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( 57 ) ABSTRACT 
A warning system for an automated vehicle includes an 
object - detector , a location - detector , a transceiver , and a 
controller . The object - detector is used to determine a sepa 
ration - distance to a target - vehicle from a host - vehicle . The 
location - detector is used to provide global - positioning - sys 
tem - coordinates ( GPS - Coordinates ) of the target - vehicle . 
The transceiver is used to transmit a proximity - warning to 
the target - vehicle . The controller is in communication with 
the object - detector , the location - detector , and the trans 
ceiver . The controller is configured to operate the transceiver 
to transmit the proximity - warning when the separation 
distance between the host - vehicle and the target - vehicle is 
less than a distance - threshold . The proximity - warning 
includes the GPS - coordinates of the target - vehicle and the 
separation - distance . 
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WARNING SYSTEM FOR AN AUTOMATED 
VEHICLE 

TECHNICAL FIELD OF INVENTION 
[ 0001 ] This disclosure generally relates to a warning sys 
tem for an automated vehicle , and more particularly relates 
to a system that transmits a proximity - warning to a target 
vehicle when a separation - distance between a host - vehicle 
and the target - vehicle is less than a distance - threshold , 
where the proximity - warning includes the GPS - coordinates 
of the target - vehicle and the separation - distance . 

BACKGROUND OF INVENTION 
[ 0002 ] It is known to equip vehicles with sensors to detect 
the proximity of other - vehicles , and issue a warning to an 
operator when any of the other - vehicles are too close . 
However , an undetected failure of a sensor and / or severe 
weather conditions and / or an unexpected traffic - scenario 
may lead to the warning not being issued . 

SUMMARY OF THE INVENTION 
[ 0003 ] In accordance with one embodiment , a warning 
system for an automated vehicle is provided . The system 
includes an object - detector , a location - detector , a trans 
ceiver , and a controller . The object - detector is used to 
determine a separation - distance to a target - vehicle from a 
host - vehicle . The location - detector is used to provide 
global - positioning - system - coordinates ( GPS - coordinates ) 
of the target - vehicle . The transceiver is used to transmit a 
proximity - warning to the target - vehicle . The controller is in 
communication with the object - detector , the location - detec 
tor , and the transceiver . The controller is configured to 
operate the transceiver to transmit the proximity - warning 
when the separation - distance between the host - vehicle and 
the target - vehicle is less than a distance - threshold . The 
proximity - warning includes the GPS - coordinates of the tar 
get - vehicle and the separation - distance . 
[ 0004 ] 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 . 

