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DETERMINING CAR POSITIONS “ including ” means including but not limited to . The term 
“ based on ” means based at least in part on . 

BACKGROUND The foregoing disclosure describes a number of example 
implementations for determining car positions . The dis 

Cars are being manufactured with increasingly sophisti - 5 closed examples may include systems , devices , computer 
cated technologies , like sensors , cameras , self - driving capa - readable storage media , and methods for determining car 
bilities , and so forth . These sensor - rich cars share the road positions . For purposes of explanation , certain examples are 
with legacy cars that may not have inbuilt sensors , cameras , described with reference to the components illustrated in 
and / or other sophisticated technologies . With the differing FIGS . 1 - 4 . The functionality of the illustrated components 
technical capabilities available for cars , enabling an efficient 10 may overlap , however , and may be present in a fewer or 
driving environment for all cars on a road may be difficult . greater number of elements and components . 

Further , all or part of the functionality of illustrated 
BRIEF DESCRIPTION OF THE DRAWINGS elements may co - exist or be distributed among several 

geographically dispersed locations . Moreover , the disclosed 
The following detailed description references the draw - 15 examples may be implemented in various environments and 

ings , wherein : are not limited to the illustrated examples . Further , the 
FIG . 1 is a block diagram depicting an example environ sequence of operations described in connection with FIGS . 

ment in which various examples may be implemented as a 3 - 4 are examples and are not intended to be limiting . 
system that determines car positions . Additional or fewer operations or combinations of opera 

FIG . 1A is a block diagram depicting an example edge 20 tions may be used or may vary without departing from the 
device for determining car positions . scope of the disclosed examples . Furthermore , implemen 

FIG . 1B is a block diagram depicting an example edge tations consistent with the disclosed examples need not 
device for determining car positions . perform the sequence of operations in any particular order . 

FIG . 2A is a block diagram depicting an example edge Thus , the present disclosure merely sets forth possible 
device for determining car positions . examples of implementations , and many variations and 

FIG . 2B is a block diagram depicting an example edge modifications may be made to the described examples . All 
device for determining car positions . such modifications and variations are intended to be 

FIG . 3 is a flow diagram depicting an example method for included within the scope of this disclosure and protected by 
determining car positions . the following claims . 

FIG . 4 is a flow diagram depicting an example method for 30 Cars are being manufactured with increasingly sophisti 
determining car positions . cated technologies , like sensors , cameras , self - driving capa 

bilities , and so forth . These sensor - rich cars share the road 
DETAILED DESCRIPTION with legacy cars that may not have the inbuilt sensors , 

cameras , and / or other sophisticated technologies . 
The following detailed description refers to the accom - 35 A car may include , for example , any vehicle that includes 

panying drawings . Wherever possible , the same reference an engine , at least one wheel , a body that may hold cargo 
numbers are used in the drawings and the following descrip - and / or humans , and that is capable of moving from one 
tion to refer to the same or similar parts . It is to be expressly location to another using the engine and the at least one 
understood , however , that the drawings are for the purpose wheel . A sensor - rich car may include , for example , any car 
of illustration and description only . While several examples 40 that has the technical capabilities to determine its own 
are described in this document , modifications , adaptations , position on a road and the position of objects in its vicinity , 
and other implementations are possible . Accordingly , the using inbuilt sensors , cameras , onboard computers , LIDAR 
following detailed description does not limit the disclosed ( light detection and radar ) , and / or other technologies . A 
examples . Instead , the proper scope of the disclosed legacy car may include , for example , any car that does not 
examples may be defined by the appended claims . 45 include the technical capabilities to determine its own posi 

The terminology used herein is for the purpose of describ - tion on a road . In some examples , a legacy car may not 
ing particular embodiments only and is not intended to be include the ability to determine other objects in its vicinity 
limiting . As used herein , the singular forms “ a , " " an , ” and as well . 
“ the ” are intended to include the plural forms as well , unless sensor - rich car may be able to determine , based on its 
the context clearly indicates otherwise . The term “ plurality , ” 50 knowledge of its position on the road and the positions of 
as used herein , is defined as two , or more than two . The term other objects in its vicinity , a speed at which to travel , a lane 
" another , ” as used herein , is defined as at least a second or in which to travel , whether the car needs to re - adjust in its 
more . The term “ coupled , ” as used herein , is defined as own lane , whether the car needs to change to another lane in 
connected , whether directly without any intervening ele the road , and / or other decisions to more efficiently drive on 
ments or indirectly with at least one intervening elements , 55 the road . A legacy car , however , may need rely on traditional 
unless otherwise indicated . Two elements can be coupled GPS solutions for navigation services , with an accuracy that 
mechanically , electrically , or communicatively linked varies from 5 to 10 meters in a clear line of sight and which 
through a communication channel , pathway , network , or may degrade in downtown environments . As such , a legacy 
system . The term " and / or ” as used herein refers to and car may not be able to determine a precise position of itself 
encompasses any and all possible combinations of one or 60 on the road or make decisions regarding how to drive more 
more of the associated listed items . It will also be understood efficiently on the road . The inability of the legacy car to 
that , although the terms first , second , third , etc . may be used determine its own precise position may also hinder the 
herein to describe various elements , these elements should ability of a sensor - rich car to drive efficiently , as the sensor 
not be limited by these terms , as these terms are only used rich car may have not have accurate data about how the 
to distinguish one element from another unless stated oth - 65 legacy car is positioned or intends to move . As such , a 
erwise or the context indicates otherwise . As used herein , the technical challenge exists in enabling all cars on a road to 
term “ includes ” means includes but not limited to , the term drive efficiently . 
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uge 

A technical solution to these technical challenges would 100 ( e . g . , via a cloudlet , onboard computer , and / or other 
enable a more efficient driving environment by precisely transmission capability in the sensor - rich car 101A ) . 
positioning both legacy and sensor - rich cars . The position Mobile device 102A , 102B , . . . , 102N may be any mobile 
ing technique may leverage self - reported positioning and computing device that comprises a physical processor , a 
data gathered by a sensor - rich car about other cars in its 5 non - transitory machine readable storage medium , wireless 
vicinity to determine more accurate and precise positions of and / or cellular network connection capability , and GPS 
cars on a road . For example , the positioning technique may functionality , and that is able to communicate to edge device 
utilize processing capabilities of a sensor - rich car to analyze 100 . Each mobile device 102A , 102B , . . . , 102N may be 
data from sensors , cameras , LIDAR , and / or other object associated with a respective legacy car 103A , 103B , . . . , 

