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Abrégé:

L'invention concerne un systeme autonome permettant de générer et d'interpréter des nuages de
points d'un couloir ferroviaire le long d'un trajet d'étude tout en se déplagant sur une plateforme
d'évaluation de couloir ferroviaire. Le systeme comprend deux capteurs LiDAR orientés vers
I'arriere, configurés pour balayer le long de plans de balayage qui se croisent mais pas en tous les
points, aucun plan de balayage ne coupant un corps principal de n'importe quelle voiture ferroviaire
contigué a une extrémité arriere de la plateforme d'évaluation de couloir ferroviaire. Le systeme
comprend également une pluralité de caméras haute résolution pour collecter des données d'image a
partir d'un couloir ferroviaire. Les capteurs LiIDAR et les caméras haute résolution sont logés dans
des enceintes de protection commandées de maniere autonome et a température régulée.

Abstract:

An autonomous system for generating and interpreting point clouds of a rail corridor along a survey
path while moving on a railroad corridor assessment platform. The system includes two rear-facing
LiDAR sensors configured to scan along scan planes that intersect but not at all points and wherein
neither scan plane intersects a main body of any rail car adjoined to a rear end of the railroad
corridor assessment platform. The system also includes a plurality of high-resolution cameras for
gathering image data from a rail corridor. The LiDAR sensors and the high-resolution cameras are
housed in autonomously controlled and temperature controlled protective enclosures.



SYSTEM AND METHOD FOR GENERATING AND INTERPRETING POINT CLOUDS OF A

RAIL CORRIDOR ALONG A SURVEY PATH

CROSS-REFERENCE(S) TO RELATED APPLICATION(S)

[0001] This application is a non provisional application claiming priority to (1) pending
provisional U.S. Provisional Patent Application Number 62/848,630 invented by Darel
Mesher and entitled “Autonomous Track Assessment System” which was filed on May 16,
2019; pending provisional U.S. Provisional Patent Application Number 62/988,630
invented by Darel Mesher and entitled “Autonomous Track Assessment System” which
was filed on March 12, 2020; and pending provisional U.S. Provisional Patent Application
Number 63/016,661 invented by Darel Mesher and entitled “Autonomous Track
Assessment System” which was filed on April 28, 2020..

FIELD

[0002] This disclosure relates to the field of automated railroad assessment systems. More
particularly, this disclosure relates to a system and method for generating point clouds of a

rail corridor along a survey path of a test vehicle.

BACKGROUND

[0003] In the last decade, light detection and ranging or “LiDAR” technology has been
used in the railroad assessment industry to acquire 3D laser scans of the surroundings of a
rail corridor. For example, PCT Publication Number W(02018/208153 entitled “System
and Method for Mapping a Railway Track™ to Fugro Technologies B.V. describes the use
of a 3D laser scanner mounted on the front of a locomotive to gather and generate geo-
referenced 3D point cloud data which includes point data corresponding to the two rails on

which the vehicle is moving as well as the surroundings of the railroad track. In order to
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gain a broad view for the LIDAR equipment, such equipment is placed on the very front of

a train on the locomotive.

[0004] A similar system for gathering 3D data using a device on the front of a locomotive
is described in U.S. Patent Application Publication Number 2018/0370552 entitled “Real
Time Machine Vision System for Vehicle Control and Protection” to Solfice Research, Inc.

The system described can gather point cloud data including data gathered using LiDAR.

[0005] U.S. Patent Application Publication Number 2019/0135315 entitled “Railway
Asset Tracking and Mapping System” to Herzog Technologies, Inc. describes the use of a
LiDAR system for gathering and storing the positions and imagery of physical railroad
assets along a rail corridor. Unlike the previously described systems, the Herzog system is

mounted on a hi-rail vehicle which can be disruptive to normal train traffic along a railroad.

[0006] U.S. Patent Number 9,175,998 entitled “Ballast Delivery and Computation System
and Method” to Georgetown Rail Equipment Company describes a system mounted on a
hi-rail vehicle using LiDAR to determine ballast profiles and whether ballast needs to be

replaced.

[0007] All of the examples discussed above are either mounted on the front of a locomotive
or on a hi-rail vehicle. In the former examples, the system is necessarily attached to a
locomotive. In the latter examples, hi-rail vehicles are used which can be disruptive to

railroads causing downtime while the hi-rail vehicle is operating.

[0008] What is needed, therefore, is an alternative to the different ways LiDAR has been

used in the past to gather data related to railroads and their surroundings.
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SUMMARY

[0009] The above and other needs are met by a system for generating and interpreting point
clouds of arail corridor along a survey path while moving on a railroad corridor assessment
platform. In one embodiment, the system includes a railroad corridor assessment platform;
a first LIDAR sensor configured to scan along a first scan plane, the first LIDAR sensor
attached to the railroad corridor assessment platform in a rear-facing direction; a second
LiDAR sensor configured to scan along a second scan plane, the second LiDAR sensor
attached to the railroad corridor assessment platform in a rear-facing direction, wherein the
first scan plane crosses the second scan plane but is not coplanar at all points with the
second scan plane and wherein neither the first scan plane nor the second scan plane
intersect a main body of any rail car adjoined to a rear end of the railroad corridor
assessment platform; a data storage device; an Inertial Measurement Unit (IMU); a geo-
location device; and a high performance computing system in electrical communication
with the first LIDAR sensor, the second LiDAR sensor, the data storage device, the IMU,
and the geo-location device, the computing system comprising a high-performance
processor wherein the processor controls operations of the first LIDAR sensor and the
second LiDAR sensor, and wherein the processor performs a method for generating and
interpreting point clouds of a rail corridor, the method comprising operations of (i)
obtaining a first set of point cloud data using the first LIDAR sensor; (ii) obtaining a second
set of point cloud data using the second LiDAR sensor; (iii) obtaining railroad corridor
assessment platform attitude information using the IMU; (iv) obtaining geo-location
information using the geo-location device; (v) combining the first set of point cloud data
together, the second set of point cloud data, the railroad corridor platform attitude
information, and the geo-location information to generate a combined point cloud; (vi)
identifying rail corridor features of interest found in the combined point cloud; (vii)
creating an inventory of the identified rail corridor features of interest; and (viii) storing

the combined point cloud on the data storage device.

[0010] The system for generating and interpreting point clouds of a rail corridor described
above preferably further includes (A) a first sensor enclosure further including (i) a first

sensor enclosure outer shell comprising a first sensor enclosure outer shell first aperture
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and a first sensor enclosure outer shell second aperture; (i1) a first sensor enclosure first
high resolution camera in electrical communication with the computing system, the first
sensor enclosure first high resolution camera oriented to view from the inside of the first
sensor enclosure through the first sensor enclosure outer shell first aperture to gather digital
image data of a rail corridor; and (ii) a first sensor enclosure second high resolution camera
in electrical communication with the computing system, the first sensor enclosure second
high resolution camera oriented to view from the inside of the first sensor enclosure
through the first sensor enclosure outer shell second aperture to gather digital image data
of arail corridor; and (B) a second sensor enclosure including (i) a second sensor enclosure
outer shell comprising a second sensor enclosure outer shell first aperture and a second
sensor outer shell second aperture; (ii) a second sensor enclosure first high resolution
camera in electrical communication with the computing system, the second sensor
enclosure first high resolution camera oriented to view from the inside of the second sensor
enclosure through the second sensor enclosure outer shell first aperture to gather digital
image data of a rail corridor; and (iii) a second sensor enclosure second high resolution
camera in electrical communication with the computing system, the second sensor
enclosure second high resolution camera oriented to view from the inside of the second
sensor enclosure through the second sensor enclosure outer shell second aperture to gather
digital image data of a rail corridor. The system for generating and interpreting point clouds
of a rail corridor may further include (A) a wheel mounted shaft encoder for sending trigger
signals to the first sensor enclosure first high resolution camera, the first sensor enclosure
second high resolution camera, the second sensor enclosure first high resolution camera,
and the second sensor enclosure second high resolution camera as the railroad corridor
assessment platform moves along a survey path; (B) the high-performance processor
wherein the processor controls operations of the first sensor enclosure first high resolution
camera, the first sensor enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor enclosure second high
resolution camera, and wherein the processor performs a method for generating and
interpreting digital image data, the method comprising operations of (i) receiving pulses
from the shaft encoder and triggering the first sensor enclosure first high resolution camera,

the first sensor enclosure second high resolution camera, the second sensor enclosure first
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high resolution camera, and the second sensor enclosure second high resolution camera to
obtain digital image data at the same time instances; (i1) obtaining a first set of digital image
data using the first sensor enclosure first high resolution camera; (iii) obtaining a second
set of digital image data using the first sensor enclosure second high resolution camera;
(iv) obtaining a third set of digital image data using the second sensor enclosure first high
resolution camera; (v) obtaining a fourth set of digital image data using the second sensor
enclosure second high resolution camera; (vi) combining the first set of digital image data,
the second set of digital image data, the third set of digital image data, and the fourth set
of digital image data to form a combined set of digital image data comprising a plurality
of digital images and generating a combined panoramic digital image of the rail corridor;
and (vii) storing the combined set of digital image data on the data storage device.
Altematively or additionally, the system for generating and interpreting point clouds of a
rail corridor may further include (A) the first sensor enclosure further including (i) a first
sensor enclosure inner shell comprising a first sensor enclosure inner shell first aperture
and a first sensor enclosure inner shell second aperture, wherein the first sensor enclosure
inner shell is configured to move relative to the first sensor enclosure outer shell from a
first sensor enclosure inner shell open position wherein the first sensor enclosure outer shell
first aperture is in line with the first sensor enclosure inner shell first aperture and the first
sensor enclosure outer shell second aperture is in line with the first sensor enclosure inner
shell second aperture to a first sensor enclosure inner shell closed position wherein the first
sensor enclosure outer shell first aperture is not in line with the first sensor enclosure inner
shell first aperture and the first sensor enclosure outer shell second aperture is not in line
with the first sensor enclosure inner shell second aperture resulting in (1) the first sensor
enclosure outer shell first aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure first high resolution camera and (2) the first sensor
enclosure outer shell second aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure second high resolution camera; (ii) a first inner shell
motorized linear actuator in electrical communication with the computing system and
connected to the first sensor enclosure inner shell for moving the first sensor enclosure
inner shell from the first sensor enclosure inner shell open position to the first sensor

enclosure inner shell closed position or from the first sensor enclosure inner shell closed
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position to the first sensor enclosure inner shell open position depending upon control
instructions from the computing system; (iii) a first sensor enclosure LiDAR cap
configured to move from a first sensor enclosure cap open position in which the first
LiDAR sensor is exposed to a first sensor enclosure cap closed position in which the first
LiDAR sensor is not exposed, and from the first sensor enclosure cap closed position to
the first sensor enclosure cap open position; and (iv) a first LiDAR cap motorized actuator
in electrical communication with the computing system and connected to the first sensor
enclosure LiDAR cap for moving the first sensor enclosure LiDAR cap from the first
sensor enclosure cap closed position to the first sensor enclosure cap open position or from
the first sensor enclosure cap open position to the first sensor enclosure cap closed position
depending on control instructions from the computing system; and (B) the second sensor
enclosure further including (i) a second sensor enclosure inner shell comprising a second
sensor enclosure inner shell first aperture and a second sensor enclosure inner shell second
aperture, wherein the second sensor enclosure inner shell is configured to move relative to
the second sensor enclosure outer shell from a second sensor enclosure inner shell open
position wherein the second sensor enclosure outer shell first aperture is in line with the
second sensor enclosure inner shell first aperture and the second sensor enclosure outer
shell second aperture is in line with the second sensor enclosure inner shell second aperture
to a second sensor enclosure inner shell closed position wherein the second sensor
enclosure outer shell first aperture is not in line with the second sensor enclosure inner shell
first aperture and the second sensor enclosure outer shell second aperture is not in line with
the second sensor enclosure inner shell second aperture resulting in (1) the second sensor
enclosure outer shell first aperture being blocked by the second sensor enclosure inner shell
to protect the second sensor enclosure first high resolution camera and (2) the second
sensor enclosure outer shell second aperture being blocked by the second sensor enclosure
inner shell to protect the second sensor enclosure second high resolution camera; (ii) a
second inner shell motorized linear actuator in electrical communication with the
computing system and connected to the second sensor enclosure inner shell for moving the
second sensor enclosure inner shell from the second sensor enclosure inner shell open
position to the second sensor enclosure inner shell closed position or from the second

sensor enclosure inner shell closed position to the second sensor enclosure inner shell open
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position depending upon control instructions from the computing system; (iii) a second
sensor enclosure LiDAR cap configured to move from a second sensor enclosure cap open
position in which the second LiDAR sensor is exposed to a second sensor enclosure cap
closed position in which the second LiDAR sensor is not exposed, and from the second
sensor enclosure cap closed position to the second sensor enclosure cap open position; and
(1V) a second LiDAR cap motorized actuator in electrical communication with the
computing system and connected to the second sensor enclosure LiDAR cap for moving
the second sensor enclosure LiDAR cap from the second sensor enclosure cap closed
position to the second sensor enclosure cap open position or from the second sensor
enclosure cap open position to the second sensor enclosure cap closed position depending

on control instructions from the computing system.

[0011] Some versions of the system described above may further include (A) a climatic
sensor on the railroad corridor assessment platform, the climatic sensor in electrical
communication with the computing system; and (B) the high-performance processor
wherein the processor controls operations of the first inner shell motorized linear actuator
and the second inner shell motorized linear actuator, and wherein the processor performs a
method for protecting the first sensor enclosure first high resolution camera, the first sensor
enclosure second high resolution camera, the second sensor enclosure first high resolution
camera, and the second sensor enclosure second high resolution camera, the method
comprising operations of (i) receiving climatic conditions data from the climatic sensor;
(1) activating the first inner shell motorized linear actuator to move the first sensor
enclosure inner shell from the first sensor enclosure inner shell open position to the first
sensor enclosure inner shell closed position based on the received climatic conditions data;
(i11) activating the second inner shell motorized linear actuator to move the second sensor
enclosure inner shell from the second sensor enclosure inner shell open position to the
second sensor enclosure inner shell closed position based on the received climatic
conditions data; (iv) activating the first LIDAR cap motorized actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap open position to the first
sensor enclosure cap closed position; and (v) activating the second LiDAR cap motorized
actuator to move the second sensor enclosure LiDAR cap from the second sensor enclosure

cap open position to the second sensor enclosure cap closed position.
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[0012] Some versions of the system described above may further include (A) a motion
sensor for sensing motion of the railroad corridor assessment platform, the motion sensor
in electrical communication with the computing system; and (B) the high-performance
processor wherein the processor controls operations of the first inner shell motorized linear
actuator and the second inner shell motorized linear actuator, and wherein the processor
performs a method for protecting the first sensor enclosure first high resolution camera, the
first sensor enclosure second high resolution camera, the second sensor enclosure first high
resolution camera, and the second sensor enclosure second high resolution camera, the
method comprising operations of (i) receiving a motion sensor signal from the motion
sensor indicating that the railroad corridor assessment platform is moving relative to a
railroad track below a minimum speed threshold programmed into the computing system;
(i1) activating the first inner shell motorized linear actuator to move the first sensor
enclosure inner shell from the first sensor enclosure inner shell open position to the first
sensor enclosure inner shell closed position based on the received motion sensor signal;
(111) activating the second inner shell motorized linear actuator to move the second sensor
enclosure inner shell from the second sensor enclosure inner shell open position to the
second sensor enclosure inner shell closed position based on the received motion sensor
signal; (iv) activating the first LIDAR cap motorized actuator to move the first sensor
enclosure LiIDAR cap from the first sensor enclosure cap open position to the first sensor
enclosure cap closed position; and (v) activating the second LiDAR cap motorized actuator
to move the second sensor enclosure LiDAR cap from the second sensor enclosure cap

open position to the second sensor enclosure cap closed position.

[0013] Some versions of the system described above may further include (A) a temperature
sensor on the railroad corridor assessment platform in electrical communication with the
computing system and proximate to the first sensor enclosure and the second sensor
enclosure; (B) a heating and cooling system in electrical communication with the
computing system, the heating and cooling system further including (i) an air blower; (ii)
a heater for heating air blown from the air blower; (ii1) an air chiller for cooling air blown
from the air blower; and (iv) an air duct for channeling air from the air blower to the first
sensor enclosure and the second sensor enclosure; and (C) the high-performance processor

wherein the processor controls operations of the heating and cooling system, and wherein
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the processor performs a method for regulating air temperature in the first sensor enclosure
and the second sensor enclosure, the method comprising operations of (i) receiving
temperature data from the temperature sensor; (ii) activating the air blower; and (iii)

activating the heater or the air chiller based on the received temperature data.

[0014] Some versions of the system described above may further include (A) the first
sensor enclosure further comprising at least one first sensor air aperture through which air
can directed across the first LIDAR sensor; and (B) the second sensor enclosure further
comprising at least one second sensor air aperture through which air can directed across

the second LiDAR sensor.

[0015] Some versions of the system described above may further include (A) a first sensor
enclosure in which the first LIDAR sensor is housed; (B) a second sensor enclosure in
which the second LiDAR sensor is housed; (C) a temperature sensor in electrical
communication with the computing system and located proximate to the first LiIDAR
sensor and the second LiDAR sensor; (D) a heating and cooling system in electrical
communication with the computing system, the heating and cooling system further
including (i) an air blower; (i) a heater for heating air blown from the air blower; (ii1) an
air chiller for cooling air blown from the air blower; and (iv) a duct for channeling air from
the air blower to the first sensor enclosure and the second sensor enclosure depending on

temperature data sent by the temperature sensor to the computing system.

[0016] In another aspect, a method for generating and interpreting point clouds of a rail
corridor is disclosed. In one embodiment, the method includes (A) obtaining a first set of
point cloud data using a processor and a first LIDAR sensor oriented to scan along a first
scan plane and attached to a railroad corridor assessment platform in a rear-facing
orientation wherein the first LiDAR sensor is in electrical communication with the
processor; (B) obtaining a second set of point cloud data using the processor and a second
LiDAR sensor oriented to scan along a second scan plane and attached to the railroad
corridor assessment platform in a rear-facing orientation wherein the second LiDAR sensor
is in electrical communication with the processor, wherein the first scan plane crosses the

second scan plane but is not coplanar at all points with the second scan plane, and wherein
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neither the first scan plane nor the second scan plane intersect a main body of any rail car
adjoined to a rear end of the railroad corridor assessment platform; (C) obtaining railroad
corridor assessment platform attitude data using an Inertial Measurement Unit (IMU) in
electrical communication with the processor; (D) obtaining geo-location data of the
railroad corridor assessment platform using a geo-location device in electrical
communication with the processor; (E) combining the first set of point cloud data, the
second set of point cloud data, the railroad corridor assessment platform attitude data, and
the geo-location data to generate a combined point cloud using the processor; (F)
identifying rail corridor features of interest found in the combined point cloud using the
processor; (G) creating an inventory of the identified rail corridor features of interest using
the processor; and (H) storing the combined point cloud on a data storage device in
electrical communication with the processor. In some embodiments, the method may
further include (A) receiving pulses from a wheel mounted shaft encoder in electrical
communication with the processor and triggering a first sensor enclosure first high
resolution camera, a first sensor enclosure second high resolution camera, a second sensor
enclosure first high resolution camera, and a second sensor enclosure second high
resolution camera to obtain digital image data at the same time instances; (B) obtaining a
first set of digital image data using the first sensor enclosure first high resolution camera;
(C) obtaining a second set of digital image data using the first sensor enclosure second high
resolution camera; (D) obtaining a third set of digital image data using the second sensor
enclosure first high resolution camera; (E) obtaining a fourth set of digital image data using
the second sensor enclosure second high resolution camera; (F) combining the first set of
digital image data, the second set of digital image data, the third set of digital image data,
and the fourth set of digital image data to form a combined set of digital image data
comprising a plurality of digital images and generating a combined panoramic digital
image of a rail corridor; and (G) storing the combined set of digital image data on a data
storage device in electrical communication with the processor. Such methods may further
include colorizing the combined point cloud using the combined set of digital image data

and the processor.

