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METHODS, DEVICES FOR REAL-TIME NEAREST NEIGHBOUR SEARCH ON A

ROAD SYSTEM

TECHNICAL FIELD
[0001] Various aspects of the present disclosure relate to methods and devices for determining

nearest neighbour vehicles on a road system in real-time.

BACKGROUND
[0002] Ride-hailing applications utilize vehicle position information to match a vehicle with a
ride-hailing application user. A ride-hailing application user may request a ride from the user’s
ride request position. Ride-hailing applications may use a vehicle’s position to match a vehicle
and a ride-hailing application user based on the ride request position. However, as the vehicle
drives along a road system, the vehicle’s position may change. Therefore, real-time vehicle
position information is desirable for providing an uninterrupted user experience. Additionally,
a vehicle with the shortest distance, by straight-line distance, between the vehicle’s position
and the ride request position may not be the optimal vehicle for the ride request. For example,
the vehicle nearest to the ride request position may be driving away from the ride request
position on a one-way road. Therefore, there is a need to consider the road system information

when determining a vehicle’s driving distance and matching a vehicle with a ride request.

SUMMARY
[0003] Various embodiments concern a ride-hailing method for updating vehicle information,
including position information. The ride-hailing method may update vehicle information with

high frequency. According to various embodiments, the ride-hailing method may include a
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frequency parameter configured to define the vehicle update frequency. Vehicle information
may include geographical position, velocity, and/or direction.
[0004] Additionally, various embodiments concern a ride-hailing method for determining a
driving distance between the vehicles in the vicinity of the ride request position. The driving
distance may include a distance a vehicle may travel along the road system to the ride request
position. Determining the driving distance may include vehicle information and/or map data.
The ride-hailing method may determine the nearest vehicle(s) based on the driving distance to
the ride request position.
[0005] According to various embodiments, the ride-hailing method may determine a vehicle’s
estimated time of arrival at the request position.
[0006] According to various embodiments, the ride-hailing method may update a vehicle’s
information, including position information.
[0007] According to various embodiments, the ride-hailing method may determine the driving
distance, using map data. The map data may include traffic, road type (interstate, local road),
and/or vehicle information.
[0008] According to one embodiment, a device may be configured to carry out the ride-hailing
method of determining the nearest vehicle(s).
[0009] According to one embodiment, a non-transitory computer-readable medium may store
computer executable code including instructions for the ride-hailing method of determining the
nearest vehicle.
[0010] According to one embodiment, a computer executable code including instructions for

carrying out the ride-hailing method of determining the nearest vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0011] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:

. FIG. 1A shows an exemplary flow chart for a method of updating vehicle
information, in accordance with various embodiments;

o FIG. 1B shows an exemplary flow chart for a method of determining the nearest
vehicle(s), in accordance with various embodiments;

o FIG. 2 shows an exemplary flow chart for a method of executing a ride request,
in accordance with various embodiments;

. FIGS. 3A and 3B show an exemplary view of a road system, in accordance with
various embodiments;

o FIG. 4 shows exemplary map nodes and ways of raw map data, in accordance
with various embodiments;

. FIG. 5 shows an exemplary method for translating a vehicle position to a vehicle
object position within an edge-based graph (EBG);

o FIG. 6 shows an exemplary architecture for determining the nearest vehicle, in
accordance with various embodiments;

. FIG. 7 shows an exemplary flow diagram for updating and storing vehicle
position information, in accordance with various embodiments;

o FIG. 8 shows an exemplary flow diagram for generating a list of nearest

vehicles, in accordance with various embodiments.

DETAILED DESCRIPTION
[0012] The following detailed description refers to the accompanying drawings that show, by

way of illustration, specific details and embodiments in which the disclosure may be practiced.
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These embodiments are described in sufficient detail to enable those skilled in the art to practice
the disclosure. Other embodiments may be utilized, structural and logical changes may be made
without departing from the scope of the disclosure. The various embodiments are not
necessarily mutually exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments.

[0013] Embodiments described in the context of one of the enclosed assemblies, vehicles, or
methods are analogously valid for the other enclosed assemblies, vehicles, or methods.
Similarly, embodiments described in the context of an enclosed assembly are analogously valid
for a vehicle or a method, and vice-versa.

[0014] Features that are described in the context of an embodiment may correspondingly be
applicable to the same or similar features in the other embodiments. Features that are described
in the context of an embodiment may correspondingly be applicable to the other embodiments,
even if not explicitly described in these other embodiments. Furthermore, additions and/or
combinations and/or alternatives as described for a feature in the context of an embodiment
may correspondingly be applicable to the same or similar feature in the other embodiments.
[0015] In the context of various embodiments, the articles “a”, “an” and “the” as used with
regard to a feature or element include a reference to one or more of the features or elements.
[0016] As used herein, the term “and/or” includes any and all combinations of one or more of
the associated listed items.