10 103N . detection technology in a sensor - rich car . The sensor - rich car As mentioned above , a sensor - rich car ( e . g . , sensor rich may construct a set of visual fingerprints of each of the cars car 101N ) may include , for example , any car that has the in its vicinity and may provide the set of visual fingerprints technical capabilities to determine its own position on a road to an edge device communicably coupled to the sensor - rich and the position of objects in its vicinity , using inbuilt 
car . The edge device may also receive position information sensors , cameras , onboard computers , LIDAR ( light detec 
and information about a legacy car from a mobile device tion and radar ) , and / or other technologies . A legacy car ( e . g . , 
communicably connected to the edge device . The edge legacy car 103N ) may include , for example , any car that 
device may correlate the visual fingerprints of the cars with does not include the technical capabilities to determine its 
the legacy car information to determine more accurate own position on a road . In some examples , a legacy car ( e . g . , 
positions of the sensor - rich and legacy cars . In some 20 legacy car 103N ) may not include the ability to determine 
examples , the edge device may also consider road bound other objects in its vicinity as well . 
aries in optimizing determined positions as well . The edge System 10 may leverage self - reported positioning and 
device may then use tracked vehicle dynamics to help data gathered by a sensor - rich car about other cars in its 
suggest future movements of a car . vicinity to determine more accurate and precise positions of 

Examples discussed herein address these technical chal - 25 cars on a road . For example , system 10 may utilize the 
lenges by providing a technical solution that determines car processing capabilities of sensor - rich cars ( e . g . , sensor - rich 
positions . For example , the technical solution may receive , cars 101A , 101B , . . . , 101N ) , mobile devices 102A , 
by a physical processor of an edge computing device , 102B , . . . , 102N , the edge device 100 , the cloud server 50 , 
position data for a legacy car and information about a make and / or any combination thereof to determine more accurate 
and model of the legacy car . The first edge device may also 30 and precise positions of cars on a road . 
receive , from a sensor - rich car , a set of sensor data about a In some examples , the sensor - rich car ( e . g . , car 101N ) 
set of observed cars in the vicinity of the sensor - rich car , a may comprise a physical processor that implements 
set of position data for the set of observed cars , and a set of machine - readable instructions stored in a non - transitory 
visual data of the set of observed cars , wherein the set of machine - readable storage medium to analyze data from 
observed cars includes the legacy car and the sensor - rich car . 35 sensors , cameras , LIDAR , and / or other object detection 
The edge device may then determine an updated position for technology in the sensor - rich car ( e . g . , car 101N ) . The 
the legacy car based on the set of position data for the set of machine - readable storage medium of the sensor - rich car 
observed cars , the set of visual data , and the set of sensor ( e . g . , car 101N ) may be any electronic , magnetic , optical , or 
data and provide the updated position of the legacy car . other physical storage device that contains or stores execut 

FIG . 1 is an example environment in which various 40 able instructions . In some implementations , machine - read 
examples may be implemented as a system 10 that facilitates able storage medium may be a non - transitory storage 
determining car positions . In some examples , system 10 that medium , where the term “ non - transitory ” does not encom 
facilitates determining car positions may include various pass transitory propagating signals . In one example , the 
components such as an edge device 100 , a set of sensor - rich machine - readable instructions stored in the machine - read 
cars 101A , 101B , . . . , 101N , a set of mobile devices 102A , 45 able medium may be part of an installation package that 
102B , . . . , 102N that are associated with a set of legacy cars when installed can be executed by the physical processor of 
103A , 103B , . . . , 103N , a cloud server 50 , and / or other the sensor - rich car ( e . g . , sensor - rich car 101N ) . In another 
devices communicably coupled to the edge device 100 . Each example , the machine - readable instructions may be part of 
edge device 100 may communicate to and / or receive data an application ( e . g . , a cloudlet and / or other type of appli 
from the sensor - rich cars ( e . g . , sensor - rich cars 101A , 50 cation ) or applications already installed in the sensor - rich 
101B , . . . , 101N ) , the mobile devices ( e . g . , mobile devices car ( e . g . , sensor - rich car 101N ) . In some examples , the 
102A , 102B , . . . , 102N ) , the cloud server 50 , and / or other physical processor of the sensor - rich car ( e . g . , sensor - rich 
components in a network . car 101N ) may implement the machine - readable instructions 
An edge device may comprise an access point , network to perform the functionality described herein . 

switch , or other hardware device on a network that com - 55 The sensor - rich car ( e . g . , sensor - rich car 101N ) may 
prises a physical processor ( e . g . , physical processor 110 ) acquire data from a set of sensor , a set of cameras , LIDAR , 
that implement machine readable instructions to facilitate a GPS , and / or other object detection technology of the 
communication in the network . Physical processor 110 may sensor - rich car to detect cars in the vicinity of the sensor - rich 
be at least one central processing unit ( CPU ) , microproces - car . The vicinity of the sensor - rich car may include , for 
sor , and / or other hardware device suitable for performing the 60 example , a predetermined distance surrounding the sensor 
functionality described in relation to FIG . 1 . rich car , a distance to which the object detection is able to 

Cloud server 50 may be any server in a cloud network detect objects , and / or another distance related to the sensor 
communicably coupled to edge device 100 that facilitates rich car . 
processing and / or storage of data handled by edge device In some examples , the sensor - rich car ( e . g . , sensor - rich 
100 . 65 car 101N ) may perform object detection of every nth frame 

Sensor - rich cars 101A , 101B , . . . , 101N may be any of a set of cameras of the sensor - rich car to detect cars in a 
sensor - rich car that may communicate to the edge device frame , where n is a positive integer . The detected cars may 
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include both legacy cars and sensor - rich cars . Because the optical , or other physical storage device that contains or 
frames from the set of cameras may comprise different stores executable instructions . In some implementations , 
viewpoints of the cars , the sensor - rich car ( e . g . , sensor - rich machine - readable storage medium may be a non - transitory 
car 101N ) may use a trained object differentiator that may storage medium , where the term “ non - transitory ” does not 
determine , given a set of images , whether the same or 5 encompass transitory propagating signals . In one example , 
different objects appear in those images . The sensor - rich car the machine - readable instructions stored in the machine 
( e . g . , sensor - rich car 101N ) may use the trained object readable medium may be part of an installation package that 
differentiator to determine a final set of detected cars as a set when installed can be executed by the physical processor of 
of observed cars detected by the object detection technolo the mobile device ( e . g . , mobile device 102N ) . In another 
gies of the sensor - rich car . In some examples , the sensor - rich 10 example , the machine - readable instructions may be part of 
car ( e . g . , sensor - rich car 101N ) may include visual data for an application or applications already installed in the mobile 
each of the set of observed cars on a SLAM ( “ Simultaneous device ( e . g . , mobile device 102N ) . In some examples , the 
Localization and Mapping ” ) map . physical processor of the mobile device ( e . g . , mobile device 

