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Abstract

A 2.45 GHz wireless IC card system has been developed

for a non-contact type train station automatic gate system. This

system consists of a compact transmitter-receiver equipment

and non-contact wireless IC cards. The newly developed

technology used in this system comprises a small-size dual-

port slot antenna for the card, a modulation-demodulation

scheme for stable data transmission, and a co-channel carrier

allocation system for operation with multiple gates. Operation

of this wireless card system, with its newly developed tech-

nology, has been successfully demonstrated.

Introduction

At present, automatic gate systems (AGS) using magnetic

cards are widely used in train stations, as shown in Fig. 1.

Magnetic cards, magnetic-coated tickets or commuter tickets

are typically used, and in some systems, stored-fare magnetic

cards can also be used. In these systems, passengers must insert

their card into the slot in the gate and retrieve it from the

ejector after they pass through the gate. Therefore, passengers

with commuter or stored-fare cards must take the card out of

their pocket case before passing through the gate and insert it

into the slot. At peak commuter times (rush hours), the majority

of passengers use commuter cards, and are therefore incon-

venienced each time they pass through the gate.

In response to this, several companies in Japan have recently

developed non-contact type wireless IC card systems (WICS)

[1] [2] [3]. With a wireless IC card (WICC), the passenger

simply passes the card over the transceiver at the gate, without

inserting it into a slot. The WICC has greater memory capacity

than a magnetic card, and can incorporate a CPU, which allows

it to be applied to more sophisticated system, such as post-

payment card system.

However, the need still remains for more stable data

transmission between the card and the transmitter, and for a

reduction in the cost of the card.

We have developed a 2.45 GHz WICS with a very compact

transmitter using new technology that comprises a stable data

Fig. 1: Automatic Gate System in a Train Station
(Manufactured by Nippon Signal)

transmission system, a small-size dual-port slot antenna for the

WICC, and a single-carrier allocation system for use with

multiple gates.

The Nippon Signal Company has developed a new AGS,

shown in Fig. 2, which incorporates this newly developed WICS

and accepts both magnetic cards and WICCS.

This paper describes primarily the microwave section of

El

the 2.45 GHz WICS; the transmitter-receiver equipment, the ‘ ‘

small-size dual-port slot antenna, the modulation system used

to realize stable data transmission, and the single-carrier al-

location system for use with multiple gates.
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Axis of the Card

Outline of the Wireless IC Card System

The new WICS comprises a compact transmitter-receiver

equipment (TRE) connected to a control terminal, and a WICC,

as shown in Figs. 3 and 4. Block diagrams of the TRE and

WICC are given in Fig. 5, and specifications are given in

Table 1.

The TRE is very compact and radiates 100 mW of micro-

wave power at 2.45 GHz from a circularly polarized patch

antenna, which has a gain of about 6.0 dBi, using a highly

stable DR oscillator, The WICC is passed over the TRE by

hand, as shown in Fig. 3, at which point the WICC detects the

2.45 GHz microwave CW signal and activates a CPU mounted

in the WICC. The CPU starts to send a 64 kbps digital signal

to a phase modulator, (Fig. 5) which is mounted in the WICC

and has a very simple design based on a varactor diode. (The

WICC’S design has been made simple to realize cost reductions.)

The phase modulator modulates the 2.45 GHz CW microwave

signal, which is received by an antenna mounted in the WICC’S

substrate. The WICC then re-radiates the signal through the

same antenna. (Fig. 5) The antenna’s polarization is linear.

Therefore, the angle between the WICC and the patch antenna

mounted in the TRE can vary freely without disrupting com-

munication, as shown in Fig. 3, and either side of the WICC

can be used.

The TRE receives the phase modulated signal re-radiated

from the WICC, and demodulates it with a homodyne detec-

tion system. When the data transmission from the WICC to the

TRE and the data processing in the terminal are finished, the

TRE starts to send AM modulation signals modulated by a

64 kbps digital signal from the terminal. The WICC detects

this signal and writes the data to its memory.

Small-size Dual-port Slot Antenna [4]

Fig. 6 shows the newly developed small-size dual-port slot

antenna for use in the WICC. The pattern at the center of the

antenna acts as a loading capacitor to lower the resonant fre-

quency of the slot antenna. This, in turn, reduces the size of the

antenna.
Table 1: Specifications of The Wierless IC Card System

Carrier Freq.
~

2.45GHz

Radiat[on Power of TRE 100m W

Size of TRE 175x70 x25mm

Size of WICC &jxFJ4x1.5mm

Antenna of TRE ClrCUiar Polarized Patch Antenna

Antenna of WICC ~ Small-Size Slot Antenma

Communication Distance ! O–50cm

Moving speed of WICC 2m/s max

Data Bit-rate 64kbps
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Fig. 3: Position of the WICC for the TRE
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One port of the antenna is used for detecting the 2.45 GHz

microwave signal, and the other is used for receiving the

2.45 GHz microwave CW signal and re-radiating the phase

modulated microwave signal. This small-size slot antenna was

developed to leave more space for the WICC batte~, since the

battery’s capacity determines the service life of the WICC.

