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devices and alignment tools to assist in aligning wireless radio devices.
These alignment tools may automatically or manually receive location in-
formation and may use a local compass function to determine a rough or ini-
tial alignment and additional tools to provide further (fine) alignment based
on calculated and actual signal strength between the two devices being
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WIRELESS RADIO DEVICE ALIGNMENT TOOLS AND METHODS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This patent claims priority to U.S. provisional patent application no. 62/019,329, filed on
June 30, 2014 (titled “WIRELESS RADIO DEVICE ALIGNMENT TOOLS AND METHODS”) which

is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE
[0002] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
[0003] Described herein are wireless communications systems and methods, including broadband

wireless radios such as IEEE 802.11 radios and methods and tools for aligning them.

BACKGROUND
[0004] Wireless communication devices and wireless networks have proliferated in recent years.
This has resulted in region having different electromagnetic spectrum profiles. For example, in some
regions geographic as well as population conditions have resulted in relatively crowded local frequency
spectra. Although both regulatory agencies (such as the FCC in the United States) and manufacturers
have attempted to regulate and minimize such crowding, it has proven difficult to optimize and prevent
interference across commercially relevant portions of the electromagnetic spectrum. In particular,
electromagnetic interference, from both natural and man-made sources, is difficult to predict and to avoid.
Unfortunately, electromagnetic interference causes significant problems for wireless devices and
networks. Electromagnetic interference can arise from other communication devices even if those other
devices use a different carrier frequency. For example, a cordless telephone using a first carrier
frequency could generate electromagnetic interference that makes it difficult for a communication device
using a second carrier frequency to maintain connection to a local area network (LAN). Electromagnetic
interference might also arise from electronic devices other than communication devices (e.g., microwave
ovens, etc.).
[0005] Determining the source of interference and/or preventing or avoiding it has proven difficult.
Since electromagnetic interference can be highly local, and interference in the electromagnetic spectrum
seen by some devices may not be seen by other devices even in the same network, it would be helpful to
be able to monitor local interference at a wireless radio device, including at both ends of link in a

network, such as at an access point (AP) and at an end device (e.g. a customer provided equipment, or
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CPE). In addition, since electromagnetic “traffic” and interference may vary greatly over time, it would

be helpful to monitor continuously.

[0006] Further, the alignment of wireless radio devices, and particularly devices that are configured
for directed (e.g., point-to-point) transmission may be of particular importance in enhancing the operation
of these devices and of networks including them. Traditional alignment of a local wireless radio device
(e.g., antenna) with another wireless radio device is a slow, and iterative process that is particular labor
intensive when the two devices are separated by a substantial distance. Thus, it would be beneficial to

provide devices and method (including alignment tools) for aligning such wireless radio devices.

SUMMARY OF THE DISCLOSURE
[0007] Described herein are wireless radio apparatuses (devices and systems), and method and
apparatus (including tools) for aligning them. In particular, described herein are methods and apparatuses
(e.g., tools) for point-to-point alignment of wireless radio devices.
[0008] Any of the wireless radio devices described herein may be wireless devices that include
integrated spectrum analyzers. For example, described herein are devices and systems that include a first
wireless radio receiver and transmitter (or transceiver) that operates in parallel with a second receiver; the
second receiver may be configured as a spectrum analyzer, and continuously scans the operating band.
Thus, in any of the devices described herein, the spectrum analyzer portion and the first receiver may be
operated concurrently and independently of each other. Information on the spectrum that comes from
monitoring the operating band may be stored, analyzed and/or transmitted by a processor that is
associated with the spectrum analyzer, referred to herein as a spectrum processor. The spectrum
information may be encrypted and may be transmitted to one or more remote processors (including
servers) using the transmitter (Tx) that is used for normal operation of the wireless radio, or the spectrum
analyzer may include a dedicated transmitter (or transceiver).
[0009] For example, described herein are wireless radio devices that are configured to wirelessly
receive and transmit radio frequency signals in an operating band and have an integrated spectrum
analyzer. The spectrum analyzer may be configured to operate continuously or continuously or
constantly. For example, the spectrum analyzer may be adapted to constantly scan an operating band, and
after one or more (predetermined) scan, may pause before starting the next scan or sets of scans. For
example, a wireless radio device configured to wirelessly receive and transmit radio frequency signals in
an operating band having an integrated spectrum analyzer may include: an antenna (e.g., a receive
antenna); a first receiver coupled to the antenna by a first receiving path for receiving a radio frequency
signal within the operating band from the antenna; a spectrum analyzer operating in parallel with the first
receiving path, wherein the spectrum analyzer is configured to continuously scan through the operating
band and collect spectrum information on the operating band concurrent with the first receiver receiving
the radio frequency signal; and a spectrum processor coupled to the spectrum analyzer and configured to

wirelessly transmit the spectrum information to a remote spectrum analysis unit.
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[00010] The antenna may be for both receiving and transmission, or it may be a dedicated receive

antenna. Although the primary receiver (or transceiver) may operate with the same antenna (and in
parallel) as the receiver adapted to operate as the spectrum analyzers, the spectrum analyzer may use a
separate (e.g., dedicated) antenna.

[00011] The general-purpose receiver of the device or system typically receives radio frequency
signals within an operating band, as described in greater detail below, may operate in one or more
channels and may be switches between channels within the operating band. The spectrum analyzer
typically scans through all of the channels of the operating band. In some variations, the spectrum
analyzer may scan though a band that is larger than the operating band, for example, bracketing the
operating band on one or both sides of the spectrum.

[00012] A wireless radio device configured to wirelessly receive and transmit radio frequency signals
in an operating band may include: an antenna; a first receiver coupled to the antenna by a first receiving
path for receiving a radio frequency signal from the antenna; a second receiving path in parallel with the
first receiving path, the second receiving path coupled to the antenna and connected to a spectrum
analyzer, wherein the spectrum analyzer is configured to continuously scan the operating band while the
first receiver receives the radio frequency signal and to record spectrum information on the operating
band; and a spectrum processor coupled to the spectrum analyzer and configured to encode the spectrum
information for transmission to a remote spectrum analysis unit.

[00013] Described herein are method and tools (devices and systems) for aligning wireless radio
devices. For example, described herein are methods for point-to-point alignment of wireless radio
devices. Any of these methods may use an alignment tool, and in particular, and alignment tool having a
compass which may be one or more sensors that can be operated as a compass (e.g. providing direction
relative to north, south, etc.). For example, a method may comprise: determining a location of a first
wireless radio device that is remotely located relative to the alignment tool; determining a location of a
second wireless radio device that is local to the alignment tool; using the compass of the alignment tool
and the locations of the first and second wireless radio devices to determine a direction to point the
second wireless radio device; and displaying, with the alignment tool, an indicator of the direction.
[00014]  For example, a method for point-to-point alignment of wireless radio devices using an
alignment tool having a compass may include: entering an identity of a first wireless radio device into the
alignment tool, wherein the first wireless radio device is remotely located relative to the alignment tool;
determining a location of the first wireless radio device; determining a location of a second wireless radio
device that is local to the alignment tool; calculating a direction of the first wireless radio device relative
to the second wireless radio device; using the compass of the alignment tool to determine a direction to
point the second wireless radio device so that the second wireless device is oriented towards the first
wireless radio device; and displaying, with the alignment tool, an indicator of the direction to point the
second wireless radio device.

[00015]  The step of determining the location of the first wireless radio device may include entering

the identity of the first wireless radio device into the alignment tool. Determining the location of the first
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wireless radio device may comprises entering the identity of the first wireless radio device into the

alignment tool and receiving GPS information indicating the location of the first wireless radio device.
[00016] In general, calculating the direction of the first wireless radio device relative to the second
wireless radio device may comprise calculating the direction of the first wireless radio device relative to
the second wireless radio device in the alignment tool. This calculation may be performed using the GPS
information, as mentioned. Calculating the direction of the first wireless radio device relative to the
second wireless radio device may comprise calculating the direction of the first wireless radio device
relative to the second wireless radio device in a remote processor and transmitting the direction to the
alignment tool.

