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( 57 ) ABSTRACT 
The disclosure includes embodiments for providing occlu 
sion adjustment for an in - vehicle augmented reality system . 
A system may include a three - dimensional heads - up display 
unit ( “ 3D HUD ” ) installed in a vehicle . The system may 
include a memory storing instructions that , when executed , 
cause the system to : display , on the 3D HUD , a first graphic 
that is viewable by a driver of the vehicle as overlaying the 
interested object when the driver is looking at the 3D HUD ; 
determine that at least a portion of the interested object is 
occluded by an occluding object ; turn off the first graphic so 
that the first graphic is not displayed on the 3D HUD ; and 
display , on the 3D HUD , a second graphic that does not 
overlay the occluding object and visually indicates to the 
driver the location of the interested object behind the occlud 
ing object when the driver is looking at the 3D HUD . 
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SYSTEM FOR OCCLUSION ADJUSTMENT 
FOR IN - VEHICLE AUGMENTED REALITY 

SYSTEMS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This patent application is a continuation of U . S . 
patent application Ser . No . 15 / 244 , 975 , entitled “ System for 
Occlusion Adjustment for In - Vehicle Augmented Reality 
Systems ” and filed on Aug . 23 , 2016 , the entirety of which 
is hereby incorporated by reference . 

BACKGROUND 
[ 0002 ] The specification relates to occlusion adjustment 
for in - vehicle augmented reality systems . 
[ 0003 ] Augmented reality applications are becoming 
increasingly popular . Some augmented reality applications 
exist for vehicles . These are known as “ in - vehicle aug 
mented reality systems . " 
[ 0004 ] Vehicles may be equipped with a heads - up display 
unit ( “ HUD ” ) . Some in - vehicle augmented reality systems 
operate using a HUD . 

SUMMARY 
[ 0005 ] One drawback of an in - vehicle augmented reality 
system including a HUD occurs when there is a physical 
obstacle between the display graphics and driver ' s eye . In 
this situation the graphics cause confusion since the physical 
obstacle does not occlude the graphics which visually rep 
resent an object which in reality is occluded by the physical 
object . 
[ 0006 ] For example , with reference FIG . 1B , a confusing 
graphic 121 represents an interested object 117 which in 
reality is occluded by a physical object ( e . g . , the occluding 
object 119 ) . This distortion of reality may confuse the driver 
of the vehicle . This confusion may cause a safety risk . For 
example , still referring to FIG . 1B , the confusing graphic 
121 may incorrectly cause the driver to think that the 
interested object 117 is located in front of the occluding 
object 119 when this is not true . 
[ 0007 ] The confusing graphic 121 , which in this example 
is visually similar to the interested object 117 , may also 
incorrectly cause the driver to believe that the interested 
object 117 is closer to the vehicle than is actually true in 
reality . For example , the driver may incorrectly think that the 
confusing graphic 121 is in fact the interested object 117 
because of the visual similarity , and therefore not appreciate 
the correct distance , or range , separating the vehicle from 
the interested object 117 . This confusion or misunderstand 
ing may also cause the driver to not appreciate the correct 
distance separating the vehicle from the occluding object 

without knowledge that the interested object 117 is located 
behind the occluding object 119 . For example , if the driver 
knows that the interested object 117 is located behind the 
occluding object 119 the driver may drive the vehicle slower 
or stop the vehicle . These driving decisions may reduce the 
risk to the interested object 117 or the driver by making it 
less likely that the interested object 117 is struck by the 
vehicle . 
[ 0009 ] Described herein are embodiments that solve the 
example problems described above . These embodiments 
may include providing occlusion adjustment for in - vehicle 
augmented reality systems . An in - vehicle augmented reality 
system may include a three - dimensional heads - up display 
unit ( “ 3D HUD ' ) installed in a vehicle . These embodiments 
may include adjusting the location of the graphics displayed 
on the 3D HUD based , for example , on the importance of the 
interested object and the occlusion . 
[ 0010 ] Examples of these embodiments are depicted in 
FIGS . 1D - 1F . In this way the location of an interested object 
117 behind an occluding object 119 may be communicated 
to the driver without confusing the driver about the distance 
or range that separates the vehicle and the interested object 
117 . 
10011 ] In some embodiments , an occlusion application 
installed in a vehicle including a 3D HUD may provide the 
functionality described herein . The occlusion application 
may be executable by a processor of the vehicle . The 
processor may be an element of an onboard vehicle com 
puter , an engine control unit , a head unit , the 3D HUD or 
some other processor - based computing device of the 
vehicle . 
[ 0012 ] In some embodiments , the vehicle may include 
internal sensors record sensor data describing information 
about the driver . The internal sensors may track the eye 
position of the driver relative to a 3D HUD . For example , the 
internal sensors may record sensor data that describes where 
the driver ' s eyes are located and how objects or graphics 
viewable when looking at the 3D HUD appear to the driver 
when the driver is looking at the 3D HUD . The occlusion 
application may receive the sensor data from the internal 
sensors . The occlusion application may determine the eye 
position of the driver relative to the 3D HUD based on the 
sensor data received from the internal sensors . 
10013 ] . In some embodiments , the vehicle may include 
external sensors that record sensor data describing the 
environment external to the vehicle ( sometimes referred to 
as the “ vehicle environment ” ) . The external sensors may 
track the position of objects in the vehicle environment . 
Some of these objects may be interested objects or occluding 
objects . An interested object may include any physical 
object which may pose a safety risk to the vehicle or be an 
object which the driver of the vehicle wants to protect from 
danger or should want to protect from danger . For example , 
the interested object may be an animal ( e . g . , a human or a 
dog ) , another vehicle or some other physical object that may 
be located on the roadway . An occluding object may include 
any physical object which may occlude or obstruct the 
interested object from being visible by the driver or the 
external sensors . The external sensors may generate sensor 
data that describes one or more of the following : the position 
of one or more interested objects at one or more points in 
time ; timestamps that correspond to the position of the one 
or more interested objects at the one or more points in time ; 
the position of one or more occluding objects at one or more 

119 . 
10008 ] One solution to this problem might be to not 
display any graphics that represent the interested object 117 . 
However , this solution might also create a safety risk since 
the driver may not know that the interested object 117 is 
behind the occluding object 119 . An example of this is 
shown in FIG . 1C . With reference to FIG . 1C , the driver has 
no way of knowing that the interested object 117 is located 
behind the occluding object 119 . If the driver knew that the 
interested object 117 ( e . g . , a human ) was behind the occlud 
ing object 119 , then the driver may make different driving 
decisions relative to the decisions the driver may make 
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points in time ; and timestamps that correspond to the 
position of the one or more occluding objects at the one or 
more points in time . The occlusion application may receive 
sensor data from the external sensors . The occlusion appli - 
cation may estimate a first position of an interested object in 
the vehicle environment based on the sensor data received 
from the external sensors . 
10014 ] In some embodiments , the occlusion application 
may determine , based on the eye position of the driver when 
looking at the 3D HUD and the first position of the interested 
object in the environment , a location for displaying a first 
graphic on the 3D HUD so that the first graphic overlays the 
interested object when the first graphic and the interested 
object are viewed by the driver when looking at the 3D 
HUD . The occlusion application may display the first 
graphic on the 3D HUD at the location so that the first 
graphic is viewable by the driver of the vehicle as overlaying 
the interested object when the driver is looking at the 3D 
HUD . 
[ 0015 ] In some embodiments , the occlusion application 
may determine whether at least a portion of the interested 
object is occluded by an occluding object based on the 
sensor data received from the external sensors . Responsive 
to a determination that the interested object is occluded by 
the occluding object , the occlusion application may ( 1 ) turn 
off the first graphic so that the first graphic is not displayed 
on the 3D HUD and ( 2 ) display , on the 3D HUD , a second 
graphic that does not overlay the occluding object and 
visually indicates to the driver the location of the interested 
object behind the occluding object when the driver is 
looking at the 3D HUD . 
[ 0016 ] In some embodiments , the occlusion application 
may not turn off the first graphic if the interested object is 
sufficiently important or the location of the interested object 
is sufficiently important . This may be a function of a 
preference of the driver . 
100171 In some embodiments , the occlusion application 
may determine the importance of the interested object or the 
location of the interested object based on the sensor data 
received from the internal sensors ( e . g . , " driver informa 
tion ” ) , the sensor data received from the external sensors 
describing the vehicle environment and other information 
such as one or more preferences of the driver . 
10018 ] In some embodiments , the occlusion application 
may change the way graphics on the 3D HUD are displayed 
( e . g . , transitioning from the first graphic to the second 
graphic ) based on the importance of the interested object or 
the location of the interested object . In this way , the occlu 
sion application may beneficially provide the driver with 
additional time and the ability to focus on the vehicle 
environment so that the driver may react faster and more 
accurately to objects or conditions in the vehicle environ 
ment . 
[ 0019 ] A system of one or more computers can be con 
figured to perform particular operations or actions by virtue 
of having software , firmware , hardware , or a combination of 
them installed on the system that in operation causes or 
cause the system to perform the actions . One or more 
computer programs can be configured to perform particular 
operations or actions by virtue of including instructions that , 
when executed by data processing apparatus , cause the 
apparatus to perform the actions . 
[ 0020 ] One general aspect includes a computer program 
product including a non - transitory computer - usable medium 

including a computer - readable program , where the com 
puter - readable program when executed on a computer of a 
vehicle causes the computer to : determine an eye position of 
a driver of the vehicle relative to a 3D HUD installed in the 
vehicle ; estimate a first position of an interested object in an 
environment external to the vehicle and substantially in front 
of the vehicle ; determine , based on the eye position of the 
driver when looking at the 3D HUD and the first position of 
the interested object in the environment , a location for 
displaying a first graphic on the 3D HUD so that the first 
graphic overlays the interested object when the first graphic 
and the interested object are viewed by the driver when 
looking at the 3D HUD ; display the first graphic on the 3D 
HUD at the location so that the first graphic is viewable by 
the driver of the vehicle as overlaying the interested object 
when the driver is looking at the 3D HUD ; determine 
whether at least a portion of the interested object is occluded 
by an occluding object ; and responsive to a determination 
that the interested object is occluded by the occluding object , 
( 1 ) turn off the first graphic so that the first graphic is not 
displayed on the 3D HUD and ( 2 ) display , on the 3D HUD , 
a second graphic that does not overlay the occluding object 
and visually indicates to the driver the location of the 
interested object behind the occluding object when the 
driver is looking at the 3D HUD . Other embodiments of this 
aspect include corresponding computer systems , apparatus , 
and computer programs recorded on one or more computer 
storage devices , each configured to perform the actions of 
the methods . 
[ 0021 ] One general aspect includes a computer - imple 
mented method including : displaying , on a 3D HUD 
installed in a vehicle , a first graphic that is viewable by a 
driver of the vehicle when looking at the 3D HUD ; deter 
mining that at least a portion of an interested object is 
occluded by an occluding object ; turning off the first graphic 
so that the first graphic is not displayed on the 3D HUD ; and 
displaying , on the 3D HUD , a second graphic that does not 
overlay the occluding object and visually indicates to the 
driver that the interested object is located behind the occlud 
ing object when the driver is looking at the 3D HUD . Other 
embodiments of this aspect include corresponding computer 
systems , apparatus , and computer programs recorded on one 
or more computer storage devices , each configured to per 
form the actions of the methods . 
[ 0022 ] Embodiments may include one or more of the 
following features . The method where the interested object 
and the occluding object are located outside the vehicle . The 
method where the interested object and the occluding object 
are located at least substantially in front of the vehicle . The 
method where the second graphic also does not overlay the 
interested object . The method further including tracking 
motion of the interested object using one or more vehicle 
sensors . The method where the one or more vehicle sensors 
includes a camera that tracks the motion of the interested 
object . The method where the camera tracks the motion of 
the interested object relative to the occluding object and the 
vehicle . The method where the one or more vehicle sensors 
includes a range finder that tracks the motion of the inter 
ested object and one or more distances of the interested 
object relative to the occluding object and the vehicle . The 
method where the sensors detects the interested object 
moving from a first position to a second position and the 
method further includes repositioning a location of the 
second graphic as displayed on the 3D HUD to correspond 
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to the second position where the second graphic was previ 
ously displayed on the 3D HUD to correspond to the first 
position . Embodiments of the described techniques may 
include hardware , a method or process , or computer soft 
ware on a computer - accessible medium . 
[ 0023 ] One general aspect includes a system including : a 
3D HUD installed in a vehicle ; and a memory storing 
instructions that , when executed , cause the system to : dis 
play , on the 3D HUD , a first graphic that is viewable by a 
driver of the vehicle as overlaying an interested object when 
the driver is looking at the 3D HUD ; determine that at least 
a portion of an interested object is occluded by an occluding 
object ; turn off the first graphic so that the first graphic is not 
displayed on the 3D HUD ; and display , on the 3D HUD , a 
second graphic that does not overlay the occluding object 
and visually indicates to the driver that the interested object 
is located behind the occluding object when the driver is 
looking at the 3D HUD . Other embodiments of this aspect 
include corresponding computer systems , apparatus , and 
computer programs recorded on one or more computer 
storage devices , each configured to perform the actions of 
the methods . 
[ 0024 ] Embodiments may include one or more of the 
following features . The system where the interested object 
and the occluding object are located outside the vehicle . The 
system where the interested object and the occluding object 
are located at least substantially in front of the vehicle . The 
system where the second graphic also does not overlay the 
interested object . The system where the instructions when 
executed cause the system to track motion of the interested 
object using one or more vehicle sensors . The system where 
the one or more vehicle sensors includes a camera that tracks 
the motion of the interested object . The system where the 
camera tracks the motion of the interested object relative to 
the occluding object and the vehicle . The system where the 
one or more vehicle sensors includes a range finder that 
tracks the motion of the interested object and one or more 
distances of the interested object relative to the occluding 
object and the vehicle . The system where the sensors detects 
the interested object moving from a first position to a second 
position and the instructions when executed cause the sys 
tem to reposition a location of the second graphic as dis 
played on the 3D HUD to correspond to the second position 
where the second graphic was previously displayed on the 
3D HUD to correspond to the first position . The system 
where the instructions when executed cause the system to 
determine whether the interested object is occluded by the 
occluding object when located at the second position and , 
responsive to determining that the interested object is not 
occluded at the second position , turning off the second 
graphic so that the second graphic is not displayed on the 3D 
HUD and displaying the first graphic again on the 3D HUD , 
where the first graphic is viewable by the driver of the 
vehicle as overlaying the interested object at the second 
position when the driver is looking at the 3D HUD . Embodi 
ments of the described techniques may include hardware , a 
method or process , or computer software on a computer 
accessible medium . 

