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[Continued on next page]



CA 03070792 2020-01-22

WO 2019/030583 A1 { I 100000 N R

CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KI, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 03070792 2020-01-22

WO 2019/030583 PCT/IB2018/054775
1

GEOGRAPHIC POSITIONING USING SHORT-RANGE TRANSMISSIONS

BACKGROUND
L. FIELD
[0001] This disclosure generally relates to providing navigation to geographic locations
for a network system, and more specifically to using signatures of short-range transmissions

to determine pickup locations for services provided via the network system.

2. DESCRIPTION OF THE RELATED ART

[0002] In a network system, providers provide geographic location-based services to
users, for example, a provider uses a vehicle to transport a user. Users can manually search
for a pickup location, that is, the location at which they want the provider to pick them up to
start a trip. However, searching for pickup locations may be difficult when the user is located
somewhere that does not have reception of global positioning system (GPS) signals, such as
inside a building that may block out GPS signals. Users may use their current location as a
pickup location, but if the current location is based on low quality GPS signals, then the
selected pickup location may be erroneous. Thus, the system may not reliably resolve, or
may require more time to resolve, search queries manually input by the user. For example, a
search query for a particular street name may match to multiple candidate pickup locations
because many cities may include the same street name. Providing inaccurate pickup
locations results in a poor user experience, which may cause users to stop using services of

the network system.

SUMMARY
[0003] A network system uses Wi-Fi signals or other types of short-range transmissions
to determine pickup locations for users receiving services provided via the network
system. Thus, even if a given user’s client device does not have reliable GPS signal reception
(e.g., inside a building or underground), the network system can still determine where the
given user is located and an appropriate pickup location for the given user.
[0004] Over time, the network system builds a database of search records from other
users who have searched for pickup locations. In the database, the pickup locations are
mapped to signatures of short-range transmissions detected by the users’ client devices when
they searched for their pickup locations. For instance, the signature of the Wi-Fi signal at one
users’ home is different from another signature of the Wi-Fi signal at a café. By comparing a

signature detected by the given user’s client device to the signatures in the database, the



network system can check for similarities between the Wi-Fi signals. Responsive to finding a
match, the network system predicts that the given user is likely to select a pickup location similar
to other users whose client devices detected the signatures corresponding to the match.
Accordingly, by leveraging the database, the network system can predict pickup locations
without requiring the given user to input a search for a pickup location.

According to an aspect, there is provided a method of geographic positioning using short-
range transmissions, the method comprising:

retrieving, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency detected
by the particular client device;

accessing, using one or more processors, a database of search records received from a
plurality of client devices corresponding to a plurality of users of the network system, each of the
search records indicating at least:

(1) a reference signature of a short-range transmission detected by a client device
of the plurality of client devices at a geographical search location where a user of the
plurality of users searched for a geographical pickup location for a start of a service
provided via the network system, wherein the reference signature has a frequency; and

(1) the geographical pickup location;
determining, using the one or more processors, that the signature is similar to a stored

reference signature of the database using the at least one frequency of the signature and the

frequency of the stored reference signature;

selecting, using the one or more processors, a stored geographical pickup location of the database
corresponding to the stored reference signature; and

providing the stored geographical pickup location to the particular client device for
presentation.

According to another aspect, there is provided a computer program product comprising a
non-transitory computer readable storage medium having instructions encoded thereon that,
when executed by one or more processors, cause the one or more processors to:

retrieve, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency detected

by the particular client device;
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access, using one or more processors, a database of search records received from a
plurality of client devices corresponding to a plurality of users of the network system, each of the
search records indicating at least:

(1) a reference signature of a short-range transmission detected by a client device
of the plurality of client devices at a geographical search location where a user of the
plurality of users searched for a geographical pickup location for a start of a service
provided via the network system, wherein the reference signature has a frequency; and

(ii) the geographical pickup location;
determine, using the one or more processors, that the signature is similar to a stored

reference signature of the database using the at least one frequency of the signature and the
frequency of the stored reference signature;

select, using the one or more processors, a stored geographical pickup location of the
database corresponding to the stored reference signature; and

provide the stored geographical pickup location to the particular client device for
presentation.

According to another aspect, there is provided a system for geographic positioning using
short-range transmissions, the system comprising:

one or more processors configured for executing instructions; and

a non-transitory computer readable storage medium having instructions encoded thereon

that, when executed by the one or more processors, cause the one or more processors to:

retrieve, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency
detected by the particular client device;

access, using one or more processors, a database of search records received from
a plurality of client devices corresponding to a plurality of users of the network system,
each of the search records indicating at least:

(1) a reference signature of a short-range transmission detected by a client

device of the plurality of client devices at a geographical search location where a

user of the plurality of users searched for a geographical pickup location for a

start of a service provided via the network system, wherein the reference signature

has a frequency; and
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(11) the geographical pickup location;
determine, using the one or more processors, that the signature is similar to a
stored reference signature of the database using the at least one frequency of the signature
and the frequency of the stored reference signature;
select, using the one or more processors, a stored geographical pickup location of
the database corresponding to the stored reference signature; and
provide the stored geographical pickup location to the particular client device for

presentation.