[00017] Determining the location of the first wireless radio device may comprise wirelessly receiving,
in the alignment tool, a GPS indication of the location of the first wireless radio device, either
automatically or manually, Determining the location of the second wireless radio device may comprise
determining the location of the alignment tool. Determining the location of the second wireless radio
device may comprise receiving a GPS indication of the location of the second wireless radio device,
either manually or automatically.

[00018] The method may also include finely tuning the direction of the second radio device. For
example, the method may include displaying with the alignment tool, an indicator of the measured signal
strength between the first and second radio devices. In addition, the method may include calculating an
estimate of optimal signal strength between the first and second wireless radio devices and displaying on
the alignment tool an indicator of the optimal signal strength between the first and second wireless radio
devices. The actual and calculated signal strengths (ideal signal strength) may be used as a guide to drive
fine tuning of the alignment. This fine tuning may be performed manually or automatically. For
example, the method may include calculating an estimate of optimal signal strength between the first and
second wireless radio devices and displaying on the alignment tool an indicator of how optimal the signal
strength between the first and second wireless radio devices is.

[00019] The method may also include activating the alignment tool, wherein the alignment tool
comprises a smartphone executing application software, as described herein. Alternatively or
additionally, the alignment tool may be a module attached to the second wireless radio device. For
example the alignment tool may be built into a wireless radio device for aligning it, or it may be adapted
to dock onto/couple with the wireless radio device.

[00020]  Also described herein are alignment tools. For example, an alignment tool to assist in
aligning a first wireless radio device and a second wireless radio device may be configured as a non-
transitory computer-readable storage medium storing a set of instructions capable of being executed by a
processor, wherein the set of instructions, when executed by the processor, causes the processor to:
determine a location of the first wireless radio device; determine a location of the second wireless radio
device; calculate a direction of the first wireless radio device relative to the second wireless radio device;

use a compass to determine a direction to point the second wireless radio device so that the second
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wireless device is oriented towards the first wireless radio device; and cause an indicator of the direction

to point the second wireless radio device to be displayed.

[00021] For example, an alignment tool to assist in aligning a first wireless radio device and a second
wireless radio device, may comprise a non-transitory computer-readable storage medium storing a set of
instructions capable of being executed by a processor, wherein the set of instructions, when executed by
the processor, causes the processor to: determine a location of the first wireless radio device; determine a
location of the second wireless radio device; calculate a direction of the first wireless radio device relative
to the second wireless radio device; use a compass to determine a direction to point the second wireless
radio device so that the second wireless device is oriented towards the first wireless radio device; cause an
indicator of the direction to point the second wireless radio device to be displayed; and cause an indicator
of the signal strength between the first and second wireless radio devices to be displayed.

[00022]  The set of instructions, when executed by the processor, may further cause the processor to:
calculate an estimate of optimal signal strength between the first and second wireless radio devices; and
cause an indicator of the optimal signal strength between the first and second wireless radio devices to be
displayed. In some variations, the set of instructions, when executed by the processor, further causes the
processor to: calculate an estimate of optimal signal strength between the first and second wireless radio
devices; and cause an indicator of how optimal the signal strength between the first and second wireless
radio devices is to be displayed.

[00023] In some examples the alignment tool is an app that runs on a handheld device (e.g. table,
smartphone, laptop, etc.) which may include a display screen and one or more sensors that can provide
directional information (e.g., compass, etc.). Thus, the processor may comprise a processor of a
smartphone,

[00024]  The alignment tool may determine the location of the local and remote wireless devices either
manually (by having a user input or select from a menu of local/remote devices and/or their locations
and/or their operating characteristics, make/model, etc.) or automatically, or semi-automatically (e.g.,
requiring confirmation by the user of automatically detected information).

[00025] For example, the set of instructions, when executed by the processor, may further cause the
processor to: receive the identity of the first wireless radio device into the alignment tool. The set of
instructions, when executed by the processor, may further cause the processor to: receive the identity of
the second wireless radio device into the alignment tool.

[00026] In some variations, the set of instructions, when executed by the processor, further causes the
processor to: receive GPS information indicating the location of the first wireless radio device. The set of
instructions, when executed by the processor, may further cause the processor to: receive GPS
information indicating the location of the second wireless radio device.

[00027]  The set of instructions, when executed by the processor, may further cause the processor to:
determine the location of the second wireless radio device from the location of the alignment tool. The

set of instructions, when executed by the processor, may further cause the processor to: cause an indicator
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of the measured signal strength between the first and second radio devices to be displayed by the

alignment tool.

[00028]  Although the examples of alignment tools described above are configured as applications
(e.g. software) that can be run on a general-purpose processor, dedicated alignment tools may also be
used, and may incorporate any of the elements described herein for the alignment tools, including a

directional sensor (e.g., compass) and processor.

BRIEF DESCRIPTION OF THE DRAWINGS
[00029] FIG. 1A schematically illustrates one example of a device having an integrated spectrum
analyzer for independently and continuously monitoring the operating band.
[00030] FIG. 1B schematically illustrates another example of a device having an integrated spectrum
analyzer for independently and continuously monitoring the operating band.
[00031] FIG. IC is a schematic illustration of a wireless radio device including a persistent spectrum
analyzer operating in parallel with a high-selectivity receiver.
[00032]
[00033] FIG. 2 is a schematic illustration of an alignment tool for point-to-point alignment.
[00034] FIG. 3 is an example of generic point-to-point alignment that may be performed or assisted
with an alignment tool.
[00035] FIG. 4 illustrates an alignment tool configured as an app running on a smartphone that
providing an initial (rough) alignment guide.
[00036] FIGS. 5A and 5B illustrate an alignment tool causing the display of information for fine
alignment of a local wireless radio device. In FIGS. 5A and 5B the alignment tool causes the display
(e.g., display of a smartphone) to show a direction indicator for alignment (arrow), a target signal level
between the local and remote devices and the current (actual) signal level(s) between the local and remote
devices.
[00037] FIGS. 6A-6F illustrate one method of operating an alignment tool for point-to-point
alignment of a local and remote device.
[00038] FIGS. 7A and 7B illustrate alignment of a pair of devices using variations of the alignment
devices described herein.
[00039] FIG. 8 shows another variation of an alignment device, using an optical alignment aid (e.g.,
laser).
[00040] FIG. 9 schematically illustrates a back portion of an antenna including a fixed-orientation

coupling region for an alignment tool.

DETAILED DESCRIPTION
[00041]  In general, described herein are alignment tools for aligning a first wireless radio device and
a second wireless radio device. The alignment tool may include a handheld device that may be held or
attached to an antenna (including attached in a defined orientation relative to the antenna to which it is
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attached). The alignment tool may be a dedicated tool (e.g., having a housing, internal circuitry (e.g.,

processor, memory, GPS, WiFi and/or other radio circuitry), a display, etc., or it may be control logic
operating on a portable computing device, such as a smartphone, or wearable computing device.
Alternatively or additionally, the alignment tool may be integrated into the antenna.

[00042] For example, and alignment tool may include alignment logic, such as a non-transitory
computer-readable storage medium storing a set of instructions capable of being executed by a processor,
wherein the set of instructions, when executed by the processor, causes the processor to: determine a
location of the first wireless radio device; determine a location of the second wireless radio device;
calculate a direction of the first wireless radio device relative to the second wireless radio device; use a
compass to determine a direction to point the second wireless radio devicé so that the second wireless
device is oriented towards the first wireless radio device; and cause an indicator of the direction to point
the second wireless radio device to be displayed.

