fer qui permet de réaliser automatiquement et de
maniére fiable le contrdle des voies de chemin de fer et
de fournir directement les données a un dispositif de
traitement de données. )

L'invention a pour objet un dispositif de con-
tréle dimensionnel d'une voie de chemin de fer, caracté-
risé en ce qu'il comprend un chariot se déplagant sur 1la
voie & contrdler, deux ensgmhles de mesure disposés

chacun sur un cbété dudit chariot au voisinage d'un rail
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et un dispositif de traitement de données, en ce que
chaque ensemble de mesure comprend un émetteur de fais-
ceau laser monté & rotation de maniére & réaliser un
balayage sur le rail dans un plan incliné par rapport &
la verticale et une caméra matricielle montée & rotation
autour d'un axe horizontal de maniére & balayer la partie
du rail éclairée par le faisceau laser et en ce gque le
dispositif de traitement de données traite les signaux -
fournis par les deux caméras pour calculer des caracté-
ristiques dimensionnelles de la voie.

Le dispositif selon l'invention permet un relevé
continu du profil de la voie a contréler, le chariot se
déplagant en permanence, les mesures étant envoyées
directement sur un dispositif de traitement de données
qui peut alors fournir un bilan de 1'état de la voie et
déterminer éventuellement les opérations de remise en
état nécessaires.

Selon un mode de réalisation, l'axe médian du
faisceau laser est décalé vers l'intérieur de la voie par
rapport au plan vertical axial du rail. Cette disposition
permet de contrdler simultanément les caractéristiques
des contre-rails se trouvant au niveau des aiguillages.

Avantageusement, chaque caméra cdmpo;te un filtre
interférentiel, ce qui permet de s'affranchir des pertur-
bations dues & la lumiére ambiante.

Selon un mode de réalisation de 1l'invention, 1la
plate-forme du chariot présente, entre les deux essieux,
des découpes latérales par lesquelles passent les fais-
ceaux lumineux des appareils des deux. ensembles de
mesure. De cette maniére, les appareils de mesure peuvent
étre placés prés de la voie tout en étant trés accessi-
bles.

D'autres caractéristiques et avantages de 1'in-

vention ressortiront de la description qui suit, d'exem-
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ples de réalisation de l'invention, faite en se référant
aux dessins annexés sur lesquels :

- la figure 1 représente le profil d'une voie de
chemin de fer :;

~ la figure 2 représente, en vue de dessus, la
disposition des rails et contre-rails d'un aiguillage ;

- la figure 3 est une vue de profil d'un chariot
de mesure selon la présente invention ;

- la figure 4 est une vue schématique de dessus
du chariot de la figure 3 ; et

~- la figure 5 représente respectivement en vue de
profil, en coupe transversale et en vue de dessus un rail
illuminé par un faisceau laser dans un premier mode de
réalisation de 1l'invention.

La figure 1 représente le profil normalisé d'une
voie de chemin de fer. Une des caractéristiques importan-
tes qui doit étre vérifiée est la distance E entre les
deux champignons 1 et 1' des deux rails 2 et 2' d'une
voie ; cette distance E est mesurée & un niveau situé a
une distance d prédéterminée, par exemple 12 mm, du plan
horizontal supérieur de contact 3 respectivement 3' du
rail. Cette distance E doit par exemple &tre comprise
entre 1420 et 1500 mm.

Par ailleurs, comme représenté & la figure 2, les
aiguillages comportent des contre-rails tels que 11 et
11' qui servent & guider les roues des wagons et dont
1'écartement par rapport aux rails associés est également
normalisé et doit é&tre contrdlé.

L'invention a pour objet un appareil de mesure
qui permet de mesurer ces différents paramétres de
maniére continue, les ﬁesures étant directement envoyées
@ un dispositif de traitement de données. Les figures 3
et 4 représentent de maniére schématique un tel disposi-
tif. Il est essentiellement constitué d'un chariot 20

comportant une plate-forme 21 portée par deux essieux 22
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et 23. Ce chariot 20 se déplace sur une voie comportant
deux rails 24 et 25 et deux contre-rails 26 et 27. On
voit sur la figure 4 que le chariot présente sur sa
plate-forme 21 entre les deux essieux 22 et 23, & l'a-

.plomb de chaque rail, une découpe latérale 28 qui permet

de découvrir les rails et les contre-rails 24 & 27.

