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Abstract (Key words: Longitudinal llision avoidance radar, folded reflectarray,
narrow beam, millimeter-wave circuits)

Among the various components of the advanced vehicle control and safety
system in ITS the collision avoidance radar (CAR) plays the key function, which
utilizes the advanced communication and control technology to sense the environment
so asto warn the driver of the potential hazard in his’/her path. The CAR is generally
grouped into three kinds, that is, the longitudinal CAR, the lateral CAR, and the
backward CAR, in which the longitlinal CAR is a longlistance forwardlooking
radar and serves the most important role for preventing damage collision. This is
because that this radar does not only sense the existence of the potential obstacles, but
also detect the obstaclesrelative diections, distances, and velocities. To achieve
these requirements, the millimeteiwave (MMW) technology is the most promising
technology to implement the longitudinal CAR due to both high reliability and high
position resolution.

The goal of this projectis to develop aMMW longitudinal collisioravoidance
radar in three years. The radar operates at 38 GHz and adopts
frequency-modulation continuous wave (FMCW) for both distance and velocity
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detection. Three major parts are included in the radar, i,ehe MMW antennas, the
millimeter-wave transceiver circuits, and the FMCW circuitbn this yeaig
millimeter-wave (38.1 to 38.4 GHzjransceiver and folded microstrip reflectarray
antenna with beam steering are developed for autonomous cruise control (ACC) radar
applications. The transceiver has an output power ofl0.6 dBm for transmitting and
about 7dB conversion loss for zero IF receng. The folded reflectarray antenna,
which is composed of several hundreds of microstrip antennas, hae antenna gain
of 25dBi, side-lobe-level of -15dB SLL, and 3-dB beamwidth of 4.6°.



1. INTRODUCTION form a frequency locked loop, which provide
In a radar systema radio signal is clean souse and high linear sweeping frequency.
transmitted outward from madar sensor  Fig. 2 to Fig. 4 show the photos ofthe finished
The radio wave then propagates through the transceiver circuits. The measured output
surrounding media and isreflected back tothe  power and conversion loss of the integrated
sensor by objects in its path. The distances transceiver are presented in Fig. 5 and Fig. 6,
and the relative speedsof the objects can then  respectively. It is seen from Fig. 5 that the
be determined from these echoesMany output power is arouriD.6 dBm from
different types of radar exist varying from 38.1GHz to 38.4GHz. Ao from Fig. 6, it is
the very basis to multimillion-dollar systems. observed that, for the receiver performance, the
The beauty of radar is that it allows eonversion loss is about 7 dB This implies
extension of senses. Vision only works when that, without a lownoise amplifier (LNA), the
the environment is lit and clear of smoke, noise figure is 7 dB. The performances well
clouds, snow etc. Radar alows one to see or agreement with the gain budget.
detect objects in the dark or behind clouds or
objects that are tens and even hundreds of . DESIGN AND ME3UREMENT OF
miles away. In the automotive applications THE ANTENNA
many radar designs use FMIGV Fig. 7 presents the photo of the finished
technology. The front-end configuration of  folded microstrip reflectarray.The antenna
the radar sensor presented in thgaper is  structure contains three parts: mairreflector,
suitable for the use of the FMCW technology = sub-reflector, and a feed antenna.  The main
and fillsa niche in the vehicle radar sector. reflector includes hundreds of microstrip
antennas used to produce twisted readiated
2.DESIGN AND MEASUREMENT OF fields and provide phase compensation for
THE TRANSCEIVER focusing. The subyeflector parallel with the
In order to design aradar system that is main-reflector is made of a substrate printed
small and cost effective, the design processis  with higldensity metal grid, which is
broken into modulesThe module are transparent to one polarization but would
designed individually using commerciallyreflect the other polarization. The feed
available microwave design softwantenna is a microstrip patch antenna located
(MWOffice 4.2) and then integrated together on the main reflector. The position of this
to form a freed transceiver. efBre feed antenna is movable so as steering the
assembly, each component is examined by the radiation beam of the antenna. Measured
measurement. results showed good agreement with the
The 38 GHz FMCW radar freetd caculated ones. Fig. 8 illustrates the
sub-system presented here is a forward-looking, frequency of the measured antenna gain,
radar based, detection system for whigt shows a maximum gain of 35.4 dBi at
application. Fig. 1. shows the system block 39 GHz. Fig. 9 depicts the measured
diagram. It generates a FMCW wavefornantenna patterns for different feed positions d.
using a voltagecontrolled oscillator by using a It is seen that the antenna has the antenna gain
linearizer (frequency locked loop) to stabilize of 25dBi, side-lobe-level of -15dB SLL, and
the RF frequency and improve system phase3-dB lamwidth of 4’6 As the feed
noise. The frequency of the coupled signal is position d changes from—-4 mm to 4 mm, the
compared to a low frequency linear swedgeam scansover arangeof 7.2°.
reference to generate an error sighalhich
corrects the VCO sweep rate. The 38GHREFERENCES
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Fig. 1. Block diagram of the front end for FMCW forwar d-lookingradar.

Fig. 2. Frequency locked loop of th@8GHz  Fig 3. Triple and gain stage othe 38GHz
transceiver. ~ Output frequency is aroundansceiver. Output frequency is around
4.25GHz. 12.75GHz.



Feed antenna

Main-reflector Sub-reflector

Fig. 4 MmWave module of tB8GHz

Fig. 7. Folded microstrip reflectarrgy antenna
Transceiver.

for the 38GHz radar sensor.
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Fig. 5. Qutput power v.s. frequency for the Fig. 8. Measured antenna gain, as a function
transmitter. of frequency, of the folded reflectarray
antenna.
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Fig. 9. Measured Hplane pattern of the
folded reflectarray antenna.



