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(57) Abstract: An antenna RSSI meter includes a microcontroller unit for digitizing an antenna receiver voltage signal, converting
the digitized antenna receiver voltage signal into a receiver signal level in accordance with a predefined antenna specification, and
converting the receiver signal level into the antenna tuning signal in accordance with the predefined antenna specification. The an -
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nication port for receiving the antenna tuning signal from the microcontroller unit and providing the antenna tuning signal to an an -
tenna auto-aligning mechanism for adjusting position and orientation of the antenna.
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RECEIVER SIGNALSTRENGTH INBDICATOR METER FOR
AUTOMATIC ANTENNA ALIGNMENT IN INDOOR AND OUTDOOR
MOUNT APPLICATIONS

TECHNICAL FIELD

180061} The present invention relates to the equipment used for microwave radio
communication, and in particular, to a receiver signal strength indicator meter for automatic

antenna alignment in indoor and outdoor mount applications,

BACKGROUND

{80062} Microwave comumunication systems typically consist of many outdoor radio
units. An cutdoor radio unit {ODU} 1s coupled to an antenna and it has a receiver signal
strength mdication (RSSI) port for exporting a voltage signal indicative of a recerver input
level at the antenna. Conventionally, a radio tnstallation technician practices a procedure that
includes at least the following three steps when installing an antenna and an ODU for the
purpose of the hine of sight (LOS) alignment. First, the techuician uses a digital voltage
meter {DVM) to measure the voltage signal at the RSSI port. Next, the technician looks up
an RSST versus receiver signal level (RSL) curve provided by the ODU vendor and converts
the voltage signal into a corresponding receiver signal level. Finally, the technician adjusts
the position and orientation of the antenna to optitnize the antenna’s LOS alignment, Since
different QDU vendors have different RSL curves for different models, this procedure
increases the chance of mis-alignment and wrong alignment because the technician may refer
1o a wrong curve when fustalling a particular ODU system. Moreover, the traditional radio
alignment method of having a technician work at the top of a cellular tower is labor intensive,

dangerous, and time cousuming.

SUMMARY

18063] Oue objective of the present invention 18 to provide an antenna receiver signal
strength indicator meter that automatically converts the antenna receiver voltage signal into a
receiver signal level 1u accordance with a predefined antenna specification. The antenna
RSSI meter includes a microcontroller unit that further includes an analog-to-digital
converter for digitizing an antenna receiver voltage signal, a module for converting the
digitized antenna receiver voltage signal into a receiver signal level in accordance with a
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predefined antenna specification, and a pulse-width modulator for converting the receiver
signal level into the antenna tuning signal in accordance with the predefined antenna
specification. The antenna RSST meter includes an 1nput comumunication port that is coupled
to the microcontrolier unit and configured to receive the antenna receiver voltage signal from
an antenna and provide the antenna recetver voltage signal to the microcontroller unit through
the analog-to-digital converter. The antenna RSS1 meter also includes an output
communication port that is coupled to the microcontroller unit and contigured to receive the
antenna tuning signal from the microcontrolier unit through the pulse-width modulator and
provide the antenna tuning signal to an antenna auto-aligning mechanism for adjusting

postiion and ortentation of the autenna.

[8064] According to some implementations, the antenna receiver signal strength
indicator meter further comprises: a speaker module for broadeasting a sound signal whose
frequency substantially corresponds to the receiver signal lovel; a kevpad module for a user to
entter operation instructions to the microcontroller unit; a battery module for powering the
microcoutroller; an wnverter and scaler module that 1s coupled to the input communication
port for processing the antenna receiver voltage signal before it reaches the analog-to-digital
converter; and a LCD module for displaying the receiver signal level. The LCD module
further comprises: a LCD controller, a LCD panel coupled to the LCD controller, and a LED

module for providing backlight to the LCD panel

16005] Another objective of the present wvention 18 to provide an antenna mount
systemi. The system includes: a receiver signal strength indicator meter that is configured to
receive an antenna receiver voliage signal from an antenna and convert the antenna receiver
voltage signal into an antenna tuning signal in accordance with a predefined antenna
specification, and an anteuna suto-aligning mechanism that is coupled to the receiver signal
strength indicator meter. The antenna auto-aligning mechanism is configured to receive the
antenna tuning signal and adjust position and orientation of the antenna in accordance with

the antenna tuning sigual,

{83006] Yet another objective of the present invention is to provide a distributed
antenna receiver signal strength indicator system.  The distributed antenna receiver signal
strength indicator systern comprises: an antenna receiver signal strength indicator reader for
receiving an antenna receiver voltage signal from an antenna and digitizing the antenna
receiver voltage sigoal; and an antenna recetver sigonal strength indicator meter for receiving

the digitized antenna receiver voltage signal from the antenna recetver signal strength

