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JR East has introduced an ultrasonic pantograph thickness measuring system (hereinafter, the “current system”) in order 
to reduce labor required for railway rolling stock maintenance and reduce work risks and conducted automation of 
contact strip thickness measurement.  Image processing technologies have advanced greatly in recent years and flexibility 
to handle a variety of contact strips and further cost reductions are demanded, so we developed a stereo camera type of 
pantograph contact strip measuring system (hereinafter, the “developed system”).  The developed system automatically 
detects when rolling stock enters the inspection area and automatically records pantograph images with a stereo camera.  
Triangulation and image analysis are used on the image obtained to calculate the amount of wear.  The system has a 
function to automatically issue a warning on a terminal when calculation results show that replacement is needed.  And 
by displaying the image on a terminal, inspection personnel can confirm the condition of the pantograph.  We conducted 
long-term durability tests and have confirmed that the system has sufficient measuring accuracy.  Environmental impact 
such as from sunlight, snow, and the like in different seasons was evaluated and improvements made, and the system 
can now be applied to pantographs of differing shape.  As a result of long-term durability tests, we have judged that the 
developed system can be applied to practical use. 

2. Overview of Developed System

The developed system calculates the wear of contact strips using triangulation from images recorded by a stereo camera 
(two cameras built in to one unit).1)  Fig. 1 shows a mechanical composition diagram of the developed system, and the 
following describes its operating procedures. 
(1) Body detection sensor detects rolling stock.
(2) System switches to recording mode (lighting device illuminates and pantograph detection sensor and RFID start up).
(3)  Pantograph is recorded by stereo camera when pantograph detection sensor detects pantograph (recorded each time 

pantograph detected).  
(4) Train set number is read from RFID data.
(5)  After car passes, system switches to standby when body detection sensor does not detect vehicle present for a set period of time.
(6)  Image processing is performed, and results are automatically displayed on technical control room terminal, and alarm 

activates when abnormality detected. 
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Fig. 2 shows an overview of wear calculation with the developed system.  Contact strip edge is detected from two 
images recorded by stereo camera.  3D coordinates of the edge are calculated by triangulation from position of detected 
edges.  Amount of wear is calculated from distance between the edge and a straight line between reference points on the 
ends of the edge.  Wear is calculated in increments of approx. 0.4 mm (29 megapixels, recording distance approx. 4.8 m 
point) in a direction parallel to the sleepers to achieve high resolution. 

3. Measurement Accuracy of Developed System

In order to evaluate measuring accuracy of the developed system, we compared values measured manually by laser 
measuring device and values measured by the system.  Fig. 3 shows evaluation points used in verification of measurement 
accuracy.  Evaluation was done at six points: thinnest point of contact strip and the following five points set in a direction 
parallel to the sleepers.  17 pantographs were sampled, and wear found by the developed system (negative value) minus 
measured wear (negative value) was calculated as error. 
(1) Thinnest point: Position with most wear in principal strip area
(2) Point 1: Position 350 mm left of contact strip center on auxiliary strip 1
(3) Point 2: Position 135 mm left of contact strip center in center position of principal strip 1
(4) Point 3: Center point of contact strip (joint of principal strip 1 and 2)
(5) Point 4: Position 135 mm right of contact strip center in center position of principal strip 2
(6) Point 5: Position 350 mm right of contact strip center on auxiliary strip 2

Fig. 4 shows error distribution of all six evaluation points calculated by comparing with measured values, and Table 1 
shows average value of error and standard deviation at each evaluation point.  From Fig. 4, we were able to confirm that 
error distribution has a shape similar to that of normal distribution. 

Fig. 2  Overview of Wear CalculationFig. 1  Mechanical Composition Diagram of Developed System
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As shown by Table 1, average value of error at each evaluation point is a positive value for auxiliary strips and becomes negative 
closer to the center of the contact strip.  And for standard deviation, values are large toward the center of the contact strip.