The sensor - rich car ( e . g . , car sensor - rich car ) may then 102N ) may implement the machine - readable instructions to 
estimate a distance and / or angle of the each of the set of 15 perform the functionality described herein . 
observed cars from the sensor - rich car based on information The mobile device ( e . g . , mobile device 102N ) may deter 
received via the LIDAR . In some examples , the sensor - rich mine position information for the legacy car ( e . g . , legacy car 
car ( e . g . , sensor - rich car 101N ) may overlay a LIDAR point 103N ) based on gps position data of the mobile device , 
cloud on top of the frames received from the camera to and / or any other position information available on the 
estimate the distance and angle of the set of observed cars . 20 mobile device . The mobile device ( e . g . , mobile device 
In these examples , the sensor - rich car ( e . g . , sensor - rich car 102N ) may provide information ( e . g . , position information 
101N ) may transform the point cloud using rotation and and car information ) associated with a single legacy car 
translation to ensure symmetry of viewpoint of the LIDAR ( e . g . , legacy car 103N ) to the edge device 100 . In some 
point cloud and the camera frame . In some examples , the examples , the mobile device ( e . g . , mobile device 102N ) may 
sensor - rich car ( e . g . , sensor - rich car 101N ) may overlay the 25 have a unique association with a single legacy car ( e . g . , 
LIDAR point cloud on the SLAM map ( after performing the legacy car 103N ) . In other examples , the mobile device ( e . g . , 
appropriate transformation using rotation and translation ) . mobile device 102N ) may have a plurality of associations 

The sensor - rich car ( e . g . , sensor - rich car 101N ) may with a respective plurality of legacy cars ( e . g . , legacy cars 
generate visual fingerprints for each of the cars in the set of 101A , 101N ) , but may be restricted to providing position 
observed cars . The visual fingerprint for an observed car 30 information and car information about only a single legacy 
may comprise , for example , SLAM data associated with the car ( e . g . , legacy car 103N ) to the edge device 100 . In these 
observed car , the visual data for an observed car , the other examples , the mobile device ( e . g . , mobile device 
distance / angle information relating the car to the sensor - rich 102N ) may receive an indication of the legacy car ( e . g . , 
car , metadata about the observed car ( e . g . , information about legacy car 103N ) to which it may be associated for purposes 
color , number of doors , car type , car features , etc . ) , a gps 35 of sending data to the edge device 100 . Further , the mobile 
position of the observed car , any combination thereof , and / or device ( e . g . , mobile device 102N ) may need to provide 
other information identifying the car . confirmation that the mobile device is within a predeter 

The sensor - rich car ( e . g . , sensor - rich car 101N ) may send mined distance of the legacy car ( e . g . , legacy car 103N ) in 
the set of generated visual fingerprints of each of the set of order to provide information about the legacy car ( e . g . , 
detected cars to the edge device 100 . In some examples , the 40 legacy car 103N ) to the edge device . In some of these 
sensor - rich car ( e . g . , sensor - rich car 101N ) may send the set examples , a single legacy car may be associated with 
of generated visual fingerprints , the gps position of each of multiple mobile devices , but only one mobile device may be 
the set of observed cars , the LIDAR information for each of allowed to provide information about the single legacy car 
the set of observed cars , position information for the sensor to the edge device 100 . 
rich car ( e . g . , car sensor - rich car ) and for the rest of the set 45 The mobile device ( e . g . , mobile device 102N ) may create 
of observed cars , and / or other information to the edge device an association with a legacy car ( e . g . , legacy car 103N ) by 
100 . receiving car information about the legacy car and creating 

In some examples , the sensor - rich car ( e . g . , sensor - rich a profile for the legacy car based on the received car 
car 101N ) may send the LIDAR information for each of the information . The car information may comprise , for 
set of observed cars , position information for the sensor - rich 50 example , a make and model of the car , a color of the car , a 
car ( e . g . , car sensor - rich car ) and for the rest of the set of type of the car , a year in which the car was manufactured , 
observed cars , and / or other information used to determine information about a set of drivers of the car , any combina 
the set of visual fingerprints to the edge device 100 , and the tion thereof , and / or other features of the car . In some 
edge device may generate the set of visual fingerprints . examples , responsive to creating a profile for the legacy car 

System 10 may also utilize the processing capabilities of 55 ( e . g . , legacy car 103N ) , the mobile device ( e . g . , mobile 
a mobile device ( e . g . , mobile device 102N ) associated with device 102N ) may provide the profile to the edge device 100 
a legacy car ( e . g . , legacy car 103N ) to determine more and / or the cloud server 50 . The edge device 100 and / or the 
accurate and precise positions of cars on a road . cloud server 50 may create a fingerprint for the legacy car 

In some examples , the mobile device ( e . g . , mobile device ( e . g . , legacy car 103N ) based on the provided profile . The 
102N ) may comprise a physical processor that implements 60 edge device 100 may store the fingerprint for the legacy car 
machine - readable instructions stored in a non - transitory ( e . g . , legacy car 103N ) . In some examples , the stored 
machine - readable storage medium to determine position fingerprint may not be modifiable . 
information and car information about an associated legacy Responsive to the mobile device ( e . g . , mobile device 
car ( e . g . , legacy car 103N ) and provide that position infor - 102N ) confirming that it is within a predetermined distance 
mation and car information to edge device 100 . The 65 of the legacy car ( e . g . , legacy car 103N ) , the mobile device 
machine - readable storage medium of the mobile device may track the location of the legacy car and provide position 
( e . g . , mobile device 102N ) may be any electronic , magnetic , data and car information about the legacy car to the edge 
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device 100 . In some examples , the mobile device ( e . g . , error by minimizing distances between all reported locations 
mobile device 102N ) may provide this information while of each of the cars cumulatively . The edge device 100 may 
also providing navigation information and / or instructions perform this minimizing cumulatively as the determination 
via a screen of the mobile device . for a precise position for one car on a road may affect the 