[ 0026 ] FIG . 1A is a block diagram illustrating an example 
operating environment for an occlusion application accord 
ing to some embodiments 
[ 0027 ] FIG . 1B is a graphic representation , according to 
some embodiments , of a 3D HUD in which a graphic 
representing an interested object is displayed by the 3D 
HUD even though the interested object is occluded by an 
occluding object . 
[ 0028 ] FIG . 1C is a graphic representation , according to 
some embodiments , of a 3D HUD in which a graphic 
representing an interested object is not displayed by the 3D 
HUD when the interested object is occluded by an occluding 
object . 
[ 0029 ] FIGS . 1D - 1F are a series of graphic representa 
tions , according to some embodiments , of a 3D HUD in 
which an interested object is in motion relative to an 
occluding object and a graphic is displayed by the 3D HUD 
based on one or more of whether the interested object is 
occluded by the occluding object and whether the interested 
object is sufficiently important . 
[ 0030 ] FIG . 2A is a block diagram illustrating an example 
computer system including an occlusion application accord 
ing to some embodiments 
[ 0031 ] FIG . 2B is a block diagram illustrating an 3D HUD 
according to some embodiments . 
[ 0032 ] FIG . 2C is a block diagram illustrating an example 
computer system including a sharing application according 
to some embodiments . 
[ 0033 ] FIGS . 3A - 3C are a flowchart of an example 
method for providing occlusion adjustment for a graphic of 
a 3D HUD according to some embodiments . 

DETAILED DESCRIPTION 
[ 0034 ] An occlusion application may be an element of a 
vehicle that includes a 3D HUD . The occlusion application 
may generate a first graphic that is displayed by the 3D 
HUD . The first graphic may be displayed on the 3D HUD SO 
that the first graphic at least partially overlays an interested 
object when viewed by a driver of the vehicle . The first 
graphic may beneficially enable the driver to distinguish the 
interested object from other objects in their vision . The 
occlusion application may include code and routines that , 
when executed by a processor of the vehicle , causes the 
processor to ( 1 ) activate an internal sensor of the vehicle to 
identify the eye position of the driver relative to the 3D HUD 
and ( 2 ) cause the 3D HUD to generate the first graphic and 
display the first graphic at a location on the 3D HUD that , 
relative to the vision of the driver as indicated by the eye 
position of the driver , at least partially overlays the inter 
ested object as viewed by the driver while looking at the 3D 
HUD . 
100351 In some embodiments , the interested object may be 
in motion relative to an occluding object . For example , the 
interested object may be a human and the occluding object 
may be a parked truck or some other physical object that 
would occlude the interested object from the vision of the 
driver of the vehicle . In this example , both the interested 
object and the occluding object may be present in the 
environment external to the vehicle ( the vehicle environ 
ment ” ) . The occlusion application may include code and 
routines that , when executed by the processor , causes the 
processor to ( 1 ) monitor the motion of the interested object 
( or other objects such as the occluding object ) using one or 
more external sensors of the vehicle and ( 2 ) update the 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0025 ] The disclosure is illustrated by way of example , 
and not by way of limitation in the figures of the accompa 
nying drawings in which like reference numerals are used to 
refer to similar elements . 
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placement of the first graphic so that it tracks the motion of 
the interested object and continues to at least partially 
overlay the interested object as viewed by the driver while 
looking at the 3D HUD . The updates to the placement of the 
first graphic may be configured so that the motion of the first 
graphic seamlessly flows with the motion of the interested 
object so that to the driver it visually appears that they are 
coupled to one another . 
[ 0036 ] In some embodiments , the occlusion application 
may determine that the interested object is at least partially 
occluded by the occluding object . The occlusion application 
may include code and routines that , when executed by the 
processor , turn off the first graphic so that , relative to the 
vision of the driver , the interested object is occluded by the 
occluding object . 
[ 0037 ] In some embodiments , the occlusion application 
may include code and routines that , when executed by the 
processor , causes the processor to determine that the inter 
ested object is at least partially occluded by the occluding 
object . The occlusion application may include code and 
routines that , when executed by the processor , causes the 
processor , responsive to the determination that the interested 
object is at least partially occluded by the occluding object , 
to ( 1 ) turn off the first graphic so that the first graphic is not 
displayed by the 3D HUD and ( 2 ) cause the 3D HUD to 
display a second graphic that does not overlay the occluding 
object and visually indicates to the driver when the driver is 
looking at the 3D HUD that the location of the interested 
object is behind the occluding object . In some embodiments , 
the occlusion application may include code and routines 
that , when executed by the processor , causes the processor 
to determine , responsive to the interested object being 
occluded , a type for the interested object ( e . g . , human , 
animal , child , vehicle , etc . ) and whether this type of object 
is sufficiently important to generate the second graphic . If 
the interested object is determined to be sufficiently impor 
tant , then steps ( 1 ) and ( 2 ) described above in this paragraph 
may be executed responsive to this determination that the 
interested object is sufficiently important . 
[ 0038 ] In some embodiments , the occlusion application 
may include code and routines that , when executed by the 
processor , cause the external sensors of the vehicle to 
continue to track the motion of the interested object and the 
occluding object . The occlusion application may include 
code and routines that , when executed by the processor , 
causes the processor to determine based on the sensor data 
received from the external sensors that the interested object 
is no longer occluded by the occluding object . The occlusion 
application may include code and routines that , when 
executed by the processor , causes the processor to turn off 
the second graphic ( if the second graphic was previously 
turned on ) and turn the first graphic back on based on the 
determination that the interested object is no longer 
occluded by the occluding object . 

may be communicatively coupled via a network 105 . The 
operating environment 100 may include other servers or 
devices not shown in FIG . 1A including , for example , a 
traffic server for providing traffic data , a weather server for 
providing weather data , a power service server for providing 
power usage service ( e . g . , billing service ) , and a map server 
for providing map data , etc . 
[ 0041 ] The first vehicle 103 may be accessed by a driver 
125 via a signal line 122 . For example , the signal line 122 
may represent one or more of a steering wheel and some 
other vehicle input device ( e . g . , a transmission , a gas pedal , 
a brake pedal , a head unit , a button , a switch , a sensor , etc . ) 
which the driver 125 uses to control the first vehicle 103 or 
provide an input to the first vehicle 103 . 
[ 0042 ] In some embodiments , the first vehicle 103 may be 
located in a vehicle environment 108 . The vehicle environ 
ment 108 may include a portion of the physical world where 
the first vehicle 103 is located . The vehicle environment 108 
may include one or more of the following : the RSU 101 ; the 
second vehicle 106 ; an interested object 117 ; and an occlud 
ing object 119 . The interested object 117 may be a physical 
object which is or should be of interest to the driver 125 . The 
occluding object 119 may be a physical object which may 
occlude the interested object 117 , in whole or in part , from 
the vision of the driver 125 . In some embodiments , the 
vehicle environment 108 may include a roadway environ 
ment . 
[ 0043 ] The interested object 117 may include , for 
example , one or more of the following : a human ; an animal 
( e . g . , dog , cat , deer , cow , possum , etc . ) ; a vehicle ; a bicycle ; 
roadway debris or some other object present on a roadway ; 
a pothole ; an ice patch ; a puddle or some other aggregation 
of liquid such as water ; a traffic signal ; a sign or some other 
communication device ; and any physical object which may 
be present in the vehicle environment 108 . 
[ 0044 ] The occluding object 119 may include , for 
example , one or more of the following : a vehicle ( e . g . , a 
parked truck , a parked car , a traveling truck ; a traveling car ) ; 
a sign or some other communication device ; a vending 
machine ; a pole ( e . g . , a sign pole , a power pole ; pole for a 
traffic light , etc . ) ; a building ; roadway debris or some other 
object present on a roadway ; and any physical object which 
may be present in the vehicle environment 108 . 
10045 ] The first vehicle 103 , the second vehicle 106 , the 
RSU 101 and the vehicle environment 108 in FIG . 1A can 
be used by way of example . While FIG . 1A illustrates one 
first vehicle 103 , one second vehicle 106 , one RSU 101 and 
one vehicle environment 108 , the disclosure applies to a 
system architecture having one or more first vehicles 103 , 
one or more second vehicles 106 , one or more RSUS 101 and 
one or more vehicle environments 108 . Furthermore , 
although FIG . 1A illustrates one network 105 coupled to the 
first vehicle 103 , the second vehicle 106 and the RSU 101 , 
bit in practice one or more networks 105 can be connected 
to these entities . 
[ 00461 The network 105 may be a conventional type , 
wired or wireless , and may have numerous different con 
figurations including a star configuration , token ring con 
figuration , or other configurations . Furthermore , the network 
105 may include a local area network ( LAN ) , a wide area 
network ( WAN ) ( e . g . , the Internet ) , or other interconnected 
data paths across which multiple devices and / or entities may 
communicate . In some embodiments , the network 105 may 
include a peer - to - peer network . The network 105 may also 

System Overview 
[ 0039 ] FIG . 1A is a block diagram illustrating an example 
operating environment 100 for an occlusion application 199 
and a sharing application 198 . 
[ 0040 ] The operating environment 100 may include one or 
more of the following : a roadside unit 101 ( “ RSU ” or “ RSU 
101 ” if singular , “ RSUs ” or “ RSUS 101 ” if plural ) ; a second 
vehicle 106 ; and a first vehicle 103 . In the illustrated 
embodiment , these entities of the operating environment 100 
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be coupled to or may include portions of a telecommunica 
tions network for sending data in a variety of different 
communication protocols . In some embodiments , the net 
work 105 includes Bluetooth communication networks or a 
cellular communications network for sending and receiving 
data including via short messaging service ( SMS ) , multi 
media messaging service ( MMS ) , hypertext transfer proto 
col ( HTTP ) , direct data connection , wireless application 
protocol ( WAP ) , e - mail , DSRC , etc . The network 105 may 
also include a mobile data network that may include third 
generation ( 3G ) , fourth - generation ( 4G ) , long - term evolu 
tion ( LTE ) , Voice - over - LTE ( “ VOLTE ” ) or any other mobile 
data network or combination of mobile data networks . 
Further , the network 105 may include one or more IEEE 
802 . 11 wireless networks . 
[ 0047 ] In some embodiments , the network 105 may 
include one or more communication channels shared among 
the first vehicle 103 and one or more other wireless com 
munication devices . The communication channel may 
include DSRC or any other wireless communication proto 
col . For example , the network 105 may be used to transmit 
a DSRC message , DSRC probe or basic safety message to 
a first vehicle 103 . In some embodiments , the network 105 
includes communication channels for sending and receiving 
data via full - duplex wireless communication as described in 
U . S . patent application Ser . No . 14 / 471 , 387 filed on Aug . 28 , 
2014 and entitled “ Full - Duplex Coordination System , ” the 
entirety of which is hereby incorporated by reference . 
[ 0048 ] The RSU 101 may be communicatively coupled to 
the network 105 via a signal line 104 . The second vehicle 
106 may be communicatively coupled to the network 105 
via a signal line 197 . The first vehicle 103 may be commu 
nicatively coupled to the network 105 via a signal line 109 . 
[ 0049 ] In some embodiments , the operating environment 
100 may include a GPS satellite for providing GPS location 
data to the first vehicle 103 or the second vehicle 106 that 
describes the geographic location of the first vehicle 103 or 
the second vehicle 106 , respectively . 
[ 0050 ] The first vehicle 103 may include a car , a truck , a 
sports utility vehicle , a bus , a semi - truck , a drone or any 
other roadway - based conveyance that includes a 3D HUD . 
In some embodiments , the first vehicle 103 may include an 
autonomous vehicle or a semi - autonomous vehicle . 
10051 ] In some embodiments , the first vehicle 103 may 
include one or more of the following elements : a 3D HUD ; 
a processor ; a non - transitory memory ; a communication 
unit ; a sensor set ; and an occlusion application 199 . The 
processor may be an element of an onboard vehicle com 
puter , an electronic control unit , a head unit , the 3D HUD or 
some other processor - based computing device . 
[ 0052 ] The 3D HUD may be described in U . S . patent 
application Ser . No . 15 / 080 , 433 filed on Mar . 24 , 2016 and 
entitled “ Wireless Data Sharing Between a Mobile Client 
Device and a Three - Dimensional Heads - Up Display Unit , " 
the entirety of which is herein incorporated by reference . An 
example embodiment of the 3D HUD is described in more 
detail below with reference to FIG . 2B . 
[ 0053 ] The processor , the non - transitory memory , com 
munication unit and sensor set may include similar func 
tionality as the processor 225 , the memory 227 , the com 
munication unit 245 and the sensor set 212 , respectively , 
which are described below with reference to FIG . 2A . 
10054 ] In some embodiments , the sensor set may include 
one or more sensors . The one or more sensors may be 