[0017] As used herein and in accordance with various embodiments, the expression “method
for” may also include the meaning of “method of™.

[0018] As used herein and in accordance with various embodiments, the expressions “node
feature” and “node vector” (and its plural forms) may be used interchangeably.

[0019] As used herein and in accordance with various embodiments, the term position or

position information may include geographical data, such as geospatial coordinate and may
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further include time, for example, as provided by the global positioning system GPS. The GPS
coordinates may according to the World Geodetic System, WGS 84, for example, version
G1674.
[0020] For the identification of a vehicle on a road system, the position information is real
world data, for example real world GPS data. Correspondently, the geographical perimeter
represents a perimeter on earth’s surface.
[0021] As used herein and in accordance with various embodiments, the terms “geographical”
and “geospatial” may be used interchangeably.
[0022] As used herein and in accordance with various embodiments, the terms “vehicle object”
and “driver object” may be used interchangeably. A vehicle may be an autonomous vehicle or
a human driven vehicle.
[0023] The service of ride-hailing relies significantly on digital map data and vehicle
information. It is crucial to frequently update vehicle information as vehicles move along a road
system. Frequently updating vehicle information ensures that vehicle information is as current
as possible. Locating vehicles near a ride request position in real time creates a better ride-
hailing experience. For example, ride-hailing requests should identify one or more vehicles near
the ride request position, in real time, to increase the chances of the ride request being accepted
by a vehicle. One challenge to identifying the vehicles in the vicinity of the ride request position,
is that over time the location or position of vehicles may change as vehicles move along a road
system. Another challenge is that the straight-line distance between a ride request position and
a vehicle may not consider a driving distance. For example, if the nearest vehicle by a straight-
line distance is on an interstate highway, it may not be able to reach the ride request position as
quickly as another vehicle that has a larger straight-line distance but is driving on local roads.
Various embodiments of the present disclosure use map data and vehicle information to

determine the nearest vehicles with respect to a ride request position according to driving
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distance and/or estimated time of arrival from a position of the vehicle to the ride request
position.
[0024] FIG. 1A illustrates a schematic representation of method 100 for updating vehicle
information. Vehicle information is an essential part of a ride-hailing application and having
real-time vehicle information may offer an uninterrupted user experience. Method 100 for
updating vehicle information may include steps 102, 104, and 106. Step 102 may include
receiving a periodic request to update vehicle information, including vehicle position
information. For example, the ride-hailing application may identify vehicles equipped for the
ride-hailing application driving on a road system. Vehicle update requests may be configured
for multiple times every minute. Step 104 may include translating a vehicle position of each
vehicle in a plurality of vehicles to a vehicle position on a graph, where the graph represents
the road system. Step 106 may include updating vehicle information, including updating the
vehicle position on the graph. Additionally, the vehicle update requests may include updating
other information such as speed, direction, etc.
[0025] FIG. 1B illustrates a schematic representation of method 110 for determining one or
more nearest vehicle(s). The method 110 for determining the one or more nearest vehicle(s)
may include steps 112, 114, 116, and 118. Step 112 may include receiving a ride request. Step
114 may include determining a position of the ride request and translating the position to a
position on a graph. Step 116 may include traversing the graph, from the position of the ride
request, to search for vehicle objects on the graph. Step 118 may include determining a shortest
driving distance between the one or more vehicles found on the graph and a ride request
position, wherein the driving distance includes the distance the vehicle must drive from its
position to the ride request position.
[0026] FIG. 2 illustrates a schematic representation of method 200 for identifying the nearest

vehicles with respect to a ride request position. Method 200 may include some of the same steps
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as methods 100 and 110. Step 202 may include obtaining a graph based on raw map data. The
graph may represent a road system and include a map ID associated with the geographical area
the graph represents. Step 204 may include obtaining vehicle positions for a plurality of
vehicles. Step 208 may include translating the vehicle positions to positions on edges of the
edge-based graph. Step 210 may include receiving a ride request comprising a ride request
position. The ride request position may include geographical data.

[0027] Step 206 may include updating the vehicle position information for each vehicle object
positioned on the graph. After which, the updated vehicle position information for each vehicle
object may be used for identifying the nearest vehicles with respect to the ride request position.
Note that the vehicle update may occur frequently and independently of the ride request. Step
206 may include the same or similar steps as described in FIG. 1A.

