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DETERMINING SCALE FOR RECEIVED
SIGNAL STRENGTH INDICATORS AND
COORDINATE INFORMATION

BACKGROUND

[0001] Computer networks can be used to allow net-
worked devices, such as personal computers, mobile
devices, servers, etc., to exchange data. Access Points can be
used to connect networked devices to a network. Further,
Access Points can be used for Wi-Fi positioning systems.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0003] FIGS. 1 and 2 are block diagrams of a system
capable of determining coordinate locations of client devices
using received signal strength indicators (RSSIs), according
to various examples;

[0004] FIG. 3 is a flowchart of a method for determining
a scale to use to track client locations using received signal
strength indicators, according to an example;

[0005] FIG. 4 is a block diagram of a computing device
capable of determining client device coordinates based on
received signal strength indicators, according to an example;
[0006] FIG. 5 is a flowchart of a method for determining
client coordinate information based on received signal
strength indicators, according to an example;

[0007] FIG. 6 is a flowchart of a method for determining
coordinates for access points used for tracking client
devices, according to an example; and

[0008] FIG. 7 is a flowchart of a method for updating a
scale for received signal strength indicators to track client
devices, according to an example.

DETAILED DESCRIPTION

[0009] The following discussion is directed to various
examples of the disclosure. Although one or more of these
examples may be preferred, the examples disclosed herein
should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, the
following description has broad application, and the discus-
sion of any example is meant only to be descriptive of that
example, and not intended to intimate that the scope of the
disclosure, including the claims, is limited to that example.
Throughout the present disclosure, the terms “a” and “an”
are intended to denote at least one of a particular element. In
addition, as used herein, the term “includes” means includes
but not limited to, the term “including” means including but
not limited to. The term “based on” means based at least in
part on.

[0010] It can be beneficial to know the location of an
access point (AP), also known as a wireless access point, as
well as the location of client devices including mobile
devices such as cell phones, laptops, tablets, etc. as well as
stationary devices such as the access points and other
computing devices. One approach to determining a location
is using a global positioning system (GPS). However, access
to satellites may be blocked (e.g., because the location is
within a building) or a device may not have that capability.
Further, GPS usage would be implemented and known by a
client device and not an entity owning or controlling the
property, such as interested parties in a shopping mall, a
university campus, an enterprise business, an office building,
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a sporting or event complex, a hotel or other business, etc.
Such an entity would not know of the client device’s
position information unless the client shared the informa-
tion. In the absence of a floor plan for a venue or location,
it can be challenging for an entity to determine the location
of a client device.

[0011] Accordingly, various examples disclosed herein
relate to determining a location of a client device using APs.
Each AP can be provisioned or dynamically determine its
coordinates (e.g., Latitude, Longitude, and/or Altitude). The
coordinates can be relative to a reference point (e.g., one of
the APs) or use broader coordinates, such as a longitude,
latitude, and/or altitude. In some examples, the APs can
communicate and/or publish the location information, for
example, using 802.11 Vendor Specific Information Ele-
ments. This way, the locations of each of the APs are known
and can be used to determine the location of client devices.
[0012] Further, received signal strength indicators (RSSIs)
can be collected between APs. Since the locations of the APs
are known, a distance between the two APs can be deter-
mined and correlated with the signal strength from the
RSSIs. This can be used to determine a scale between RSSIs
and APs. When a client device contacts an AP, the AP can
determines the RSSI of the client device. This and the scale
can be used to determine an approximate distance from the
AP. Distances from multiple APs can be used to determine
the location of the client device. For example, triangulation,
trilateration, or other similar technique can be used to
determine the location of a client device. Other information,
for example, floorplan boundaries, can be used to supple-
ment the RSSI information and coordinate information of
APs to determine coordinate information about client
devices.

[0013] As used herein, “RSSI” is a measurement of the
power present in a received radio signal. In some examples,
RSSI is an indication of the power level being received by
the radio after antenna and possible cable loss. In some
examples, when a device has contact with the radio of an AP,
the RSSI can be determined for the AP referring to the
device.

[0014] FIGS. 1 and 2 are block diagrams of a system
capable of determining coordinate locations of client devices
using received signal strength indicators (RSSIs), according
to various examples. In the example of FIG. 1, system 100
includes an example of using APs 1104-110% to determine
location information about a client device 112. In one
example, the system 100 can also include a signal strength
engine 120, a scale engine 122, and a client location engine
124.

