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1
AUTOMATED VEHICLE RADAR SYSTEM
TO DETERMINE YAW-RATE OF A TARGET
VEHICLE

TECHNICAL FIELD OF INVENTION

This disclosure generally relates to a radar system suitable
for an automated vehicle, and more particularly relates to a
system that calculates a yaw-rate of the target-vehicle based
on the present and prior radar signals.

BACKGROUND OF INVENTION

When an automated or autonomous host-vehicle is pre-
ceded by a target-vehicle traveling forward of the host-
vehicle, it is advantageous for the system that controls the
operation (e.g. steering, brakes, engine) of the host-vehicle
to have knowledge of the yaw-rate of the target vehicle.
Knowledge of the yaw-rate of the target vehicle can be
useful to, for example, temporarily allow a closer following
distance because the target-vehicle is turning out of the
travel path of the host-vehicle.

SUMMARY OF THE INVENTION

Accurate estimation of the yaw-rate and over-the-ground
(OTG) velocity is important for many driving-assistance
systems. Described herein is a radar system configured to
estimate the yaw-rate and OTG velocity of extended targets
(largely, for vehicle tracking) in real-time based on raw radar
detections (i.e., range, range-rate, and azimuth). As used
herein, the term ‘extended-targets’ is used to refer to targets
that present multiple, spaced-apart scattering-points so the
term ‘extended-target’ is understood to mean that the target
has some physical size. The various scattering-points are not
necessarily individually tracked from one radar scan to the
next, so the number of scatter-points can be a different
quantity and/or each scattering point have a different loca-
tion on the extended-target in successive radar scans. While
the description presented is generally directed to system
configurations where a host-vehicle is equipped with a
single radar sensor on the host-vehicle for tracking targets in
a field of view (FOV) of the radar sensor, it is contemplated
that the teachings presented herein are applicable to radar
systems equipped with multiple radar sensors. Furthermore,
while it is presumed that the target-vehicle is an OTG
vehicle so there is no substantial z-axis motion, it is con-
templated that the teachings presented herein could be
applied to three-dimensional applications such as aircraft.

In accordance with one embodiment, a radar system
suitable for an automated vehicle is provided. The system
includes a radar sensor and a controller. The radar-sensor is
mounted on a host-vehicle. The radar-sensor is operable to
detect radar-signals reflected by scattering-points of a target-
vehicle located proximate to the host-vehicle. The controller
is in communication with the radar-sensor. The controller is
configured to determine a present-range-rate and a present-
azimuth of each of the scattering-points at a present-time.
The controller is also configured to recall a prior-range-rate
and a prior-azimuth of each of the scattering-points at a
prior-time. The controller is also configured to calculate a
yaw-rate of the target-vehicle at the present-time based on
the present-range-rate, the present-azimuth, the prior-range-
rate, and the prior-azimuth of each of the scattering-points.

In another embodiment, a radar system suitable for an
automated vehicle is provided. The system includes a radar
sensor and a controller. The radar-sensor is mounted on a
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host-vehicle. The radar-sensor is operable to detect radar-
signals reflected by scattering-points of a target-vehicle
located proximate to the host-vehicle. The controller is in
communication with the radar-sensor. The controller is
configured to determine a present-range, a present-range-
rate, and a present-azimuth of each of the scattering-points
at a present-time. The controller is also configured to recall
a prior-range, a prior-range-rate, and a prior-azimuth of each
of the scattering-points at a prior-time. The controller is also
configured to calculate a yaw-rate of the target-vehicle at the
present-time based on the present-range, the present-range-
rate, the present-azimuth, the prior-range, the prior-range-
rate, and the prior-azimuth of each of the scattering-points.