BRIEF DESCRIPTION OF DRAWINGS
[0005] FIG. 1 is a diagram of a system environment for a network system according to
one embodiment.
[00006] FIG. 2 is a block diagram illustrating the architecture of the network system
according to one embodiment.
[0007] FIG. 3 is a diagram of broadcasters in a building according to one embodiment.
[0008] FIG. 4 is a set of diagrams showing signatures of short-range transmissions
detected from the broadcasters shown in FIG. 3 according to one embodiment.
[0009] F1G. 5 i1s a flowchart illustrating a process for determining pickup locations
according to one embodiment.
[0010] FIG. 6 is a high-level block diagram illustrating physical components of a
computer used as part or all of the components from FIG. 1, according to one embodiment.
[0011] The figures depict embodiments of the present invention for purposes of
illustration only. One skilled in the art will readily recognize from the following discussion
that alternative embodiments of the structures and methods illustrated herein may be

employed without departing from the principles of the invention described herein.

DETAILED DESCRIPTION
I SYSTEM OVERVIEW
[0012] FIG. 1 is a diagram of a system environment for a network system 100 according
to one embodiment. Users of the network system 100 may include providers that provide

service to other users. In an example use case, a provider operates a vehicle to transport a user
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from a first location, referred to herein as a “pickup location,” or “geographical pickup
location,” to a second location, referred to herein as a “destination location.” The network
system 100 may determine pickup locations and coordinate providers to pick up users at the
pickup locations. Other types of service include, for example, delivery of goods such as mail,

packages, or consumable items.
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[0013] The system environment includes the network system 100 and one or more client
devices 110 of users of the network system 100, for example, client device 110A of a user
and client device 110B of a provider providing service to the user, which may collectively be
referred to herein as a “client device 110” or “client devices 110.” The network system 100
and client devices 110 are connected to each other via a network 130. Additionally, the
system environment includes one or more broadcasters 120 that transmit short-range
transmissions such as Wi-Fi, BLUETOOTH®, or infrared (IR) signals. A broadcaster 120
may be a Wi-Fi router, a BLUETOOTH® beacon, an infrared beacon, or any other suitable
device that transmits short-range transmissions. In some embodiments, a broadcaster 120 is
optionally connected to one or more of the other components shown in FIG. 1 via the
network 130. In other embodiments, different or additional entities can be included in the
system environment. The functions performed by the various entities of FIG. 1 may vary in
different embodiments.

[0014] A user can interact with the network system 100 through the client device 110,
e.g., to request service or to receive requests to provide service. A client device 110 can be a
personal or mobile computing device, such as a smartphone, a tablet, or a notebook computer.
In some embodiments, the client device 110 executes a client application that uses an
application programming interface (API) to communicate with the network system 100
through the network 130. The client application of the client device 110 can present
information received from the network system 100 on a user interface, such as a geographic
map or current location of the client device 110. In some embodiments, the client application
running on the client device 110 can determine the current location using one or more sensors
of the client device 110, such as a global positioning system (GPS) receiver, and provide the
current location to the network system 100.

[0015] In addition to a GPS receiver, the client device 110 may include other sensors
such as a Wi-Fi radio (or receiver), a BLUETOOTH® radio, a camera (e.g., capable of
detecting IR signals), or a motion sensor. The Wi-Fi and BLUETOOTH® radios detect
short-range transmissions such as Wi-Fi and BLUETOOTH® signals, respectively. Motion
sensors include, e.g., accelerometers, gyroscopes, magnetic sensors, inertial measurement
units (IMUs), and the like. The motion sensors can capture telematics data describing motion
or bearing of the user or a vehicle in which the user traveling. The client device 110 can
provide detected signatures of the short-range transmissions along with the telematics data to

the network system 100 for further processing.
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[0016] In one embodiment, through operation of the client device 110, a user makes a trip
request to the network system 100. The trip request provided by the client application to the
network system 100 includes, for example, user identification information, the number of
passengers for the trip, a requested type of the service provider (e.g., a vehicle type or service
option identifier), a signature of one or more short-range transmissions detected by the client
device 110, telematics data, a current location of the client device 110, or a pickup location or
destination location for the trip. The user may input data for the trip request via a user
interface of the client device 110. For example, the user inputs text describing the pickup or
destination location for a trip using a touchscreen keyboard of the client device 110.

[0017] In some embodiments, a provider uses a client device 110 to interact with the
network system 100 and receive invitations to provide service for users. For example, the
provider is a person operating a vehicle capable of transporting users. In some embodiments,
the provider is an autonomous vehicle that receives routing instructions from the network
system 100. For convenience, this disclosure generally uses a car as the vehicle, which is
operated by a driver as an example provider. However, the embodiments described herein
may be adapted for a provider operating alternative vehicles (e.g., boat, airplane, helicopter,
etc.) or vehicles that do not necessarily need to be operated by a person.