[0015] In the example of FIG. 2, system 200 can further
include a location device 202 that includes the signal
strength engine 120, the scale engine 122, and client location
engine 124. The location device 202 can further include an
access point location engine 226, a processor 230 and
memory 232. Moreover, the system 200 can further include
a network controller 210. Further, system 200 further shows
additional APs 1105, 110c¢, 1104 that can be included in an
implementation.

[0016] The engines 120, 122, 124 can be used to maintain
records to determine locations of client devices such as
client device 112. Though other client devices are not shown
in FIG. 1 or 2, it is contemplated that the location of other
client devices can be determined using the approaches
described herein. The engines 120, 122, 124, 226 can be part
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of a single location device 202, be implemented on multiple
computing devices, etc. Similarly, network controller 210
can be implemented with the location device 202, be a
separate computing device, and/or be implemented using
multiple computing devices. Further, the devices and
engines can be implemented remotely and/or at the same
location as the APs 110 and client device 112. For example,
the location device 202 and/or network controller 210 can be
connected to a data or control network capable of commu-
nicating with the APs.

[0017] The AP location engine 226 can keep a record of
the location of each of the APs 110. In some examples, the
AP location engine 226 can be provided the location infor-
mation (e.g., by an administrator associated with the system
200). In some examples, the APs 110 can know their
respective locations. For example, a technician can set the
respective AP’s location when installing the AP 110. In other
examples, the AP 110 may include an internal or external
position device or sensor such as GPS to determine its
location. Further, the APs 110 may provide their respective
locations to the AP location engine 226. Since APs 110 are
usually tied to a power source, the location of the APs 110
can be relatively static. However, it is contemplated that the
APs 110 can be mobile and change locations.

[0018] Moreover, the APs 110 may also publish the loca-
tion using a communication approach such as a communi-
cation protocol. For example, the location can be published
using an 802.11 Vendor Specific Information Element. In
one example, the information element may include a field
for type (indicating the Vendor Specific Information Ele-
ment), a length of the frame, a latitude, a longitude, and an
altitude. The information may be broadcasted at a beacon
interval with each beacon frame. In another example, the
information can be unicasted as part of a probe response to
a client device 112, another AP 110, or other device such as
the location device 202 or network controller 210.

[0019] In one example, the AP location engine 226 can
maintain a map data structure to identify placements of APs
in a customer deployment. Due to the information received
about APs, specifics about locations (e.g., coordinates such
as Latitude, Longitude, and Altitude), generated maps can be
accurate and to scale. In some examples, geographic coor-
dinate system coordinates, global positioning coordinates,
reference coordinates, etc. can be used. In other examples,
other coordinate systems can be used. For example, in the
coordinate system, a number of dimensions (e.g., an X-axis,
a y-axis, and/or a z-axis) can be used. Each dimension can
be associated with a coordinate. In one example, each AP on
a floor can be placed on a 2-dimensional polygon based on
x and y coordinate. In some examples, a z coordinate
representing the altitude can also be used. In one example,
one of the APs 110 (e.g., AP 110a) can be used as a reference
point and coordinates can revolve around AP 110a. As noted,
in other examples, the coordinates can be based on a global
system or another reference. Maps 150, 250 show example
locations of the APs 1104-110# and client device 112. In the
example maps 150, 250, a boundary is shown around a two
dimensional polygon for illustrative purposes. Known
boundaries can be used in determining locations of the APs
110 and client devices 112.

[0020] Each AP 110 can be located so that it is able to hear
at least one other AP 110. The APs 110 can each send
information received from hearing other APs 110 to the
signal strength engine 120. As used herein, AP RSSIs are
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RSSIs determined at one of the APs (e.g., AP 110q) that
refers to another AP (e.g., one of AP 1105-110%). An AP 110
may send out beacon messages that the other APs 110 can
hear. As used herein, an AP can hear another AP if the AP’s
radio is able to receive a communication from the other AP.
The AP RSSIs can be based on these messages. In some
examples, the AP RSSIs can be sent to the signal strength
engine 120 by the APs 110 in messages. In one example, the
AP 110 can collect a group of the AP RSSIs associated with
other APs and send the group of the AP RSSIs to the signal
strength engine. The group may be sent based on a trigger
(e.g., sent periodically, once a threshold number of AP
RSSIs are collected, etc.). Moreover, in some examples,
RSSIs for messages received from other devices (e.g., client
device 112) can be sent with a group of AP RSSIs or on their
own. In some examples, the RSSI information can include
an identifier of the AP that receives the signal, an identifier
of the AP (or other device) that sent the signal, and/or a
timestamp.