operable to measure the vehicle environment 108 . For 
example , the sensor set record one or more physical char 
acteristics of the vehicle environment 108 . The one or more 
physical characteristics may be recorded directly ( e . g . , 
atmospheric pressure , temperature , or any other parameters 
capable of direct measurement by a vehicle sensor ) or 
indirectly ( e . g . , an image or sound recording that depicts or 
describes a physical characteristic of the vehicle environ 
ment 108 or an object or event present within the vehicle 
environment ) . 
[ 0055 ] In some embodiments , the sensor set may include 
one or more sensors that are operable to measuring the 
performance of the first vehicle 103 . For example , the sensor 
set may record sensor data 181 that describes a speed or 
acceleration of the first vehicle 103 . 
[ 0056 ] . In some embodiments , the sensor set may include 
one or more of the following vehicle sensors : an external 
microphone ; an internal microphone ; an external camera , an 
internal camera ; a LIDAR sensor ; a laser - based range finder ; 
a laser altimeter ; a navigation sensor ( e . g . , a global posi 
tioning system sensor of the DSRC - compliant GPS unit that 
is accurate to within 1 . 5 meters , as opposed to being accurate 
to within 10 meters as is the case for non - DSRC - compliant 
GPS units ) ; an infrared detector ; a motion detector ; a 
thermostat ; a sound detector , a carbon monoxide sensor ; a 
carbon dioxide sensor ; an oxygen sensor ; a mass air flow 
sensor ; an engine coolant temperature sensor ; a throttle 
position sensor ; a crank shaft position sensor ; an automobile 
engine sensor ; a valve timer ; an air - fuel ratio meter , a blind 
spot meter ; a curb feeler ; a defect detector ; a Hall effect 
sensor , a manifold absolute pressure sensor ; a parking 
sensor ; a radar gun ; a speedometer ; a speed sensor ; a 
tire - pressure monitoring sensor ; a torque sensor ; a transmis 
sion fluid temperature sensor ; a turbine speed sensor ( TSS ) ; 
a variable reluctance sensor ; a vehicle speed sensor ( VSS ) ; 
a water sensor ; a wheel speed sensor , and any other type of 
automotive sensor . 
[ 0057 The sensor set may be operable to record sensor 
data 181 that describes one or more locations of the first 
vehicle 103 at one or more different times , images or other 
measurements of the vehicle environment 108 and objects or 
other vehicles present in the vehicle environment 108 , etc . In 
this way , the sensor data 181 may describe the vehicle 
environment 108 . 
[ 0058 ] In some embodiments , the sensor data 181 may 
describe one or more of the following : a location of the first 
vehicle 103 at one or more different times ( e . g . , as indicated 
by time stamps associated with the sensor data 181 that 
describes the location of the first vehicle 103 ) ; a location of 
the interested object 117 at one or more different times ( e . g . , 
as indicated by time stamps associated with the sensor data 
181 that describes the location of the interested object 117 ) ; 
a location of the occluding object 119 at one or more 
different times ( e . g . , as indicated by time stamps associated 
with the sensor data 181 that describes the location of the 
occluding object 119 ) ; a distance or range separating the first 
vehicle 103 from the interested object 117 ; a distance or 
range separating the first vehicle 103 from the occluding 
object 119 ; a distance or range separating the interested 
object 117 from the occluding object 119 ; one or more colors 
of the interested object 117 ; one or more colors of the 
occluding object 119 ; one or more images of the interested 
object 117 , the occluding object 119 or any other features or 
elements of the vehicle environment 108 . 



US 2019 / 0171287 A1 Jun . 6 , 2019 

[ 0059 ] The occlusion application 199 may include code 
and routines that are stored on the non - transitory memory of 
the first vehicle 103 and accessible and executable by the 
processor of the first vehicle 103 . 
[ 0060 ] In some embodiments , the occlusion application 
199 may control the operation of the 3D HUD . For example , 
the occlusion application 199 may include code and routines 
that , when executed by the processor of the first vehicle 103 , 
cause the 3D HUD to generate graphics that highlight the 
presence of objects such as the interested object 117 in the 
vehicle environment 108 . For example , one or more sensors 
of the sensor set may detect and track the presence of the 
interested object 117 and the occlusion application 199 may 
cause the 3D GUI to display a first graphic that highlights 
the presence of the interested object 117 as viewed by the 
driver 125 when looking at the 3D HUD by overlaying the 
graphic over at least a portion of the interested object 117 . 
The first graphic may be configured by the occlusion appli 
cation 199 to make the interested object 117 more noticeable 
for the driver 125 when the driver 125 looks at the interested 
object 117 through the 3D HUD . The occlusion application 
199 may cause the sensor set to continue to monitor and 
track the location of the interested object in the vehicle 
environment 108 over time . As the interested object 117 
moves over time , the occlusion application 199 may cause 
the 3D HUD to relocate the first graphic so that the position 
of the first graphic tracks the position of the interested object 
117 as viewed by the driver 125 . 
[ 0061 ] In some embodiments , the occlusion application 
199 may automatically create an occlusion if the position of 
the interested object 117 changes so that the interested object 
is located behind a physical obstacle such as the occluding 
object 119 . For example , the occlusion application 199 may 
cause the 3D HUD to cease to display the first graphic that 
highlights the presence of the interested object 117 respon 
sive to one or more sensors of the sensor set providing 
sensor data 181 indicating that the interested object 117 is 
located behind the occluding object 119 . If the interested 
object 117 is sufficiently important , the occlusion applica 
tion 199 may relocate the graphic for the interested object 
117 . For example , the occlusion application 199 may turn off 
the first graphic since otherwise the first graphic may 
overlay the occluding object 119 , which may confuse the 
driver 125 . See , for example , the confusing graphic 121 
depicted in FIG . 1B . Referring back to FIG . 1A , the occlu 
sion application 199 may cause the 3D HUD to display a 
second graphic that does not overlay the occluding object 
119 and indicates the location of the interested object 117 
behind the occluding object 119 . See , for example , the 
second graphic 124 depicted in FIG . 1E . 
[ 0062 ] Referring back to FIG . 1A , in some embodiments 
the occlusion application 199 may generate a first graphic 
that is displayed by the 3D HUD . The first graphic may be 
displayed on the 3D HUD so that the first graphic at least 
partially overlays the interested object 117 when viewed by 
the driver 125 . The first graphic may beneficially enable the 
driver to distinguish the interested object 117 from other 
objects in their vision when they look at the 3D HUD . The 
occlusion application 199 may include code and routines 
that , when executed by a processor of the first vehicle 103 , 
causes the processor to perform one or more of the following 
steps : ( 1 ) activate an internal sensor of the sensor set to 
identify the eye position of the driver 125 relative to the 3D 
HUD ( e . g . , the internal sensor may identify an angle of 

vision between the eye of the driver and the portion of the 
3D HUD where the interested object 117 is viewable by the 
driver 125 ) ; and ( 2 ) cause the 3D HUD to generate the first 
graphic and display the first graphic at a location on the 3D 
HUD that , relative to the vision of the driver 125 as indicated 
by the eye position of the driver 125 , at least partially 
overlays the interested object as viewed by the driver 125 
while looking at the 3D HUD . 
10063 ] . In some embodiments , the internal sensor may 
provide sensor data 181 that describes a three dimensional 
Cartesian coordinate separating one or more eyes of the 
driver 125 and the portion of the 3D HUD where the 
interested object 117 is viewable by the driver 125 . For 
example , the top left - hand corner of the 3D HUD may be an 
origin location ( 0 , 0 , 0 ) on a grid ( any other point of the 3D 
HUD may serve as the origin ) . The Z - axis may describe a 
distance from one or more eyes of the driver 125 and the 
portion of a horizontal cross - section of the 3D HUD where 
the interested object 117 is viewable by the driver 125 . The 
X - axis and the Y - axis may describe the vertical and hori 
zontal positions of the point in the 3D HUD where the 
interested object 117 is viewable by the driver 125 relative 
to the origin . For example , if : ( 1 ) one millimeter in real 
space equal one unit in the Cartesian coordinate system ; ( 2 ) 
the point in the 3D HUD where the interested object 117 is 
viewable by the driver 125 relative to the origin is 25 
millimeters below the origin and 100 millimeters to the right 
of the origin ; and ( 3 ) the one or more eyes of the driver 125 
are 200 millimeters from the horizontal cross - section of the 
3D HUD where the interested object is viewable by the 
driver 125 ; then the sensor data 181 may provide data from 
which the occlusion application 199 may determine a Car 
tesian coordinate separating the one or more eyes of the 
driver 125 and the portion of the 3D HUD where the 
interested object 117 is viewable by the driver 125 as being 
( 100 , - 25 , 200 ) . 
[ 0064 ] In some embodiments , the interested object 117 
may be in motion relative to an occluding object 119 . For 
example , the interested object 117 may be a human and the 
occluding object 119 may be a parked truck or some other 
physical object that would occlude the interested object 117 
from the vision of the driver 125 when looking through the 
3D HUD . The occlusion application 199 may include code 
and routines that , when executed by the processor , causes 
the processor to ( 1 ) monitor the motion of the interested 
object 117 ( or other objects such as the occluding object 119 ) 
using one or more external sensors of the sensor set and ( 2 ) 
update the placement of the first graphic so that it tracks the 
motion of the interested object 117 and continues to at least 
partially overlay the interested object 118 as viewed by the 
driver 125 while looking at the 3D HUD . The updates to the 
placement of the first graphic may be configured so that the 
motion of the first graphic seamlessly flows with the motion 
of the interested object 117 in the vehicle environment 108 
so that to the driver 125 the first graphic visually appears as 
though it is coupled to the interested object 117 ( or a 
component of the interested object 117 ) . 
[ 0065 ] In some embodiments , the sensors of the sensor set 
may continue to track the position of the interested object 
117 over time and provide sensor data 181 that describes the 
location of the interested object 117 over time . The occlu 
sion application 199 may determine based on sensor data 
181 that the interested object 117 is at least partially 
occluded by the occluding object 119 . The occlusion appli 
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cation 199 may include code and routines that , when 
executed by the processor , turn off the first graphic so that 
it is no longer displayed by the 3D GUI and , relative to the 
vision of the driver 125 , the interested object 117 is occluded 
by the occluding object 119 . 
[ 00661 In some embodiments , the occlusion application 
199 may include code and routines that , when executed by 
the processor of the first vehicle 103 , causes the processor to 
determine that the interested object 117 is at least partially 
occluded by the occluding object 119 . The occlusion appli 
cation 199 may include code and routines that , when 
executed by the processor , causes the processor , responsive 
to the determination that the interested object 117 is at least 
partially occluded by the occluding object 119 , to ( 1 ) turn off 
the first graphic so that the first graphic is not displayed by 
the 3D HUD and ( 2 ) cause the 3D HUD to display a second 
graphic that does not overlay the occluding object 119 and 
visually indicates to the driver when the driver is looking at 
the 3D HUD that the location of the interested object 117 is 
behind the occluding object 119 . See , for example , FIGS . 
1D , 1E and 1F . In some embodiments , the occlusion appli 
cation 199 may include code and routines that , when 
executed by the processor , causes the processor to deter 
mine , responsive to the interested object 117 being occluded , 
a type for the interested object ( e . g . , human , animal , child , 
vehicle , etc . ) and whether this type of object is sufficiently 
important to generate the second graphic . If the interested 
object 117 is determined to be sufficiently important , then 
steps ( 1 ) and ( 2 ) described above in this paragraph may be 
executed responsive to this determination that the interested 
object 117 is sufficiently important . 
[ 0067 ] In some embodiments , the occlusion application 
199 may include code and routines that , when executed by 
the processor of the first vehicle 103 , cause the external 
sensors of the first vehicle 103 to continue to track the 
motion of the interested object 117 and the occluding object 
119 in the vehicle environment 108 . The occlusion applica 
tion 199 may include code and routines that , when executed 
by the processor , causes the processor to determine , based 
on the sensor data received from the external sensors , that 
the interested object 117 is no longer occluded by the 
occluding object 119 . The occlusion application 199 may 
include code and routines that , when executed by the pro 
cessor , causes the processor to turn off the second graphic ( if 
the second graphic was previously turned on ) and turn the 
first graphic back on based on the determination that the 
interested object is no longer occluded by the occluding 
object 119 . See , for example , FIG . 1F . 
[ 0068 ] In some embodiments , the occlusion application 
199 may include code and routines that , when executed by 
a processor of the first vehicle 103 , causes the 3D HUD of 
the first vehicle 103 to display one or more of the GUIS 
depicted in FIGS . 1D , 1E and 1F . 
[ 0069 ] In some embodiments , the occlusion application 
199 may include code and routines that , when executed by 
a processor of the first vehicle 103 , causes the processor to 
execute one or more of the steps described below with 
reference to method 300 depicted in FIGS . 3A - 3C . 
[ 0070 ] In some embodiments , the occlusion application 
199 can be implemented using hardware including a field 
programmable gate array ( “ FPGA ” ) or an application - spe 
cific integrated circuit ( “ ASIC ” ) . In some other embodi 
ments , the occlusion application 199 can be implemented 
using a combination of hardware and software . The occlu 