[0017] Some versions of the method described above may further include (A) triggering a

first sensor enclosure third high resolution camera and a second sensor enclosure third high
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resolution camera to obtain digital image data at the same time instances as the first sensor
enclosure first high resolution camera, the first sensor enclosure second high resolution
camera, the second sensor enclosure first high resolution camera, and the second sensor
enclosure second high resolution camera; (B) obtaining a fifth set of digital image data
using a first sensor enclosure third high resolution camera; (C) obtaining a sixth set of
digital image data using a second sensor enclosure third high resolution camera; and (D)
combining the first set of digital image data, the second set of digital image data, the third
set of digital image data, the fourth set of digital image data, the fifth set of digital image
data and the sixth set of digital image data to form a combined set of digital image data
comprising a plurality of digital images and generating a combined panoramic digital
image of a rail corridor. Such methods may further include geo-referencing the colorized

combined point cloud using a geo-referencing device.

[0018] Some versions of the methods described above may further include (A) housing the
first LIDAR sensor, the first sensor enclosure first high resolution camera, the first sensor
enclosure second high resolution camera, and the first sensor enclosure third high
resolution camera in a first sensor enclosure including a first sensor enclosure LiDAR cap
for protecting the first LIDAR sensor; (B) housing the second LiDAR sensor, the second
sensor enclosure first high resolution camera, the second sensor enclosure second high
resolution camera, and the second sensor enclosure third high resolution camera in a second
sensor enclosure including a second sensor enclosure LiDAR cap for protecting the second
LiDAR sensor; and (C) blowing temperature-controlled air to the first sensor enclosure and
the second sensor enclosure using a heating and cooling system including an air blower
wherein temperature-controlled air is blown through an air duct to the first sensor enclosure
and the second sensor enclosure and wherein the heating and cooling system is controlled
by the computing system based on temperature data received by a temperature sensor

proximate to the first LIDAR sensor and the second LiDAR sensor.

[0019] Some versions of the methods described above may further include (A) blowing
temperature-controlled air through an aperture in the first sensor enclosure adjacent to the
first LIDAR sensor for blowing away flying debris and precipitation from the first LiDAR

sensor and to maintain the first sensor enclosure LiDAR cap at a temperature above
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freezing to eliminate the accumulation of frozen precipitation; and (B) blowing
temperature-controlled air through an aperture in the second sensor enclosure adjacent to
the second LiDAR sensor for blowing away flying debris and precipitation from the second
LiDAR sensor and to maintain the second sensor enclosure LiDAR cap at a temperature

above freezing to eliminate the accumulation of frozen precipitation

[0020] Some versions of the methods described above may further include (A) housing the
first LIDAR sensor in a first sensor enclosure including (i) a first sensor enclosure LiDAR
cap configured to move from a first sensor enclosure cap open position in which the first
LiDAR sensor is exposed to a first sensor enclosure cap closed position in which the first
LiDAR sensor is not exposed, and from the first sensor enclosure cap closed position to
the first sensor enclosure cap open position; and (ii) a first LiDAR cap motorized linear
actuator in electrical communication with the computing system and connected to the first
sensor enclosure LiDAR cap for moving the first sensor enclosure LiDAR cap from the
first sensor enclosure cap closed position to the first sensor enclosure cap open position or
from the first sensor enclosure cap open position to the first sensor enclosure cap closed
position depending on control instructions from the computing system; (B) housing the
first sensor enclosure first high-resolution camera in the first sensor enclosure including (i)
a first sensor enclosure outer shell; (ii) a first sensor enclosure outer shell first aperture
through which the first sensor enclosure first high-resolution camera obtains digital image
data; (i1) a first sensor enclosure inner shell configured to move relative to the first sensor
outer shell from a first sensor enclosure inner shell open position wherein the first sensor
enclosure outer shell first aperture is open and the first sensor enclosure first high-
resolution camera is exposed to weather outside the first sensor enclosure to a first sensor
enclosure inner shell closed position wherein the first sensor enclosure outer shell first
aperture is blocked by the first sensor inner shell and the first sensor enclosure first high-
resolution camera is not exposed to weather outside the first sensor enclosure; (C) housing
the first sensor enclosure second high-resolution camera in the first sensor enclosure
including (i) a first sensor enclosure outer shell second aperture through which the first
sensor enclosure second high-resolution camera obtains digital image data; (i1) the first
sensor enclosure inner shell configured to move relative to the first sensor enclosure outer

shell from the first sensor enclosure inner shell open position wherein the first sensor
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enclosure outer shell second aperture is open and the first sensor enclosure second high-
resolution camera is exposed to weather outside the first sensor enclosure to the first sensor
enclosure inner shell closed position wherein the first sensor enclosure outer shell second
aperture is blocked by the first sensor inner shell and the first sensor enclosure second high-
resolution camera is not exposed to weather outside the first sensor enclosure; (iii) a first
inner shell motorized linear actuator connected to the first sensor enclosure inner shell and
in electrical communication with the processor for moving the first sensor enclosure inner
shell from the first sensor enclosure inner shell open position to the first sensor enclosure
inner shell closed position and from the first sensor enclosure inner shell closed position to
the first sensor enclosure inner shell open position depending on instructions from the
processor; (D) housing the second LiDAR sensor in a second sensor enclosure including
(i) a second sensor enclosure LiDAR cap configured to move from a second sensor
enclosure cap open position in which the second LiDAR sensor is exposed to a second
sensor enclosure cap closed position in which the second LiDAR sensor is not exposed,
and from the second sensor enclosure cap closed position to the second sensor enclosure
cap open position; and (i) a second LiDAR cap motorized linear actuator in electrical
communication with the computing system and connected to the second sensor enclosure
LiDAR cap for moving the second sensor enclosure LiDAR cap from the second sensor
enclosure cap closed position to the second sensor enclosure cap open position or from the
second sensor enclosure cap open position to the second sensor enclosure cap closed
position depending on control instructions from the computing system; (E) housing the
second sensor enclosure first high-resolution camera in the second sensor enclosure
including (i) a second sensor enclosure outer shell; (ii) a second sensor enclosure outer
shell first aperture through which the second sensor enclosure first high-resolution camera
obtains digital image data; (ii1) a second sensor enclosure inner shell configured to move
relative to the second sensor outer shell from a second sensor enclosure inner shell open
position wherein the second sensor enclosure outer shell first aperture is open and the
second sensor enclosure first high-resolution camera is exposed to weather outside the
second sensor enclosure to a second sensor inner shell closed position wherein the second
sensor enclosure outer shell first aperture is blocked by the second sensor inner shell and

the second sensor enclosure first high-resolution camera is not exposed to weather outside
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the second sensor enclosure; and (F) housing the second sensor enclosure second high-
resolution camera in the second sensor enclosure including (i) a second sensor enclosure
outer shell second aperture through which the second sensor enclosure second high-
resolution camera obtains digital image data; (i) the second sensor enclosure inner shell
configured to move relative to the second sensor enclosure outer shell from the second
sensor enclosure inner shell open position wherein the second sensor enclosure outer shell
second aperture is open and the second sensor enclosure second high-resolution camera is
exposed to weather outside the second sensor enclosure to the second sensor enclosure
inner shell closed position wherein the second sensor enclosure outer shell second aperture
is blocked by the second sensor inner shell and the second sensor enclosure second high-
resolution camera is not exposed to weather outside the second sensor enclosure; and (iii)
a second inner shell motorized linear actuator connected to the second sensor enclosure
inner shell and in electrical communication with the processor for moving the second
sensor enclosure inner shell from the second sensor enclosure inner shell open position to
the second sensor enclosure inner shell closed position and from the second sensor
enclosure inner shell closed position to the second sensor enclosure inner shell open

position depending on instructions from the processor;

[0021] Some versions of the methods described above may further include (A) detecting
weather conditions outside the first sensor enclosure and the second sensor enclosure using
a climatic sensor in electrical communication with the processor; (B) activating the first
inner shell motorized linear actuator to move the first sensor enclosure inner shell from the
first sensor enclosure inner shell open position to the first sensor enclosure inner shell
closed position based on information received by the processor from the climatic sensor;
(C) activating the second inner shell motorized linear actuator to move the second sensor
enclosure inner shell from the second sensor enclosure inner shell open position to the
second sensor enclosure inner shell closed position based on information received by the
processor from the climatic sensor; (D) activating the first LIDAR cap motorized linear
actuator to move the first sensor enclosure LiDAR cap from the first sensor enclosure cap
open position to the first sensor enclosure cap closed position; and (E) activating the second

LiDAR cap motorized linear actuator to move the second sensor enclosure LiDAR cap
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from the second sensor enclosure cap open position to the second sensor enclosure cap

closed position.

[0022] Some versions of the methods described above may further include (A) detecting
movement of the railroad corridor assessment platform using a motion sensor; (B)
activating the first inner shell motorized linear actuator to move the first sensor enclosure
inner shell from the first sensor enclosure inner shell open position to the first sensor
enclosure inner shell closed position based on information received by the processor from
the motion sensor; (C) activating the second inner shell motorized linear actuator to move
the second sensor enclosure inner shell from the second sensor enclosure inner shell open
position to the second sensor enclosure inner shell closed position based on information
received by the processor from the motion sensor; (D) activating the first LiDAR cap
motorized actuator to move the first sensor enclosure LiDAR cap from the first sensor
enclosure cap open position to the first sensor enclosure cap closed position; and (E)
activating the second LiDAR cap motorized actuator to move the second sensor enclosure
LiDAR cap from the second sensor enclosure cap open position to the second sensor

enclosure cap closed position.

[0023] In another aspect, a system for generating and interpreting point clouds of a rail
corridor along a survey path while moving on a railroad corridor assessment platform is
disclosed. In some embodiments, the system includes (A) a railroad corridor assessment
platform; (B) a first LIDAR sensor configured to scan along a first scan plane, the first
LiDAR sensor attached to the railroad corridor assessment platform in a rear-facing
direction; (C) a second LiDAR sensor configured to scan along a second scan plane, the
second LiDAR sensor attached to the railroad corridor assessment platform in a rear-facing
direction, wherein the first scan plane crosses the second scan plane but is not coplanar at
all points with the second scan plane and wherein neither the first scan plane nor the second
scan plane intersect a main body of any rail car adjoined to a rear end of the railroad
corridor assessment platform; (D) a data storage device; (E) an Inertial Measurement Unit
(IMU); (F) a geo-location device; and (G) a high performance computing system in
electrical communication with the first LIDAR sensor, the second LiDAR sensor, the data

storage device, the IMU, and the geo-location device, the computing system comprising a
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high-performance processor wherein the processor controls operations of the first LiDAR

sensor and the second LiDAR sensor for obtaining and storing point cloud data.

[0024] Some versions of the methods described above may further include (A) a first
sensor enclosure in which the first LIDAR sensor is housed; (B) a second sensor enclosure
in which the second LiDAR sensor is housed; (C) a temperature sensor in electrical
communication with the computing system and located proximate to the first LiIDAR
sensor and the second LiDAR sensor; (D) a heating and cooling system in electrical
communication with and controlled by the computing system, the heating and cooling
system further including (i) an air blower; (ii) a heater for heating air blown from the air
blower; (iii) an air chiller for cooling air blown from the air blower; and (iv) a duct for
channeling air from the air blower to the first sensor enclosure and the second sensor
enclosure depending on temperature data sent by the temperature sensor to the computing

system.

[0025] Some versions of the methods described above may further include (A) the first
sensor enclosure further including (i) a first sensor enclosure inner shell comprising a first
sensor enclosure inner shell first aperture and a first sensor enclosure inner shell second
aperture, wherein the first sensor enclosure inner shell is configured to move relative to the
first sensor enclosure outer shell from a first sensor enclosure inner shell open position
wherein the first sensor enclosure outer shell first aperture is in line with the first sensor
enclosure inner shell first aperture and the first sensor enclosure outer shell second aperture
is in line with the first sensor enclosure inner shell second aperture to a first sensor
enclosure inner shell closed position wherein the first sensor enclosure outer shell first
aperture is not in line with the first sensor enclosure inner shell first aperture and the first
sensor enclosure outer shell second aperture is not in line with the first sensor enclosure
inner shell second aperture resulting in (1) the first sensor enclosure outer shell first
aperture being blocked by the first sensor enclosure inner shell to protect the first sensor
enclosure first high resolution camera and (2) the first sensor enclosure outer shell second
aperture being blocked by the first sensor enclosure inner shell to protect the first sensor
enclosure second high resolution camera; and (ii) a first inner shell motorized linear

actuator in electrical communication with the computing system and connected to the first
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sensor enclosure inner shell for moving the first sensor enclosure inner shell from the first
sensor enclosure inner shell open position to the first sensor enclosure inner shell closed
position and from the first sensor enclosure inner shell closed position to the first sensor
enclosure inner shell open position depending upon control instructions from the
computing system; (iii) a first sensor enclosure LiDAR cap configured to move from a first
sensor enclosure cap open position in which the first LIDAR sensor is exposed to a first
sensor enclosure cap closed position in which the first LIDAR sensor is not exposed, and
from the first sensor enclosure cap closed position to the first sensor enclosure cap open
position; and (iv) a first LIDAR cap motorized actuator in electrical communication with
the computing system and connected to the first sensor enclosure LiDAR cap for moving
the first sensor enclosure LiDAR cap from the first sensor enclosure cap closed position to
the first sensor enclosure cap open position or from the first sensor enclosure cap open
position to the first sensor enclosure cap closed position depending on control instructions
from the computing system; and (B) the second sensor enclosure further including (i) a
second sensor enclosure inner shell comprising a second sensor enclosure inner shell first
aperture and a second sensor enclosure inner shell second aperture, wherein the second
sensor enclosure inner shell is configured to move relative to the second sensor enclosure
outer shell from a second sensor enclosure inner shell open position wherein the second
sensor enclosure outer shell first aperture is in line with the second sensor enclosure inner
shell first aperture and the second sensor enclosure outer shell second aperture is in line
with the second sensor enclosure inner shell second aperture to a second sensor enclosure
inner shell closed position wherein the second sensor enclosure outer shell first aperture is
not in line with the second sensor enclosure inner shell first aperture and the second sensor
enclosure outer shell second aperture is not in line with the second sensor enclosure inner
shell second aperture resulting in (1) the second sensor enclosure outer shell first aperture
being blocked by the second sensor enclosure inner shell to protect the second sensor
enclosure first high resolution camera and (2) the second sensor enclosure outer shell
second aperture being blocked by the second sensor enclosure inner shell to protect the
second sensor enclosure second high resolution camera; (i1) a second inner shell motorized
linear actuator in electrical communication with the computing system and connected to

the second sensor enclosure inner shell for moving the second sensor enclosure inner shell
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from the second sensor enclosure inner shell open position to the second sensor enclosure
inner shell closed position and from the second sensor enclosure inner shell closed position
to the second sensor enclosure inner shell open position depending upon control
instructions from the computing system; (iii) a second sensor enclosure LiDAR cap
configured to move from a second sensor enclosure cap open position in which the second
LiDAR sensor is exposed to a second sensor enclosure cap closed position in which the
second LiDAR sensor is not exposed, and from the second sensor enclosure cap closed
position to the second sensor enclosure cap open position; and (iv) a second LiDAR cap
motorized actuator in electrical communication with the computing system and connected
to the second sensor enclosure LiDAR cap for moving the second sensor enclosure LIDAR
cap from the second sensor enclosure cap closed position to the second sensor enclosure
cap open position or from the second sensor enclosure cap open position to the second
sensor enclosure cap closed position depending on control instructions from the computing

system.

[0026] Some versions of the methods described above may further include a climatic

sensor in electrical communication with the computing device.

[0027] Some versions of the methods described above may further include a motion sensor
for sensing motion of the railroad corridor assessment platform and wherein the motion

sensor is in electrical communication with the computing system.

[0027a] In one aspect, a system for generating and interpreting point clouds of a rail
corridor along a survey path while moving on a railroad corridor assessment platform is
provided. The system comprising: a railroad corridor assessment platform; a first LiDAR
sensor configured to scan along a first scan plane, the first LIDAR sensor attached to the
railroad corridor assessment platform; a second LiDAR sensor configured to scan along a
second scan plane, the second LiDAR sensor attached to the railroad corridor assessment;
a first sensor enclosure housing for protecting the first LIDAR sensor, the first sensor
enclosure further comprising a first sensor enclosure LiDAR sensor cap configured to
move from a first sensor enclosure LiDAR sensor cap open position in which the first

LiDAR sensor is exposed to a first sensor enclosure LiDAR sensor cap closed position in
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which the first LIDAR sensor is not exposed, and from the first sensor enclosure LiDAR
sensor cap closed position to the first sensor enclosure LiDAR sensor cap open position; a
second sensor enclosure for housing for protecting the second LiDAR sensor, the second
sensor enclosure further comprising a second sensor enclosure LiDAR sensor cap
configured to move from a second sensor enclosure LiDAR sensor cap open position in
which the second LiDAR sensor is exposed to a second sensor enclosure LiDAR sensor
cap closed position in which the second LiDAR sensor is not exposed, and from the second
sensor enclosure LiDAR sensor cap closed position to the second sensor enclosure LIDAR
sensor cap open position; a data storage device; an Inertial Measurement Unit (IMU); a
geo-location device; and a high performance computing system in electrical
communication with the first LIDAR sensor, the second LiDAR sensor, the data storage
device, the IMU, and the geo-location device, the computing system comprising a high-
performance processor wherein the processor controls operations of the first LIDAR sensor
and the second LiDAR sensor, and wherein the processor performs a method for generating
and interpreting point clouds of a rail corridor, the method comprising operations of:
obtaining a first set of point cloud data using the first LIDAR sensor; obtaining a second
set of point cloud data using the second LiDAR sensor; obtaining railroad corridor
assessment platform attitude information using the IMU; obtaining geo-location
information using the geo-location device; and combining the first set of point cloud data,
the second set of point cloud data, the railroad corridor platform attitude information, and

the geo-location information to generate a combined point cloud.