[0021] The signal strength engine 120 can receive the AP
RSSIs from the APs 110a-1107n. A scale engine 122 can
process the coordinate information for each of the APs 110
and take into account the AP RSSIs to determine coordinate
scale values. As used herein, a coordinate scale value is a
parameter that can be used to determine a distance of a radio
from an AP based on RSSI.

[0022] As used herein, an access point reference pair is a
set of two APs where one of the APs references the second
AP. In one example, AP 110a is able to hear AP 1104.
Similarly, AP 1105 may be able to hear AP 110a. A record
can be created for the RSSI information associated with each
AP. Table 1 shows such an example:

TABLE 1

Reference Pair Example

AP Pair RSSI Information  x Coordinate y Coordinate

AP 110a-110b
AP 110b-110a

RSSI 110a-110b AP 110a-110b(x) AP 110a-110b(y)
RSSI 110b-110a AP 110b-110a(x) AP 110b-110a(y)
AP 110a-110n

RSSI 110a-110n AP 110a-110n(x) AP 110a-110n(y)

[0023] Table 1 shows various AP reference pairs. A ref-
erence pair can be created for each AP referencing another
AP that it can hear. The reference pair can include informa-
tion that can be used to scale, such as an x and y coordinate
in a coordinate system, a difference between the coordinates,
etc. Additionally, RSSI information can be collected and
maintained. In some examples, the RSSI information can be
maintained, for example, the last RSSI value received can be
kept, a normalized RSSI value can be determined (e.g.,
based on a normalizing function or process), a set of
previous RSSI values, etc. As shown in Table 1, a reference
pair can exist for AP 1104-1105 where AP 110a determines
RSSIs for and refers to AP 1104 and a separate reference pair
where AP 1105 determines RSSIs for and refers to AP 110a.
Similarly, AP reference pairs can exist for each of the APs
and/or for each of the APs that have heard another AP.

[0024] Table 2 shows another example of using scale
values for AP reference pairs.
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TABLE 2

Scaling Example

AP Pair RSSI Scale Distance

AP 110a-110b
AP 110b-110a

Scale Value 1
Scale Value 2

AP 110a-110b(x, y)
AP 110b-110a(x, y)
AP 110a-110n

Scale Value i AP 110a-110n(x, y)

[0025] In this example coordinate scale values can be
determined. In some examples, the coordinate scale values
are the RSSI information. In other examples, the coordinate
scale values are processed RSSI information (e.g., taking
into account multiple samples of RSSI information). In one
example, the coordinate scale values can be used to create a
fit model for the way radio signal strength in the area
correlate to distances. Examples of fit models are a general
linear fit model, a heteroscedastic model, a trend line,
polynomial regression, etc. In some examples, a base model
can be set and parameters can be set to account for inter-
ference. In some examples, the model can be used to scale
RSSI values to distances. Moreover, the scale values can be
considered a scale. Further, in some examples, the fit model
can also take into account the characteristics of radio signal
strength at particular channels being used. Moreover, the
model can normalize the model(s) based on which APs can
hear a client device 112. Normalization can be beneficial
since each client device 112 may have varying radio/antenna
strengths. For example, comparisons of how much signal is
heard at each AP compared to other APs can be used in the
normalization process. As such, in some examples, the
distance values can be based on an RSSI for the client device
112 seen at a first AP compared to an RSSI for the client
device 112 seen at a second AP at the same or similar time.
In one example, 2 client devices in the same location as
client device 112 can be seen by multiple APs, for example,
AP 110a, AP 1105, and AP 110n. The transmission capa-
bilities of each can be different (e.g., one is more powerful
than the other). Accordingly, distance values can be repre-
sented in an abstract manner, for example, as a ratio of
power seen between reference pairs.