2
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mdicator reader and converting the antenna recetver voltage signal into an antenua tuning
signal in accordance with a predefined antenna specification. The antenna tuning signal is
provided to an anteuna auto-alignment mechanism for adjusting position and orientation of

the antenna for the purpose of the light of sight (LOS} alignment,

{8007 According to some implementations, the antenna receiver signal strength
mdicator reader farther includes a microcontroller unit including an analog-to~digital
converter for digitizing the antenna receiver voltage signal and an input communication port
that s coupled to the microcontroller unit. The input communication port is configured to
receive the antenna receiver voltage signal from the antenna and provide the antenna receiver

voltage signal to the microcountrolier through the analog-to-digital converter,

16008 According to some implementations, the antenna recetver signal strength
indicator meter further includes a microcontrolier unit including a module for converting the
digitized antenna receiver voltage signal into a receiver signal level n accordance with the
predefined antenna specification, a pulse-width modulator for converting the receiver signal
level into the antenna tuning signal, a digital-to-analog converter for foeding an analog signal
to a tone generator for use with a speaker, and an output communication port that is coupled
to the microcontroller unit. The output communication port is configured to receive the
antenna tuning signal from the microcontrolier unit through the pulse-width modudator and
provide the antenna tuning signal o the antenna auto-alignment mechanism for adjusting the

postiion and ortentation of the autenna,

[8009] According to some implementations, there is a wireless connection coupling
the antenna receiver signal strength indicator reader to the antenna recetver signal strength
wmdicator meter and the digitized antenna receiver voltage signal is transmitted to the antenna
receiver signal strength indicator meter via the wireless connection, which is implemented in
accordance with a wireless protocol selected from the group consisting of Wi-Fi, Bluetooth,
and RFID. The antenna receiver signal strength indicator reader includes a radio-frequency
transceiver module for transmutting the digitized antenna receiver voltage signal to the
antenna receiver signal strength indicator meter and the antenna receiver signal strength
indicator meter includes a radio-frequency transceiver module for receiving the digitized

antenna receiver voltage signal from the antenna recewver signal strength tndicator reader,

[6018] According to some implementations, there is a wired connection coupling the

antenna receiver signal strength indicator reader to the antenna receiver signal strength
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mdicator meter and the digitized antenna receiver voltage signal is transnuited to the antenna
receiver signal strength indicator meter via the wired connection. The wired connection is
unplervented through a cable counecting a pair of serial ports located at the anteuna receiver
signal strength indicator reader and the antenna receiver signal strength indicator meter,
respectively. According to some iraplementations, the antenna receiver voltage signal s, at

least in part, dependent upon the position and orientation of the antenna.

18611} According to some implementations, the antenna recetver signal strength
wdicator meter further comprises: a speaker module for broadeasting a sound signal whose
frequency substantially corresponds to the antenna receiver voltage signal; a keypad module
for a user to enter operation instructions to the microcontroller unit; a hattery module for
powering the microcontroller; a converter and scaler module that is coupled to the tnput
communication port and the analog-to-digital converter for processing the antenna receiver
voltage signal before i reaches the analog-to-digital converter; and a LCD module for
displaying the receiver signal level. The LCD module further comyprises: a LCD controlier, a
LCD panel coupled to the LCD controller, and a LED module for providing backlight to the
LCD panel.

BRIEF DESCRIPTION OF THE DRAWINGS

18612} Different aspects of the present mvention as well as features and advantages
thereof will be more clearly understood herenafier as a result of a detaded description of
implementations of the present invention when taken in conjunction with the accompanying
drawings, which are not necessarily drawn to scale. Like reference numerals refer to

corresponding parts throughout the several views of the drawings.

[6413] FIG. 1 depicts an outdoor communication application including an antenna
and a radio unit that has an RSSI port according to some implementations.

{8314 FIG. 2 depicts a process of directly measuring the antenna receiver voltage
signal at the RSSI port according to some tmplementations.

[8015] FIG. 3 depicts an outdoor comumunication apphication including an antenna, a
radio unit that has an RS81 port, and an antenna mount system including an RSSEmeter and
an antenna auto-aligning mechanism according to some implementations.

{8016} FIG. 4 depicts different components within the RSSE meter and its interfaces

with other components of the ouwtdoor application according to some implementations.
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[80617] FIGS. 5A through 5C depict, respectively, reruotely-located and indoor
communication application including an antenna and a radio unit that has an RSSI port

according to sorue implementations.

{B01R] FIGS. 6A and 6B depict, respectively, an indoor communication application
including an antenna, a radio unit that has an RSS1 port, an antenna auto-alignment
mechanism, and a disttibuted antenna receiver signal strength indicator syster according to

some implementations.

[0019] FIG. 7 depicts different components within the distributed RSS1 system and its
miternal/external mterfaces with other equiprueut of the 1adoor application according to some

implementations.