The edge device 100 may receive sets of visual finger - 5 determination for a precise position for another car on that 
prints from multiple sensor - rich cars ( e . g . , sensor - rich cars same road . 
101A , 101B , . . . , 101N ) and may receive position infor In this determination , C , may be the position of car 1 as 
mation and car information from a set of mobile devices reported by car 2 , where the reported position x , y may 
( e . g . , mobile devices 102A , 102B , . . . , 102N ) associated comprise easting x and northing y . V , may comprise a set of 
with a set of legacy cars ( e . g . , legacy cars 103A , 10 views of car 1 , where the cardinality of V , comprises a 
103B , . . . , 103N ) . The edge device 100 may construct a number of sensor - rich cars that detected car 1 . Each view 
connected graph ( e . g . , a SLAM map , a spatiogram , and / or V1 , 2 of car 1 by car 2 comprises a distance d between car 1 
other graph that comprises nodes and edges ) to represent the and car 2 and a bearing or heading of the observation 0 , . . 
road on which the sets of observed cars associated with the In the situation in which only a single car appears on the 
sets of visual fingerprints may be driving . 15 road , the edge device 100 may determine its positioning 

To construct the connected graph , the edge device 100 error as the distance between its true location and its 
may correlate the sets of visual fingerprints received from self - reported location . As the edge device 100 may not know 
the sensor - rich cars ( e . g . , sensor - rich cars 101A , the true location of the car , the edge device 100 may 
101B , . . . , 101N ) . The edge device 100 may correlate the determine no error exists and may not change the connected 
sets of visual fingerprints from each of the sensor - rich rich 20 graph that represents a road scene with the single car . 
cars ( e . g . , sensor - rich cars 101A , 101B , . . . , 101N ) . In some In a situation where multiple cars exist on a road scene , 
examples , the edge device 100 may determine correlation the edge device 100 may determine the cumulative posi 
values between visual fingerprints from each sensor - rich tioning error for a car on the road scene as the sum of 
device and may join visual fingerprints received from mul - distances from the geometric median of all reported posi 
tiple sensor - rich cars as a single visual fingerprint of the car . 25 tions of that car . The edge device 100 may determine the 
In these examples , the edge device 100 may include a single precise position for the car by minimizing the sum of 
node on the connected graph to represent a single visual distances from the geometric median of all reported posi 
fingerprint associated with a single car . In other examples , tions of the car and may update the node associated with the 
the edge device 100 may receive and / or generate connected car to reflect the precise position . 
graphs of each of the sets of visual fingerprints and may 30 In some examples , the edge device 100 may also consider 
overlay the connected graphs to determine a set of nodes to the gps position data for the car 1 and may restrict the precise 
represent the set of observed cars . position of the car 1 to be within the intersection of multiple 

The edge device 100 may also correlate the sets of visual confidence regions . For example , the edge device 100 may 
fingerprints with the information received from the mobile determine each reported position C1 , 2 of the car 1 as the 
devices ( e . g . , mobile devices 102A , 102B , . . . , 102N ) 35 center of a circle that has a radius determined by a confi 
associated with the legacy cars ( e . g . , legacy cars 103A , dence in the reported location , where the location confidence 
103B , . . . , 103N ) and may update and / or add nodes to the may be provided by car 2 . The edge device 100 may restrict 
connected graph to represent the legacy cars ( e . g . , legacy the precise position of the car 1 to be within the intersection 
cars 103A , 103B , . . . , 103N ) . In some examples , the edge of each of the circles related to views V , of the car 1 . 
device 100 may correlate a visual fingerprint from a sensor - 40 In some examples , the edge device 100 may consider 
rich car ( e . g . , sensor - rich car 101N ) with information other constraints related to the set of observed cars , the road , 
received from a mobile device ( e . g . , mobile device 102 ) by and / or other entities or factors related to the road scene . For 
correlating a make and model of the legacy car ( e . g . , legacy example , the edge device 100 may consider distance and 
car 103N ) associated with the mobile device to the visual angle constraints ( e . g . , from LIDAR information from a 
fingerprint . 45 sensor - rich car ) , road constraints , and / or other constraints . 

Responsive to generating a connected graph that com - The edge device 100 may consider the road constraints by 
prises a node for each of the cars in the set of observed cars , determining a road and / or set of roads closest to the majority 
the edge device 100 may determine a precise position for of reported locations . The edge device 100 may then gen 
each car in the set of observed cars . The edge device 100 erate a set of road constraints that include location points and 
may determine a set of constraints related to the road scene 50 boundaries of the road ( s ) . The set of road constraints my 
represented by the connected graph . The edge device 100 include information about lanes in the road , HOV lanes , exit 
may then determine the precise position of each of the set of lanes , ramps , and / or other features of the road ( s ) on which 
observed cars based on the set of constraints and the the set of observed cars ride . 
connected graph . Responsive to determining the precise In examples in which the edge device 100 also considers 
position of each of the set of observed cars , the edge device 55 constraints , the connected graph generated and updated by 
100 may then update the nodes in the connected graph to the edge device 100 responsive to determining the precise 
include information about the determined precise position . positions of each of the set of observed cars may comprise 