[00043] These alignment tools may be used with any appropriate radio frequency (RF) antenna
apparatus, including but not limited to those specifically and generically described herein. For example, a
wireless radio apparatuses may include a first (primary) receiver and a second (secondary) receiver that
are connected in parallel, for example, to the same receiving antenna. The primary receiver may be a
high-selectivity receiver, and may be configured to receiver radio-frequency signals within an operating
frequency band. The second receiver may be configured as a spectrum analyzer, that analyzes all or a
portion (e.g., at predetermined frequency locations) of the operating band. The secondary receiver
typically operates simultaneously with the first receiver, and may operate continuously or periodically
(e.g., at regular intervals) to scan the operating band or predetermined portions of the operating band.
The second receiver may be controlled by a secondary processor, which may be configured as a spectrum
processor for controlling operation of the secondary receiver as a spectrum analyzer.

[00044] For example, FIGS.1A and 1B schematically illustrate two generic variations of RF antenna
devices that include a primary receiver (or a receiver portion of a transmitter) that is used to receive
wireless data and operates at one or more frequency channels within an operating band; these devices also
include a secondary receiver that, in conjunction with a secondary processor, simultaneously scans the
frequency spectrum of the operating band.

[00045] In FIG. 1A, the device 101 includes an antenna 102 to which a primary receiver 108 is
connected via a receiving path (line 112). The primary receiver 108 is connected to (and may be
controlled by) a primary processor 106 or controller. In some variations the receiver is part of a
transceiver. In some variations (not shown) a separate transmitter may be connected to the processor 106
and/or the antenna 102. This ‘primary’ pathway may operate to wirelessly communicate with one or
more other devices and typically transmits and receives radio-frequency information using one or more
channels that are part of an operating frequency band. In this example, a secondary receiver 120 is
connected in parallel with the primary receiver 108 to the same antenna 102 which is also connected to a
secondary processor 122. In some variations a separate antenna may be used. In FIG. 1A, the secondary

receiver 124 is configured as a spectrum analyzer 120, and the secondary processor 122 is configured as a
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spectrum processor 122. The spectrum processor can control the spectrum analyzer 120 and process

spectrum information about the frequency band (or specific, predetermined sub-portions of the frequency
band). In particular, the spectrum analyzers (e.g., the spectrum processor portion of the spectrum
analyzer may store (e.g., in a memory 130), analyze, encode, and/or transmit the spectrum information.
[00046] For example, a spectrum processor may cause the secondary receiver to scan through the
operating band (frequency band) collecting frequency spectrum information, including process frequency.
In FIG. 1A the spectrum information (encoded or otherwise) may ¢

[00047] In use, there are many functions that may be performed by apparatuses including a primary
receiver and a secondary receiver adapted to analyze the local frequency spectrum of the apparatus. In
some examples, such an apparatus may be used for simultaneously communicating wirelessly (e.g., via
the primary receiver, a primary transmitter and/or a primary transceiver) and monitoring the local
frequency spectrum over the operating band. The frequency information may be collected, analyzed,
stored and/or transmitted. Spectrum information (data) from the spectrum analyzer may be processed by
filtering or the like. A spectrum analyzer my process signals continuously, e.g., without consideration of
protocol preambles or data coding as would be used in the primary receiver. Thus packet detection is not
required. Frequency domain information may describe power versus frequency for the real and imaginary
component.

[00048]  Spectrum information may be encoded with additional information such one or more of:
temporal information (date/time the frequency information was collected), location/position information
(e.g., GPS information locating the device geographically), orientation information (e.g., direction
orientation), device-identifying information (unique identifiers for a particular device, information about
the make/model of the device, lot number, etc.), or the like.

[00049]  Any of the frequency information (including encoded information) may be stored and/or
transmitted. For example, in FIG., 1A, the spectrum analyzer is shown connected to the antenna so that it
can be transmitted.

[00050] FIG. 1B is another example of a device including a spectrum analyzer 120 connected in
parallel to a primary receiver 108. In this example, the primary receiver is also connected to a processor
106 along with a primary transmitter. A second antenna 104 is used to transmit, while a receiving
antenna 102 is used for receiving wireless radio-frequency information. In FIG. 1B, the same device may
be transmitting and receiving simultaneously, and at the same time monitoring (using the spectrum
analyzer 120) the frequency spectrum of the operating band.

[00051] In both FIG. 1A and FIG. 1B, the spectrum analyzers may wirelessly transmit spectrum
information (encoded or not). The spectrum information may be transmitted by primary transmitter
and/or directly by the antenna (e.g., in FIG. 1B, the transmission antenna), as indicated by the dashed
lines in FIG. 1B.

[00052]  As mentioned above, described herein are radio devices that include at least two sets of radio
receivers, where the first (primary) one of the receivers may be configured to act as a wireless radio for

receiving data and the second receiver may be adapted to do persistent spectrum analysis of the band that

-8-



10

15

20

25

30

35

WO 2016/003864 PCT/US2015/038244
the first receiver is operating in. In some variations, the device may modify the first receiver based on

information from spectrum analysis. In some variations, the device does not modify the first receiver
based on information from the spectrum analysis. The device may be adapted to transmit information
about the local radio frequency (RF) environment from the spectrum analyzer and report this information
to an aggregator (e.g., a remote processor/server) that can combine this information with other frequency
spectrum information from other locations (or overlapping locations). This collected information may be
used to optimize the network frequency channel planning, for example.

[00053] Thus, described herein are apparatuses and methods that use a secondary receiver set,
which may be independent of the first receiver set and may be connected to the same receiving antenna or
may have a separate antenna, and is configured as a spectrum analyzer. In the example, shown in FIG. I,
a radio device that is configured as an 802.11 device operating in the 5 GHz band and includes pair of
receivers 111, 113. One of the receivers is adapted as a spectrum analysis receiver that is continuously
sweeping the full 5GHz band. In FIG. 1, both receivers are connected to the same front-end, including an
antenna adapted to receive in the 5GHz band 103 and pre-filtering, such as a low-noise amplifier 105.
The first receiver 111 is a high-selectivity receiver (HSR) for processing data within the 5 GHz band. In
parallel with the high-selectivity receiver 111, a second receiver 113 operates as a spectrum analyzer to
monitor the SGHz band used by the first receiver 111. A wireless chipset 109 and processor 107 may be
used by either or both receivers. For example, an 802.11(n) SGHz radio may be used as a spectrum
analyzer along with another (data) receiver (primary receiver 111) as part of an 802.6Ac radio. The
802.11(n) receiver may perform persistent spectrum analysis in the background as the other receiver
receives data.

[00054] The spectrum information may be used to modify or adjust the operation of a network that
includes one or more of the devices described above. In particular, similar devices may all report back to
a processor (aggregator) that can monitor the overall RF environment status of a network or of multiple
networks. This information may be used, for example, to optimize network, by optimizing frequency
channel planning or other means, or for optimizing the positioning or operation of individual devices
within the network.

[00055]  As mentioned above, the spectrum information received by the apparatuses described herein
may be collected by one or more aggregators. For example, a wireless network may be configured so that
at least some of the wireless radios in the system gather and transmit spectrum information. This
spectrum information preferably includes both frequency information as well as geographic and temporal
information. This information may be collected or aggregated, for example, by a remote processor (€.g.,
a remote server) which may include a spectrum analysis engine that is configured to aggregate the
information. For example, the remote processor may generate a geo-spectrum database (GSDB) that
includes the aggregated information.

[00056] Thus, contemplated herein are networks in which multiple wireless radios in the network
monitor (e.g., continuously) all or a portion of one or more operating bands in parallel with (‘normal’)

operation as a wireless RF radio receiving and transmitting wireless information in a portion of the
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operating band (e.g., the channel). A networked system that monitors the RF spectrum at various remote

locations using wireless RF devices may be adapted for monitoring, without disrupting the network
operation. For example, a network may include endpoint wireless receivers (e.g., customer
provided/purchased equipment or CPEs) and/or wireless access points (Aps) that each monitor the band
using a secondary receiver that is configured to operate in parallel with a primary wireless radio receiver,
and monitory the frequency spectrum of the communication band without interfering with the operation
of the primary receiver/transceiver and/or transmitter for the device. Thus, the frequency information
collected by the network may be network-wide and not just limited to spectrum information at the base-
station.