[0018] In some embodiments, a provider can receive invitations or assignment requests
through a client device 110. An assignment request identifies a user who submitted a trip
request to the network system 100 and determines the pickup location or the destination
location of the user for a trip. For example, the network system 100 can receive a trip request
from a client device 110 of a user, select a service provider from a pool of available (or
“open”) providers to provide the trip, e.g., based on the vehicle type, determined pickup
location, a signature of one or more short-range transmissions, or the destination location.
The network system 100 transmits an assignment request to the selected provider’s client
device 110.

[0019] Client devices 110 can communicate with the network system 100 via the network
130, which may comprise any combination of local area and wide area networks employing
wired or wireless communication links. In one embodiment, the network 130 uses standard
communications technologies and Internet protocols. For example, the network 130 includes
communication links using technologies such as the Internet, 3G, 4G, BLUETOOTH®, or
Wi-Fi. In some embodiments, all or some of the communication links of the network 130

may be encrypted.
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II. EXAMPLE SYSTEM ARCHITECTURE

[0020] FIG. 2 is a block diagram illustrating the architecture of a network system 100
according to one embodiment. The network system 100 includes a matching engine 200,
map data store 205, user data store 210, search database 220, location predictor 230, signal
processing engine 240, and machine learning engine 250. In other embodiments, the network
system 100 may include additional, fewer, or different components for various applications.
Conventional components such as network interfaces, security functions, load balancers,
failover servers, management and network operations consoles, and the like are not shown as
to not obscure the details of the system architecture.

[0021] In some embodiments, users and providers use their client devices 110 to register
with the network system 100, for example, by creating accounts and providing user
information (e.g., contact information, or a home or office address) to the network system
100. The network system 100 stores the user information in the user data store 210. The
network system 100 can associate feedback received from a user or data from trips (e.g.,
pickup or destination locations) taken by the user with the registered account of the user.
[0022] The map data store 205 stores map information of geographic regions in which the
network system 100 offers services such as transportation for users. The map information
may include map properties of a geographical region such as road properties that describe
characteristics of the road segments, such as speed limits, road directionality (e.g., one-way
or two-way), traffic history, traffic conditions, addresses on the road segment, length of the
road segment, and type of the road segment (e.g., surface street, residential, highway, toll).
The map properties also can include properties about intersections, such as turn restrictions,
light timing information, throughput, and connecting road segments. The network system
100 may use the map data store 205 to determine navigation information, pickup locations, or
destination locations for users.

[0023] The matching engine 200 coordinates services provided by the providers to users.
In particular, the matching engine 200 selects providers to service the requests of users. For
example, the matching engine 200 receives a trip request from a user and determines a set of
candidate providers that are online, open (e.g., are available to transport a user), and near the
requested pickup location for the user. The matching engine 200 selects a provider from the
set of candidate providers to which it transmits an assignment request. Specifically, the
matching engine 200 may select a provider based on, e.g., a signature of one or more short-
range transmissions, the provider’s location, the pickup or destination location, the type of the

provider, the amount of time the provider has been waiting for an assignment request, among
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other factors. Further, the matching engine 200 stores search records in the search database
220. In some embodiments, a search record may include one or more reference signatures of
short-range transmissions detected by a client device 110 of a user who requested a service
and corresponding pickup location for the same service.

[0024] The location predictor 230 predicts pickup locations for users using the search
records stored in the search database 220. In one embodiment, the client device 110 detects a
signature of one or more short-range transmissions responsive to a user using the client
device 110 to start a client application to request a trip via the network system 100. In a
conventional system, to select the pickup location for the trip, the user manually inputs a
search query indicating the pickup location, e.g., text of an address or description. However,
the location predictor 230 can predict the pickup locations without requiring a manual search
query. In particular, the location predictor 230 checks for similarities between the signature
detected by the client device 110 and reference signatures of the search database 220.
Responsive to determining that the detected signature is similar to a candidate reference
signature, the location predictor 230 predicts that the user wants to use the candidate pickup
location corresponding to the same candidate reference signature. In other words, the
location predictor 230 infers that users are likely to select the same or similar pickup
locations (e.g., based on repeated requests from a user’s home or office) if their client devices
110 detected similar signatures when the users started client applications to request services
from the network system 100.

[0025] To determine similarities between signatures, the location predictor 230 may
analyze the signatures using the signal processing engine 240 or one or more models trained
by the machine learning engine 250. The location predictor 230, search database 220, signal
processing engine 240, and machine learning engine 250 are further described below and in
the example described with reference to FIGS. 3-4.