To determine the precise position of a car ( which may be a set of nodes including information about the precise 
a sensor - rich car or a legacy car ) , the edge device 100 may position of the respective set of observed cars and edges 
utilize the self - reported location of the car ( e . g . , a gps 60 relating to the data received by the sensor - rich cars ( e . g . , 
position of the car and / or a gps position of the mobile device sensor - rich cars 101A , 101B , . . . , 101N ) . 
associated with the legacy car ) and locations of the car Responsive to determining the precise position of each of 
reported by the set of sensor - rich cars ( e . g . , sensor - rich car the set of observed cars and updating the connected graph , 
101A , 101B , . . . 101N ) . The edge device 100 may determine the edge device 100 may provide , to each of the set of 
the precise position of each car by minimizing the cumula - 65 observed cars , its determined precise position . For a sensor 
tive positioning error of all cars that are in a road scene . The rich car ( e . g . , sensor - rich car 101N ) , the edge device 100 
edge device 100 may minimize the cumulative positioning may provide the precise position of the sensor - rich car and 
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the precise positions of the legacy cars ( e . g . , legacy cars observed cars in the vicinity of the sensor - rich car . As such , 
103A , 103B , . . . , 103N ) observed in the set of observed the set of observed cars may include a legacy car ( e . g . , 
cars . The sensor - rich car ( e . g . , sensor - rich car 101N ) may legacy car 103N ) and the sensor - rich car ( e . g . , sensor - rich 
use the provided precise positions to make decisions about car 101N ) . In some examples , sensor - rich car engine 140 
a next move of the sensor - rich car . For a legacy car ( e . g . , 5 may receive the information in a manner the same as or 
legacy car 103N ) , the edge device 100 may provide the similar to that described above with respect to FIG . 1 . 
precise position of the legacy car to the mobile device ( e . g . , Position determination engine 150 may determine an 
mobile device 102N ) associated with the legacy car ( e . g . , updated position for the legacy car . The position determi 
legacy car 103N ) . The mobile device ( e . g . , mobile device nation engine 150 may determine the updated position for 
102N ) may locally track vehicle dynamics in the legacy car 10 the legacy car based on a correlation of information about 
( e . g . , turns , lane changes , etc . ) to keep updating the position the position of the legacy car with the set of sensor data , the 
of the car from the provided precise position . For example , set of position data , and the set of visual data . In some 
the mobile device ( e . g . , mobile device 102N ) may detect examples , the position determination engine 150 may gen 
steering maneuvers of the car from the inertial sensors , erate a connected graph relating to a road scene of the legacy 
gyroscope , and / or other movement detection technologies of 15 car ( e . g . , legacy car 103N ) and sensor - rich car ( e . g . , sensor 
the mobile device . In some examples , the mobile device rich car 101N ) and may add nodes relating to each of the set 
( e . g . , mobile device 102N ) may comprise a gyroscope that of observed cars on the connected graph responsive to 
has been trained to detect distance and angle changes from correlating the information . The position determination 
a neural network that machine learned the effect of distance engine 150 may determine a precise position of each of the 
and angle movements on mobile device gyroscopes . The 20 set of observed cars ( including the legacy car ) by minimiz 
mobile device ( e . g . , mobile device 102N ) may also periodi - ing a sum of distances between geometric medians of the 
cally receive updated precise positions of the associated nodes . In some examples , the position determination engine 
legacy car ( e . g . , legacy car 103N ) from the edge device 100 150 may perform this functionality in a manner the same as 
responsive to providing position data and car information to or similar to that described above with respect to FIG . 1 . 
the edge device 100 . 25 Position providing engine 160 may provide the updated 

According to various implementations , a system that position for the legacy car ( e . g . legacy car 103N ) . The 
facilitates determining car positions and the various com position providing engine 160 may provide the updated 
ponents described herein may be implemented in hardware position for the legacy car ( e . g . , legacy car 103N ) to the 
and / or a combination of hardware and programming that legacy car ( e . g . , legacy car 103N ) . The position providing 
configures hardware . Furthermore , in FIG . 1 and other 30 engine 160 may also track vehicle dynamics for the legacy 
Figures described herein , different numbers of components car ( e . g . , legacy car 103N ) to facilitate driving decisions of 
or entities than depicted may be used . the legacy car . The position providing engine 160 may 

FIG . 1A is a block diagram depicting an example edge provide the updated position for the legacy car to the 
device for facilitating determining car positions . In some sensor - rich car ( e . g . , sensor - rich car 101N ) as well . The 
examples , the example edge device 100 may comprise the 35 position providing engine 160 may also determine a next 
edge device 100 of FIG . 1 . Edge device , which determines move of the sensor - rich car ( e . g . , sensor - rich car 101N ) and 
positions of cars 101A , 101B , 101N , may comprise a provide an indication of that next move to the sensor - rich 
physical processor 110 , a legacy car engine 130 , a sensor - car . In some examples , the position providing engine 160 
rich car engine 140 , a position determination engine 150 , may perform this functionality in a manner the same as or 
position providing engine 160 , and / or other engines . The 40 similar to that described above with respect to FIG . 1 . 
term " engine " , as used herein , refers to a combination of In performing their respective functions , engines 130 - 160 
hardware and programming that performs a designated may access storage medium 120 and / or other suitable data 
function . As is illustrated with respect to FIGS . 1A - 1B , the base ( s ) . Storage medium 120 may represent any memory 
hardware of each engine , for example , may include one or accessible to the edge device 100 that can be used to store 
both of a physical processor and a machine - readable storage 45 and retrieve data . Storage medium 120 and / or other data 
medium , while the programming is instructions or code bases communicably coupled to the edge device may com 
stored on the machine - readable storage medium and execut - prise random access memory ( RAM ) , read - only memory 
able by the physical processor to perform the designated ( ROM ) , electrically - erasable programmable read - only 
function . memory ( EEPROM ) , cache memory , floppy disks , hard 

Legacy car engine 130 may receive information , from a 50 disks , optical disks , tapes , solid state drives , flash drives , 
mobile device ( e . g . , mobile device 102N ) associated with a portable compact disks , and / or other storage media for 
legacy car ( e . g . , legacy car 103N ) . The information may storing computer - executable instructions and / or data . The 
comprise position data of the legacy car , information about edge device 100 that facilitates determining car positions 
a make and model of the legacy car , and / or other information may access storage medium 120 locally or remotely via a 
about the legacy car ( e . g . , legacy car 103N ) . In some 55 network . 
examples , legacy car engine 130 may receive the informa - Storage medium 120 may include a database to organize 
tion from the mobile device ( e . g . , mobile device 102N ) and store data . The database may reside in a single or 
associated with the legacy car ( e . g . , legacy car 103N ) in a multiple physical device ( s ) and in a single or multiple 
manner the same as or similar to that described above with physical location ( s ) . The database may store a plurality of 
respect to FIG . 1 . 60 types of data and / or files and associated data or file descrip 

The sensor - rich car engine 140 may receive , from a tion , administrative information , or any other data . 
sensor - rich car ( e . g . , sensor - rich car 101N ) , a set of sensor FIG . 1B is a block diagram depicting an example edge 
data about a set of observed cars within a distance of the device 200 that facilitates determining car positions . In some 
sensor - rich car , a set of position data for the set of observed examples , example edge device 200 may comprise edge 
cars , and a set of visual data of the set of observed cars . In 65 device 100 of FIG . 1 . Edge device 200 , which may facilitate 
some examples , the sensor - rich car ( e . g . , sensor - rich car determining car positions may comprise a physical proces 
101N ) may provide information about itself and the set of sor 210 , legacy car engine 230 , a sensor - rich car engine 240 , 
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LIONS . 