[0027b] In another aspect, a method is provided for generating and interpreting point
clouds of a rail corridor. The method comprises obtaining a first set of point cloud data
using a processor and a first LIDAR sensor oriented to scan along a first scan plane and
attached to a railroad corridor assessment platform wherein the first LIDAR sensor is in
electrical communication with the processor wherein the first LIDAR sensor is housed in
a first sensor enclosure further comprising a first sensor enclosure LiDAR cap configured
to move from a first sensor enclosure LIDAR sensor cap open position in which the first
LiDAR sensor is exposed to a first sensor enclosure LIDAR sensor cap closed position in
which the first LIDAR sensor is not exposed, and from the first sensor enclosure LiDAR

sensor cap closed position to the first sensor enclosure LiDAR sensor cap open position;

Page 19

Date regue/date received 2021-10-22



obtaining a second set of point cloud data using the processor and a second LiDAR sensor
oriented to scan along a second scan plane and attached to the railroad corridor assessment
platform wherein the second LiDAR sensor is in electrical communication with the
processor wherein the second LiDAR sensor is housed in a second sensor enclosure further
comprising a second sensor enclosure LiDAR cap configured to move from a second sensor
enclosure LiDAR sensor cap open position in which the second LiDAR sensor is exposed
to a second sensor enclosure LiDAR sensor cap closed position in which the second LIDAR
sensor is not exposed, and from the second sensor enclosure LiDAR sensor cap closed
position to the second sensor enclosure LiDAR sensor cap open position; obtaining railroad
corridor assessment platform attitude data using an Inertial Measurement Unit (IMU) in
electrical communication with the processor; obtaining geo-location data of the railroad
corridor assessment platform using a geo-location device in electrical communication with
the processor; and combining the first set of point cloud data, the second set of point cloud
data, the railroad corridor assessment platform attitude data, and the geo-location data to

generate a combined point cloud using the processor.

[0027¢] According to yet another aspect, a system for generating and interpreting point
clouds of arail corridor along a survey path while moving on a railroad corridor assessment
platform is provided. The system comprises a railroad corridor assessment platform; a first
LiDAR sensor configured to scan along a first scan plane, the first LIDAR sensor attached
to the railroad corridor assessment; a second LiDAR sensor configured to scan along a
second scan plane, the second LiDAR sensor attached to the railroad corridor assessment;
a first sensor enclosure for protecting the first LIDAR sensor, the first sensor enclosure
further comprising a first sensor enclosure LiDAR cap configured to move from a first
sensor enclosure LiDAR sensor cap open position in which the first LIDAR sensor is
exposed to a first sensor enclosure LiDAR sensor cap closed position in which the first
LiDAR sensor is not exposed, and from the first sensor enclosure LIDAR sensor cap closed
position to the first sensor enclosure LiDAR sensor cap open position; a second sensor
enclosure for protecting the second LiDAR sensor, the second sensor enclosure further
comprising a second sensor enclosure LiDAR cap configured to move from a second sensor
enclosure LiDAR sensor cap open position in which the second LiDAR sensor is exposed

to a second sensor enclosure LiDAR sensor cap closed position in which the second LIDAR
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sensor is not exposed, and from the second sensor enclosure LiDAR sensor cap closed
position to the second sensor enclosure LiDAR sensor cap open position; a data storage
device; an Inertial Measurement Unit (IMU), a geo-location device, and a high
performance computing system in electrical communication with the first LiDAR sensor,
the second LiDAR sensor, the data storage device, the IMU, and the geo-location device,
the computing system comprising a high-performance processor wherein the processor
controls operations of the first LIDAR sensor and the second LiDAR sensor for obtaining

and storing point cloud data.

[0027d] In yet another aspect, a system is provided for generating and interpreting point
clouds of arail corridor along a survey path while moving on a railroad corridor assessment
platform. The system comprises a railroad corridor assessment platform; a first LIDAR
sensor configured to scan along a first scan plane at an angle of less than 90 degrees relative
to the direction of travel of the railroad corridor assessment platform, the first LIDAR
sensor attached to the railroad corridor assessment platform; a second LiDAR sensor
configured to scan along a second scan plane at an angle of greater than 90 degrees relative
to the direction of travel of the railroad corridor assessment platform, the second LiDAR
sensor attached to the railroad corridor assessment platform; a first sensor enclosure for
housing and protecting the first LIDAR sensor, the first sensor enclosure further comprising
a first sensor enclosure LiDAR cap configured to move from a first sensor enclosure
LiDAR sensor cap open position in which the first LIDAR sensor is exposed to a first
sensor enclosure LiDAR sensor cap closed position in which the first LIDAR sensor is not
exposed, and from the first sensor enclosure LiDAR sensor cap closed position to the first
sensor enclosure LiDAR sensor cap open position; a second sensor enclosure for housing
and protecting the second LiDAR sensor, the second sensor enclosure further comprising
a second sensor enclosure LiDAR cap configured to move from a second sensor enclosure
LiDAR sensor cap open position in which the first LIDAR sensor is exposed to a second
sensor enclosure LiDAR sensor cap closed position in which the second LiDAR sensor is
not exposed, and from the second sensor enclosure LiDAR sensor cap closed position to
the second sensor enclosure LiDAR sensor cap open position; a data storage device; and a
high performance computing system in electrical communication with the first LiDAR

sensor, the second LiDAR sensor, the data storage device, the computing system
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comprising a high-performance processor wherein the processor controls operations of the
first LIDAR sensor and the second LiDAR sensor, and wherein the processor performs a
method for generating and interpreting point clouds of a rail corridor, the method
comprising operations of: obtaining a first set of point cloud data using the first LIDAR
sensor; obtaining a second set of point cloud data using the second LiDAR sensor; and
combining the first set of point cloud data and the second set of point cloud data to generate

a combined point cloud.

[0028] The summary provided herein is intended to provide examples of particular
disclosed embodiments and is not intended to cover all potential embodiments or
combinations of embodiments. Therefore, this summary is not intended to limit the scope
of the invention disclosure in any way, a function which is reserved for the appended

claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Further features, aspects, and advantages of the present disclosure will become
better understood by reference to the following detailed description, appended claims, and
accompanying figures, wherein elements are not to scale so as to more clearly show the
details, wherein like reference numbers indicate like elements throughout the several

views, and wherein:

[0030] FIG. 1 shows an image of a rear section of a railroad corridor assessment platform
including a boxcar showing a cross-sectional view of the railroad boxcar revealing a
portion of a railroad corridor assessment system including a rear-mounted first sensor

enclosure including a first LiDAR sensor;

[0031] FIG. 2 shows a rear view of the boxcar shown in FIG. 1 including the first rear-
mounted sensor enclosure including the first LIDAR sensor and a second rear-mounted

sensor enclosure including a second LiDAR sensor;

[0032] FIG. 3A shows a side cross-sectional view of the first sensor enclosure shown in a
first sensor enclosure inner shell open position, exposing the first LIDAR sensor so that

point cloud data can be gathered by the first LIDAR sensor;

[0033] FIG. 3B shows a side cross-sectional view of the first sensor enclosure shown in a
first sensor enclosure inner shell closed position, concealing and protecting the first LiDAR

sensor from the elements including inclement weather;

[0034] FIG. 4 shows a close-up end view of the first sensor enclosure shown in FIGS. 1-

3B,

2

[0035] FIG. 5 shows a partially transparent plan view looking down on and into the first
sensor enclosure and the second sensor enclosure as they would be mounted on the railroad
boxcar wherein the first LIDAR sensor and the second LiDAR sensor are configured in

preferred orientations to gather point cloud data;

[0036] FIG. 6 shows a partially transparent view looking up and into the first sensor

enclosure and the second sensor enclosure as they would be mounted on the railroad boxcar
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wherein the first LIDAR sensor and the second LiDAR sensor are configured in preferred

orientations to gather point cloud data;

[0037] FIG. 7 shows a partially transparent end view looking directly at the first sensor
enclosure and the second sensor enclosure as they would be mounted on a rear wall the
railroad boxcar wherein the first LIDAR sensor and the second LiDAR sensor are

configured in preferred orientations to gather point cloud data;

[0038] FIG. 8 shows a partially transparent perspective view looking at and into the first

sSensor enclosure;

[0039] FIG. 9 shows a first sensor enclosure outer shell and mounting plate along with a

first sensor enclosure inner shell motorized linear actuator;

[0040] FIG. 10 shows a simple schematic of the railroad corridor assessment system
including electrical connections from a computing system to various components of the
first sensor enclosure and the second sensor enclosure as well as air flow connections
through a duct from a heating and cooling system to the first sensor enclosure and the

second sensor enclosure;

[0041] FIG. 11A shows a first side view of the first sensor enclosure with the outer shell
removed to reveal a range of preferred orientations of the first LiDAR sensor along a Z)Y
plane with the first LIDAR sensor being rotatable along an X axis coming out of the page

at point 178;

[0042] FIG. 11B shows a second side view of the first sensor enclosure with the outer shell
removed to reveal a range of preferred orientations of the first LiDAR sensor along a Z)Y
plane with the first LIDAR sensor being rotatable along an X axis coming out of the page

at point 178;

[0043] FIG. 12A shows a first end view of the first sensor enclosure with the outer shell
removed to reveal a range of preferred orientations of the first LIDAR sensor along a X, Y
plane with the first LIDAR sensor being rotatable along an Z axis coming out of the page

at point 180;
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[0044] FIG. 12B shows a second end view of the first sensor enclosure with the outer shell
removed to reveal a range of preferred orientations of the first LIDAR sensor along a X, Y
plane with the first LIDAR sensor being rotatable along an Z axis coming out of the page

at point 180;

[0045] FIG. 13 shows a plan view of looking down on the railroad boxcar with the first
sensor enclosure and the second sensor enclosure and an adjoining railroad boxcar coupled
to the railroad boxcar with the sensor enclosures wherein the view shows a preferred first
scan plane of the first LIDAR sensor and a preferred second scan plane of the second
LiDAR sensor wherein the scan planes intersect but are not coplanar at all points and
wherein the scan planes do not intersect a main body of the adjoining rail car, thereby
providing a 360-degree scan line for gathering point cloud data using the first LIDAR

sensor and the second LiDAR sensor; and

[0046] FIG. 14 shows a side view of looking at the railroad boxcar with the first sensor
enclosure and the second sensor enclosure and an adjoining railroad boxcar coupled to the
railroad boxcar with the sensor enclosures as shown in FIG. 13 wherein the view shows a
preferred first scan plane of the first LIDAR sensor and a preferred second scan plane of
the second LiDAR sensor wherein the scan planes intersect but are not coplanar at all points
and wherein the scan planes do not intersect a main body of the adjoining rail car, thereby
providing a 360-degree scan line for gathering point cloud data using the first LIDAR

sensor and the second LiDAR sensor.

[0047] The figures are provided to illustrate concepts of the invention disclosure and are
not intended to embody all potential embodiments of the invention. Therefore, the figures
are not intended to limit the scope of the invention disclosure in any way, a function which

is reserved for the appended claims.
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DETAILED DESCRIPTION

[0048] Various terms used herein are intended to have particular meanings. Some of these
terms are defined below for the purpose of clarity. The definitions given below are meant
to cover all forms of the words being defined (e.g., singular, plural, present tense, past
tense). If the definition of any term below diverges from the commonly understood and/or

dictionary definition of such term, the definitions below control.
[0049] Air or Gas: broadly defined as any gas or mixtures thereof.

[0050] Data Communication: a first feature is said to be in data communication with a
second feature if the first feature is configured to transmit information to the second feature
and the second feature is configured to receive such data, whether such data is transmitted
through one or more electrical conductors (e.g., wires), cables (including optical fiber),

wirelessly, or a combination thereof.

[0051] Electrical Communication: a first feature is said to be in electrical communication
with a second feature if there is a conductive path for electricity in any form to flow
between the first feature and the second feature thereby electrically connecting the first
feature with the second feature. Being in electrical communication does not necessarily
mean that electricity is actively flowing but that such structures are configured so that
electricity could flow easily from the first feature to the second feature. Features that are
in electrical communication may also be in data communication with one another.
Therefore, for features that normally transfer or receive data, if such features are said to be
in electrical communication with one another, it can be inferred that such features are also

in data communication with one another.

[0052] Fluid Communication: a first feature is said to be in fluid communication with a
second feature if there is a duct or path for air to flow between the first feature and the

second feature.

[0053] Proximate: a first feature is said to be proximate to a second feature if the first
feature is attached to or otherwise extends all the way to the second feature or if the first

feature is located close to or extends to a location close to the second feature.
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[0054] Figures 1-10 show different views and aspects of a railroad corridor assessment
system 100 for generating and interpreting point clouds of a rail corridor along a survey
path while moving on a railroad corridor assessment platform 102. The system 100
includes a computing system 104 including a high-performance processor 106. The
computing system 104 is in electrical communication with a first LIDAR sensor 108A and
a second LiDAR sensor 108B as shown schematically in FIG. 10. In the embodiment
shown in FIG. 1 and FIG. 2, the railroad corridor assessment platform 102 includes a
railroad boxcar 110 including a roof 112 and a plurality of walls 114 including a rear wall
114A. FIG. 1 shows a cross-sectional view of the railroad boxcar 110 and some of its
contents. The first LIDAR sensor 108A is housed in a first sensor enclosure 116A attached
near the top of the rear wall 114A near a first side 118A of the railroad boxcar 110 as shown
in FIG. 2. Similarly, the second LiDAR sensor 108B is housed in a second sensor enclosure
116B attached near the top of the rear wall 114A near a second side 118B of the railroad
boxcar 110 as shown in FIG 1 and FIG. 2.

[0055] An important aspect of the railroad corridor assessment system 100 is the
orientation of the first LIDAR sensor 108A and the second LiDAR sensor 108B. The first
LiDAR sensor 108A is oriented and configured to scan a first scan plane 120A. The second
LiDAR sensor 108B is oriented and configured to scan a second scan plane 120B which,
although intersecting with the first scan plane 120A is not in the same plane as the first
scan plane 120A. The first scan plane 120A and the second scan plane 120B intersect as
shown in FIG. 5, FIG. 13, and FIG. 14. Specific information regarding the angles of
orientation are discussed in more detail below. An adjoining railroad boxcar 122 is shown
coupled to a rear end 123 of the railroad boxcar 110 in FIG. 13 and FIG. 14. These figures
show how the first LIDAR sensor 108A scanning along the first scan plane 120A and the
second LiDAR sensor 108B scanning along the second scan plane 120B are able to acquire
360 degrees of point cloud data despite the adjoining railroad boxcar 122 being coupled so
close to the railroad boxcar 110. Because of the specific orientation of the LiDAR sensors
108, the first scan plane 120A and the second scan plane 120B fit tightly between a main
body 124 of the railroad boxcar 110 and a main body 126 of the adjoining railroad boxcar
122 without the first scan plane 120A or the second scan plane 120B intersecting the main

body 124 of the railroad boxcar 110 or the main body of any adjoining rail car of any type
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such as, for example, the main body 126 of the adjoining railroad boxcar 122. As such, the
visual presence from the perspective of the LiDAR sensors 108 of any railroad boxcar
coupled to and behind the railroad boxcar 110 is effectively minimized when the LiDAR
sensors 108 gather point cloud data. Additionally, with the selection of preferred scan
planes, there is no interference between the scan planes and the adjacent box car main body
even when the cars travel on curved track and the corners of one side of the box car bodies
are necessarily closer. Taking the adjoining railroad boxcar 122 as an example, a “main
body” of a railroad boxcar is defined herein as walls 126A (if present) and a base platform
126B including wheels and axles supporting such platform but excluding coupling
hardware 128. Prior to this disclosure, similar LIDAR systems were only used on the front
of locomotives or on the roofs hi-rail vehicles. A unique feature of the railroad corridor
assessment system 100 is that the LiDAR sensors 108 are attached to a rear wall of the
railroad boxcar 110 as opposed to the roof 112 of the railroad boxcar 110 or on the front
of the locomotive pushing or pulling the railroad boxcar 110. Another problem only a
cross-plane LiDAR sensor configuration can solve is the ability to detect planar surfaces
that are perpendicular to the railroad tracks of a railroad corridor. LiDAR sensors that are
mounted so the scan planes are perpendicular to the direction of travel (like on the front of
a locomotive) are not able to measure surfaces that are also perpendicular to the direction
of travel such as, for example, sign faces and building walls. In contrast, LiDAR sensors
configured with a scan angle of more or less than 90 degrees as described herein (nominally
about 79 degrees for the second LiDAR sensor 108B as shown in FIG 5 shown as angle p,
and about 101 degrees for the first LIDAR sensor 108A shown as angle 1) to the direction
of travel allows measurement on the back of a planar surface (e.g., a sign face) as the
sensors 108 approach the planar surface with the first scan plane 120A from the first
LiDAR sensor 108A, and on the front surface (by the second scan plane 120B) as the

sensors 108 move past the sign (for a surface/sign on the B side of the car).

[0056] The LiDAR sensors 108 are used to gather point cloud data along a railroad
corridor. Such point cloud data is used by the processor 106 to generate and interpret point
clouds, revealing various features along a railroad corridor including signage, furniture,
adjoining tracks, ballast profile, drainage ditch profile, embankments and tunnel walls.

Real-time point clouds are generated by the processor, preferably in LAS file format. The
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point cloud data that is gathered and the generated point clouds are stored on a data storage
device 130 in electrical communication with the computing system 104. The data storage
system is preferably in the form of network-attached storage (NAS) computer data storage
server. In order to produce a correctly referenced point cloud some additional devices are
included in the system 100 including an Inertial Measurement Unit (IMU) 131 in electrical
communication with the processor 106 as well as a geolocation device such as, for
example, a GPS device 132 in electrical communication with the processor 106. These
additional devices help provide real-time LiDAR sensor 108 attitude information (based
on the attitude of the boxcar 110 on which the LiDAR sensors 108 are installed) and real-
time GPS position information in conjunction with the gathered LiDAR sensor point cloud
data. The processor 106 controls operations of the first LIDAR sensor 108A and the second
LiDAR sensor 108B and performs a method for generating and interpreting point clouds
of a rail corridor. The method includes operations of obtaining a first set of point cloud
data using the first LIDAR sensor 108A; obtaining a second set of point cloud data using
the second LiDAR sensor 108B; obtaining boxcar 110 attitude information using the IMU
131; obtaining GPS information using the geo-location device 132; combining the first set
of point cloud data together, the second set of point cloud data, the IMU attitude
information, and GPS information to generate a combined point cloud using the processor
106; identifying rail corridor features of interest found in the combined point cloud using
the processor 106; creating an inventory of the identified rail corridor features of interest
using the processor 106; and storing the combined point cloud and the inventory of

identified rail corridor features on the data storage device 130.