[0028] Step 212 may include identifying the closest edge on the graph corresponding to the
geographical location of the ride request position. From the identified position on the graph, the
search for the nearest neighbour vehicles can begin. The edges nearest the ride request position
may be searched for vehicle objects. Step 214 determines if there are any vehicle objects on the
graph edges. If there are, the vehicles are added to the list of nearest vehicles at Step 218. If not,
the method moves on to an adjacent edge at Step 216 and the process is repeated.

[0029] Step 220 may sort the list of nearest vehicles of Step 218 by ascending driving distance
as determined in method 110.

[0030] Step 222 may determine if the list of nearest vehicles is enough vehicles for the ride
request. For example, if there are 30 vehicles within a predefined vicinity of the request
position, but it is determined that only 5 vehicles need to be identified to successfully fulfill a
ride request, the method may stop searching for more vehicles after the first 5 nearest vehicles
are found. Step 224 may include geographical data for an area within a predefined radius of the

ride request position. The map data may include a road system located in the geographical area
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or vicinity of the ride request position and only search the road system within the predefined
radius. For example, if there are only 3 vehicles within the predefined radius of the ride request
position, method 200 may stop searching for more vehicles to fulfill a ride request. This may
be because searching any farther would likely increase the driving distance of any subsequently
found vehicles. The farther the vehicle the less likely it is to accept the ride request and increase
the wait time for the ride request user.

[0031] FIG. 3A illustrates how vehicle positions may change over time and may require vehicle
updates. Ride request position 302 which may include a geographical position at a first time
300A and a second time 300B. As shown in FIG. 3A, three vehicles 310, 312, and 314 are
driving along road system 320. At first time 300A, vehicle 310 is the nearest to ride request
position 302. Additionally, at first time 300A, vehicles 312 and 314 are the second nearest and
third nearest respectively. At second time 300B, the vehicle’s 310, 312, and 314 position
relative to ride request position 302 may have changed, affecting the driving distance between
vehicles 310, 312, and 314 and ride request position 302.

[0032] It is important that a ride-hailing application frequently update vehicle positions to
ensure that a ride request is sent to the nearest vehicle or vehicle with the shortest driving
distance. For example, at first time 300A, vehicle 310 may reject a ride request from ride request
position 302. If the vehicle positions are not updated, a second ride request may be sent at
second time 300B to vehicle 312, however that would not be the best choice because vehicle
312 is not on the same road as the ride request position at second time 300B. To select the best
vehicle for the ride request, driving distance should be considered. The driving distance may
consider vehicle position, speed, direction, rules of the road, the road system, etc. Driving
distance may help to infer an estimated time of arrival (ETA) of a vehicle. Ride requests to
vehicles associated with shorter ETAs may reduce ride request rejections or cancellations and

improve ride request completion rate.
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[0033] FIG. 3B illustrates a situation where the shortest straight-line distance between a vehicle
position and a ride request position may not be the shortest driving distance between the vehicle
position and the ride request position. For example, on map portion 340, a ride request may be
initiated at ride request position 342. Two vehicles 350 and 352 may be within the vicinity of
ride request position 342. Vehicle 350 may be straight-line distance 370 from ride request
position 342 and traveling in direction 360. Vehicle 352 may be straight-line distance 372 from
ride request position 342 and traveling in direction 362. Distance 372 may be shorter than
distance 370. However, because direction 360 is towards ride request position 342 and direction
362 is away from ride request position 342, vehicle 350 may arrive at ride request position 342
earlier as compared to vehicle 352. As such, the ride request should be sent to vehicle 350. It is
important that a ride-hailing application consider driving distance to determine the nearest
vehicles to a ride request position, this may result in shorter waiting times for ride request users
leading to higher user satisfaction and/or lower cancellation rates.

[0034] Ride-hailing applications require accurate map data to generate a graph representing a
road system. Raw map data may be converted into an edge-based graph (EBG). A graph
generating method may divide raw map data including nodes, ways, and relations (including
speeds, directions) into segments. The graph generating method may further convert the
segments into a compressed edge graph. The graph generating method may generate an EBG
from the compressed edge graph, as described below, to effectively determine routing along a
road system.

