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ABSTRACT

In this paper a Doppler radar system ispreseuted

which is able to measure the lateral and the longitu-

dinal speed of an automobile. The knowledge of the

lateral speed gives a better understanding of the ve-

hicle’s dynamic behaviour especially in critical situati-

ons. The theoretical measurement accuracy is evalua-

ted and compared to experimental data.. The accuracy

depends on the antenna configuration as well as on its

beamforming properties. Data which were recorded du-

ring testruns in real environment are in good agreement

with the theoretical expected values.

INTRODUCTION

Today, there is a growing interest in microwave

systems for automotive applications. Doppler radar

systems in vehicles can provide velocity information

which are independent of wheel slip and variable rol-

ling radius. An additional important information for

the car driver is the knowledge of the lateral speed

which gives information about the dynamic behavior

of a vehicle in curves. With this paper we report on

a prototype system which is able to measure bo~h,

the longitudinal speed, which may be used for anti-

blocking- and anti-slipping-systems, and the lateral

speed of a car. The evaluated Doppler system was

developed from different realized designs which were

compared to each other in relation to its measurement

accuracy as well as its practicality.

BASIC CONCEPTS

Conventional Doppler sensors measuring true
ground speed observe the ground located in the near

zone of the antenna. Invidual scatterers, due to the

inhornogeneities of the ground, produce the Doppler

signal while moving through the antenna beam. In

order to compensate for the variation of the vehic-

le’s pitch angle usually a Janus configuration with

two beams is chosen. This principle has been reali-

zed by using only one waveguide leaky wave antenna

terminated by a short. To measure longitudinal and

lateral velocity separately two sensors of the same

kind looking in the corresponding orthogonal direc-

tions may be used. Such a system gives unacceptable

large errors regarding lateral velocity, which is due to

the simultaneous presence of a dominant longitudinal

velocity component in common vehicle applications.

So different configurations of two Janus sensors were

evaluated resulting in an optimum configuration which

is showrI in Fig. 1, where aO (41 deg.) designates the

radiation angle with respect to its longitudinal axis,

and TO (30 deg.) the tilt angle of the antenna with re-

lation to its vertical plane. With respect to the axis of

the main direction of motion the leaky wave antennas

are rotated, giving four illuminated ground areas. So

four lihear combinations of longitudinal and lateral

H

speed can be mea.surecl from which the components of A A

interest can be calculated.

Fig. 1. Optimal antenna configuration.
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SYSTEM DESCRIPTION AM-Eh-ror (scanning noise):

The critical velocity UCis defined as the velocity where

the maximal possible observation time TB of a point

scatterer is identical with the measurement time TM

Fig. 2 shows the block diagram of the microwave se-

tup. A Gunn-oscillator with an output power of 20 clBm

and a transmitting frequency of 61 G Hz is used as a l~li-

crowave source. The colmplex mixer allows to separate

positive and negative Doppler frequency components

related to the Janus configuration beams. With the-

se information the pitch and roll angle of the vehicle

v. = LB/TB
TB =TM

(1)

The observation length LB can be calculated for wave-

guide leaky wave antennas approximately to:

can be compensated. A waveguide leaky wave anten-

na works as a transmitting and as a receiving antenna.

The far-field beamwidth in longitudinal direction of the

antenna is 2.1 deg., in lateral direction 19.6 deg. As the LB WAL, (2)
distance to the ground is approximately 0.25 meter, ne-

ar field conditions have to be considered to characterize

the antennas properly [2] ,[3]. where AL (O.26 m) is the aperture length. The obser-

vation length is in the first approximation independent

of the drift angle /3. The measurement time TM deter-

mines the spectral width if the vehicle’s total velocity

vo is less than the critical velocity UC

oscillator

m
61 GHz
20 dBm

directional waveguide leaky

coupler circulator wave antenna

1
Ajd,~ = ;Af3dB % —.

2TM
(3)

We obtain for the relative uncertainty

I
.

Fig. 2. Block diagram of the microwave setup.