sion application 199 may be stored in a combination of the 
devices and servers , or in one of the devices or servers . 
10071 ] The sensor data 181 may include any data neces 
sary for the occlusion application 199 to provide its func 
tionality . 
[ 0072 ] . The occlusion application 199 is described in more 
detail below with reference to FIG . 2A . 
10073 ] The second vehicle 106 includes similar function 
ality as the first vehicle 103 , and so , that description will not 
be repeated here . In some embodiments , the second vehicle 
106 may include one or more of the following elements : a 
3D HUD ; a processor ; a non - transitory memory ; a commu 
nication unit ; and a sensor set . These elements of the second 
vehicle 106 are similar to those described above for the first 
vehicle 103 , and so , those descriptions will not be repeated 
here . 
0074 ] The second vehicle 106 also includes a sharing 
application 111 . The sensor set of the second vehicle 106 
may collect sensor data 181 which is stored on the non 
transitory memory of the second vehicle 106 . The sharing 
application 111 may generate a wireless message that 
includes the sensor data 181 or a portion of the sensor data 
181 . The sharing application 111 may cause the communi 
cation unit of the second vehicle 106 to transmit the wireless 
message to the network 105 . The communication unit of the 
first vehicle 103 may receive the wireless message from the 
network 105 . In this way , the sharing application 111 ben 
eficially enables the occlusion application 199 of the first 
vehicle 103 to provide its functionality using sensor data 181 
which is sourced , in whole or in part , from a remote source 
such as the second vehicle 106 . 
[ 0075 ] . In some embodiments , the sharing application 111 
may include code and routines that , when executed by a 
processor of the second vehicle 106 , causes the processor to 
execute one or more of the steps described below with 
reference to method 300 depicted in FIGS . 3A - 3C . 
[ 0076 ] In some embodiments , the sharing application 111 
can be implemented using hardware including an FPGA or 
an ASIC . In some other embodiments , the sharing applica 
tion 111 can be implemented using a combination of hard 
ware and software . The sharing application 111 may be 
stored in a combination of the devices and servers , or in one 
of the devices or servers . 
[ 0077 ] The sharing application 111 is described in more 
detail below with reference to FIG . 2C . 
[ 0078 ] As described above , the RSU 101 is a roadside 
service unit . In some embodiments , the RSU 101 may 
include one or more of the following elements : a processor ; 
a non - transitory memory ; a communication unit ; and a 
sensor set . These elements of the RSU 101 are similar to 
those described above for the first vehicle 103 , and so , those 
descriptions will not be repeated here . 
[ 0079 ] The RSU 101 may also include a sharing applica 
tion 111 . For example , the sensor set of the RSU 101 may 
collect sensor data 181 and the sharing application 111 may 
cause a processor of the RSU 101 to share the sensor data 
181 with the occlusion application 199 of the first vehicle 
103 . 
10080 ) Referring now to FIG . 1B , depicted is a graphic 
representation 170 , according to some embodiments , of a 3D 
HUD in which a confusing graphic 121 representing an 
interested object 117 is displayed by the 3D HUD even 
though the interested object 117 is occluded by an occluding 
object 119 . The confusing graphic 121 may confuse the 
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driver 125 of the vehicle . For example , the driver 125 may 
think that the interested object 117 is in front of the occlud 
ing object 119 because the confusing graphic 121 is visually 
similar to the interested object and overlays a portion of the 
occluding object 119 so that it appears to be in front of the 
occluding object as viewed by one or more eyes 126 of the 
driver 125 . The confusing graphic 121 may also cause the 
driver 125 to think that the interested object 117 is closer to 
the vehicle , in terms of range or distance , than is actually the 
case in reality because the confusing graphic 121 may make 
it appear as though the interested object 117 is in front of the 
occluding object 119 , and therefore apparently closer to the 
vehicle , when it is in fact behind the occluding object 119 , 
and therefore actually further away from the vehicle . The 
occlusion application 199 beneficially solves these example 
problems . For example , the occlusion application 199 may 
generate a first graphic and a second graphic as described 
herein . 
[ 0081 ] Referring now to FIG . 1C , depicted is a graphic 
representation 171 , according to some embodiments , of a 3D 
HUD in which a graphic representing an interested object 
117 is not displayed by the 3D HUD when the interested 
object is occluded by an occluding object 119 . This may 
result in a safety risk for the interested object or the driver 
125 of the vehicle . For example , as viewed by one or more 
eyes 126 of the driver 125 , the driver 125 may not see the 
interested object 117 which is occluded by the occluding 
object 119 . If the driver 125 did see the interested object 117 , 
the driver 125 may take a remedial action designed to reduce 
risk to the interested object 117 or the driver 125 . Examples 
of remedial actions may include one or more of the follow 
ing : slowing down the speed of the vehicle ; braking the 
vehicle ; changing lanes of travel so that the vehicle is 
traveling in a different lane or a different road ; stopping the 
vehicle ; and any other action which the driver 125 may 
believe may reduce the risk . However , the driver 125 may 
not take any of these remedial actions because they cannot 
see the interested object 117 . The occlusion application 
beneficially solves this example problem . For example , the 
occlusion application 199 may selectively generate a first 
graphic and a second graphic as described herein . The 
occlusion application 199 may select whether to display one 
or more of the graphics based on the importance of the 
interested object 117 relative to a threshold . 
[ 0082 ] Referring now to FIGS . 1D - 1F , depicted are a 
series of graphic representations 172 , 173 , 174 , according to 
some embodiments , of a 3D HUD in which an interested 
object 117 is in motion relative to an occluding object 119 
and a first graphic 123 or a second graphic 124 is selectively 
displayed by the 3D HUD based on one or more of : ( 1 ) 
whether the interested object 117 is occluded by the occlud 
ing object 119 ; and ( 2 ) whether the interested object 117 is 
sufficiently important . 
10083 ) Referring now to FIG . 1D , in some embodiments 
the sensor data may indicate that the interested object 117 is 
not occluded by the occluding object 119 . The occlusion 
application may analyze the sensor data to determine that the 
interested object 117 is not occluded by the occluding object 
119 relative to the vision of one or more eyes 126 of the 
driver 125 . The occlusion application may generate GUI 
data for causing the 3D HUD to display the first graphic 123 . 
The occlusion application may provide the GUI data to the 
3D HUD . The occlusion application may cause the 3D HUD 
to display the first graphic 123 at a location on the 3D HUD 

that , relative to the vision of the driver 125 , appears to 
overlay the interested object 117 but not the occluding object 
119 . For example , the occlusion application may : ( 1 ) deter 
mine , based on sensor data collected by one or more internal 
sensors of the vehicle , a Cartesian coordinate for where the 
first graphic 123 should be located on the 3D HUD relative 
to the one or more eyes 126 of the driver 125 so that the first 
graphic 123 appears to overlay the interested object 117 but 
not the occluding object 119 . For example , the occlusion 
application may ; and ( 2 ) cause the 3D HUD to display the 
first graphic 123 at the location corresponding to the Car 
tesian coordinate determined by the occlusion application . 
[ 0084 ] Referring now to FIG . 1E , in some embodiments 
the sensor data may indicate that the interested object 117 is 
occluded by the occluding object 119 . The occlusion appli 
cation may analyze the sensor data to determine that the 
interested object 117 is occluded by the occluding object 119 
relative to the vision of one or more eyes 126 of the driver 
125 . 
[ 0085 ] In some embodiments , the occlusion application 
may cause the 3D HUD to stop displaying the first graphic 
123 . 
[ 0086 ] In some embodiments , the occlusion application 
may generate GUI data for causing the 3D HUD to display 
the second graphic 124 . The occlusion application may 
provide the GUI data to the 3D HUD . The occlusion 
application may cause the 3D HUD to display the second 
graphic 124 at a location on the 3D HUD that , relative to the 
vision of the driver 125 , does not overlay interested object 
117 or the occluding object 119 but still indicates that the 
interested object 117 is located behind the occluding object 
119 . For example , the occlusion application may : ( 1 ) deter 
mine , based on sensor data collected by one or more internal 
sensors of the vehicle , a Cartesian coordinate for where the 
second graphic 124 should be located on the 3D HUD 
relative to the one or more eyes 126 of the driver 125 so that 
the second graphic 124 does not overlay the interested object 
117 or the occluding object 119 but still indicates that the 
interested object 117 is located behind the occluding object 
119 ; and ( 2 ) cause the 3D HUD to display the second 
graphic 124 at the location corresponding to the Cartesian 
coordinate determined by the occlusion application . 
[ 0087 ] In this way the occlusion application may selec 
tively cause the 3D HUD to display either the first graphic 
123 or the second graphic 124 . 
[ 0088 ] In some embodiments , the occlusion application 
may determine a type for the interested object 117 ( for 
example , based on sensor data such as images describing the 
interested object 117 and a set of object priors describing 
known objects having a known type such as “ human , " 
" vehicle , " " dog , " " cat , " etc . ) . Different types of interested 
objects 117 may be associated with different levels of 
importance . This importance may be quantified with a value . 
For example , any interested object 117 determined to be of 
“ human ” type , may be associated with a relatively high 
importance relative to other types of interested objects . For 
example , a memory of the vehicle may store a table having 
a first column of types and a second column of importance 
values associated with the different types in the first column . 
The memory may also store an importance threshold . In 
some embodiments , the occlusion application may ( 1 ) deter 
mine the type for the interested object 117 , ( 2 ) determine the 
importance value associated with the type determined for the 
interested object and ( 3 ) retrieve the importance threshold 
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for comparison to the importance value associated with the 
type determined for the interested object 117 . In some 
embodiments , the occlusion application may determine 
whether the importance value for the type determined for the 
interested object 117 meets or exceeds the importance 
threshold . In some embodiments , the occlusion application 
may only cause the 3D HUD to display the second graphic 
124 if the importance value for the type determined for the 
interested object 117 meets or exceeds the importance 
threshold . 
[ 0089 ] In this way , the occlusion application may selec 
tively display the second graphic 124 based on the impor 
tance of the interested object 117 . 
[ 0090 ] Referring now to FIG . 1F , in some embodiments 
the sensor data may indicate that the interested object 117 is 
no longer occluded by the occluding object 119 when in 
previously was occluded by the occluding object 119 ( see , 
for example , FIG . 1E which may have occurred at a point in 
time prior to FIG . 1F ) . The occlusion application may 
analyze the sensor data to determine that the interested 
object 117 is no longer occluded by the occluding object 119 
relative to the vision of one or more eyes 126 of the driver 
125 . 
[ 0091 ] In some embodiments , the occlusion application 
may cause the 3D HUD to stop displaying the second 
graphic 124 . 
[ 0092 ] In some embodiments , the occlusion application 
may generate GUI data for causing the 3D HUD to display 
the first graphic 123 again . The occlusion application may 
provide the GUI data to the 3D HUD . The occlusion 
application may cause the 3D HUD to display the first 
graphic 123 at a location on the 3D HUD that , relative to the 
vision of the driver 125 , overlays the interested object 117 
but not the occluding object 119 similar to what was 
described above for FIG . 1D . 

components via a signal line 244 . The instructions or data 
may include code for performing the techniques described 
herein . The memory 227 may be a dynamic random access 
memory ( DRAM ) device , a static random access memory 
( SRAM ) device , flash memory , or some other memory 
device . In some embodiments , the memory 227 also 
includes a non - volatile memory or similar permanent stor 
age device and media including a hard disk drive , a floppy 
disk drive , a CD - ROM device , a DVD - ROM device , a 
DVD - RAM device , a DVD - RW device , a flash memory 
device , or some other mass storage device for storing 
information on a more permanent basis . 
100971 . As illustrated in FIG . 2A , the memory 227 stores 
one or more of the following : driver information 293 ; 
external sensor data 295 ; driver preference data 298 ; type 
data set 291 ; GUI data 297 ; and driver view data 299 . 
[ 0098 ] The driver information 293 may include sensor 
data captured by one or more internal sensors of the sensor 
set 212 . The driver information 293 may describe the driver . 
The driver information 293 may describe , among other 
things , the eye orientation of the driver relative to the 3D 
HUD 231 . 
[ 0099 ] The external sensor data 295 may include sensor 
data captured by one or more of the following entities : ( 1 ) 
one or more external sensors of the sensor set 212 ; ( 2 ) one 
or more external sensors of a second vehicle ; and ( 3 ) one or 
more external sensors of an RSU . 
[ 0100 ] The external sensor data 295 may describe a 
vehicle environment . The external sensor data 295 may 
describe , for example , one or more interested objects and 
one or more occluding objects . The external sensor data 295 
may also describe a first vehicle . For example , the external 
sensor data 295 may describe a location of the first vehicle . 
[ 0101 ] The driver preference data 298 may describe one or 
more preferences of a driver of the first vehicle . The driver 
preference data 298 may describe an importance threshold . 
The importance threshold may vary , for example , based on 
the time of day , day of week . external illumination level of 
the vehicle environment or other factors . The driver prefer 
ence data 298 may describe colors or other information 
which the driver prefers for the generation of one or more 
first graphics and one or more second graphics . 
[ 0102 ] The type data set 291 may any data necessary to 
determine a type for an interested object and an importance 
of that object . For example , the type data set 291 may 
include object priors used to determine a type for an inter 
ested object and a table , or some other data structure , used 
to determine an importance for that type of object . 
[ 0103 ] The GUI data 297 may include graphical data used 
to generate graphics for display on the 3D HUD 231 . For 
example , the GUI data 297 may include graphical data used 
to generate one or more of the first graphic and the second 
graphic . 
[ 0104 ] The driver view data 299 may include any data 
necessary to determine one or more Cartesian coordinates 
used to determine where to display graphics on the 3D HUD 
231 relative to the vision of the driver . 
[ 0105 ] In some embodiments , the memory 227 may store 
the sensor data 181 described above with reference to FIGS . 
1A - 1F . For example , the following elements may be com 
ponents of the sensor data 181 : the driver information 293 ; 
the external sensor data 295 ; and the driver view data 299 . 