[0026] In some embodiments, the signal processing engine 240 processes telematics data
captured by sensors of client devices 110 to determine one or more parameters describing a
corresponding trip. For example, the signal processing engine 240 calculates a moving
average or variance of the speed of a vehicle during the trip based on accelerometer data.
Using the calculated moving average, the signal processing engine 240 may determine a
mode of transportation, for example, whether the user is walking, or riding in a car, train,
airplane, or other type of vehicle. The signal processing engine 240 may store the telematics
data and parameters, associated with a trip request or search record, in the search database

220.
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[0027] The machine learning engine 250 uses machine learning techniques to train a
model to select candidate geographical pickup locations for users of the network system 100.
The machine learning engine 250 trains models based on feature vectors derived using search
records (stored in the search database 220) of a population of users of the network system
100. To generate feature vectors, the machine learning engine 250 may also retrieve
information from other components of the network system 100 such as the user data store
210. The machine learning engine 250 may implement machine learning techniques such as
deep learning, logistic regression, convolutional neural networks, or other types of
dimensionality reduction processes.

[0028] In some use cases for training models, the machine learning engine 250 labels
feature vectors based on characteristics of the search records. For example, a search record
includes a signature of short-range transmissions detected by a client device 110
corresponding to a request for service, and a candidate geographical pickup location
presented to the user in response to the requested service. The label indicates whether the
user started the requested service at the candidate geographical pickup location included in
the feature vector. That is, the feature vectors are labeled as positive (e.g., user started the
service within a threshold distance from the pickup location) or negative examples (e.g., user
did not start the service within the threshold distance) as feedback for training models. In
some embodiments, the machine learning engine 250 determines feature vectors based on
search records indicating an actual pickup location in addition, or alternatively, to a location
searched for by a user. For example, suppose a user is located at a given geographical search
location (e.g., inside a mall), and the user searched for a given pickup location at an
intersection outside the mall. However, the user discovers that the given pickup location is
not a valid pickup location, ¢.g., because the given pickup location is at a bus stop or another
type of no parking or no stopping zone. Thus, a provider ultimately picked up the user for the
requested service at an actual pickup location further down the intersection from the pickup
location that the user searched for. The client device 110 of the user and/or the provider may
detect the actual pickup location to associate with a search record on the network system 100.
As aresult, a model trained using this search record may select the actual pickup location,
instead of the searched for pickup location, for future requests by other users (e.g., if the
training data indicates that users at the given geographical search location and/or that
searched for the given pickup location at the intersection usually tend to be picked up at the
actual pickup location further down the intersection). Accordingly, when a new user is

located at the given geographical search location (e.g., inside the mall), the location predictor
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230 can utilize the actual pickup location further down the intersection, instead of the
searched for pickup location at the intersection, as the predicted pickup location for the new
user.

[0029] Thus, a machine learning model may be trained using signatures of short-range
transmissions to learn which candidate geographical pickup locations are more likely to be
selected or used by users, in view of certain context describing the request. For instance, the
model may learn that the preferred candidate geographical pickup locations depend on
conditions such as a route traveled by the user within a threshold period of time preceding the
request for service, the time of day, a geographical region or country where the user is

located, or a type of the service.

III. EXAMPLE BROADCASTERS OF SHORT-RANGE TRANSMISSIONS

[0030] FIG. 3 is a diagram of broadcasters in a building 300 according to one
embodiment. For example, the building 300 shown in FIG. 3 is a shopping mall that includes
broadcaster 120A and broadcaster 120B. Broadcasters 120A and 120B are Wi-Fi
transmitters positioned at different locations inside the mall, e.g., next to different stores or on
different floors of the building. To build a database of search records, the matching engine
200 stores, in the search database 220, search records of users at various locations inside the
mall. For example, a first user uses a client device 110 to search for pickup location A for a
trip request while at location A (e.g., a “geographical search location™). The matching engine
200 stores a first search record including a signature of one or more short-range transmissions
transmitted by broadcaster 120A and detected by the first user’s client device 110 at location
A. Further, the matching engine 200 maps the signature to pickup location A. A second user
also searches for pickup location A for a trip request, but is located at location B. Thus, the
matching engine 200 stores a second search record including another signature of one or
more short-range transmissions transmitted by broadcaster 120A and detected by the second
user’s client device 110 at location B. The other signature is also mapped to pickup location
A. Additionally, a third user searches for pickup location B for a trip request, while located
at location C. The matching engine 200 stores a third search record including a signature of
one or more short-range transmissions transmitted by broadcaster 120B and detected by the
third user’s client device 110 at location C. The matching engine 200 maps the signature to
pickup location B. Signatures of short-range transmissions of search records stored in the

search database 220 are referred to herein as “reference signatures.”
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[0031] In some embodiments, the matching engine 200 stores search records in the search
database 220 for a threshold duration of time—according to a “forgetting factor”—to
maintain an updated database of reference signatures. In particular, the search records are
stored with a timestamp indicating when a client device 110 detected the corresponding
reference signature. After the threshold duration of time (e.g., a month or 50 days), the
matching engine 200 removes the search records that are out-of-date. Due to changes in map
information such as construction (or destruction) of roads and points of interest (POTs),
maintaining the updated database may help ensure that the search records include reference
signatures and pickup locations that are still viable. For example, a shopping center
temporarily closed for remodeling is not a practical pickup location, and thus users may stop
requesting services having pickup locations there, at least temporarily until the shopping
center re-opens. Consequently, previous search records associated with the shopping center
may be excluded for predictions during the time that the shopping center is closed.

