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(54) AUTOMATIC BRAKING SYSTEM

(57) A braking-system (10) includes a ranging-sen-
sor (18), a braking-actuator (42) and a controller (28).
The ranging-sensor (18) is used to detect an object (16)
proximate to a host-vehicle (12) when the object (16)
resides in a field-of-view (24) of the ranging-sensor (18).
The field-of-view (24) defines a boundary (34) of a con-
flict-zone (36). The controller determines a height (14) of
the object, determines a distance to the object, deter-

mines a range-rate (30) of the object when the object
(16) is in the field-of-view (24), and activates the brak-
ing-actuator (42) when an estimated-distance (48) to the
object (16) is less than a distance-threshold (50), the
height (14) of the object (16) is greater than a
height-threshold (52), and the object (16) has crossed
the boundary (34) and thereby enters the conflict-zone
(36).
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Description

TECHNICAL FIELD OF INVENTION

[0001] This disclosure generally relates to a braking-
system suitable for use on an automated vehicle, and
more particularly relates to a braking-system that tracks
an object.

BACKGROUND

[0002] It is known to automatically activate a braking-
system on a vehicle to prevent a collision with another
vehicle or an object. Vehicles may erroneously activate
the braking-system when the object is detected who’s
size may not warrant braking.

SUMMARY

[0003] In accordance with one embodiment, a braking-
system suitable for use on an automated vehicle is pro-
vided. The braking-system includes a ranging-sensor, a
braking-actuator and a controller in communication with
the ranging-sensor and the braking-actuator. The rang-
ing-sensor is used to detect an object proximate to a host-
vehicle when the object resides in a field-of-view of the
ranging-sensor. The field-of-view defines a bottom-edge
of the field-of-view and a boundary of a conflict-zone,
where the boundary corresponds to a portion of the bot-
tom-edge. The braking-actuator is used to control move-
ment of the host-vehicle. The controller determines a
height of the object, determines a distance to the object,
determines a range-rate of the object when the object is
in the field-of-view, and activates the braking-actuator
when an estimated-distance to the object is less than a
distance-threshold, the height of the object is greater than
a height-threshold, and the object has crossed the
boundary and thereby enters the conflict-zone.
[0004] The controller may determine the height of the
object based on a similar-triangle property. The ranging-
sensor may be a two-dimensional radar-sensor. The con-
troller may determine the estimated-distance to the ob-
ject based on both a last-known-distance and the range-
rate determined when the object crossed the boundary.
The object may be characterized by a motion-vector, said
motion-vector used to determine when the object will exit
a side of the conflict-zone, and the braking-actuator is
not activated when the object is moving and exits the
side of the conflict-zone.
[0005] Further features and advantages will appear
more clearly on a reading of the following detailed de-
scription of the preferred embodiment, which is given by
way of non-limiting example only and with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0006] The present invention will now be described, by

way of example with reference to the accompanying
drawings, in which:

Fig. 1 is a top-view of a host-vehicle equipped with
a braking-system in accordance with one embodi-
ment;
Fig. 2 is a side-view of the host-vehicle of Fig. 1
equipped with a braking-system in accordance with
one embodiment; and
Fig. 3 is a side-view of the host-vehicle of Fig. 1
equipped with a braking-system in accordance with
one embodiment.