Example Systems 
[ 0093 ] Referring now to FIG . 2A , an example of a com 
puter system 200 including the occlusion application 199 is 
depicted . 
[ 0094 ] FIG . 2A is a block diagram of a computer system 
200 that includes the occlusion application 199 , a processor 
225 , a memory 227 , a 3D HUD 231 , a sensor set 212 and a 
communication unit 245 , according to some examples . The 
components of the computer system 200 are communica 
tively coupled by a bus 220 . In some embodiments , the 
computer system 200 can be the first vehicle 103 . 
[ 0095 ] The processor 225 includes an arithmetic logic 
unit , a microprocessor , a general - purpose controller , or some 
other processor array to perform computations and provide 
electronic display signals to a display device . The processor 
225 is coupled to the bus 220 for communication with the 
other components via a signal line 236 . The processor 225 
processes data signals and may include various computing 
architectures including a complex instruction set computer 
( CISC ) architecture , a reduced instruction set computer 
( RISC ) architecture , or an architecture implementing a com 
bination of instruction sets . Although FIG . 2A includes a 
single processor 225 , multiple processors 225 may be 
included . Other processors , operating systems , sensors , dis 
plays , and physical configurations may be possible . 
[ 0096 ] The memory 227 stores instructions or data that 
may be executed by the processor 225 . The memory 227 is 
coupled to the bus 220 for communication with the other 
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[ 0106 ] The 3D HUD 231 is described in more detail below 
with reference to FIG . 2B . The 3D HUD 231 may be 
communicatively coupled to the bus 220 via a signal line 
232 . 
[ 0107 ] The sensor set 212 may include one or more of the 
following vehicle sensors : an external microphone ; an inter 
nal microphone ; an external camera ; an internal camera ; a 
LIDAR sensor ; a laser - based range finder ; a laser altimeter ; 
a navigation sensor ( e . g . , a global positioning system sensor 
of the DSRC - compliant GPS unit that is accurate to within 
1 . 5 meters , as opposed to being accurate to within 10 meters 
as is the case for non - DSRC - compliant GPS units ) ; an 
infrared detector ; a motion detector ; a thermostat ; a sound 
detector , a carbon monoxide sensor ; a carbon dioxide sen 
sor ; an oxygen sensor ; a mass air flow sensor ; an engine 
coolant temperature sensor ; a throttle position sensor ; a 
crank shaft position sensor ; an automobile engine sensor ; a 
valve timer ; an air - fuel ratio meter ; a blind spot meter ; a curb 
feeler ; a defect detector , a Hall effect sensor , a manifold 
absolute pressure sensor ; a parking sensor ; a radar gun ; a 
speedometer ; a speed sensor ; a tire - pressure monitoring 
sensor ; a torque sensor ; a transmission fluid temperature 
sensor ; a turbine speed sensor ( TSS ) ; a variable reluctance 
sensor ; a vehicle speed sensor ( VSS ) ; a water sensor ; a 
wheel speed sensor ; and any other type of automotive 
sensor . The sensor set 212 may include one or more of any 
type of the sensors listed above . 
[ 0108 ] The sensor set 212 may be operable to record 
sensor data 181 that describes one or more of the following : 
the sensor data 181 described above with reference to FIGS . 
1A - 1F ; the driver information 293 ; the external sensor data 
295 , and the driver view data 299 . 
[ 0109 ] In some embodiments , the sensor set 212 may 
include one or more digital cameras for capturing the images 
necessary to provide the sensor data 181 , the driver infor 
mation 293 , the external sensor data 295 and the driver view 
data 299 . The one more cameras may capture images of what 
the driver 125 sees when viewing the 3D HUD 231 . In some 
embodiments , the one images may include stereoscopic 
images for generating panoramas used to provide virtual 
reality content for display on the 3D HUD 231 . 
[ 0110 ] In some embodiments , at least one of the cameras 
is a digital camera mounted to the interior of the first vehicle 
103 and configured to monitor the gaze of the driver 125 and 
determine which region of the 3D HUD 231 the driver 125 
is viewing . For example , the interior camera records the 
driver ' s face and , in particular , the driver ' s eyes and their 
gaze relative to the 3D HUD 231 . The camera may also 
record what the driver sees when looking at the 3D HUD 
231 ( e . g . , the interested object ) . The camera may include a 
LIDAR or range finder used to determine a range or distance 
separating the driver ' s eyes ( or a point in between the 
driver ' s eyes ) and the portion of the 3D HUD where an 
interested object is located or where a graphic may be 
displayed . 
[ 0111 ] In some embodiments , the sensor set 212 may be 
communicatively coupled to the bus 220 via a signal line 
247 . 
[ 0112 ] The communication unit 245 may include hard 
ware that transmits and receives data to and from the 
network 105 . In some embodiments , the communication 
unit 245 includes a port for direct physical connection to the 
network 105 or to another communication channel . For 
example , the communication unit 245 includes a USB , SD , 

CAT - 5 , or similar port for wired communication with the 
network 105 . In some embodiments , the communication 
unit 245 includes a wireless transceiver for exchanging data 
with the network 105 or other communication channels 
using one or more wireless communication methods , includ 
ing IEEE 802 . 11 , IEEE 802 . 16 , Bluetooth , or another suit 
able wireless communication method . 
[ 0113 ] In some embodiments , the communication unit 245 
includes a port for direct physical connection to the network 
105 or to another communication channel . For example , the 
communication unit 245 includes a USB , SD , CAT - 5 , or 
similar port for wired communication with the network 105 . 
[ 0114 ] In some embodiments , the communication unit 245 
includes a wireless transceiver for exchanging data with the 
network 105 or other communication channels using one or 
more wireless communication methods , including : IEEE 
802 . 11 ; IEEE 802 . 16 , Bluetooth ; EN ISO 14906 : 2004 Elec 
tronic Fee Collection Application interface EN 12253 : 
2004 Dedicated Short - Range Communication Physical 
layer using microwave at 5 . 8 GHz ( review ) ; EN 12795 : 2002 
Dedicated Short - Range Communication ( DSRC ) - DSRC 
Data link layer : Medium Access and Logical Link Control 
( review ) ; EN 12834 : 2002 Dedicated Short - Range Commu 
nication Application layer ( review ) ; EN 13372 : 2004 Dedi 
cated Short - Range Communication ( DSRC ) - DSRC pro 
files for RTTT applications ( review ) ; the communication 
method described in U . S . patent application Ser . No . 14 / 471 , 
387 filed on Aug . 28 , 2014 and entitled “ Full - Duplex 
Coordination System ” ; or another suitable wireless commu 
nication method . 
10115 ] . In some embodiments , the communication unit 245 
may include a full - duplex coordination system as described 
in U . S . patent application Ser . No . 14 / 471 , 387 filed on Aug . 
28 , 2014 and entitled “ Full - Duplex Coordination System . ” 
0116 ] In some embodiments , the communication unit 245 
includes a cellular communications transceiver for sending 
and receiving data over a cellular communications network 
including via short messaging service ( SMS ) , multimedia 
messaging service ( MMS ) , hypertext transfer protocol 
( HTTP ) , direct data connection , WAP , e - mail , or another 
suitable type of electronic communication . In some embodi 
ments , the communication unit 245 includes a wired port 
and a wireless transceiver . The communication unit 245 also 
provides other conventional connections to the network 105 
for distribution of files or media objects using standard 
network protocols including TCP / IP , HTTP , HTTPS , and 
SMTP , millimeter wave , DSRC , etc . 
[ 0117 ] . The communication unit 245 may be communica 
tively coupled to the bus 220 via a signal line 246 . 
[ 0118 ] The occlusion application 199 may comprise one or 
more of the following elements : a communication module 
202 ; a sensor module 204 ; a coordinate transformation 
module 206 ; a location module 208 ; a situation assessment 
module 210 ; and an occlusion evaluation module 211 . 
[ 0119 ] The communication module 202 is communica 
tively coupled to the bus 220 via a signal line 222 . The 
sensor module 204 is communicatively coupled to the bus 
220 via a signal line 224 . The coordinate transformation 
module 206 is communicatively coupled to the bus 220 via 
a signal line 226 . The location module 208 is communica 
tively coupled to the bus 220 via a signal line 228 . The 
situation assessment module 210 is communicatively 
coupled to the bus 220 via a signal line 229 . The occlusion 
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evaluation module 211 is communicatively coupled to the 
bus 220 via a signal line 230 . 
[ 0120 ] The communication module 202 can be software 
including routines for handling communications between 
the occlusion application 199 and other components of the 
computer system 200 . In some embodiments , the commu 
nication module 202 can be a set of instructions executable 
by the processor 225 to provide the functionality described 
below for handling communications between the occlusion 
application 199 and other components of the computer 
system 200 . In some embodiments , the communication 
module 202 can be stored in the memory 227 of the 
computer system 200 and can be accessible and executable 
by the processor 225 . 
[ 0121 ] The communication module 202 receives data and 
transfers the data , via the communication unit 245 , to the 
other components of the operating environment 100 . For 
example , the communication module 202 transmits the 
driver information 293 to the coordinate transformation 
module 206 . 
[ 0122 ] The communication module 202 receives data and 
transfers the data to the other components of the computer 
system 200 . 
[ 0123 ] The communication module 202 may communi 
cate with the network 105 via the communication unit 245 . 
For example , the communication module 202 a portion of 
the external sensor data 295 from the network 105 . 
[ 0124 ] The sensor module 204 can be software including 
routines for collector sensor data that is used by the occlu 
sion application 199 to provide its functionality . The sensor 
module 204 may control the operation of the sensor set 212 . 
The sensor module 204 may organize the sensor data into 
different categories such as the driver information 293 , the 
external sensor data 295 and the driver view data 299 . In 
some embodiments , the sensor module 204 can be stored in 
the memory 227 of the computer system 200 and can be 
accessible and executable by the processor 225 . 
[ 0125 ] The coordinate transformation module 206 can be 
software including routines for transforming the driver view 
data 299 to data that describes the driver ' s eye position 
coordinates . For example , the coordinate transformation 
module 206 may receive the driver view data 299 as an input 
and output a Cartesian coordinate that describes a location 
on the 3D HUD 231 where a first graphic or a second graphic 
should be displayed for viewing by the driver . The driver 
view data 299 can be images from color or depth cameras , 
or distance information from laser or LIDAR sensors . In 
some embodiments , the coordinate transformation module 
206 may determine the driver state by determining how to 
position graphics on the 3D HUD relative to the vision of the 
driver . 
[ 0126 In some embodiments , the coordinate transforma 
tion module 206 may include software including routines for 
determining which region of the 3D HUD 231 the driver is 
viewing at a given time . For example , the sensor set 212 may 
include an internal camera that captures an image of the 
driver . The image may be oriented to enable the coordinate 
transformation module 206 to identify which region of the 
3D HUD 231 the eyes of the driver are viewing at one or 
more times . 
( 0127 ] In some embodiments , the coordinate transforma 
tion module 206 may continuously monitor which portion of 
the 3D HUD 231 the driver is viewing and cause the 
communication module 202 to continuously provide signals 

to one or more other elements of the occlusion application 
199 that describes this information . For example , based on 
instruction by the coordinate transformation module 206 , the 
communication module 202 may provide a signal to one or 
more of the location module 208 or the occlusion evaluation 
module 211 that describes a Cartesian coordinate describing 
which portion of the 3D HUD 231 the driver is viewing . In 
this way these elements may determine , relative to the view 
of the driver , where a first graphic should be displayed on the 
3D HUD 231 so that it overlays an interested object , whether 
an interested object is occluded by an occluding object as 
viewed by the driver when looking at the 3D HUD 231 , 
where a second graphic should be displayed on the 3D HUD , 
etc . 
[ 0128 ] In some embodiments , the coordinate transforma 
tion module 206 can be stored in the memory 227 of the 
computer system 200 and can be accessible and executable 
by the processor 225 . 
10129 ] . The location module 208 may include code and 
routines for monitoring and tracking the location of different 
objects in the vehicle environment . For example , the sensor 
module 204 may ensure that the external sensor data 295 is 
updated on a continuing basis and the location module 208 
may continuously evaluate and track the location of the 
different objects in the vehicle environment relative to one 
another . The location of the objects in the vehicle environ 
ment may be determined relative to the location of the first 
vehicle . The objects may include one or more interested 
objects and one or more occluding objects . 
10130 ] In some embodiments , the location module 208 
may also determine the location of the first vehicle . For 
example , the location module 208 may call a GPS unit of the 
first vehicle ( which may be an element of the sensor set 212 ) 
and receive GPS - based location data describing the location 
of the first vehicle . The GPS may be DSRC - compliant . The 
location module 208 may then use external sensor data 295 
describing a range from the first vehicle to one or more 
objects in the vehicle environment over time ( such as 
provided by a LIDAR sensor or some other range finder ) to 
track the location of these objects relative to one another and 
the first vehicle . The relative ranges of different objects may 
indicate whether an object may be an occluding object for an 
interested object since , for example , the relative ranges of 
the objects may show that one is in front of the other such 
that the closer object may occlude the further object , thereby 
indicating that the closer object may be an occluding object . 
In this way the location module 208 may more use the 
enhanced accuracy of DSRC - compliant GPS data to more 
accurately determine the location of different objects in the 
vehicle environment . 
[ 0131 ] In some embodiments , the location module 208 
may include software including routines for determining a 
shape of an interested object . This shape information may be 
used , for example , to generate a first graphic that overlays 
the interested object in a way that is visually similar to the 
interested object . 
[ 0132 ] In some embodiments , the location module 208 
may generate the GUI data 297 for the first graphic . The 
location module 208 may cause the communication module 
202 to provide the GUI data 297 for the first graphic to the 
3D HUD 231 . 
[ 0133 ] In some embodiments , the communication module 
202 may provide a signal to the location module 208 
including a Cartesian coordinate describing which portion of 
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the 3D HUD 231 the driver is viewing . The location module 
208 or the coordinate transformation module 206 may 
instruct the 3D HUD 231 on where to display the first 
graphic in the 3D HUD 231 to correspond to the location of 
the interested object in the real world relative to how the 
driver of the first vehicle is looking at the 3D HUD 231 . The 
location for displaying the first graphic may be configured so 
that the first graphic overlays the interested object . 
10134 ] In some embodiments , the location module 208 
may continuously track the location of an interested object 
relative to an occluding object and the view of the driver 
( which may be continuously updated by the communication 
module 202 , as instructed by the coordinate transformation 
module 206 , by continuously providing a Cartesian coordi 
nate describing the driver ' s view of the 3D HUD 231 ) . For 
example , a first graphic may be displayed on the 3D HUD 
231 for an interested object and the location module 208 
may track the location of the interested object relative to an 
occluding object ( and , optionally , the view of the driver ) to 
assist the occlusion evaluation module 211 in determining 
whether the interested object is occluded by the occluding 
object ( e . g . , because the interested object is located behind 
the occluding object such that the driver would not be able 
to see at least a portion of the interested object because of the 
presence of the occluding object in front of the interested 
object relative to the vision of the driver ) . If the location 
module 208 determines that the interested object is occluded 
by the occluding object , then the location module 208 may 
cause the communication module 202 to provide a signal to 
the occlusion evaluation module 211 to assist the occlusion 
evaluation module 211 in providing its functionality . 
101351 In some embodiments , the location module 208 can 
be stored in the memory 227 of the computer system 200 and 
can be accessible and executable by the processor 225 . 
[ 0136 ] In some embodiments , the situation assessment 
module 210 may include software including routines for 
determining whether an interested object is sufficiently 
important ( or critical ) for the driver to see even if the 
interested object is occluded by an occluding object . 
[ 0137 ] In some embodiments , the situation assessment 
module 210 may include software including routines for 
evaluating the external sensor data 295 to perform one or 
more of the following steps : identify an interested object ; 
determine a type for the interested object ; determine an 
importance value for the determined type ; retrieve an impor 
tance threshold from the memory 227 ; and compare the 
importance value to the importance threshold to determine 
whether the interested object is sufficiently important that a 
second graphic should be generated for the interested object . 
[ 0138 ] In some embodiments the situation assessment 
module 210 may assign an assessment score to the interested 
object . The assessment score may be assigned based on the 
comparison of the importance value to the importance 
threshold . The assessment score may be a value that indi 
cates whether the second graphic should be generated for the 
interested object if the interested object is occluded by an 
occluding object as viewed by the driver when looking at the 
3D HUD 231 . The assessment score may be binary . For 
example , an assessment score equal to “ 1 ” may indicate that 
the interested object is sufficiently important to generate the 
second graphic ( e . g . , because the threshold was met or 
exceeded ) and an assessment score equal to “ O ” may indi - 
cate that the interested object is not sufficiently important to 