[0032] In some embodiments, the matching engine 200 maps multiple reference
signatures of short-range transmissions detected by a client device 110 to a particular pickup
location. For instance, in addition to mapping the reference signature detected by a user’s
client device 110 at a geographical search location, the matching engine 200 can also map
reference signatures detected by the client device 110 during a period before or after the
client device 110 is located at the geographical search location. Thus, the reference
signatures may indicate a sequence of signatures mapped to a path traveled by the user, e.g.,
from a given location to the geographical search location, or from the geographical search

location to the pickup location.

IV. EXAMPLE SIGNATURES OF SHORT-RANGE TRANSMISSIONS

[0033] FIG. 4 is a set of diagrams showing signatures of short-range transmissions
detected from the broadcasters 120A and 120B shown in FIG. 3 according to one
embodiment. In particular, diagram 410, 420, and 430 show the reference signatures of
short-range transmissions detected at location A, location B, and location C, respectively, as
described above with respect to the building 300 shown in FIG. 3. The detected signatures
may vary based on the transmissions from one or more originating broadcasters 120. For
purposes of explanation, broadcasters 120A and 120B transmit short-range transmissions
having different frequencies, in one embodiment. Thus, the reference signatures shown in
graphs 410 and 420 have a first frequency, while the reference signature shown in graph 430

has a second frequency, which is greater than the first frequency. Further, the strength of a
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detected short-range transmission may decrease as a client device 110 is located further from
the originating broadcaster 120. Accordingly, the peak-to-peak amplitude of the reference
signature shown in graph 420 is less than that of the reference signature shown in graph 410
because location B is further away from broadcaster 120A than is location A as shown in
FIG. 3.

[0034] Using the search database 220 including at least the previously described search
records for locations A, B, and C, the location predictor 230 can predict candidate
geographical pickup locations for users without necessarily using a search query input by the
user. For example, the matching engine 200 receives a request for service from a given user
at an initially unknown location, and receives a signature of one or more short-range
transmissions detected by the given user’s client device 110. By comparing the signature to
reference signatures stored in the search database 220, signal processing engine 240
determines whether the signature is similar to a candidate reference signature based on a
similarity criterion. For example, the signal processing engine 240 calculates a cosine
similarity, inner product similarity, or another measure of similarity between the signature
and reference signatures, or transformations of the signal strength of the signatures. Other
similarity criterion may be based on, e.g., a detected Wi-Fi network name (SSID), received
signal strength indicator (RSSI), Basic Service Set Identifier (BSSID) based on a media
access control (MAC) address of an access point, an average frequency of the signatures, or a
frequency response of the signatures. In some embodiments, the signal processing engine
240 uses machine learning techniques to refine the similarity determination or criterion.
Responsive to determining that the signature matches a candidate reference signature, the
location predictor 230 selects the candidate geographical pickup location mapped to the
candidate reference signature.

[0035] In some embodiments, the location predictor 230 selects a candidate geographical
pickup location using multiple signatures. As an example use case, a user travelling on a
flight lands at an airport and walks to the baggage area. As the user waits for baggage, the
user starts a client application using a client device 110 to request ground transportation via
the network system 100. From the time the user started walking to the baggage area until the
time the user started the client application, the client device 110 detects multiple signatures to
provide to the network system 100. The location predictor 230 receives and compares these
signatures with multiple reference signatures in the search database 220, e.g., using similar
criterion as previously described for one-to-one comparison of signatures. By aggregating

the comparison results of multiple signatures to reference signatures, the location predictor
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230 can increase the confidence level of a match. For instance, the airport may have multiple
baggage areas for different airlines, each with a separate pickup curb. Consequently, the
location predictor 230 may not necessarily be able to determine with confidence a user’s
desired pickup location merely using a signature detected by the user’s client device 110 on a
landed airplane still on the runway. However, using multiple signatures including a signature
detected at the user’s baggage area, the location predictor 230 can predict that the user is
likely to want to be picked up at the curb next to the same baggage area. Accordingly, by
determining a signature match at both the runway and the baggage area, the location predictor
230 may generate a pickup location prediction with greater confidence, relative to a
prediction using one signature match.