DETAILED DESCRIPTION

[0007] Fig. 1 illustrates a non-limiting example of a
braking-system 10, hereafter referred to as the system
10, which is suitable for use on an automated vehicle,
for example a host-vehicle 12. As will be described in
more detail below, the system 10 is an improvement over
prior braking-systems because the system 10 is config-
ured to more accurately determine a height 14 of an ob-
ject 16 using a ranging-sensor 18 and a property of sim-
ilar-triangles 20, and control movement 22 of the host-
vehicle 12 based on the height 14. As used herein, the
term ’automated vehicle’ is not meant to suggest that fully
automated or autonomous operation of the host-vehicle
12 is required. It is contemplated that the teachings pre-
sented herein are applicable to instances where the host-
vehicle 12 is entirely manually operated by a human and
the automation is merely providing a lane-keep-assist
(LKA) or a lane-centering (LC) to the human, and possibly
operating the brakes of the host-vehicle 12 to prevent
the host-vehicle 12 from entering a travel-path of an ap-
proaching vehicle.
[0008] The system 10 includes the ranging-sensor 18
that is used to detect the object 16 proximate to the host-
vehicle 12 when the object 16 resides in a field-of-view
24 of the ranging-sensor 18. The ranging-sensor 18 may
be a radar-sensor, a lidar-sensor, or an ultrasonic-sen-
sor. Typically, radar-systems on vehicles are capable of
only determining a range 26 and azimuth-angle (not
shown) to a target so may be referred to as a two-dimen-
sional (2D) radar-system. Other radar-systems are ca-
pable of determining an elevation-angle to a target so
may be referred to as a three-dimensional (3D) radar-
system. In the non-limiting example illustrated in Fig. 1,
the ranging-sensor 18 is a 2D radar-sensor. A radar-sen-
sor-system with a similarly configured radar-sensor is
available from Delphi Inc. of Troy, Michigan, USA and
marketed as an Electronically Scanning Radar (ESR) or
a Rear-Side-Detection-System (RSDS). It is contemplat-
ed that the teachings presented herein are applicable to
both 2D radar-systems and 3-D radar-systems with one
or more sensor devices, i.e. multiple instances of the ra-
dar-sensor. The radar-sensor is generally configured to
detect a radar-signal (not shown) that may include data
indicative of a detected-target proximate to the host-ve-
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hicle 12. As used herein, the detected-target may be the
object 16 that is detected by the radar-sensor and tracked
by a controller 28, as will be described below.
[0009] By way of example and not limitation, the radar-
sensor may be configured to output a continuous or pe-
riodic data stream that includes a variety of signal char-
acteristics associated with each target detected. The sig-
nal characteristics may include or be indicative of, but
are not limited to, the range 26 to the target from the host-
vehicle 12, the azimuth-angle to the target relative to a
host-vehicle-longitudinal-axis (not shown), an amplitude
(not shown) of the radar-signal, and a relative-velocity of
closure (i.e. a range-rate 30) relative to the target.
[0010] As described herein the ranging-sensor 18 is a
2D radar-sensor, and the field-of-view 24 may define an
edge 32A of the field-of-view 24 and a boundary 34 of a
conflict-zone 36, where the boundary 34 corresponds to
a portion of the edge 32A of the field-of-view 24 (Figs. 1
& 2). The edge 32A defines a line where the radar-signal
impinges on the ground. The boundary 34 of the conflict-
zone 36 on both a left-side and a right-side of the host-
vehicle 12 extends from each corner of the host-vehicle
12. The object 16 in the conflict-zone 36 and the host-
vehicle 12 will collide if the host-vehicle 12 continues to
move in the direction of the object 16. The field-of-view
24 also has a known vertical-angle 38 and a known hor-
izontal-angle 40 that are design features of the ranging-
sensor 18 and determine how close to the host-vehicle
12 the object 16 on the ground may be detected.
[0011] If the ranging-sensor 18 is a 3D device, the field-
of-view 24 of the ranging-sensor 18 may define both the
edge 32A and a top-edge 32B of the field-of-view 24 (Fig.
2). In this case the boundary 34 of the conflict-zone 36
may also exist above the ranging-sensor 18 where the
top-edge 32B defines a line where the field-of-view 24 of
the ranging-sensor 18 may intersect with a horizontal-
projection of a top of the host-vehicle 12. If the object 16
resides in the conflict-zone 36 above the ranging-sensor
18 (a tree branch or a cantilevered-member, for exam-
ple), the host-vehicle 12 will collide with the object 16 if
the host-vehicle 12 continues to move in the direction of
the object 16.
[0012] The system 10 also includes a braking-actuator
42 that is used to control movement 22 of the host-vehicle
12. Movement 22 may be defined as forward-movement
and/or rearward-movement of the host-vehicle 12. In the
non-limiting examples illustrated in Figs. 1 - 3 the move-
ment 22 is rearward-movement, that is, the host-vehicle
12 is performing a backing-maneuver. The braking-ac-
tuator 42 may be installed on each wheel of the host-
vehicle 12 and may be a friction-device. The braking-
actuator 42 may also be an electric-motor that may utilize
regenerative-braking that may exist on hybrid-electric-
vehicles or electric-vehicles, as will be understood by one
skilled in the art.
[0013] The system 10 also includes the controller 28
in communication with the ranging-sensor 18 and the
braking-actuator 42. The controller 28 may include a

