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2.2 Sensor-integrated RFID Tags 
Maintenance-free and low-cost sensor-integrated RFID tags need 
to be developed to achieve this system.  Specifically, longer life 
of batteries and less power consumption for reducing required 
capacity are the top priority issues.

Fig. 2 is the block diagram of this system.  The sensor-
integrated RFID tags for this system employ ZigBee for the wireless 
communication component.  ZigBee is a wireless communication 
standard for sensor networks conforming to IEEE 802.15.4 that 
focuses on reduced power consumption and cost reduction1), 2).  
The sensor-integrated RFID tags use solar cells and electric double 
layer capacitors for power supply.  Low-price and high-performance 
solar cells have recently become available.  And electric double 
layer capacitors have longer life than ordinary secondary batteries, 
eliminating the need for power supply replacement.

JR East carries out inspections of overhead contact line systems 
using electric inspection cars a few times a year to maintain 
soundness of contact line equipment that supplies electric power 
to trains.  Electric inspection cars however can inspect only 
limited items, such as the positions and abrasion condition of 
main line contact wires and the configuration of crossovers and 
main lines.  Many items thus remain dependant on manual 
inspection.

Inspections of contact line equipment that spans long 
distances require a huge amount of labor, so efficient inspection 
methods need to be examined from a viewpoint of reducing labor 
and maintenance costs.  And to improve equipment maintenance 
quality, we need to identify signs of failures by continuously 
monitoring equipment conditions.

This article will cover the contact line equipment monitoring 
system and the overhead contact line condition monitoring 
system we are developing.  The purpose of these systems is efficient 
inspection and improvement of equipment maintenance quality.

Contact Line Equipment Monitoring 
System2

2.1 System Configuration
Fig. 1 shows the configuration of the contact line equipment 
monitoring system now under development.  In the system, 
sensor-integrated RFID tags are attached to compression joints of 
feeders (for temperature measurement) and automatic tensioners 
of contact lines (for spring displacement measurement) that 
are currently manually inspected by foot patrols.  Trains in 
operation equipped with data readers collect inspection data and 
equipment management data using the tags.  The system has 
an advantage that it needs no communication infrastructure to 
transmit inspection data.
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JR East’s new contact line equipment monitoring system is a system to collect inspection data of equipment using trains in operation 
and using sensor-integrated RFID (radio-frequency identification) tags.  In the development of this system, we produced prototype 
maintenance-free sensor-integrated RFID tags that use solar cells and electric double layer capacitors for power supply and carried 
out operation verification for them using a MUltipurpose Experimental train (MUE-Train) in the field.  As a result, we confirmed that 
temperature measurement data can be collected by a train running at a high speed of 110 km/h.  At the same time, we also produced 
a prototype of an overhead contact line condition monitoring system and installed it to the MUE-Train.  That system can identify 
defect points of the overhead contact line by detecting impact acceleration of pantographs.
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Fig. 2  System Block Diagram

Fig. 1  Configuration of Contact Line Equipment Monitoring System



12 JR EAST Technical Review-No.17

Special edition paper

2.5 Future Development
Based on the operation verification test results, we will investigate 
capacity of solar cells and electric double layer capacitors 
appropriate to practical use.  We will also study cost reduction 
and durability of sensor-integrated RFID tags to develop a 
displacement sensor for automatic tensioners of contact lines.

Overhead Contact Line Condition 
Monitoring System3

3.1 Monitoring of Overhead Contact Line Condition by 
Measuring Pantograph Acceleration

Pantographs sometimes receive impact when trains pass points 
on the overhead contact line system where metal fittings are 
missing or joints have failed.  When such accidents occur, the 
maintenance staff needs to patrol the section where that train had 
run to identify the point with the failure causing that accident.  
And that job ends up requiring much time and labor.  It is thus 
necessary, from a standpoint of prompt recovery and labor 
reduction, to study a method for rapid identification of failure 
locations.

To identify failure locations on the overhead contact line 
system, an effective method would be to equip accelerometers 
to pantographs to detect impact acceleration that occurs when 
passing a failure as shown in Fig. 63).  Applying this method to 
pantographs of trains in operation will enable constant monitoring 
of the overhead contact line condition.  Such monitoring will 
allow rapid identification of failure locations.  The method may 
also allow us to identify signs of failures.

3.2 System Configuration
Fig. 7 illustrates the configuration of the overhead contact line 
condition monitoring system.  Fig. 8 is a photograph of the 
system installed on the MUE-Train.

The system mainly consists of the following four units.
(1) Acceleration measuring pantograph
The acceleration measuring pantographs are, as shown in Fig. 9, 
equipped with acceleration sensors at the pantograph head and 
the pantograph head support.  Those pantographs can detect 
impact acceleration when passing failure locations on the overhead 
contact line.  The structure of the pantograph is based on that of 
the PS33D pantograph installed on series E233 trains.