DESCRIPTION OF IMPLEMENTATIONS

0020} Reference will now be made in detail to implementations, examples of which
are dlustrated 1o the accompanying drawings. In the following detailed description,
numerous non-fHimiting specific details are set forth in order to assist in understanding the
subject matter presented herein. It will be apparent, however, to one of ordinary skill in the
art that various alternatives may be used without departing from the scope of the present
invention and the subject matter may be practiced without these specific details, For
example, it will be apparent to one of ordinary skill in the art that the subject matter presented

herein can be implermnented on many types of outdoor radios systems.

18021 FIG. 1 depicts an outdoor communication application including an antenva 20
and a radio unit 10 that has an RSSI port 30 according to some implementations. The
antenna 20 and the radio unit 10 are attached to 4 pole through an antenna mount 40, The
radio unit 10 and the antenna 28 is coupled to each other so that a wireless signal from a
corresponding radio untt and antenna in the line of sight can be detected by the antenna 20
and then transmitted through the radio unit 10 to a destination in the communication network
and vice versa. The RSSI port 30 can export a voltage signal indicative of a recetver input
level at the antenva 20, A radio installation technician uses this voltage signal as a reference
to check whether the position and orientation {e.g., horizontal positions and azinwth) of the
antenna is optimized for transmitting/receiving wireless signals to the correspouding antenna

in the Hone of sight.

{8022} FIG. 2 depicts a process of directly measuring the voltage signal at the RSS1

port according to some iraplementations. o this example, a technician couples the REST port
-5
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of the radio unit 10 to a digital voltage meter (DVM) 50, which displays the magnitude of the
voitage signal at the RSSI port. Based on the reading of the DVM 50, the technician can
check an installation manual provided by a vendor that manufactures the antenna 20 and the
radio unit 10. In particular, the mstallation manual typically includes an RSSI versus RSL
curve that maps a particular voltage level to a corresponding receiver signal level. For
example, the curve is a logarithmic curve with the unit of the voltage signal being volt or
micro-volt and the unit of the receiver signal level being dBm. From looking up the RSSE
versus RSL curve, the technician determines whether the RSL corresponding to the current
antenna alignment reaches a predefined level (e.g., a2 minimum value). If not, the technician
then manually adjusts the antenna’s posttion and/or orientation to mprove the reading on the
DVM 50. Note that the technician may repeat this process multiple times until the antenna’s

alignment meets the predefined specification including the predefined RSL level.

18023] FIG. 3 depicts an outdoor communication application including an antenva 20,
a radio unit 10 that has an RSS1 port 30, and an antenna mount system 40 including an RESI
meter 60 and an avtenna auto-aligning wechansm 80 according to some implementations. In
this exampie, the RSST port 30 feeds the voltage signal into the RSSE meter 60, which then
automatically converts the voltage signal nto a corresponding antenna funing signal and
exports the antenna tuning signal to the antenna auto-aligning mechanism 80, In response to
the antenna tuning signal, the antenna auto-aligning mechanism 80 causcs certain parts of the
antenna mount 40 to move by an amount defined by the antenna tuning signal. As a result,
the antenna 20 has a new position and orientation and generates an updated output at the
REST port 30. In other words, the RSST port 30 and the RSSI meter 60 provide a feedback
signal to the antenna auto-aligning mechanism 80 for adjusting the position and orientation of
the antenma and improving the pecformance of the antenna 20, As will be deseribed in detail
clow in connection with FIG. 4, this method can effectively free the technician from the
tedious work described above 1n connection with FIG. 2 and 1t 1s also helpful to tmprove the

performance of the entire communication network.

{8024 FIG. 4 depicts different components within the RSSIE meter 60 and its
mterfaces with other parts of the outdoor application according to some impleroentations. At
the heart of the RSSI meter 60 1s a microcontroller unit (MCU} 62, which is responsible for
converting the voltage signal into a control signal or a receiver signal level that 1s more
intuitive to a technician who is responsible for installing and calibrating the antenna 20 and

the radio unit 10.

-6 -
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16025] As shown 1o the figure, the voltage signal from the radio unit 10 1s an analog
signal in the range of (-5V, 5V}, This radio signal enters the RSSI meter 60 through a
Bayonet Neil-Concelman (BNC) port 68, In this iuplementation, the RSST meter 60
inchades an inverter and scaler module 65 for pre-processing the analog voltage signal before
it arrives at the MCU 62 by, ¢.g., shifling and scaling the signal within a range between 0 and
Verpr. In some implementations, the MCU 62 has a built-in analog-to-digital converter
{ADC) 61 for processing {¢.g., digitizing) the antenna receiver voltage signal into a digital
value. In some other implementations, the ADC 61 is a standalone component between the

BNC port 68 and the MCU 62.

