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A new vision for wagon

Machine vision technologies
have the potential to increase
both the effectiveness and
efficiency of freight wagon
safety inspections thereby
helping to improve safety, lower
costs, and increase productivity.
Semih Kalay, vice-president,
technology, and James Robeda,
senior engineer with
Transportation Technology
Center Inc (TTCI), chart the
progress and look at the
challenges ahead.

HE number and types of
I detectors with internet data

access capability has grown
rapidly in North America as new
technologies come on line. At the latest
count, North American railways have
136 wheel impact load detectors (Wild),
25 bogie performance detectors (TPD),
seven wheel profile measurement
systems (WPM), and 13 acoustic
bearing detector systems (ABD).
More are on order or in capital
spending plans. Machine vision and
other technologies being developed by
TTCI in partnership with suppliers
worldwide will be available within the
next few years.

Machine vision technology has been
used in manufacturing for some time.
The technology lends itself to
performing routine inspections where
repetition and inspector fatigue are
issues or where environmental
conditions hinder or preclude manual
inspection. In recent years, railway
applications have been in detectors such
as WPM and brake shoe measurement
(BSM) systems.

The technology can enhance the
inspection process because it is
objective rather than subjective, and it
provides historical data that can be
used for trending and preventative
maintenance. Using advanced
technologies to enhance the wagon
inspection process offers an opportunity
to lower costs and increase productivity.

Machines can objectively inspect
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The first prototype automated safety system was installed by Union Pacific in 2008.

wagons without tiring or becoming
distracted and can also focus on certain
parts of the wagon not easily seen by an
inspector on the ground.

As capacity in yards is increasingly at
a premium, improving inspection
efficiency should increase yard
throughput. By automatically
inspecting trains as they enter or leave
terminals, machine vision inspection
systems eliminate the need to hold a
train for manual inspection.

In a railway application, a machine
vision inspection system uses an array
of high-speed digital cameras and either
strobe or continuous lighting to capture
images of the wagons as a train passes
an installation at line speed. Computer
algorithms are used to positively
identify components of interest and
objectively assess their condition based
on user defined thresholds.

This process is completely automatic
from image acquisition through
algorithm assessment to final
notification. Inspection time and
inspector subjectivity is eliminated and
a vehicle condition report can be
generated with exception reports
automatically transmitted to the
appropriate locations.

A natural extension of this technology
is the inspection of the entire wagon
including car-bodies, safety appliances,
and undercarriages. However, this
presents significant challenges which
are being addressed. The wide variation
of wagon types, safety appliance

locations and design, and undercarriage
configurations requires a very robust
recognition algorithm as well as
extensive image acquisition and
difficult lighting solutions.

Three machine vision systems are
being developed under the Association
of American Railroads’(AAR) Strategic
Research Initiatives (SRI). The
Automated Safety Appliance Inspection
System (Asais) assesses the condition of
a wagon’s safety appliances, such as
ladders, handholds and sill steps. The
Automated Inspection of Structural
Components system (AISC) evaluates
the condition of the wagon’s
underframe and structural members.
The Fully Automated Train Scanning
System (FATSS), currently under
development, will create a complete
image of the top, sides, and
undercarriage of each wagon in a train.

Through extensive testing at the
Transportation Technology Center
(TTC) in Pueblo, Colorado, TTCI has
evaluated two machine vision systems
capable of automatic inspection of the
safety appliances on coal wagons using
high-speed digital video cameras,
lighting, and other sophisticated
electronic equipment. As a train passes
the Asais, a digital video of the train is
recorded at up to 56km/h. Machine
vision algorithms identify the safety
appliances on wagons and detect
defects. TTCI worked with
Tecnogamma, Italy, and BeenaVision,
United States, to develop Asais.
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safety

Tests conducted between 2008 and
2010 indicate that the systems can
detect defects on coal wagons at rates
better than 98%, with a false positive
reading of less than 8%. This means
safety appliance defects can be detected
reliably using machine vision
technology, although work is underway
to reduce the false positive rates to
below 2%. The majority of false positive
reports were triggered because the
system failed to detect a safety
appliance and reported it as missing.

In addition to the work continuing at
TTC’s Facility for Accelerated Service
Testing (Fast), both suppliers are getting
ready to install prototypes in revenue
service. These will be used to verify test
results, evaluate real world
performance, and provide feedback as
to overall system performance compared
with current inspection methods.

The first prototype installed on Union
Pacific Railroad has been collecting data
on safety appliances since December 18
2008 (pictured left). Another prototype
was installed on Norfolk Southern in
June this year.

Work completed on Asais is being
used to develop additional applications
of the technology to inspect other
wagon types, such as box, covered
hopper, tank, and intermodal. Testing of
Asais indicates that the systems are
capable of detecting safety appliance
defects.

A new machine-vision-based wagon
inspection system called AISC was
developed under the AAR’s SRI
programme last year to evaluate the
condition of a wagon’s underframe and

related structural members. This is part
of the ultimate goal to deploy a
network of wayside inspection sites
feeding a centralised database to create
a “ticket to ride” for every wagon in
North America.

A railway machine vision inspection
system uses an array of high-speed
digital cameras and either strobe or
continuous lighting to capture images
of wagons as a train passes an
installation at line speed. Computer
algorithms are used to positively
identify components of interest and
objectively assess their condition based
on user defined thresholds.

This process is designed to be
completely automatic, from image
acquisition through algorithm
assessment to final notification.
Inspection time and inspector
subjectivity is eliminated and a vehicle
condition report can be generated with
exception reports automatically

transmitted to the appropriate locations.

Proof-of-concept

An initial proof-of-concept
demonstration of AISC was conducted
by the University of Illinois (UI) at
Urbana-Champaign in 2008.
BeenaVision was contracted to develop
a prototype for proof-of-concept tests,
which was installed at Fast. Initial
testing demonstrated its ability to take
high-resolution images of the wagon
underframe as the train passed at up to
64km /h. Results showed that the
system was able to capture images for
processing.

The prototype was redesigned to
reduce shock and vibrations at higher
speeds, and to have double layer
camera enclosures for vibration control,
a blower mechanism to protect camera

The automated wagon undercarriage inspection system at Fast.
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and lens, and a new lighting system
installed on shock isolated plates.
Further development will focus on
image assessment and defect detection.

The imaging and processing
capabilities demonstrated by Asias and
AISC have prompted the development
of FATSS. An array of cameras and
lights create a complete image of the
top, sides, and undercarriage of each
wagon in a train (see photos below).

The ability to image the entire wagon
opens the possibility for several
applications. Lower positioned cameras
provide detailed images of bogies,
brake gear, and draft pocket
components that can be scanned for
defects and unusual wear. Side-
mounted cameras offer an opportunity
to quickly identify imbalanced loads,
unsecured lading, and various car-body
defects. A top-mounted camera permits
easy evaluation of top chord and
interior bracing in coal hoppers. FATSS
also provides an excellent opportunity
to add security applications, such as
foreign object detection and tank wagon
assessment.

Test results clearly indicate that a
combination of technology-driven
wagon inspection equipment and
performance-based inspections can
replace in-bound and out-bound
inspections performed by yard
inspectors. Machine vision applications
hold great promise for the future of the
train inspection process. Many
challenges remain, but progress is being
made in meeting and overcoming these
obstacles and improving the overall
inspection process. IRJ

Fully-automated train scanning system
installed at Fast.
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