Further features and advantages will appear more clearly
on a reading of the following detailed description of the
preferred embodiment, which is given by way of non-
limiting example only and with reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will now be described, by way of
example with reference to the accompanying drawings, in
which:

FIG. 1 is a diagram of a radar system suitable for an
automated vehicle in accordance with one embodiment; and

FIG. 2 is a traffic scenario experienced by the system of
FIG. 1 in accordance with one embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a non-limiting example of a radar system
10, hereafter the system 10, which is suitable for operating
an automated vehicle, such as a host-vehicle 28. While the
description of the system 10 presented herein is generally
directed to a fully-automated (i.e. autonomous) vehicle, it is
contemplated that the teachings presented herein are appli-
cable to partially automated vehicles that may momentarily
take-over control of the host-vehicle 28 or momentarily
assist the an operator (not shown) with manually steering the
host-vehicle 28 to, for example, avoid another vehicle such
as a target-vehicle 12 traveling or located proximate to, e.g.
in front of, the host-vehicle 28.

The system 10, or more specifically the host-vehicle 28,
is equipped with a radar-sensor 14 mounted on a host-
vehicle 28. The radar-sensor 14 is operable to detect the
radar-signals 16 reflected by scattering-points 18 of the
target-vehicle 12. As used herein, a scattering-point may be
generally characterized as a feature on the target-vehicle 12
that reflects enough radar-signal energy to be distinguishable
from other instances of the scattering-points 18 detected by
the radar sensor 14. For example, a scattering-point may be
a license-plate, a tail-light housing, a side-view minor
assembly, a wheel, a substantive portion of the frame of the
target-vehicle 12, as will be recognized by those in the art.
That is, the radar-sensor 14 may detect multiple instances of
the scattering-points 18 from distinct locations on the target-
vehicle 12. When multiple scattering-points from a single
object (e.g. the target-vehicle 12) are detected, such objects
are sometimes referred to as ‘extended targets’.

The system 10 also includes a controller 20 in commu-
nication with the radar-sensor 14. The controller 20 may
include a processor 22 such as a microprocessor or other
control circuitry such as analog and/or digital control cir-
cuitry including an application specific integrated circuit
(ASIC) for processing the data 26 from the radar-sensor 14,
as should be evident to those in the art. The controller 20
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may include memory 24, including non-volatile memory,
such as electrically erasable programmable read-only
memory (EEPROM) for storing one or more routines,
thresholds, and captured data. The one or more routines may
be executed by the processor 22 to perform steps for
determining, for example, a yaw-rate 30 of the target-vehicle
12 based on the radar-signals 16, as will be described in
more detail below.

The controller 20 is generally configured to execute a
process that determines characteristics of movement by the
target-vehicle 12 such as the yaw-rate 30 of the target-
vehicle 12 relative to the ground over which the target-
vehicle 12 travels. The process may be summarized in three
general steps that include: a step to determine, using the
processor 22, a present-range-rate 32 and a present-azimuth
34 of each of the scattering-points 18 detected by the
radar-sensor 14 at a present-time (k); a step to recall from the
memory 24 a prior-range-rate 36 and a prior-azimuth 38 of
each of the scattering-points 18 at a prior-time (k-1); and a
step to calculate, using the processor 22, the yaw-rate 30 of
the target-vehicle 12 at the present-time (k) based on the
present-range-rate 32, the present-azimuth 34, the prior-
range-rate 36, and the prior-azimuth 38 of each of the
scattering-points 18. Details of a non-limiting example of
this process will be described later.

FIG. 2 illustrates a non-limiting example of a traffic
scenario 40 where the coordinate reference frame for the
system 10 is referenced to the host-vehicle 28, which may be
a vehicle coordinate system, hereafter the VCS 42. The VCS
42 is fixed relative to the host-vehicle 28 with an origin 44
of the VCS 42 located at the center of the front bumper of
the host-vehicle 28. In this example, the x-axis 46 of the
VCS 42 is parallel to a longitudinal-axis (forward for
increasing values of ‘x”) of the host-vehicle 28, and a y-axis
48 is orthogonal to the x-axis 46, i.e. parallel to a lateral-axis
of the host-vehicle 28 (starboard for increasing values of y).

Details of a non-limiting example of the process executed
by the system 10, or more specifically by the controller 20
or the processor 22, will now be described starting with a
Definitions of Variables.

1. k: sampling time index (i.e. the present time) for

sampled instances of radar-signals or radar reflections.