[0036] In some embodiments, the location predictor 230 selects a candidate geographical
pickup location based on a mode of transportation of the user, as determined by the signal
processing engine 240. For example, the signal processing engine 240 determines that a
given user is traveling on a train and determines the next train station that the given user is
headed towards based on train route information from the map data store 205. The search
records in the search database 220 may indicate that users who request transportation en route
to a train station frequently request a pickup location nearby the train station. The location
predictor 230 can determine a match by comparing changes in signatures detected by the
given user’s client device 110 with changes in reference signatures detected by the other
users who previously traveled a similar route. Thus, the location predictor 230 may predict
that the given user is likely to request pickup nearby the next train station as well. The
location predictor 230 may present (on the given user’s client device 110) a pickup location
at the next train station responsive to the given user accessing a client application to request
service via the network system 100, and prior to the given user manually inputting a search
request for a pickup location.

[0037] It should be noted that the graphs shown in FIG. 4 are for illustrative purposes.
That is, client devices 110 and the network system 100 do not necessarily graph detected
signatures of short-range transmission. Further, the graphs of FIG. 4 show detected
signatures each originating from one broadcaster 120, though in practice, client devices may
simultaneously detect short-range transmissions from multiple broadcasters 120. Thus, in
some embodiments, the detected signature is a superposition of multiple short-range
transmissions, each of which may have different parameters (e.g., frequency, amplitude, or
SSID). The signal processing engine 240 may filter out noise from detected signatures based

on one or more parameters, such as a pre-determined list of target SSIDs of Wi-Fi signals. In
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some embodiments, the noise may originate from autonomous vehicles nearby a client device
110. By pre-filtering a detected signature, the signal processing engine 240 may increase the
likelihood of matching the signature with a reference signature, e.g., because the signature

has an improved signal-to-noise ratio.

V. EXAMPLE PROCESS FLOW

[0038] FIG. 5 is a flowchart illustrating a process for determining pickup locations
according to one embodiment. In some embodiments, the network system 100 uses the
process 500 within the system environment in FIG. 1. The process 500 may include different
or additional steps than those described in conjunction with FIG. 5 in some embodiments or
perform steps in different orders than the order described in conjunction with FIG. 5.

[0039] In one embodiment, the location predictor 230 retrieves 510 a signature of one or
more short-range transmissions detected by a particular client device 110 of a particular user
of the network system 100. The location predictor 230 accesses 520 a database (e.g., the
search database 220) of search records indicating reference signatures. The search records
are received from client devices 110 of users of the network system 100 and indicate
geographical pickup locations corresponding to the reference signatures. For instance, a
client device 110 of a user detects the reference signature at a geographical search location
where the user searched for a pickup location for a start of a service provided via the network
system 100. The location predictor 230 determines 530 that the signature retrieved in
operation 510 is similar to a candidate reference signature based on a similarity criterion.

The location predictor 230 selects 540 a candidate geographical pickup location of the
database corresponding to the candidate reference signature. The location predictor 230
provides 550 the candidate geographical pickup location to the particular client device 110

for presentation.

VI. EXAMPLE PHYSICAL COMPONENTS OF A COMPUTER

[0040] F1G. 6 1s a high-level block diagram illustrating physical components of a
computer 600 used as part or all of the components from FIG. 1 (e.g., the network system 100
or client devices 110), according to one embodiment. Illustrated are at least one processor
602 coupled to a chipset 604. Also coupled to the chipset 604 are a memory 606, a storage
device 608, a graphics adapter 612, and a network adapter 616. A display 618 is coupled to
the graphics adapter 612. In one embodiment, the functionality of the chipset 604 is provided
by a memory controller hub 620 and an I/O controller hub 622. In another embodiment, the
memory 606 is coupled directly to the processor 602 instead of the chipset 604.
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[0041] The storage device 608 is any non-transitory computer-readable storage medium,
such as a hard drive, compact disk read-only memory (CD-ROM), DVD, or a solid-state
memory device. The memory 606 holds instructions and data used by the processor 602.
The graphics adapter 612 displays images and other information on the display 618. The
network adapter 616 couples the computer 600 to a local or wide area network.

[0042] As is known in the art, a computer 600 can have different and/or other
components than those shown in FIG. 6. In addition, the computer 600 can lack certain
illustrated components. In one embodiment, a computer 600 such as a server or smartphone
may lack a graphics adapter 612, and/or display 618, as well as a keyboard or pointing
device. Moreover, the storage device 608 can be local and/or remote from the computer 600,
e.g., embodied within a storage area network (SAN).

[0043] As is known in the art, the computer 600 is adapted to execute computer program
modules or engines for providing functionality described herein. As used herein, the terms
“module” or “engine” refer to computer program logic utilized to provide the specified
functionality. Thus, a module and/or engine can be implemented in hardware, firmware,
and/or software. In one embodiment, program modules and/or engines are stored on the

storage device 608, loaded into the memory 606, and executed by the processor 602.

VII. ADDITIONAL CONFIGURATIONS

[0044] The foregoing description of the embodiments of the invention has been presented
for the purpose of illustration; it is not intended to be exhaustive or to limit the invention to
the precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the above disclosure.

