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(54) Title: FAST PROXIMITY DETECTION

(57) Abstract: Examples relate to fast proximity detection for mobile
devices. In some examples, a point of interest latitude of a point of interest
and a proximity threshold are used to determine a latitudinal range for the
point of interest, and a point of interest longitude of the point of interest and
the proximity threshold are used to determine a longitudinal range for the
point of interest. At this stage, a bounding rectangle is generated based on
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the latitudinal range and the longitudinal range. A current location of a mo -
bile device is obtained. A spatial comparison is then performed to determine
that the current location intersects the bounding rectangle.
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FAST PROXIMITY DETECTION

BACKGROUND

[0001] Consumer mobile devices, such as srnartphones and tablets, typically

include a positioning module for determining the location of the devices (e.g.,

global positioning system (GPS) sensors). Such positioning modules can be

used to provide location-based services such as identifying and navigating to

points of interest. Typically, the coordinates of a mobile device and the

coordinates of the point of interest are used to determine the user's distance

and direction with respect to the point of interest.

BRIEF DESCRIPTION OF THE N S

[0002] The following detailed description references the drawings, wherein:

[0003] FIG. 1 is a block diagram of an example computing device for providing

fast proximity detection;

[0004] FIG. 2 is a block diagram of an example system for providing fast

proximity detection;

[0005] FIG. 3 is a flowchart of an example method for execution by a

computing device fo providing fast proximity detection;

[0006] FIG. is a flowchart of an example method fo execution by an example

computing device for detecting spatial proximity for a set of mobile devices; and

[0007] FIG. 5 is an example block diagram showing a bounding rectangle of a

point of interest that can be used for fast proximity detection.

DETAILED DESCRIPTION

[0008] As discussed above, consumer mobile devices use positioning modules

to take advantage of location-based services. For example, either Haversine's or

Vincenty's formula can be used to caicuiate the distance between user and

destination. However, these formulas results into matrix calculations that are very

compute intensive, demanding large amounts of hardware.



[0009] Examples disclosed herein describe a method for providing fast

proximity detection. The latitude and longitude of a point of interest are used to

generate a bounding rectangle. The bounding rectangle can then be used to

perform spatial comparisons to determine if mobile devices are proximate to the

point of interest. Spatial comparisons avoid trigonometric calculations and, thus,

can be performed by a generic central processing unit (CPU) rather than a

floating-point unit (FPU),

[00 0 3 n some examples, a point of interest latitude of a point of interest and

a proximity threshold are used to determine a iatitudinai range for the point of

interest, and a point of interest longitude of the point of interest and the

proximity threshold are used to determine a longitudinal range for the point of

interest. At this stage, a bounding rectangle is generated based on the

Iatitudinai range and the longitudinal range. A current location of a mobile

device is obtained. A spatial comparison is then performed to determine that

the current location intersects the bounding rectangle.

[00 Referring now to the drawings, FIG, 1 is a block diagram of an example

computing device 100 for providing fast proximity detection. Computing device

100 may be any computing device (e.g., server, desktop computer, etc) with

access to other computing devices such as mobile devices. In FIG, 1, computing

device 100 includes a processor 1 0 , a network interface 1 , and a machine-

readable storage medium 120.

[0012] Processor 1 0 may be one or more central processing units (CPUs),

microprocessors, and/or other hardware devices suitable for retrieval and

execution of instructions stored in machine-readable storage medium 120,

Processor 1 0 may fetch, decode, and execute instructions 122, 4 , 126, 128 to

enable providing fast proximity detection, as described below. As an alternative

or in addition to retrieving and executing instructions, processor 110 may include

one or more electronic circuiis comprising a number of electronic components for

performing the functionality of one or more of instructions 122, 124, 2 , 128.