[0035] Below we describe one example of how to convert raw map data into a graph for the
ride-hailing application. Other methods of generating a graph to determine routing may be used.
Raw map data may be collected from an open-source map (OSM) which includes nodes, ways,
and relations. A node may represent a point on the map including geographical data. A way

may connect two or more nodes and thus may be represented by a line containing one or more



10

segments and may include a speed limit or other road rule information. Multiple ways may
share the same node where two ways intersect. A relation describes the relationship between
several nodes or ways or a combination of both. A relation may describe turn restrictions,
routes, etc. A relation is often not a physical structure, but an abstraction such as a bus route.
[0036] FIG. 4 illustrates several nodes and ways provided by raw OSM map data. The graph
generating method may transform the OSM map data into an edge expanded graph or edge-
based graph (EBG), which may be more suited for modelling turn costs and turn restrictions.
For example, an OSM may represent a road system containing two ways 420 and 422, including
five nodes 402, 404, 406, 408, and 410. A first way 420 may include nodes 402, 404, and 406
to represent a first road. A second way 422 may include nodes 408, 406, and 410 to represent a
second road. The first way 420 may intersect the second way 422 at node 406. The ways may
be divided into individual segments for a pair of nodes: 402-404, 404-406, 406-408, and 406-
410. For each segment in the OSM, two nodes are created for the EBG, one for each direction
of the segment. These may be referred to as edge-based nodes. For example, an edge-based
node (EBN) on the EBG may represent the direction from node 402 to node 404 (402-404) and
another EBN on the EBG may represent the direction from node 404 to node 402 (404-402).
An edge may be generated for every possible movement between two EBNs. This may be
referred to as an edge-based edge (EBE). An EBE may be defined as a pair of EBNs, fromNode
—toNode and represent moving from one EBN to another EBN. The previously described EBNs
(402-404) and (404-402) are two examples.

[0037] The EBG may include EBNs and EBEs. EBNs represent a specific direction (forward
or backward) of an OSM segment. There are two EBNSs for a two-way segment. However, there
is only one EBN for a one-way segment. EBEs connect EBNSs and represent transitioning from

moving in a specific direction of one OSM segment, to moving in a specific direction of another
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(or the same) OSM segment. The transition can be either via a turn from one way onto another
way, doing a u-turn, or moving from segment to segment along the same way.

[0038] As previously noted, other methods may generate a graph suitable for determining
routing.

[0039] FIG. 5 illustrates an edge-based graph (EBG) 500 representing a road system within the
vicinity of a ride request position 502. EBNs 508 and 510 may represent a movement between
the node-based nodes (NBN) 502, 504, and 506 representing the road system within the vicinity
of the request position 502. The EBNs may be defined by a pair of NBNs 502, 504, and 506 to
describe the direction of travel along a segment of the road system. The ride-hailing application
may obtain vehicle objects and may generate phantom nodes 522 or 524 representing vehicle
objects on EBG 500. For example, vehicle object 520 may include a GPS location. Based on
the vehicle object’s 520 GPS location, a method may determine the position of vehicle object
520 falls between EBNs 508 and 510. Because a vehicle should be located on the road system,
the method may add a phantom node 522 or 524 to EBG 500 to represent the vehicle object
520. The method may project the phantom node to the nearest EBN 508 or 510 by drawing
perpendicular lines from the geographic location to the EBNs. The projected point is denoted
as a phantom node. The method may choose between phantom nodes 522 or 524 based on
which best represents the GPS coordinates of the vehicle object 520. The method may choose
phantom nodes 522 or 524 based on a distance between the GPS coordinates of the vehicle
object 520 and the phantom nodes 522 or 524, wherein the phantom node with a shortest
distance may be chosen. For example, phantom node 522 may be chosen to represent vehicle
object 520 because phantom node 522 may best represent the GPS coordinates of vehicle object
520. The method may calculate the projection ratio 526 to represent the difference between the
projected position and the observed position. Each phantom node may be merely a memory

representation of a vehicle on the EBG and not actually added to EBG 500. Each phantom node
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may contain information about its projected position such as the ID of the nearest edge-based
node (EBN) to its projected position, and projection ratio, etc. The nearest phantom node is
bound to the original vehicle position 520 to provide information about the vehicle position on
the EBG.
[0040] FIG. 6 illustrates an exemplary architecture 600 of a ride-hailing solution. In an
embodiment, the exemplary architecture 600 may include a computer program product. The
computer program product may store the computer executable code including instructions for
identifying K nearest vehicles according to the various embodiments. In an embodiment, the
computer executable code may be a computer program. In an embodiment, the computer
program product may be a non-transitory computer-readable medium.
[0041] The architecture 600 may include a proxy layer 602, node layer 604, and model layer
606. Each instance 610, 620, and 630 includes each of layers 602, 604, and 606. Proxy layer
602 may receive vehicle update requests and/or ride requests and distributes the requests
according to a map ID included in the request. The map ID may identify a partition of a graph
which represents a geographic region or city. The proxy may check the current instance for the
map ID or review a RouteTable for the map ID to determine which instances of the ride-hailing
solution include the map ID. The RouteTable may contain a mapping from a map ID to the IP
addresses of the instances which contains the models including the map ID. As shown, proxy
layer 602 of instance 620 may receive the request. Proxy 602 may forward the request to a node
on a different instance (device) if the map ID is included in the different instance. For example,
instances 610, 620, and 630 may be stored on separate devices.
[0042] Each node of node layer 604, may store an index of map IDs for the one or more models
616 of model layer 606. When a node of node layer 604 receives the request from proxy layer

