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NXGEN

Track Inspection Technologies

Traditional Emerging

Manual measurements Machine vision systems

Human eyes Ground penetrating radar (GPR)

Rail flaw inspection Lidar

Rail profile measurement XRays

Track geometry measurement Track circuit measurements
Signaling and radio communications
measurements (ERTMS, GMSR, PTC)
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Machine Vision Capabilites

* Rail head inspection « Joint bars

- Broken rails — Cracks

- Wheel burns - Breaks

— Corrugation - Missing bolts

- Squashed heads  Third rail
* Broken or cracked concrete ties - Catenary
* Wooden tie condition - Height
- Fasteners — Stagger

- Wear Broken Joint Bar

* Anchors

Virtual track walk

Missing Fasteners

NXGEN
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& C & https://www.nxtrackcloud.com/inspection/details/5bf98cfd7cb8704890334abf o Q W QO W 0 :
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DWILCH Ul TuInout £12 1,900 1£4.£0
Switch or Turnout 215 1,562 128.61
CROSSLEVEL A 215 3,778 28.00
LEFT RAIL SURFACE 62 215 3,515 32.00
RIGHT RAIL SURFACE 62 A 215 2,410 73.00
LEFT RAIL SURFACE 62 A 215 2,410 99.00
Road Crossing 214 4268 3124
Road Crossing 214 425 2021
Switch or Turnout 213 2044 14874
Switch or Turnout 212 4787 12347
Lubricator 212 4606 545
Switch or Turnout 212 289 138.30
Missing Elastic Fasteners 217 3429 43
Road Crossing 210 4206 106.30
Missing Elastic Fasteners A 210 4166 11.20
Missing Elastic Fasteners A 210 4,158 2145
Ties without Anchors A 209 5190 288.77
WARP 62 210 1,716 65.00
Road Crossing 208 484 109.32
Switch or Tumout 207 3,987 21456
Switch or Turnout 207 1915 265.61
Road Crossing 207 s00 31.50
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GPR capabilites

Ballast depth

Depth to fouling

Ballast fouling index (Selig)

Ballast pockets
Water

Culvert health check

Subgrade analysis

Tie type

NXGER
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Harnessing GPR and machine vision technologies

L€ buSys Analysis

* Training machine vision

Clustering Configuration Editor

- Overcoming false positives NXTR ACK
— Using rules to provide useful information, not

Event type Clustered event comment
H u St d ata 1] Missing fastener default
J 2 Rail edge anomalies default
. . 3 Rail head anomalies default 5 edit clustering rul 2l =
— Clustering algorithms - s i e oot |
Event Comment: default

5 Tie cracks (cross fastener) default

— Moving windows =y

aaaaaaaaa

7 Ballast default Number of ties for sev. red:

— Increased productivity — 56.000 Kms per ¢ Comgtin T =
(1mport |

EEEEE | | cancel

annum with a crew of 3 people and one — -
vehicle

NXGEN




Data fusion to aid defect classification

 Extracting the useful bits

— Defects, conditions and context

e 0MTCA1I2382 29UTCH1I28 17 BRUGH 207513

- Ease of access

- Web enabled platforms,
interactive widgits

* Fusing databases

— Localization and data formats

NYXGEN




Using data fusion to help classify defects

« Track gauge compared with
tie and fastener condition

— A better understanding of the
problem helps the maintenance
planner to send out the right
repair instructions

Wide gauge defect on concrete
ties at a transition from concrete

NXGEN to wooden ties. The location has

several missing fasteners.




Using data fusion to help classify defects

« Ballast condition and
geometry o —xrx

R Directory Sliogout  EAccount 22 Administrator

— A correlation between ballast - . e D] = % W < > b O
fouling and surface geometry is L.