If vo is greater than the critical velocity VC, integration

takes place over independent observations of duration

TB resulting in a relative error of
MEASUREMENT ERRORS

The individual measurement errors occuriug in

each antenna beam can be properly described by the

relative spectral width of the obtained Doppler spectra
& JO clTM

fd,i AM = 2TM 2V0 cos h ~ T.<TM
(5)

(A fd, /f&). The spectral width is influenced by:
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limited observation length for a point scatterer*

non-ideal antenna pattern*

distance to the ground as a funct,ion of the observa-

tion angle

absolute longitudinal and lateral speed*

influence of the lateral position of point scatterers

misadjustment of the antennas

specular reflection

vehicle’s vibrations

road surface characteristics

acceleration during the aperture time
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Only the dominant errors (*) will be considered

paper.

in this Fig. 3. AM-Error in dependence of the measurement
time Taf.
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FM-Error (fluctuation noise):

The non-ideal antenna pattern expresses that the

aspect angle is changing for a point scatterer while

moving through the illuminated area resulting in a ad-

ditional frequency variation. The aspect angle tii is the

angle under which a point scatterer can be observed.

cos 6i = a cos a. cos,6 + b sin cro sin ,Rsin 70 (6)

where i is the beam number, /3 the drift angle of the ve-

hicle, and a and b the coefflcieuts which are determined

by the number of the antenna beam (Fig. 1).

{

–1; i=l,4

{

–1; i=l,2
a= b=

+1; i= 2,3; +1; i= 3,4

With the effective beamwidths in longitudinal (~1) and

lateral direction (yq ) taking into account the actual

near-field characteristics we obtain the greatest varia-

tion of cos 6 for a single antenna beam

A cos 61,~ = sin ~(a sin cro cos /3+

+ h cos aO sin /3 sin -YO),

A cos6~,i = ~sin — sin ao sin /3 cos TO.

The resulting FM deviation can be written in

lowing form:

(7)

(8)

the fol-

Afd,~ FM = ~(lAcos&il + lAcos~,,il). (~)

The spectral width for an individual antenna beam

which can be attributed to the influence of observa-

tion time and FM deviation of the Doppler signal is

approximately given by

Afd = A~d,,lFNI + A~d,~[AM,
FM+AM

(lo)

resulting for a four beam configuration in an effective

total spectral width of

Lifd = j
FM+AM

i

~ ~ (Afd,ilFM + ~.fd,i!AM)2 (11)

i=l

Using four beams in a configuration according to Fig. 1

the longitudinal and lateral velocity can be calculated

from the observed Doppler frequencies:

Ao I.fdll+ tfcf21- lfd31 - lfd41 ~1~)
Uq =

2 sin cro sin 70 4

Assuming all velocity vectors in the four beams to be

equal, the overall relative error for the longitudinal ve-

locity is related to the total spectral width by

Auf Al

= k 2V0 Cos Cro Cos /3
A jd

FM+AM ‘
(14)

‘~ FM+AM

where k is a factor which mainly depends on SNR, and

the statistical nature of the scatterers on the surface.

Comparing measured and theoretical accuracies of lon-

gitudinal velocity according to Fig. 6, the factor k turns

out to be 0.27 using an estimated effective beamwidtb

of 1.5 deg. The total error for the lateral velocity be-

comes

AU
Ao

q FM+AM
=k

2 sm ao sin yo
A fd

FM+ AM”
(1P)

RESULTS

‘lXe experimental data obtained during test runs under

real traflic and under various environmental conditions
have confirmed that the observed measurement errors

can be reliably predicted. Fig. 3 displays the total rela-

tive error for the longitudinal velocity, which increases

with increasing drift angle. The AM-part was calcula-

ted assuming identical measurement and observation

time (TM = TB). Fig. 4 shows the calculated absolute

error for the lateral speed. The error increases with gro-

wing longitudinal velocity VI as well as with the drift

angle /3. Fig. 5 and Fig. 6 depicts the relative mea-

surement error of the longitudinal and lateral speed.

The comparison between calculated and measured da-

ta (u/v~ ), which were collected during a testrun in re-

al environment shows a good agreement. Fig. 7 shows

again the lateral velocity of the vehicle. The travelled

distance was about 3 km. Marker A describes a 90 deg.

curve in positive direction, marker B a 90 deg. curve in

negative direction, marker C a traffic rounclabout.
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Fig. 5. Theoretical absolute measurement uucert
of the lateral velocity.
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Fig. 6. Comparison between calculated aud measured
longitudinal velocity uncertainty.
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Fig. 7. Comparisiou between calculated and measured
lateral velocity uncertainty.

Fig. 8. Lateral speed of a vehicle, measured data.

CONCLUSION

Optimum system configurations for the measurement

of lateral and longitudinal true ground speeds have be-

en found and realized in an experimental system. A

new model incorporating all important parameters in-

cluding the near field antenna characteristics has been

set up and verified using experimental data. The calcu-

lated error has shown that the accuracy depends ve~y

strongly on the beamforming properties of the anten-

na. The measurement accuracies which can be obtai-

ned from an optimized system make it a promising aP-

proach to measure and monitor the vehicle’s dynamic

behavior in the near future.
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