2. T: sampling interval of the radar-sensor.

3. Vhk)=[uh(k), vh(k)]: OTG velocity vector of the
origin of the VCS on host-vehicle at time k, where the
‘h’ indicates ‘host-vehicle’, uh and vh are the velocity
components of Vh that are parallel to the x-axis and
y-axis of the VCS, respectively. It is assumed the host
is moving all the time, i.e. Vh(k) is not equal [0, O].

4. B(k): yaw-rate of the host-vehicle at time k.

5. Xs; Ys: x and y coordinates of the radar-sensor relative
to the VCS. Since the radar-sensor is fixed on the
host-vehicle, the values of Xs and, Y's are constant over
time k.

6. Vs(k)=[us(k), vs(k)]: OTG velocity vector of the radar-
sensor, where ‘s’ is the indicator for “sensor”.
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7. Xt(k); Yt(k): x and y coordinates of a reference-point
on the target-vehicle at time k and measured relative to
the VCS. The ‘t’ indicates ‘target-vehicle’.

8. Vi(k)=ut(k), vt(k)]: OTG velocity vector of the refer-
ence-point of the target-vehicle. ut and vt are the
velocity components of Vt, and are parallel to the
x-axis and y-axis of the VCS, respectively.

9. W(k): yaw-rate of target-vehicle at time k.

10. m(k), the number of scattering-points detected by the
radar-sensor at time k.

11. Dp(i, k): distance to the i” scattering-point at time k
measured by the radar-sensor. The ‘p’ indicates ‘scat-
tering-point’.

12. Rp(i, k): range-rate of the i? scattering-point at time
k measured by the radar-sensor.

13. Ap(i, k): azimuth to the i” scattering-point at time k
measured by the radar-sensor.

14. Xp(i, k); Yp(i, k): x and y coordinates of the i
scattering-point at time k, calculated from Dp(i, k) and
Ap(i, k).

15. Ve®)=uc(k), ve(k)]: OTG velocity vector of the
radar-sensor if the host-vehicle is turning concentri-
cally with the target-vehicle (i.e., they have the same
center-point of rotation) and with the same yaw-rate as
the target-vehicle.

In one embodiment the controller is configured to deter-
mine or compute the yaw-rate 30 (W) based on range-rate
(Rp) and Azimuth (Ap), together with the host and the
sensor velocities and host yaw-rate. That is, the controller 20
may use only values for the present-range-rate 32, the
present-azimuth 34, the prior-range-rate 36, and the prior-
azimuth 38 to determine, recursively, the yaw-rate 30 (W) of
the target-vehicle 12 at each time k. The ‘state’ of the
target-vehicle at time k may be characterized by s(k)=[uc(k),
ve(k), W(k)], where W(k) is the yaw-rate, and uc(k) and
ve(k) are two auxiliary variables defined above. Since the
yaw-rate W(k) is included in s(k), once s(k) is computed, the
yaw-rate W(k) can be determined from s(k).

P(k) is defined as a mean-square error matrix of s(k). It is
a 3-by-3 positive definite matrix. s(k) and P(k) are calculated
or determined at each radar scan, i.e. when radar measure-
ments at each time k are received by the controller. Since
radar signals are used to estimate s(k), and radar measure-
ment are not perfect because of noise and/or bias, the
estimated s(k) also has some (unknown) error to the (un-
known) truth. This P(k) reveals how large is the error in s(k).
In other words, P(k) can be intuitively understood as a
confidence measure for s(k). That is, P(k) indicates how
accurate or how confident is the estimated s(k). The larger
the P(k), the less accurate/confident the s(k). The value of
P(0) for initialization may be predetermined. Subsequent
values of P(k) (e.g. P(1), P(2) . . . ) will be iteratively
computed by the controller. Relatively large values may be
established in P(0) since s(0) is usually some guess, and a
large P(0) indicates that there is not much confidence on this
initial guess for s(0). Later, in each loop of the algorithm
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executed by the controller, both s(k) and P(k) will be
computed based on s(k-1) and P(k-1), and it is expected
that each subsequent value of P(k) will get smaller and
converge to some acceptable value.