0026} The MCU 62 1s a digital processor that inchudes memory 69 {e.g., ROM, RAM
or flash memory) for storing modules used for processing the digitized voltage signal coming
trom the radio 10, In some implementations, the RSST meter 66 mchades a USB port 67,
through which the MCU 62 is coupled to a computer 90 (e.g., a desktop/laptop/tablet). As
noted above, different antenna/ODU vendors have their own RSSI versus RSL curves, In
order to support different veundors, a technician may configure the RSS1 meter 60 by
preloading the corresponding processing modules developed for different vendors into the
memory 69 and upgrade them subsequently, ¢.g., replacing the current version with a new
version. This configuration/upgrade process may happen at a remote site away from the
radio installation site or at the radio installation site, The USB port 67 provides a convenient

interface for achieving this goal.

160271 FIG. 4 further depicts that the RSSI meter 60 includes a LCD module 70 for
displaying the receiver signal level determained by the MCU 62, The LCD module 70
inchades a LCD controller 72, a LCD panel 74 coupled to the LCD controller 72, and a LED
module 76 for providing backlight to the LCD panel 74. In some implementations, this LCD
module 70 can display information about different processing modules stored in the memory
6% to a technician so that the technician can choose the correct processing module when
calibrating the antenua’s position and orientation through an juput device, e.g., the keypad 71.
In some implementations, the keypad 71 includes other buttons such as an on/off switch for

controliing the RSSI meter 60.

[6028] I some iraplementations, the MCU 62 wmehudes a pulse-width modudator

(PWM) 63 for converting the recetver signal level (which is a digital value) back to an

antenna tuning signal (which s an analog signal) for other purposes. For example, the RSSI

meter 60 outputs the antenna tuning signal through another BNC port 75 as a motor control
-7 -
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signal to the antenna auto-aligning mechanisto 80, The antenna avto-aligoing mechanisr 80
then operates certain parts of the antenna mount 40 to adjust the position and orientation of
the antenna 20 accordingly. In another example, the MCU 62 juclades a digital-to-analog
converter {DAC) 77 for converting the recetver signal level back to an analog signal and the
tone generator 78 converts the analog signal into an audio signal and broadeasts the andio
signal through a speaker 73, In this case, the frequency of the audio signal substantially
corresponds to the receiver signal level so that a technician can tell from the audio signal on

how to adjust the antenna auto-aligning mechanism 80.

{08291 In some implementations, the RSSI meter 60 is a portable device that has ifs

power systern including the battery set 64 and the DC-DC converter 66, which provides

[8030] FIGS. 5A through 5C depict, respectively, remotely-located and indoor
communication application including an antenna 20 and a radio unit 10 that has an RSSI port
30 according to some implementations. As shown in FIG. 5A, the antenna 20 s attached to a
pole through an antenna mount 40, There s a waveguide 15 connecting the radio unit 10 and
the antenna 20 together so that a wireless signal from another radio and antenna system in the
line of sight can be detected by the antenna 20 and then transmitted through the radio unit 10
to a destination in the coramunication network and vice versa. As described above in
connection with FIG. 1, the RSSI port 30 exports a voltage signal indicative of a receiver
mput level at the antenna 20, A radio installation techunician uses this vollage signal as a
reference to check whether the position and orientation {e.g., horizontal positions and antenna

azimuth) of the antenna 18 optitnized for transmitting/receiving wircless signals,

{80311 FIGS, 6A aud 6B depict, respectively, an indoor communication application
including an antenna 20, a radio unit 10 that has an RSS1 port 30, and an antenna auto-
alignment mechanism 80. Unlike the implementation described above in conuection with
FIG. 3, the indoor communication application includes a distributed antenna receiver signal
strength indicator system 60 that s comprised of an RSSI reader 60-2 and an RSSI meter 60-
1, both of which have the capability to communicate each other wirelessly, according to some
irplementations. In this example, the RSSI reader 60-2 1s attached to the radio unit 10
through the RSSI port 30 and the RSSI maeter 60-1 1¢ attached to the auto-alignruent
mechanism 80. The radio unit 10 feeds a voltage signal into the RSSI reader 60-2, the
voltage signal dependent on the position and orientation of the antenna 20, The RSSI reader