[0057] In addition to the processor 106, the computing system preferably further includes
one or more LiDAR controllers, a local data storage server and a high-performance
compute graphics processing unit (GPU) server. The LiDAR sensors 108 used are
preferably Riegl VUX-1HA sensors available from RIEGL Laser Measurement Systems
GmbH based in Horn, Austria. Raw and post-processed trajectory and LiDAR sensor data
are archived to the data storage device 130 for back-office re-processing and analysis. The
railroad corridor assessment system 100 is capable of gathering data and generating point
clouds with survey grade accuracy while the railroad corridor assessment platform 102 is

moving at speeds up to and even greater than 70 miles per hour on a railroad track.
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Electrical power for the various devices described in this disclosure can be provided by a
diesel generator onboard the railroad corridor assessment platform 102 and/or photovoltaic
solar panels, or set of batteries on the railroad corridor assessment platform 102. Preferably,
batteries are available on the railroad corridor assessment platform 102 and are charged by
an onboard generator and one or more photovoltaic solar panels mounted on the roof of the
railroad corridor assessment platform 102. In addition, individual devices may include
individualized backup battery power from smaller batteries in electrical communication

with individualized devices.

[0058] In addition to the LiDAR sensors 108, the railroad corridor assessment system 100
also preferably includes a plurality of first sensor enclosure high resolution cameras 134
and a plurality of second sensor enclosure high resolution cameras 136. The plurality of
first sensor enclosure high resolution cameras 134 preferably includes at least a first sensor
enclosure first high-resolution camera 134A and a first sensor enclosure second high
resolution camera 134B. In the embodiments shown in FIGS. 3 and 5-8, there is also a first
sensor enclosure third high resolution camera 134C. Similarly, the plurality of second
sensor enclosure high resolution cameras 136 preferably includes at least a second sensor
enclosure first high-resolution camera 136A and a second sensor enclosure second high
resolution camera 136B. In the embodiments shown in FIGS. 3 and 5-8, there is also a
second sensor enclosure third high resolution camera 136C. As indicated by their names,
the first sensor enclosure high resolution cameras 134 are located in the first sensor
enclosure 116A and the second sensor enclosure high resolution cameras 136 are located
in the second sensor enclosure 116B. The first sensor enclosure high resolution cameras
134 and the second sensor enclosure high resolution cameras 136 are all in electrical

communication with and are controlled by the computing system 104.

[0059] The first sensor enclosure 116A includes a first sensor enclosure outer shell 138A
including a first sensor enclosure outer shell first aperture 140A, a first sensor enclosure
outer shell second aperture 140B, and a first sensor enclosure outer shell third aperture
140C. The first sensor enclosure first high-resolution camera 134A is oriented to view from
the inside of the first sensor enclosure 116A through the first sensor enclosure outer shell

first aperture 140A to gather digital image data of a rail corridor. The first sensor enclosure
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second high resolution camera 134B is oriented to view from the inside of the first sensor
enclosure 116A through the first sensor enclosure outer shell second aperture 140B to
gather digital image data of a rail corridor. The first sensor enclosure third high resolution
camera 134C is oriented to view from the inside of the first sensor enclosure 116A through
the first sensor enclosure outer shell third aperture 140C to gather digital image data of a

rail corridor.

[0060] The second sensor enclosure 116B includes a second sensor enclosure outer shell
138B including a second sensor enclosure outer shell first aperture 142A, a second sensor
enclosure outer shell second aperture 142B, and a second sensor enclosure outer shell third
aperture 142C. The second sensor enclosure first high-resolution camera 136A is oriented
to view from the inside of the second sensor enclosure 116B through the second sensor
enclosure outer shell first aperture 142A to gather digital image data of a rail corridor. The
second sensor enclosure second high resolution camera 136B is oriented to view from the
inside of the second sensor enclosure 116B through the second sensor enclosure outer shell
second aperture 142B to gather digital image data of a rail corridor. The second sensor
enclosure third high resolution camera 136C is oriented to view from the inside of the
second sensor enclosure 116B through the second sensor enclosure outer shell third

aperture 142C to gather digital image data of a rail corridor.

[0061] As shown in the Figures, in embodiments in which three high-resolution digital
cameras are used, preferably one of the three cameras is facing up, one of the three cameras
is facing out to the side away from the railroad boxcar 110, and one of the three cameras is
facing down. Using all six high-resolution digital cameras, it is possible to generate a
combined 360-degree panoramic digital image of a rail corridor using the processor 106.
The digital image data from each camera (134A, 134B, 134C, 136A, 136B, and 136C) are
synchronized using a boxcar wheel mounted shaft encoder 143. Preferably, the shaft
encoder 143 uses a 10,000 pulse per revolution producing a pulse every 0.287 millimeter
(mm). The encoder pulses are divided to produce a camera trigger every 1.5 to 2 meters
while the railroad boxcar 110 is moving at 70 miles per hour. This trigger is used to acquire
an image from all six cameras (134A, 134B, 134C, 136A, 136B, and 136C) at the same

instance and position so the images can be combined into a single panoramic image. They
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cannot be accurately combined, nor geo-referenced as a panoramic image, if they are not
acquired at the same instance. The processor performs a method for generating and
interpreting digital image data. The method includes operations of obtaining a first set of
digital image data using the first sensor enclosure first high resolution camera 134A being
triggered by signals from the shaft encoder 143; obtaining a second set of digital image
data using the first sensor enclosure second high resolution camera 134B being triggered
by signals from the shaft encoder 143; obtaining a third set of digital image data using the
first sensor enclosure third high resolution camera 134C being triggered by signals from
the shaft encoder 143; obtaining a fourth set of digital image data using the second sensor
enclosure first high resolution camera 136A being triggered by signals from the shaft
encoder 143; obtaining a fifth set of digital image data using the second sensor enclosure
second high resolution camera 136B being triggered by signals from the shaft encoder 143;
obtaining a sixth set of digital image data using the second sensor enclosure third high
resolution camera 136C being triggered by signals from the shaft encoder 143; combining
the first set of digital image data, the second set of digital image data, the third set of digital
image data, the fourth set of digital image data, the fifth set of digital image data, and the
sixth set of digital image data to form a combined set of digital image data including a
plurality of digital images and generating a combined panoramic digital image of the rail
corridor using the processor 106; time stamping the plurality of digital images using the
processor 106; and storing the combined set of digital image data on the data storage device
130. The time stamping of the digital image data allows for geo-referencing and/or coloring
a generated LiDAR point cloud by superimposing the generated LiDAR point cloud with
the combined panoramic digital image of the rail corridor. Acquired images are preferably
able to resolve text with a font height as small as 2 inches at a distance of from about 2
meters to about 15 meters. The combined panoramic digital image of the rail corridor
provides a way to visually assess site conditions at the point and time an image of a specific

site is obtained and generated by the railroad corridor assessment system 100.

[0062] Because high-resolution digital cameras and their attached optic lens are sensitive
equipment, it is undesirable to have such devices exposed to the elements in inclement
weather, airborne debris or other detrimental conditions. The sensor enclosures 116 shown

in the FIGS. 3-9 provide a way to address this problem. First, the railroad corridor
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assessment system 100 preferably includes a climatic conditions sensor 144 in data
communication with the computing system 104. The climatic sensor 144 may actually
include a plurality of sensors to detect different types of weather conditions. One important
condition for determination is whether there is precipitation and the severity of the
precipitation. When a minimum threshold of precipitation programmed into the computing
system 104 is detected by the climatic sensor 144, data is sent to the computing system 104
to take further action to autonomously protect the high-resolution digital cameras (134A,
134B, 134C, 136A, 136B, and 136C). Similarly, after a precipitation event has ended, the
climatic sensor 144 communicates the new weather status to the computing system 104 to
re-expose the digital cameras (134A, 134B, 134C, 136A, 136B, and 136C) to the elements
and enable gathering additional digital images. In order to protect the digital cameras
(134A, 134B, 134C, 136A, 136B, and 136C), the first sensor enclosure 116A includes a
round first sensor enclosure inner shell 146A and the second sensor enclosure 116B
includes a round second sensor enclosure inner shell 146A. As shown in FIG. 3, FIG. 8
and FIG. 9, the first sensor enclosure inner shell 146A fits inside a round first sensor
enclosure outer shell wall 148A and the first sensor enclosure 116A is configured so that
the first sensor enclosure inner shell 146A can rotate and move relative to the first sensor
enclosure outer shell wall 148A. The first sensor enclosure inner shell 146A includes a first
sensor enclosure inner shell first aperture 150A, a first sensor enclosure inner shell second
aperture 150B, and a first sensor enclosure inner shell third aperture 150C which line up
with the first sensor enclosure outer shell first aperture 140A, the first sensor enclosure
outer shell second aperture 140B, and the first sensor enclosure outer shell third aperture
140C, respectively, when the first sensor enclosure inner shell 146A is in a first sensor
enclosure inner shell open position (see FIG. 9), exposing the first sensor enclosure first
high resolution camera 134A, the first sensor enclosure second high resolution camera
134B, and the first sensor enclosure third high resolution camera 134C to weather outside
the first sensor enclosure 116A. The first sensor enclosure 116A includes a first inner shell
motorized linear actuator 152A in electrical communication with the processor 106 and
connected to the first sensor enclosure inner shell 146A and a first sensor enclosure
mounting plate 174A wherein the mounting plate 174 A is mounted to the rear wall 114A

of the railroad boxcar 110. The first inner shell motorized linear actuator 152A is controlled
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by the processor 106 to move the first sensor enclosure inner shell 146A from the first
sensor enclosure inner shell open position (see FIG. 9) to a first sensor enclosure inner shell
closed position (see FIG. 5 and FIG. 6) wherein the respective apertures no longer line up
and the first sensor enclosure inner shell 146A blocks the first sensor enclosure outer shell
first aperture 140A, the first sensor enclosure outer shell second aperture 140B, and the
first sensor enclosure outer shell third aperture 140C, thereby protecting the first sensor
enclosure first high resolution camera 134A, the first sensor enclosure second high
resolution camera 134B, and the first sensor enclosure third high resolution camera 134C
from weather outside the first sensor enclosure 116A. The exact same features are found
on the second sensor enclosure 116B which includes a second inner shell motorized linear
actuator 152B in electrical communication with the processor 106 and which is connected
to a second sensor enclosure inner shell 146B and a second sensor enclosure mounting
plate 174B wherein the mounting plate 174B is mounted to the rear wall 114 of the railroad
boxcar. The second inner shell motorized linear actuator 152B is controlled by the
processor 106 to move the second sensor enclosure inner shell 146B from a second sensor
enclosure inner shell open position (wherein second sensor enclosure first high resolution
camera 136A, the second sensor enclosure second high resolution camera 136B, and the
second sensor enclosure third high resolution camera 136C are exposed through a second
sensor enclosure inner shell first aperture 154A, a second sensor enclosure inner shell
second aperture 154B, and a second sensor enclosure inner shell third aperture 154C,
respectively) to a second sensor enclosure inner shell closed position (wherein the second
sensor enclosure inner shell 146B blocks the second sensor enclosure outer shell first
aperture 142A, the second sensor enclosure outer shell second aperture 142B, and the
second sensor enclosure outer shell third aperture 142C), thereby protecting the second
sensor enclosure first high resolution camera 136A, the second sensor enclosure second
high resolution camera 136B, and the second sensor enclosure third high resolution camera

136C from weather outside the second sensor enclosure 116B.

[0063] In addition to protecting the digital cameras (134A, 134B, 134C, 136A, 136B, and
136C) and associated lenses, the sensor enclosures 116 are also configured to protect the
LiDAR sensors 108 as well. FIG. 3A shows a side cross-sectional view of the first sensor

enclosure 116A wherein the LiDAR sensor 108A is exposed and collect data. FIG. 3B
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shows the same view as FIG. 3A except in FIG. 3B, the LiDAR sensor is not exposed. A
first sensor enclosure LiIDAR cap 155A is used to protect the first LiDAR sensor 108A and
can be moved relative to the first sensor enclosure outer shell 138A from a first sensor
enclosure cap open position shown in FIG. 3A to a first sensor enclosure cap closed
position shown in FIG. 3B by a first LIDAR cap motorized linear actuator 156A which is
in electrical communication with the processor 106 and which is connected to the first
sensor enclosure LiDAR cap 155A and a distal end 159A of the first LiDAR sensor 108A
as shown in FIG. 3A. Both the first sensor enclosure 116A and the second sensor enclosure
116B have this same configuration including a second sensor enclosure cap open position
in which the second LIDAR sensor 108B is exposed and a second sensor enclosure cap
closed position in which the second LiDAR sensor 108B is concealed and protected. As
shown in FIGS. 5 and 6, the second enclosure 116B includes a second sensor enclosure
LiDAR cap 155B for protecting the second LiDAR sensor 108B. The second sensor
enclosure 116B also includes a second LiDAR cap motorized linear actuator 156B in
electrical communication with the processor 106 and connected to the second sensor
enclosure LiDAR cap and a distal end of the second LiDAR sensor 108B. The LiDAR caps
155 can be opened or closed using the LiDAR cap motorized linear actuators 156 based on
signals sent by the processor 106, wherein such signals are generated by the processor 106
based on data from another source such as, for example, a clock, the climatic sensor 144,

or a motion sensor 157 discussed in more detail below.

[0064] In some embodiments, the processor performs a method for protecting the LIDAR
sensors (108A and 108B) and the high-resolution cameras (134A, 134B, 134C, 136A,
136B, and 136C). The method includes operations of receiving climatic conditions data
from the climatic sensor 144; using the processor 106 to activate the first inner shell
motorized linear actuator 152A to move the first sensor enclosure inner shell 146A from
the first sensor enclosure inner shell open position to the first sensor enclosure inner shell
closed position and activate the first LIDAR cap motorized linear actuator 156A to move
the first sensor enclosure LiDAR cap 155A from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position based on the received
climatic conditions data, and using the processor to activate the second inner shell

motorized linear actuator 152B to move the second sensor enclosure inner shell 146B from
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the second sensor enclosure inner shell open position to the second sensor enclosure inner
shell closed position and activate the second LiDAR cap motorized linear actuator 156B to
move the second sensor enclosure LiDAR cap 155B from the second sensor enclosure cap
open position to the second sensor enclosure cap closed position based on the received
climatic conditions data. This usually would occur in inclement weather. If the climatic
sensor 144 sends data to the processor indicating that it is safe to expose the high-resolution
cameras (134A, 134B, 134C, 136A, 136B, and 136C) to allow for the cameras to obtain
data, a method includes operations of receiving climatic conditions data from the climatic
sensor 144; using the processor 106 to activate the first inner shell motorized linear actuator
152A to move the first sensor enclosure inner shell 146A from the first sensor enclosure
inner shell closed position to the first sensor enclosure inner shell open position and
activate the first LIDAR cap motorized linear actuator 156A to move the first sensor
enclosure LiDAR cap 155A from the first sensor enclosure cap closed position to the first
sensor enclosure cap open position based on the received climatic conditions data; and
using the processor to activate the second inner shell motorized linear actuator 152B to
move the second sensor enclosure inner shell 146B from the second sensor enclosure inner
shell closed position to the second sensor enclosure inner shell open position and activate
the second LiDAR cap motorized linear actuator 156B to move the second sensor enclosure
LiDAR cap 155B from the second sensor enclosure cap closed position to the second

sensor enclosure cap open position based on the received climatic conditions data.

[0065] The railroad corridor assessment system 100 also preferably includes a motion
sensor 157 for detecting motion of the railroad corridor assessment platform 102.
Depending on data received from the motion sensor 157 to the computing device 104, the
processor 106 preferably (1) activates the first inner shell motorized linear actuator 152A
to move the first sensor enclosure inner shell 146A to the first sensor enclosure inner shell
open position (see FIG. 9) and activates the first LIDAR cap motorized linear actuator
156A to move the first sensor enclosure LiDAR cap 155A to the first sensor enclosure cap
open position (see FIG. 3A) when the railroad corridor assessment platform 102 is moving
and (2) activates the first inner shell motorized linear actuator 152A to move the first sensor
enclosure inner shell 146A to the first sensor enclosure inner shell closed position (see FIG.

5 and FIG. 6) and activates the first LIDAR cap motorized linear actuator 156A to move
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the first sensor enclosure LiDAR cap 155A to the first sensor enclosure cap closed position
(see FIG. 3B) when the railroad corridor assessment platform 102 stops moving. Similarly,
the processor 106 also preferably activates the second inner shell motorized linear actuator
152B to move the second sensor enclosure inner shell 146B to the second sensor enclosure
inner shell open position and activates the second LiDAR cap motorized linear actuator
156B to move the second sensor enclosure LiDAR cap 155B to the first sensor enclosure
cap open position (see FIG. 3A) when the railroad corridor assessment platform 102 is
moving and activates the second inner shell motorized linear actuator 152B to move the
second sensor enclosure inner shell 146A to the second sensor enclosure inner shell closed
position and activates the second LiDAR cap motorized linear actuator 156B to move the
second sensor enclosure LiDAR cap 155B to the second sensor enclosure cap closed
position when the railroad corridor assessment platform 102 stops moving. The motion
sensor 157 is broadly defined as any device providing data to the processor 106 giving an
indication that the railroad corridor assessment platform 102 is moving or that the railroad

corridor assessment platform 102 has stopped moving.

[0066] As indicated above, the processor 106 controls operations of the first inner shell
motorized linear actuator 152A and the second inner shell motorized linear actuator 152B.
In some embodiments, the processor performs a method for protecting the high-resolution
cameras (134 and 136). The method includes operations of receiving a motion sensor signal
from the motion sensor 157 indicating that the railroad corridor assessment platform 102
has stopped moving relative to a railroad track or is moving below a minimum speed
threshold programmed into the computing system 104; using the processor 106 to activate
the first inner shell motorized linear actuator 152A to move the first sensor enclosure inner
shell 146A from the first sensor enclosure inner shell open position to the first sensor
enclosure inner shell closed position based on the received motion sensor signal; and using
the processor 106 to activate the second inner shell motorized linear actuator 152B to move
the second sensor enclosure inner shell 146B from the second sensor enclosure inner shell
open position to the second sensor enclosure inner shell closed position based on the
received motion sensor signal. These steps are usually performed if the railroad corridor
assessment platform 102 has ceased moving along a railroad track. If, on the other hand,

the railroad corridor assessment platform 102 starts moving from a stalled or stopped state,

Page 37

Date regue/date received 2021-10-22



in some embodiments, the processor performs a method for exposing the high-resolution
cameras (134 and 136) so that they can gather data. The method includes operations of
receiving a motion sensor signal from the motion sensor 157 indicating that the railroad
corridor assessment platform 102 has started moving relative to a railroad track at or above
a minimum speed threshold programmed into the computing system 104; using the
processor 106 to activate the first inner shell motorized linear actuator 152A to move the
first sensor enclosure inner shell 146A from the first sensor enclosure inner shell closed
position to the first sensor enclosure inner shell open position based on the received motion
sensor signal; and using the processor 106 to activate the second inner shell motorized
linear actuator 152B to move the second sensor enclosure inner shell 146B from the second
sensor enclosure inner shell closed position to the second sensor enclosure inner shell open

position based on the received motion sensor signal.