[0045] Some portions of this description describe the embodiments of the invention in
terms of algorithms and symbolic representations of operations on information. These
algorithmic descriptions and representations are commonly used by those skilled in the data
processing arts to convey the substance of their work effectively to others skilled in the art.
These operations, while described functionally, computationally, or logically, are understood
to be implemented by computer programs or equivalent electrical circuits, microcode, or the
like. Furthermore, it has also proven convenient at times, to refer to these arrangements of
operations as modules, without loss of generality. The described operations and their
associated modules may be embodied in software, firmware, hardware, or any combinations

thereof.
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[0046] Any of the steps, operations, or processes described herein may be performed or
implemented with one or more hardware or software modules, alone or in combination with
other devices. In one embodiment, a software module is implemented with a computer
program product including a computer-readable non-transitory medium containing computer
program code, which can be executed by a computer processor for performing any or all of
the steps, operations, or processes described.

[0047] Embodiments of the invention may also relate to a product that is produced by a
computing process described herein. Such a product may include information resulting from
a computing process, where the information is stored on a non-transitory, tangible computer
readable storage medium and may include any embodiment of a computer program product
or other data combination described herein.

[0048] Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the
invention be limited not by this detailed description, but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the embodiments of the invention is
intended to be illustrative, but not limiting, of the scope of the invention, which is set forth in

the following claims.
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The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows.

1. A method of geographic positioning using short-range transmissions, the method
comprising:

retrieving, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency detected
by the particular client device;

accessing, using one or more processors, a database of search records received from a
plurality of client devices corresponding to a plurality of users of the network system, each of the
search records indicating at least:

(1) a reference signature of a short-range transmission detected by a client device
of the plurality of client devices at a geographical search location where a user of the
plurality of users searched for a geographical pickup location for a start of a service
provided via the network system, wherein the reference signature has a frequency; and

(ii) the geographical pickup location;
determining, using the one or more processors, that the signature is similar to a stored

reference signature of the database using the at least one frequency of the signature and the
frequency of the stored reference signature;
selecting, using the one or more processors, a stored geographical pickup location of the database
corresponding to the stored reference signature; and
providing the stored geographical pickup location to the particular client device for

presentation.

2. The method of claim 1, wherein the candidate geographical pickup location is selected
without an input search query, and wherein the candidate geographical pickup location is
different than a geographical location of the particular client device when the short-range

transmission is detected by the particular client device.

3. The method of claim 1, further comprising:

receiving a request for a new service from the particular client device; and

Date Regue/Date Received 2021-07-06
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determining whether the particular user started the new service at the candidate

geographical pickup location.

4. The method of claim 3, further comprising:

determining that the particular user started the new service within a threshold distance
from the candidate geographical pickup location;

storing a new search record in the database, the new search record including at least the
signature and the candidate geographical pickup location; and

providing the signature and the candidate geographical pickup location as a positive
example to train a model configured to select candidate geographical pickup locations of the

database for users of the network system.

5. The method of claim 3, further comprising:

determining that the particular user did not start the new service within a threshold
distance from the candidate geographical pickup location; and

providing the signature and the candidate geographical pickup location as a negative
example to train a model configured to select candidate geographical pickup locations of the

database for users of the network system.

6. The method of claim 1, wherein each of the search records further indicates the
corresponding geographical search location, wherein for at least one of the search records of the
database, the geographical search location is different than the geographical pickup location, and
wherein the reference signature was detected by the corresponding client device before the

corresponding user searched for the geographical pickup location.

7. The method of claim 1, wherein at least one of the search records of the database further
includes a plurality of reference signatures of short-range transmissions detected by the
corresponding client device before the corresponding user searched for the geographical pickup
location, and further comprising:

receiving a plurality of signatures of short-range transmissions detected by the particular

client device over a duration of time as the particular client device moves from a geographical
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location to a subsequent geographical location, the plurality of signatures including at least the
signature; and

determining that the plurality of signatures has another threshold similarity to a candidate
plurality of reference signatures of the database, the candidate plurality of reference signatures

including at least the candidate reference signature.

8. The method of claim 7, further comprising:
receiving telematics data generated by one or more sensors of the particular client device
during the duration of time, wherein determining the other threshold similarity is based at least in

part on the telematics data.

9. The method of claim 8, further comprising:
determining a rate at which the particular client device moved from the geographical
location to the subsequent geographical location by processing the telematics data; and
wherein determining the other threshold similarity is further based on the rate and a
comparison of a change in the short-range transmissions associated with the plurality of
signatures to another change in the short-range transmissions associated with the candidate

plurality of reference signatures.

10. A computer program product comprising a non-transitory computer readable storage
medium having instructions encoded thereon that, when executed by one or more processors,
cause the one or more processors to:

retrieve, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency detected
by the particular client device;

access, using one or more processors, a database of search records received from a
plurality of client devices corresponding to a plurality of users of the network system, each of the
search records indicating at least:

(1) a reference signature of a short-range transmission detected by a client device

of the plurality of client devices at a geographical search location where a user of the
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plurality of users searched for a geographical pickup location for a start of a service
provided via the network system, wherein the reference signature has a frequency; and
(i1) the geographical pickup location;

determine, using the one or more processors, that the signature is similar to a stored
reference signature of the database using the at least one frequency of the signature and the
frequency of the stored reference signature;

select, using the one or more processors, a stored geographical pickup location of the
database corresponding to the stored reference signature; and

provide the stored geographical pickup location to the particular client device for

presentation.