processor (not specifically shown) such as a microproc-
essor or other control circuitry such as analog and/or dig-
ital control circuitry including an application specific inte-
grated circuit (ASIC) for processing data as should be
evident to those in the art. The controller 28 may include
a memory (not specifically shown), 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 to perform
steps for determining if a detected instance of the object
16 is going to be in the intended path of the host-vehicle
12 based on signals received by the controller 28 from
the ranging-sensor 18 as described herein.
[0014] The controller 28 may analyze the radar-signal
to categorize the data from each detected-target with re-
spect to a list of previously detected-targets having es-
tablished tracks. As used herein, a track refers to one or
more data sets that have been associated with a partic-
ular one of the detected-targets. By way of example and
not limitation, if the amplitude of the radar-signal is above
a predetermined amplitude threshold, then the controller
28 determines if the data corresponds to a previously
detected-target or if a new-target has been detected. If
the data corresponds to a previously detected-target, the
data is added to or combined with prior data to update
the track of the previously detected-target. If the data
does not correspond to any previously detected-target
because, for example, it is located too far away from any
previously detected-target, then it may be characterized
as a new-target and assigned a unique track identification
number. The identification number may be assigned ac-
cording to the order that data for a new detected-target
is received, or may be assigned an identification number
according to a grid location in the field-of-view 24.
[0015] The controller 28 is further configured to deter-
mine the height 14 of the object 16 when the object 16
is in the field-of-view 24 of the radar-sensor. The control-
ler 28 may use a property of similar-triangles 20 to de-
termine the height 14 as shown in Fig. 3. Fig. 3 illustrates
the host-vehicle 12 moving toward the object 16 where
the edge 32A of the field-of-view 24 has just moved be-
yond the object 16. As discussed previously, the control-
ler 28 may track the object 16, and a length (not shown)
and a width (not shown) of the object 16 may be deter-
mined based on the radar-signal from the 2D radar-sen-
sor, as will be understood by one skilled in the art of radar-
systems. The controller 28 may identify a last-known-
distance 44 at a moment in time when the object 16 is
no longer detected in the field-of-view 24. Because a
mounting-height 46 of the ranging-sensor 18 on the host-
vehicle 12 is known, and a point at which the radar-signal
impinges on the ground (not specifically shown) is known,
the property of similar-triangles 20 may be used by the
controller 28 to determine the height 14 of the object 16,
as will be understood by one skilled in the art of geometry.
[0016] The controller 28 may also determine an esti-
mated-distance 48 from the host-vehicle 12 to the object
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16 based on the last-known-distance 44 and the range-
rate 30 determined when the object 16 crossed the
boundary 34. By combining the last-known-distance 44
with the known length of the object 16, the estimated-
distance 48 may be determined and may be updated in
the controller 28 based on a velocity (not shown) of the
host-vehicle 12, as will be understood by one skilled in
the art. The controller 28 may also determine the esti-
mated-distance 48 by tracking the range 26 to an other-
target (not shown) in the field-of-view 24 after the object
16 has exited the field-of-view 24, and update the esti-
mated-distance 48 as the host-vehicle 12 moves relative
to the other-target. The controller 28 may also determine
the estimated-distance 48 by counting pulses from a
wheel-sensor (not shown) after the object 16 has exited
the field-of-view 24, and update the estimated-distance
48 based on the number of pulses and a direction of
wheel-rotation (not shown). The controller 28 may also
determine the estimated-distance 48 by based on a Glo-
bal Positioning System (GPS) signal (not shown) after
the object 16 has exited the field-of-view 24, and update
the estimated-distance 48 based on the global-position
of the host-vehicle 12.
[0017] The controller 28 may activate the braking-ac-
tuator 42 when the estimated-distance 48 to the object
16 is less than a distance-threshold 50, the height 14 is
greater than a height-threshold 52, and the object 16 has
crossed the boundary 34 and enters the conflict-zone 36.
The distance-threshold 50 may be any user-defined
length within the conflict-zone 36 and may be zero me-
ters, representing the object 16 is located at a vertical-
projection of a bumper (not shown) of the host-vehicle
12. The height-threshold 52 may be any user-defined
height 14 that may exceed a ground-clearance (not spe-
cifically shown) of the host-vehicle 12, and may be great-
er than 150 millimeters, for example.
[0018] The controller 28 may further characterize the
object 16 by a motion-vector 54 (Fig. 1) that is used to
determine when the object 16 is moving and will exit a
side 56 of the conflict-zone 36. The controller 28 may not
activate the braking-actuator 42 when the object 16 is
moving and is determined to exit the side 56 of the con-
flict-zone 36, no longer residing in the travel-path of the
host-vehicle 12. The motion-vector 54 may have a mag-
nitude and a direction and may be based on the data
contained in the radar-signal while the object 16 is in the
field-of-view 24, as described previously.
[0019] Accordingly, a braking-system 10, and a con-
troller 28 for the braking-system 10 is provided. The sys-
tem 10 is an improvement over prior braking-systems
because the system 10 is configured to more accurately
determine the height 14 of the object 16 using the rang-
ing-sensor 18 and the property of similar-triangles 20,
and control the movement 22 of the host-vehicle 12
based on the height 14.
[0020] While this invention has been described in
terms of the preferred embodiments thereof, it is not in-
tended to be so limited, but rather only to the extent set