De chaque cb6té du chariot 20, on prévoit un
ensemble de mesure constitué d'un émetteur laser 31 et
d'une caméra matricielle associée 32. L'émetteur laser 31
est monté & rotation de maniére & réaliser un balayage
dans un plan 33 perpendiculaire au plan vertical axial de
chaque rail et incliné par rapport & la verticale.
L'amplitude angulaire A (figure 4) de ce balayage est
telle que le faisceau laser illumine le rail 24 et 1le
contre-rail 26, respectivement 25 et 27.

La caméra 32, qui est par exemple de type réseau
matriciel CCD, est montée sur la plate-forme 21 & rota-
tion autour d'un axe horizontal 34 réglable en azimut et
déplacements latéraux. Chaque caméra 32 vise la zone du
rail et du contre-rail éclairée par le balayage du
faisceau laser de l'émetteur 31 correspondant ; la fente
d'analyse 35 de chaque caméra 32 est disposée perpendicu-
lairement & l'axe de la voie & contrdler et, du fait de
la rotation de la caméra 32 autour de 1l'axe horizontal
34, cette fente d'analyse 35 balaye la zone du rail et du
contre-rail correspondants éclairés par le faisceau
laser. Avantageusement, la position médiane 36 du ba-
layage de la caméra 32 est perpendiculaire au plan 33 du
balayage du faisceau laser. L'inclinaison de ce plan de
balayage 33 est avantageusement voisine de 45°.

Avantageusement, chaque caméra 32 est équipée
d'un filtre interférentiel accordé sur 1la fréquence
d'émission de 1'émetteur 1laser 31 correspondant, de
maniére & supprimer les perturbations dues & la lumiére

ambiante.
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Dans le cas de la figure 4, on a illustré de
maniére schématique les images 41 et 42 fournies par les
deux caméras. Sur ces images on voit le profil supérieur
des rails et des contre-rails, une partie de leurs talons
ainsi que la trace de l1l'axe optique commun 37 de 1l'émet-
teur laser 31 et de la caméra 32 associés. Comme on peut
le voir sur la figure 4, ces deux axes optiques communs
37 sont séparés par une distance transversale D.

Les images 41 et 42 sont envoyées & un dispositif
de traitement de données 43 qui calcule les différentes
dimensions, a savoir la distance x2; respectivement x4,
entre l'axe optique commun 37 précité et le bord du
champignon de chaque rail, mesurée a 12 mm de la partie
supérieure du champignon et les distances xl1 et =x3
correspondant & 1'écartement des contre-rails par rapport
aux rails, qui sont mesurées au méme niveau. Le disposi-
tif de traitement de données 43 peut facilement détermi-
ner la distance E de la figure 1 qui est égale a la somme
de la distance D séparant les deux axes optiques et des
deux distances x2 et x4.

La figure 5 représente le rail respectivement wvu
de profil, en coupe transversale et en vue de dessus
lorsque le rail est illuminé par le faisceau laser du
dispositif décrit a la figure 4. La source laser 31 est
représentée de maniére schématique et on a représenté en
traits épais les traces 51 et 52 sur le champignon et sﬁr
la semelle du rail 24 du faisceau laser émis par 1'émet-
teur 31.

Le fonctionnement du dispositif qui a été décrit
est le suivant. Le chariot 20 parcourt les voies a
contrdler & une faible vitesse. Les deux é&léments de
mesure de chaque ensemble & savoir l'émetteur laser et la
caméra linéaire effectuent chacun leur balayage, & savoir
dans un plan incliné 33 pour le faisceau laser et dans un

plan vertical pour la caméra de maniére a balayer la zone
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illuminée par le faisceau laser. Les images fournies par
la caméra linéaire sont enregistrées et analysées de
maniére & déterminer les caractéristiques dimensionnelles
du rail et du contre-rail. Les résultats de la mesure

5 sont enregistrés dans une mémoire du dispositif 43 en
corrélation avec la position sur la voie.

Lorsqu'une voie a été complétement contrdlée, le
dispositif de traitement de données 43 peut définir 1les
opérations de remise en état nécessaires s'il s'avére que

10 la voie ne répond plus aux normes imposées.
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REVENDICATIONS .

1. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer, caractérisé en ce qu'il comprend un
chariot (20) se déplagant sur la voie & contrdler, deux
ensembles de mesure (31,32) disposés chacun sur un cété
dudit chariot au voisinage d'un rail et un dispositif de
traitement de données (43), en ce que chaque ensemble de
mesure comprend un émetteur de faisceau laser (31) monté
& rotation de maniére & réaliser un balayage sur le rail
dans un plan incliné par rapport & la verticale et une
caméra matricielle, réglable en site, azimut et déplace-
ment latéral de maniére & visualiser la partie du rail
éclairée par le faisceau laser et en ce que le dispositif
de traitement de données (43) traite les signaux fournis
par les deux caméras (32) pour calculer des caracté-
ristiques dimensionnelles de la voie.

2. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer selon la revendication 1, caractérisé en
ce que le plan moyen (36) du balayage de la caméra (32)
est perpendiculaire au plan de balayage (33) du faisceau
laser.

3. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer selon la revendication 1 ou 2, caracté-
risé en ce que le plan de balayage (33) du féisceau laser
est incliné d'environ 45°.

4. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer selon l'une quelconque des revendica-
tions 1 & 3, caractérisé en ce que l'axe médian (37) du
faisceau laser est décalé vers l'intérieur . de la voie par
rapport au plan vertical axial du rail (24,25).

5. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer selon 1l'une quelcongque des revendica-
tions 1 & 4, caractérisé en ce que chaque caméra (32)

comporte un filtre interférentiel.
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6. Dispositif de contrdle dimensionnel d'une voie
de chemin de fer selon l'une quelconque des revendica-
tions'l & 5, caractérisé en ce que la plate-forme (21) du
chariot (20) présente, entre les deux essieux, deux dé-

5 coupes latérales (28) dans lesquelles passent les fais-
ceaux optiques de la caméra (32) et de l'émetteur laser
(31) respectifs.
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HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

II. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

67559 7590 10/12/2011
Zarian Midg]ey & Johnson PLLC Certificate of Mailing or Transmission
. . . I hereby certify that this Fee(s) Transmittal is being deposited with the United
Umversny Plaza, 960 Broadway Ave., Suite 250 States Postal Service with sufficient postage for first class mail in an envelope
Boise, ID 83706 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/489,570 06/23/2009 Christopher M. Villar GREX.057CIP2 1864
TITLE OF INVENTION: TILT CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $870 $300 $0 $1170 01/12/2012
| EXAMINER | ART UNIT | crasssuscrass |
VALENTIN, JUAN D 2877 356-606000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). ol - 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. ; . . 2
(2) the name of a single firm (having as a member a
[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
12/489,570 06/23/2009 Christopher M. Villar GREX.057CIP2 1864
I EXAMINER |
67559 7590 10/12/2011
Zarian Midgley & Johnson PLLC VALENTIN, JUAN D
University Plaza, 960 Broadway Ave., Suite 250
Boise, ID 83706 I ART UNIT PAPERNUMBER |

2877

DATE MAILED: 10/12/2011

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 415 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 415 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 12/489,570 VILLAR ET AL.
NOtlce Of AIIOWabIIIty Examiner Art Unit
JUAN D. VALENTIN I 2877

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 06/23/2009.

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-17.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[J Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. X Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [] Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [X Information Disclosure Statements (PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date See Contihuation Sheet
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [Xl Examiner's Statement of Reasons for Allowance
of Biological Material
9. [ Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20111006
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Continuation Sheet (PTOL-37) Application No. 12/489,570

Continuation of Attachment(s) 3. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 06/23/2009, 12/10/2009,
05/03/2010, & 05/31/2011.
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Application/Control Number: 12/489,570 Page 2
Art Unit: 2877

DETAILED ACTION

Allowable Subject Matter

1. Claims 1-17 are allowed over prior art of record.

2. The following is a statement of reasons for the indication of allowable subject matter:
Regarding claim 1, the prior art fails to disclose or make obvious “wherein, when
determining whether rail seat abrasion is present, the at least one processor compensates for a tilt
of the rail road track™ and in combination with the other recited limitations of claim 1. Claims 2-

6 are allowed by virtue of dependency on the allowed claim 1.

Regarding claim 7, the prior art fails to disclose or make obvious “determining a rail seat
abrasion value for the fight and left rail bases" and in combination with the other recited
limitations of claim 7. Claims 8-11 are allowed by virtue of dependency on the allowed claim 7.

Regarding claim 12, the prior art fails to disclose or make obvious “determining whether
rail seat abrasion exists based upon the adjusted measurement” and in combination with the other
recited limitations of claim 12. Claims 13-17 are allowed by virtue of dependency on the

allowed claim 12.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”
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Application/Control Number: 12/489,570 Page 3
Art Unit: 2877

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JUAN D. VALENTIN II whose telephone number is (571)272-
2433. The examiner can normally be reached on Mon.-Fri..