602, the node identifies the correct model 616 by map ID and forwards the request to the correct
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model 616. When the correct model 616 receives the request from node layer 604 the model
616 may execute the request.
[0043] Each model 616 of model layer 606 may store vehicle information. Model 616 may
receive a vehicle object from a proxy layer and/or node layer. Each vehicle object may include
vehicle information including, a vehicle ID, map ID, vehicle capacity, status, vehicle position
(GPS coordinates), and other metadata. The model may determine a map based on the map
included in the request. Model 616 may also store a phantom node position on the EBG based
on the vehicle position of the vehicle object, as previously discussed. Model 616 may also
identify the nearest edge-based node (EBN) to the phantom node on the EBG and store the EBN
ID of the nearest EBN with the vehicle object information.
[0044] Model 616 may translate the geographic location 520 in FIG. 5 of a vehicle object and
project the geographic location to a position on the EBG representing the road system.
Projecting the phantom node may return a list of phantom nodes ordered by the haversine
distance from the vehicle’s geographic location to the phantom node in ascending order.
[0045] As previously noted, models may be replicated across different instances for fault
tolerance. For example, each model may be replicated across each node of node layer 604.
Updating vehicle information in any one of the instances is forwarded to other instances
containing replicas for a given map ID. For example, instance 610 may forward a vehicle update
request to instances 620 and 630. Multiple models 616 of model layer 606 may be stored in the
same node to optimize the instance of the ride-hailing application.
[0046] Nodes of node layer 604 may index the models 616 by their map IDs. The ride-sharing
application may use adaptable radix trees (ART) to efficiently index vehicles from the EBG.
Two ARTSs are maintained by each model, a vehicle ART and an EBN ART. A bi-directional
indexing may be created between the graph representing the road system and the vehicle objects

for efficient indexing and vehicle updating. The vehicle ART may store vehicle objects
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including vehicle information and use the vehicle ID as an index of vehicles. The EBN ART
may use the EBN ID as an index of EBNs. Each EBN may store a list of vehicle objects whose
position is on the EBN, where the list of vehicle objects is stored as an ART and the EBN may
include a pointer to the root of the vehicle ART.
[0047] In an embodiment, model 616 may first check if a vehicle object already exists using
its vehicle ID. If it does not exist, model 616 may add the vehicle object to the vehicle ART
and EBN ART. If the vehicle object already exists, the new vehicle object will replace the old
vehicle object on the vehicle ART. For EBN ART, the old vehicle object on the previous EBN
may need to be deleted first before adding the new vehicle object to the current EBN. Every
insertion or deletion modifies both ARTs, which might cause changes to roots. As model 616
only stores the roots of ARTS, in order to prevent race conditions, a lock may be used to prevent
other read or write operations to access the ARTs while changing the ART roots.
[0048] When a vehicle nearby request is received, the roots of two ARTs may be required. In
an embodiment, synchronization may be achieved during concurrent vehicle update and nearby
requests. For example, when there are two vehicles A and B stored and these two vehicles reside
on the same EBN, when there is a nearby request, current roots of the two ARTSs are returned.
When processing this nearby request, there may be ongoing vehicle updates which may modify
the ARTS, e.g. a new root is resulted due to update of vehicle C. The ongoing vehicle updates
will not impact ongoing vehicle nearby request as they are using different roots. Subsequent
nearby requests will use the new ART roots to find the nearby vehicles. Bi-directional indexing
between EBNs and vehicle objects offers efficient retrieval between vehicle objects and EBNS.
In practice, vehicle IDs, and EBN IDs may be numerical index keys. ART has a better
throughput for numerical keys as compared to sparse keys such as alphabetical keys.
[0049] FIG. 7 illustrates a vehicle update method 700. Method 700 may use the same

architecture as described in FIG. 6. As vehicles move along a road system, method 700 may
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update vehicle objects to reflect real-time vehicle position information. Method 700 may
schedule vehicle updates at periodic intervals to update vehicle information, including a
vehicle’s geographical location, in real-time. A proxy 704 may receive a vehicle update request
702 and distribute the request according to a map ID included in the vehicle update request.
Upon receiving a vehicle update request 702 to update a vehicle object, proxy 704 may
determine whether or not a vehicle object already exists for the vehicle ID of the vehicle update
request. The process for adding new vehicle objects or updating existing vehicle objects is
similar.