60-2 then wirelessly transmits the signal to the RSST meter 60-1.
-8 -
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160632] Upon receipt of the wireless signal, the RSSI meter 60-1 automatically
converts the signal into an antenna tuning signal and feeds the antenna tuning signal into the
antenna auto-alignment mechanism 80, In response, the antenna auto-alignment mechanism
80 causes some parts of the antenna mount 40 to move by an amount defined by the antenna
tuning signal, As a result, the antenna 20 has a now position and orientation and gencrates an
updated output at the RSSI port 30, In other words, the RSSE port 30, the RSSI reader 63-2,
and the RSSE meter 60-1 work in concert to provide a feedback signal to the antenna auto-
alignment mechanism 80 for adjusting the position and orientation of the antenna and
improving the performance of the antenna 20. As will be described 1n detail below in
connection with FIG. 7, this raethod can effectively free the techuician frow the tedious work
equired by the conventional approach and it is also helpful to improve the performance of

the entire communication network,

18033] FIG. 7 depicts different components within the distributed RSSI system 60 and
its internal/external interfaces with other parts of the imdoor application according to some
iuplementations. As shown in FIG. 7, the distributed RSSI system 60 ncludes two major
components: RSS1 reader 60-2 and RSS meter 60-1, Within the RSSI reader 60-2 is a
microcontroller unit (MCU) 62-2 and a RF transceiver 83-2. The MCU 62-2 1s responsible
for receiving the RSSI voltage signal from the radio 10, converting the voltage signal into a
digital signal, and pre-processing the digitized voltage signal if necessary, The RF
transceiver 83-2 is responsible for transmitting the voltage signal to the RSST meter 60-1.
The RSSI meter 60-1 also includes a MCU 62-1 and 4 RF transceiver 83-1. The RF
transceiver 83-1 receives the wireless signal frow the RF transceiver 83-2 and then {feeds the
signal into the MCU 62-1. The M{U 62-1 is responsible for generating a control signal or a
receiver signal level based on the RSST voitage signal from the radio 10, which is typically
more intuitive 10 a technician who is responsible for installing the antenna 20 and the radio

unit 10 than the RSS1 voltage signal itself.

18034} As shown in FIG. 7, the voltage signal from the radio unit 10 18 an analog
signal in the range of (-5V, 5V). This radio signal enters the RSSI reader 60-2 through a
BNC port 68, In this implewentation, the RSSI reader 60-2 jncludes an inverter and scaler
module 65 for processing the analog voltage signal before it arrives at the MCU 62-2 by, e.g.,
shifting and scaling the voltage signal within a range between 0 and Vyer. In some
implementations, the MCU 62-2 has a built-in analog-to-digital converter (ADC) 61 for
digitizing the antenna receiver volage signal into a digital value. In some other
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iaplementations, the ADC 61 1s a standalove component between the BNC port 68 aund the

MCU 62-2.

10035] As described above, there is a wircless communication channel between the
pair of RF transceivers §3-2 and 83-1. In some implementations, there is also a wired
communication channel between the RSSI reader 60-2 and the RSSI meter 60-1, ¢.z., through
a cable between the universal asynchronous receiver/transmitier (UART) 85-2 at the MCU
62-2 and the serial port 81-2 at the RSS! reader 60-2 and the corresponding serial port 81-1
and UART 85-1 at the RSSIwueter 60-1. Note that the digitized voltage signal can be
transonitted from the RSSI reader 60-2 to the RESI meter 60-1 through either channel. In
some implementations, the two channels do not cxist at the same time, For example, if the

wired channel is on, the wireless channel is tirned off and vice versa.

[6036] The MCU 62-1 1s a digital processor that includes memory 69 {e.g., ROM,
RAM or {lash memory) for storing modules used for processing the digitized voltage signal
coming from the radio 10, In some cases, the RSS! meter 60-1 includes a USH port 67
through which the MCU 62-1 1s coupled to a computer 90 (c.g., a desktop/laptop/tablet). As
noted above, because different antenna/radio unit vendors have their own RSSI versus RSL
curves, a technician may configure the RSS meter 60-1 by preloading the corresponding
processing modules developed for different vendors into the memory 69 and upgrade thew
subsequently, ¢.g., replacing the current version with a new version. This
configuration/upgrade process may happen at a remote site away from the radio installation
site or at the radio instaliation site. The USB port 67 provides a convenient interface for

achicving this goal.

180377 FIG. 7 also depicts that the RSSI meter 60-1 ncludes a LCD module 70 for
displaying the receiver signal level determined by the MCU 62-1. The LCD module 70
further includes a LOD controller 72, a LCD panel 74 coupled to the LCD controller 72, and
a LED module 76 for providing backlight to the LCD panel 74, In some implementations,
this LCD meodule 70 can display information about ditferent processing modules stored in the
memory 69 to a technician so that the technician can choose the correct processing module
when calibrating the antenna’s position and orientation through an input device, e.g., the
keypad 71. o some iuplementations, the keypad 71 includes other buttons such as an ov/off