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Gregory J. Toatley, Jr. can be reached on (571) 272-2800 ext. 77. The fax phone
number for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/GREGORY J TOATLEY/ JUAN D VALENTIN II
Supervisory Patent Examiner, Art Unit 2877 Examiner

Art Unit 2877
AIDVI/

October 6, 2011
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Application/Control No. Applicant(s)/Patent Under
Reexamination
) . 12/489,570 VILLAR ET AL.
Notice of References Cited . :
Examiner Art Unit
JUAN D. VALENTIN Il 2877 Page 1 of 1
U.S. PATENT DOCUMENTS
* Countscz)czoliigil:tm,\tljgmg 55 Code MM?\a(t\?yy Name Classification
* | A | US-4,915,504 A1 04-1990 Thurston, David F. 356/604
* B | US-6,647,891 B2 11-2003 Holmes et al. 356/602
* c | US-2002/0070283 A1 06-2002 Young, Hartley Frank 238/264
D | US-
E | US-
F | US-
G | US-
H | US-
| | US-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Coums(gjﬂﬁiﬂtm’\;gmg :; Code MMEi\a(tsYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
Y
w
X
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20111006
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12489570 VILLAR ET AL.
H“m H“‘ H‘“ “W m“““ “ m“ “ “‘ e o
JUAN D VALENTIN 2877
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
356 606 Glo|1]8B 11/ 24 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
238 264
X Claims renumbered in the same order as presented by applicant O CPA O T.D. O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
/JUAN D VALENTIN/
Examiner.Art Unit 2877 10/06/2011 Total Claims Allowed:
17
(Assistant Examiner) (Date)
/GREGORY J TOATLEY/
Supervisory Patent Examiner.Art Unit 2877 10/07/2011 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 14

U.S. Patent and Trademark Office
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

Examiner.Art Unit 2877

12489570 VILLAR ET AL.
Examiner Art Unit
JUAN D VALENTIN 2877
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
EAST 10/2/2011 /JDVII/
Searched Prior Art from parent applications #'s 12/465,473 & 11/172,618 10/2/2011 /JDVII/
INTERFERENCE SEARCH
Class Subclass Date Examiner
See Search 10/6/2011 /JDVII/
Notes
J.D.V/

U.S. Patent and Trademark Office
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Receipt date: 12/10/2008 ‘3248%579 - GAU:
agelof 1
Form PTO-1449 (medified) Atty. Docket No. Serial No.
11042.0098.CPUS0O2 12/489,570

List of Patents and Publications for Applicant’s Applicant
Christopher M. Villar &t al.
INFORMATION DISCLOSURE STATEMENT

Filing Date; Group:
{Use several sheets if necessary) 06/23/2009 3617
.8, Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 1 See Page 1

U.S. Patent Documents

Exam. | Ref, Document Date Name Class | Sub | Filing Date of
Init. Des. Number Class App.
Al 6,615,648 09/09/2003 | Ferguson et al 73 146 12/22/1998

Foreign Patent Documents

Exam. | Ref. Document Date Country Class Sub Translation
nit. | Des. Number Class Yes/No
Bl JP 200/221146 Al 08/11/200 | Japan Yes (Abstract)
B2 R1J 2142892 12/20/1999 | Russia Yes (Abstract)
B3 SU 1418105 08/23/1988 | Russia No

Other Art (Including Author, Title, Date Pertinent Pages, Etc.)

Exam. | Ref. Citation
Init. Des.

C1 Decision on Grant, dated October 22, 2009, for corresponding Russian patent application No,
2007103331.

C2

EXAMINER: fJuan Valentin/ (10/02/2011)

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION I8 IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH CITATION
IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TO APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)
DM_US$:22967205_1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH

DATE CONSIDERED:
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals {Time Stamp
Operator
iS1 4 (("6647891™) or US-PGPUB; OR OFF 2007/09/28
("4700223")).PN. USPAT; USOCR; 13:07
EPO; JPO;
DERWENT;
; IBM_TDB
S2 1261 (railroad (rail adj road)) {US-PGPUB; OR OFF 2008/07/22
: near3 (measur$4 test$4 USPAT; USOCR; 16:11
inspect$4 determin$4) FPRS; EPO; JPO;
DERWENT;
: IBM_TDB
S3 103590 {"356".clas. US-PGPUB; OR OFF 2008/07/22
USPAT; USOCR; 16:12
FPRS; EPO; JPO;
DERWENT;
: IBM_TDB
1154 149447 1"250".clas. US-PGPUB; OR OFF 2008/07/22
! USPAT; USOCR; 16:12
FPRS; EPO; JPO;
DERWENT;
; IBM_TDB
1S5 68859 {"382".clas. US-PGPUB; OR OFF 2008/07/22
USPAT; USOCR; 16:12
FPRS; EPO; JPO;
DERWENT;
: IBM_TDB
S6 298386 iS3 or S4 or S5 US-PGPUB; OR OFF 2008/07/22
USPAT; USOCR; 16:12
FPRS; EPO; JPO;
DERWENT;
: IBM_TDB
187 74 $2 and $6 US-PGPUB; OR OFF 2008/07/22
USPAT; USOCR; 16:12
FPRS; EPO; JPO;
DERWENT;
; IBM_TDB
S8 56 S2 and S6 USPAT; USOCR; {OR OFF 2008/07/22
FPRS; EPO; JPO; 16:12
DERWENT;
IBM_TDB
S9 3 ("5753808" 1 "6119353" | {US-PGPUB; OR OFF 2008/07/22
: "6647891").PN. OR USPAT; USOCR 16:28
("7403296").URPN.

file:///Cl/Documents%?20and%?20Settings/jvalentin/My%?20...9570/EASTSearchHistory.12489570_Accessible Version.htm (1 of 9)10/6/2011 8:00:51 PM
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EAST Search History
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S10 2 "6647891".pn. US-PGPUB; OR OFF 2009/04/10
: USPAT; USOCR; 17:41
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S11 2 (("6647891") or USPAT; USOCR {OR OFF 2009/07/27
("4700223")).PN. 00:47
S12 13582 determining with rail US-PGPUB; OR OFF 2009/07/27
wirh road with bed with  {USPAT; USOCR; 02:09
crossties.clm. FPRS; EPO; JPO;
DERWENT;
i IBM_TDB
S15 15 ("6615648" | US-PGPUB; OR ON 2011/09/22
: "20060017911" | USPAT; USOCR; 20:51
"20030140509" | FPRS; EPO; JPO;
"20040088891" | DERWENT;
"20040122569" | IBM_TDB
"4265545" |
; "20060171704™).PN.
S16 4252 determining with rail US-PGPUB; OR OFF 2011/09/22
wirh road with bed with {USPAT; USOCR; 21:08
crossties.clm. FPRS; EPO; JPO;
DERWENT;
i IBM_TDB
S17 2 "20090273788".pn. US-PGPUB; OR ON 2011/09/29
: USPAT; USOCR; 11:55
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S18 il S17 and (dip near3 solar) {US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 11:55
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
iS19 1 S$17 and (watts near3 US-PGPUB; OR ON 2011/09/29
intensity) USPAT; USOCR; 11:58
FPRS; EPO; JPO;
DERWENT;
i IBM_TDB
1820 13 "4265545" pn. US-PGPUB; OR ON 2011/09/29
%i USPAT; USOCR; 12:05
FPRS; EPO; JPO;
DERWENT;
; IBM_TDB
S21 3 "20040122569".pn. US-PGPUB OR ON 2011/09/29
"20040088891".pn. 12:09
"20030140509".pn.




EAST Search History

1§22 4 laser with (watts near3 US-PGPUB; OR ON 2011/09/29
inch) with intensity USPAT; USOCR; 12:13
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

413 (watts near3 inch) with US-PGPUB; OR ON 2011/09/29
intensity USPAT; USOCR; 12:15
FPRS; EPO; JPO,;
DERWENT;
IBM_TDB

11 S23 same laser US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 12:15
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

7 S24 not S22 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 12:15
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

5050 solar near3 spectrum US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 13:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

49 S26 with laser US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 13:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

215870 {"356".clas. "382" clas. US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 13:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

10 S$27 and S28 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 13:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

215487 irailroad (rail adj road) US-PGPUB; OR ON 2011/09/29
railway tramway (train USPAT; USOCR; 13:40
near?3 rail) FPRS; EPO; JPO;
DERWENT;
IBM_TDB

3539 S30 and wavelength US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 13:41
FPRS; EPO; JPO,;
DERWENT;
IBM_TDB

file:///Cl/Documents%?20and%?20Settings/jvalentin/My%?20...9570/EASTSearchHistory.12489570_Accessible Version.htm (3 of 9)10/6/2011 8:00:51 PM
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832

360963

"356" clas. "382".clas.
"250" clas.