[0050] If it does not already exist, proxy 704 constructs a vehicle object from the update request
702 information, including vehicle ID, map 1D, GPS coordinates, etc. Proxy 704 may determine
which instances include the map ID included in the vehicle update request by checking the
current instance and/or reviewing the RouteTable. If the map ID is included in the current
instance a self-update is performed. For example, node 712 of the current instance may include
the map ID of the vehicle update request and be on the same device as proxy 704 as shown in
FIG. 7. If the map ID is included in on other instances the vehicle update request is forwarded
to those other instances. For example, nodes 714 and 716 may be on separate devices and
include the map ID. Proxy 704 may review the RouteTable to determine the IP addresses of
nodes 714 and 716 and forward the vehicle update request to nodes 714 and 716 as shown in in
FIG. 7. Proxy 704 uses the unique map ID as the key to review a RouteTable and get the IP
addresses of all instances containing a vehicle object with the same unique map ID Each
instance is capable of determining that the update request is received from a proxy of a different
instance (on a different device). If the instance determines that the update request 702 is
received from a different instance, the update request and/or vehicle object will be forwarded
directly to the node without checking the RouteTable because the proxy that originally received

the vehicle update request would have already reviewed the RouteTable.
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[0051] Nodes 722, 724, and 726 of node layer 720 may identify a model based on the unique
map ID of the vehicle update request and/or vehicle object. Nodes 722, 724, and 726 may
determine a vehicle object position on an EBN of the EBG based the vehicle position
information. Then the vehicle object is updated on both the EBN and Vehicle ARTs as
previously described. If proxy 704 does not find the map ID of the vehicle object on the current
instance 712, nothing will be done, and no error will be raised. This is because if the instance
712 does not include the map ID of the vehicle update request, the model containing the map
ID is stored on other instances and proxy 704 will forward the vehicle update request 702 to
other instances, 714 and 716, that includes the map ID. It may be observed that the scalable in-
memory solution may maintain eventual consistency instead of strong consistency. In practice,
eventual consistency favors high throughput over a slight inconsistency of K-nearest
neighbours (KNN) query results as the latter does not affect allocation performance
significantly.

[0052] The node identifies the map ID of the vehicle update request and looks it up in a bi-
directional index between the EBN ART and the vehicle ART to determine the correct model.
The node forwards the vehicle object to the correct model. The model updates and stores the
vehicle object information as previously described.

[0053] FIG. 8 illustrates a nearby vehicle request method 800 based on a ride request. Nearby
vehicle request method 800 may use the same architecture as described in FIG. 6. A user-
initiated ride request may trigger a nearby vehicle request. A nearby vehicle request may be
received from upstream and distributed to one of the instances of the ride-hailing application.
Each instance may be on a different device. Upon receiving the nearby vehicle request from
upstream a load balancing technique may distribute the request to a proxy, such as proxy 804
of the proxy layer. Proxy 804 may convert the nearby vehicle request to a nearby vehicle object.

Each model 820 may be associated with a map ID for simplified lookup. Proxy 804 may check



17

to determine if the current instance includes the map ID. If the current instance includes the
map ID, the nearby vehicle object is passed to the node of the current instance to execute the
nearby vehicle request, for example node 810. If the current instance does not include the map
ID, the proxy may review a RouteTable, indexed by map ID, to determine which instances
include the map ID and may serve the nearby vehicle request. For example, a load balancing
technique may implement a round-robin to select one instance from the determined instances
containing the map ID of the nearby vehicle request. After determining the one instance for the
nearby vehicle request, the proxy forwards the nearby vehicle request to the one instance. The
proxy layer is configured to determine that the nearby vehicle request is received from another
machine and directly passes the nearby vehicle object to the node of the node layer. Upon
receiving the nearby vehicle object, node 810 searches for the correct model based on the unique
map ID as the key for searching. For example, node 810 may determine that model 820 is the
correct model and passes the nearby vehicle object to model 820. Model 820 executes a KNN
search for the nearest vehicle objects. The search may be configured to look for a fixed number
of vehicle objects or all the vehicle objects within a predefined distance of the ride request
position. For example, model 820 may execute a KNN search by translating the position of the
ride request to a phantom node and use this phantom node as the start node for expansion of the
EBG as discussed below.

