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The Utilization of Slot-Array Receiving Antenna, Pulse Ranging,
and Doppler Frequency Shift for Multi-Target Tracking in
Microwave and Millimeter-wave Multilane-Free-Flow
Electronic-Toll-Collection Systems

SHIEH Wern-Yarng, HO Chung-Ding, Wang Po-Jen, LEE Hua-Chin

(Telecommunication Laboratories, Chunghwa Telecom Co., Ltd., Taoyuan, Taiwan 326)

Abstract: Combining the idea of multiplexing in communication systems, the multi-target
tracking function in pulse-doppler radars, and the fine target-direction determination ability of
slot-array- antennas, an architecture for simultaneously performing multi-target tracking and
multi-data communication suitable for microwave and millimeter-wave multilane-free-flow
electronic-toll-collection systems is presented. This architecture can be utilized conveniently for
both active and passive on-board-unit systems. Another advantage of this architecture is that it can
identify the passing vehicles without on-board unit or with failed on-board unit from others which
carry out a normal transaction.

Key words: DSRC; ITS; ETC; multilane free flow
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Target Tracking Channel (&f+nAf)
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The Utilization of Slot-Array Receiving
Antenna, Pulse Ranging, and Doppler
Frequency Shift for Multi-Target
Tracking in Microwave and
Millimeter-wave Multilane-Free-Flow
Electronic-Toll-Collection Systems

Chunghwa Telecommunication
Laboratories
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An Architecture for Simultaneously
Performing :

* Multi-target tracking

» Multi-data communication

to Realize :

e Microwave and millimeter-wave multilane-
free-flow Electronic-Toll-Collection
Systems
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Single-Lane and Multilane-Free-Flow
Electronic-Toll-Collection Systems :
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Multilane-Free-Flow
Electronic-Toll-Collection Systems need :

* Trajectories of the vehicles passing through
the toll-collection plaza

* Simultaneously performing multi-data
communication and multi-target tracking

{5 CHTTL

To Realize Multilane-Free-Flow
Electronic-Toll-Collection System :

* Multiplexing (conventional communication
systems)

* Multi-target tracking (pulse-doppler radar)

¢ Fine direction-determination ability (slot-
array antenna)

3} CHTTL




Receivi
The e

. . -
Architecture : . A
f+sf (fHaf+sff+2Af+55
+ Separate emitting ) B 1D | D g
antennas for ‘ \ Antenna
different traffic ]
Radlatlon_>

lanes Pattern
» Different frequency

A
. A
bands for different \ D ; D
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§
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]

traffic lanes N A Travelling
. .. Direction
» Single receiving D
antenna for
common use \ I /
Traffic Lane
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The Arrangement of Frequency Bands

f+5f f+af+8f  f+2Af+8f

A A A A A A s
¢ Nt ci =
S f+Af F+0Af

* The carrier frequencies for down-link data
transmission are : f + nAf

* The carrier frequencies for target tracking
are : f+nAf+5f

n = 0,1,2,3 for Lanel, Lane2, ...
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The Determination of Target Direction
and Slot-Array Receiving Antenna

I ” DD D I
100000
A typical layout of 000 U 0000
slot-array Antenna ~[| 1 0 00 0 [ 0
- 000600010
00000000
0000010
1 D DU D v
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Sum and Difference Pattern
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Fine Target-Direction Determination

If the target isat 6 =0 then —%= 0

If the target is at the right side of the
antenna normal then §> 0

If the target is at the left side of the
A
antenna normal then =<0

A
For larger |#| we have greater IE'

;3 CHTTL u

Receiver — The Procedure of Signal Processing

Target Tracking Channel (5f+nAf)
8f




Down Conversion — Base-Band Signal Recovery

W [
=

i
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Some notation :

» Vehicles travel on two-dimensional surface
= Two degrees of freedom

 The target direction is sufficient for the
determination of target distance — with a
~ simple geometrical relation

 The accurate determination of target distance
with pulse ranging is not absolutely necessary

» The implementation of this architecture can
be greatly simplified

aCH'ITL 14




The Different Operation between Active
and Passive On-Board-Unit Systems :

* Passive systems — the on board unit
modulates and reflects the wave sent from
the road top unit

» Active systems — the on board unit can be
endowed with the ability of choosing a pre-
selected carrier frequency for up-link data
transmission according to its previously
received down-link carrier frequency

An Important Benefit of this Architecture :

* For vehicles without or with failed on board
unit there will be target-tracking signals in the
receiver but their up-link data-communication
signals are absent => The ability to identify
the vehicles without or with failed on board
unit




Conclusions (1) :

» Combing the ideas of multiplexing, fine
target-direction determination, doppler-
frequency shift, and pulse ranging the
simultaneously performing multi-target
tracking and multi-data communication in
microwave and millimeter-wave electronic-
toll-collection systems can be realized

* Suitable for both active and passive on-
board-unit systems

17
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Conclusions (2) :

* Owing to the two-dimensional movement of
travelling vehicles the high-resolution pulse
ranging is not absolutely necessary —
Simplifying the implementation of this
architecture

« This architecture has the ability of identifying
the passing vehicles without or with failed on
board unit from others which carry out a
normal transaction

{3 CHTTL 18