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:41

412

S31 and S32

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO,;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:41

308

S33 and filter

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:41

26

S33 and ((filtered
filtering filter) near3 (sun
solar))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:43

2198

"808" near3 (nm (nano
adj meter))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:50

S30 and S36

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
13:50

lens with spacer with
filter with (CCD (charge
adj coupled))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
16:14

308975

(CCD (charge adj
coupled))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
16:53

S39 same spacer same
lens same (bandpass
(band adj pass))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
16:54

file:///Cl/Documents%?20and%?20Settings/jvalentin/My%?20...9570/EASTSearchHistory.12489570_Accessible Version.htm (4 of 9)10/6/2011 8:00:51 PM
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US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO,;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:01
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o

20

S39 and S41

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:01

detector with spacer with
lens with (bandpass
(band adj pass))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:10

9657

lens same (bandpass
(band adj pass))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:10

4033

S39 and S44

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:10

1447

S39 same S44

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:11

174

S46 and spacer

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:11

2042

detector and spacer and
lens and (bandpass (band
adj pass))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:11

959

S48 and S39

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:11

304

S32 and S49

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:11
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136

CCD near3 composition

PAGE 213 OF 232

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
17:15
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0 S50 and S51 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:15
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

22323 {camera near3 structure US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:15
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

1 S50 and S53 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:15
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

13 spacer with lens with US-PGPUB; OR ON 2011/09/29
(bandpass (band adj USPAT; USOCR; 17:21
pass)) FPRS; EPO; JPO;
DERWENT;
IBM_TDB

7 S$39 and S55 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:22
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

25360 {CCD (charge adj US-PGPUB; OR ON 2011/09/29
coupled)).ti. USPAT; USOCR; 17:27
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

30 S44 and S57 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:27
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

207 lens same spacer same US-PGPUB; OR ON 2011/09/29
(filter with wavelength) {USPAT; USOCR; 17:30
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

0 S$57 and S59 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:31
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

774 spacer with lens with US-PGPUB; OR ON 2011/09/29
(bandpass (band adj USPAT; USOCR; 17:33
pass) filter) FPRS; EPO; JPO;
DERWENT;
IBM_TDB

file:///Cl/Documents%?20and%?20Settings/jvalentin/My%?20...9570/EASTSearchHistory.12489570_Accessible Version.htm (6 of 9)10/6/2011 8:00:51 PM
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79 S61 and S59 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:33
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

0 S62 and S57 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

0 S$57 and S61 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 17:34
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

9 spacer with lens with US-PGPUB; OR ON 2011/09/29
(bandpass (band adj USPAT; USOCR; 17:41

pass) filter) with S39 FPRS; EPO; JPO;
DERWENT;
IBM_TDB

4898 (CCD (charge adj US-PGPUB; OR ON 2011/09/29
coupled)) near3 USPAT; USOCR; 18:43
(fabrication fabricating FPRS; EPO; JPO;
fabricate fabricated DERWENT;
manufactured IBM_TDB
manufacturing
manufacture)

19 S61 and S66 US-PGPUB; OR ON 2011/09/29
USPAT; USOCR; 18:43
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

3778 semiconductor near3 US-PGPUB; OR ON 2011/09/29
imaging near3 device USPAT; USOCR; 19:02
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

10 spacer with bandpass US-PGPUB; OR ON 2011/09/29
with lens USPAT; USOCR; 19:02
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

774 spacer with filter with US-PGPUB; OR ON 2011/09/29
lens USPAT; USOCR; 19:02
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
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71

89

S70 and (bandpass (band
adj pass))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:03

S71 and S68

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:03

23

S70 and S68

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO,;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:03

486

CCD and lens and
(bandpass near3 filter)
and (spacer (passivation
near3 layer))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:10

496

(semiconductor near3
imaging near3 device).ti.

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:12

25839

S57 or S75

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:13

S76 and S74

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:13

8210

lens and ((bandpass
color) near3 filter) and
(spacer (passivation
near3 layer))

