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Study on Smart Seat Technology for Railroad Vehicles Using
Piezoelectric Sensors
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Abstract A study on smart seats for railroad vehicles was conducted using piezoelectric (PZT) sensors. For this
purpose, the concept of passenger friendly smart seats was defined, and a PZT sensor was selected as the optimum
sensor based on this concept. Using PZT sensors, simulation tests were performed using a sub-scale model railroad
vehicle. In these tests, the main functions of the smart seats were extracted and simplified to improve the
effectiveness of the simulation tests. Based on the test results, the system for smart seats proposed in this paper
was successfully verified using PZT sensors and the dedicated operation software for the system. This paper will
contribute to the improvement of services in high-speed rail systems through advances in ticket checking tasks.
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Table 1 Decision logic for illegal boarding from ticket

information and seat occupation

Seat Occupation Ti -
(Senser) _u:ket Information Sold Unsold
Ticket Sales lnfo.l |Train Location Info.l (Ticket Sales System)
H H Seat Informati
i Interaction i Interaction ?gen';;rgn:Q?" Occupied | Unoccupied | Occupied | Unoccupied
¥ Y H
YES| Print Seat Info Print Remain Time . i
ied? - Final D N | N | Abnormal N |

Oceupied? (LED, PDA etc) for Arrival (LCD) tnal Dectston orma orma orma

Alarm Service

Iteration

detecting seat occupation

Table 2 Performance comparison of sensors for

OOT:;VBET:ore Sensor Requirements
) Sensor Type
st M"“,::;Z':““ Adaptability | Cost Ec.
Photo Sensor A A A -
| END NO Arrival Alarm ON Proxmiy by ]
|' | ibration, Sound, etc. roximi aptability is low
{ibration Soun 2 Sensor A A ® L for Electrode Type
Pressure
Sensor b b b b B
System END
Load Cell ® ® ® L] -
Fiber Optic System is Simple,
Sensor L L L * but Expensive
Fig. 1 Basic concept of smart seats for railroad ) Op tmized for
. Hybrid Sensor [ ] [ ] [ ] A Seats
vehicles
@®: Good, A: Fair, X: Poor
Portable Device Display Remain Time PZT
',' L6 \ Sensing Occupation
\
! Arrival : ‘
L, GRS

1 ON/OFF :
' Button

Terminal
Train
e (N Channel)
Information

Sensing
Wireless Signal i
Signal Processing
Generation Unit eimimn
Arrival
Alarm
(Vibration)

Ticket
Sales.
Information

Display Seat Occupation

Fig. 2 Example of smart seats system applied to railroad vehicles
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Fig. 3 Appearance of experimental setup for a
simulation test
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08} LoadON
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Fig. 4 Signal characteristics of PZT applied to smart
seats
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