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Summary

A dual-mode (cooperative and non-cooperative)
collision avoidance radar is proposed. The coopera-
tive mode of the radar is based on tagging cooperating
vehicles and other potential highway hazards with modu-
lated fundamental frequency reflectors.

Introduction

Dr. J. Shefer of RCA and several of his co-work-
ers have built an experimental cooperative collision
avoidance radar using second harmonic reflectors that
show great promise of being capable of sharply reduc-
ing highway accidents, particularly rear-end colli-
sions.l;2 This radar eliminates the clutter and
blinding problems faced by conventional, non-coopera-—
tive automotive radars by using a receiver that is
tuned to the second harmonic of the transmitted fre-
quency. The harmonic radar therefore "sees' only
vehicles or other objects equipped with second-harmonic
reflectors; clutter returns from roadways, highway
signs, overpasses, etc., as well as signals emitted
from other collision avoidance radars are automatically
rejected.

The present paper proposes a dual-mode version
(cooperative and non-cooperative) of Shefer's harmonic
radar. The cooperative mode of the dual-mode radar is
based on tagging cooperating vehicles and other poten-
tial highway hazards with modulated fundamental fre-
quency reflectors, rather than with harmonic reflect-
ors as in Shefer's radar. When operating with tagged
targets, the dual-mode radar retains the advantage of
immunity to clutter and blinding of the harmonic radar,
vet it operates at only one rather than two carrier
frequencies, and requires much less transmitter power
than the harmonic radar. Furthermore, modulated funda-
mental frequency reflectors make simpler electronic
license plates than harmonic reflectors.3  The range
of the dual-mode radar when looking at tagged targets
is the same as that of the harmonic radar: approxi-
mately 100 meters.

The dual-mode radar also recognizes targets that
do not carry tags. However, in order to minimize the
"false target" problem, the range of the non-~cooperat-—
ing mode of the radar is restricted to much shorter
distances than the range for cooperating targets.

Description of the Dual-Mode Radar

The dual-mode radar system (see Fig. 1) can be
conveniently divided into three sections: an rf section
consisting of an rf transmitter, an antenna, an rf re-
ceiver, a baseband section that evaluates and processes
the radar returns, and an alarm and control section.

The RF Section

The transmitter of the dual-mode radar is powered
by a varactor-tuned X-band transferred electron oscil-
lator (TEO). The frequency of this TEO is linearly
modulated at a rate fy, with a frequency excursion of
2AF.

ThéAform of the radar return from targets that
are not tagged with modulated fundamental frequency
reflectors can be understood with the aid of Fig. 2.
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This figure shows plots of frequency versus time for
for the signal transmitted by the radar and the return
signal from an untagged target, as well as the output
that is generated when the transmitted and received
frequencies are beaten in the mixer of the radar. The
frequency of this output is linearly proportional to
the distance from the radar to the target.

Radar returns from modulated fundamental fre-
quency reflectors are not only shifted in frequency
with respect to the transmitter frequency, but are
also phase modulated. The reflectors consist of an
antenna, a biphase modulator, and a tone generator of
frequency f+ (ft >> fp for R = 100 meters). The tone
generator periodically drives the phase modulator be-
tween two states: when the modulator is in the first
state, an rf signal incident on the antenna is re-
flected with a phase shift ¢o; when the modulator is
in the second state, an rf signal incident on the
antenna is reflected with a phase shift ¢o + 180°.
The wave shapes of the modulation and of the incident
and reflected signals are shown in Fig. 3. When a
phase modulated signal from a reflector is mixed in
the radar with the transmitted frequency, a beat fre-
quency is generated that is modulated at frequency
fr as shown in Fig. 4. This modulation can be removed
by feeding the output of the mixer into an envelope
detector.

The Baseband Section

In the baseband section of the radar, returns
from tagged targets and from targets without tags are
first separated by use of suitable bandpass filters.
This separation is easily accomplished, because the
beat frequencies f}, generated by returns from the
modulated reflectors are modulated at frequency
fy >> fp, while the beat frequencies generated by
targets without reflectors are not modulated.

The beat frequencies generated by targets with
tags are passed through an envelope detector and a
lowpass filter. The cutoff frequency of this lowpass
filter is set to pass beat frequencies corresponding
to a maximum range of about 100 meters. The fre-
quencies passed by the lowpass filter go to a counter
and are then converted to range and closing rate (see
Figs. 1 and 5). Based on range, closing rate, and true
ground speed of the vehicle (the true %round speed is
obtained from a separate doppler radar<), a decision
is made whether or not the vehicle is in danger. A
detailed description of suitable realizations of the
"convert-to-range', "convert-to-closing-rate" and "is
vehicle in danger?" are given in references 1 and 2.

The beat frequencies generated by targets with-
out tags also pass through an envelope detector and a
lowpass filter to the processor. The cutoff frequency
of the lowpass filter is set to pass beat frequencies
corresponding to a maximum range of only a few meters,
rather than to a maximum range of 100 meters as in the
case of tagged targets. On the basis of the amplitude
and frequency of the beat signal, the processor decides
whether or not a large target is present, and at what
rate this target is approaching the vehicle. A de-
cision "is vehicle in danger?" is then made by also
taking into account the ground speed of the vehicle.



" The Alarm and Control Section

The output of the two "is vehicle in danger?"
functions of the processor control an alarm and the
brakes and throttle of the vehicle. A description of
simple versions of the alarm and brake and throttle
controls can be found in references 1 and 2.

The Fundamental Frequency Electronic License Plate

A new electronic concept with broad implication
in such areas as highway safety, traffic control, anti-
theft protection, and vehicle inspection was recentlg
proposed by one of the authors of the present paper.
This concept is based on the use of compact, inex-
pensive electronic license plates mounted on the rear
of every motorized highway vehicle. Each license

plate provides the following three functions: (1)

when electronically interrogated, the license plate re-
sponds with a code representing an identifying number
assigned to the vehicle to which the plate is attached;
(2) the plate is the receiver and transmitter for mes-
sages to and from the vehicle; and (3) the plate serves
as a transponder for use in cooperating collision-
avoidance radars. A plate based on second-harmonic
reflectors is described in reference 3.

We have built an experimental electronic license
plate using modulated fundamental frequency reflectors
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of the type suitable for use in the cooperative mode of
the dual-mode radar. The plate operates near 10 GHz,
and uses a C0S/MOS code generator to impress a 10-bit
code on the biphase modulator. Coding is FSK with
tones at 50 and 60 kHz. Phase diversity is used to
eliminate interference effects. The bit rate is 400
bits per second, but both the bit rate and the number
of bits can easily be made much larger.
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Wave-forms of the modulation and of the in-

cident and reflected signals for a modulated
fundamental frequency reflector.
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Figure 4. The top part of this figure shows plots of

frequency versus time for the signal trans-
mitted by the radar, and the returned sig-
nal from a fundamental frequency reflector.
The center part of the figure shows the
wave-form that is generated when the trans-
mitted and received frequencies are beaten
in the mixer of the radar. The bottom part
of the figure shows the wave~form that is
generated when the output of the mixer is
fed into an envelope detector.
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Figure 5. Block diagram showing detail of processor

of dual-mode radar.



