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Fundamentals of Machme V|S|on for Railway Applications
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Machine Vision - What is 1t?

Machine vision is the technology and method used to
provide imaging-based automatic inspection and analysis.
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Machine Vision Key Components

Lighting
Machine
Vision

Computer/
Image , Triggering

Q)cessing :
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At the Center of a Machine Vision System are Cameras
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At the Center of a Machine Vision System are Cameras

Line Scan

CCD
Charged Coupled Device

CMOS
Complementary Metal-
Oxide Semiconductor




2017 MARTS Technical Conference — Indianapolis, Indiana

At the Center of a Machine Vision System are Cameras

CCD-Chip

Pholodiodes (Pixels) Wertical shift ragisters
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At the Center of a Machine Vision System are Camera(s)

Pixel Quantization

Area Sensor Digital Sampling
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Typically 8-bits for greyscale
Bonus Question: If black is represented by O
What value is represented by pure white?
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At the Center of a Machine Vision System are Camera(s)

Line Scan Sensor Digital Sampling Pixel Quantization
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Image Data Generated:

Area Scan Camera — Function of Number of Pixels (1MP, 2MP, 5MP. etc)
5 MegaPixel (B/W) = 5MBytes/Image.
Four spring packs/rail car= 20MB.
100 rail cars/train = 2 GB for one train.
25 trains/day = 50 GB even if we apply compression 5GB
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Data Generated:

Line scan camera — Function of the number Pixels as well (2K, 5K. Etc.)
If we have 1 mm per line scan

Rail car will require ~ = 30MB/Camera/Rail Car

100 cars x 14 cameras x 30 Mbytes per camera per car = 42 Gbhytes
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Lens and Filters for Machine Vision Systems

Ensures high quality input to the
sensors and not all lenses the same

Filters enable blocking certain

wavelengths
Filters can also reduce glare
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The art of illumination is critical to the MVS
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The art of illumination is critical to MVS
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Computer and Control Electronics:

- Climate Controlled Bungalow
- Electronics Rack ‘
- Industrial Computer

- Control Electronics

- Environmental Control
- Data Communications
- RFID System
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Triggering Considerations:

- Speed

- Change in speed considerations

- Stopping? Reverse?

- What component are we imaging?
- Directionality (Uni/Bi)

- Single or multiple image/camera

sampling? - -
Trigger | |
—»| <—Start Delay —» i< Start Delay
Frame Frame
Exposure N N+ 1
—»| < Start Delay —>| - Start Delay

Transmission Frame N Frame M + 1
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Trig

gering the System
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Software Imaging Consideration:

- Manual Image Review

- Automated Processing

- Blend (Manual/Automated)
- Types of Defects

Bonus Question:
If you know who this is a picture of
raise your hand.
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Software and Image Processing:

Bonus Question:

If you know what is wrong
with this truck raise your
hand?
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Software and Image Processing:
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Environmental & Site Considerations

 |nstallation location

« Sunlight

» Reflectivity
 Weather

 Diversity of fleet
 |nfrastructure Access
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Growing Number of Machine Vision Systems for Railway Applications:
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The Need for Machine Vision — North America RR

e ~200,000 Miles of Track
(Wrap the Earth 8 times)

- Wide Variety of Rall
Section Sizes

:
:
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Machine Vision for Rail Wear Assessment
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Machine Vision for Rail Surface
Evaluation
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Machine Vision for Rail Surface Evaluation
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The Need for Machine Vision North Amencan Rallroad
(Rough Numbers)

1.5 Million Cars/~12M Wheels

26,000 Locomotives/~300k Wheels
Diverse Fleet
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Machine Vision for Wheel Wear

18] x]

Aule Visw for Axle ' Car 26253:UP - 20031012 220622, Orientation ', Heading <"

lange._Thickness

Hollow_Tread Rim_Thickness B28_Wwhesl_Gauge

@ Selected

€ Selected

Gauge: 53.0150




2017 MARTS Technical Conference — Indianapolis, Indiana

Machine Vision for Wheel Wear




2017 MARTS Technical Conference — Indianapolis, Indiana

Machine Vision for Brake Shoe Evaluation
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Machine Vision for Truck Evaluation
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Machine Vision for Truck Evaluation
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Machine Vision for Truck Evaluation
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Machine Vision for Truck Evaluation
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Machine Vision for Coupler Evaluation
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Machlne V|S|on for Traln Scannlng

TA3H WAHT 04
FIAD MUAINUIA

TAIH WAHT 0%
FIRD HUAI¥UIA

A1 A0 Of 10 T e ot
l - A u '.‘vj\ 1»;,1. Ay ‘ ' um1 : .
:‘L*ﬂr.- 5'4&116\—‘3\ A A s O™ e o - #



2017 MARTS Technical Conference — Indianapolis, Indiana

Growing Number of Machine Vision Railway Applications:

Rolling Stock

1) Wheel Measurements
2) Brake Measurement
3) Truck Component Evaluation
4) Coupler Evaluation

5) Undercar

6) Tread Surface

7) Complete Train Scanning
8) Tank Cars Doors

9) And more coming..

.....

Infrastructure

1) Rail Measurements
2) Track Assessment
3) Fasteners

4) Tie Assessment

5) Joint Bars

6) Rail Surface

7) Right of Way

8) Vegetation

9) And more coming..
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Summary:

1) MVS have many design considerations
(cameras, lighting, resolution, triggering, etc.)

2) If integrated correctly can yield high resolution imagery for both manual
and automated analysis

3) MVS generate Big Data quickly

4) MVS have many environmental and site installation considerations

5) Currently a wide variety of machine vision applications already deployed

and more coming..
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