contemplated that the teachings presented can be applied to 
instances when the host - vehicle 12 is operated in a manual 
mode 16 where the degree or level of automation may be 
little more than providing steering advice to the human 
operator who is generally in control of the steering , accel 
erator , and brakes of the host - vehicle 12 , i . e . the system 10 
merely assists the human operator on an as - needed basis to 
reach the destination and / or avoid a collision . 
[ 0009 ] The system 10 includes an object - detector 18 used 
to determine a separation - distance 20 to a target - vehicle 22 
from a host - vehicle 12 . As will be explained in more detail 
below , the system 10 is generally configured to take some 
sort of action if the target - vehicle 22 gets too close to the 
host - vehicle 12 , hence the need for the object - detector 18 to 
determine the separation distance 20 , and optionally deter 
mine a direction 32 from the host - vehicle 12 to the target 
vehicle 22 . That is , the object - detector 18 may also be used 
to determine a direction 32 to the target - vehicle 22 from the 
host - vehicle 12 in addition to being used to determine the 
separation - distance 20 . The usefulness of the separation 
distance 20 and the direction 32 will be explained later in 
this disclosure . It is also contemplated that the system 10 can 
be used when the host - vehicle is operated in the manual 
mode 16 , where the host - vehicle 12 still senses the separa 
tion - distance 20 . 
[ 0010 ] The function of the object - detector 18 may be 
provided by a camera 24 , a radar - unit 26 , a lidar - unit 28 , an 
ultrasonic transducer ( not shown ) , or any combination 
thereof . The function of the object - detector 18 may also be 
provided by or supplemented by a transceiver 30 configured 
for vehicle - to - infrastructure ( V21 ) communications , vehicle 
to - vehicle ( V2V ) communications , and / or vehicle - to - pedes 
trian ( V2P ) communications , which may be generically 
referred to as V2X communications , as will be recognized 
by those in the art . 
100111 The system 10 includes a location - detector 34 used 
to provide global - positioning - system - coordinates , hereafter 
referred to as the GPS - coordinates 36 , of the target - vehicle 
22 . In one embodiment envisioned , the location - detector 34 
may include a location - device 38 , such as GPS - receiver , 
which is mounted on the host - vehicle 12 and used to 
determine the host - coordinates 40 ( i . e . GPS coordinates ) of 
the host - vehicle 12 . The host - coordinates 40 can be used to 
determine a location on a digital - map 42 , the usefulness of 
which will be explained later , and / or can be used to deter 
mine the GPS - coordinates 36 of the target - vehicle 22 by 
offsetting the host - coordinates 40 in accordance with the 
separation - distance 20 and the direction 32 . Alternatively , 
the target - vehicle 22 may be equipped with a GPS - receiver 
and may broadcast the GPS - coordinates 36 of the target 
vehicle 22 using , for example , V2V communications . As 
another alternative , the GPS - coordinates 36 may be deter 
mined and provided by traffic - monitoring equipment via V21 
communications . Furthermore , it is contemplated that an 
imaging - device such as the camera 24 , the radar - unit 26 , 
and / or the lidar - unit 28 could be used to determine the 
host - coordinates 40 of the host - vehicle 12 and / or the GPS 
coordinates 36 of the target - vehicle based on navigation 
feature matching to the digital - map 42 . 
[ 0012 ] As noted above , the system 10 includes the trans 
ceiver 30 which is used by the system 10 to transmit a 
proximity - warning 44 to the target - vehicle 22 , but the trans 

c eiver 30 is not limited to only this use . That is , the 
transceiver 30 may be used to transmit other - messages to 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0005 ] The present invention will now be described , by 
way of example with reference to the accompanying draw 
ings , in which : 
[ 0006 ] FIG . 1 is diagram of a warning system in accor 
dance with one embodiment ; and 
[ 0007 ] FIG . 2 is a traffic - scenario encountered by the 
system of FIG . 1 in accordance with one embodiment . 