generate the second graphic ( e . g . , because the threshold was 
not met or exceeded ) . The assessment score may take other 
forms not described here . 
0139 ] . In some embodiments , the situation assessment 
module 210 may cause the communication module 202 to a 
signal to the occlusion evaluation module 211 that describes 
or indicates whether the interested object is sufficiently 
important to generate the second graphic . For example , the 
communication module 202 may provide one or more 
signals to the occlusion evaluation module 211 that 
describes or indicates one or more of the following : whether 
the interested object is located behind an occluding object ; 
the location of the interested object ; the location of the 
occluding object ; a Cartesian coordinate describing which 
portion of the 3D HUD 231 the driver is viewing ; and 
whether the importance value for the interested object 
exceeds the importance threshold ( e . g . , this may include the 
assessment score , which may beneficially require a single bit 
of data be included in the signal from the communication 
module 202 since the assessment score may be binary ) . 
[ 0140 ] In some embodiments , the situation assessment 
module 210 can be stored in the memory 227 of the 
computer system 200 and can be accessible and executable 
by the processor 225 . 
[ 0141 ] In some embodiments , the occlusion evaluation 
module 211 may include software including routines for 
determining whether the 3D HUD 231 should display the 
second graphic and where the second graphic should be 
displayed on the 3D HUD 231 . For example , the occlusion 
evaluation module 211 may receive one or more signals 
from the communication module 202 describing one or more 
of the following : whether the interested object is located 
behind an occluding object ; the location of the interested 
object ; the location of the occluding object ; a Cartesian 
coordinate describing the orientation of the driver ' s gaze 
relative to the 3D HUD 231 ( and optionally any objects 
viewable by the driver when looking at the 3D HUD 231 ) ; 
and whether the importance value for the interested object 
exceeds the importance threshold . Based on this data the 
occlusion evaluation module 211 may determine whether to 
display the second graphic for the interested object while the 
interested object is occluded and where the second graphic 
should be displayed by the 3D HUD 231 . 
[ 0142 ] For example , if the interested object is occluded by 
an occluding object and the interested object is sufficiently 
important , then the occlusion evaluation module 211 may 
generate GUI data 297 for causing the 3D HUD 231 to 
display the second graphic . The occlusion evaluation mod 
ule 211 may cause the communication module 202 to 
provide the GUI data 297 for the second graphic to the 3D 
HUD 231 . The occlusion evaluation module 211 may cause 
the 3D HUD 231 to display the second graphic at a particular 
location of the 3D HUD 231 . The location may be selected 
by the occlusion evaluation module 211 so that the second 
graphic does not overlay one or more of the occluding object 
or the interested object while also indicating to the driver 
that the interested object is located behind the occluding 
object . See , for example , FIG . 1E . 
[ 0143 ] The occlusion evaluation module 211 may cause 
the 3D HUD 231 to modify the position of the second 
graphic as one or more of the interested object , the occluding 
object , the vehicle and the view of the driver move over 
time . 
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[ 0144 ] In some embodiments , the occlusion evaluation 
module 211 can be stored in the memory 227 of the 
computer system 200 and can be accessible and executable 
by the processor 225 . 
[ 0145 ] In some embodiments , the computer system 200 
may include one or more of the modules and / or data 
described in U . S . patent application Ser . No . 15 / 080 , 412 
filed on Mar . 24 , 2016 and entitled “ Three Dimensional 
Graphical Overlays for a Three Dimensional Heads - up 
Display Unit of a Vehicle , " the entirety of which is hereby 
incorporated by reference . 
10146 ] . In some embodiments , the computer system 200 
may include one or more of the modules and / or data 
described in U . S . patent application Ser . No . 15 / 080 , 394 
filed on Mar . 24 , 2016 and entitled “ Three Dimensional 
Heads - up Display Unit Including Visual Context for Voice 
Commands , " the entirety of which is hereby incorporated by 
reference . 
[ 0147 ] Referring to FIG . 2B , depicted is a block diagram 
illustrating an 3D HUD 231 according to some embodi 
ments . 
[ 0148 ] In some embodiments , the 3D HUD 231 includes 
a projector 1001 , a movable screen 1002 , a screen - driving 
unit 1003 , an optical system ( including lenses 1004 , 1006 , 
reflector 1005 , etc . ) . The projector 1001 may be any kind of 
projector such as a digital mirror device ( DMD ) project , a 
liquid crystal projector . The projector 1001 projects an 
image ( graphic ) 1008 on the movable screen 1002 . The 
movable screen 1002 includes a transparent plate and so the 
projected image lights transmit through the movable screen 
1002 to be projected on the windshield 1007 of a vehicle 
( first vehicle 103 ) . The image projected on the windshield 
1007 is perceived by a driver 1010 as if it is a real object 
( shown as 1011a , 1011b ) that exists in the three - dimensional 
space of the real world , as opposed to an object that is 
projected on the windshield . 
[ 0149 ] In some embodiments , the 3D HUD 231 is capable 
of controlling the direction of the image relative to the driver 
1010 ( in other words , the image position in the windshield ) 
by adjusting the projection position on the screen 1002 . 
Further the screen 1002 is movable by the screen - driving 
unit 1003 in the range between the positions 1003a and 
1003b . Adjusting the position of the screen 1002 can vary 
the depth ( distance ) of the projected image from the driver 
1010 in the real world . In one example , the movable range 
of the screen 1002 ( distance between positions 1003a and 
1003b ) may be 5 mm , which correspond to from 5m away 
to infinity in the real world . The use of the 3D HUD 231 
allows the driver 1010 to perceive the projected image exist 
in the real world ( three - dimensional space ) . For example , 
when an image is projected at the same three - dimensional 
position ( or substantially same depth at least ) as a real object 
( such as a pedestrian , car , etc . ) , the driver does not need to 
adjust eye focus in order to view the projected image , 
resulting in easy grasp of the projected image while looking 
at the real object . 
0150 ] The 3D HUD 231 depicted in FIG . 2B is provided 
by way of example . Other examples are possible . These 
examples may include heads - up displays having more or 
less complexity than the 3D HUD 231 depicted in FIG . 2B . 
For example , it is anticipated that in the future there will be 
heads - up displays that do not require movable parts such as 
the movable screen 1002 . For example , a static screen that 
does not move may be deployed . The heads - up display 

deployed may not be a two - dimensional heads - up display 
unit . The occlusion application 199 described above with 
reference to FIG . 2A is designed to be operable with such 
components . 
[ 0151 ] Referring now to FIG . 2C , depicted is a block 
diagram illustrating an example computer system 296 
including a sharing application 198 according to some 
embodiments . As depicted , the computer system 296 
includes the sharing application 198 , a processor 235 , a 
memory 237 , a sensor set 289 and a communication unit 
239 . The computer system 296 may include second vehicle 
106 or the RSU 101 . The components of the computer 
system 296 are communicatively coupled by a bus 240 . 
10152 ] The processor 235 , sensor set 289 and the commu 
nication unit 239 are similar to the processor 225 , sensor set 
212 and the communication unit 245 that are discussed with 
reference to FIG . 2A and , so , these descriptions will not be 
discussed again . The processor 235 is communicatively 
coupled to the bus 240 via a signal line 284 . The sensor set 
289 is communicatively coupled to the bus 240 via a signal 
line 287 . The communication unit 239 is communicatively 
coupled to the bus 240 via a signal line 285 . The memory 
237 is communicatively coupled to the bus 240 via a signal 
line 288 . 
[ 0153 ] The memory 237 stores instructions or data that 
may be accessed and executed by the processor 235 . The 
memory 237 is coupled to the bus 240 for communication 
with the other components via a signal line 288 . The 
instructions or data may include code for performing the 
techniques described herein . The memory 237 may be a 
dynamic random access memory ( DRAM ) device , a static 
random access memory ( SRAM ) device , flash memory , or 
some other memory device . In some embodiments , the 
memory 237 also includes a non - volatile memory or similar 
permanent storage device and media including a hard disk 
drive , a floppy disk drive , a CD - ROM device , a DVD - ROM 
device , a DVD - RAM device , a DVD - RW device , a flash 
memory device , or some other mass storage device for 
storing information on a more permanent basis . 
10154 ] As illustrated in FIG . 2C , the memory 237 may 
store the external sensor data 295 . The external sensor data 
295 was described above with reference to FIG . 2A , and so , 
that description will not be repeated here . The external 
sensor data 295 may be captured by the sensor set 289 and 
stored in the memory 237 . In some embodiments , the 
sharing application 198 may share the external sensor data 
295 with the first vehicle 103 via the network 105 . For 
example , the communication unit 239 may provide the 
external sensor data 295 to the network 105 via DSRC , 
wireless full - duplex communication , 3G , 4G , Wi - Fi or some 
other wireless communication supported by the communi 
cation unit 239 . 
[ 0155 ] In some embodiments , the sharing application 198 
includes a communication module 221 and an aggregation 
module 254 . 
[ 0156 ] The communication module 221 may be commu 
nicatively coupled to the bus 240 via a signal line 280 . The 
aggregation module 254 may be communicatively coupled 
to the bus 240 via a signal line 281 . 
[ 0157 ] The communication module 221 can be software 
including routines for handling communications between 
the sharing application 198 and other components of the 
computer system 296 . In some embodiments , the commu 
nication module 221 can be a set of instructions executable 
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by the processor 235 to provide the functionality described 
below for handling communications between the sharing 
application 198 and other components of the computer 
system 296 . In some embodiments , the communication 
module 221 can be stored in the memory 237 of the 
computer system 296 and can be accessible and executable 
by the processor 235 . 
[ 0158 ] The communication module 221 sends and 
receives data , via the communication unit 239 , to and from 
one or more of the elements of the operating environment 
100 . For example , the communication module 221 causes 
the communication unit 239 to transmit the external sensor 
data 295 to the network 105 so that the first vehicle 103 may 
receive the external sensor data 295 from the network 105 . 
[ 0159 ] In some embodiments , the communication module 
221 receives data from components of the computer system 
296 and stores the data in the memory 237 . For example , the 
communication module 221 receives the external sensor 
data 295 from the sensor set 289 and stores the external 
sensor data 295 in the memory 237 . 
10160 ) In some embodiments , the communication module 
221 may handle communications between components of 
the sharing application 198 . 
[ 0161 ] The aggregation module 254 can be software 
including routines for causing the sensor set 289 to collect 
the external sensor data 295 . The aggregation module 254 
may coordinate which of the sensors of the sensor set 289 
are active at a given time . The aggregation module 254 may 
analyze the external sensor data 295 to determine if it 
includes data that is useful to the first vehicle 103 . For 
example , if the external sensor data 295 includes images of 
an interested object or an occluding object , then the aggre 
gation module 254 may determine that the external sensor 
data 295 is useful for the first vehicle 103 . Images that 
indicate the location of an interested object behind an 
occluding object as the interested object is presently 
occluded may be particularly beneficial to the first vehicle 
103 since it may assist in determine where to place the 
second graphic on the 3D HUD . The aggregation module 
254 may signal the communication module 221 to transmit 
the external sensor data 295 to the network 105 for receipt 
by the first vehicle 103 . The communication module 221 
may cause the communication unit 239 to transmit a wire 
less message to the network 105 that includes the external 
sensor data 295 . 
[ 0162 ] In some embodiments , the aggregation module 254 
can be stored in the memory 237 of the computer system 296 
and can be accessible and executable by the processor 235 . 