a position determination engine 250 , a position providing executing instructions stored by machine - readable storage 
260 , and / or other engines . In some examples , position medium 320 ( or machine - readable storage medium 420 ) . 
determination engine 250 may comprise fingerprint engine Processor 310 ( or processor 410 ) may be integrated in a 
251 , correlation engine 252 , and / or other engines . In some single device or distributed across devices . Further , 
examples , engines 230 - 260 represent engines 130 - 160 , 5 machine - readable storage medium 320 ( or machine - read 
respectively . able storage medium 420 ) may be fully or partially inte 

FIG . 2A is a block diagram depicting an example grated in the same device as processor 310 ( or processor 
machine - readable storage medium 320 comprising instruc 410 ) , or it may be separate but accessible to that device and 
tions executable by a processor for determining car posi - processor 310 ( or processor 410 ) . 
tions . 10 In one example , the program instructions may be part of 

In the foregoing discussion , engines 130 - 160 were an installation package that when installed can be executed 
described as combinations of hardware and programming . by processor 310 ( or processor 410 ) to implement an edge 
Engines 130 - 160 may be implemented in a number of device that facilitates determining car positions . In this case , 
fashions . Referring to FIG . 2A , the programming may be machine - readable storage medium 320 ( or machine - read 
processor executable instructions 330 - 360 stored on a 15 able storage medium 420 ) may be a portable medium such 
machine - readable storage medium 320 and the hardware as a floppy disk , CD , DVD , or flash drive or a memory 
may include a first processor 310 . Thus , machine - readable maintained by a server from which the installation package 
storage medium 320 can be said to store program instruc - can be downloaded and installed . In another example , the 
tions or code that when executed by physical processor 310 program instructions may be part of an application or 
implements an edge device that facilitates determining car 20 applications already installed . Here , machine - readable stor 
positions of FIG . 1 . age medium 320 ( or machine - readable storage medium 420 ) 

In FIG . 2A , the executable program instructions in may include a hard disk , optical disk , tapes , solid state 
machine - readable storage medium 320 are depicted as drives , RAM , ROM , EEPROM , or the like . 
legacy car instructions 330 , sensor - rich car instructions 340 , Processor 310 may be at least one central processing unit 
position determination instructions 350 , position providing 25 ( CPU ) , microprocessor , and / or other hardware device suit 
instructions 360 , and / or other instructions . Instructions 330 - able for retrieval and execution of instructions stored in 
360 represent program instructions that , when executed , machine - readable storage medium 320 . Processor 310 may 
cause physical processor 310 to implement engines 130 - 160 , fetch , decode , and execute program instructions 330 - 360 , 
respectively . and / or other instructions . As an alternative or in addition to 

FIG . 2B is a block diagram depicting an example 30 retrieving and executing instructions , processor 310 may 
machine - readable storage medium 420 comprising instruc - include at least one electronic circuit comprising a number 
tions executable by a processor for determining car posi - of electronic components for performing the functionality of 
tions . at least one of instructions 330 - 360 , and / or other instruc 

In the foregoing discussion , engines 230 - 260 were tions . 
described as combinations of hardware and programming . 35 Processor 410 may be at least one central processing unit 
Engines 230 - 260 may be implemented in a number of ( CPU ) , microprocessor , and / or other hardware device suit 
fashions . Referring to FIG . 2B , the programming may be able for retrieval and execution of instructions stored in 
processor executable instructions 430 - 460 stored on a machine - readable storage medium 420 . Processor 410 may 
machine - readable storage medium 420 and the hardware fetch , decode , and execute program instructions 430 - 460 , 
may include a physical processor 410 for executing those 40 and / or other instructions . As an alternative or in addition to 
instructions . Thus , machine - readable storage medium 420 retrieving and executing instructions , processor 410 may 
can be said to store program instructions or code that when include at least one electronic circuit comprising a number 
executed by physical processor 410 implement an edge of electronic components for performing the functionality of 
device that facilitates determining car positions of FIG . 2B . at least one of instructions 430 - 460 , and / or other instruc 

In FIG . 2B , the executable program instructions in 45 tions . 
machine - readable storage medium 420 are depicted as FIG . 3 is a flow diagram depicting an example method for 
legacy car instructions 430 , sensor - rich car instructions 440 , determining car positions . The various processing blocks 
position determination instructions 450 , position providing and / or data flows depicted in FIG . 3 ( and in the other 
instructions 460 , and / or other instructions . In some drawing figures such as FIGS . 4 and 5 ) are described in 
examples , data position determination instructions 450 may 50 greater detail herein . The described processing blocks may 
comprise fingerprint instructions 451 , correlation instruc - be accomplished using some or all of the system compo 
tions 452 , and / or other instructions . Instructions 430 - 460 nents described in detail above and , in some implementa 
represent program instructions that , when executed , cause tions , various processing blocks may be performed in dif 
physical processor 410 to implement engines 220 - 260 , ferent sequences and various processing blocks may be 
respectively . 55 omitted . Additional processing blocks may be performed 
Machine - readable storage medium 320 ( or machine - read - along with some or all of the processing blocks shown in the 

able storage medium 420 ) may be any electronic , magnetic , depicted flow diagrams . Some processing blocks may be 
optical , or other physical storage device that contains or performed simultaneously . Accordingly , the method of FIG . 
stores executable instructions . In some implementations , 3 as illustrated ( and described in greater detail below ) is 
machine - readable storage medium 320 ( or machine - read - 60 meant be an example and , as such , should not be viewed as 
able storage medium 420 ) may be a non - transitory storage limiting . The method of FIG . 3 may be implemented in the 
medium , where the term “ non - transitory ” does not encom - form of executable instructions stored on a machine - read 
pass transitory propagating signals . Machine - readable stor a ble storage medium , such as storage medium 420 , and / or in 
age medium 320 ( or machine - readable storage medium 420 ) the form of electronic circuitry . 
may be implemented in a single device or distributed across 65 In an operation 500 , position data for a legacy car and 
devices . Likewise , processor 310 ( or processor 410 ) may information about a make and model of the legacy car may 
represent any number of physical processors capable of be received by an edge device . For example , the edge device 
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100 ( and / or the legacy car engine 130 , the legacy car I n an operation 523 , the correlated set of visual finger 
instructions 330 , or other resource of the edge device 100 ) prints may be added to a connected graph as nodes . For 
may receive the position data and the information about the example , the edge device 100 ( and / or the position determi 
legacy car . The edge device 100 may receive the position nation engine 150 , the position determination instructions 
data and the information about the legacy car in a manner 5 350 or other resource of the edge device 100 ) may add the 
similar or the same as that described above in relation to the correlated set of visual fingerprints as nodes in the connected 
execution of the legacy car engine 130 , the legacy car graph . The edge device 100 may add the correlated set of 
instructions 330 , and / or other resource of the edge device visual fingerprints as nodes in the connected graph in a 
100 . manner similar or the same as that described above in 

