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ABSTRACT

For automotive millimeter wave applications,
SIMMWIC technology provides alow cost aternative
to conventiona GaAs MMICs. In this paper, we
present a 76 GHz radar system adopting the classic
principle of multi-beam Doppler navigation systems
for automotive applications. Exclusively low cost
SIMMWIC components have been employed in the
millimeter wave front-end.

INTRODUCTION

The steadily increasing traffic density demands an
efficient traffic management, which is based on aut o-
matic acquisition of information about the traffic
gtuation by the vehicle itself as well as information
exchange between vehicles and base stations. Mill i-
meter wave systems are idedly suited to deal with
these tasks. Thus, short range millimeter wave co m-
munication links and automotive radar systems have
been discussed extensively in the last years. Economic
analyses predict a huge market for automotive sensor
and communication systems [1]. However, in such a
mass-market only the most cost-effective system will
be successful.

Silicon monolithic millimeter wave integrated cir-
cuits (SSIMMWIC) provide a low cost dternative to
conventional GaAs MMICs. Transmitters for the
automotive bands at 77 GHz based on silicon | mpatt-
diodes provide high output power and low phase noise
[2]. Planar millimeter wave Impatt oscillators in self
mixing operation have been used as very s mple CW-
Doppler velocity sensors [3]. However, more complex

systems have not been reported yet. Using four Do p-
pler sensors, we built an integrated multi-beam Do p-
pler radar system. The principle of multi-beam Do p-
pler radar is known as ,Doppler navigation system®
and has been used extensively in aircraft navigation
for the last 30 years [5]. A low cost aut omotive multi-
beam Doppler radar based on SIMMWIC components
is presented in this paper. In contrast to automotive
multi-beam Doppler radar systems reported earlier
[4], our system requires no hollow waveguide or horn
components. The millimeter wave front-end of our
sensor is a planar low cost solution capable to meas-
ure a vehicleé's speed in cruising and transversal di-
rection. This information could be especialy valuable
for automotive navigationa equipment, lane-change
aids, airbag systems, and brake and traction control,
as the system alows precise two dimensional ground-
speed measurement even without turning of the vehi-
cle'swheels[7].

PRINCIPLE OF OPERATION

Following the classic principle of airborne Doppler
navigation systems [5], four millimeter wave beams
(frequency fo , radiation vector k; ) are directed to-
wards the road surface under atilt angle a as shown
inFig. 1.

The movement of the sensor is characterized by the
three dimensional velocity vector v. The Doppler-shift
of the i ™ transmitted signal seen by the i ™ velocity
sensor can be céculated as:

2

fOi
(v><ki°); ko =1 (1)

fo = c
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Fig. 1. Basic Beam Configuration in a Multi-Beam
Doppler Radar System.

If three or more sensors are used, the complete
three dimensiona vector v can be determined. The use
of more than three sensors provides an opportunity to
minimize measurement errors by solving egn. (1) for
the three components olv with minimal error.

However, using the very low cost and simple con-
figuration of Impatt diodes in self-mixing operation,
no information about the sign of the Doppler fre
guency is available. In this case - assuming v,=0 and
j =0 - only the absolute value of the vehicle's ground
speed in x- (cruising) and y- (transversal) direction
can be cdculated, which is sufficient for many aut o-
motive applications. As speed in one direction is
measured by two sensors, an improved speed infor-
mation can be calalated.

In future applications, the sign of the velocity
value might be obtained by the use of subharmonically
synchronized front-ends [6] driven with 90 degree
phase shift. This provides the | and Q component of
the doppler signals and hence information about the
sign of the velocity value measured.