how the driver is viewing the 3D HUD ; an orientation of the 
driver ' s view of the 3D HUD ( e . g . , as described by a 
Cartesian coordinate ) ; and what the driver sees when look 
ing at the 3D HUD . 
[ 0166 ] At step 306 the location of the objects in the vehicle 
environment may be determined . The objects may include 
one or more of the following : one or more interested objects ; 
one or more occluding objects ; and the first vehicle . The 
location of the interested object and the occluding object 
may be determined relative to the first vehicle and one 
another . GPS data for the location of the first vehicle may be 
used . The GPS data may be collected using a DSRC 
compliant GPS unit . 
[ 0167 ] At step 308 a type for the interested object may be 
determined . For example , the sensor data may include an 
image of the interested object . The image may be compared 
to one or more object priors to determine which of the object 
priors matches , or substantially matches , the interested 
object . Each object prior may be associated with a different 
type . Each type may be associated with an importance value . 
A confidence factor may be determined for the matching of 
the interested object to the object prior . 
[ 0168 ] At step 310 the importance of the interested object 
may be determined . For example , the importance of different 
types of objects may be predetermined . The importance may 
be based on a preference of the driver or a designer of the 
system that performs the method 300 . For example , a driver 
may provide inputs that affect the assignment of importance 
values to different types of objects . In some embodiments , a 
memory may store an importance threshold . The importance 
threshold may be compared to the importance value for the 
type determined in step 308 . The interested object may be 
sufficiently important if the threshold is met or exceeded . In 
some embodiments , the importance threshold may be deter 
mined by the driver preference or a preference of the 
designer of the system that implements the method 300 . 
[ 0169 ] At step 312 , first graphical data may be generated . 
The first graphical data may be configured to cause a 3D 
HUD to generate a first graphic representing an interested 
object . The first graphical data may be provided to the 3D 
HUD . The 3D HUD may generate the first graphic so that it 
at least partially overlays the interested object when the 
driver looks at the interested object through the 3D HUD . 
[ 0170 ] Referring now to FIG . 3B , at step 314 the second 
sensor data may be received . The second sensor data may 
describe a motion of the interested object or an occluding 
object relative to the vision of the driver . For example , the 
second sensor data may include external sensor data describ 
ing the motion of the interested object or the occluding 
object in the vehicle environment . The second sensor data 
may also include driver information describing a change in 
the line or sight of the driver caused , for example , by one or 
more of the head movement of the driver or the movement 
of the first vehicle ( e . g . , a bumpy road ) . 
[ 0171 ] At step 316 the second sensor data may be ana 
lyzed to assess whether the interested object is occluded by 
the occluding object relative to the line or sight of the driver 
of the first vehicle . The line of sight of the driver may be 
indicated by driver information included in the second 
sensor data . 
f0172 ] . At step 317 , a determination may be made regard 
ing whether the interested object is occluded by the occlud 

i ng object relative to the line of sight of the driver . If the 
interested object is not occluded at step 317 , the method 300 

Methods 

[ 0163 ] FIGS . 3A - 3C are a flowchart of an example of a 
method 300 for providing occlusion adjustment for a graphic 
of a 3D HUD according to some embodiments . 
[ 0164 ] At step 302 the first sensor data is received . The 
first sensor data may include external sensor data and driver 
information . Some of the external sensor data may be 
received from one or more external sources . Example exter 
nal sources may include a RSU or a second vehicle . 
10165 ] . At step 304 the driver state may be determined . For 
example , the driver state may be determined based on the 
driver information . The driver information may include , for 
example , sensor data captured by one or more sensors 
internal to the cabin of the vehicle . The driver state may 
include information describing one or more of the following : 
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may proceed to step 314 . If the interested object is occluded 
at step 317 , the method 300 may proceed to step 319 . 
[ 0173 ] At step 319 a determination may be made regard 
ing whether the importance threshold is met or exceeded for 
the interested object which is now determined to be 
occluded . If the importance threshold is not met or exceeded 
at step 319 , then the method 300 may proceed to step 320 
where the first graphic may be turned off so that the 
interested object is allowed to be occluded by the occluding 
object . If the importance threshold is met or exceeded at step 
319 , then the method 300 may proceed to step 321 . 
[ 0174 ] At step 321 the first graphic may be turned off so 
that no graphic overlays the occluding object . Second 
graphical data may be generated for displaying a second 
graphic . The second graphic , when displayed by the 3D 
HUD , may notify the driver of the presence of the interested 
object behind the occluding object without overlaying the 
occluding object . This may beneficially allow the driver to 
be aware of the presence of an important object behind the 
occluding object without confusing the driver about the 
location of the interested object . 
[ 0175 ] Referring now to FIG . 3C , at step 323 third sensor 
data may be received . The third sensor data may describe the 
motion of the interested object or the occluding object 
relative to the vision of the driver . For example , the third 
sensor data may include external sensor data describing the 
motion of the interested object or the occluding object . The 
third sensor data may also include driver information 
describing a change in the line of sight of the driver caused , 
for example , by one or more of the head movement of the 
driver or movement of the first vehicle . 
[ 0176 ] At step 325 the third sensor data may be analyzed 
to assess whether the interested object is occluded by the 
occluding object relative to the line of sight of the driver of 
the first vehicle . 
[ 0177 ] At step 326 , a determination may be made regard 
ing whether the interested object continues to be occluded 
by the occluding object . If the interested object is deter 
mined to be occluded at step 326 , then the method 300 
proceeds to steps 323 where additional third sensor data may 
be received and later analyzed . If the interested object is 
determined to be not occluded at step 326 , then the method 
300 may proceed to step 328 . 
[ 0178 ] At step 328 the second graphic may be turned and 
the first graphic may be turned back on . The first graphic 
may be displayed on the 3D HUD at a location that corre 
sponds to the new location of the interested object in the 
vehicle environment . 
[ 0179 ] Referring now to FIG . 1A , one or more of the 
following devices may be a communication device : a first 
vehicle 103 ; a second vehicle 106 and an RSU 101 . Regard 
ing U . S . patent application Ser . No . 14 / 471 , 387 filed on Aug . 
28 , 2014 and entitled “ Full - Duplex Coordination System , ” 
in a half - duplex communication system , a first communica 
tion device currently transmitting data to a second commu 
nication device is not capable of simultaneously receiving 
data from the second communication device . If the second 
communication device has data to transmit to the first 
communication device , the second communication device 
needs to wait until the first communication device completes 
its data transmission . Only one communication device is 
allowed to transmit data at one time in the half - duplex 
communication system . 

[ 0180 ] In a standard IEEE 802 . 11 Wireless Local Area 
Network ( WLAN ) , communication devices may compete 
for access to a wireless channel based on the Carrier Sense 
Multiple Access with Collision Avoidance ( CSMA / CA ) 
Medium Access Control ( MAC ) protocol . The IEEE 802 . 11 
MAC protocol requires that only one communication device 
may use the wireless channel to transmit data at one time . If 
two or more communication devices transmit data over the 
wireless channel at the same time , a collision occurs . As a 
result , only the communication device that currently gains 
access to the wireless channel may use the wireless channel 
to transmit data . Other communication devices having data 
to transmit need to monitor the wireless channel and may 
compete for access to the wireless channel when the wireless 
channel becomes idle again . 
[ 0181 ] According to one innovative aspect of the subject 
matter described in this disclosure , the first vehicle 103 , the 
second vehicle 106 and the RSU 101 as described above 
may include a full duplex coordination system for imple 
menting full - duplex wireless communications . The full 
duplex coordination system may include a processor and a 
memory storing instructions that , when executed , cause the 
full duplex coordination system to : create , at a first com 
munication device ( such as the second vehicle 106 or the 
RSU 101 , etc . ) , first data ( such as external sensor data 295 ) 
to transmit to a second communication device ( such as the 
first vehicle 103 , etc . ) ; switch a half - duplex operation mode 
of the first communication device to a full - duplex operation 
mode to activate the full - duplex operation mode of the first 
communication device ; transmit a first portion of the first 
data from the first communication device to the second 
communication device using a wireless channel ; and trans 
mit , in the full - duplex operation mode of the first commu 
nication device , a remaining portion of the first data to the 
second communication device while simultaneously receiv 
ing second data ( such as a notification of receipt of the 
external sensor data 295 or a request for additional external 
sensor data 295 for a later point in time ) from the second 
communication device using the wireless channel . 
[ 0182 ] According to another innovative aspect of the 
subject matter described in this disclosure , a full duplex 
coordination system for implementing full - duplex wireless 
communications includes a processor and a memory storing 
instructions that , when executed , cause the full duplex 
coordination system to : receive a first portion of first data 
( such as any combination of the data stored on the memory 
237 ) from a first communication device via a wireless 
channel , determine that a second communication device is a 
single destination of the first data based on the first portion 
of the first data ; determine that the second communication 
device has second data ( such as a notification of receipt or 
a request for additional external sensor data 295 ) to transmit 
to the first communication device ; determine that the first 
communication device has full - duplex communication capa 
bility ; switch a half - duplex operation mode of the second 
communication device to a full - duplex operation mode to 
activate the full - duplex operation mode of the second com 
munication device ; and transmit , in the full - duplex operation 
mode of the second communication device , the second data 
to the first communication device while simultaneously 
receiving a remaining portion of the first data from the first 
communication device using the wireless channel . 
0183 ] In general , another innovative aspect of the subject 
matter described in this disclosure may be embodied in 
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methods that include : creating , at a first communication 
device , first data to transmit to a second communication 
device ; switching a half - duplex operation mode of the first 
communication device to a full - duplex operation mode to 
activate the full - duplex operation mode of the first commu 
nication device ; transmitting a first portion of the first data 
from the first communication device to the second commu 
nication device using a wireless channel ; and transmitting , 
in the full - duplex operation mode of the first communication 
device , a remaining portion of the first data to the second 
communication device while simultaneously receiving sec 
ond data from the second communication device using the 
wireless channel . 
[ 0184 ] Yet another innovative aspect of the subject matter 
described in this disclosure may be embodied in methods 
that include : receiving a first portion of first data from a first 
communication device via a wireless channel ; determining 
that a second communication device is a single destination 
of the first data based on the first portion of the first data ; 
determining that the second communication device has 
second data to transmit to the first communication device ; 
determining that the first communication device has full 
duplex communication capability ; switching a half - duplex 
operation mode of the second communication device to a 
full - duplex operation mode to activate the full - duplex opera 
tion mode of the second communication device ; and trans 
mitting , in the full - duplex operation mode of the second 
communication device , the second data to the first commu 
nication device while simultaneously receiving a remaining 
portion of the first data from the first communication device 
using the wireless channel . 
[ 0185 ] Another innovative aspect of the subject matter 
described in this disclosure may be embodied in methods 
that include : determining first data to transmit from a first 
communication device to a second communication device ; 
and transmitting , from the first communication device that 
operates in a full - duplex operation mode , the first data to the 
second communication device while simultaneously receiv 
ing second data from the second communication device 
using a common wireless channel . 
[ 0186 ] Another innovative aspect of the subject matter 
described in this disclosure may be embodied in methods 
that include : receiving , from a first communication device , 
first data at a second communication device via a wireless 
channel ; determining second data to transmit from the 
second communication device to the first communication 
device responsive to receiving at least a portion of the first 
data ; and transmitting , from the second communication 
device that operates in a full - duplex operation mode , the 
second data to the first communication device using the 
wireless channel while simultaneously receiving the first 
data from the first communication device . 
[ 0187 ] Another innovative aspect of the subject matter 
described in this disclosure may be embodied in methods 
that include : determining , at a first communication device , 
first data to transmit to a second communication device ; 
switching the first communication device from a half - duplex 
operation mode to a full - duplex operation mode ; transmit 
ting , in the full - duplex operation mode of the first commu 
nication device , the first data to the second communication 
device while simultaneously receiving second data from the 
second communication device using the wireless channel ; 
and switching the full - duplex operation mode of the first 

communication device to the half - duplex operation mode 
responsive to a determination that transmission of the first 
data completes . 
[ 0188 ] Another innovative aspect of the subject matter 
described in this disclosure may be embodied in methods 
that include : receiving , from a first communication device , 
first data at a second communication device via a wireless 
channel ; determining that the second communication device 
has second data to transmit to the first communication 
device ; switching the second communication device from a 
half - duplex operation mode to a full - duplex operation mode ; 
transmitting , in the full - duplex operation mode of the second 
communication device , the second data to the first commu 
nication device while simultaneously receiving the first data 
from the first communication device using the wireless 
channel ; and switching the full - duplex operation mode of 
the second communication device to the half - duplex opera 
tion mode responsive to a determination that transmission of 
the second data completes . 
[ 0189 ] Other aspects include corresponding methods , sys 
tems , apparatus , and computer program products for these 
and other innovative aspects . 
[ 0190 ] These and other embodiments may each optionally 
include one or more of the following operations and fea 
tures . For instance , the features include : the first data includ 
ing a first packet and the first portion of the first data 
including a header portion of the first packet ; the remaining 
portion of the first data including a payload portion and a 
trailer portion of the first packet ; determining that the second 
communication device is a single destination of the first 
data ; activating the full - duplex operation mode of the first 
communication device responsive to the second communi 
cation device being the single destination of the first data ; 
the first communication device and the second communica 
tion device being communication devices in a wireless local 
area network ; determining that the first communication 
device operates in a regulated spectrum where full - duplex 
communication capability is required ; receiving device reg 
istry data associated with the first communication device ; 
determining that the first communication device has full 
duplex communication capability based on the device reg 
istry data ; and determining that the first communication 
device has full - duplex communication capability based on a 
capability indication field in the first portion of the first data , 
the capability indication field including data describing 
whether the first communication device has full - duplex 
communication capability . 
[ 0191 ] For instance , the operations include : determining 
that the wireless channel is idle ; and accessing the wireless 
channel for data communication between the first commu 
nication device and the second communication device based 
on a channel access rule . 
[ 0192 ] The disclosure is particularly advantageous in a 
number of respects . For example , the system described 
herein is capable of achieving a higher throughput and a 
faster communication speed using full - duplex communica 
tion technologies rather than using half - duplex communica 
tion technologies . The full - duplex communication may be 
implemented between vehicles ( e . g . , communication sys 
tems installed in a first vehicle 103 or a second vehicle 106 
such as is depicted in FIG . 1A ) or other communication 
devices that have full - duplex communication capability 
( such as the RSU 101 ) . In another example , the system 
coordinates communication between communication 
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common usage , to refer to these signals as bits , values , 
elements , symbols , characters , terms , numbers , or the like . 
[ 0197 ] It should be borne in mind , however , that all of 
these and similar terms are to be associated with the appro 
priate physical quantities and are merely convenient labels 
applied to these quantities . Unless specifically stated other 
wise as apparent from the following discussion , it is appre 
ciated that throughout the description , discussions utilizing 
terms including " processing " or " computing ” or “ calculat 
ing ” or “ determining ” or “ displaying ” or the like , refer to the 
action and processes of a computer system , or similar 
electronic computing device , that manipulates and trans 
forms data represented as physical ( electronic ) quantities 
within the computer system ' s registers and memories into 
other data similarly represented as physical quantities within 
the computer system memories or registers or other such 
information storage , transmission , or display devices . 
10198 ] The present embodiments of this disclosure can 
also relate to an apparatus for performing the operations 
herein . This apparatus may be specially constructed for the 
required purposes , or it may include a general - purpose 
computer selectively activated or reconfigured by a com 
puter program stored in the computer . Such a computer 
program may be stored in a computer - readable storage 
medium , including , but is not limited to , any type of disk 
including floppy disks , optical disks , CD - ROMs , and mag 
netic disks , read - only memories ( ROMs ) , random access 
memories ( RAMs ) , EPROMs , EEPROMs , magnetic or opti 
cal cards , flash memories including USB keys with non 
volatile memory , or any type of media suitable for storing 
electronic instructions , each coupled to a computer system 
bus . 