[001 3 Network interface 115 may include a number of electronic components

for communicating with cloud devices. For example, network interface 15 may



be an Ethernet interface, a Universal Serial Bus (USB) interface, an IEEE 1394

(Firewire) interface, an externa! Serial Advanced Technology Attachment (eSATA)

interface, or any other physical connection interface suitable fo communication

with other computing devices. Alternatively, network interface 1 5 may be a

wireless interface, such as a wireless iocai area network (WLAN) interface or a

near-field communication (NFC) interface, in operation, as detailed below,

network interface 115 may be used to send and receive data t and from a

corresponding interface of a mobile device.

[0014] Machine-readable storage medium 120 may be any electronic,

magnetic, optical, or other physical storage device tha stores executable

instructions. Thus, machine-readable storage medium 120 may be, for

example. Random Access Memory (RAM), an Electrically-Erasable

Programmable Read-Only Memory (EEPROfV!). a storage drive, an optical disc,

and the like. As described in detail below. macNne-readable storage medium 120

may be encoded with executable instructions for providing fast proximity

detection,

[0015] Proximity range determining instructions 122 determine latitudinal and

longitudinal ranges for a point of interest, A point of interest (POI) corresponds to

a geographic location that may be of interest to a user such as a museum,

restaurant, park, etc. The geographic location is expressed as coordinates that

include a iatitude and longitude, which can be used to determine the position of

the POI in a geographic coordinate system. Proximity range determining

instructions 122 use the coordinates of the POi and a proximity threshold to

determine the latitudinal and longitudinal ranges for the POI. Specifically, the

latitude of the POI and the proximity threshold can be used to determine a

latitudinal range, and the longitude of the POI and the proximity threshold can be

used to determine a longitudinal range. The proximity threshold is a distance that

a mobile device should be within to be considered proximate to the POi.

[0016] Bounding rectangle generating instructions 124 generate a bounding

rectangle based on the latitudinal and longitudinal ranges. The bounding

rectangle includes the latitudes within the latitudinal range and the longitudes



within the longitudinal range. For example in a geographic coordinate system, the

bounding rectangle has a width and height that is twice the distance of the

proximity threshold, where the iongitude range is goes from east to west and the

longitudinal range goes from north to south. Any location that intersects the

bounding rectangle i the geographic coordinate system is considered to be

proximate to the POt.

[0 Device location obtaining instructions 6 obtain the location of a mobile

device. For example, a current location of the mobile device can be monitored in

real-time and stored in a database accessible to device location obtaining

instructions 26. In this example, the mobiie device determines its current location

using a positioning module such as a GPS module. The positioning module may

be used by the mobile devsce at regular intervals to track th mobile device while it

travels such that the current position of the mobile device is monitored by

computing device 100 in real-time.

[0018] Spatial comparison performing instructions 128 determine if the current

location of the mobile device intersects the bounding rectangle of the POL f the

current location does intersect the bounding rectangle, computing device 100 can

send a notification to mobiie device that it is proximate to the PO Because a

spatial comparison is performed, the locations of any number of mobile devices

can be considered simultaneously, where notifications are sent to the proximate

mobile devices. The simultaneously comparison allows determinations related to

proximity to be performed more efficiently and without trigonometric calculations.

[00 FIG. 2 is a block diagram of an example computing device 200 in

communication via a network 245 with mobiie devices 270A, 27 As illustrated

in FIG. 2 and described below, computing device 200 may communicate with

mobile devices 270A, 270N to provide fast proximity defection.

[0020] As illustrated, computing device 200 may include a number of modules

202-210. Each of the modules may include a series of instructions encoded on a

machine-readable storage medium and executable by a processor of the

computing device 200. In addition o as an alternative, each module may include



one or ore hardware devices including electronic circuitry for implementing t e

functionality described below,

[0021] As with computing device 100 of FIG, 1 , computing device 200 may be

a server, desktop computer, or any other device suitable for executing the

functionality described below.

[0022] interface module 202 manages communications with mobile devices

270A, 270N. Specifically, the interface module 202 ay initiate connections with

mobile devices 270A, 270N and then send or receive data to/from mobile devices

270A, 270N.