Missing Elastic Fasteners

emerging as more data gets
analysed LEFT RAIL SURFACE 62

LEFT RAIL SURFACE 62

Road Crossing
LEFT RAIL SURFACE 62
DIP 31

Road Crossing

Road Crossing a
LEFT RAIL SURFACE 62
>
Road Crossing
LEFT RAIL SURFACE 62

Road Crossing

Road Crossing

Road Crossing

N XG E N Rail Surface defect at locations with water

between the ballast and the subgrade next to

Road Crossing

LEFT RAIL SURFACE 62 a road CrOSSing

LEFT RAIL SURFACE 62
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NXGEN

CROSSLEVEL
CROSSLEVEL
DIP 31

TOP CHORD

GPR analysis shows
surface fouling that

extends to the full height

of the ballast across the
area of interest

Surface Ballast Fouling and Geometry Exceptions

Class Tk MP Feet Length

Depth to fouli is i i
epth to fouling This information can be

used to accurately plan
corrective maintenance
such as undercutting
and surfacing.

Ballast depth




Using data fusion to help classify defects

 Ballast condition compared
with track geometry

— A correlation between ballast : —— T
fouling and surface geometry is == - J -
emerging as more data gets s N
analyzed -
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Cross level defects at locations with a
variation in ballast depth to fouling on

one side of the track
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Using data fusion to help classify defects
» Depth to fouling vs Surface Geometry

30 Area with ballast fouling and surface perturbations
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Using data fusion to help classify defects

- Ballast fouling Index vs Surface Geometry
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Using data fusion to help classify defects

Surface
Geometry

Machine vision image



Using data fusion to help classify defects

 Rail Surface defects and rail - oy |
geometry

— Achain is as strong as its .o o e |

weakest link —_—

Rail Head Anomaly

Las carreteras donde més multa - X |+

Rail Head Anomaly
Rail Head Anomaly

Rail Head Anomaly

Rail Head Anomaly

RIGHT VERTICAL HEAD WEAR
RIGHT VERTICAL HEAD WEAR
Rail Head Anomaly

RIGHT VERTICAL HEAD WEAR
Rail Head Anomaly

Rail Head Anomaly

RIGHT VERTICAL HEAD WEAR
LEFT VERTICAL HEAD WEAR
Rail Head Anomaly

Rail Head Anomaly

Section of track with

Rail Head Anomaly

multiple rail head

Rail Head Anomaly

RIGHT VERTICAL HEAD WEAR anomalies and Worn

Rail Head Anomaly

.
LEFT VERTICAL HEAD WEAR ra I I

Event List Imagery




Using data fusion to help classify defects

» Automated analysis of S&C

- Geometry system to create
image of switch under dynamic
load and take measurements

— Machine Vision for fasteners,
joint bars, bolts etc..
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DIREZIONE PRODUZIONE

SCAMBIO INTERSEZIONE DOPPIO
DTP: FIRENZE C4L: LVO1
Linea: Troaco: LAVORILVO] FI SMN
Localits: FIRENZE SANTA MARIA NOVELLA Sede Tecaica: LO1325
CARRELL snao Data rilievi- 07_05_2014
Ozzetts dells misura: APPARECCHIO DEL BINARID N. 158238 Sede Tecaica: LO1325-BC-BC09-DEV-D09
CARATTERISTICHE CLASSE
Peste in Opera: 7162010 Ragzio Priscipale: 0 Cermiers: ELASTICT
Sighs: SLEOUNIITO0.12 dp. Ragzio Secondario: 170 Traverse: CEMENTO
Peus: sx Velocits sul Ramo Principale: 0 Masovra: ELETTRICA
Tipe Cuore: MANGANESE INCOLLATO Velocits ul Ramo Secendario: 30 Tipe Contrarotsia: UIC33
SCHEDA CONTROLLO MISURE
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Example from a switch report showing measurements




Using data fusion to help classify defects
* Machine Learning

- The above examples offer opportunities for integrated database systems to learn the
relationships between conditions in the track, and the correct remedial action to apply enabling
the system to prompt users with the optimal mitigation procedures in each case.

- The system can also provide historical information about how similar circumstances elsewhere
on the network were resolved.

» Successes achieved
- Safety

— As more systems like those we have described come on line and are being utilized by class one railroads in
North America, derailment numbers caused by track defects have been steadily decreasing.

- Efficiency

— Applying the right remedy in the most cost effective manner saves money, and increases network efficiency
reducing downtime for maintenance.

— Just one example: Shoulder cleaning vs undercutting. Knowing where to do each can save huge amounts of
time and cost.

NXGEN Money spent on testing is a high yield investment




