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Summary 

What’s inside the technology? 
 
Overview of measurement systems. 
 
What is the future of measurement? 
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Background on Sensors 
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Accelerometers 
•  Directly	measure	acceleraCon	
•  AcceleraCon	can	be	converted	to	Velocity,	Distance,	and	Force	

Piezoelectric	
Crystal	

Mass	

Voltage	

Piezoelectric	Accelerometer	
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Accelerometers 
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Accelerometers 
•  Directly	measure	acceleraCon	
•  AcceleraCon	can	be	converted	to	Velocity,	Distance,	and	Force	

Piezoelectric	Accelerometer	

Piezoelectric	
Crystal	

Mass	

MEMS	Accelerometer	

CanClever	Beam	

Mass	

•  Used	for	higher	acceleraCon	
•  Used	for	higher	frequency	vibraCon	

•  Used	for	lower	acceleraCon	
•  Used	for	lower	frequency	vibraCon	
•  Can	measure	“DC	Response”	

↑Voltage	
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Strain Gauges 
•  Directly	measures	strain,	which	can	be	converted	to	stress.		
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Strain Gauges 
•  Directly	measures	strain,	which	can	be	converted	to	stress.		

•  Voltage	change	can	be	measured	due	to	the	strain	gauge	resistance	
change.	

•  There	are	various	types	and	installaCon	pa%erns	of	strain	gauges.		
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Temperature Sensors 

Thermistors	and	RTDs	 Thermocouples	 Infrared	Sensors	

•  Uses	resistance	change	
to	measure	
temperature.		

•  Lower	cost	
•  Lower	temperature	

range	

•  Uses	voltage	change	
between	dissimilar	
metals	to	measure	
temperature.		

•  Higher	cost	
•  Higher	temperature	

range	

•  Measures	thermal	
radiaCon	

•  Non-contact	
measurement	

•  SensiCve	to	surface	
condiCons	
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Ultrasonic Sensors 
•  Can	measure	depth,	size,	and	orientaCon	of	internal	flaws	in	a	material		

Couplant	

Material	

Ultrasonic	Transmi%er/
Receiver	

Front	
ReflecCon	

Back	
ReflecCon	

Distance	
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Ultrasonic Sensors 
•  Can	measure	depth,	size,	and	orientaCon	of	internal	flaws	in	a	material		

Couplant	

Material	

Ultrasonic	Transmi%er/
Receiver	

Front	
ReflecCon	

Back	
ReflecCon	

Distance	

Flaw	

•  Uses	ultrasonic	waves	to	reflect	from	surfaces	and	measure	the	“Cme	of	flight”	to	
determine	distance.		
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Laser	

Camera	
Camera	Image	

distance	

Camera	and	laser	are	
fixed	relaCve	to	each	
other	

Use	locaCon	of	
laser	in	camera	
image	to	
triangulate	
distance	

Laser Triangulation Measurement 
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Laser	

Camera	
Camera	Image	

distance	
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 Laser &  Camera
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Ref	1	

Laser Triangulation Measurement 
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Laser Triangulation Measurement 
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“Line	Scan”	Cameras	
aka	“Slit	Scan”	

“Area	Scan”	Cameras	
aka	“Full	Frame”	

Works	like	your	standard	camera	Works	like	your	document	scanner	

Cameras 
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Line	Scan	Sensor	 Area	Scan	Sensor	

Light	is	converted	to	electricity	similar	to	a	solar	cell.		

Imagery	sensors	are	like	a	grid	of	very	Cny	solar	cells.		

Cameras 
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Distance/Location Measurement 

Wheel	Sensor	
Tachometer	

GPS	Antenna	
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Overview of  
Measurement Systems 

There	are	five	basic	categories	of	measurement	system.		
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Categories of Measurement Systems 

1)	Mounted	on	Vehicle	to	measure	the	Vehicle.	
	

System	 Accel	 Strain	 Temp	 Ultra-	
sonic	 Laser	 Camera	 Other	

Event	Recorder	 Pressure,	
Thro%le,	etc	

LocomoCve	Health	Monitor	 Pressure,		
Fuel	

Railcar	Health	Monitor	
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Categories of Measurement Systems 

2)	Mounted	on	Track	to	measure	the	Track.	
	