[0026] The client location engine 124 can be used to
determine a coordinate location of a client device 112 based
on client RSSIs and coordinate scale values. In one example,
the signal strength engine 120 can receive client RSSIs from
APs 110. Client RSSIs are RSSIs observed at respective APs
1104-1107 that observe a client device, for example, client
device 112. An AP can determine an RSSI whenever a client
device makes contact, for example, when the client device
looks for an AP to connect to, when the client device sends
a message, etc. The AP can record, for example, an identifier
(e.g., a media access control (MAC) address, a device
identifier, etc.) of a client device 112, a client RSSI for the
client device 112, and a timestamp. In other examples, other
information may additionally be collected. Multiple APs 110
can collect information about the client device 112. This can
be because multiple APs 110 can hear a radio associated with
the client device 112. Each of the APs 110 also can send the
information to the signal strength engine 120 as well as an
identifier that the information was taken from that particular
AP 110. The signal strength engine 120 can provide the
information to the client location engine 124.
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[0027] The client location engine 124 thus has information
that at a particular point in time, a number of APs 110 could
hear the client device 112, the location of the APs 110, and
the RSSIs of the signal that the APs heard from the client
device 112. The client location engine 124 can determine the
location of the client device 112 based on various
approaches such as trilateration, triangulation, multilatera-
tion, etc.

[0028] Inone example, the APs 110 are mapped to a plane
or polygon. As such, with three distances and points of
reference (APs 110), the intersection of circles using the
distances can be used to determine coordinate information
for the client device. In some examples, circles from two
APs in conjunction with known or assumed boundaries (e.g.,
end of the polygon, a floor, etc.) can be used. In other
examples, altitude can also be used and overlapping of
spheres can be used to find a three dimensional coordinate
to associate with the client device 112. Moreover, in some
examples, if the intersection of distances from multiple APs
110 does not map exactly, averaging or other analysis can be
used to estimate the location of the client device. For
example, if 5 APs 110a, 1105, 110c¢, 1104, 1102 hear the
client device 112 and the view from one of the APs 110 is
off from the others (e.g., due to interference limiting the
hearing of the client device 112 from AP 110c¢), the corre-
lation using information from AP 110c¢ can be dropped for
the analysis of client device 112. As such, the coordinate
location of the client device 112 can be based on client
RSSIs associated with the client device 112, the coordinate
scale values, and coordinate information for the respective
APs 110 that can hear the client device 112.

[0029] In some examples, a network controller 210 can
interface between the APs 110 and location device 202. In
one example, the APs 110 collect client and AP RSSI
information and provide the RSSI information to the net-
work controller 210. The network controller 210 can provide
the information to the signal strength engine 120. In this
manner, the APs 110 can indirectly provide the information
to the signal strength engine 120 and the signal strength
engine 120 can receive the RSSI information.

[0030] As used herein, the term network controller 210
can, for example, refer to any suitable entity that handles
control and management functions of a network. It is appre-
ciated that, certain networks may allow for the decoupling of
traffic routing control decisions (e.g., which port of a given
switch should be used to forward traffic en route to a given
destination) from the network’s physical infrastructure.
[0031] Network nodes within a network environment can
forward traffic along a datapath based on metadata within the
traffic. For example, traffic in the form of a packet can be
received at a switch (or another suitable intermediary net-
work node) such as an AP. For consistency, the industry term
“packet” is used throughout this description, however, it is
appreciated that the term “packet” as used herein can refer
to any suitable protocol data unit (PDU). Such a packet can,
for example, include payload data as well as metadata in the
form of control data. Control data can, for example, provide
data to assist the network node with reliably delivering
payload data. For example, control data can include network
addresses for source and destination nodes (e.g., client
device 112), error detection codes, sequencing information,
packet size of the packet, a time-to-live (T'TL) value, etc. In
contrast, payload data can include data carried on behalf of
an application for use by source and destination nodes. In
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some examples, RSSI information can be provided from the
APs 110 to signal strength engine 120 via the network
controller 210 as control data. In other examples, the RSSI
information can be provided using alternative approaches.
[0032] The engines 120, 122, 124, 226 include hardware
and/or combinations of hardware and programming to per-
form functions provided herein. Moreover, modules (not
shown) can include programming functions and/or combi-
nations of programming functions to be executed by hard-
ware as provided herein. When discussing the engines and
modules, it is noted that functionality attributed to an engine
can also be attributed to the corresponding module and vice
versa. Moreover, functionality attributed to a particular
module and/or engine may also be implemented using
another module and/or engine.