[0023] Device tracking module 206 tracks mobile devices 270A, 270N n reai

time. Although the components of device tracking module 206 are described in

detail below, additional details regarding an example implementation of module

208 are provided above i connection with instructions 2-128 of FIG, 1

[0024] Tracking module 207 uses interface 202 to track the locations of mobile

devices 270A, 270 . Specifically, tracking module 207 can poll each mobile

device 27GA, 270N for a current location at regular intervals. In othe cases, the

tracking module 207 may determine the location of mobile devices 270A, 270N by

using network-based triangulation (e.g., mobile towers, networking devices, etc.),

Tracking module 207 can then store the polled locations for the mobile devices

270A, 270 as device location data 218 in data store 212. The location of each

mobile device 270A, 270N can be stored as coordinates that correspond to a point

in a geographic coordinate system.

[0025] Proximity module 208 is configured to make proximity determinations

for mobile devices 270A, 270N and points of interest (PO! s). Initially, proximity

module 208 can generating bounding rectangles for each of the POS's,

Specifically, proximity module 208 can retrieve a PO! location for each PO from

POI location data 218 in storage device 210 and then use the PO! location and a

proximity threshold to create a bounding rectangle for each POI. For example,

latitude and longitude ranges for th POI can be calculated as shown below:



W er d is the proximity threshold in centimeters. The proximity threshold may be

stored in data store 212 as proximity data 214, n this example, the latitudinal

range is used as the height of the bounding rectangle, and the longitudinal range

is used as the width of the bounding rectangle.

[0026] After a bounding rectangle is generated for each POi, proximity module

208 can us spatial module 210 to determine if any of the mobile devices 2 0A ,

270N are proximate to any of the POI's, Spatial module 210 is configured to

perform spatial comparisons such as determining if two spatial objects iniersect. If

a current location of a mobile device 270A, 270N intersects a bounding rectangle

for a POI, it can be determined that the mobile device 270A, 270 is proximate to

the POI. Proximity module 208 can be configured to continually determine

whether any of the mobile devices 270A, 270N is proximate to any of the PO Ss

When a proximate mobile device 270A, 270N is detected, proximity moduie 208

may send a notification to the mobile device 270A, 270N that identifies the nearby

POI. Such notifications can be used by, for example, navigation applications,

augmented reality applications, or other iocation-based applications executing on

mobile device 270A, 270N.

[0027] In some cases, spatial module 21 may determine if a current location

of a mobile device 270A, 270 intersects a bounding rectangle of a POI by

performing a mathematical comparison to determine if the current location fa ls

within the bounds. For example, a mobile device 270A, 270N can be determined

to proximate to the POI if

( at <= P at and U.tong <= P^Jong) and (U.lat > at and ong >=

P^Jong)

Where U is the current location , P is a corner of the bounding rectangle, and P is

the opposite corner of the bounding rectangle.



[0028] Data store 21 is configured to maintain data accessible to computing

device 200, For example, data store 212 may include one or mor hard disk

drives, solid state drives, tape drives, and/or any other storage devices. The

storage devices may be located in computing device 200 and/or n another device

n communication w th computing device 200,

[0029] Each mobile device 270A, 270N may correspond to a smartphone,

tablet, !aptop gaming device, or other mobile device that is equipped with a

positioning module 274, In this example, mobile device 270N aiso includes

components similar to those of mobile device A 270A though the components are

not shown,

[0030] Device interface 272 manages communications with computing device

202. Specifically, the device interface 272 may initiate connections with

computing device 200 and then send or receive data {e.g., location data,

application data, etc.) to/from computing device 200.

[0031] Positioning module 274 is configured to determine a current location of

mobile device A 270A. Examples of positioning modules 274 include, but are not

limited to, GPS modules, network triangulation modules, etc. As mobile device A

270A changes position, positioning module 274 may determine the current

location of mobile device A 270A at regular intervals. The locations can then b

used by application module 276 to provide a user with services. For example,

application module 276 ma correspond to a mapping application, where the

current location of mobile device A 270A is used to track the position of the user in

a displayed ap In another example, application module 276 may correspond to

a gaming application, where the current location of mobile device A 270A is used

to update a heads-up overlay with gaming elements for the user.