System	 Accel	 Strain	 Temp	 Ultra-	
sonic	 Laser	 Camera	 Other	

Rail	Stress	/	Temp	Monitor	

Bridge	Monitoring	

Landslip	Monitoring	 Displace-
ment	

Flood	Monitoring	 Water	
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Categories of Measurement Systems 
3)	Mounted	on	Vehicle	to	measure	the	Track.	
(Manned,	Unmanned,	and	Autonomous)	

System	 Accel	 Strain	 Temp	 Ultra-	
sonic	 Laser	 Camera	 Other	

Track	Geometry	Measurement	
System	

Rail	Profile	Measurement	System	

Ultrasonic	Rail	Flaw	DetecCon	

Ground	PenetraCng	Radar	 Radar	

Track	Component,	Joint	Bar,	&	Rail	
Surface	Machine	Vision	

V/TI	Monitors	

CorrugaCon	Measurement	

Clearance	Measurement	&		
3D	Scanning	
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Categories of Measurement Systems 

4)	Mounted	on	Track	to	measure	the	Vehicle.	
	

System	 Accel	 Strain	 Temp	 Ultra-	
sonic	 Laser	 Camera	 Other	

Dragging	Equipment	Detectors	 Displace-
ment	

Hot	Bearing	&	Hot/Cold	Wheel	
Detectors	
Wheel	Impact	Load	Detectors	&	
Truck	Performance	Detectors	

Truck	CondiCon	Detector	(TBOGI)	

AcousCc	Bearing	Detectors	 AcousCc	

Wheel	Profile	Detectors	

Cracked	Wheel	Detectors	

Machine	Vision	Systems	
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Categories of Measurement Systems 

5)	Mounted	on	Vehicle	to	measure	the	Vehicle	&	Track.	
	

System	 Accel	 Strain	 Temp	 Ultra-	
sonic	 Laser	 Camera	 Other	

V/TI	Monitors	

Instrumented	Wheelsets	
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Detailed Discussion of  
Measurement Systems 
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How	does	a	Track	Geometry		
Measurement	System	Work?	

Iner&al	Package	
“Measures	the	beam	
loca&on	in	three	

dimensional	space”	

Laser/Cameras	
“Measures	the	rela&ve	posi&ons	between	the	rails	and	the	beam”	
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Wheel	Sensor	

Example Camera Systems 
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Example Camera Systems 

Joint	Bar	
View	

Track	Bed	
View	
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Example Line Scan Images 
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Example Line Scan Images 
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Example Line Scan Images 
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Example Line Scan Images 
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Example Line Scan Images 
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Track	Measurement	 Vehicle	Measurement	
Truck	Condi&on	Monitor		

(TBOGI)	

Cracked	Wheel	Detector	

Truck	Performance	Detector	

Hot/Cold	Wheel	Detector	

Wheel	Profile	Detector	

Wheel	Impact	Load	
Detector	

Machine	Vision	

Track	Geometry	
Measurement	

Ultrasonic	Rail	Flaw	
Detector	

Instrumented	Wheelset	

Vehicle	Mounted	Rail	
Temperature	Measurement	

Rail	Profile	Measurement	
System	

V/TI	Monitor	Axle	Impact	

Machine	Vision	
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What is the Future of Railway 
Measurement Technology? 
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1) Field Inspections in the Office   

•  Increased	safety	

•  Increased	producCvity	and	savings		

•  AddiConal	increased	savings	from	
unmanned	and	autonomous	systems	
on	revenue	vehicles	

Virtual	Track	Walk	Sohware	
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2) Unmanned Aerial Systems (UAS) 
 aka Unmanned Aerial Vehicles (UAV) 

 
  aka Drones 

(But don’t call them Drones) 
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3) Unmanned Aerial Systems (UAS) 

MulC-Rotor	 Fixed	Wing	

•  Good	maneuverability	
•  RelaCvely	slow	speed	
•  Lower	alCtude	
•  20~40	minute	flight	Cme	

•  Good	for	flying	long	paths	
•  RelaCvely	fast	speed	
•  Higher	alCtude	
•  Several	hours	flight	Cme	

VerCcal	Take-Off	and	Landing		
(VTOL)	

•  Hybrid	of	mulC-rotor	and	
fixed	wing	
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USA	Regulatory	Items:		
–  FAA	regulates	UAS	operaCons,	not	the	FRA	
–  Currently	no	one	can	fly	beyond-visual-line-of-sight	(except	BNSF)	
–  Businesses	require	FAA	SecCon	333	ExcepCon	and	CerCficate	of	AuthorizaCon	(COA)	

•  Below	400’	alCtude	and	line-of-sight	operaCon	
•  500’	from	non-parCcipants	
•  5	miles	from	airports	with	excepCons	
•  Currently	5,114	SecCon	333	excepCons	have	been	granted	(including	3	railroads)	

–  BNSF	is	on	the	FAA	Pathfinder	Program	to	help	define	beyond	line-of-sight	operaCon	for	
the	US.					

–  The	first	commercial	beyond	line-of-sight	flight	in	the	USA	was	by	BNSF	in	October	2015!	

2) Unmanned Aerial Systems (UAS) 
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Questions? 