DETAILED DESCRIPTION 
0008 ] FIG . 1 illustrates a non - limiting example of a 
warning system 10 , hereafter referred to as the system 10 , 
which is generally configured for use by an automated 
vehicle , for example a host - vehicle 12 . The examples pre 
sented herein are generally directed to instances when the 
host - vehicle 12 is being operated in an automated - mode 14 , 
i . e . a fully autonomous mode , where a human operator ( not 
shown ) of the host - vehicle 12 does little more than designate 
a destination to operate the host - vehicle 12 . However , it is 
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recipients other than the target - vehicle 22 . The transceiver 
30 may transmit and receive messages using radio - fre - 
quency ( RF ) signals in accordance with known V2X proto 
cols . Alternatively , the transceiver 30 may use infrared ( IR ) 
light to transmit the proximity - warning 44 as the distance 
that the proximity - warning 44 must travel is expected to be 
rather short , e . g . less than twenty - five meters ( 25 m ) . 
[ 0013 ] The system 10 includes a controller 46 in commu 
nication with the object - detector 18 , the location detector 
34 , and the transceiver 30 . The communication may be by 
way of wires , wireless communication , or optical - fiber , as 
will be recognized by those in the art . The controller 46 may 
include a processor ( not specifically shown ) such as a 
microprocessor or other control circuitry such as analog 
and / or digital control circuitry including an application 
specific integrated circuit ( ASIC ) for processing data as 
should be evident to those in the art . The controller 46 may 
include 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 , for example , if a present - vector 48 of the 
target - vehicle 22 suggests that some action by the host 
vehicle 12 and / or the other - vehicle 50 ( FIG . 2 ) is necessary 
to avoid a collision based on signals received by the con 
troller 46 from the object - detector 18 as described herein . 
[ 0014 ] In particular , the controller 46 is configured to 
operate the transceiver 30 to transmit the proximity - warning 
44 when the separation - distance 20 between the host - vehicle 
12 and the target - vehicle 22 is less than a distance - threshold 
52 , one meter ( 1 m ) for example . Advantageously , the 
proximity - warning 44 communicates or includes the GPS 
coordinates 36 of the target - vehicle 22 , and the separation 
distance 20 , as including the GPS - coordinates 36 in the 
message ( the proximity - warning 44 ) will help to notify the 
target - vehicle 22 that corrective action by the target - vehicle 
22 is necessary to avoid a possible collision . That is , the 
target - vehicle 22 will be able to determine that the proxim 
ity - warning 44 is directed at the target - vehicle 22 . A further 
advantage of including the GPS - coordinates 36 of the target 
vehicle 22 in the proximity - warning 44 is that the other 
vehicle 50 and / or any other vehicles not shown in FIG . 2 but 
close enough to benefit from being notified that the target 
vehicle 22 is too close to the host - vehicle 12 . The advantage 
may be that the other - vehicle 50 and / or any other vehicles 
not shown in FIG . 2 may take some preemptive action in 
case a collision between the target - vehicle 22 and the 
host - vehicle 12 do collide , and / or make room for the host 
vehicle 12 to take some evasive action if the target - vehicle 
fails to respond accordingly to the proximity - warning 44 . 
[ 0015 ] . It is also contemplated that the proximity - warning 
44 may include the direction 32 and / or the host - coordinates 
40 as this may help the target - vehicle 22 and / or any other 
vehicles determine who ( i . e . which vehicle ) is transmitting 
the proximity - warning 44 . For example , the direction 32 
may give the target - vehicle 22 an instant indication of which 
direction the target - vehicle 22 should steer to avoid being 
too close to another vehicle ( i . e . the host - vehicle 12 ) . 
Making quick use of the instant indication may be preferable 
rather than use the sensors of the target - vehicle 22 to 
determine why the proximity - warning 44 has been issued as 
there is some evidence that those sensors are not performing 
adequately . 