[0032] FIG. 3 is a flowchart of an example method 300 for execution by a

computing device 100 for providing fast proximity detection. Although execution

of method 300 is described beiow with reference to computing device 100 of F G .

1, other suitable devices fo execution of method 300 may b used, such as

computing device 200 of FIG. 2. Method 300 may be implemented n the form o



executable instructions stored: on a machine-readable storage medium and/or n

the form of electronic circuitry,

[0033] Method 300 may start in block 305 and continue to block 310, where

computing device 0 uses point of interest coordinates and a proximity threshold

to determine latitudinal and longitudinal proximity ranges in block 315, a

bounding rectangle is generated based on the latitudinal and longitudinal proximity

ranges. The bounding rectangle corresponds to an area that is considered to be

proximate to the point of interest.

[0034] n block 320, a current location of a mobile device is obtained. For

example, the mobile device can use a positioning module to determine its current

location and then send the current location to computing device 100. In block 325,

computing device 100 performs a spatial comparison to determine if the current

location intersects the bounding rectangle, in some cases, the spatial comparison

can be performed as simple mathematical comparison that determine if the

coordinates of the first location are within the bounds of the bounding rectangle.

Method 300 may subsequently proceed to block 330, where method 300 may

stop.

[0035] FIG. 4 s a flowchart of an example method 400 for execution by an

example computing device 200 for detecting spatial proximity for a set of mobile

devices. Although execution of method 400 is described below with reference to

computing device 200 of FIG, 2, other suitable devices for execution of method

400 may be used, such as computing device 100 of FIG. 1. Method 400 may be

implemented in the form of executab!e instructions stored on a machine-readable

storage medium and/or in the form of electronic circuitry,

[0036] Method 400 may start in block 405 and continue to block 410, where

computing device 200 loads a point of interest list. The point of interest list

includes coordinates for each point of interest. I block 415, a bounding rectangle

s generated for each PO based on the coordinates of the POi and a proximity

threshold. Each bounding rectangle corresponds to an area that s considered

proximate to the corresponding POI.



[0037] in block 420, current locations are obtained for a set of mobiie devices.

For examp!e, mobiie phones i a cell network can be tracked in real time such that

their current locations are periodically updated in a database in block 435, a

spatiai comparison o the current locations and the bounding rectangles is

performed, if none of the current locations intersect any of the bounding

rectangies, method 400 can return to iock 420 to further monitor the current

locations of the mobile devices.

[0038] if some of the current locations intersect any of the bounding rectangles,

a notification can be sent to the corresponding mobiie device that specifies a PO

that s proximate to the mobile device in biock 445, In this manner, mobiie

applications (e.g., mapping applications, augmented reality games, etc) provided

by the mobiie devices can provide location-based functionality based on the

notifi cations yethod 400 may subsequently proceed to block 445, where method

400 may stop.

[0039] FIG. 5 is a block diagram showing a bounding rectangle 500 of a point

of interest POi} 502 that can be used for fast proximity detection. The bounding

rectangle 500 was generated using a proximity threshold 504. Specifically, two

comers 506, 508 of the bounding rectangle 500 have been determined based on

latitudinal and longitudinal ranges that reflect the proximity threshold 504, In this

example, a current location 5 1OA of a mobiie device A (not shown) is shown to be

proximate to POI 502 because it intersects the bounding rectangle 500. Further, a

current location 5 B of a mobile device 8 (not shown) is shown to not be

proximate to POI 502 because it fails to intersect the bounding rectangle 500

[0040] The foregoing disclosure describes a number of examples for fast

proximity detection by using bounding rectangles. In this manner, the examples

disclosed herein allow for the faster proximity detection by using the bounding

rectangles to avoid trigonometric calculations. The mathematical calculations

facilitated by spatial comparisons using the bounding rectangles ailow for mobile

device locations to be processed without the use of a FPU, which greatly reduces

watt and processing times in the CPU .