[0067] As indicated above, the railroad corridor assessment system 100 and other systems
like it are vulnerable to extreme weather conditions and flying dirt and debris in disturbed
air created by a consist moving at speed along a rail corridor. The features described above
regarding the first sensor enclosure 116A and the second sensor enclosure 116B address
some weather concems. In addition to these features, the railroad corridor assessment
system 100 includes a temperature sensor 158 on the railroad corridor assessment platform
102 in electrical communication with the computing system 104 and proximate to the first
sensor enclosure 116A and the second sensor enclosure 116B. In some embodiments there
are separate temperature sensors including a first temperature sensor 158A in the first
sensor enclosure 116A and a second temperature sensor 158B in the second sensor
enclosure 116B. The railroad corridor assessment system 100 preferably includes a heating
and cooling system 160 in electrical communication with the computing system 104. The
heating and cooling system 160 preferably includes an air blower 162, a heater 164 for
heating air blown from the air blower 162, an air chiller 166 for cooling air blown from the
air blower 162, and an air duct 168 in fluid communication with the heating and cooling
system 160 and the sensor enclosures 116 for channeling air from the air blower 162 to the
first sensor enclosure 116A and the second sensor enclosure 116B. Preferably, the heater
164 and chiller 166 include a combination heater/chiller 167 such as, for example, a Peltier

thermoelectric heating and cooling device capable of providing heating or cooling
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depending on electrical control signals received by such device from the processor 106.
Depending on temperature readings from the first temperature sensor 158A and the second
temperature sensor 158B sent to the computing system 104, the processor 106 can be
programmed to activate the air blower 162 in addition to either the heating or cooling
function of the combination heater/chiller 164 depending on whether the sensor enclosures
116 need to be heated or cooled. If temperatures in the sensor enclosures 116 are within an
acceptable range, the processor 106 optionally can activate only the air blower 162 to
circulate air to and through the sensor enclosures 116. The climate control features allow

the system 100 to operate in extreme weather and climate conditions.

[0068] The sensor enclosures 116 each include a sensor enclosure outer cap (170A and
170B) and the LiDAR sensor caps (155A and 155B) shown in FIG. 3A, FIG. 3B and FIG.
4. The sensor enclosure outer cap design includes a plurality of cap apertures 172 through
which blown air from the air blower 162 exits the enclosures 116 and is used as an air
curtain to prevent dirt, debris or precipitation from interfering with the lens of LiDAR
sensors 108. These features also allow for warm air to exit the sensor enclosures 116 from
the air blower 162 heated by the heater 164 to melt snow and ice that would otherwise form
around the LiDAR sensors 108 and digital cameras (134 and 136) in cold weather. As such,
if the motion sensor 156 communicates to the computing system 104 that the railroad
corridor assessment platform 102 is moving, the processor can be programmed to
automatically activate the air blower 162 so that air will flow out the cap apertures 172 to
blow away flying dirt and debris. In one embodiment, the processor 106 performs a method
for regulating air temperature in the first sensor enclosure 116A and the second sensor
enclosure 116B and the method includes the operations of receiving temperature data from
the temperature sensor 158, activating the air blower 162, and activating the heater 164 or
the chiller 166 based on the received temperature data (or, in the case of a single device,
the combination heater/chiller 167). If the temperature in the first sensor enclosure 116A
and the second sensor enclosure 116B rises above an upper threshold programmed into the
computing system 104, the processor 106 can be programmed to automatically activate the
air blower 162 and the air combination heater/chiller 164 to provide cool air. If, on the
other hand, the temperature in the first sensor enclosure 116A and the second sensor

enclosure 116B falls below a lower threshold programmed into the computing system 104,
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the processor 160 can be programmed to automatically activate the air blower 162 and the

combination heater/chiller 164 to provide heated air.

[0069] With reference to FIGS. 3 and 5-8, each sensor enclosure 116 includes a mounting
plate (174A and 174B) for mounting the enclosures 116 to the back wall 114A of the
railroad boxcar 110. Each enclosure 116 also includes an internal frame member 176 (first
internal frame member 176A and second internal frame member 176B) configured to be
attached on the mounting plate 174 (first mounting plate 174A and second mounting plate
174B) along a first plane substantially parallel with the rear wall 114A of the railroad
boxcar 110. The position of the internal frame member 176 can be swiveled to a new
position by loosening attachment devices (e.g., bolts, screws, or other attachment devices
known to persons having ordinary skill in the art), rotating the internal frame member 176
and any LiDAR sensor attached thereto), and retightening the attachment devices with the
internal frame member 176 reoriented at a different angle. For each separate enclosure, a
LiDAR sensor (e.g., first LIDAR sensor 108A) is attached to an internal frame member
(e.g., first frame member 176A) in a hinged configuration as shown so that the LiDAR
sensors 108 can rotate relative to the internal frame members 176 in the enclosures 116
along an X axis as shown in FIG. 11A and FIG. 11B. For reference, the axes (X, Y, and 7Z)
in a standard Cartesian coordinate system as defined herein are shown in FIG. 11A, FIG.
11B, FIG. 12A, and FIG. 12B with the non-listed axis being orthogonal to the drawing
sheet. For example, in FIG. 11A and FIG. 11B, the X axis is orthogonal to the drawing
sheet and comes out the page at point 178. In FIG. 12A and FIG. 12B, the Z axis is
orthogonal to the drawing sheet and comes out of the page at point 180. FIG. 12A and FIG.
12B show a view along a Y,Z oriented plane of the first sensor enclosure 116A with the
first sensor enclosure outer shell wall 148A and sensor enclosure outer cap 170 removed
to show internal parts. The range of rotation of the first LIDAR sensor 108A along the X
axis preferably ranges from about +23 degrees (shown as angle o in FIG. 11A) to about -
23 degrees (shown as angle 3 in FIG. 11B). The range of rotation of the first LIDAR sensor
along the Z axis preferably ranges from about +32 degrees (shown as angle 6 in FIG. 12A)
to about -32 degrees (shown as angle ® in FIG. 12B). If the LiDAR sensors 108 are not
rotated at all, the first scan plane 120A and the second scan plane 120B overlap completely
(are coplanar at all points) along the X,Y plane shown in FIG. 13 (or a plane parallel to the

Page 40

Date regue/date received 2021-10-22



X,Y plane). However, the first LIDAR sensor 108A and the second LiDAR sensor 108B
are oriented in the manner shown in FIGS. 5, 6, and 12A-15. Because of the unique
orientations of the first LIDAR sensor 108 and the second LiDAR sensor 108B described
and shown herein, a full 360-degree scan to gather point cloud data can be accomplished
using the railroad corridor assessment system 100 between the rear wall 114A of the
railroad boxcar 110 and a front wall of an adjoining railroad boxcar if another boxcar is
adjoined to the railroad boxcar. As shown in FIG. 13 and FIG. 14, despite the example
adjoining boxcar 122 being coupled very close to the railroad boxcar 110 and the LiDAR
sensors 108 along the back wall 114A of the railroad boxcar, the first scan plane 120A and
the second scan plane 120B have clear “views” to gather point cloud data without the

adjoining box car 122 interfering with such scans.

[0070] The previously described embodiments of the present disclosure have many
advantages, including gathering LiDAR point cloud data from a standard-sized railroad
boxcar that can easily be added to or removed from a consist. The specific orientation of
the LiDAR sensors 108 allows for the gathering of point cloud data even if another boxcar
is coupled directly behind the railroad corridor assessment platform 102. The LiDAR
sensors enclosures 116 are situated below a roofline of the railroad corridor assessment
platform 102. Point clouds can be assessed in real-time by the processor 106 to identify
and inventory various features along a rail corridor such as signage, furiture, adjoining
tracks, and Positive Train Control (PTC) assets. The processor can use the generated point
cloud(s) to measure ballast profiles, measure drainage ditch profiles, and identify and
measure of embankments and tunnel walls. If the same survey path is run more than once,
on the later survey(s), the processor 106 can be programmed to detect changes in the
features that were previously detected in the point clouds of a prior survey by comparing
the new and old point clouds. The point cloud data is geo-referenced and time stamped to

correlate such data with new or additional data.

[0071] An additional advantage is the use of a plurality of digital cameras to gather a 360-
degree panoramic ribbon digital image of a rail corridor. The image data is preferably time-
stamped and can be combined with the LiDAR point cloud data to add color to the point

cloud(s). The sensitive cameras are protected in the sensor enclosures 116 which
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automatically open or close depending on (1) the weather and (2) whether the railroad
corridor assessment platform 102 is moving at a minimum speed. The heating and cooling
system 160 provides temperature-controlled air to the sensor enclosures 116 so that the
system 100 can keep operating even in extreme heat or cold. Additionally, the enclosures
116 include cap apertures through which the temperature-controlled air can exit the
enclosures 116 ad, while exiting, act like an air curtain to blow away any flying dust or

debris from the devise in the enclosures 116.

[0072] The foregoing description of preferred embodiments of the present disclosure has
been presented for purposes of illustration and description. The described preferred
embodiments are not intended to be exhaustive or to limit the scope of the disclosure to the
precise form(s) disclosed. For example, various features said to be in electrical
communication with one another may be communicating wirelessly and powered locally
by batteries or other power sources. Obvious modifications or variations are possible in
light of the above teachings. The embodiments are chosen and described in an effort to
provide the best illustrations of the principles of the disclosure and its practical application,
and to thereby enable one of ordinary skill in the art to utilize the concepts revealed in the
disclosure in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations are within the scope of
the disclosure as determined by the appended claims when interpreted in accordance with

the breadth to which they are fairly, legally, and equitably entitled.
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CLAIMS
What is claimed is:

1. A system for generating and interpreting point clouds of a rail corridor along
a survey path while moving on a railroad corridor assessment platform, the system

comprising:
a. arailroad corridor assessment platform;

b. a first LIDAR sensor configured to scan along a first scan plane, the first
LiDAR sensor attached to the railroad corridor assessment platform in a

rear-facing direction;

c. asecond LiDAR sensor configured to scan along a second scan plane, the
second LiDAR sensor attached to the railroad corridor assessment platform
in a rear-facing direction, wherein the first scan plane crosses the second
scan plane but is not coplanar at all points with the second scan plane and
wherein neither the first scan plane nor the second scan plane intersect a
main body of any rail car adjoined to a rear end of the railroad corridor

assessment platform;
d. a data storage device;
e. an Inertial Measurement Unit (IMU);
f. ageo-location device; and

g. ahigh performance computing system in electrical communication with the
first LIDAR sensor, the second LiDAR sensor, the data storage device, the
IMU, and the geo-location device, the computing system comprising a high-
performance processor wherein the processor controls operations of the first
LiDAR sensor and the second LiDAR sensor, and wherein the processor
performs a method for generating and interpreting point clouds of a rail

corridor, the method comprising operations of:
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ii.

iii.

obtaining a first set of point cloud data using the first LIDAR sensor;

obtaining a second set of point cloud data using the second LiDAR

Sensor;

obtaining railroad corridor assessment platform attitude information

using the IMU;

iv. obtaining geo-location information using the geo-location device;
v. combining the first set of point cloud data together, the second set
of point cloud data, the railroad corridor platform attitude
information, and the geo-location information to generate a
combined point cloud;
vi. identifying rail corridor features of interest found in the combined
point cloud;
vii. creating an inventory of the identified rail corridor features of
interest; and
viii. storing the combined point cloud on the data storage device.
2. The system for generating and interpreting point clouds of a rail corridor of

claim 1 further comprising:

a. afirst sensor enclosure further comprising:

1.

ii.

a first sensor enclosure outer shell comprising a first sensor
enclosure outer shell first aperture and a first sensor enclosure outer

shell second aperture;

a first sensor enclosure first high resolution camera in electrical
communication with the computing system, the first sensor
enclosure first high resolution camera oriented to view from the

inside of the first sensor enclosure through the first sensor enclosure
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outer shell first aperture to gather digital image data of a rail

corridor; and

iii. a first sensor enclosure second high resolution camera in electrical
communication with the computing system, the first sensor
enclosure second high resolution camera oriented to view from the
inside of the first sensor enclosure through the first sensor enclosure
outer shell second aperture to gather digital image data of a rail

corridor; and
b. asecond sensor enclosure further comprising:

i. a second sensor enclosure outer shell comprising a second sensor
enclosure outer shell first aperture and a second sensor outer shell

second aperture;

ii. a second sensor enclosure first high resolution camera in electrical
communication with the computing system, the second sensor
enclosure first high resolution camera oriented to view from the
inside of the second sensor enclosure through the second sensor
enclosure outer shell first aperture to gather digital image data of a

rail corridor; and

iii. a second sensor enclosure second high resolution camera in
electrical communication with the computing system, the second
sensor enclosure second high resolution camera oriented to view
from the inside of the second sensor enclosure through the second
sensor enclosure outer shell second aperture to gather digital image

data of a rail corridor.

3. The system for generating and interpreting point clouds of a rail corridor of

claim 2 further comprising:
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a. awheel mounted shaft encoder for sending trigger signals to the first sensor
enclosure first high resolution camera, the first sensor enclosure second
high resolution camera, the second sensor enclosure first high resolution
camera, and the second sensor enclosure second high resolution camera as

the railroad corridor assessment platform moves along a survey path;

b. the high-performance processor wherein the processor controls operations
of the first sensor enclosure first high resolution camera, the first sensor
enclosure second high resolution camera, the second sensor enclosure first
high resolution camera, and the second sensor enclosure second high
resolution camera, and wherein the processor performs a method for
generating and interpreting digital image data, the method comprising

operations of

i. receiving pulses from the shaft encoder and triggering the first
sensor enclosure first high resolution camera, the first sensor
enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor
enclosure second high resolution camera to obtain digital image data

at the same time instances;

ii. obtaining a first set of digital image data using the first sensor

enclosure first high resolution camera;

iii. obtaining a second set of digital image data using the first sensor

enclosure second high resolution camera;

iv. obtaining a third set of digital image data using the second sensor

enclosure first high resolution camera;

v. obtaining a fourth set of digital image data using the second sensor

enclosure second high resolution camera;
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vi. combining the first set of digital image data, the second set of digital
image data, the third set of digital image data, and the fourth set of
digital image data to form a combined set of digital image data
comprising a plurality of digital images and generating a combined

panoramic digital image of the rail corridor; and

vii. storing the combined set of digital image data on the data storage

device.

4. The system for generating and interpreting point clouds of a rail corridor of

claim 2 or 3 further comprising:
a. the first sensor enclosure further comprising;:

i. a first sensor enclosure inner shell comprising a first sensor
enclosure inner shell first aperture and a first sensor enclosure inner
shell second aperture, wherein the first sensor enclosure inner shell
is configured to move relative to the first sensor enclosure outer shell
from a first sensor enclosure inner shell open position wherein the
first sensor enclosure outer shell first aperture is in line with the first
sensor enclosure inner shell first aperture and the first sensor
enclosure outer shell second aperture is in line with the first sensor
enclosure inner shell second aperture to a first sensor enclosure inner
shell closed position wherein the first sensor enclosure outer shell
first aperture is not in line with the first sensor enclosure inner shell
first aperture and the first sensor enclosure outer shell second
aperture is not in line with the first sensor enclosure inner shell
second aperture resulting in (1) the first sensor enclosure outer shell
first aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure first high resolution camera and
(2) the first sensor enclosure outer shell second aperture being
blocked by the first sensor enclosure inner shell to protect the first

sensor enclosure second high resolution camera; and
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ii. a first inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure inner shell for moving the first sensor
enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position or
from the first sensor enclosure inner shell closed position to the first
sensor enclosure inner shell open position depending upon control

instructions from the computing system;

iii. a first sensor enclosure LiDAR cap configured to move from a first
sensor enclosure cap open position in which the first LIDAR sensor
is exposed to a first sensor enclosure cap closed position in which
the first LiDAR sensor is not exposed, and from the first sensor
enclosure cap closed position to the first sensor enclosure cap open

position; and

iv. a first LIDAR cap motorized actuator in electrical communication
with the computing system and connected to the first sensor
enclosure LiDAR cap for moving the first sensor enclosure LiDAR
cap from the first sensor enclosure cap closed position to the first
sensor enclosure cap open position or from the first sensor enclosure
cap open position to the first sensor enclosure cap closed position

depending on control instructions from the computing system; and
b. the second sensor enclosure further comprising

i. a second sensor enclosure inner shell comprising a second sensor
enclosure inner shell first aperture and a second sensor enclosure
inner shell second aperture, wherein the second sensor enclosure
inner shell is configured to move relative to the second sensor
enclosure outer shell from a second sensor enclosure inner shell
open position wherein the second sensor enclosure outer shell first

aperture is in line with the second sensor enclosure inner shell first
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aperture and the second sensor enclosure outer shell second aperture
is in line with the second sensor enclosure inner shell second
aperture to a second sensor enclosure inner shell closed position
wherein the second sensor enclosure outer shell first aperture is not
in line with the second sensor enclosure inner shell first aperture and
the second sensor enclosure outer shell second aperture is not in line
with the second sensor enclosure inner shell second aperture
resulting in (1) the second sensor enclosure outer shell first aperture
being blocked by the second sensor enclosure inner shell to protect
the second sensor enclosure first high resolution camera and (2) the
second sensor enclosure outer shell second aperture being blocked
by the second sensor enclosure inner shell to protect the second

sensor enclosure second high resolution camera; and

ii. a second inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
second sensor enclosure inner shell for moving the second sensor
enclosure inner shell from the second sensor enclosure inner shell
open position to the second sensor enclosure inner shell closed
position or from the second sensor enclosure inner shell closed
position to the second sensor enclosure inner shell open position

depending upon control instructions from the computing system;

iii. a second sensor enclosure LiDAR cap configured to move from a
second sensor enclosure cap open position in which the second
LiDAR sensor is exposed to a second sensor enclosure cap closed
position in which the second LiDAR sensor is not exposed, and from
the second sensor enclosure cap closed position to the second sensor

enclosure cap open position; and

iv. a second LiDAR cap motorized actuator in electrical

communication with the computing system and connected to the
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second sensor enclosure LiDAR cap for moving the second sensor
enclosure LiDAR cap from the second sensor enclosure cap closed
position to the second sensor enclosure cap open position or from
the second sensor enclosure cap open position to the second sensor
enclosure cap closed position depending on control instructions

from the computing system.

5. The system for generating and interpreting point clouds of a rail corridor of

claim 4 further comprising:

a. a climatic sensor on the railroad corridor assessment platform, the climatic

sensor in electrical communication with the computing system; and

b. the high-performance processor wherein the processor controls operations
of the first inner shell motorized linear actuator and the second inner shell
motorized linear actuator, and wherein the processor performs a method for
protecting the first sensor enclosure first high resolution camera, the first
sensor enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor enclosure

second high resolution camera, the method comprising operations of:
i. receiving climatic conditions data from the climatic sensor;

ii. activating the first inner shell motorized linear actuator to move the
first sensor enclosure inner shell from the first sensor enclosure
inner shell open position to the first sensor enclosure inner shell

closed position based on the received climatic conditions data;

iii. activating the second inner shell motorized linear actuator to move
the second sensor enclosure inner shell from the second sensor
enclosure inner shell open position to the second sensor enclosure
inner shell closed position based on the received climatic conditions

data;
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iv. activating the first LIDAR cap motorized actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap

open position to the first sensor enclosure cap closed position; and

v. activating the second LiDAR cap motorized actuator to move the
second sensor enclosure LiDAR cap from the second sensor
enclosure cap open position to the second sensor enclosure cap

closed position.