devices in a distributed way without using a central coor 
dinator . The system determines a pair of communication 
devices and coordinates simultaneous transmission of data 
between the pair of communication devices so that the pair 
of communication devices may transmit data to each other 
simultaneously using the same wireless channel . Mean 
while , other communication devices may not transmit data 
over the wireless channel to avoid collision . The advantages 
of the system described herein are provided by way of 
example , and the system may have numerous other advan 
tages . 
[ 0193 ] The disclosure includes a system and method for 
implementing full - duplex wireless communications 
between communication devices . A full - duplex coordination 
system may include a processor and a memory storing 
instructions that , when executed , cause the full - duplex coor 
dination system to : create , at a first communication device , 
first data to transmit to a second communication device ; 
switch a half - duplex operation mode of the first communi 
cation device to a full - duplex operation mode to activate the 
full - duplex operation mode of the first communication 
device ; transmit a first portion of the first data from the first 
communication device to the second communication device 
using a wireless channel ; and transmit , in the full - duplex 
operation mode of the first communication device , a remain 
ing portion of the first data to the second communication 
device while simultaneously receiving second data from the 
second communication device using the wireless channel . 
[ 0194 ] In the above description , for purposes of explana 
tion , numerous specific details are set forth in order to 
provide a thorough understanding of this disclosure . It will 
be apparent , however , to one skilled in the art that the 
disclosure can be practiced without these specific details . In 
some instances , structures and devices are shown in block 
diagram form in order to avoid obscuring the description . 
For example , the present embodiments can be described 
above primarily with reference to user interfaces and par 
ticular hardware . However , the present embodiments can 
apply to any type of computing device that can receive data 
and commands , and any peripheral devices providing ser 
vices . 
[ 0195 ] Reference in this disclosure to " some embodi 
ments ” or “ some instances ” means that a particular feature , 
structure , or characteristic described in connection with the 
embodiments or instances can be included in at least one 
embodiment of the description . The appearances of the 
phrase " in some embodiments ” in various places in this 
disclosure are not necessarily all referring to the same 
embodiments . 
[ 0196 ] Some portions of the detailed descriptions that 
follow are presented in terms of algorithms and symbolic 
representations of operations on data bits within a computer 
memory . These algorithmic descriptions and representations 
are the means used by those skilled in the data processing 
arts to most effectively convey the substance of their work 
to others skilled in the art . An algorithm is here , and 
generally , conceived to be a self - consistent sequence of steps 
leading to a desired result . The steps are those requiring 
physical manipulations of physical quantities . Usually , 
though not necessarily , these quantities take the form of 
electrical or magnetic signals capable of being stored , trans 
ferred , combined , compared , and otherwise manipulated . It 
has proven convenient at times , principally for reasons of 

[ 01991 . This disclosure can take the form of some entirely 
hardware embodiments , some entirely software embodi 
ments or some embodiments containing both hardware and 
software elements . In some preferred embodiments , this 
disclosure is implemented in software , which includes , but 
is not limited to , firmware , resident software , microcode , 
etc . 
[ 0200 ] Furthermore , the description can take the form of a 
computer program product accessible from a computer 
usable or computer - readable medium providing program 
code for use by or in connection with a computer or any 
instruction execution system . For the purposes of this 
description , a computer - usable or computer - readable 
medium can be any apparatus that can contain , store , com 
municate , propagate , or transport the program for use by or 
in connection with the instruction execution system , appa 
ratus , or device . The computer - readable medium may be a 
tangible or non - transitory computer - readable storage 
medium . The computer - readable medium may store com 
puter executable code . The computer - readable medium may 
be communicatively coupled to a processor . The processor 
may be programmed to execute one or more portions of the 
computer - executable code . 
[ 0201 ] A data processing system suitable for storing or 
executing program code will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus . The memory elements can include local 
memory employed during actual execution of the program 
code , bulk storage , and cache memories which provide 
temporary storage of at least some program code in order to 
reduce the number of times code must be retrieved from bulk 
storage during execution . 
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[ 0202 ] Input / output or 1 / 0 devices ( including , but not 
limited , to keyboards , displays , pointing devices , etc . ) can 
be coupled to the system either directly or through inter 
vening I / O controllers . 
[ 0203 ] Network adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers 
or storage devices through intervening private or public 
networks . Modems , cable modem , and Ethernet cards are 
just a few of the currently available types of network 
adapters . 
[ 0204 ] Finally , the algorithms and displays presented 
herein are not inherently related to any particular computer 
or other apparatus . Various general - purpose systems may be 
used with programs in accordance with the teachings herein , 
or it may prove convenient to construct more specialized 
apparatus to perform the required method steps . The 
required structure for a variety of these systems will appear 
from the description below . In addition , this disclosure is not 
described with reference to any particular programming 
language . It will be appreciated that a variety of program 
ming languages may be used to implement the teachings of 
this disclosure as described herein . 
[ 0205 ] The foregoing description of the embodiments of 
this disclosure has been presented for the purposes of 
illustration and description . It is not intended to be exhaus 
tive or to limit this disclosure to the precise form disclosed . 
Many modifications and variations are possible in light of 
the above teaching . It is intended that the scope of the 
disclosure be limited not by this detailed description , but 
rather by the claims of this application . As will be under 
stood by those familiar with the art , this disclosure may be 
embodied in other specific forms without departing from the 
spirit or essential characteristics thereof . Likewise , the par 
ticular naming and division of the modules , routines , fea 
tures , attributes , methodologies , and other aspects are not 
mandatory or significant , and the mechanisms that imple 
ment this disclosure or its features may have different 
names , divisions , or formats . Furthermore , as will be appar 
ent to one of ordinary skill in the relevant art , the modules , 
routines , features , attributes , methodologies , and other 
aspects of the disclosure can be implemented as software , 
hardware , firmware , or any combination of the three . Also , 
wherever a component , an example of which is a module , of 
this disclosure is implemented as software , the component 
can be implemented as a standalone program , as part of a 
larger program , as a plurality of separate programs , as a 
statically or dynamically linked library , as a kernel - loadable 
module , as a device driver , or in every and any other way 
known now or in the future to those of ordinary skill in the 
art of computer programming . Additionally , the disclosure is 
in no way limited to embodiment in any specific program 
ming language , or for any specific operating system or 
environment . Accordingly , the disclosure is intended to be 
illustrative , but not limiting , of the scope of this disclosure , 
which is set forth in the following claims . 
What is claimed is : 
1 . A computer - implemented method comprising : 
receiving sensor data from external sensors associated 

with a roadside unit , the sensor data describing a first 
position of an interested object in an environment 
external to a vehicle ; 

determining an importance value associated with the 
interested object ; 

displaying , on an electronic display , an initial graphic 
based on the first position of the interested object ; 

determining that at least a portion of the interested object 
is occluded by an occluding object ; 

determining that the importance value meets or exceeds 
an importance threshold ; 

responsive to a determination that the importance value 
meets or exceeds the importance threshold , turning off 
the initial graphic so that the initial graphic is not 
displayed on the electronic display ; and 

displaying , on the electronic display , a non - occluding 
graphic that does not overlay the occluding object or 
the interested object and that visually indicates to a 
driver of the vehicle that the interested object is located 
behind the occluding object when the driver is looking 
at the electronic display . 

2 . The method of claim 1 , wherein determining , based on 
the importance value , that the interested object is not 
allowed to be occluded by the occluding object includes 
determining that the importance value fails to meet or 
exceed the importance threshold . 

3 . The method of claim 1 , wherein the non - occluding 
graphic is an arrow located above the interested object that 
indicates to the driver a location of the interested object 
behind the occluding object . 

4 . The method of claim 1 , wherein the sensor data 
describes a type of object and determining the importance 
value is based on the type of object . 

5 . The method of claim 1 , further comprising tracking 
motion of the interested object based on the sensor data from 
the external sensors and based on sensor data from one or 
more vehicle sensors . 

6 . The method of claim 5 , wherein the one or more vehicle 
sensors includes a camera that tracks the motion of the 
interested object . 

7 . The method of claim 5 , wherein the vehicle sensors 
detect the interested object moving from the first position to 
a second position and the method further comprises reposi 
tioning a location of the non - occluding graphic as displayed 
on the electronic display to correspond to the second posi 
tion wherein the non - occluding graphic was previously 
displayed on the electronic display to correspond to the first 
position . 

8 . A computer program product comprising a non - transi 
tory computer - usable medium including a computer - read 
able program , wherein the computer - readable program when 
executed on a computer of a vehicle causes the computer to : 

receive sensor data from external sensors associated with 
a roadside unit , the sensor data describing a first 
position of an interested object in an environment 
external to the vehicle ; 

determine an importance value associated with the inter 
ested object ; 

display an initial graphic on an electronic display based 
on the first position of the interested object ; 

determine that at least a portion of the interested object is 
occluded by an occluding object ; 

determine that the importance value meets or exceeds an 
importance threshold ; 
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responsive to a determination that the importance value 
meets or exceeds the importance threshold , turn off the 
initial graphic so that the initial graphic is not displayed 
on the electronic display ; and 

display , on the electronic display , a non - occluding graphic 
that does not overlay the occluding object or the 
interested object and that visually indicates to a driver 
of the vehicle that the interested object is located 
behind the occluding object when the driver is looking 
at the electronic display . 

9 . The computer program product of claim 8 , wherein 
determining , based on the importance value , that the inter 
ested object is not allowed to be occluded by the occluding 
object includes determining that the importance value fails 
to meet or exceed the importance threshold . 

10 . The computer program product of claim 8 , wherein 
the non - occluding graphic is an arrow located above the 
interested object that indicates to the driver a location of the 
interested object behind the occluding object . 

11 . The computer program product of claim 8 , wherein the 
sensor data describes a type of object and determining the 
importance value is based on the type object . 

12 . The computer program product of claim 8 , wherein 
the computer - readable program further causes the computer 
to track motion of the interested object based on the sensor 
data from the external sensors and based on sensor data from 
one or more vehicle sensors . 

15 . A system comprising : 
an electronic display ; and 
a memory storing instructions that , when executed , cause 

the system to : 
receive sensor data from external sensors associated 

with a roadside unit , the sensor data describing a first 
position of an interested object in an environment 
external to a vehicle ; 

determine an importance value associated with the 
interested object ; 

display an initial graphic on the electronic display 
based on the first position of the interested object ; 

determine that at least a portion of the interested object 
is occluded by an occluding object ; 

determine that the importance value meets or exceeds 
an importance threshold ; and 

responsive to a determination that the importance value 
meets or exceeds the importance threshold , turn off 
the initial graphic so that the initial graphic is not 
displayed on the electronic display ; and 

wherein the electronic display displays a non - occluding 
graphic that does not overlay the occluding object or 
the interested object and that visually indicates to a 
driver of the vehicle that the interested object is located 
behind the occluding object when the driver is looking 
at the electronic display . 

16 . The system of claim 15 , wherein determining , based 
on the importance value , that the interested object is not 
allowed to be occluded by the occluding object includes 
determining that the importance value fails to meet or 
exceed the importance threshold . 

17 . The system of claim 15 , wherein the non - occluding 
graphic is an arrow located above the interested object that 
indicates to the driver a location of the interested object 
behind the occluding object . 

18 . The system of claim 15 , wherein the sensor data 
describes a type of object and determining the importance 
value is based on the type of object . 

19 . The system of claim 15 , wherein the instructions 
further cause the system to track motion of the interested 
object based on the sensor data from the external sensors and 
based on sensor data from one or more vehicle sensors . 

20 . The system of claim 19 , wherein the one or more 
vehicle sensors includes a camera that tracks the motion of 
the interested object . 

13 . The computer program product of claim 12 , wherein 
the one or more vehicle sensors includes a camera that tracks 
the motion of the interested object . 

14 . The computer program product of claim 12 , wherein 
the vehicle sensors detect the interested object moving from 
the first position to a second position and the computer 
readable program further causes the computer to reposition 
a location of the non - occluding graphic as displayed on the 
electronic display to correspond to the second position 
wherein the non - occluding graphic was previously dis 
played on the electronic display to correspond to the first 
position . 