[00057]  This information may be used to create a geospatial spectral usage database that includes
historic frequency information, per time-span and per geographic location. This information may
generally be monitoring and/or used remotely (e.g., on the cloud). Information such as spectrum usage
information may be collected, stored and analyzed, and this information may have a relatively fine
granularity (e.g., kHz), and may include, for example, frequency, power, duty-cycle, etc. as well as GPS-
location and antenna information (e.g., directionality, gain, etc.) about the receiver. The angle where the
antenna is pointing may also be stored in the database and/or can be determined by using information
about the GPS-Location and antenna information (such as directionality, gain, etc.) of peer devices.
[00058]  An analysis of this geospatial spectral usage database may be performed for a variety of uses,
and the analysis may be made from historical data or in real-time. For example, this enriched spectrum
information (e.g., enriched with geographic/directional and temporal information) may be used to
deterring a best frequency of operation for a specific network for communication between an AP and one
or more CPEs (e.g., AP to CPE and CPE to AP directions). This determination may be time-based, based
on the per-day/time spectrum usage information discovered. For example, a network (individual
components of the network) may be configured to dynamically change frequency at specific times based
on this information. Thus, if an analysis of this data shows that a particular region of the network
experiences more crowding of a frequency spectrum at a particular time of day, then the network may
regulate operation of these regions to alleviate/avoid problems. In another example, a system may
dynamically change frequency upon detecting interference/blocking signal, as illustrated below. This
may be done based on an analysis of a larger database, or based only on locally collected frequency
spectrum information.

[00059]  In another example, the network and/or devices (APs and/or CPEs) may switch to more
robust coding schemes that combat that specific interference as evaluated by the engine. Additionally or
alternatively, the network and/or devices may change sub-carrier symbol mapping, etc., based on an
analysis of the spectrum.

[00060] During installation of a wireless radio device that operates within the operational band
covered by the database (e.g., the GSDB), this information may be used to more effectively work with the

various nodes of the network, including for alignment, and/or for use with an alignment tool. A spectrum
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analysis engine could use the GSDB to recommend ways to sef-up a network so that it will run most

effectively, including alignment.

[00061]  Although many of the device variations described herein including two receivers acting in
parallel, the database of enriched frequency information may be constructed using devices that do not
include a separate primary and secondary receiver. For example, a device (e.g., AP or station) may have
a single receiver that operates as both the primary receiver for transmission of wireless data and for
monitoring the frequency spectrum. For example, a single receiver may switch between modes (e.g.,
monitoring frequency spectrum and receiving wireless data). Such an embodiment may be used in
particular when switching between modes could be performed relatively quickly (e.g., faster than 5 ms).
Similarly, a network may include one or more nodes that only include frequency spectrum monitoring
devices (receivers). In some variations the devices may include a virtual wireless radio, which may have
both a filter (for receiving wireless data at frequencies within the band) and spectrum analyzer (for

monitoring frequency spectrum information of the entire operational band.

Point-to-Point Alignment

[00062]  Also described herein are point-to-point alignment systems. Any of these systems may be
used as part of the wireless radio systems described herein. Point-to-point alignment methods and
apparatuses (devices and systems) may generally include ways to optimization communication between a
first wireless radio (e.g., an AP) and a second wireless radio (e.g., a station).

[00063] The methods, devices and systems for point-to-point alignment may include the use of an
alignment tool which may a hand-held tool, or it may be integrated into a wireless antenna device, or it
may be remotely located (e.g., on a remote server) and accessed by a local device (e.g., including by the
wireless antenna). In some variations the point-to-point alignment tool is an application (which may
include one or more of software, hardware or firmware) that runs on a handheld computer such as a
smartphone or other mobile computing device. The methods and apparatuses described herein may be
local to the antenna being aligned, or they may include the use of remotely located components, including
a remote processor (e.g., server) that performs at least some of the steps described herein, including
determining the direction between the two antennas being aligned.

[00064] The point-to-point alignment tools and methods described herein may be used with any of the
methods and apparatuses described herein, including the dual-receiver apparatuses and the geospectrum
databases (GSDB) described above, and may incorporate use of the enriched frequency spectrum
information. For example, the point-to-point alignment methods and apparatuses may adjust the
alignment based on optimizing information calculated from the GSDB (e.g., by a spectrum analysis
engine); in some variations antenna alignment, or point-to-point alignment may include adjusting or
modifying the operational parameters of one or both antennas, such as the transmission/reception
channel(s), the modulation type and/or scheduling, etc.

[00065] In general, the point-to-point alignment apparatuses and methods described herein may be

used in a cloud environment (e.g., as part of a remote and/or distributed server), both using info from the
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cloud to facilitate alignment and synchronization between antennae, and in feeding information to cloud

receive feedback regarding a “slave” antenna and/or the local environment.

[00066] The methods and apparatuses for point-to-point operation described herein typically include
methods and devices for point-to-point alignment of wireless radio devices using an alignment tool
having a compass. The compass may be read by the alignment tool, and may be part of or locally
positioned relative to the device being installed (e.g., aligned). The device being installed is typically
positioned remotely relative to the other wireless radio device with witch it is being aligned. As used
herein “local” refers to the immediate vicinity of the article being references; for example, the compass
may be local relative to the antenna being aligned and may be located on (or as part of) the antenna or as
part of a tool (e.g., alignment tool) that can be positioned near (within a few feet, within 10 feet, within 20
feet, within 100 feet, etc.) the antenna. In some variations the alignment tool is local to the antenna when
it is within a few feet of the antenna or a stand/holder for the antenna (e.g., tower), including when it is on
or immediately adjacent to the antenna). The term “remote” or “remotely” may refer to an article that is
located some distance (e.g., more than a few feet, more than a few hundred feet, more than a few miles,
etc.) from the referenced article. For example, the antenna to which the local antenna is being aligned
with may be more than a few feet (more than 20 feet, more than 100 feet, more than 500 feet, more than a
mile, etc.) from the other antenna.

[00067] In general, a method for point-to-point alignment of a wireless radio device using an
alignment tool may include determining a location of the first wireless radio device that is remotely
located relative to the alignment tool, determining the location of the second wireless radio device that is
local to the alignment tool, using the compass of the alignment tool and the locations of the first and
second wireless radio devices to determine a direction to point the second wireless radio device; and
displaying, with the alignment tool, an indicator of the direction.

[00068] In general, the locations of the two antennas may be determined from global positioning
satellite (GPS) information. GPS information may provide position information, and allows for GPS
Clock Synchronization. The GPS information may be provided by the antenna(s), which may include
GPS positioning capability, including hardware and/or software for determining GPS positions. The
position information may therefore be read from the antennas themselves, and/or from a remote server(s)
that has received this information, In some variation the position of the local antenna is determined by
GPS from a separate handheld device, such as the alignment too! or a smartphone configured as an
alignment tool, where the alignment tool is positioned next to or near the antenna and the position of the
antenna is inferred from proximity to the position (GPS position) of the alignment tool.

[00069] In general the compass provides directional information. The directional information may be
provided relative to magnetic north, for example. The compass may be part of the antenna and/or the
alignment tool or both. In general, the compass is electronically readable, so that direction can be sensed
by the alignment tool. In addition to the compass, the alignment tool may have access to one or more of a
gyroscope, accelerometer and/or orientation sensor, which may provide orientation information for fine

tuning X-axis and Y-axis of the antenna, as described in greater detail below. The alignment tool may
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include all or some of these precision alignment components, which can be built into the antenna (as part

of a dedicated alignment tool), or a separate detachable/reusable tool, such as a box can be provided
during installation. As mentioned above, the alignment tool may be downloadable application (*app’) for
configuring and controlling a mobile telecommunications device such as a smartphone; the device (e.g.,
smartphone) may include an on-bard compass and/or gyroscope, accelerometer, orientation sensor or the
like.