6. The system for generating and interpreting point clouds of a rail corridor of

claim 4 further comprising:

a. a motion sensor for sensing motion of the railroad corridor assessment
platform, the motion sensor in electrical communication with the computing

system; and

b. the high-performance processor wherein the processor controls operations
of the first inner shell motorized linear actuator and the second inner shell
motorized linear actuator, and wherein the processor performs a method for
protecting the first sensor enclosure first high resolution camera, the first
sensor enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor enclosure

second high resolution camera, the method comprising operations of:

i. receiving a motion sensor signal from the motion sensor indicating
that the railroad corridor assessment platform is moving relative to
a railroad track below a minimum speed threshold programmed into

the computing system;

ii. activating the first inner shell motorized linear actuator to move the
first sensor enclosure inner shell from the first sensor enclosure
inner shell open position to the first sensor enclosure inner shell

closed position based on the received motion sensor signal,;
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iii. activating the second inner shell motorized linear actuator to move
the second sensor enclosure inner shell from the second sensor
enclosure inner shell open position to the second sensor enclosure
inner shell closed position based on the received motion sensor

signal;

iv. activating the first LIDAR cap motorized actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap

open position to the first sensor enclosure cap closed position; and

v. activating the second LiDAR cap motorized actuator to move the
second sensor enclosure LiDAR cap from the second sensor
enclosure cap open position to the second sensor enclosure cap

closed position.

7. The system for generating and interpreting point clouds of a rail corridor of

any one of claims 2 to 6 further comprising:

a. a temperature sensor on the railroad corridor assessment platform in
electrical communication with the computing system and proximate to the

first sensor enclosure and the second sensor enclosure;

b. a heating and cooling system in electrical communication with the

computing system, the heating and cooling system further comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. an air duct for channeling air from the air blower to the first sensor

enclosure and the second sensor enclosure; and
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8.

the high-performance processor wherein the processor controls operations
of the heating and cooling system, and wherein the processor performs a
method for regulating air temperature in the first sensor enclosure and the

second sensor enclosure, the method comprising operations of:
i. receiving temperature data from the temperature sensor;
ii. activating the air blower; and

iii. activating the heater or the air chiller based on the received

temperature data.

The system for generating and interpreting point clouds of a rail corridor of

claim 7 further comprising:

9.

a. the first sensor enclosure further comprising at least one first sensor air

aperture through which air can directed across the first LIDAR sensor; and

the second sensor enclosure further comprising at least one second sensor

air aperture through which air can directed across the second LiDAR sensor.

A method for generating and interpreting point clouds of a rail corridor, the

method comprising:

a. obtaining a first set of point cloud data using a processor and a first LiDAR

sensor oriented to scan along a first scan plane and attached to a railroad
corridor assessment platform in a rear-facing orientation wherein the first

LiDAR sensor is in electrical communication with the processor;

obtaining a second set of point cloud data using the processor and a second
LiDAR sensor oriented to scan along a second scan plane and attached to
the railroad corridor assessment platform in a rear-facing orientation
wherein the second LiDAR sensor is in electrical communication with the
processor, wherein the first scan plane crosses the second scan plane but is

not coplanar at all points with the second scan plane, and wherein neither
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the first scan plane nor the second scan plane intersect a main body of any

rail car adjoined to a rear end of the railroad corridor assessment platform;

c. obtaining railroad corridor assessment platform attitude data using an
Inertial Measurement Unit (IMU) in electrical communication with the

Processor,

d. obtaining geo-location data of the railroad corridor assessment platform

using a geo-location device in electrical communication with the processor;

e. combining the first set of point cloud data, the second set of point cloud
data, the railroad corridor assessment platform attitude data, and the geo-

location data to generate a combined point cloud using the processor;

f. identifying rail corridor features of interest found in the combined point

cloud using the processor;

g. creating an inventory of the identified rail corridor features of interest using

the processor; and

h. storing the combined point cloud on a data storage device in electrical

communication with the processor.
10. The method of claim 9 further comprising:

a. receiving pulses from a wheel mounted shaft encoder in electrical
communication with the processor and triggering a first sensor enclosure
first high resolution camera, a first sensor enclosure second high resolution
camera, a second sensor enclosure first high resolution camera, and a second
sensor enclosure second high resolution camera to obtain digital image data

at the same time instances;

b. obtaining a first set of digital image data using the first sensor enclosure

first high resolution camera;
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c. obtaining a second set of digital image data using the first sensor enclosure

second high resolution camera;

d. obtaining a third set of digital image data using the second sensor enclosure

first high resolution camera;

e. obtaining a fourth set of digital image data using the second sensor

enclosure second high resolution camera;

f. combining the first set of digital image data, the second set of digital image
data, the third set of digital image data, and the fourth set of digital image
data to form a combined set of digital image data comprising a plurality of
digital images and generating a combined panoramic digital image of a rail

corridor; and

g. storing the combined set of digital image data on a data storage device in

electrical communication with the processor.

11.  The method of claim 10 further comprising colorizing the combined point

cloud using the combined set of digital image data and the processor.
12. The method of claim 10 or 11 further comprising:

a. triggering a first sensor enclosure third high resolution camera and a second
sensor enclosure third high resolution camera to obtain digital image data
at the same time instances as the first sensor enclosure first high resolution
camera, the first sensor enclosure second high resolution camera, the second
sensor enclosure first high resolution camera, and the second sensor

enclosure second high resolution camera;

b. obtaining a fifth set of digital image data using a first sensor enclosure third

high resolution camera;
c. obtaining a sixth set of digital image data using a second sensor enclosure

third high resolution camera;

Page 55

Date regue/date received 2021-10-22



d. combining the first set of digital image data, the second set of digital image
data, the third set of digital image data, the fourth set of digital image data,
the fifth set of digital image data and the sixth set of digital image data to
form a combined set of digital image data comprising a plurality of digital
images and generating a combined panoramic digital image of a rail

corridor.

13.  The method of claim 11 further comprising geo-referencing the colorized

combined point cloud using a geo-referencing device.
14. The method of claim 12 further comprising:

a. housing the first LiDAR sensor, the first sensor enclosure first high
resolution camera, the first sensor enclosure second high resolution camera,
and the first sensor enclosure third high resolution camera in a first sensor
enclosure including a first sensor enclosure LIDAR cap for protecting the

first LIDAR sensor;

b. housing the second LiDAR sensor, the second sensor enclosure first high
resolution camera, the second sensor enclosure second high resolution
camera, and the second sensor enclosure third high resolution camera in a
second sensor enclosure including a second sensor enclosure LiDAR cap

for protecting the second LiDAR sensor;

c. blowing temperature-controlled air to the first sensor enclosure and the
second sensor enclosure using a heating and cooling system including an
air blower wherein temperature-controlled air is blown through an air duct
to the first sensor enclosure and the second sensor enclosure and wherein
the heating and cooling system is controlled by the computing system based
on temperature data received by a temperature sensor proximate to the first

LiDAR sensor and the second LiDAR sensor.

15. The method of claim 14 further comprising:
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a. blowing temperature-controlled air through an aperture in the first sensor
enclosure adjacent to the first LIDAR sensor for blowing away flying debris
and precipitation from the first LIDAR sensor and to maintain the first
sensor enclosure LiDAR cap at a temperature above freezing to eliminate

the accumulation of frozen precipitation; and

b. blowing temperature-controlled air through an aperture in the second
sensor enclosure adjacent to the second LiDAR sensor for blowing away
flying debris and precipitation from the second LiDAR sensor and to
maintain the second sensor enclosure LiDAR cap at a temperature above

freezing to eliminate the accumulation of frozen precipitation

16.  The method of any one of claims 10 to 15 further comprising:
a. housing the first LIDAR sensor in a first sensor enclosure comprising:

i. a first sensor enclosure LiDAR cap configured to move from a first
sensor enclosure cap open position in which the first LIDAR sensor
is exposed to a first sensor enclosure cap closed position in which
the first LiDAR sensor is not exposed, and from the first sensor
enclosure cap closed position to the first sensor enclosure cap open

position; and

ii. a first LiIDAR cap motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure LiDAR cap for moving the first sensor
enclosure LiDAR cap from the first sensor enclosure cap closed
position to the first sensor enclosure cap open position or from the
first sensor enclosure cap open position to the first sensor enclosure
cap closed position depending on control instructions from the

computing system;
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b. housing the first sensor enclosure first high-resolution camera in the first

sensor enclosure comprising:
i. a first sensor enclosure outer shell;

ii. a first sensor enclosure outer shell first aperture through which the
first sensor enclosure first high-resolution camera obtains digital

image data;

iii. a first sensor enclosure inner shell configured to move relative to the
first sensor outer shell from a first sensor enclosure inner shell open
position wherein the first sensor enclosure outer shell first aperture
is open and the first sensor enclosure first high-resolution camera is
exposed to weather outside the first sensor enclosure to a first sensor
enclosure inner shell closed position wherein the first sensor
enclosure outer shell first aperture is blocked by the first sensor inner
shell and the first sensor enclosure first high-resolution camera is

not exposed to weather outside the first sensor enclosure;

c. housing the first sensor enclosure second high-resolution camera in the first

sensor enclosure comprising:

i. a first sensor enclosure outer shell second aperture through which
the first sensor enclosure second high-resolution camera obtains

digital image data;

ii. the first sensor enclosure inner shell configured to move relative to
the first sensor enclosure outer shell from the first sensor enclosure
inner shell open position wherein the first sensor enclosure outer
shell second aperture is open and the first sensor enclosure second
high-resolution camera is exposed to weather outside the first sensor
enclosure to the first sensor enclosure inner shell closed position
wherein the first sensor enclosure outer shell second aperture is

blocked by the first sensor inner shell and the first sensor enclosure
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second high-resolution camera is not exposed to weather outside the

first sensor enclosure;

iii. a first inner shell motorized linear actuator connected to the first
sensor enclosure inner shell and in electrical communication with
the processor for moving the first sensor enclosure inner shell from
the first sensor enclosure inner shell open position to the first sensor
enclosure inner shell closed position and from the first sensor
enclosure inner shell closed position to the first sensor enclosure
inner shell open position depending on instructions from the

processor;
d. housing the second LiDAR sensor in a second sensor enclosure comprising:

i. a second sensor enclosure LiDAR cap configured to move from a
second sensor enclosure cap open position in which the second
LiDAR sensor is exposed to a second sensor enclosure cap closed
position in which the second LiDAR sensor is not exposed, and from
the second sensor enclosure cap closed position to the second sensor

enclosure cap open position; and

ii. a second LiDAR cap motorized linear actuator in electrical
communication with the computing system and connected to the
second sensor enclosure LiDAR cap for moving the second sensor
enclosure LiDAR cap from the second sensor enclosure cap closed
position to the second sensor enclosure cap open position or from
the second sensor enclosure cap open position to the second sensor
enclosure cap closed position depending on control instructions

from the computing system;

e. housing the second sensor enclosure first high-resolution camera in the

second sensor enclosure comprising:

i. asecond sensor enclosure outer shell;
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ii. a second sensor enclosure outer shell first aperture through which
the second sensor enclosure first high-resolution camera obtains

digital image data;

iii. asecond sensor enclosure inner shell configured to move relative to
the second sensor outer shell from a second sensor enclosure inner
shell open position wherein the second sensor enclosure outer shell
first aperture is open and the second sensor enclosure first high-
resolution camera is exposed to weather outside the second sensor
enclosure to a second sensor inner shell closed position wherein the
second sensor enclosure outer shell first aperture is blocked by the
second sensor inner shell and the second sensor enclosure first high-
resolution camera is not exposed to weather outside the second

sensor enclosure; and

f. housing the second sensor enclosure second high-resolution camera in the

second sensor enclosure comprising:

i. asecond sensor enclosure outer shell second aperture through which
the second sensor enclosure second high-resolution camera obtains

digital image data;

ii. the second sensor enclosure inner shell configured to move relative
to the second sensor enclosure outer shell from the second sensor
enclosure inner shell open position wherein the second sensor
enclosure outer shell second aperture is open and the second sensor
enclosure second high-resolution camera is exposed to weather
outside the second sensor enclosure to the second sensor enclosure
inner shell closed position wherein the second sensor enclosure
outer shell second aperture is blocked by the second sensor inner
shell and the second sensor enclosure second high-resolution camera

is not exposed to weather outside the second sensor enclosure; and
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iii. a second inner shell motorized linear actuator connected to the
second sensor enclosure inner shell and in electrical communication
with the processor for moving the second sensor enclosure inner
shell from the second sensor enclosure inner shell open position to
the second sensor enclosure inner shell closed position and from the
second sensor enclosure inner shell closed position to the second
sensor enclosure inner shell open position depending on instructions

from the processor;
17.  The method of claim 16 further comprising;

a. detecting weather conditions outside the first sensor enclosure and the
second sensor enclosure using a climatic sensor in electrical communication

with the processor;

b. activating the first inner shell motorized linear actuator to move the first
sensor enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position based on

information received by the processor from the climatic sensor;

c. activating the second inner shell motorized linear actuator to move the
second sensor enclosure inner shell from the second sensor enclosure inner
shell open position to the second sensor enclosure inner shell closed
position based on information received by the processor from the climatic

Sensor;

d. activating the first LIDAR cap motorized linear actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap open

position to the first sensor enclosure cap closed position; and

e. activating the second LiDAR cap motorized linear actuator to move the
second sensor enclosure LiDAR cap from the second sensor enclosure cap

open position to the second sensor enclosure cap closed position.
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18.  The method of claim 16 further comprising;

a. detecting movement of the railroad corridor assessment platform using a

motion Sensor;

b. activating the first inner shell motorized linear actuator to move the first
sensor enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position based on

information received by the processor from the motion sensor;

c. activating the second inner shell motorized linear actuator to move the
second sensor enclosure inner shell from the second sensor enclosure inner
shell open position to the second sensor enclosure inner shell closed
position based on information received by the processor from the motion

Sensor;

d. activating the first LIDAR cap motorized actuator to move the first sensor
enclosure LiDAR cap from the first sensor enclosure cap open position to

the first sensor enclosure cap closed position; and

e. activating the second LiDAR cap motorized actuator to move the second
sensor enclosure LiDAR cap from the second sensor enclosure cap open

position to the second sensor enclosure cap closed position.

19.  The system for generating and interpreting point clouds of a rail corridor of

claim 1 further comprising:
a. a first sensor enclosure in which the first LIDAR sensor is housed;
b. asecond sensor enclosure in which the second LiDAR sensor is housed;

c. a temperature sensor in electrical communication with the computing
system and located proximate to the first LIDAR sensor and the second

LiDAR sensor;
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d. a heating and cooling system in electrical communication with the

computing system, the heating and cooling system further comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. a duct for channeling air from the air blower to the first sensor
enclosure and the second sensor enclosure depending on
temperature data sent by the temperature sensor to the computing

system.

20. A system for generating and interpreting point clouds of a rail corridor along
a survey path while moving on a railroad corridor assessment platform, the system

comprising:
a. arailroad corridor assessment platform;

b. a first LIDAR sensor configured to scan along a first scan plane, the first
LiDAR sensor attached to the railroad corridor assessment platform in a

rear-facing direction;

c. asecond LiDAR sensor configured to scan along a second scan plane, the
second LiDAR sensor attached to the railroad corridor assessment platform
in a rear-facing direction, wherein the first scan plane crosses the second
scan plane but is not coplanar at all points with the second scan plane and
wherein neither the first scan plane nor the second scan plane intersect a
main body of any rail car adjoined to a rear end of the railroad corridor

assessment platform;
d. adata storage device;

e. an Inertial Measurement Unit (IMU);
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f.

g.

21.

a geo-location device; and

a high performance computing system in electrical communication with the
first LIDAR sensor, the second LiDAR sensor, the data storage device, the
IMU, and the geo-location device, the computing system comprising a high-
performance processor wherein the processor controls operations of the first
LiDAR sensor and the second LiDAR sensor for obtaining and storing point

cloud data.

The system for generating and interpreting point clouds of a rail corridor

along a survey path while moving on a railroad corridor assessment platform of claim 20

further comprising:

a.

b.

a first sensor enclosure in which the first LIDAR sensor is housed;
a second sensor enclosure in which the second LiDAR sensor is housed;

a temperature sensor in electrical communication with the computing
system and located proximate to the first LIDAR sensor and the second

LiDAR sensor;

a heating and cooling system in electrical communication with and
controlled by the computing system, the heating and cooling system further

comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. a duct for channeling air from the air blower to the first sensor
enclosure and the second sensor enclosure depending on
temperature data sent by the temperature sensor to the computing

system.
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22.  The system for generating and interpreting point clouds of a rail corridor of

claim 20 further comprising:
a. the first sensor enclosure further comprising:

i. a first sensor enclosure inner shell comprising a first sensor
enclosure inner shell first aperture and a first sensor enclosure inner
shell second aperture, wherein the first sensor enclosure inner shell
is configured to move relative to the first sensor enclosure outer shell
from a first sensor enclosure inner shell open position wherein the
first sensor enclosure outer shell first aperture is in line with the first
sensor enclosure inner shell first aperture and the first sensor
enclosure outer shell second aperture is in line with the first sensor
enclosure inner shell second aperture to a first sensor enclosure inner
shell closed position wherein the first sensor enclosure outer shell
first aperture is not in line with the first sensor enclosure inner shell
first aperture and the first sensor enclosure outer shell second
aperture is not in line with the first sensor enclosure inner shell
second aperture resulting in (1) the first sensor enclosure outer shell
first aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure first high resolution camera and
(2) the first sensor enclosure outer shell second aperture being
blocked by the first sensor enclosure inner shell to protect the first

sensor enclosure second high resolution camera;

ii. a first inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure inner shell for moving the first sensor
enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position and

from the first sensor enclosure inner shell closed position to the first
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sensor enclosure inner shell open position depending upon control

instructions from the computing system;

iii. a first sensor enclosure LiDAR cap configured to move from a first
sensor enclosure cap open position in which the first LIDAR sensor
is exposed to a first sensor enclosure cap closed position in which
the first LiDAR sensor is not exposed, and from the first sensor
enclosure cap closed position to the first sensor enclosure cap open

position; and

iv. a first LIDAR cap motorized actuator in electrical communication
with the computing system and connected to the first sensor
enclosure LiDAR cap for moving the first sensor enclosure LiDAR
cap from the first sensor enclosure cap closed position to the first
sensor enclosure cap open position or from the first sensor enclosure
cap open position to the first sensor enclosure cap closed position

depending on control instructions from the computing system; and
b. the second sensor enclosure further comprising

i. a second sensor enclosure inner shell comprising a second sensor
enclosure inner shell first aperture and a second sensor enclosure
inner shell second aperture, wherein the second sensor enclosure
inner shell is configured to move relative to the second sensor
enclosure outer shell from a second sensor enclosure inner shell
open position wherein the second sensor enclosure outer shell first
aperture is in line with the second sensor enclosure inner shell first
aperture and the second sensor enclosure outer shell second aperture
is in line with the second sensor enclosure inner shell second
aperture to a second sensor enclosure inner shell closed position
wherein the second sensor enclosure outer shell first aperture is not
in line with the second sensor enclosure inner shell first aperture and

the second sensor enclosure outer shell second aperture is not in line
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with the second sensor enclosure inner shell second aperture
resulting in (1) the second sensor enclosure outer shell first aperture
being blocked by the second sensor enclosure inner shell to protect
the second sensor enclosure first high resolution camera and (2) the
second sensor enclosure outer shell second aperture being blocked
by the second sensor enclosure inner shell to protect the second

sensor enclosure second high resolution camera;

ii. a second inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
second sensor enclosure inner shell for moving the second sensor
enclosure inner shell from the second sensor enclosure inner shell
open position to the second sensor enclosure inner shell closed
position and from the second sensor enclosure inner shell closed
position to the second sensor enclosure inner shell open position

depending upon control instructions from the computing system;

iii. a second sensor enclosure LiDAR cap configured to move from a
second sensor enclosure cap open position in which the second
LiDAR sensor is exposed to a second sensor enclosure cap closed
position in which the second LiDAR sensor is not exposed, and from
the second sensor enclosure cap closed position to the second sensor

enclosure cap open position; and

iv. a second LiDAR cap motorized actuator in electrical
communication with the computing system and connected to the
second sensor enclosure LiDAR cap for moving the second sensor
enclosure LiDAR cap from the second sensor enclosure cap closed
position to the second sensor enclosure cap open position or from
the second sensor enclosure cap open position to the second sensor
enclosure cap closed position depending on control instructions

from the computing system.