The controller uses an iterative or recursive technique to
determine the yaw-rate W(k) at each instance in time k. That
is, as new measurements for the range-rate and azimuth of
the scattering-centers are received by the controller at time
k, the yaw-rate W(k) is determined based on the new
measurements and the previous results, s(k-1). A non-
limiting example of steps to determine the yaw-rate W(k) are
now described.

(Hk) =

10

6

location Xs and Ys, calculate a state-dynamic matrix, F(k-
1). F(k-1) characterizes how the state, s(k-1), evolves over
time. That is, if the state at time k-1, i.e., s(k-1), is known,
then without any new radar data, a prediction of the state at
time k can be made using s(klk-1)=F(k-1)*s(k-1), where
“klk—1" is used to indicate that a prediction is being made.
F(k-1) may be expressed as Eq. 4:

Cltk—1) Ctk—1)=tran[-Aytk — DAx(k — 1)]] Eq. 4

(F(k—l)):( . )

A measurement matrix H(k) is also defined for subsequent
calculations as Eq. 5:

Eq. 5

cos[Ap(1, k)]
cos[Ap(2, k)]

sin[Ap(1, k)]
sin[Ap(2, k)]

Xs=sin[Ap(l, k) — Ys=cos[Ap(1, k)]
Xs=sin[Ap(2, k) — Ys=cos[Ap(2, k)]

cos[Ap(m(k), k)] sin[Ap(m(k), k)] Xs=sin[Ap(m(k), k)] — Ys=cos[Ap(m(k), k)]

Step 1: (Initialization) At time k=0, before any radar-
returns are processed, the values of s(0) and P(0) are
initialized. For example, s(0) may be initialized to be [uh(0),
vh(0),0] indicating that the target-vehicle is traveling at the
same speed and direction as the host-vehicle, e.g. straight, so
the yaw-rate W(0)=0.

Step 2: Assume that the values of s(k-1) and P(k-1) have
been obtained from the iterative process described in the
steps below.

Step 3: At time k, when new radar measurements (i.e.,
range-rate Rp(i; k) and azimuth angle Ap(i; k)) are deter-
mined for all of the scattering-points detected, the following
variables are calculated by Egs. 1-3:

T« Btk —1)] —sin[T « Bk — 1 Eq. 1
(C(k—l)):(c?s[ (k —1)] —sin[T « B )]]’ q.
sin[T = Blk — 1)]  cos[T = B(k — 1)]
Ax(k = 1) = (mag[Vh(k — 1)]/B(k — 1)) = sin[T = B(k — 1)]), Eq. 2
Ay(k — 1) = (mag[Vh(k — 1))/B(k — 1)) = (1 — cos[T = B(k — 1], Eq. 3

where C(k-1) is a coordinate-rotation-matrix that indicates
rotation of the coordinate reference frame for the system is
the host-vehicle, i.e. rotation of the vehicle coordinate
system (VCS) due to yaw motion of the host-vehicle during
the time interval from time k-1 to time k, and [Ax(k-1)
Ay(k-1)]’, hereafter expressed as tran[Ax(k-1) Ay(k-1)] to
denote a matrix transpose, is a 2x1 column matrix or vector
that indicates a change in position of the host-vehicle from
time k-1 to time k due to longitudinal/lateral motion of the
host-vehicle. The mag[Vh(k-1)] is the magnitude of Vh(k-
1), i.e. the speed of the host-vehicle, which may alternatively
be indicated by |[Vh(k-1)||. Eqs. 2 and 3 can be computed
based on a Taylor Series Expansion of the Sine and Cosine
functions at point zero, so that numerical problem can be
avoided when B(k-1) is close to zero.

Then, using C(k-1), Ax(k-1) and Ay(k-1) from the above
equations, Ap(i, k) from the radar-returns of the plurality of
scattering-points, and knowing the location the radar-sensor
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Given s(k-1), P(k-1), F(k-1), and H(k), a prediction of
s(k), i.e. a prediction of the ‘state’ of the target-vehicle,
denoted herein as s(klk-1), and the error matrix, P(klk-1),
at time k may be made from information from time k-1 and
expressed, respectively, as Egs. 6-7:

s(klk=1)=F(k-1Y*s(k-1) Eq. 6,

P(klk=1)=(F (f=1)*P(k-1)*tran[F(k-1)]+Q(k) Eq. 7,

where Q(k) is a 3x3 positive definite parameter matrix
subjected to tuning or calibration for the particular configu-
ration of the radar system. Also, predict synthetic measure-
ment h(klk-1)=H(k)*s((klk-1).