The slot antenna’s directivity is shown in Fig. 7. The gain

is about 4.0 dBi for one port operation, but for dual port op-

eration, the gain is about 1.0 dBi.

Modulation System for Stable Data

Transmission [5]

At the TRE, the polarity of the demodulated signal is de-

termined by the distance between the WICC and the TRE. This

is a doppler effect, and is expressed by the following equation:

S(t) = A “ COS {e(S) + TC(4/~) “d]

where “S(t)” is the demodulated signal, “Et(s)” is the phase of

the modulated microwave signal, “d” is the distance between

the WICC and the TRE, “A” is a constant, and “1” is the

wavelength of the microwave signal.

From this equation, if (4/Z) . d is even, then S(t) = A. cos

{(3(s)]. If (4/X) . d is odd, then S(t) = -A. cos {e(s)). There-

fore, when the WICC passes over the TRE, there are several

positions at which the polarity of the demodulated signal re-

verses, due to the changing distance “d’. At the moment of

polarity reversal, the demodulated signal will become very small

or zero. As a result, some signal errors will occur.

To get stable demodulated signals, a new and simple

modulation system has been developed. In this system, 0(s)

(64 kbps digital signal) is modulated by a high frequency sig-

nal, fm, as shown in Fig. 8(b). The signal received at the TRE

is expressed by the following equation:

S(t)~ = A. cos {9(s). (1-COS (2nfm. t))/2+n(4/1). d].

The clock frequency of the CPU is 500 kHz, and has been

selected to be fm. The demodulated signals for d = even, even

+ 1/2, and odd are shown in Fig. 8(c). Using these signals, f3(s)

can be stably regenerated as shown in Fig. 8(d).

(a) Original Digital Signal

~

(b) Modulation Signal

13(s). (1 -COS (27T fm)t)/2

(c) Demodulated Sigflal

d = even

d= even + 1/2

d = odd

‘d) ’ege”era’edsigna’ n n

Fig. 8: Demodulated Signals of New Modulation System

(a) Measured directivrty of E plane (b) Measured directivity of H plane

Fig 7: Maasurad Directivity of tha Dual-port
Slot Antenne
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Single-carrier Allocation for Multiple
Gate Operation

For operation of multiple gates, a co-channel allocation

system has been developed to effectively utilize frequency

resources. In this system, each oscillator is phase locked, as

shown in Fig. 9. Therefore, each TRE uses a single carrier

frequency. The spectrum for the received signal of one TRE

(including the desired signal from the WICC, and the interfer-

ence single, which is the other TRE’s modulated transmitting

signal) is as shown in Fig. 10. The interference signal’s spectrum

is in a lower frequency band, below about 150 kHz, whereas

the desired signal is in a higher frequency band, with most of

the energy around the 500 kHz fm. Consequently, the inter-

ference signal can be rejected by a high-pass filter inserted in

the front end of the preamplifier of the demodulator.

Conclusions

A 2.45 GHz wireless IC card system has been developed.

It comprises a compact transmitter-receiver equipment con-

nected to a control terminal, a wireless IC card that contains a

small-size dual-port slot antenna, a new modulation system for

realizing stable data transmission, and a single-carrier alloca-

tion method for use with multiple gates. This wireless card

system using these newly developed technologies has been

successfully demonstrated, and the authors hope it will prove

a useful advance in the field.

ACKNOWLEDGEMENT

The authors express their gratitude to T. Haga and T. Kimura for their

measurement support.

REFERENCE

[1]

[2]

[3]

[4]

[51

K. Goto “Contact-Free IC Cards for The New Railway Ticket Sys-

tem” IEEE TOKYO SECTION Denshi Tokyo No. 30, pp. 164-167,
1991.
M. Ohyamaet al. “Application of Wireless Card to Wireless Train

Pass Card System” Toshiba Review, VOI 47, No. 6, pp. 477-480, June

1992.

S. Haruyama, “Technology of Microwave ID Card System”, Trsosis-

tor Technology, VOL 29, No.5, pp. 21-29, May 1992.
K. Konno, H. Wada, K. Matukawa, “Small-sized Slot Antenna for ID
Card, 1992 Asia-Pacific Microwave Conference Digest, Adelaide,

pp. 141-145.

H. Wada, K. Matukawa, K. Konno, “Contact-Free Card System using

2.45 GHz for FIT’, 1992 National Convention Record I.E.E. JAPAN,

INDUSTRY APPLICATIONS SOCIETY, pp. 111-112.

Interference Signal From TRE B

Card A \

\\ ‘,
Card B

\\

Desired Signal~

,,/===+

TRE A

Gate A
k

\
Phase Locking Signal

Fig. 9: Phaae Locking System

Fig. 10: Spectrum of Desierd and Interference Signal

800