C A S

We claim;

A computing device for fast proximity detection, comprising:

a device interface to connect to a pluraiity of mobile devices, wherein

each of the pluraiity of mobile devices includes a positioning module; and

a processor to:

use a point of interest latitude of a point of interest and a proximity

threshold to determine a latitudinal range for the point of interest;

use a point of interest longitude of the point of interest and the

proximity threshold to determine a longitudinal range for the point of

interest;

generate a bounding rectangle based on th latitudinal range and

the longitudinal range;

obtain a current location of a first mobile device of the pluraiity of

mobile devices; and

perform a spatial comparison to determine that t e current location

intersects the bounding rectangle

2 . The computing device of claim , wherein the current location s one of a

plurality o current locations that are obtained for the plurality of mobile devices,

and wherein the spatial comparison determines an intersecting subset of the

plurality of current locations that intersect the bounding rectangle

3 The computing device of claim 2 , wherein the processor performs the

spatial comparison without using a floating point un

4 . The computing device of claim 2, wherein the plurality of current

iocations a e updated dynamicaiiy based on a movement of each of the plurality

of mobile devices.



5. The computing device of claim , wherein the point of interest is of a

plurality of points of interest, and wherein a corresponding bounding rectangle

of a plurality of bounding rectangles is generated for each of the plurality of

points of interest

6 . The computing device of claim , wherein the processor is further to send

a nottficaiion to the mobi!e device that the current location is proximate to the

point of interest.

7 . A method for fast proximity detection, comprising:

using, by a processor, a point of interest latitude of a point of interest and

a proximity threshold to determine a latitudinal range for the point of interest;

using a point of interest longitude of the point of interest and the proximity

threshold to determine a longitudinal range for the point of interest;

generating a bounding rectangle based on the latitudinal range and the

longitudinal range;

obtaining a current location of a first mobiie device of a plurality of mobile

devices; and

performing, by the processor a spatial comparison to determine that the

current location intersects the bounding rectangle, wherein the processor

performs the spatial comparison without using a floating point unit

8 The method of claim 7, wherein the current location is one of a plurality of

current locations that are obtained for the plurality of mobile devices, and

wherein the spatial comparison determines an intersecting subset of the

plurality of current locations that intersect the bounding rectangle.

0 . The method of claim 8, wherein the plurality of current locations are

updated dynamically based on a movement of each of the plurality of mobile

devices.



10. The method of c ai 7, wherein the point of interest is of a plurality of

points of interest, and wherein a corresponding bounding rectangle of a plurality

of bounding rectangles is generated for each of the plurality of points of interest.

. The method of claim 7, wherein the spatial comparison is performed for

the current location and each of the plurality of bounding rectangles.

12. A non-transitory machine-readable storage medium encoded with

instructions executable by a processor for fast proximity detection, the machine-

readable storage medium comprising instructions to:

use a point of interest latitude of a point of interest and a proximity

threshold to determine a latitudinal range for the point of interest;

use a point of interest longitude of the point of interest and the proximity

threshold to determine a longitudinal range for the point of interest;

generate a bounding rectangle based on the latitudinal range and the

longitudinal range;

obtain a plurality of current locations for a plurality of mobile devices; and

perform a spatial comparison to determine that an intersecting subset of

the plurality of current locations intersect the bounding rectangle.

13. The non-transitory machine-readable storage of claim 2 wherein the

plurality of current locations are updated dynamically based on a movement of

each of the plurality of mobile devices

14. The non-transitory machine-readable storage of claim , wherein the

point of interest is of a plurality of points of interest, and wherein a

corresponding bounding rectangle of a plurality of bounding rectangles is

generated for each of the plurality of points of interest

1 . The non-transitory machine-readable storage of claim 12, wherein the

machine-readable storage medium further comprises instructions to send a



notification to the plurality of mobile devices that a corresponding current

location of the plurality of current locations is proximate to the point of interest.
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