Page 67

Date regue/date received 2021-10-22



23.  The system for generating and interpreting point clouds of a rail corridor of
claim 20 further comprising a climatic sensor in electrical communication with the

computing device.

24.  The system for generating and interpreting point clouds of a rail corridor of
any one of claims 20 to 23 further comprising a motion sensor for sensing motion of the
railroad corridor assessment platform and wherein the motion sensor is in electrical

communication with the computing system.

25. A system for generating and interpreting point clouds of a rail corridor along
a survey path while moving on a railroad corridor assessment platform, the system

comprising:
a. arailroad corridor assessment platform;

b. a first LIDAR sensor configured to scan along a first scan plane, the first

LiDAR sensor attached to the railroad corridor assessment platform;

c. asecond LiDAR sensor configured to scan along a second scan plane, the

second LiDAR sensor attached to the railroad corridor assessment;

d. a first sensor enclosure housing for protecting the first LIDAR sensor, the
first sensor enclosure further comprising a first sensor enclosure LiDAR
sensor cap configured to move from a first sensor enclosure LiDAR sensor
cap open position in which the first LIDAR sensor is exposed to a first
sensor enclosure LiDAR sensor cap closed position in which the first
LiDAR sensor is not exposed, and from the first sensor enclosure LiDAR
sensor cap closed position to the first sensor enclosure LiDAR sensor cap

open position;

e. a second sensor enclosure for housing for protecting the second LiDAR
sensor, the second sensor enclosure further comprising a second sensor
enclosure LiDAR sensor cap configured to move from a second sensor

enclosure LiDAR sensor cap open position in which the second LiDAR

Page 68

Date regue/date received 2021-10-22



sensor is exposed to a second sensor enclosure LiDAR sensor cap closed

position in which the second LiDAR sensor is not exposed, and from the

second sensor enclosure LiDAR sensor cap closed position to the second

sensor enclosure LiDAR sensor cap open position;

f. adata storage device;

g. an Inertial Measurement Unit (IMU);

h. a geo-location device; and

i. ahigh performance computing system in electrical communication with the

first LIDAR sensor, the second LiDAR sensor, the data storage device, the

IMU, and the geo-location device, the computing system comprising a high-

performance processor wherein the processor controls operations of the first

LiDAR sensor and the second LiDAR sensor, and wherein the processor

performs a method for generating and interpreting point clouds of a rail

corridor, the method comprising operations of:

i.

ii.

iii.

1v.

obtaining a first set of point cloud data using the first LiDAR sensor;

obtaining a second set of point cloud data using the second LiDAR

Sensor;

obtaining railroad corridor assessment platform attitude information

using the IMU;

obtaining geo-location information using the geo-location device;

and

combining the first set of point cloud data, the second set of point
cloud data, the railroad corridor platform attitude information, and

the geo-location information to generate a combined point cloud.
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26.  The system for generating and interpreting point clouds of a rail corridor of
claim 25 wherein the high-performance computing system processor performs the method
for generating and interpreting point clouds of a rail corridor, the method further

comprising operations of’

vi. identifying rail corridor features of interest found in the combined point

cloud;

vii. creating an inventory of the identified rail corridor features of interest;
and

viii. storing the combined point cloud on the data storage device.
27.  The system for generating and interpreting point clouds of a rail corridor of

claim 25 or 26 further comprising:
a. the first sensor enclosure further comprising:

i. a first sensor enclosure outer shell comprising a first sensor
enclosure outer shell first aperture and a first sensor enclosure outer

shell second aperture;

ii. a first sensor enclosure first high resolution camera in electrical
communication with the computing system, the first sensor
enclosure first high resolution camera oriented to view from the
inside of the first sensor enclosure through the first sensor enclosure
outer shell first aperture to gather digital image data of a rail

corridor; and

iii. a first sensor enclosure second high resolution camera in electrical
communication with the computing system, the first sensor
enclosure second high resolution camera oriented to view from the

inside of the first sensor enclosure through the first sensor enclosure
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outer shell second aperture to gather digital image data of a rail

corridor; and
b. the second sensor enclosure further comprising:

i. a second sensor enclosure outer shell comprising a second sensor
enclosure outer shell first aperture and a second sensor outer shell

second aperture;

ii. a second sensor enclosure first high resolution camera in electrical
communication with the computing system, the second sensor
enclosure first high resolution camera oriented to view from the
inside of the second sensor enclosure through the second sensor
enclosure outer shell first aperture to gather digital image data of a

rail corridor; and

iii. a second sensor enclosure second high resolution camera in
electrical communication with the computing system, the second
sensor enclosure second high resolution camera oriented to view
from the inside of the second sensor enclosure through the second
sensor enclosure outer shell second aperture to gather digital image

data of a rail corridor.

28.  The system for generating and interpreting point clouds of a rail corridor of

claim 27 further comprising:

a. awheel mounted shaft encoder for sending trigger signals to the first sensor
enclosure first high resolution camera, the first sensor enclosure second
high resolution camera, the second sensor enclosure first high resolution
camera, and the second sensor enclosure second high resolution camera as

the railroad corridor assessment platform moves along a survey path;

b. the high-performance processor wherein the processor controls operations

of the first sensor enclosure first high resolution camera, the first sensor
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enclosure second high resolution camera, the second sensor enclosure first
high resolution camera, and the second sensor enclosure second high
resolution camera, and wherein the processor performs a method for
generating and interpreting digital image data, the method comprising

operations of

i. receiving pulses from the shaft encoder and triggering the first
sensor enclosure first high resolution camera, the first sensor
enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor
enclosure second high resolution camera to obtain digital image data

at the same time instances;

ii. obtaining a first set of digital image data using the first sensor

enclosure first high resolution camera;

iii. obtaining a second set of digital image data using the first sensor

enclosure second high resolution camera;

iv. obtaining a third set of digital image data using the second sensor

enclosure first high resolution camera;

v. obtaining a fourth set of digital image data using the second sensor

enclosure second high resolution camera;

vi. combining the first set of digital image data, the second set of digital
image data, the third set of digital image data, and the fourth set of
digital image data to form a combined set of digital image data
comprising a plurality of digital images and generating a combined

panoramic digital image of the rail corridor; and

vii. storing the combined set of digital image data on the data storage

device.
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29.  The system for generating and interpreting point clouds of a rail corridor of

claim 27 further comprising:
a. the first sensor enclosure further comprising:

i. a first sensor enclosure inner shell comprising a first sensor
enclosure inner shell first aperture and a first sensor enclosure inner
shell second aperture, wherein the first sensor enclosure inner shell
is configured to move relative to the first sensor enclosure outer shell
from a first sensor enclosure inner shell open position wherein the
first sensor enclosure outer shell first aperture is in line with the first
sensor enclosure inner shell first aperture and the first sensor
enclosure outer shell second aperture is in line with the first sensor
enclosure inner shell second aperture to a first sensor enclosure inner
shell closed position wherein the first sensor enclosure outer shell
first aperture is not in line with the first sensor enclosure inner shell
first aperture and the first sensor enclosure outer shell second
aperture is not in line with the first sensor enclosure inner shell
second aperture resulting in (1) the first sensor enclosure outer shell
first aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure first high resolution camera and
(2) the first sensor enclosure outer shell second aperture being
blocked by the first sensor enclosure inner shell to protect the first

sensor enclosure second high resolution camera; and

ii. a first inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure inner shell for moving the first sensor
enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position or

from the first sensor enclosure inner shell closed position to the first
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sensor enclosure inner shell open position depending upon control

instructions from the computing system; and

iii. a first LIDAR cap motorized actuator in electrical communication
with the computing system and connected to the first sensor
enclosure LiDAR sensor cap for moving the first sensor enclosure
LiDAR sensor cap from the first sensor enclosure LiDAR sensor cap
closed position to the first sensor enclosure LiDAR sensor cap open
position or from the first sensor enclosure LiDAR sensor cap open
position to the first sensor enclosure LiDAR sensor cap closed
position depending on control instructions from the computing

system; and
b. the second sensor enclosure further comprising

i. a second sensor enclosure inner shell comprising a second sensor
enclosure inner shell first aperture and a second sensor enclosure
inner shell second aperture, wherein the second sensor enclosure
inner shell is configured to move relative to the second sensor
enclosure outer shell from a second sensor enclosure inner shell
open position wherein the second sensor enclosure outer shell first
aperture is in line with the second sensor enclosure inner shell first
aperture and the second sensor enclosure outer shell second aperture
is in line with the second sensor enclosure inner shell second
aperture to a second sensor enclosure inner shell closed position
wherein the second sensor enclosure outer shell first aperture is not
in line with the second sensor enclosure inner shell first aperture and
the second sensor enclosure outer shell second aperture is not in line
with the second sensor enclosure inner shell second aperture
resulting in (1) the second sensor enclosure outer shell first aperture
being blocked by the second sensor enclosure inner shell to protect

the second sensor enclosure first high resolution camera and (2) the
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second sensor enclosure outer shell second aperture being blocked
by the second sensor enclosure inner shell to protect the second

sensor enclosure second high resolution camera; and

ii. a second inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
second sensor enclosure inner shell for moving the second sensor
enclosure inner shell from the second sensor enclosure inner shell
open position to the second sensor enclosure inner shell closed
position or from the second sensor enclosure inner shell closed
position to the second sensor enclosure inner shell open position
depending upon control instructions from the computing system;

and

iii. a second LiDAR cap motorized actuator in electrical
communication with the computing system and connected to the
second sensor enclosure LiDAR sensor cap for moving the second
sensor enclosure LiDAR sensor cap from the second sensor
enclosure LiDAR sensor cap closed position to the second sensor
enclosure LiDAR sensor cap open position or from the second
sensor enclosure LiDAR cap open position to the second sensor
enclosure LiDAR sensor cap closed position depending on control

instructions from the computing system.

30. The system for generating and interpreting point clouds of a rail corridor of

claim 29 further comprising:

a. a climatic sensor on the railroad corridor assessment platform, the climatic

sensor in electrical communication with the computing system; and

b. the high-performance processor wherein the processor controls operations
of the first inner shell motorized linear actuator and the second inner shell

motorized linear actuator, and wherein the processor performs a method for
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protecting the first sensor enclosure first high resolution camera, the first
sensor enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor enclosure

second high resolution camera, the method comprising operations of:
i. receiving climatic conditions data from the climatic sensor;

ii. activating the first inner shell motorized linear actuator to move the
first sensor enclosure inner shell from the first sensor enclosure
inner shell open position to the first sensor enclosure inner shell

closed position based on the received climatic conditions data;

iii. activating the second inner shell motorized linear actuator to move
the second sensor enclosure inner shell from the second sensor
enclosure inner shell open position to the second sensor enclosure
inner shell closed position based on the received climatic conditions

data;

iv. activating the first LIDAR cap motorized actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap

open position to the first sensor enclosure cap closed position; and

v. activating the second LiDAR cap motorized actuator to move the
second sensor enclosure LiDAR cap from the second sensor
enclosure cap open position to the second sensor enclosure cap

closed position.

31.  The system for generating and interpreting point clouds of a rail corridor of

claim 29 further comprising:

a. a motion sensor for sensing motion of the railroad corridor assessment
platform, the motion sensor in electrical communication with the computing

system; and
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b. the high-performance processor wherein the processor controls operations
of the first inner shell motorized linear actuator and the second inner shell
motorized linear actuator, and wherein the processor performs a method for
protecting the first sensor enclosure first high resolution camera, the first
sensor enclosure second high resolution camera, the second sensor
enclosure first high resolution camera, and the second sensor enclosure

second high resolution camera, the method comprising operations of:

i. receiving a motion sensor signal from the motion sensor indicating
that the railroad corridor assessment platform is moving relative to
a railroad track below a minimum speed threshold programmed into

the computing system;

ii. activating the first inner shell motorized linear actuator to move the
first sensor enclosure inner shell from the first sensor enclosure
inner shell open position to the first sensor enclosure inner shell

closed position based on the received motion sensor signal,;

iii. activating the second inner shell motorized linear actuator to move
the second sensor enclosure inner shell from the second sensor
enclosure inner shell open position to the second sensor enclosure
inner shell closed position based on the received motion sensor

signal;

iv. activating the first LIDAR cap motorized actuator to move the first
sensor enclosure LiDAR cap from the first sensor enclosure cap

open position to the first sensor enclosure cap closed position; and

v. activating the second LiDAR cap motorized actuator to move the
second sensor enclosure LiDAR cap from the second sensor
enclosure cap open position to the second sensor enclosure cap

closed position.
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32.  The system for generating and interpreting point clouds of a rail corridor of

claim 25 further comprising:

a. a temperature sensor on the railroad corridor assessment platform in
electrical communication with the computing system and proximate to the

first sensor enclosure and the second sensor enclosure;

b. a heating and cooling system in electrical communication with the

computing system, the heating and cooling system further comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. an air duct for channeling air from the air blower to the first sensor

enclosure and the second sensor enclosure; and

c. the high-performance processor wherein the processor controls operations
of the heating and cooling system, and wherein the processor performs a
method for regulating air temperature in the first sensor enclosure and the

second sensor enclosure, the method comprising operations of:
i. receiving temperature data from the temperature sensor;
ii. activating the air blower; and

iii. activating the heater or the air chiller based on the received

temperature data.

33.  The system for generating and interpreting point clouds of a rail corridor of

claim 32 further comprising:

a. the first sensor enclosure further comprising at least one first sensor air

aperture through which air can directed across the first LIDAR sensor; and
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b. the second sensor enclosure further comprising at least one second sensor

air aperture through which air can directed across the second LiDAR sensor.

34. A method for generating and interpreting point clouds of a rail corridor, the

method comprising:

a. obtaining a first set of point cloud data using a processor and a first LiDAR
sensor oriented to scan along a first scan plane and attached to a railroad
corridor assessment platform wherein the first LiDAR sensor is in electrical
communication with the processor wherein the first LiDAR sensor is
housed in a first sensor enclosure further comprising a first sensor enclosure
LiDAR cap configured to move from a first sensor enclosure LiDAR sensor
cap open position in which the first LIDAR sensor is exposed to a first
sensor enclosure LiDAR sensor cap closed position in which the first
LiDAR sensor is not exposed, and from the first sensor enclosure LiDAR
sensor cap closed position to the first sensor enclosure LiDAR sensor cap

open position;

b. obtaining a second set of point cloud data using the processor and a second
LiDAR sensor oriented to scan along a second scan plane and attached to
the railroad corridor assessment platform wherein the second LiDAR sensor
is in electrical communication with the processor wherein the second
LiDAR sensor is housed in a second sensor enclosure further comprising a
second sensor enclosure LiDAR cap configured to move from a second
sensor enclosure LiDAR sensor cap open position in which the second
LiDAR sensor is exposed to a second sensor enclosure LiDAR sensor cap
closed position in which the second LiDAR sensor is not exposed, and from
the second sensor enclosure LiDAR sensor cap closed position to the second

sensor enclosure LiDAR sensor cap open position;

c. obtaining railroad corridor assessment platform attitude data using an
Inertial Measurement Unit (IMU) in electrical communication with the

Processor,
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d. obtaining geo-location data of the railroad corridor assessment platform
using a geo-location device in electrical communication with the processor;

and

e. combining the first set of point cloud data, the second set of point cloud
data, the railroad corridor assessment platform attitude data, and the geo-

location data to generate a combined point cloud using the processor.
35. The method of claim 34 further comprising:

f. identifying rail corridor features of interest found in the combined point

cloud using the processor;

g. creating an inventory of the identified rail corridor features of interest using

the processor; and

h. storing the combined point cloud on a data storage device in electrical

communication with the processor.

36. The method of claim 34 further comprising:

a. receiving pulses from a wheel mounted shaft encoder in electrical
communication with the processor and triggering a first sensor enclosure
first high resolution camera and a second sensor enclosure first high

resolution camera to obtain digital image data at the same time instances;

b. obtaining a first set of digital image data using the first sensor enclosure

first high resolution camera;

c. obtaining a second set of digital image data using the second sensor

enclosure first high resolution camera;

d. combining the first set of digital image data and the second set of digital

image data to form a combined set of digital image data comprising a
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plurality of digital images and generating a combined panoramic digital

image of a rail corridor; and

e. storing the combined set of digital image data on a data storage device in

electrical communication with the processor.

37.  The method of claim 36 further comprising colorizing the combined point

cloud using the combined set of digital image data and the processor.
38. The method of claim 36 further comprising:

a. triggering a first sensor enclosure second high resolution camera, a first
sensor enclosure third high resolution camera, a second sensor enclosure
second high resolution camera, and a second sensor enclosure third high
resolution camera to obtain digital image data at the same time instances as
the first sensor enclosure first high resolution camera and the second sensor

enclosure first high resolution camera;

b. obtaining a third set of digital image data using the first sensor enclosure

second high resolution camera;

c. obtaining a fourth set of digital image data using the second sensor

enclosure second high resolution camera;

d. obtaining a fifth set of digital image data using the first sensor enclosure

third high resolution camera;

e. obtaining a sixth set of digital image data using the second sensor enclosure

third high resolution camera;

f. combining the first set of digital image data, the second set of digital image
data, the third set of digital image data, the fourth set of digital image data,
the fifth set of digital image data and the sixth set of digital image data to

form a combined set of digital image data comprising a plurality of digital
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images and generating a combined panoramic digital image of a rail

corridor.