forth in the claims that follow. Moreover, the use of the
terms first, second, upper, lower, etc. does not denote
any order of importance, location, or orientation, but rath-
er the terms first, second, etc. are used to distinguish one
element from another. Furthermore, the use of the terms
a, an, etc. do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced
items.

Claims

1. A braking-system (10) suitable for use on an auto-
mated vehicle, said system (10) comprising:

a ranging-sensor (18) used to detect an object
(16) proximate to a host-vehicle (12) when the
object (16) resides in a field-of-view (24) of the
ranging-sensor (18), wherein the field-of-view
(24) defines an edge (32A) of the field-of-view
(24) and a boundary (34) of a conflict-zone (36),
said boundary (34) corresponding to a portion
of the edge (32A);
a braking-actuator (42) used to control move-
ment (22) of the host-vehicle (12); and
a controller (28) in communication with the rang-
ing-sensor (18) and the braking-actuator (42),
wherein the controller (28) determines a height
(14) of the object (16), determines a distance to
the object (16), determines a range-rate (30) of
the object (16) when the object (16) is in the
field-of-view (24), and activates the braking-ac-
tuator (42) when an estimated-distance (48) to
the object (16) is less than a distance-threshold
(50), the height (14) of the object (16) is greater
than a height-threshold (52), and the object (16)
has crossed the boundary (34) and thereby en-
ters the conflict-zone (36).

2. The system (10) in accordance with claim 1, wherein
the controller (28) determines the height (14) of the
object (16) based on a similar-triangle (20) property.

3. The system (10) according to any one of the preced-
ing claims, wherein the ranging-sensor (18) is a two-
dimensional (2D) radar-sensor.

4. The system (10) according to any one of the preced-
ing claims, wherein the controller (28) determines
the estimated-distance (48) to the object (16) based
on both a last-known-distance (44) and the range-
rate (30) determined when the object (16) crossed
the boundary (34).

5. The system (10) in accordance with claim 4, wherein
the object (16) is characterized by a motion-vector
(54), said motion-vector (54) used to determine when
the object (16) will exit a side (56) of the conflict-zone
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(36), and the braking-actuator (42) is not activated
when the object (16) is moving and exits the side
(56) of the conflict-zone (36).
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