Step 4: Based on the radar measurement (azimuth Ap(I, k)
and range-rate Rp(I, k)) and the velocity of the radar-sensor
14 at time k, compute the following synthetic measurement
in Eq. 8:

((k)) = Fq8

Rp(L, k) + us(k) =cos[Ap(L, k)] + vs(k) =sin[Ap(1, k)]
Rp(2, k) + us(k) xcos[Ap(2, k)] + vs(k) =sin[Ap(2, k)]

Rp(m(k), k) + us(k) = cos[Ap(m(k), k)] + vs(k) = sin[Ap(m(k), k)]

and based on H(k) and P(klk-1) from Step 3 compute Eqs.
9 and 10:

N(R)=(H (kY P(klk—1)*tran[H(K)])+R (%) Eq. 9, and

G(R)=P(klk=1)*tran[H(K)* inv [N()] Eq. 10,

where ‘inv’ means matrix inversion, and R(k) is a m(k)-by-
m(k) positive definite parameter matrix dependent on radar
performance.

Based on h(k), G(k), and N(k) from the above equations,
s(k) is updated by Egs. 11 and 12

s()=s (k\k=1)y+(G(k)* (h(k)-h(Jclk-1)) Eq. 11,
PR)=(I=GR)*H(k))* P(klk= 1)) tran[I-GRH(E)]))+
(GRY*R(k)* tran[ G)]) Eq. 12,
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where 1 is a 3-by-3 identity matrix. From Eq. 11, the state Step 2: Set the initial value of s(0) and P(0) to start the
s(k) is computed based on the difference between the syn- algorithm.
thetic measurement h(k) and the predicted synthetic mea- Step 3: At time k-1, assume s(k-1) and P(k-1) have been

surement h(klk-1). These two synthetic variables, i.e., h(k)
and h(klk-1), set up a simple connection between the 3
target-vehicle yaw-rate and the radar detections (i.e., range-
rate and azimuth). Ideally, these two variables should be Step 4: When new radar measurement arrive at time k.
equal. Hence, their actual difference provides information First, the following function f(g,k), where g=[al,a2,a3,a4,
about how to update s(k) from s(k-1). Note that the math-
ematical relationship between the target yaw-rate and raw
radar detections are not obvious to identify, not to mention
how to infer the target yaw-rate from radar range-rate and
azimuth. The difficulty is that the unknown locations of all f{g.k)=tran[ Tao(g.k), Epi(g.k), a5], where Tao and Epi are
the scattering-points are needed in the derivation and determined in Egs. 14-15:

computed based on the range (distance), range-rate and
azimuth up to time k-1.

1o 5] is constructed which is the first input vector, where
al,a2,a3,a4 and a5 are the components in this vector, and
time instance k is its second input. The function f equals

) ) (1 —cos[aS =T/ Eq. 14
alxcos[aS+T] —a2 «sin[aS « T] + a3 «sin[ad = T)/a5 — a4 =
as — Ax(k)
Taolg, k) = Ck) « :
i ad xsin[adS = T)/
al xsin[aS«T] + a2 xcos[aS « T] + a3 % (1 — cos[a5 «T])/aS +
as —Ay(k)

and

a3 —as *Ay(k)] Eq. 15

Epitg. k) = Ck) *( @ + a5 Ax(k)

advanced effort is required to finally remove all these where C(k), Ax and Ay are given in Egs. 1 and 2.
unknown locations of the scattering-points from Eqgs. 5 and Once f(g.k) function is constructed, a partial derivative of
8. Otherwise it may be difficult to estimate the yaw-rate with that function is evaluated in Eq. 16:

all these unknown locations of the varying scattering-points

in the algorithm. The term “synthetic measurement” is used

because it is the “processed” information based on the raw af Eq. 16
radar detections, so that the mathematical relationship Fle=1) = g (k=1 k-1,

between the target yaw-rate and raw radar detections can be 35

readily revealed.