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:13

27

S76 and S78

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:14

file:///Cl/Documents%?20and%?20Settings/jvalentin/My%?20...9570/EASTSearchHistory.12489570_Accessible Version.htm (8 of 9)10/6/2011 8:00:51 PM
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CCD with lens with
(bandpass (band adj
pass) filter)
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US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2011/09/29
19:24
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S81 6 S80 with spacer US-PGPUB; OR ON 2011/09/29
: USPAT; USOCR; 19:24
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S82 312 CCD with lens with US-PGPUB; OR ON 2011/09/29
i (bandpass (band adj USPAT; USOCR; 19:25
pass)) FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S83 38 rail near3 seat near3 US-PGPUB; OR ON 2011/10/02
%% abrasion USPAT; USOCR; 11:47
FPRS; EPO; JPO,;
DERWENT;
i IBM_TDB
S84 38 (track rail) near3 seat US-PGPUB; OR ON 2011/10/02
near3 abrasion USPAT; USOCR; 11:47
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S85 12006  {(rail track) near3 (tilt US-PGPUB; OR ON 2011/10/02
i tilting tilted slant slanted {USPAT; USOCR; 11:48
slanting) FPRS; EPO; JPO;
DERWENT;
IBM_TDB
S86 5 S84 and S85 US-PGPUB; OR ON 2011/10/02
; USPAT; USOCR; 11:48
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
1887 3 "2674809" .pn. FPRS; EPO; JPO; {OR ON 2011/10/02
DERWENT 12:12
11988 1 1992-401013.NRAN. DERWENT OR ON 2011/10/02
12:14
S8 8 ("6615648" | US-PGPUB; OR ON 2011/10/02
"20060017911" | USPAT; USOCR 12:20
"20030140509" |
"20040088891" |
"4700223" |
"20040122569" |
"3562419" | "5245855").
PN.

10/6/2011 8:00:38 PM
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EAST Search History (Interference)

§Search Query \DBs {Default Operator {Plurals \Time Stamp

rail with seat with US-PGPUB; OR ON 2011/10/06 20:01
abrasion with light.clm. {USPAT; UPAD

rail with seat with US-PGPUB; OR ON 2011/10/06 20:01
abrasion with tilt.clm. USPAT; UPAD

determining with rail USPAT; UPAD {OR OFF 2009/07/27 02:09
wirh road with bed with
crossties.clm.

determining with rail USPAT; UPAD {OR OFF 2009/07/27 02:10
with road with bed with
crossties.clm.

10/6/2011 8:02:35 PM
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for maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Parsons Behle & Latimer

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal.. This certificate cannot be used for any other accompanying
papers,. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

960 Broadway Ave., Suite 250 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Boise. ID 83706 States Postal Service with sufficient postage for first class mail in an envelope
? addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor’s name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/489570 06/23/2009 Christopher M. Villar GREX.057CIP2 1864
TITLE OF INVENTION: TILT CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION
APPLN. TYPE SMALL ENTITY [ ISSUEFEE | rpusucamonmE | totaLmER)DUE | DATE DUE
Nonprovisional Yes $870 $300 $1,170 01/122012
EXAMINER [ ARTUNIT | crasssupaass |
Valentin, Juan D 2877 356-606000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

D Change of correspondence address (or Change of Correspondence

2. For printing on the patent front page, list
(1) the names of up to 3 registered patent attorneys
or agents OR, alternatively,

1 Parsons Behle & I atimer

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
"Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name 3

Number is required.

is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Georgetown Rail Equipment Company

Georgetown, Texas

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent): D Individual Corporation or other private group entity D Government

4a. The following fee(s) are enclosed:
Issue Fee

Publication Fee (No small entity discount permitted)
D Advanced Order - # of Copies

4b. Payment of Fee(s):
A check in the amount of the fee(s) is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to

Deposit Account Number 500581

5. Change in Entity Status (from status indicated above)
[] . Applicant claims SMALL ENTITY status. See 37 CFR 1.27.

D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27 (g)(2).

The Directory of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in

interest as shown by the records of the United Status Patent and Trademark Office.

Authorized Signature /Rexford A Johnson/

Typed or printed name _Rexford A. Johnson

Date November 2,2011

Registration No. _57664

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this
form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box
1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/08) Approved for use through 08/31/2010. OMB 0651-0033
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Electronic Patent Application Fee Transmittal

Application Number:

12489570

Filing Date:

23-Jun-2009

Title of Invention:

TILT CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION

First Named Inventor/Applicant Name:

Christopher M. Villar

Filer:

Rexford A. Johnson/Marjorie Dugdale

Attorney Docket Number:

GREX.057CIP2

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 2501 1 870 870
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1170
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Electronic Acknowledgement Receipt

EFS ID: 11323570
Application Number: 12489570
International Application Number:
Confirmation Number: 1864

Title of Invention:

TILT CORRECTION SYSTEM AND METHOD FOR RAIL SEAT ABRASION

First Named Inventor/Applicant Name:

Christopher M. Villar

Customer Number:

67559

Filer:

Rexford A. Johnson/Marjorie Dugdale

Filer Authorized By:

Rexford A. Johnson

Attorney Docket Number: GREX.057CIP2
Receipt Date: 02-NOV-2011
Filing Date: 23-JUN-2009
Time Stamp: 18:14:03

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$1170

RAM confirmation Number

4646

Deposit Account

Authorized User

File Listing:

Document
Number

Document Description

File Size(Bytes)/

File Name Message Digest

Multi
Part /.zip

Pages
(if appl.)
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144253
1 Issue Fee Payment (PTO-85B) 024_GREX057CCIIfP2_IssFeeXml. no 1
p aca04052fa27be7f7f1b45b27e36541105¢€7]
12ad
Warnings:
Information:
32178
2 Fee Worksheet (SB06) fee-info.pdf no 2
8c444149f4db856a4e958echb 10d65b5a96¢]
d52d0
Warnings:
Information:
Total Files Size (in bytes):i 176431

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Receipt date: 12/10/2009

?248%%290}1@/%&3: 2877

Form PTO-1449 (modified) Atty. Docket No. Serial No.
11042.0098.CPUS02 12/48%,570
List of Patents and Publications for Applicant’s Applicant
Christopher M. Villar &t al.
INFORMATION DISCLOSURE STATEMENT
Filing Date; Group:
{Use several sheets if necessary) 06/23/2009 3617
.8, Patent Documents Foreign Patent Documents Other Art
See Page 1 See Page 1 See Page 1
U.S. Patent Documents
Exam. | Ref, Document Date Name Class | Sub | Filing Date of
Init. Des. Number Class App.
Al 6,615,648 09/09/2003 | Ferguson et al 73 146 12/22/1998
Foreign Patent Documents
Exam. | Ref. Document Date Country Class Sub Translation
nit. | Des. |, ., Number Class Yes/No
) Bi JP 260/221146 Al 08/11/2000 | Japan Yes (Abstract)
(Change(s) QW!; d
B2 R1J 2142892 12/20/1999 | Russia Yes (Abstract)
to document
GH B3 SU 1418105 08/23/1988 | Russia No
11,/9/2011

Other Art (Including Author, Title, Date Pertinent Pages, Etc.)

Exam. | Ref. Citation
Init. Des.
C1 Decision on Grant, dated October 22, 2009, for corresponding Russian patent application No,
2007103331.
C2
EXAMINER: fJuan Valentin/ (10/02/2011} | DATE CONSIDERED:

EXAMINER: INITIAL IF REFERENCE CONSIDERED, WHETHER OR NOT CITATION IS IN CONFORMANCE WITH MPEP609; DRAW LINE THROUGH CITATION
IF NOT IN CONFORMANCE AND NOT CONSIDERED. INCLUDE COPY OF THIS FORM WITH NEXT COMMUNICATION TQ APPLICANT.

INFORMATION DISCLOSURE STATEMENT — PTO-1449 (MODIFIED)

DM_US:22967205_1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/489,570 12/20/2011 8081320 GREX.057CIP2 1864
67559 7590 11/30/2011

Parsons Behle & Latimer
University Plaza, 960 Broadway Ave., Suite 250
Boise, ID 83706

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 415 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp:/pair.uspto.gov for additional applicants):

Christopher M. Villar, Liberty Hill, TX;
John Anthonty Nagle II, Cedar Park, TX;
Steven C. Orrell, Georgetown, TX;

IR103 (Rev. 10/09)
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Case 6:18-cv-00377-RWS-KNM  Document 4 Filed 07/27/18 Page 1 of 1 PagelD #: 99

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas - Tyler Division on the following
[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:18-cv-377 7/27/2018 Eastern District of Texas - Tyler Division

PLAINTIFF DEFENDANT

Georgetown Rail Equipment Company Tetra Tech Canada, Inc.

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7,616,329 11/10/2009 Georgetown Rail Equipment Company

2 8,081,320 12/20/2011 Georgetown Rail Equipment Company

3 9,441,956 9/18/2016 Georgetown Rail Equipment Company

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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, UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.usplo.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

12/489,570 06/23/2009 Christopher M. Villar 20009.057US03 74580

Acknowledgement of Loss of Entitlement to Entity Status Discount
The entity status change request below filed through Private PAIR on 10/26/2018 has been accepted.

CERTIFICATIONS:
Change of Entity Status:

X Applicant changing to regular undiscounted fee status.

NOTE: Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as
applicable.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Rexford A. Johnson/
Name: Rexford A. Johnson
Registration Number: 57664
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