[0054] Starting from the start node on the EBG, a K nearest vehicle search begins. Two priority
queues are used during the KNN search. An EBNPQ is used to keep track of the nearby EBNS,
and a VehiclePQ is used to keep track of vehicles found during expansion. The driving distance
between the vehicle and the ride request position is also kept track of in the VehiclePQ.

[0055] A snapshot of the current vehicle storage (using roots of current ARTS) is taken prior to
executing the KNN search. The snapshot includes vehicle positions on the road system at the

time the proxy receives the nearby vehicle request. From each start node, the parent EBN is
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found and vehicles located on these EBNs are appended to the VehiclePQ. The KNN search
expands to adjacent EBNs and appends these EBNs to EBNPQ. After iterating all nodes, there
will be some initial vehicles in VehiclePQ and adjacent EBNs that have not been expanded
in EBNPQ.
[0056] Each time the nearest EBN is removed from EBNPQ, vehicles positioned on this EBN
are appended to VehiclePQ. The nearest vehicle in the VehiclePQ is removed, and if the vehicle
satisfies the ride request filtering requirements, it is appended to an array of qualified vehicles.
This step repeats until the VehiclePQ and returns the list of qualified vehicles. If during this
process, the quantity of qualified vehicles reaches the maximum vehicle limit, the KNN search
stops and returns the list of qualified vehicles.
[0057] After the VehiclePQ becomes empty, adjacent EBNs of the current EBN are expanded
and appended to the EBNPQ. This process repeats until a predefined area is has been searched.
For example, an area representing a three-kilometer radius of the original start node. The nearest
EBN is removed from EBNPQ and vehicles positioned on that EBN are appended
to VehiclePQ. The process continues until the EBNPQ is empty. The vehicle array is returned
as the result of the nearby vehicle search.
[0058] A nearby vehicle request may include a set of filter parameters compared to vehicle
metadata to match the user ride request with a vehicle in a KNN search. The filter parameters
may be considered business requirements. For example, the user request may request a vehicle
with at least 4 available seats. The nearby vehicle request method may query vehicle metadata
to determine if the vehicle object satisfies the request.
[0059] The vehicle metadata may also include an update timestamp. The nearby search may
filter vehicles with an expired timestamp. Vehicle metadata may also include vehicle status and

particular allocation preferences used for filtering.
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[0060] A KNN search of the nearest vehicles is described in the following nearby vehicle

algorithm:
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Nearby Vehicle Query Algorithm:

Input: phantomNodes, filterParameters

Output: nearest K vehicles (drivers) by driving distance
/[ initialization

driverPQ. Reset()

ebnPQ. Reset()

result < a slice of nearby drivers

for pnode in phantomNodes do

I insert drivers on starting EdgeBasedNode(EBN)s to driverPQ
for driver on pnode.EBN do

driverPQ « driver
Il insert adjacent EBNs to ebnPQ

7. adjacentEdges < getBorderEdges(0), pnode.EBN)
8. for ebn in adjacentEBNs do

9. L ebnPQ « ebn

10. while lebnPQ.isEmpty() do

11. | minEbn ebnPQ.delMin()

12. | for driver on minEbn do

13. L driverPQ « driver

14. | while !driverPQ.isEmpty() do

M w e

15. driver < driverPQ.delMin()
16. for filter in filterParams do
17. if !filter(driver) then
18. continue
I/l only append driver to result if it passes all filters
19. result < append(result, driver)
/I return directly when having enough drivers
20. if len(result) > driverLimit then
21. return result

Il expand into adjacent EBNs

22. | adjacentEbns < getBorderEdges(0, minEbn)
23. | for ebn in adjacentEbns do

24, if outofRange(minEbn) then
25. continue
26. ebnPQ « ebn

27. return result.

[0063] While the disclosure has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from the spirit and scope of the

invention as defined by the appended claims. The scope of the invention is thus indicated by
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the appended claims and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced.
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CLAIMS