In an operation 510 , a set of sensor data about a set of 10 relation to the execution of the position determination 
observed cars within a distance of the sensor - rich car , a set engine 150 , the position determination instructions 350 , 
of position data for the set of observed cars , and a set of and / or other resource of the edge device 100 . 
visual data of the set of observed cars may be received by the In an operation 524 , the sum of distances between the 
edge device , where the set of observed cars includes the geometric medians of the nodes may be minimized to 
legacy car and the sensor - rich car . For example , the edge 15 determine the precise position of each node . For example , 
device 100 ( and / or the sensor - rich car engine 140 , the the edge device 100 and / or the position determination 
sensor - rich car instructions 340 or other resource of the edge engine 150 , the position determination instructions 350 or 
device 100 ) may receive the set of sensor data , the set of other resource of the edge device 100 ) may minimize the 
position data , and the set of visual data . The edge device 100 sum of distances between the geometric medians . The edge 
may receive the set of sensor data , the set of position data , 20 device 100 may minimize the sum of distances between the 
and the set of visual data in a manner similar or the same as geometric medians in a manner similar or the same as that 
that described above in relation to the execution of the described above in relation to the execution of the position 
sensor - rich car engine 140 , the sensor - rich car instructions determination engine 150 , the position determination 
340 , and / or other resource of the edge device 100 . instructions 350 , and / or other resource of the edge device 

In an operation 520 , an updated position for the legacy car 25 100 . 
may be determined based on the set of position data for the Returning to FIG . 3 , in an operation 530 , the updated 
set of observed cars , the set of visual data , and the set of position for the legacy car may be provided . For example , 
sensor data . For example , the edge device 100 ( and / or the the edge device 100 ( and / or the position providing engine 
position determination engine 150 , the position determina 160 , the position providing instructions 360 , or other 
tion instructions 350 or other resource of the edge device 30 resource of the edge device 100 ) may provide the updated 
100 ) may determine the updated position for the legacy car . position for the legacy car . The edge device 100 may provide 
The edge device 100 may determine the updated position for the updated position for the legacy car in a manner similar 
the legacy car in a manner similar or the same as that or the same as that described above in relation to the 
described above in relation to the execution of the position execution of the position providing engine 160 , the position 
determination engine 150 , the position determination 35 providing instructions 360 , and / or other resource of the edge 
instructions 350 , and / or other resource of the edge device device 100 . 

The foregoing disclosure describes a number of example 
In some examples , determining an updated position for implementations for determining car positions . The dis 

the legacy car may be performed in various manners . FIG . closed examples may include systems , devices , computer 
4 is a flow diagram depicting an example method for 40 readable storage media , and methods for determining car 
determining car positions , and particularly for determining positions . For purposes of explanation , certain examples are 
an updated position for the legacy car . described with reference to the components illustrated in 

In an operation 521 , a set of visual fingerprints for the set FIGS . 1 - 4 . The functionality of the illustrated components 
of observed cars may be received by the edge device . For may overlap , however , and may be present in a fewer or 
example , the edge device 100 ( and / or the position determi - 45 greater number of elements and components . 
nation engine 150 , the position determination instructions Further , all or part of the functionality of illustrated 
350 or other resource of the edge device 100 ) may receive elements may co - exist or be distributed among several 
set of visual fingerprints for the set of observed cars . The geographically dispersed locations . Moreover , the disclosed 
edge device 100 may receive set of visual fingerprints for the examples may be implemented in various environments and 
set of observed cars in a manner similar or the same as that 50 are not limited to the illustrated examples . Further , the 
described above in relation to the execution of the position sequence of operations described in connection with FIGS . 
determination engine 150 , the position determination 3 - 4 are examples and are not intended to be limiting . 
instructions 350 , and / or other resource of the edge device Additional or fewer operations or combinations of opera 
100 . tions may be used or may vary without departing from the 

In an operation 522 , the set of visual fingerprints for the 55 scope of the disclosed examples . Furthermore , implemen 
set of observed cars may be correlated with information tations consistent with the disclosed examples need not 
about the legacy car . For example , the edge device 100 perform the sequence of operations in any particular order . 
( and / or the position determination engine 150 , the position Thus , the present disclosure merely sets forth possible 
determination instructions 350 or other resource of the edge examples of implementations , and many variations and 
device 100 ) may correlate the set of visual fingerprints with 60 modifications may be made to the described examples . All 
information about the legacy car ar . The edge device 100 such modifications and variations are intended to be 
may correlate the set of visual fingerprints fo with informa - included within the scope of this disclosure and protected by 
tion about the legacy car in a manner similar or the same as the following claims . 
that described above in relation to the execution of the 
position determination engine 150 , the position determina - 65 The invention claimed is : 
tion instructions 350 , and / or other resource of the edge 1 . A method for determining car positions , the method 
device 100 . comprising : 

100 . 
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receiving , at an edge device , position data from a mobile instructions to receive position data from a mobile device 
device associated with a legacy car , the position data associated with a legacy car , the position data compris 
comprising global position information for the legacy ing global position information for a legacy car ; 
car ; instructions to receive sensor data from a sensor - rich car , 

receiving , at the edge device , sensor data from a sensor - 5 the sensor data comprising position information , visual 
rich car , the sensor data comprising position informa information , and distance information about one or 
tion , visual information , and distance information more observed cars in the vicinity of the sensor - rich 
about one or more observed cars in the vicinity of the 
sensor - rich car ; instructions to correlate car information about legacy car 

determining , by the edge device , an updated position for with the sensor data ; 
the legacy car based on a combination of the position instructions to determine an updated position for the 
data from the mobile device and the sensor data from legacy car based on the correlation ; and 
the sensor - rich car ; and instructions to provide the updated position for the legacy 

providing , by the edge device , the updated position for the 15 car . 
legacy car to one or more of the legacy car and the 9 . The non - transitory machine - readable storage medium 
sensor - rich car . of claim 8 , 