[00070] In variations including fine tuning sensors (e.g., gyroscope, accelerometer and/or orientation
sensor), the tool may be connected or connectable to the antenna, antenna mount or antenna holder.
[00071]  The alignment methods and tools described herein are an improvement over currently
available methods and systems for point-to-point aligning of antennas. For example, without an
alignment tool, an antenna orientation and position is typically manually and iteratively adjusted by
attempting to first make a link, then manually aligning the link to improve signal strength by comparing
received transmission strengths between the two antennas, which may be time consuming and difficult,
particularly for antennas separated by any significant distance. Although an antenna mount may be
configured for fine tuning the X-axis (as well as the Y-axis) to help installers better align and perform
point to point (PTP) antennae deployment, this doesn’t solve the problem of having to go through an
iterative process to align PTP links, but instead may only provide limited help in dealing with alignment
challenges. Installers may spend several hours just to align a link and not be certain whether it is
optimized or not.

[00072] The systems, devices and methods (including in particular the alignment tools and methods of
using them) described herein may allow an installer to establish the link and adjust the alignment in
seconds (with confidence alignment is optimized), in contrast to the much longer alignment process
currently required. This functionality/feature can be included in the hardware, software and/or firmware
of the antenna, or be included in a cloud-based device management program.

[00073] In one variation, precision dedicated hardware with GPS, compass, and/or one or more
orientation sensor(s) may be used as an alignment tool to assist with alignment. FIG. 2 schematically
illustrates one variation of an alignment tool. In this example, the alignment tool is configured as a small
device (e.g., “box”) that can sit on or connect to any antenna (e.g., a dish antenna). The antenna or mount
may include mounting bracket for the device. In this example, the device includes a GPS input, which
receives GPS information on the position of the antenna and/or the tool, including height, longitude and
latitude. The tool also includes an input for compass information, including direction (e.g., 0.0 to 359.9
degrees, etc.). Finally, and optionally, the tool may also include an input for one or more accelerometers,
including tri-axial accelerometers, including x-axis rotation, y-axis rotation, and z-axis rotation. In
addition, the tool may include an input for position (e.g., GPS position) of the remote antenna that the
local antenna is attempting to link (point-to-point) with, as well as (in some variations) an indicator of the
direction that the remote antenna is pointing. In some variations, as described below, the tool may also

include an indicator of the link quality (e.g., power).
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[00074]  Ata minimum, the tool may include an input for GPS position of the local antenna, the

remote antenna and the local compass heading. From this information, (e.g., for both sides of a link), the
tool may be able to tell each side of the link how to be adjusted to optimize the connection.
Alternatively, if the directional (compass) information and/or rotational information (e.g., accelerometer
information) is available for only one antenna of the paired antennas, as well as the distance information,
the alignment of the local antenna may be completed with little if any iterative aiming processes and
doubt as to the quality of the alignment. In some variations the alignment tool may include near-field
communication (e.g., Bluetooth) or be connected via IR or hardwired (USB etc.) to another device and/or
to a remote device (e.g., a remote server, the cloud, etc.) and may connect a control/device management
program.
[00075]  Any of the alignment tools described herein may communicate with or include a display, and
may also be capable to wirelessly connect to a corresponding tool on or attached to the other antenna, or
may directly talk with the antenna itself to determine its location or other parameters (e.g., GSP data). In
one variation, the tool of one antenna talks directly to a tool on the other antenna. In another variation,
the tool is part of or otherwise communicated with the installer’s cell phone to connect to the network,
and may use the phone to connect through the network with the other antenna/tool. In another example,
both tools and/or antenna connect to a network and talk to a central administrator located on the remote
server (e.g., cloud), and the information can then displayed be in the app on the installer’s cell phone.
See, e.g., FIGS. 7A and 7B, described in greater detail below.
[00076]  For example, the features/capability of the tool may be implemented by software in a
smartphone. Optionally, an adapter or other connector may be used to fix the smartphone to the antenna
to lock the relative position of the smartphone to the antenna structure.
[00077] In general, the tool may be used to instruct or guide a user (e.g., an installer) in adjusting the
position/orientation of an antenna when aligning it with another antenna in a point-to-point transmission.
Thus, the tool may provide visual and/or audible instructions or guidance to an installer to help initially
(rough) align the local antenna and then optimize (fine positioning) the local antenna. In some variations
the antenna may include one or more motors that may be controlled at least in part by the tool to
automatically adjust/optimize the position of the local antenna. For example, an antenna may have a
motor built into the frame and/or mount to adjust the antenna position. In one variation, only one motor is
included, to adjust the Y-axis. In another variation, one motor is implemented to adjust the Y -axis, and
one motor is implemented to adjust the X-axis. In, yet another variation, three motors are implemented to
adjust the X, Y and Z axis. Auto-adjustment through real-time feedback may be used for initial set-up.
After the device is aligned, the antenna is locked into position. In another variation, the antenna may
continue to correct its alignment when the system detects miss-alignment.
[00078]  An example of alignment generic alignment is shown in FIG. 3. In this example, two
antennas are being aligned for point-to-point transmission and the signal strength is optimized between
the two devices. The first antenna (e.g., local device) on the left may be an AP or CPE (station), while

the second antenna (e.g., remote device) on the right may be a CPE or AP.
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[00079]  FIGS. 15-6B illustrate one variation of an alignment too configured as a mobile wireless

alignment tool. One challenge with installing outdoor wireless equipment at long ranges is the equipment
is usually very directive (focused) and must be precisely aligned so the radios on both ends of the link are
aimed directly at each other. As mentioned above, the systems and devices described herein are not
limited to outdoor devices.

[00080]  Typically, the better the quality of alignment, the higher the signal levels of the wireless link
are. Thus, when installing the wireless devices/antennas, the installer may align the devices on each side
so the link has the highest signal level possible. An alignment tool configured as executable instructions
(code) stored in a non-transitory computer-readable storage medium that controls a processor may be
implemented as an application (e.g., downloadable software) that can be operated a smart phone may be
particularly useful for this purpose. For example, a mobile alignment tool may be configured as
executable instructions that run on a smartphone. The smartphone may include one or more sensors that
provide directional information and may be operated as a compass. The sensor(s) providing directional
information may be referred to as a compass. Any of the mobile devices (including smartphone
variations) described herein may include a built-in compass for automatic bearing calculation.

[00081]  In general, point-to-point alignment may be performed in steps using the alignment tool. For
example, a first step for aligning a wireless device/antenna may include calculating the direction the
device (wireless device) must be pointed for alignment. In general, this calculation may be performed by
the device, with the user providing sufficient input to determine the locations of the local and remote
devices. For example, a user may input the location of the remote device, or a reference that indicates
where this location information may be found. The location of the local device, or a reference to where
the location may be found, may also be input by a user, or the location of the local device may be deduced
from the location of the alignment tool, which may be automatically determined based on, for example, a
GPS signal to/from the tool.

[00082]  The initial alignment of the two (remote and local) devices may be referred to as rough
alignment. If a device is connecting to a device many miles away, it may be difficult to establish an
initial (rough) connection between the two devices. An installer may manually use the GPS coordinates
of the remote device, the GPS coordinates of local device, manually calculate bearings between the
coordinates, and use a compass on site to establish a general direction to aim the device. The alignment
tools described herein may simplify this and provide more accurate and faster alignment by providing an
easy to understand directional indicator (e.g., arrow, pointer, etc.) without requiring that the user do any
calculations.