[0033] A processor 230, such as a central processing unit
(CPU) or a microprocessor suitable for retrieval and execu-
tion of instructions and/or electronic circuits can be config-
ured to perform the functionality of any of the engines
described herein. In certain scenarios, instructions and/or
other information, such as topology, classifications, rules,
policies, location information, access point information, etc.,
can be included in memory 232 or other memory. Moreover,
in certain implementations, some components can be uti-
lized to implement functionality of other components
described herein.

[0034] The communication networks can use wired com-
munications, wireless communications, or combinations
thereof. Further, the communication networks can include
multiple sub communication networks such as data net-
works, wireless networks, telephony networks, etc. Such
networks can include, for example, a public data network
such as the Internet, local area networks (LANs), wide area
networks (WANs), metropolitan area networks (MANSs),
cable networks, fiber optic networks, combinations thereof,
or the like. In certain examples, wireless networks may
include cellular networks, satellite communications, wire-
less LANS, etc. Further, the communication network can be
in the form of a direct network link between devices. Various
communications structures and infrastructure can be utilized
to implement the communication network(s).

[0035] By way of example, devices can communicate with
each other and other components with access to the respec-
tive networks via a communication protocol or multiple
protocols. A protocol can be a set of rules that defines how
nodes of the respective networks interact with other nodes.
Further, communications between network nodes can be
implemented by exchanging discrete packets of data or
sending messages. Packets can include header information
associated with a protocol (e.g., information on the location
of the network node(s) to contact) as well as payload
information. Networks can include the APs 110, the client
device 112, the location device 202, the network controller
210, the internet, etc. One or more of the devices can
communicate with other devices via one or more of the
networks.

[0036] FIG. 3 is a flowchart of a method for determining
a scale to use to track client locations using received signal
strength indicators, according to an example. FIG. 4 is a
block diagram of a computing device capable of determining
client device coordinates based on received signal strength
indicators, according to an example. The computing device
400 includes, for example, a processing element 410, and a
machine-readable storage medium 420 including instruc-
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tions 422, 424, 426, 428 for using RSSIs in a coordinate
system. Computing device 400 may be, for example, a
server, a workstation, a notebook computer, a slate comput-
ing device, or any other computing device capable of
performing the functionality described.

[0037] As noted above, APs can be placed at various
locations of a location (e.g., a building). An entity owning or
controlling the locations may desire location information
about client devices and their uses accessing the locations.
As described above, APs can be provisioned coordinate
information about themselves. In one example, this can be
via a technician that sets up the AP. In another example, the
APs can have a sensor, such as a GPS sensor to collect the
information. Further, as noted above, APs can collect AP
RSSIs about other access points in the location that the
respective AP can hear. The APs can collect and send that
information to a computing device 400. In some examples,
an intermediary, such as a network controller can collect
and/or process the RSSI information before it gets to the
computing device 400. In some examples, RSSIs can be
collected and sent as a group.

[0038] As noted, each of the APs can be associated with
coordinate information. The coordinate information can be
provided by the APs or be provided to the computing device
400 in another manner (e.g., based on user input). Further,
in some examples, the computing device 400 may process
raw coordinates to a coordinate system, for example, by
mapping the APs to a polygon or plane.

[0039] At 302, the computing device 400 can execute
communication instructions 422 to receive AP RSSIs. As
noted, the RSSIs can be determined at the APs. As noted
above, the AP RSSIs are from the perspective of one AP and
referencing another one of the APs in the location.

[0040] At 304, record instructions 424 can be executed to
maintain a plurality of records for the wireless AP reference
pairs. The reference pairs can correspond to individual APs
that supply the RSSIs and refer to the AP that the individual
AP can hear.

[0041] At 306, the scale instructions 426 can be executed
by processing element 410 to determine a scale associated
with each of the records based on the RSSIs for the AP
reference pairs and the coordinate information for the cor-
responding APs as described above, for example, in refer-
ence to Table 1 and Table 2.