SYSTEM DESIGN

The millimeter wave front-end contains four
SIMMWIC active antennas placed on an aluminum

heatsink in a ring-shaped configuration with a diam e-
ter of 36 mm (Fig. 2). The active antennas consist of
an Impatt diode integrated in a planar resonator. The
resonator acts smultaneously as an antenna. The
outstanding advantages of the active antenna concept
are low loss, low paragtic radiation, minima chip
size, and, thus, low cost. The radiation pattern of the
active antennas is shaped by a specialy designed
polystyrene dielectric lens (52mm diameter and 35mm
focal length) having a partial monofocal and bifocal
characteristic. This lens launches beams with an
opening angle of Qs = 5.4 degree while providing a
scanning angle ofa=30 degree [8].

88mm| @

Fig. 2. RF Front End and Beam Shaping Principle
using aBifocal Dielectric Lens.
(1) Planar Oscillator (2) Absorber
(3) DielectricLens  (4) Connection PCB
(5) Connector (6) Detector Ampifier

A bias supply unit drives a constant current of 20
mA through each of the Impait diodes (Uimpai=18V)
keeping them just beneath the oscillating threshold.
Pulsing the bias current to 35mA starts the oscillation,
and the active antenna radiates with an output power
of +4dBm at 76GHz.

The detected Doppler signals are amplified by a
low-noise amplifier (LNA) with again of 20dB and an
input impedance of 200 Ohms. This impedance was
chosen as a compromise between the low noise ampl i-
fier's minima noise source impedance (300 Ohms)
and the smal dsgna video-impedance of the sdlf-
mixing Impatt-oscillator (100 Ohms) which provides
optimal conversion gain.
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Gain control and further amplification of +20..30dB is
added by a voltage controlled amplier.

The Doppler signals of each sensor are fed se-
quentialy into the audio-input of a standard 16-bit PC
sound-card. A sampling rate of 10kHz (fgmax = 5 kHZz)
and 8 bit resolution are used, dataframes of 100ms
length are sampled into the PC's memory. Subse-
quently, a FFT algorithm transforms the sampled data
to frequency domain. The strongest spectral line is
selected from the Doppler spectrum and the radial
velocity between sensor and ground is calkated [9].

The measured radial velocities are used to calc u-
lated the vehicles ground speed via geometrical equ a-
tions, error minimization takes place by taking the
mean value of redundant sensor information as di s-
cussed above.

76 GHz Multisensor RF-Frontend
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Fig. 3. Functional Diagram of the Low Cost Four
Beam Doppler Radar System.
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MEASURED RESULTS

To characterize the multi-beam Doppler radar
system, the radiation pattern of each sensor was
measured with only one Impatt oscillator active.
Measured results showed the predicted beam tilt angle
of 30 degree and a 3dB beam width of 5.3 degree

(Fig. 5).

Fig. 4. Millimeter Wave Camera with Lens.
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Fig. 5. Measured, Normalized Sensor Radiation
Pattern with One Sensor Active.
a=30 Deg., gzgs=5.3 Deg.

As velocity measurement precision in Doppler sen-
sor systems depends on the sensor’s radiation foo t-
print [9], the sensor’s impulse response in space d o-
main, i.e. the system’s response to a uniform point
scatterer was measured. The measurement was per-
formed using a free faling steel ball with a diameter
of 2cm asamode for a uniform point scatterer  (Fig.
6).
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Fig. 6. Measured Impulse Response of the Sensor
System in Space Domain.
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Fig. 7. Calculated Space - Frequency Spectrum of
the Sensor System.
| =0.441cm; Wyma = (/1 o) = 243",

The received impulse function data will be used to
predict the detected Doppler spectra when sensing
road surfaces modeled by a datistical distribution of
uniform point scatters. Using a correlation technique
between predicted and actually detected spectra, a
further improvement of velocity measuring precision
seems possible [10].

CONCLUSION

A multi-beam Doppler radar system for automotive
applications is presented. The radar front-end contains
exclusvely very low cost SIMMWIC active antennas,
which are the smplest millimeter wave generators or
detectors imaginable. Our results show that very low
cost millimeter wave sensor systems based on silicon
are now feasble.
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