[00083]  In some variations the alignment tool may already have the GPS coordinates of the remote
radio device that is being connected with the local device. The tool may automatically retrieve or have a
list (e.g., look-up table) of the GPS coordinates of the remote device. The GPS coordinates of the local
device may be retrieved directly from a GPS chip on mobile device (unless already stored) or from the

local device. Based on the local and remote GPS coordinates, and using a built-in compass (or sensor(s)
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configured as a compass), the alignment tool can determine which direction the local device should be

pointed to align with the remote device.

[00084]  For example, in a mobile application downloaded onto a handheld device (e.g., smartphone),
the handheld device may be configured by the application to automatically show an arrow pointing to the
direction in which the local device should be oriented.

[00085]  FIG. 4 illustrates one variation of a handheld device configured to display an arrow indicating
the direction for rough alignment of a local wireless radio device when aligning with a remote device.
[00086]  Once the device has been roughly aligned, which may be confirmed by the alignment tool,
the alignment tool may also be used to guide fine tuning/optimization of the alignment. Fine tuning of
the direction of the device/antenna to ensure the most accurate alignment may be performed to provide
the highest quality signal/link possible. In some variations the alignment tool may be connected to the
local device physically, and a signal value read from the device to indicate signal strength between the
two devices. As mentioned above, the connection to the local device may be a direct physical connection
(e.g., cable, wire, etc.) a wireless connection (Bluetooth, IR, etc. that may be made between the tool and
one of the devices being aligned) or a connection through a network (e.g., a wireless network, including
one of the devices being aligned). For example, following the rough alignment described above, the
local wireless radio device may already be connected to the remote device and thus the network
(including the cloud). If the tool is configured as a mobile app, for example, an installer can retrieve
signal level updates from a remote server (e.g., cloud) in very quick increments, without needing to
connect directly to the device.

[00087] Typically when designing a new link, or before installing/aligning a new radio/antenna, an
installer may collect the RF properties of the devices/antennas on both sides of the link, collect device
GPS coordinates or distance, and run calculations to determine how well the link will perform and what
signal level to expect. Any of the alignment tools described herein may perform these functions. In
addition, the alignment tools and methods described herein may also use the geo-spectrum database
information (e.g., the enriched frequency spectrum data) to determine how well this link will perform and
to optimize the connection or suggest position and/or alignment information.

[00088]  For example, a mobile handheld alignment tool may have the GPS coordinates of the remote
device to be connected to. The mobile too (application) may also determine the GPS coordinates of the
local device. Based on the two GPS coordinates, and the RF properties (e.g., frequency, transmit power,
antenna gain) of the new local device, the tool may determine what an optimal (e.g., “ideal”) signal level
should be at this distance. For example, the tool may use a Free Space Loss calculation to determine an
ideal signal level between the remote and local devices based on the distance and the known (e.g.,
provided by the software or a remote server based on, for example, the make/model of the devices)
properties of the remote and local devices.

[00089]  The alignment tool may use this target (or ideal) signal level as a guideline for the installer to
use when aligning. For example, the tool may display this target signal level (e.g., on the screen of the

device in the mobile application), and provide it as a guideline for how well the device is aligned. If
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actual signal is close to or equal the target signal, the device alignment may be complete. For example,

FIGS. 5A and 5B illustrate variations of displays that may be used for fine adjustment/aligning of the
local device. In FIG. 5A, the alignment tool is displaying (e.g., on a hand-held device such as a
smartphone) the actual signal level (in dBm), and may include both the horizontal and vertical signal
levels, as well as the target (“ideal”) signal level. As the local device is adjusted (e.g., by adjusting the
angle, tilt, etc.) the tool may update the display, as shown in FIG. 5B, and may provide a color indicator
(e.g., green, etc.) that the alignment is “good” or close to optimal (e.g., when the signal strength is within
10%, 5%, 3%, etc. of the ideal signal strength). The display may also show a graphical indicator of the
signal strength (e.g., bars, etc.).

[00090] FIGS. 6A-6F illustrate one method for point-to-point alignment as described above. Any of
these steps may be omitted or repeated, and alternative and additional steps (not shown) may also be
included. For example, in FIG. 6A, the alignment tool may be initialized. For example, the alignment
tool may be accessed from a menu of applications (e.g., on a mobile device, computer, etc.) near the
antenna to be aligned. In FIG. 6A, a graphic illustrating the alignment tool has been accessed is displayed
on the screen of a handheld device (e.g., smartphone). The identity of the local (“first deice”) being
aligned is then entered by the user. In some variations this step may be automated or simplified. For
example, the tool may automatically detect and/or connect the local device. In some variations the
alignment tool may be a dedicated alignment tool that is part of the local device and may already have
this information, thus this step may be skipped. In some variations the alignment tool may ask for
confirmation that the entered or automatically detected device is correct.

[00091] In FIG. 6B, the alignment tool provides a menu/list of devices (AP devices and/or CPE
devices) that are nearby and asks the user to confirm which devices is the local device to be aligned.
[00092]  As shown in FIG. 6B, the user may enter the remote device to be aligned with the local
device. As mentioned, the alignment tool may also include a list of predetermined (e.g., automatically
detected) remote (though geographically nearby) devices from which a user may select. In FIG. 6C, a
menu of such remote devices is provided. Based on the devices selected, in FIGS. 6A-6F, the alignment
tool may automatically determine the properties of the local and remote devices, including the locations
(GPS locations) of these devices. Alternatively, any of these properties (location, operational
characteristics, etc.) may be manually entered or verified using the tool. Once the first (e.g., local) and
second (e.g., remote) wireless radio devices have been selected, the tool may determine a directional link
between the two, as shown schematically in FIG. 6D. The calculation may use the locations (e.g., GPS
locations) of the local and remote devices, as well as any additional information (e.g., from the frequency
spectrum information/database) and may use the compass accessed by the alignment tool to calculate a
directional indicator (e.g., arrow).

[00093]  As already shown in FIG. 4, the alignment tool may then provide a general/rough alignment
indicator (e.g., arrow) on the screen to guide the initial alignment of the two devices. In FIG. 6E (and
FIG. 4) the arrow indicates the direction to point the local device for general alignment with the remote

device. This initial alignment may be sufficient to allow fine tuning of the alignment. The directional
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indicator may be continuously updated (e.g., keeping the arrow oriented towards the remote device,

relative to the local device).

[00094]  FIG. 6F illustrates one variation of using an alignment tool for fine tuning of the alignment.
As shown in FIG. 6F (and described above in FIGS. SA-5B), the tool may cause a display of the actual
current signal level between the local and remote devices. In FIG. 6F the display includes a bar showing
relative strength of the signal level as well as an icon. A more detailed display, such as that shown in
FIGS. 5A-5B may also/alternatively be used. The installer may then optimize the signal strength using
the displayed signal strength as a guide. For example, the installer manually (or automatically) adjusts
one or more of X-rotation, Y-rotation, Z-rotation, etc.

[00095] As mentioned above, FIG. 7A illustrates alignment of a pair of point-to-point devices (e.g.,
antennas) using an alignment tool as described. For example, in FIG. 7A, a local radio device/antenna
1809 is shown positioned on a tower/pole or the like, and is intended to be aligned with a remote device
(e.g., radio/antenna) 1811, also shown mounted. In this example, the alignment tool 1807, which may be
a device having a hand-held processor (such as a smartphone having a set of instructions for controlling
the device to operate as an alignment tool) is located locally (e.g., within 10 feet) of the local device to be
aligned 1809. The alignment tool includes a screen/display and also includes a compass input/function.
In operation, the alignment tool receives information allowing it to determine the geographic location of
the local 1809 and remote 1811 devices. For example, the alignment tool may receive the actual GPS
locations of the remote 1811 device and either the GPS location of the local 1809 device or its own GPS
location.