[0042] Processing element 410 may be, one or multiple
central processing unit (CPU), one or multiple semiconduc-
tor-based microprocessor, one or multiple graphics process-
ing unit (GPU), other hardware devices suitable for retrieval
and execution of instructions stored in machine-readable
storage medium 420, or combinations thereof. The process-
ing element 410 can be a physical device. Moreover, in one
example, the processing element 410 may include multiple
cores on a chip, include multiple cores across multiple chips,
multiple cores across multiple devices (e.g., if the comput-
ing device 400 includes multiple node devices), or combi-
nations thereof. Processing element 410 may fetch, decode,
and execute instructions 422, 424, 426, 428 to implement
location analysis. As an alternative or in addition to retriev-
ing and executing instructions, processing element 410 may
include at least one integrated circuit (IC), other control
logic, other electronic circuits, or combinations thereof that
include a number of electronic components for performing
the functionality of instructions 422, 424, 426, 428.
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[0043] Machine-readable storage medium 420 may be any
electronic, magnetic, optical, or other physical storage
device that contains or stores executable instructions. Thus,
machine-readable storage medium may be, for example,
Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage
drive, a Compact Disc Read Only Memory (CD-ROM), and
the like. As such, the machine-readable storage medium can
be non-transitory. As described in detail herein, machine-
readable storage medium 420 may be encoded with a series
of executable instructions for determining a scale to help
determine client locations based on RSSIs.

[0044] FIG. 5 is a flowchart of a method for determining
client coordinate information based on received signal
strength indicators, according to an example. Although
execution of method 500 is described below with reference
to computing device 400, other suitable components for
execution of method 500 can be utilized (e.g., location
device 202). Additionally, the components for executing the
method 500 may be spread among multiple devices. Method
500 may be implemented in the form of executable instruc-
tions stored on a machine-readable storage medium, such as
storage medium 420, and/or in the form of electronic cir-
cuitry.

[0045] As noted above, APs can hear clients as well as the
other APs. The APs can determine client RSSIs when the
client communicates with the respective APs. The client
RSSIs can be associated with timestamps. The APs can send
the client RSSI information to the computing device 400.
[0046] At 502, communication instructions 422 can be
executed by processing element 410 to receive client RSSIs
that are determined by the APs. As noted above, in some
examples, client RSSIs for a client can be received from at
least two APs while in other examples, client RSSIs for the
client can be received from at least three APs.

[0047] At 504, the computing device 400 can determine
the timestamps. Timestamps can be used to determine what
client RSSIs to use for determining a location of a client at
a particular time. The timestamps can be used to coordinate
information received from multiple APs. In certain
examples, the APs can have their timing components syn-
chronized.

[0048] At 506, client instructions 428 can be executed by
the processing element 410 to determine estimated distances
of the client from the APs that can hear the client. As
described above, the estimated distances can be based on
scales associated with AP reference pairs.

[0049] At 508, the client instructions 428 can be executed
to determine client coordinate information for the client
based on the estimated distances of the client from each of
the APs. Since the coordinate information for the APs are
known, analysis can be done based on the RSSI information,
the scale, and the locations of the APs to determine the
location of the client. In some examples, other information,
such as boundary information can be used to help determine
the coordinate information associated with the client. As
noted above, timestamps can be used to determine when the
client was at a particular location. For example, client
location can be analyzed at multiple times, where RSSI
information is used for particular time periods based on the
timestamps to determine where the client is at various times.
[0050] At 510, the computing device 400 can determine a
location specific message for the client. In one example, an
advertisement associated with a store in a mall at the
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location may be provided based on the location of the client.
In another example, a security warning may be provided
when a client device reaches a certain point. In a further
example, a message to get out particular paperwork at an
airport may be provided when nearing a checkpoint. The
computing device 400, or other computing device, can
determine and send the location specific message to the
client.

[0051] Information about some client devices can be used
to send messages to other client devices as well. For
example, employees at a store, theme park, or other location
may be supplied with employee client devices. The locations
of the employees can thus be tracked. Moreover, the com-
puting device 400 can associate the employee devices as
known devices belonging to employees. Further, other
devices, such as customer devices can also be tracked. If a
number of customer devices are at a particular location, an
employee or multiple employees may receive a message to
go to that location (e.g., to make sure that the customer needs
are being met).