2 . The method of claim 1 , wherein determining the wherein the instructions to correlate car information about 
updated position for the legacy car comprises : the legacy car comprise : 

generating a visual fingerprint for one or more of the 20 instructions to generate a visual fingerprint for one or 
observed cars based on the sensor data ; and more of the observed cars based on the sensor data ; and 

correlating visual fingerprints of the observed legacy cars instructions to correlate a visual fingerprint of the legacy 
with car information about the legacy car , wherein car car with the visual fingerprints of the other observed 
information comprises one or more of car make , model , cars . 
color , position , and year of manufacture . 25 10 . The non - transitory machine - readable storage medium 

3 . The method of claim 2 , wherein determining the of claim 9 , wherein the instructions to determine the updated 
updated position of the legacy car includes : position for the legacy car comprise : 

determining , for one or more of the observed cars , a set of instructions to determine , for each of the observed cars , a 
constraints ; and set of constraints ; and 

determining , for one or more of the observed cars , a 30 cars 30 instructions to determine , for each of the observed cars , a 
respective position of the observed car based on the set respective position of the observed car based on the set 

of constraints . of constraints . 
11 . The non - transitory machine - readable storage medium 4 . The method of claim 3 , wherein determining the of claim 10 , wherein the instructions to determine the updated position of the legacy car includes : 35 updated position for the legacy car comprise : 

determining the updated position of the legacy car by instructions to determine the updated position of the minimizing a sum of distances from the geometric legacy car by minimizing a sum of distances from the 
median of the determined positions from each of the set geometric median of the determined positions from 
of observed cars and the visual fingerprint of the legacy each of the set of observed cars and the visual finger 

40 print of the legacy car . 
5 . The method of claim 3 , wherein at least one of the 12 . The non - transitory machine - readable storage medium 

constraints in the set of constraints is based upon informa - of claim 10 , 
tion about a road associated with the sensor - rich car . wherein the set of constraints include information about a 

6 . The method of claim 3 , wherein at least one of the road associated with the sensor - rich car . 
constraints in the set of constraints is based upon informa - 45 13 . The non - transitory machine - readable storage medium 
tion about a distance and an angle of the sensor - rich car of claim 10 , 
relative to a second sensor - rich car , wherein the second wherein at least one of the constraints in the set of 
sensor - rich car is one of the observed cars , and constraints is based upon information about a distance 

wherein the method further comprises : and an angle of the sensor - rich car relative to a second 
determining , for the sensor - rich car , a next move of the 50 sensor - rich car , wherein the second sensor - rich car is 

sensor - rich car based on the set of constraints , the one of the observed cars , and 
updated position of the legacy car , and the position wherein the instructions further comprise : instructions to 
of one or more of the observed cars ; and determine , for the sensor - rich car , a next move of the 

providing , to the sensor - rich car , an indication of the sensor - rich car based on the set of constraints , the 
next move . 55 updated position of the legacy car , and the position of 

7 . The method of claim 1 , further comprising : one or more of the observed cars ; and 
receiving , responsive to providing the updated position of instructions to provide , to the sensor - rich car , an indica 

the legacy car , car dynamics information of the legacy tion of the next move . 
car ; 14 . The non - transitory machine - readable storage medium 

determining a new updated position based on the received 60 of claim 8 , further comprising : 
information about the car dynamics of the legacy car ; instructions to , responsive to providing the updated posi 
and tion of the legacy car , receive car dynamics information 

providing the new updated position . of the legacy car ; 
8 . A non - transitory machine - readable storage medium instructions to determine a new updated position based on 

comprising instructions executable by a physical processor 65 the received information about the car dynamics of the 
of a computing device for determining car positions , the legacy car ; and 
machine - readable storage medium comprising : instructions to provide the new updated position . 

car . 
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15 . A system for determining car positions , the system median of the determined positions from each of the set 
comprising : of observed cars and the visual fingerprint of the legacy 

a physical processor that implements machine readable car . 
instructions that cause the system to : 18 . The system of claim 16 , wherein at least one of the 

receive information from a mobile device associated with 5 constraints in the set of constraints is based upon informa 
a legacy car , the information comprising position data tion about a road associated with the sensor - rich car , and 
of the legacy car and information about a make and wherein the physical processor implements machine read 
model of the legacy car ; able instructions to cause the system to : 

receive , from a sensor - rich car , a set of sensor data about provide , to the sensor - rich car , the updated position of the a set of observed cars in the vicinity of the sensor - rich 10 legacy car , and information about a position of one or car , the set of sensor data comprising a set of position more observed cars of the set of observed cars . data for the set of observed cars , and a set of visual data 
of the set of observed cars , wherein the set of observed 19 . The system of claim 16 , wherein at least one of the 

constraints in the set of constraints is based upon informa cars includes the legacy car and the sensor - rich car ; 
correlate information about the legacy car with the set of 15 ton et of 15 tion about a distance and an angle of the sensor - rich cars 

sensor data , the set of position data , and the set of visual relative to a second sensor - rich car of the set of observed 
data ; cars , and 

determine an updated position for the legacy car based on wherein the physical processor implements machine read 
the correlation ; and able instructions to cause the system to : 

provide , to the mobile device , the updated position for the 20 determine , for the sensor - rich car , a next move of the 
legacy car . sensor - rich car based on the set of constraints , the 

16 . The system of claim 15 , wherein the physical proces updated position of the legacy car , and the positions of 
sor implements machine readable instructions to cause the the set of observed cars updated position of the legacy 
system to : cars , and the position of one or more of the set of 

determine a visual fingerprint of one or more observed 25 sensor - rich cars ; and 
cars of the set of observed cars based on the set of provide , to the sensor - rich car , an indication of the next 
sensor data ; move . 

determine , for each of the set of sensor - rich cars and the 20 . The system of claim 15 , wherein the physical proces 
legacy car , a set of constraints ; and sor implements machine readable instructions to cause the 

instructions to determine , for each of the set of observed 30 system to : cars , a respective position of the observed car based on responsive to providing the updated position of the legacy the set of constraints and a corresponding visual fin car , receive , from the mobile device , car dynamics gerprint . information of the legacy car ; 17 . The system of claim 16 , wherein the physical proces 
sor implements machine readable instructions to cause the 35 determine a new updated position based on the received 
system to determine the updated position for the legacy car information about the car dynamics of the legacy car ; 

determining the updated position of the legacy car by provide the new updated position to the mobile device . 
minimizing a sum of distances from the geometric 

by : and 