11. The non-transitory computer readable storage medium of claim 10, wherein the candidate
geographical pickup location is selected without an input search query, and wherein the
candidate geographical pickup location is different than a geographical location of the particular

client device when the short-range transmission is detected by the particular client device.

12.  The non-transitory computer readable storage medium of claim 10, having further
instructions that when executed by the one or more processors cause the one or more processors
to:

receive a request for a new service from the particular client device; and

determine whether the particular user started the new service at the candidate

geographical pickup location.

13. The non-transitory computer readable storage medium of claim 12, having further
instructions that when executed by the one or more processors cause the one or more processors
to:

determine that the particular user started the new service within a threshold distance from
the candidate geographical pickup location;

store a new search record in the database, the new search record including at least the

signature and the candidate geographical pickup location; and
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provide the signature and the candidate geographical pickup location as a positive
example to train a model configured to select candidate geographical pickup locations of the

database for users of the network system.

14. The non-transitory computer readable storage medium of claim 12, having further
instructions that when executed by the one or more processors cause the one or more processors
to:

determine that the particular user did not start the new service within a threshold distance
from the candidate geographical pickup location; and

provide the signature and the candidate geographical pickup location as a negative
example to train a model configured to select candidate geographical pickup locations of the

database for users of the network system.

15.  The non-transitory computer readable storage medium of claim 10, wherein each of the
search records further indicates the corresponding geographical search location, wherein for at
least one of the search records of the database, the geographical search location is different than
the geographical pickup location, and wherein the reference signature was detected by the
corresponding client device before the corresponding user searched for the geographical pickup

location.

16.  The non-transitory computer readable storage medium of claim 10, wherein at least one
of the search records of the database further includes a plurality of reference signatures of short-
range transmissions detected by the corresponding client device before the corresponding user
searched for the geographical pickup location, having further instructions that when executed by
the one or more processors cause the one or more processors to:

receive a plurality of signatures of short-range transmissions detected by the particular
client device over a duration of time as the particular client device moves from a geographical
location to a subsequent geographical location, the plurality of signatures including at least the

signature; and
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determine that the plurality of signatures has another threshold similarity to a candidate
plurality of reference signatures of the database, the candidate plurality of reference signatures

including at least the candidate reference signature.

17.  The non-transitory computer readable storage medium of claim 16, having further
instructions that when executed by the one or more processors cause the one or more processors
to:

receive telematics data generated by one or more sensors of the particular client device
during the duration of time, wherein determining the other threshold similarity is based at least in

part on the telematics data.

18. The non-transitory computer readable storage medium of claim 17, having further
instructions that when executed by the one or more processors cause the one or more processors
to:

determine a rate at which the particular client device moved from the geographical
location to the subsequent geographical location by processing the telematics data; and

wherein determining the other threshold similarity is further based on the rate and a
comparison of a change in the short-range transmissions associated with the plurality of
signatures to another change in the short-range transmissions associated with the candidate

plurality of reference signatures.

19. A system for geographic positioning using short-range transmissions, the system
comprising:
one or more processors configured for executing instructions; and
a non-transitory computer readable storage medium having instructions encoded thereon
that, when executed by the one or more processors, cause the one or more processors to:
retrieve, from a particular client device of a particular user of a network system, a
signature of a short-range transmission, wherein the signature has at least one frequency

detected by the particular client device;
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access, using one or more processors, a database of search records received from
a plurality of client devices corresponding to a plurality of users of the network system,
each of the search records indicating at least:
(1) a reference signature of a short-range transmission detected by a client
device of the plurality of client devices at a geographical search location where a
user of the plurality of users searched for a geographical pickup location for a
start of a service provided via the network system, wherein the reference signature
has a frequency; and
(i) the geographical pickup location;
determine, using the one or more processors, that the signature is similar to a
stored reference signature of the database using the at least one frequency of the signature
and the frequency of the stored reference signature;
select, using the one or more processors, a stored geographical pickup location of
the database corresponding to the stored reference signature; and
provide the stored geographical pickup location to the particular client device for

presentation.

20. The system of claim 19, wherein the computer readable storage medium includes further
instructions that when executed by the one or more processors cause the one or more processors
to:

receive a request for a new service from the particular client device;

determine that the particular user started the new service within a threshold distance from
the candidate geographical pickup location;

store a new search record in the database, the new search record including at least the
signature and the candidate geographical pickup location; and

provide the signature and the candidate geographical pickup location as a positive
example to train a model configured to select candidate geographical pickup locations of the

database for users of the network system.
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