switch for controlling the RSSI meter 60,
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[6038] I some iraplementations, the MCU 62-1 neludes a pulse-width modulator
(PWM) 63 for converting the recetver signal level (which is a digital value) back to an
antenna tuning signal (which s an analog signal) for other purposes. For example, the RSSI
meter 60-1 outputs the antenna tuning signal through another BNC port 75 as a motor control
signal to the antenna auto-alignment mechanism 80. The antenna auto-alignment mechanisim
80 then operates certain parts of the antenna mount 40 to adjust the position and ortentation
of the antenna 20 accordingly. In another cxample, the MCU 62-1 includes a digital-to-
analog counverter (DAC) 77 for converting the receiver signal level back to an analog signal
and the tone generator 78 converts the analog signal into an andio signal and broadeast the
audio signal through a speaker 73. In this case, the frequency of the audio signal
substantially corresponds to the receiver signal level so that a technician can tell from the

audio signal on how to adjust the antenna auto-aligning mechanism 80,

{88391 In some implementations, the RSSI reader 60-2 and the RSSI meter 60-1 are
both portable devices that have their power system inchuding the battery set (64-2, 64-1) and
the DC-DC converter (66-2, 66~1), which provides different levels of power to different
components within the RSS1 reader 60-2 and the RSSI meter 60-1, respectively.

[0046]  While particular implementations are described above, it will be understood it 1s not
intended to limit the invention to these particular implementations. On the contrary, the
invention includes alternatives, modifications and equivalents that are within the spirtt and
scope of the appended claims. Numerous specific details are set forth in order to provide a
thorough understanding of the subject matter presented hercin, But it will be apparent to one
of ordinary skill in the art that the subject matter may be practiced without these specific
details, In other instances, well-known methods, procedures, components, and circuits have
not been described n detail so as not to unnecessarily obscure aspects of the

implementations.

[6041] Although the terms first, second, etc. may be used herein to describe various
clements, these elements should not be limited by these terms, These terms are only used to
distinguish one element from another, For example, first ranking criteria could be termed
sccond ranking criieria, and, simtarly, second ranking criteria could be termed first ranking
criteria, without departing from the scope of the preseut juvention. First ranking criteria and

second ranking criteria are both ranking criteria, but they are not the same ranking criteria.
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160642] The terminology used n the description of the invention heren is for the puwrpose
of describing particular implementations only and is not intended to be limiting of the
wmvention. As used in the description of the invention and the appended claivus, the singular
forms “a,” “an,” and “the” are intended to include the plural forms as well, unless the context
clearty mndicates otherwise., H will also be understood that the term "and/or" as used herein
refers to and encompasses any and all possible combinations of one or more of the associated
listed tems. It will be further understood that the terms "includes,” "including," "coruprises,”
and/or "comprising,” when used in this spectfication, specify the presence of stated features,
operations, elements, and/or components, but do not preclude the presence or addition of one

or raore other features, operations, elemeuts, coraponents, and/or groups thereof,

160643] As used herein, the term “if” may be construed fo mean “when” or “upon” or “in
esponse to determining” or “in accordance with a determination” or “in response to
detecting,” that a stated condition precedent is true, depending on the context, Similarly, the
phrase “if it 1s determined {that a stated condition precedent is true]” or “if [a stated condition
precedent 1s true]” or “when [a stated condition precedent is true]” may be construed to mean
“upon determining” or “in response to determining” or “in accordance with a determination”
or “upon detecting” or “in response to detecting” that the stated condition precedent is true,

depending on the context,

18044 Although some of the various drawings illustrate a number of logical stagesin a
particular order, stages that are not order dependent may be reordered and other stages may
be combined or broken out. While some reordening or other groupings are specifically
mentioned, others will be obvious to those of ordinary skill tn the art and so do not present an
exhaustive hist of alternatives. Moreover, it should be recognized that the stages could be

implemented 1o hardware, firmware, software or any combination thereof.

[0045] The foregoing deseription, for purpose of explanation, has been described with
reference to specific implementations. However, the illustrative discussions above are not
mtended to be exhaustive or to limit the mvention to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. The
unplerventations were chosen and described in order to best explain principles of the
invention and its practical applications, to thereby enable others skilled in the art to best
utilize the invention and various implementations with various modifications as arc suited {0
the particular use contemplated. Implementations include alternatives, modifications and
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eqguivalents that are within the spurit and scope of the appeunded claims, Nurserous specific
details are set forth in order to provide a thorough understanding of the subject matter
presented herein. But 1t will be apparent to one of ordinary skill in the art that the subject
matter may be practiced without these specific details. In other instances, well-known
methods, procedures, components, and circuits have not been described in detail so as not to

unnecessarily obscure aspects of the implementations.