30

In an alternative embodiment, the controller 20 may which is a state dynamic matrix (similar to the F matrix in
additionally use values for a present-range 50 and a prior- the previous section).
range 52 in addition to the previously used values (the Then a measurement matrix H(k) is computed by Eq. 17:
10 0 0 0 Eq. 17
01 0 0 0
0 0  cos[Ap(l, k)] sin[Ap(1, k)] Xs=sin[Ap(1, k)] — Ys=cos[Ap(1, k)]
(Hb) = 0 0  cos[Ap(2, k)] sin[Ap(2, k)] Xs=sin[Ap(2, k)] — Ys=cos[Ap(2, k)]
0 0 cos[Ap(m(k), k)] sin[Ap(m(k), k)] Xs=sin[Ap(m(k), k)] — Ys=cos[Ap(m(k), k)]

50
present-range-rate 32, the present-azimuth 34, the prior- Once F(k-1) and H(k) are obtained, a prediction similar
range-rate 36, and the prior-azimuth 38) to determine, recur- to that describe in the previous section is determined by Egs.
sively, the yaw-rate 30 of the target-vehicle 12 at each time 18-20:
k. Incorporating a range (i.e. distance) measurement makes

the process or algorithm more robust. In the description 55 s(klk=1)=Flk=1)"s(k-1) Eq. 18,
above it was assumed that the yaw-rate was relatively
constant. However, if the assumption is that the yaw-rate is Plle=1) == 1)*Pk=1)*tran[F (k- 1) ))+Q(k) Eq. 19, and
not constant, if the yaw-rate occasionally jumps for
example, configuring the controller as described below to Flielle=1)=Hk)*s(k1k-1) Eq. 20.
includes range data to the calculations provides better per- Note since the state is 5-by-1 vector, here Q(k) also
formance than is the case for the algorithm described above. becomes a 5-by-5 tuning parameter matrix.

Step 1: Define the target state (s(k)) for each time k as Eq. Step 5: Based on the radar measurement (range, range-
13: rate and azimuth) and the velocity of the host vehicle at time

s(O=tran[Xi(k), Yi(k), uc(k), ve(), Wk)] Eq. 13, k, Egs. 21-22 compute the following variables:

where uc(k) and ve(k) are defined above. Note that since s(k) 65 pl=min{i} [Dp(,k)*cos[Ap(i,k)] Eq. 21,

is now a 5-by-1 vector, the mean-square error matrix (MSE)
of s(k), P(k), is a 5-by-5 positive definite matrix. q(k)=(sum{1 to m(k) }[Dp(,k)*sin[4p (i, 5)]])/mk) Eq. 22,
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where ‘min’ is the ‘minimum-function’, so p(k) indicates the
nearest longitudinal distance (i.e., distance along x-axis of
VCS) of the scattering points 18, and ‘sum’ is the summa-
tion-function, so q(k) indicates the average lateral distance
(i.e., distance along y-axis of VCS) of the scattering points
18, such that p(k) and q(k) are a synthetic pseudo-measure-
ment for the position of a reference-point 60 of the target-
vehicle 12.

Then, based on the above results, radar measurement, and

velocity (Vs) of the radar-sensor 14, the synthetic measure- 10
ment is calculated in Eq. 23:
plk)
qtk)
Rp(1, k) + us(k) = cos[Ap(1, k)] + vs(k) =sin[Ap(1, k)]
(hk) = Rp(2, k) + us(k) = cos[Ap(2, k)] + vs(k) = sin[Ap(2, k)]
Rp(m(k), k) + us(k) = cos[Ap(m(k), k)] + vs(k) = sin[Ap(m(k), k)]
Then, based on H(k) and P(klk-1) from Step 4, compute
Eq. 24-25:
NUO=(H k) *P(klk-1*tran[H(E) ) +R (%) Eq. 24, and 2
G(R)=P(klk-1Y*tran[H(K)J* inv [N()] Eq. 25.
Similarly, R(k) is a positive definite parameter matrix
dependent on radar performance. Based on h(k), G(k), and 5,
N(k) from the above equations, s(k) is updated by Eq. 26-27
s(k)=s(klk-1)+(G(k)*(h(k)-h(klk-1))) Eq. 26,
P(R)={(I-G(k)*H(k))*P(k|k-1))*tran[I- G(k)H(k)] }+ 35
(G(Ry*R(k)*tran[ G(K)]) Eq. 27,