[0052] FIG. 6 is a flowchart of a method for determining
coordinates for access points used for tracking client
devices, according to an example. Although execution of
method 600 is described below with reference to AP location
engine 226, other suitable components for execution of
method 600 can be utilized (e.g., computing device 400).
Additionally, the components for executing the method 600
may be spread among multiple devices. Method 600 may be
implemented in the form of executable instructions stored on
a machine-readable storage medium, such as storage
medium 420, and/or in the form of electronic circuitry.
[0053] At 602, the AP location engine 226 can receive
sensor information (e.g., GPS sensor information) associ-
ated with APs. In one example, the respective APs can
collect the sensor information and send the information to
the AP location engine 226. In some examples, the AP
location engine 226 can receive coordinate information
using alternative means, for example, the APs can be pro-
visioned with the information and the APs can provide the
coordinate information to the AP location engine 226. In
another example, user input can be provided to the AP
location engine 226 (e.g., as a field or table) to associate the
APs with coordinate information.

[0054] At 604, the APs can be mapped to a polygon or
plane. The mapping can be based on the sensor information,
user input, etc. In a building, multiple floors can each be
associated with a separate polygon. APs associated with
particular floors can be used to analyze locations of clients
heard by the APs located on that floor. At 606, coordinate
information for the APs can be determined using the map-
ping. In one example, a reference AP can be used and
coordinates can be marked from that reference AP. In
another example, a global coordinate system can be used.

[0055] FIG. 7 is a flowchart of a method for updating a
scale for received signal strength indicators to track client
devices, according to an example. Although execution of
method 700 is described below with reference to computing
device 400, other suitable components for execution of
method 600 can be utilized (e.g., scale engine 122). Addi-
tionally, the components for executing the method 700 may
be spread among multiple devices. Method 700 may be
implemented in the form of executable instructions stored on
a machine-readable storage medium, such as storage
medium 420, and/or in the form of electronic circuitry.



US 2018/0324741 Al

[0056] As noted above, the AP RSSI information can be
analyzed and updated to account for changes. The APs can
continually or periodically collect and send AP RSSIs to the
computing device 400. At 702, the computing device 400
can receive AP RSSIs from the APs. The computing device
400 can update the scale associated with one of the records
that it maintains that corresponds to one of the AP reference
pairs associated with the AP that provided the AP RSSI
information (704).
[0057] While certain implementations have been shown
and described above, various changes in form and details
may be made. For example, some features that have been
described in relation to one implementation and/or process
can be related to other implementations. In other words,
processes, features, components, and/or properties described
in relation to one implementation can be useful in other
implementations. Furthermore, it should be appreciated that
the systems and methods described herein can include
various combinations and/or sub-combinations of the com-
ponents and/or features of the different implementations
described. Thus, features described with reference to one or
more implementations can be combined with other imple-
mentations described herein.
[0058] As used herein, “logic” is an alternative or addi-
tional processing resource to perform a particular action
and/or function, etc., described herein, which includes hard-
ware, e.g., various forms of transistor logic, application
specific integrated circuits (ASICs), etc., as opposed to
machine executable instructions, e.g., software firmware,
etc., stored in memory and executable by a processor.
Further, as used herein, “a” or “a number of” something can
refer to one or more such things. For example, “a number of
widgets” can refer to one or more widgets. Also, as used
herein, “a plurality of” something can refer to more than one
of such things.
What is claimed is:
1. A method comprising:
receiving, by a computing device, a plurality of access
point received signal strength indicators (RSSIs) deter-
mined at a plurality of wireless access points,
wherein each of the wireless access points are associated
with coordinate information,
maintaining a plurality of records for wireless access
point reference pairs,
wherein each of the access point RSSIs are determined at
a first one of the wireless access points and reference a
second one of the wireless access points,
wherein the wireless access point reference pairs corre-
spond to the respective first one of the wireless access
points and the second one of the wireless access points;
and
determining, by the computing device, a scale associated
with each of the records based on the respective RSSIs
for the respective wireless access point reference pairs
and the coordinate information for the corresponding
wireless access points in the wireless access point
reference pairs.
2. The method of claim 1, further comprising:
receiving a plurality of client RSSIs associated with a
client from at least two of the wireless access points;
and
determining coordinate information for the client based
on the respective scale associated with the at least two
wireless access points.
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3. The method of claim 2, further comprising:

determining, by one of the at least two wireless access
points, a first portion of the access point RSSIs and a
second portion of the client RSSIs; and

sending, by the one of the at least two wireless access

points the first portion and the second portion to the
computing device.
4. The method of claim 1, further comprising:
receiving a plurality of client RSSIs associated with a
client from at least three of the wireless access points;

determining an estimated distance of the client from each
of the at least three wireless access points based on at
least one of the scales associated with the respective at
least three wireless access point; and

determining coordinate information for the client based

on the respective estimated distances of the client from
the at least three wireless access points.

5. The method of claim 1, further comprising:

determining a location specific message for the client; and

causing transmittal of the location specific message to the
client.

6. The method of claim 1, further comprising:

mapping the wireless access points to a plane based on

sensor information, wherein the respective coordinate
information is based on the sensor information and
mapping.

7. The method of claim 1, further comprising:

receiving, a different plurality of access point RSSIs from

one of the wireless access points; and

updating the scale associated with one of the records for

a corresponding one of the wireless access point ref-
erence pairs.

8. A non-transitory machine-readable storage medium
storing instructions that, if executed by a physical process-
ing element of a computing device, cause the computing
device to:

receive, a plurality of access point (AP) received signal

strength indicators (RSSIs) determined at a plurality of
APs,

wherein each of the APs are associated with coordinate

information,
maintain a plurality of records for AP reference pairs,
wherein each of the AP RSSIs are determined at a first one
of the APs and reference a second one of the APs,

wherein the AP reference pairs correspond to the respec-
tive first one of the APs and the second one of the APs;

determine a plurality of scales each scale associated with
one of the records based on the respective RSSIs for the
respective AP reference pairs and the coordinate infor-
mation for the corresponding APs in the AP reference
pairs;

receive a plurality of client RSSIs associated with a client

from at least two of the APs; and

determine client coordinate information for the client

based on the respective scale associated with the at
least two APs.

9. The non-transitory machine-readable storage medium
of claim 8, further comprising instructions that, if executed
by the physical processing element, cause the computing
device to:

determine a plurality of timestamps associated with the

respective client RSSTs,

wherein the client coordinate information is further based

on the timestamps.
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10. The non-transitory machine-readable storage medium
of claim 9, further comprising instructions that, if executed
by the physical processing element, cause the computing
device to:

determine an estimated distance of the client from each of

the at least two APs based on the respective scale
associated with the at least two APs,

wherein the client coordinate information is further based

on the estimated distance.

11. The non-transitory machine-readable storage medium
of claim 8, further comprising instructions that, if executed
by the physical processing element, cause the computing
device to:

determine a location specific message for the client; and

cause transmittal of the location specific message to the

client.

12. The non-transitory machine-readable storage medium
of claim 8, further comprising instructions that, if executed
by the physical processing element, cause the computing
device to:

receive sensor information from the APs;

map the APs to a polygon based on sensor information;

and

determine the respective coordinate information for the

APs based on the sensor mapped sensor information.
13. A system comprising:
a signal strength engine to receive a plurality of access
point (AP) received signal strength indicators (RSSIs)
from a first plurality of APs,
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wherein each of the first APs are associated with coordi-
nate information including a first coordinate associated
with a first dimension and a second coordinate associ-
ated with a second dimension,

wherein a first one of the APs corresponds to a set of the
AP RSSIs,

wherein each of the AP RSSIs from the set relate to a
respective signal strength associated with each of a
second plurality of the APs;

a scale engine to determine a plurality of coordinate scale
values according to the RSSIs from the set and the
respective coordinate information of the first one AP
and the second plurality of the APs;

a client location engine to:

receive a plurality of client RSSIs associated with a client
device from the first one AP and the second plurality of
the APs;

determine a coordinate location of the client device based
on the client RSSTs, the coordinate scale values, and the
coordinate information of the first one AP.

14. The system of claim 13, further comprising:

the first one AP to:

collect a group of the AP RSSIs associated with the
second plurality of the APs; and

send the group of the RSSIs to the signal strength engine.

15. The system of claim 14, wherein the first one AP

further includes a location sensor that determines the coor-
dinate information associated with the first one AP.
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