WO 2013/138067 PCT/US2013/028045

What is claimed:

1. An antenna receiver signal strength indicator meter, comprising:

a microcontroller unit including an analog-to-digital converter for digitizing an
antenna receiver voltage signal, a module for converting the digitized antenna receiver
voitage signal into a receiver signal level in accordance with a predefined antenna
gpecification, and a pulse-width modulator for converting the receiver signal level into the
antenna tuning signal in accordance with the predefined antenna specification;

an input commumnication port that is coupled to the microcontroller unit, wherein the
input communication port is configured to recetve the antenna recetver voltage signal from an
antenna and provide the antenna receiver voltage signal to the microcontroller unit through
the avalog~-to-digital converter; and

an output communication port that is coupled to the microcontroller unit, wherein the
ouipul communication port is configured to receive the anteuna tuning signal frow the
microcontroller unit through the pulse-width modulator and provide the antenna tuning signal

to an antenna avto-aligning mechanisim for adjusting position and orientation of the antenna.

2. The antenna recetver signal strength indicator meter of claim 1, wherein the antenna
receiver voltage signal is, at least in part, dependent upon the position and orientation of the

antenna,

3. The anteuna receiver signal strength mdicator meter of claim 1, further comprising a
speaker module for broadcasting a sound signal whose frequency substantially corresponds to

the receiver signal level,

4. The antenna receiver signal strength indicator meter of claim 1, further comprising a
keypad module for a user to enter operation instructions to the microcontroller unit, wherein
the operation instructions are used for controlling the anienna asto-aligning mechanism for
adjusting the position and orientation of the antenna.

3. The antenna rocetver signal strength mndicator meter of claim 1, further comprising an
wverter and scaler module that s coupled between the input communication port and the
analog-to-digital converter for processing the antenna receiver voltage signal before it
reaches the analog-to-digital converter in the microcontrolier unit.

6. The antenna recetver signal strength indicator meter of claim 1, wherein both the

input and output comumunication ports are BNC ports,

- 14 -
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7. The anteuna receiver signal strength mdicator meter of claim 1, further comprising a

LCD module for displaying the receiver signal level.

8. The antenna receiver signal strength mdicator meter of claima 7, wherein the LCD
module farther comprises: a LOD controller, a LCD panel coupled to the LLTY controller, and

a LED module for providing backlight to the LCD panel.

9. An antenna mount system, comprising:

an recetver signal strength indicator meter that is configured to receive an antenna
receiver voltage signal from an antenna and convert the antenna recciver voltage signal into
an antenna tuning signal im accordance with a predefined antenna specification; and

an antenna auto-aligning mechanism that is coupled to the receiver signal strength
mdicator roeter, wherein the anteuna auto-aligning mechanism 1s coufigured to receive the
antenna tuning signal and adjust position and orientation of the antenna in accordance with

the antenna tuning signal.

10, The antenna mount system of claim 9, wherein the receiver signal strength indicator
meter further includes:

a microcoutrotler unit including an analog~to-digital converter for digitizing the
antenna receiver voltage signal, a module for converting the digitized antenna recetver
voltage signal into a receiver signal level 1n accordance with the predefined antenna
specification, and a pulse-width modulator for converting the recetver signal level into the
antenna tuning signal in accordance with the predefined antenna specification;

an input conumunication port that ts coupled to the microcontroller unit, wherein the
input communication port is configured to receive the antenna receiver voltage signal from
the antenna and provide the antenna recerver voltage signal o the microcontroller vot
through the analog-to-digital converter; and

au output communication port that is coupled to the microcontroller unit, wherein the
output communication port is configured to receive the anteuna tuning signal from the
microcontroller unit through the pulse-width modulator and provide the anteuna tuning signal
to the antenna auto-aligning mechanism for adjusting the position and orientation of the

anfenna,

11 The antenna mount system of claim 10, wherein the antenna recetver voltage signal is,

at least in part, dependent upon the posttion and orientation of the antenna.
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12. The anteuna mount system of claim 10, wherein the recetver signal strength indicator
meter further includes a speaker module for broadcasting a sound signal whose frequency

substantially corresponds to the receiver signal level,

13, The antenna mount system of claim 14, wherein the receiver signal strength indicator
meter further includes a keypad module for a user to enter operation instructions to the
microcoutroller unit, wheren the operation instructions are used for controlling the antenna

auto-aligning mechanism for adjusting the position and orientation of the antenna.

14, The antenna mount system of claim 10, wherein the receiver signal strength indicator

meter further mcludes a batiery module for powering the microcontroller.

15,  The antenna mount system of claim 10, wherein the receiver signal strength indicator
meter further includes an inverter and scaler module that is coupled to the input
communication port and the analog-to~digital converter for processing the antenna receiver

voltage signal before it reaches the analog-to-digital converter.

16. The antenna mount system of claim 10, wherein both the input and output

comimunication ports are BNC ports.

17. The antenna mount system of claim 10, wherein the receiver signal strength indicator

meter further includes a LCD module for displaying the receiver signal level,

18, A distributed antenna receiver signal strength mdicator system, comprising:

an antenna receiver signal strength imdicator reader for receiving an antenna recetver
voltage signal from an antenna and digitizing the antenna receiver voltage signal; and

an antenna receiver signal strength indicator meter for receiving the digitized antenna
receiver voltage signal from the antenna receiver signal strength indicator reader and
converting the anlenna receiver vollage signal nto an antenna toning signal in accordance
with a predefined antenna specification ,

wherein the antenna tuning signal 1s provided to an antenna auto-alignroent

mechanism for adjusting position and orientation of the antenna.