2.3 Prototype System
Fig. 3 shows the prototype temperature sensor-integrated RFID 
tag for the compression joint of the feeder.  For this prototype, 
the capacity of the electric double layer capacitor is set to enable 
operation even without sunlight for three days.  Fig. 4 shows the 
prototype reader equipped to the MUE-Train.

2.4 Operation Verification Tests
We installed a prototype sensor-integrated RFID tags to 
the compression joint of the feeder in the field (between 
Suzumenomiya and Utsunomiya on the Tohoku Line) and 
carried out operation verification tests using MUE-Train.  The 
results proved that a train running at 110 km/h can collect 
temperature measurement data.  We also confirmed that the 
sensor-integrated RFID tag continued working even six months 
after being installed.
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3.3 System Functions
(1) Synchronized recording
Fig. 10 shows the screen of the analysis software for recorded data.  
The analysis software for this system allows us to simultaneously 
see acceleration data, contact loss arc and video of the measuring 
pantograph along with kilometerage and speed information.  
This function will contribute to early identification of failure 
locations and increased speed of research.

(2) Reporting when passing a failure point
The system is equipped with a reporting function.  With this function, 
the system transmits to locations such as the maintenance depot 
video and measurement data of the moment unusual acceleration or 
contact loss arc is detected (data for a few seconds before and after 
the event).  We are planning to use as the communications method 
WiMAX*1, which has been spreading in recent years.

(3) Batteryless operation
The measuring units of present test devices that measure 
acceleration of pantographs are driven by batteries, so periodic 
battery replacement is needed.  That is why constant measuring 
by trains in operation has not been implemented yet.  In this 
system, electric power is supplied to the measuring unit using 
the insulated transformer, so constant operation of the system is 
possible with no batteries.

(2) Measuring unit
This unit has a video camera that records overhead contact line 
condition and pantograph movement.  It also has an ultraviolet 
(UV) sensor to detect arcing that occurs when contact is lost 
between the contact wire and the pantograph.  The unit is further 
equipped with a synchronized image recorder that can record 
acceleration waveform, video and UV sensor data in a single 
file.  As the unit is connected with the acceleration sensor of the 
pantograph, it needs to constantly be in the same voltage as the 
pantograph (DC 1,500V).  Thus, the housing of this unit is fixed 
to the car body by insulators.

(3) Infrared transmitter/receiver and control PC
Measurement data recorded by the measuring unit is sent 
by infrared transmitter to the control PC via contactless 
transmission.  The control PC crosschecks the data with 
kilometerage information (information from the data depot and 
the driver duty card) and speed information.

(4) Power supply
The power supply has an insulated transformer that supplies 
electric power to the measuring unit which is used while DC 
1,500V is being applied.
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simultaneous measurement of pantograph acceleration data, 
video information, contact loss arcing, kilometerage and speed.  
In the future, we plan to collect acceleration data in running 
tests using MUE-Train and establish the threshold for overhead 
contact line failure point identification.

(4) High-speed data transmission via infrared communications
As this system handles video, a huge volume of data will be 
recorded (about 10 GB for one hour of recording, for example).  
Furthermore, extremely fast communications speed needs to be 
secured between that recorder and the control PC in order to 
operate the synchronized image recorder of the measuring unit 
online from the on-train control PC.  In light of that situation, 
this system uses infrared wireless LAN that can transfer data at 
up to 1.25 Gbps (approx. 20 times faster than ordinary wireless 
LAN).

3.4 Future Development
In future development, we will collect acceleration data in 
running tests using MUE-Train to establish the threshold for 
identifying failure points of the overhead contact line system.   
We will also study installation of this system to the next-
generation of commuter rolling stock.

Conclusion4
This report covered development of a contact line equipment 
monitoring system that collects inspection data of equipment 
using trains in operation via sensor-integrated RFID tags.  Since 
the sensor-integrated RFID tags for this system use solar cells 
and electric double layer capacitors as their power source, we 
expect the system to operate without power supply and battery 
replacement.  The results of system operation verification tests 
between Suzumenomiya and Utsunomiya on the Tohoku Line 
proved that trains running at 110 km/h can collect inspection 
data.  And we confirmed that the RFID tags have been working 
without being supplied with power six months after their 
installation.  We are thus planning to proceed with research to 
lower the cost of the RFID tags and develop a displacement 
sensor for automatic tensioners of contact lines.

Furthermore, we have made a prototype overhead contact line 
monitoring system that identifies the failure points by measuring 
impact acceleration of pantographs, and we have installed the 
prototype on MUE-Train.  This system has an advantage of 
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Note:
*1 WiMAX is a wireless communications standard for mobile 
communications that conforms to IEEE802.16e.  It will be 
possible to apply WiMAX for the data transmission from 
trains to wayside equipment.  In Japan, WiMAX can be used 
in the 2.5 GHz band for up to 40.4 Mbps downstream and 
10.6 Mbps upstream at a distance of 800 m/terminal.
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