What is claimed is:
1. A method for identifying a list of nearest vehicles comprising:

obtaining vehicle position information of a plurality of vehicle objects, wherein the
vehicle position information includes geographical locations of the plurality of vehicle objects;

translating the geographical locations of the plurality of vehicle objects to vehicle
positions on an edge-based graph including a plurality of edges;

determining a starting point on the edge-based graph, wherein the starting point is
positioned on an edge of the plurality of edges of the edge-based graph;

determining whether one or more vehicle objects are positioned on the edge, and if the
one or more vehicle objects are positioned on the edge, appending the one or more vehicle
objects to the list of nearest vehicles; and

traversing an adjacent edge of the plurality of edges and determining whether one or
more further vehicle objects are positioned on the adjacent edge, and if the one or more further
vehicle objects are positioned on the adjacent edge, appending the one or more further vehicle
objects to the list of nearest vehicles,

wherein the translating comprises: if a vehicle object of the plurality of vehicle objects
is positioned between edges of the edge-based graph based on a geographical location of the
vehicle object, generating phantom nodes representing a vehicle position of the vehicle object
on the edges, by drawing perpendicular lines from the geographical location of the vehicle
object to the edges; and choosing one of the phantom nodes based on a distance between the
geographical location of the vehicle object and each of the phantom nodes, to represent the

vehicle position of the vehicle object.
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2. The method of claim 1, further comprising determining a driving distance for at least
one of the vehicle objects, wherein the driving distance comprises a distance along the edges

between the starting point and the vehicle position of the at least one of the vehicle objects.

3. The method of claim 2, further comprising comparing the driving distance for two or
more of the vehicle objects; and

determining a shortest driving distance based on the comparison.

4. The method of any one of claims 1 to 3, wherein the each of the plurality of edges

comprises geographical data.

5. The method of any one of claims 1 to 4, wherein each of the one or more vehicle objects

comprises geographical data.

6. The method of claim 2, further comprising determining an estimated time of arrival for
the at least one of the vehicle objects based on the driving distance, wherein the estimated time
of arrival comprises time to travel from the vehicle position of the at least one of the vehicle

objects and the starting position.

7. The method of claim 6, further comprising comparing the estimated time of arrival for

two or more of the vehicle objects; and

determining a shortest time based on the comparison.

8. The method of any one of claims 1 to 7, further comprising:
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periodically updating locations of each of the one or more vehicle objects to obtain one

or more updated vehicle object locations.

9. The method of claim 8, further comprising:
determining whether the one or more vehicle objects are positioned on the edge based

on the one or more updated vehicle object locations.

10. A method for identifying a nearest vehicle comprising:

receiving a ride request comprising a request position;

obtaining vehicle information of a plurality of vehicles, wherein the vehicle information
comprises vehicle position information including geographical locations of the plurality of
vehicles;

converting a geographical location of each of the plurality of vehicles to a vehicle
position on an edge-based graph including a plurality of edges, wherein the edge-based graph
represents a road system; and

determining a driving distance between the vehicle position of at least one of the
plurality of vehicles and the request position, wherein the driving distance comprises a path
along the edge-based graph from the vehicle position of the at least one of the plurality of
vehicles and the request position, and wherein the driving distance is a fastest path between the
vehicle position of the at least one of the plurality of vehicles and the request position,

wherein the converting comprises: if a vehicle of the plurality of vehicles is positioned
between edges of the edge-based graph based on a geographical location of the vehicle,
generating phantom nodes representing a vehicle position of the vehicle on the edges, by

drawing perpendicular lines from the geographical location of the vehicle to the edges; and
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choosing one of the phantom nodes based on a distance between the geographical location of

the vehicle and each of the phantom nodes, to represent the vehicle position of the vehicle.

11.  The method of claim 10, further comprising:

obtaining map data, wherein the map data comprises geographical data;

converting the map data to the plurality of edges and a plurality of nodes, wherein the
plurality of edges and the plurality of nodes comprise geographical data;

generating the edge-based graph based on the geographical data of the plurality of edges
and the plurality of nodes; and

overlaying the vehicle position on the edge-based graph.

12.  The method of claim 10 or claim 11, further comprising a traffic delay and further

determining the driving distance based on the traffic delay.

13.  The method of any one of claims 10 to 12, further comprising a traffic rule and further

determining the driving distance based on the traffic rule.

14.  The method of claim 13, wherein the traffic rule comprises determining that an edge

corresponds to a one-way road.

15.  The method of any of claims 10 to 14, further comprising comparing the driving
distance of two or more vehicles of the plurality of vehicles; and

determining a shortest driving distance based on the comparison.
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16.  The method of claim 15, further comprising sending a message to fulfill the ride request

to a vehicle corresponding to the shortest driving distance.

17.  The method of any one of claims 10 to 16, further comprising:
periodically updating locations of each of the plurality of vehicles to obtain one or more

updated vehicle object locations.

18.  The method of claim 17, further comprising: determining the driving distance between

the at least one of the plurality of vehicles and the request position based on the one or more

updated vehicle object locations.

19. A device for identifying a nearest vehicle according to any one of claims 10 to 18.

20. A non-transitory computer-readable medium storing computer executable code

comprising instructions for identifying a nearest vehicle according to any one of claims 1 to 18.