where 1 is a 5-by-5 identity matrix in this case.
Step 6: The velocity Vt(k) of the reference-point 60 can
be computed by Egs. 28-29:

ut(Fy=uc()- Yi(k)* W(k) Eq. 28,

ve(k)=ve(R)+Xt(ky* (k) Eq. 29,

So for this algorithm, not only the yaw-rate 30, but also
a target-velocity or a travel-vector 54 and/or a speed 56 of
the target-vehicle 12 can be estimated.

Step 7, this completes a cycle and loop back to step 3 for
next time instance k+1.

Referring again to FIG. 1, knowledge of the yaw-rate 30
(W) and/or the travel-vector 54 (Vt) may be used by the
controller to operate the vehicle-controls 58 of an automated
vehicle (e.g. the host-vehicle 28) to better control the
host-vehicle 28 for ride quality because the future position
and/or actions of the target-vehicle 12 can be predicted.

Accordingly, a radar system suitable for an automated
vehicle (the system 10), a controller 20 for the system 10 and
a method or process for operating the system 10 is provided.
Accurate knowledge of the yaw-rate and velocity of the
target-vehicle is important for many active safety features in
driver assistance system and autonomous vehicle system,
e.g., automated emergency brake (AEB) function and adap-
tive cruise control (ACC) function. Quick and accurate
estimation of target-vehicle yaw-rate and velocity is the
foundation for target-vehicle path prediction, e.g., helps
decide whether the target-vehicle is turning out of the host
path or it is cutting into the host lane. This information is
crucial for proper function of AEB and ACC.

40

45

50

55

10

While this invention has been described in terms of the
preferred embodiments thereof, it is not intended to be so
limited, but rather only to the extent set forth in the claims
that follow.

We claim:

1. A radar system suitable for an automated vehicle, said
system comprising:

a radar-sensor mounted on a host-vehicle, said radar-
sensor operable to detect radar-signals reflected by
scattering-points of a target-vehicle located proximate
to the host-vehicle; and

Eq. 23

a controller in communication with the radar-sensor, said
controller configured to

determine a present-range-rate and a present-azimuth of
each of the scattering-points at a present-time,

recall a prior-range-rate and a prior-azimuth of each of the
scattering-points at a prior-time, and

calculate a yaw-rate of the target-vehicle at the present-
time based on the present-range-rate, the present-azi-
muth, the prior-range-rate, and the prior-azimuth of
each of the scattering-points.

2. The system in accordance with claim 1, wherein the

controller is further configured to

determine a present-range of each of the scattering-points
at a present-time,

recall a prior-range of each of the scattering-points at a
prior-time, and

calculate a yaw-rate of the target-vehicle at the present-
time based on the present-range, the present-range-rate,
the present-azimuth, the prior-range, the prior-range-
rate, and the prior-azimuth of each of the scattering-
points.

3. A radar system suitable for an automated vehicle, said

system comprising:

a radar-sensor mounted on a host-vehicle, said radar-
sensor operable to detect radar-signals reflected by
scattering-points of a target-vehicle located proximate
to the host-vehicle; and

a controller in communication with the radar-sensor, said
controller configured to

determine a present-range, a present-range-rate, and a
present-azimuth of each of the scattering-points at a
present-time,

recall a prior-range, a prior-range-rate, and a prior-azi-
muth of each of the scattering-points at a prior-time,
and

calculate a yaw-rate of the target-vehicle at the present-
time based on the present-range, the present-range-rate,
the present-azimuth, the prior-range, the prior-range-
rate, and the prior-azimuth of each of the scattering-
points.