[ 0016 ] FIG . 2 illustrates a non - limiting example of a 
traffic - scenario 54 where the present - vector 48 of the target 
vehicle 22 indicates that the target - vehicle 22 is drifting 
toward or changing lanes into the host - vehicle 12 . While the 
illustration suggests that the separation - distance 20 is deter 
mined or measured in a lateral - direction , it is contemplated 
that the separation - distance 20 may alternatively be mea 
sured in a longitudinal - direction , or some direction therebe 
tween , i . e . a diagonal - direction . If the separation - distance 20 
becomes less than the distance - threshold 52 ( FIG . 1 ) , the 
proximity - warning 44 is transmitted by the host - vehicle 12 
to warn the target - vehicle 22 about the situation . The expec 
tation is that the target - vehicle 22 will respond by changing 
the present - vector 48 of the target - vehicle 22 to steer away 
from the host - vehicle 12 . However , if the target - vehicle 22 
continues to travel towards the host - vehicle 12 , the host 
vehicle 12 may need to take some additional action . 
[ 0017 ] The controller 46 may also be in communication 
with vehicle - controls 56 of the host - vehicle 12 . By way of 
example and not limitation , the controller 46 may be con 
figured to operate the host - vehicle 12 to increase 60 the 
separation - distance 20 after proximity - warning 44 is trans 
mitted and the separation - distance 20 is less than a danger 
threshold 58 , one - half - meter ( 0 . 5 m ) for example , and 
noting that the danger - threshold 58 is less than the distance 
threshold 52 . That is , the system 10 , or more specifically the 
controller 46 , may take evasive action , possibly taking 
control away from a human - operator ( not shown ) of the 
host - vehicle 12 , only after the danger - threshold 58 is vio 
lated , where the danger - threshold 58 is closer that the 
distance - threshold 52 which causes transmission of the 
proximity - warning 44 . For the traffic - scenario 54 , the eva 
sive action may include , but is not limited to , braking and / or 
steering the host - vehicle 12 closer to the other - vehicle 50 . It 
is contemplated that steering the host - vehicle 12 closer to 
the other - vehicle 50 may cause the other - vehicle 50 to 
transmit another proximity - warning not shown ) and / or 
steer the other - vehicle 50 away from the host - vehicle 12 . 
[ 0018 ] It is contemplated that the controller 46 may be 
programmed with predetermined values for the distance 
threshold 52 and / or the danger - threshold . However , it is 
recognized that these values may need to be adjusted 
depending on a variety of factors such as speed , traffic 
density , weather - conditions , etc . By way of example and not 
limitation , the controller 46 may be further configured to 
determine a lane - center - confidence 62 of the host - vehicle , 
and determine the distance - threshold 52 and / or the danger 
threshold 58 based on the lane - center - confidence 62 . For 
example , if the lane - markings 64 ( FIG . 2 ) have been con 
sistently detected for a relatively long period of time , more 
than eight seconds ( 8 s ) for example , and the host - vehicle 12 
is centered between the lane - markings 64 , then the lane 
center - confidence is relatively high and there should be less 
need for the host - vehicle 12 to take evasive action . As such , 
if the lane - center - confidence is high , the exemplary value for 
the danger - threshold 58 of 0 . 5 m is likely acceptable . 
However , if the if the lane - center - confidence is relatively 
low because the lane - markings 64 ( FIG . 2 ) have not been 
consistently detected and / or have been detected for a rela 
tively short period of time , less than three seconds ( 3 s ) for 
example , the value of the danger - threshold 58 may be 
justifiably increased so the host - vehicle 12 considers making 
an evasive maneuver sooner when the target - vehicle 22 and 
the host - vehicle 12 approach each other . 
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[ 00191 Accordingly , a warning system ( the system 10 ) , a 
controller 46 for the system 10 , and a method of operating 
the system 10 is provided . The system 10 is generally 
configured so that when the cause of the target - vehicle 22 
being too close to the host - vehicle 12 is apparently the fault 
of the target - vehicle 22 , a proximity - warning 44 is trans 
mitted to warn the target - vehicle 22 ( or the operator of the 
target - vehicle 22 ) to move away from the host - vehicle 12 . If 
transmitting the proximity - warning 44 is not effective to 
have the target - vehicle 22 change course , then the host 
vehicle 12 may take evasive action as a last resort . 
[ 0020 ] 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 warning system for an automated vehicle , said 

system comprising : 
an object - detector used to determine a separation - distance 

to a target - vehicle from a host - vehicle ; 
a location - detector used to provide global - positioning 

system - coordinates ( GPS - coordinates of the target 
vehicle ; 

a transceiver used to transmit a proximity - warning to the 
target - vehicle ; and 

a controller in communication with the object - detector , 
the location - detector , and the transceiver , said control 
ler configured to operate the transceiver to transmit the 
proximity - warning when the separation - distance 
between the host - vehicle and the target - vehicle is less 
than a distance - threshold , wherein the proximity - warn 
ing includes the GPS - coordinates of the target - vehicle 
and the separation - distance . 

2 . The system in accordance with claim 1 , wherein the 
object - detector is used to determine a direction to the 
target - vehicle from the host - vehicle , and the proximity 
warning includes the direction . 

3 . The system in accordance with claim 1 , wherein the 
controller is in communication with vehicle - controls of the 
host - vehicle , and the controller operates the host - vehicle to 
increase the separation - distance after proximity - warning is 
transmitted and the separation - distance is less than a danger 
threshold that is less than the distance - threshold . 

4 . The system in accordance with claim 3 , wherein the 
controller is further configured to determine a lane - center 
confidence of the host - vehicle , and determine the danger 
threshold based on the lane - center - confidence . 

* * * * * 