[00096] In some variations the alignment tool communicates directly 1819 with the local device 1809,
for example via wired connection or wireless connection (e.g., Bluetooth). The device may then receive
information directly from the local device about the GPS location and/or the signal quality of any link
between the remote device 1811 and the local device 1809. The local device may communicate directly
with the remote device (e.g., through a robust link) and/or may communicate with a remote server 1817
(e.g., via an Ethernet connection 1825 and/or communication through the remote device 1811).
Alternatively, the alignment tool may communicate directly with a remote server 1817 (via an internet
connection) to receive information about either or both the local 1809 and remote 1844 devices being
aligned. In some variations the remote device 1811 communicates directly with the alignment tool (not
shown), e.g., via wireless signal.

[06097] 1In FIG. 7A, the local 1809 and remote 1811 devices can initially be roughly aligned 1813
using the alignment tool, which accesses the compass to show which direction (e.g., azimuthal direction)
to point the local device. The alignment tool may also receive information about the signal strength (e.g.,
signal strength received by the local device and/or received by the remote device), which may be used to
further align the device, as discussed above in FIGS. 6A-6F.

[00098]  Another alternative is shown in FIG. 7B, in which the alignment tool 1837 is coupled with or
integrated into the local device 1809, as described in greater detail below. In some variations a separate

alignment tool 1805 may also be associated with the remote device 1811. In FIG. 7B, the alignment tool
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may communicate directly with the local device 1809 (e.g., direct wired, e.g. USB, connection or by

wireless connection) and/or may communicate through a remote server (e.g., cloud 1817). Similarly, the
alignment tool may communicate 1831 with the remote device 1811 either directly (via a wireless
connection) or through a remote server (e.g., cloud 1817). As before the tool may provide alignment
information, including the geographic indicator (which directly to grossly aim the local device to align
with the remote device), and may also provide additional information on finely aligning the two devices,
e.g., by showing a dynamic display of the signal intensity between the two devices and in some variations
a target signal intensity (which may be normalized to an “alignment” metric showing percent aligned, or
relative alignment, etc.). This display is dynamic because it may quickly update the alignment as either
the local or remote devices are moved. In some variations additional alignment information may be
provided by the remote processor (e.g., cloud-based processor) to guide alignment. For example, the
remote processor may calculate the target signal strength and determine actual signal strengths and/or
suggest way to improve alignment.

[00099]  Other alignment tools may be used separately or in addition to those described above. For
example, an optical alignment tool may be included in addition or alternatively to the geographic
alignment tool. In some variations the alignment tool includes a laser (e.g., laser sight) that operates
between the local and remote devices being aligned. For example, FIG. 8 illustrates a local device 1903
that can be aligned with a remote device 1911 using, at least in part, a laser (optical) signal from the
remote to the local (or the local to the remote, as shown in FIG. 8). In this example, the local device 1903
includes an alignment tool 1917 having a laser that can be directed by the local user toward a remote
device 1911. The beam of the laser 1907 may be directed to a sensor 1913 on the remote device 1911.
Further alignment accuracy may be achieved by including as part of the sensor a depth (e.g., an opening,
hole, channel, etc.) with a sensor or sensors along the depth, including near or at the bottom; the deeper
the beam can penetrate, the more accurate the visual alignment is likely to be. Additional sensors may be
placed on the outside of the opening. Although optical sensing is not completely analogous to
electromagnetic sensing, and may have a limited range, it may provide at least initial (rough) alignment.
Any of the alignment tools described herein may include a laser/optical alignment component. Further, a
laser alignment tool, which uses both a remote (or local) laser and a local (or remote) target, may be
adapted to communicate with any of the alignment tools described herein.

[000100] As mentioned above, any of the alignment tools described herein may engage with an
antenna in a fixed orientation, so that the alignment tool is held in a fixed orientation relative to the dish
of the antenna. This may be achieved by include a mount on either or both of the alignment tool and the
antenna so that the alignment tool can fixedly engage with the dish/reflector of the antenna. For example,
the alignment tool and/or the antenna may include a mount having a track, guide, rail, snap, or other
attachment that holds the alignment tool in a fixed position relative to the antenna during the alignment
procedure.

[000101] For example, FIG. 9 illustrates one variation of an alignment tool 905 that is configured to

fixedly engage with an antenna 900 so that the alignment tool is held to the antenna and moves with the
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antenna (e.g., while aligning the antenna). In this example, the alignment tool includes a rim, ridge, edge,

pin, or the like that engages with a mating surface, track, guide, channel, etc., 909 in a pocket, holding
region, mount, etc. of the antenna 900. For example, a mount 911 may include a recessed region in the
housing of the antenna into which the alignment tool (or a smartphone controlled by alignment tool logic)
may fit and be securely held. Any appropriate mount may be used. In some variations, the mount may be
a screw, fastener, bolt, snap, etc. that secures the alignment tool in a fixed orientation relative to the
antenna. The antenna may have a receiving componént (hole, channel, opening, etc.) for receiving the
mount of the alignment tool, or it may not. For example, in some variations the alignment tool may
fasten to any portion of the antenna, e.g., may include a clamp, or any other fastener that allows it to
mount to an edge or surface of an antenna.

[000102] Terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting of the invention. For example, as used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless the context clearly indicates otherwise. It
will be further understood that the terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other features, steps, operations, elements,
components, and/or groups thereof. As used herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items and may be abbreviated as “/”.

[000103] Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper” and the like, may
be used herein for ease of description to describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the figures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if a device in the figures is inverted, elements described
as “under” or “beneath” other elements or features would then be oriented “over” the other elements or
features. Thus, the exemplary term “under” can encompass both an orientation of over and under. The
device may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly. Similarly, the terms “upwardly”, “downwardly”,
“yertical”, “horizontal” and the like are used herein for the purpose of explanation only unless specifically
indicated otherwise.

[000104] Although the terms “first” and “second” may be used herein to describe various
features/elements, these features/elements should not be limited by these terms, unless the context
indicates otherwise. These terms may be used to distinguish one feature/element from another
feature/element. Thus, a first feature/element discussed below could be termed a second feature/element,
and similarly, a second feature/element discussed below could be termed a first feature/element without
departing from the teachings of the present invention. As already discussed above, in any of these
variations the alignment tool(s) may be permanently (rather than removably as just described) integrated

into the antenna.

-20 -



10

15

20

25

30

35

WO 2016/003864 PCT/US2015/038244
[000105] As used herein in the specification and claims, including as used in the examples and unless

otherwise expressly specified, all numbers may be read as if prefaced by the word “about” or
“approximately,” even if the term does not expressly appear. The phrase “about” or “approximately” may
be used when describing magnitude and/or position to indicate that the value and/or position described is
within a reasonable expected range of values and/or positions. For example, a numeric value may have a
value that is +/- 0.1% of the stated value (or range of values), +/- 1% of the stated value (or range of
values), +/- 2% of the stated value (or range of values), +/- 5% of the stated value (or range of values), +/-
10% of the stated value (or range of values), etc. Any numerical range recited herein is intended to
include all sub-ranges subsumed therein. Per M.P.E.P. §2173.05(b), one of ordinary skill in the art
would know what is meant by “substantially equal”. For example, the phrase “substantially equal” or
“substantially the same” in a statement such as “a fourth RF signal having substantially the same carrier
frequency as a first RF signal” may mean a radio receiver that receives either RF signal may operate in an
equivalent manner.

[000106] Although various illustrative embodiments are described above, any of a number of changes
may be made to various embodiments without departing from the scope of the invention as described by
the claims. For example, the order in which various described method steps are performed may often be
changed in alternative embodiments, and in other alternative embodiments one or more method steps may
be skipped altogether. Optional features of various device and system embodiments may be included in
some embodiments and not in others. Therefore, the foregoing description is provided primarily for
exemplary purposes and should not be interpreted to limit the scope of the invention as it is set forth in
the claims.