19. The distributed antenna receiver signal strength indicator system of claim 18, wherein
the antenna recetver signal strength indicator reader further ncludes a microcontroller unit

including an analog-to-digital converter for digitizing the antenna receiver voltage signal.

20.  The distributed antenna receiver signal strength indicator system of claim 19, wherein
the antenna receiver signal strength mdicator reader further includes an juput communication

- 16 -
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port that 1s coupled to the microcontroller unit, wherein the input coramunication port is
configured to receive the antenna receiver voltage signal from the antenna and provide the

antenna receiver voltage signal to the microcontrolier through the analog-to-digital converter.

21.  The distributed antenna receiver signal strength indicator system of claim 18, wherein
the antenna recetver signal strength indicator meter further includes a microcontroller unit
mcluding a module for converting the digitized antenna receiver voliage sigoal 1uto a receiver

signal level in accordance with the predefined antenna specification.

22, The distributed antenna receiver signal strength indicator system of claim 21, wherein
the raieroconiroller unit further includes a pulse-width modulator for converting the receiver

signal level into the antenna tuning signal.

23. The distributed antenna receiver signal strength indicator system of claim 22, wherein
the antenna recetver signal strength indicator meter further inchides an output communication
port that is coupled to the microcontrolier unit, and the cutput communication port is
configured to receive the antenna tuning signal from the microcontroller unit through the
puise-width modulator and provide the antenna tuning signal to the antenna auto-alignment

mechanism for adjusting the position and oricutation of the antenna.

24. The distributed antenna receiver signal strength indicator system of claim 18, wherein
there 1s a wircless connection between the antenna recetver signal strength indicator reader
and the anienna receiver signal strength indicator meter and the digitized antenuva receiver
voltage signal is transmitted to the antenna receiver signal strength indicator meter via the

wireless connection,

25. The distributed antenna receiver signal strength indicator system of claim 24, wherein
the antenna receiver signal strength indicator reader includes a radio-frequency transceiver
module for transmitting the digitized antenna recetver voltage signal to the antenna receiver
signal strength indicator meter and the antenna receiver signal strength indicator meter
includes a radio-frequency transceiver module for receiving the digitized antenna receiver

voitage signal from the antenna receiver signal strength indicator reader.

26.  The distributed antenna receiver signal strength indicator system of claim 25, wherein
the wireless connection is impleruented 1n accordance with a wireless protocol selected from

the group consisting of Wi-Fi, Bluetooth, and RFID.

27. The distributed antenna receiver signal strength indicator system of claim 18, wherein

there 1s a wired connection between the antenna receiver signal strength indicator reader and

17 -
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the antenna receiver signal strength indicator meter and the digitized auntenna receiver voltage
signal is transmitted to the antenna receiver signal strength indicator meter via the wired

connection.

28.  The distributed antenna receiver signal strength indicator system of claim 27, wherein
the wired connection is implemented through a cable connecting a pair of serial ports located
at the antenna receiver signal strength indicator reader and the antenna receiver signal

strength indicator meter, respectively,

29, The distributed antenna receiver signal strength indicator system of claim 18, wherein
the autenna receiver voltage signal s, at least in part, dependent upon the position and

orientation of the antenna.

30 The distributed antenna receiver signal strength indicator system of claim 18, wherein
the antenna recetver signal strength indicator meter further includes a speaker module for
broadcasting a sound signal whose frequency substantially corresponds to the antenna

receiver voltage signal.

31, The distributed antenna receiver signal strength indicator system of claim 18, wherein
the antenna recetver signal strength indicator meter further includes a keypad module for a

user to enter operation wnstructions o the microcontrotler vt

32, The distributed antenna receiver signal strength indicator systen of claim 18, wherein
the antenna receiver signal strength indicator meter further includes a battery module for

powering the microcontroller.

33, The distributed antenna receiver signal strength indicator system of claim 18, wherein
the antenna recerver signal strength indicator reader further includes a converter and scaler
module for pre~-processing the digitized antenna receiver voltage signal before converting it
into a recerver signal level,

34, The distnibuted antenna receiver signal strength wndicator system of claim 18, wherein

the antenna receiver signal strength indicator meter further includes a LD module for

displaying the recetver signal level

35.  The distributed antenna receiver signal strength indicator system of claim 34, wherein
the LCD module further comprises: a LCD controller, a LCD panel coupled to the LCD

controlier, and 2 LED module for providing backlight to the LCD panel.

21§ -
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