39.  The method of claim 37 further comprising geo-referencing the colorized

combined point cloud using a geo-referencing device.
40. The method of claim 39 further comprising:

a. housing the first LiDAR sensor, the first sensor enclosure first high
resolution camera, the first sensor enclosure second high resolution camera,
and the first sensor enclosure third high resolution camera in the first sensor

enclosure;

b. housing the second LiDAR sensor, the second sensor enclosure first high
resolution camera, the second sensor enclosure second high resolution
camera, and the second sensor enclosure third high resolution camera in the

second sensor enclosure;

c. blowing temperature-controlled air to the first sensor enclosure and the
second sensor enclosure using a heating and cooling system including an
air blower wherein temperature-controlled air is blown through an air duct
to the first sensor enclosure and the second sensor enclosure and wherein
the heating and cooling system is controlled by the computing system based
on temperature data received by a temperature sensor proximate to the first

LiDAR sensor and the second LiDAR sensor.
41. The method of claim 40 further comprising:

a. blowing temperature-controlled air through an aperture in the first sensor
enclosure adjacent to the first LIDAR sensor for blowing away flying debris
and precipitation from the first LIDAR sensor and to maintain the first
sensor enclosure LiDAR cap at a temperature above freezing to eliminate

the accumulation of frozen precipitation; and
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b. blowing temperature-controlled air through an aperture in the second
sensor enclosure adjacent to the second LiDAR sensor for blowing away
flying debris and precipitation from the second LiDAR sensor and to
maintain the second sensor enclosure LiDAR cap at a temperature above

freezing to eliminate the accumulation of frozen precipitation.

42. The method of claim 34 further comprising:
a. housing the first LIDAR sensor in the first sensor enclosure comprising:

i. a first LiDAR cap motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure LiDAR sensor cap for moving the first sensor
enclosure LiDAR sensor cap from the first sensor enclosure LiDAR
sensor cap closed position to the first sensor enclosure LiDAR
sensor cap open position or from the first sensor enclosure LiDAR
sensor cap open position to the first sensor enclosure LiDAR sensor
cap closed position depending on control instructions from the

computing system;

b. housing the first sensor enclosure first high-resolution camera in the first

sensor enclosure comprising:
i. a first sensor enclosure outer shell;

ii. a first sensor enclosure outer shell first aperture through which the
first sensor enclosure first high-resolution camera obtains digital

image data;

iii. afirst sensor enclosure inner shell configured to move relative to the
first sensor outer shell from a first sensor enclosure inner shell open
position wherein the first sensor enclosure outer shell first aperture

is open and the first sensor enclosure first high-resolution camera is
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exposed to weather outside the first sensor enclosure to a first sensor
enclosure inner shell closed position wherein the first sensor
enclosure outer shell first aperture is blocked by the first sensor inner
shell and the first sensor enclosure first high-resolution camera is

not exposed to weather outside the first sensor enclosure;

c. housing the first sensor enclosure second high-resolution camera in the first

sensor enclosure comprising:

i. a first sensor enclosure outer shell second aperture through which
the first sensor enclosure second high-resolution camera obtains

digital image data;

ii. the first sensor enclosure inner shell configured to move relative to
the first sensor enclosure outer shell from the first sensor enclosure
inner shell open position wherein the first sensor enclosure outer
shell second aperture is open and the first sensor enclosure second
high-resolution camera is exposed to weather outside the first sensor
enclosure to the first sensor enclosure inner shell closed position
wherein the first sensor enclosure outer shell second aperture is
blocked by the first sensor inner shell and the first sensor enclosure
second high-resolution camera is not exposed to weather outside the

first sensor enclosure;

iii. a first inner shell motorized linear actuator connected to the first
sensor enclosure inner shell and in electrical communication with
the processor for moving the first sensor enclosure inner shell from
the first sensor enclosure inner shell open position to the first sensor
enclosure inner shell closed position and from the first sensor
enclosure inner shell closed position to the first sensor enclosure
inner shell open position depending on instructions from the

Processor,
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d. housing the second LiDAR sensor in the second sensor enclosure

comprising:

i. a second LiDAR cap motorized linear actuator in electrical
communication with the computing system and connected to the
second sensor enclosure LiDAR sensor cap for moving the second
sensor enclosure LiDAR sensor cap from the second sensor
enclosure LiDAR sensor cap closed position to the second sensor
enclosure LiDAR sensor cap open position or from the second
sensor enclosure LiDAR sensor cap open position to the second
sensor enclosure LiDAR sensor cap closed position depending on

control instructions from the computing system;

e. housing the second sensor enclosure first high-resolution camera in the

second sensor enclosure comprising:
i. asecond sensor enclosure outer shell;

ii. a second sensor enclosure outer shell first aperture through which
the second sensor enclosure first high-resolution camera obtains

digital image data;

iii. a second sensor enclosure inner shell configured to move relative to
the second sensor outer shell from a second sensor enclosure inner
shell open position wherein the second sensor enclosure outer shell
first aperture is open and the second sensor enclosure first high-
resolution camera is exposed to weather outside the second sensor
enclosure to a second sensor inner shell closed position wherein the
second sensor enclosure outer shell first aperture is blocked by the
second sensor inner shell and the second sensor enclosure first high-
resolution camera is not exposed to weather outside the second

sensor enclosure; and
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f. housing the second sensor enclosure second high-resolution camera in the

second sensor enclosure comprising:

i. asecond sensor enclosure outer shell second aperture through which
the second sensor enclosure second high-resolution camera obtains

digital image data;

ii. the second sensor enclosure inner shell configured to move relative
to the second sensor enclosure outer shell from the second sensor
enclosure inner shell open position wherein the second sensor
enclosure outer shell second aperture is open and the second sensor
enclosure second high-resolution camera is exposed to weather
outside the second sensor enclosure to the second sensor enclosure
inner shell closed position wherein the second sensor enclosure
outer shell second aperture is blocked by the second sensor inner
shell and the second sensor enclosure second high-resolution camera

is not exposed to weather outside the second sensor enclosure; and

iii. a second inner shell motorized linear actuator connected to the
second sensor enclosure inner shell and in electrical communication
with the processor for moving the second sensor enclosure inner
shell from the second sensor enclosure inner shell open position to
the second sensor enclosure inner shell closed position and from the
second sensor enclosure inner shell closed position to the second
sensor enclosure inner shell open position depending on instructions

from the processor;
43.  The method of claim 42 further comprising;

a. detecting weather conditions outside the first sensor enclosure and the
second sensor enclosure using a climatic sensor in electrical communication

with the processor;
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b. activating the first inner shell motorized linear actuator to move the first
sensor enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position based on

information received by the processor from the climatic sensor;

c. activating the second inner shell motorized linear actuator to move the
second sensor enclosure inner shell from the second sensor enclosure inner
shell open position to the second sensor enclosure inner shell closed
position based on information received by the processor from the climatic

Sensor;

d. activating the first LIDAR cap motorized linear actuator to move the first
sensor enclosure LiDAR sensor cap from the first sensor enclosure LIDAR
sensor cap open position to the first sensor enclosure LiDAR sensor cap

closed position; and

e. activating the second LiDAR cap motorized linear actuator to move the
second sensor enclosure LiDAR sensor cap from the second sensor
enclosure LiDAR sensor cap open position to the second sensor enclosure

LiDAR sensor cap closed position.
44.  The method of claim 42 further comprising;

a. detecting movement of the railroad corridor assessment platform using a

motion Sensor;

b. activating the first inner shell motorized linear actuator to move the first
sensor enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position based on

information received by the processor from the motion sensor;

c. activating the second inner shell motorized linear actuator to move the
second sensor enclosure inner shell from the second sensor enclosure inner

shell open position to the second sensor enclosure inner shell closed
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position based on information received by the processor from the motion

Sensor;

d. activating the first LIDAR cap motorized actuator to move the first sensor
enclosure LiIDAR sensor cap from the first sensor enclosure LiDAR sensor
cap open position to the first sensor enclosure LiDAR sensor cap closed

position; and

e. activating the second LiDAR cap motorized actuator to move the second
sensor enclosure LiDAR sensor cap from the second sensor enclosure
LiDAR sensor cap open position to the second sensor enclosure LiDAR

sensor cap closed position.

45.  The system for generating and interpreting point clouds of a rail corridor of

claim 25 further comprising:

a. a temperature sensor in electrical communication with the computing
system and located proximate to the first LIDAR sensor and the second

LiDAR sensor;

b. a heating and cooling system in electrical communication with the

computing system, the heating and cooling system further comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. a duct for channeling air from the air blower to the first sensor
enclosure and the second sensor enclosure depending on
temperature data sent by the temperature sensor to the computing

system.
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46. A system for generating and interpreting point clouds of a rail corridor along
a survey path while moving on a railroad corridor assessment platform, the system

comprising:
a. arailroad corridor assessment platform;

b. a first LIDAR sensor configured to scan along a first scan plane, the first

LiDAR sensor attached to the railroad corridor assessment;

c. asecond LiDAR sensor configured to scan along a second scan plane, the

second LiDAR sensor attached to the railroad corridor assessment;

d. afirst sensor enclosure for protecting the first LiDAR sensor, the first sensor
enclosure further comprising a first sensor enclosure LiDAR cap configured
to move from a first sensor enclosure LiDAR sensor cap open position in
which the first LIDAR sensor is exposed to a first sensor enclosure LiDAR
sensor cap closed position in which the first LIDAR sensor is not exposed,
and from the first sensor enclosure LiDAR sensor cap closed position to the

first sensor enclosure LiDAR sensor cap open position;

e. a second sensor enclosure for protecting the second LiDAR sensor, the
second sensor enclosure further comprising a second sensor enclosure
LiDAR cap configured to move from a second sensor enclosure LiDAR
sensor cap open position in which the second LiDAR sensor is exposed to
a second sensor enclosure LiDAR sensor cap closed position in which the
second LiDAR sensor is not exposed, and from the second sensor enclosure
LiDAR sensor cap closed position to the second sensor enclosure LiDAR

sensor cap open position;
f. adata storage device;
g. an Inertial Measurement Unit (IMU);

h. ageo-location device; and
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i. ahigh performance computing system in electrical communication with the
first LIDAR sensor, the second LiDAR sensor, the data storage device, the
IMU, and the geo-location device, the computing system comprising a high-
performance processor wherein the processor controls operations of the first
LiDAR sensor and the second LiDAR sensor for obtaining and storing point

cloud data.

47.  The system for generating and interpreting point clouds of a rail corridor
along a survey path while moving on a railroad corridor assessment platform of claim 26

further comprising:

a. a temperature sensor in electrical communication with the computing
system and located proximate to the first LIDAR sensor and the second

LiDAR sensor;

b. a heating and cooling system in electrical communication with and
controlled by the computing system, the heating and cooling system further

comprising:
i. an air blower;
ii. a heater for heating air blown from the air blower;
iii. an air chiller for cooling air blown from the air blower; and

iv. a duct for channeling air from the air blower to the first sensor
enclosure and the second sensor enclosure depending on
temperature data sent by the temperature sensor to the computing

system.

48.  The system for generating and interpreting point clouds of a rail corridor of

claim 46 further comprising:

a. the first sensor enclosure further comprising:
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i. a first sensor enclosure inner shell comprising a first sensor
enclosure inner shell first aperture and a first sensor enclosure inner
shell second aperture, wherein the first sensor enclosure inner shell
is configured to move relative to the first sensor enclosure outer shell
from a first sensor enclosure inner shell open position wherein the
first sensor enclosure outer shell first aperture is in line with the first
sensor enclosure inner shell first aperture and the first sensor
enclosure outer shell second aperture is in line with the first sensor
enclosure inner shell second aperture to a first sensor enclosure inner
shell closed position wherein the first sensor enclosure outer shell
first aperture is not in line with the first sensor enclosure inner shell
first aperture and the first sensor enclosure outer shell second
aperture is not in line with the first sensor enclosure inner shell
second aperture resulting in (1) the first sensor enclosure outer shell
first aperture being blocked by the first sensor enclosure inner shell
to protect the first sensor enclosure first high resolution camera and
(2) the first sensor enclosure outer shell second aperture being
blocked by the first sensor enclosure inner shell to protect the first

sensor enclosure second high resolution camera;

ii. a first inner shell motorized linear actuator in electrical
communication with the computing system and connected to the
first sensor enclosure inner shell for moving the first sensor
enclosure inner shell from the first sensor enclosure inner shell open
position to the first sensor enclosure inner shell closed position and
from the first sensor enclosure inner shell closed position to the first
sensor enclosure inner shell open position depending upon control

instructions from the computing system; and

iii. a first LIDAR cap motorized actuator in electrical communication
with the computing system and connected to the first sensor

enclosure LiDAR sensor cap for moving the first sensor enclosure
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LiDAR sensor cap from the first sensor enclosure LiDAR sensor cap
closed position to the first sensor enclosure LiDAR sensor cap open
position or from the first sensor enclosure LiDAR sensor cap open
position to the first sensor enclosure LiDAR sensor cap closed
position depending on control instructions from the computing

system; and
b. the second sensor enclosure further comprising

i. a second sensor enclosure inner shell comprising a second sensor
enclosure inner shell first aperture and a second sensor enclosure
inner shell second aperture, wherein the second sensor enclosure
inner shell is configured to move relative to the second sensor
enclosure outer shell from a second sensor enclosure inner shell
open position wherein the second sensor enclosure outer shell first
aperture is in line with the second sensor enclosure inner shell first
aperture and the second sensor enclosure outer shell second aperture
is in line with the second sensor enclosure inner shell second
aperture to a second sensor enclosure inner shell closed position
wherein the second sensor enclosure outer shell first aperture is not
in line with the second sensor enclosure inner shell first aperture and
the second sensor enclosure outer shell second aperture is not in line
with the second sensor enclosure inner shell second aperture
resulting in (1) the second sensor enclosure outer shell first aperture
being blocked by the second sensor enclosure inner shell to protect
the second sensor enclosure first high resolution camera and (2) the
second sensor enclosure outer shell second aperture being blocked
by the second sensor enclosure inner shell to protect the second

sensor enclosure second high resolution camera;

ii. a second inner shell motorized linear actuator in electrical

communication with the computing system and connected to the
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second sensor enclosure inner shell for moving the second sensor
enclosure inner shell from the second sensor enclosure inner shell
open position to the second sensor enclosure inner shell closed
position and from the second sensor enclosure inner shell closed
position to the second sensor enclosure inner shell open position
depending upon control instructions from the computing system,

and

iii. a second LiDAR cap motorized actuator in electrical
communication with the computing system and connected to the
second sensor enclosure LiDAR sensor cap for moving the second
sensor enclosure LiDAR sensor cap from the second sensor
enclosure LiDAR sensor cap closed position to the second sensor
enclosure LiDAR sensor cap open position or from the second
sensor enclosure LiDAR sensor cap open position to the second
sensor enclosure LiDAR sensor cap closed position depending on

control instructions from the computing system.

49.  The system for generating and interpreting point clouds of a rail corridor of
claim 46 further comprising a climatic sensor in electrical communication with the

computing device.

50.  The system for generating and interpreting point clouds of a rail corridor of
claim 46 further comprising a motion sensor for sensing motion of the railroad corridor
assessment platform and wherein the motion sensor is in electrical communication with the

computing system.

51. A system for generating and interpreting point clouds of a rail corridor along
a survey path while moving on a railroad corridor assessment platform, the system

comprising:

a. arailroad corridor assessment platform;
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b. a first LIDAR sensor configured to scan along a first scan plane at an angle
of less than 90 degrees relative to the direction of travel of the railroad
corridor assessment platform, the first LIDAR sensor attached to the

railroad corridor assessment platform;

c. asecond LiDAR sensor configured to scan along a second scan plane at an
angle of greater than 90 degrees relative to the direction of travel of the
railroad corridor assessment platform, the second LiDAR sensor attached

to the railroad corridor assessment platform;

d. a first sensor enclosure for housing and protecting the first LIDAR sensor,
the first sensor enclosure further comprising a first sensor enclosure LIDAR
cap configured to move from a first sensor enclosure LiDAR sensor cap
open position in which the first LIDAR sensor is exposed to a first sensor
enclosure LiDAR sensor cap closed position in which the first LIDAR
sensor is not exposed, and from the first sensor enclosure LiDAR sensor cap
closed position to the first sensor enclosure LiDAR sensor cap open

position;

e. a second sensor enclosure for housing and protecting the second LiDAR
sensor, the second sensor enclosure further comprising a second sensor
enclosure LiDAR cap configured to move from a second sensor enclosure
LiDAR sensor cap open position in which the first LIDAR sensor is exposed
to a second sensor enclosure LiDAR sensor cap closed position in which
the second LiDAR sensor is not exposed, and from the second sensor
enclosure LiDAR sensor cap closed position to the second sensor enclosure

LiDAR sensor cap open position;
f. adata storage device; and

g. ahigh performance computing system in electrical communication with the
first LIDAR sensor, the second LiDAR sensor, the data storage device, the

computing system comprising a high-performance processor wherein the
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processor controls operations of the first LiIDAR sensor and the second
LiDAR sensor, and wherein the processor performs a method for generating
and interpreting point clouds of a rail corridor, the method comprising

operations of
i. obtaining a first set of point cloud data using the first LiDAR sensor;

ii. obtaining a second set of point cloud data using the second LiDAR

sensor; and

iii. combining the first set of point cloud data and the second set of point

cloud data to generate a combined point cloud.

52. The system of claim 51 further comprising:

a. the first LIDAR sensor configured to scan a back of a planar sign oriented
perpendicular to the direction of travel of the railroad corridor assessment
platform while the railroad corridor assessment platform approaches the
planar sign; and

b. the second LiDAR sensor configured to scan a front of the planar sign
after the railroad corridor assessment platform moves past the planar sign.

53. The system of claim 51 further comprising:

a. the first scan plane oriented at an angle of about 79 degrees relative to the
direction of travel of the railroad corridor assessment platform; and

b. the second scan plane oriented at an angle of about 101 degrees relative to
the direction of travel of the railroad corridor assessment platform.

54.  The system for generating and interpreting point clouds of a rail corridor of
claim 25 further comprising a first LiDAR cap motorized actuator in electrical

communication with the computing system and connected to the first sensor enclosure
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LiDAR sensor cap for moving the first sensor enclosure LiDAR sensor cap from the first
sensor enclosure LiDAR sensor cap closed position to the first sensor enclosure LiDAR
sensor cap open position or from the first sensor enclosure LiIDAR sensor cap open position
to the first sensor enclosure LiDAR sensor cap closed position depending on control
instructions from the computing system; and a second LiDAR cap motorized actuator in
electrical communication with the computing system and connected to the second sensor
enclosure LiDAR sensor cap for moving the second sensor enclosure LiDAR sensor cap
from the second sensor enclosure LiDAR sensor cap closed position to the second sensor
enclosure LiDAR sensor cap open position or from the second sensor enclosure LiDAR
cap open position to the second sensor enclosure LiDAR sensor cap closed position
depending on control instructions from the computing system.

55.  The method of claim 34 further comprising blowing temperature-controlled
air to the first sensor enclosure and the second sensor enclosure using a heating and cooling
system including an air blower wherein temperature-controlled air is blown through an air
duct to the first sensor enclosure and the second sensor enclosure and wherein the heating
and cooling system is controlled by the computing system based on temperature data
received by a temperature sensor proximate to the first LIDAR sensor and the second

LiDAR sensor.
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