[000107] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As mentioned, other
embodiments may be utilized and derived there from, such that structural and logical substitutions and
changes may be made without departing from the scope of this disclosure. Such embodiments of the
inventive subject matter may be referred to herein individually or collectively by the term “invention”
merely for convenience and without intending to voluntarily limit the scope of this application to any
single invention or inventive concept, if more than one is, in fact, disclosed. Thus, although specific
embodiments have been illustrated and described herein, any arrangement calculated to achieve the same
purpose may be substituted for the specific embodiments shown. This disclosure is intended to cover any
and all adaptations or variations of various embodiments. Combinations of the above embodiments, and
other embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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CLAIMS

What is claimed is:

1. A method for point-to-point alignment of wireless radio devices using an alignment tool having a
compass, the method comprising:
determining a location of a first wireless radio device that is remotely located relative to the
alignment tool;
determining a location of a second wireless radio device that is local to the alignment tool;
using the compass of the alignment tool and the locations of the first and second wireless radio
devices to determine a direction to point the second wireless radio device; and

displaying, on the alignment tool, an indicator of the direction.

2. A method for point-to-point alignment of wireless radio devices using an alignment tool having a
compass, the method comprising:

entering an identity of a first wireless radio device into the alignment tool, wherein the first
wireless radio device is remotely located relative to the alignment tool;

determining a location of the first wireless radio device;

determining a location of a second wireless radio device that is local to the alignment tool;

calculating a direction of the first wireless radio device relative to the second wireless radio
device; and

using the compass of the alignment tool to determine a direction to point the second wireless
radio device so that the second wireless device is oriented towards the first wireless radio
device; and

displaying, with the alignment tool, an indicator of the direction to point the second wireless radio

device.

3. The method of claim 1 or 2, further comprising mounting the alignment tool onto the second radio

device.

4. The method of claim 1 or 2, wherein determining the location of the first wireless radio device

comprises entering the identity of the first wireless radio device into the alignment tool.

5. The method of claim 1 or 2, wherein determining the location of the first wireless radio device
comprises entering the identity of the first wireless radio device into the alignment tool and receiving

GPS information indicating the location of the first wireless radio device.

6. The method of claim 2 wherein calculating the direction of the first wireless radio device relative to
the second wireless radio device comprises calculating the direction of the first wireless radio device

relative to the second wireless radio device in the alignment tool.
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The method of claim 2 wherein calculating the direction of the first wireless radio device relative to

the second wireless radio device comprises calculating the direction of the first wireless radio device
relative to the second wireless radio device in a remote processor and transmitting the direction to the

alignment tool.

The method of claim 1 or 2, wherein determining the location of the first wireless radio device
comprises wirelessly receiving, in the alignment tool, a GPS indication of the location of the first

wireless radio device.

The method of claim 1 or 2, wherein determining the location of the second wireless radio device

~

comprises determining the location of the alignment tool.

The method of claim 1 or 2, wherein determining the location of the second wireless radio device

comprises receiving a GPS indication of the location of the second wireless radio device.
The method of claim 1 or 2, further comprising finely tuning the direction of the second radio device.

The method of claim 1 or 2, further comprising displaying with the alignment tool, an indicator of the

measured signal strength between the first and second radio devices.

The method of claim 1 or 2, further comprising:
calculating an estimate of optimal signal strength between the first and second wireless radio
devices; and
displaying on the alignment tool an indicator of the optimal signal strength between the first and

second wireless radio devices.

The method of claim 1 or 2, further comprising:
calculating an estimate of optimal signal strength between the first and second wireless radio
devices; and
displaying on the alignment tool an indicator of how optimal the signal strength between the first

and second wireless radio devices is.

The method of claim 1 or 2, further comprising activating the alignment tool, wherein the alignment

tool comprises a module attached to the second wireless radio device.

An alignment tool to assist in aligning a first wireless radio device and a second wireless radio device,
the alignment tool comprising a non-transitory computer-readable storage medium storing a set of
instructions capable of being executed by a processor, wherein the set of instructions, when executed
by the processor, causes the processor to:

determine a location of the first wireless radio device;

determine a location of the second wireless radio device;
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calculate a direction of the first wireless radio device relative to the second wireless radio device;

and
use a compass to determine a direction to point the second wireless radio device so that the
second wireless device is oriented towards the first wireless radio device; and

cause an indicator of the direction to point the second wireless radio device to be displayed.

An alignment tool to assist in aligning a first wireless radio device and a second wireless radio device,
the alignment tool comprising a non-transitory computer-readable storage medium storing a set of
instructions capable of being executed by a processor, wherein the set of instructions, when executed
by the processor, causes the processor to:
determine a location of the first wireless radio device;
determine a location of the second wireless radio device;
calculate a direction of the first wireless radio device relative to the second wireless radio device;
and
use a compass to determine a direction to point the second wireless radio device so that the
second wireless device is oriented towards the first wireless radio device;
cause an indicator of the direction to point the second wireless radio device to be displayed; and
cause an indicator of the signal strength between the first and second wireless radio devices to be

displayed.

The alignment tool of claim 16 or 17, further comprising a mount configured to secure the alignment

tool to a wireless radio device in a fixed orientation relative to an antenna of the alignment tool.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to:
calculate an estimate of optimal signal strength between the first and second wireless radio
devices; and
cause an indicator of the optimal signal strength between the first and second wireless radio

devices to be displayed.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to:
calculate an estimate of optimal signal strength between the first and second wireless radio
devices; and
cause an indicator of how optimal the signal strength between the first and second wireless radio

devices is to be displayed.

The alignment tool of claim 16 or 17, wherein the processor comprises a processor of a smartphone.
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The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to: receive the identity of the first wireless radio device into the

alignment tool.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to: receive the identity of the second wireless radio device into the

alignment tool.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to: receive GPS information indicating the location of the first wireless

radio device.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to: receive GPS information indicating the location of the second

wireless radio device.

The alignment tool of claim 16 or 17, wherein the set of instructions, when executed by the processor,
further causes the processor to: determine the location of the second wireless radio device from the

location of the alignment tool.

The alignment tool of claim 16, wherein the set of instructions, when executed by the processor,
further causes the processor to: cause an indicator of the measured signal strength between the first

and second radio devices to be displayed by the alignment tool,

A method of aligning a two wireless radio devices using an alignment tool, the method comprising:
rough aligning a first wireless radio device and a second wireless radio device by aiming the first
wireless radio device at the second wireless radio device using an alignment tool on the first
wireless radio device;
receiving an indicator of signal strength between the first and second wireless radio devices;
displaying the indicator of signal strength on the alignment tool; and
fine aligning the first wireless radio device and the second wireless radio device using the

displayed indicator of signal strength on the alignment tool.

The method of claim 28, further comprising establishing a communication channel between the

alignment tool and the second wireless radio device through the first wireless radio device.

The method of claim 28 further comprising establishing a communication channel between the
alignment tool and the second wireless radio device through a remote server in communication with

the second wireless radio device.

The method of claim 28, further comprising calculating an estimate of a target signal strength

between the first and second wireless radio device and displaying the estimate on the alignment tool.
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32. A method for point-to-point alignment of wireless radio devices using an alignment tool an optical

aligner, the method comprising:
aiming an alignment tool on a local wireless radio device at a remote wireless radio device,
wherein the local alignment tool includes an optical device configured to emit a beam of
5 radiation;
aiming the beam of radiation from the alignment tool on the local wireless radio device at a target
on the second wireless radio device; and
displaying, on the alignment tool, an indicator of the alignment based on the beam of radiation

striking the target on the remote wireless radio device.
10 33. The method of claim 32, wherein the beam of radiation comprises a laser.

34. The method of claim 32, wherein aiming comprises aiming the laser into a target having a well and

detecting penetration into the well by the optical radiation.

35. The method of claim 32, further comprising communicating between the alignment tool and the target

through the remote wireless radio device and the local wireless radio device.

15  36. The method of claim 32, further comprising communicating between the alignment tool and the target

through a remote server in communication with the remote and local wireless radio devices.
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