A negative value of -0.51 mm for the average value at the thinnest point of the contact strip means wear is being 
measured as greater than it actually is and possibly of wear limit being exceeded tends to be low.  And at standard 
deviation for the thinnest part, when evaluated to be 3σ, it is -1.89 mm < average value ±3σ < 0.87 mm, with a maximum 
of 0.87 mm.  Error on the unsafe side (in other words, contact strip thickness is measured to be greater than actual) is 
1 mm or less, so this is thought to be sufficient as measuring accuracy.

4. Influence of Weather

4.1 Reduction of Effect of Sunlight by Light Adjustment
One downside of stereo cameras is that they are easily affected by ambient light.  Edge detection in image analysis 
recognizes edges from difference in brightness between the side and top of the contact strip, and position and elevation 
of the sun affects detection accuracy.  The developed system projects with six lights at the appropriate positions to reduce 
the effect.  Fig. 5 shows the lighting adjustment tool developed for adjusting lighting and the targets of lighting.  The 
lighting adjustment tool is equipped with a laser pointer for positioning and diaphragm plate for narrowing lighting.  It 
has a structure where it is attached when adjusting lighting, making identification of lighting position easy.  Lighting 
targets show appropriate positions for receiving light and have a structure that enables illuminance measurement.  Fig. 6 
shows illumination results after adjusting lighting.  Appropriate lighting conditions were calculated using simulation, 
and comparisons were made with actual measurements at nine evaluation points (A to I) to evaluate.  From the results 
in Fig. 6, we confirmed that values higher than simulation values were shown at all illuminance measurement points.  
Lighting was adjusted according to the above, and we confirmed that edge detection accuracy is improved.

Table 1  Average Value and Standard Deviation of Error at Each Evaluation Point

Thinnest 
part Point 1 Point 2 Point 3 Point 4 Point 5 Total

Average value 
(mm) -0.51 0.06 -0.09 -0.62 -0.31 0.11 -0.23

Standard 
deviation (mm)  0.46 0.29  0.41  0.48  0.42 0.31  0.49

Fig. 6  Illuminance Results after Lighting Adjustment Fig. 5  Lighting Adjustment Tool and Lighting Target
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4.2 Countermeasures Against Pantograph Detection Sensor Malfunction due to Snow
In snowfall, images were recorded when there was no pantograph present (blank images).  This was due to malfunction 
of pantograph detection sensors, and the cause was discovered to be infrared light of pantograph detection sensors being 
blocked by snow particles.  Fig. 7 shows an outline of the improved pantograph detection sensor.  A structure was adopted 
where lens units are installed on both the light emitter and receptor of the pantograph detection sensor.  With that, the 
optical path broadens from the light emitter and converges at the receptor side.  In snowfall tests, we confirmed that the 
optical path is not blocked by particles the size of snow and malfunction does not occur. 

5. Deployment to Other Models

Fig. 8 shows the results of edge detection processing for Series EV-E310 pantographs.  Series EV-E310 pantographs are 
a special model where an additional contact strip is placed between the two contact strips.  Because the space between 
contact strips is small, edge detection by the current system was difficult with this structure.  However, edge detection 
accuracy was confirmed to be sufficient with the developed system.  Moreover, when adding other pantograph models, 
modifications and the like needed to be made with the current system.  But edge information could be added as teaching 
data with the developed system to enable quick and low-cost response at times such as adding models.

6. Conclusion

The system for measuring pantograph contact strips by stereo camera developed this time is highly expandable with 
sufficient measurement accuracy for practical application and is not easily affected by weather.  And it uses general 
purpose cameras instead of special sensors and the like, so reduction in equipment maintenance expenses is expected with 
lower costs for parts.  Into the future, we will work for early practical introduction and contribute to labor reduction and 
reduction in equipment maintenance expenses for pantograph-related maintenance.
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Fig. 8  Contact Strip Edge Detection Processing Results with EV-E301
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Fig. 7  Outline of Improved Pantograph Detection Sensor


