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TRANSMISSION LINE INSTALLATION SYSTEM

[0001] This application is being filed on 14 November 2017, as a PCT International
patent application, and claims priority to U.S. Patent Application No. 62/421,698, filed
14 November 2016, the disclosure of which is hereby incorporated by reference in its

entirety.

BACKGROUND
[0002] Transmission lines are used for transmitting power or data signals. One
type of transmission line is a fiber optic cable that can be used to transmit digital data
using light signals. The use of fiber optic cable for data transmission is becoming
increasingly popular, at least in part due to the high data transmission rate and very fast
transmission speed.
[0003] Transmission lines can be used to carry power or data signals short
distances, such as within a building, or long distances, such as between neighboring
cities. For longer distance communication, cables are often installed in underground
ducts, where continuous cables as long as 0.5, 1, 2, 5 kilometers, or more, are desired
between manhole or handhole locations.
[0004] Installation equipment such as line blowers and pullers has been developed
that can be used to insert fiber optic cables into ducts over long distances, but there are
many variables that impact whether or not such an installation will be successful. For
example, the installer typically knows the beginning and end points of a run, but the
actual geometry of the duct (such as the location and extent of bends and slopes)
between the beginning and end of the run is largely unknown. Further, even if the
geometry of the duct were known, installation equipment is incapable of taking
advantage of that information.
[0005] As a result, it is not uncommon for cable installations to fail to reach the full
desired distance, requiring either that the installation be retried or, more commonly,
that the end of the cable be located, the duct opened up, and one or more additional
attempts be made to complete the run. In some cases the remaining cable is manually
pulled through the duct until the cable reel has been emptied, and then the rest of the
cable is installed into the remaining length of the duct. Additionally, in order to reduce
the risk of a failed installation, some choose instead to divide the run into several

shorter distances resulting in much more manual labor, time, and expense, and reducing
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the quality of the fiber optic cable transmission due to the need to include numerous

splices along the length of the run.

SUMMARY
[0006] In general terms, this disclosure is directed to a system involving multiple
components which are in data communication with one another to provide improved
overall performance of the system. In one possible configuration and by non-limiting
example, the system is a transmission line installation system that includes multiple
components that are in data communication with each other to synchronize their
operation during a transmission line installation, providing improved performance.
Various aspects are described in this disclosure, which include, but are not limited to,
the following aspects.
[0007] One aspect is a transmission line installation system comprising: a control
unit comprising a processing device, a computer-readable storage device, a
communication device, a display device, and at least one input device, the control unit
being configured to display status information and to receive input from a user; and a
transmission line conveying apparatus operable to advance a transmission line through
a conduit, the transmission line conveying apparatus comprising a plurality of
components each including a local controller operable to locally control the associated
component, the local controllers of the components comprising a processing device, a
computer-readable storage device, and a communication device, wherein the
communication devices of the local controllers are configured to communicate with at
least one of the control unit and at least one other local controller to synchronize
operation of the components during installation of the transmission line.
[0008] A further aspect is a method of installing a transmission line, the method
comprising: using a transmission line conveying apparatus to advance a transmission
line through a conduit, the transmission line comprising a distal end; determining a
position of the distal end of the transmission line in the conduit; and adjusting operation
of the transmission line conveying apparatus based on the position of the transmission
line in the conduit.
[0009] Another aspect is a method of determining conduit specifications for use
during transmission line installation into the conduit, the method comprising: receiving

by a computing device information about the conduit; and retrieving conduit
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specifications from a conduit database based at least in part on the information about
the conduit.

[0010] Yet another aspect is a method of determining transmission line
specifications for use during installation of the transmission line into a conduit, the
method comprising: receiving by a computing device information about the
transmission line; and retrieving transmission line specifications from a transmission
line database based at least in part on the information about the conduit.

[0011] A further aspect is a method of determining transmission line installation
settings, the method comprising: receiving by a computing device information about a
conduit; retrieving conduit specifications from a conduit database based at least in part
on the information about the conduit; and determining transmission line installation
settings based at least in part on the conduit specifications.

[0012] An additional aspect is a method of determining transmission line
installation settings, the method comprising: receiving by a computing device
information about a transmission line; retrieving transmission line specifications from a
transmission line database based at least in part on the information about the
transmission line; and determining transmission line installation settings based at least
in part on the transmission line specifications.

[0013] Another aspect is a method of graphically displaying a status of an
installation of a transmission line into a duct, the method comprising: generating a
graphical user interface with a computing device, the graphical user interface including
a graphical display of a duct route; determining a position of a leading edge of the
transmission line during the installation of the transmission line into the duct; and
generating in the graphical user interface an indication of the position of the leading
edge of a transmission line along the duct route.

[0014] Yet another aspect is a computing device comprising: at least one
processing device; and at least one computer readable storage device, the computing
device being part of or in data communication with a transmission line installation
system, wherein the at least one computer readable storage device stores data
instructions that, when executed by the at least one processing device causes the at least
one processing device to: generate a graphical user interface, the graphical user
interface including a graphical display of a duct route; determine a position of a leading

edge of a transmission line during the installation of the transmission line into the duct;
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and generate in the graphical user interface an indication of the position of the leading
edge of a transmission line along the duct route.

[0015] A further aspect is a method of evaluating a duct, the method comprising:
advancing a route evaluation unit through a duct; using the route evaluation unit to
collect route data as the route evaluation unit is advanced through the duct; and storing
the route data.

[0016] Yet another aspect is a method of installing a transmission line in a duct, the
method comprising: evaluating the duct including determining a duct route;
determining installation settings; and receiving a single input from a user to cause a
transmission line installation system to perform the transmission line installation based
on the installation settings, without requiring any further input from a user.

[0017] Another aspect is a method of providing remote support during a
transmission line installation, the method comprising: receiving a request for remote
support at a remote computing device; initiating a support session with a remote
support technician through the remote computing device; receiving installation
information from a transmission line conveying apparatus; and displaying at least some
of the installation information to the support technician to assist the remote technician
in supporting the transmission line installation.

[0018] A further aspect is a method of updating software for a transmission line
installation system, the method comprising: establishing a communication connection
between a remote computing device and a transmission line installation system, the
transmission line installation system including a transmission line conveying apparatus;
transmitting a software update from the remote computing device to the transmission
line installation system; and installing the software update on the transmission line
installation system.

[0019] Another aspect is a method of installing a transmission line, the method
comprising: generating an installation plan for installing a transmission line in a
conduit, the plan including installation parameters; using a transmission line conveying
apparatus to advance the transmission line through the conduit; detecting one or more
characteristics of the installation; adjusting the installation plan to change at least one
of the installation parameters based on the detected characteristics; and adjusting the
operation of the transmission line conveying apparatus based on the changed at least
one of the installation parameters while the transmission line is being advanced through

the conduit.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1 is a schematic diagram illustrating an example transmission line
installation system.
[0021] FIG. 2 is a block diagram illustrating exemplary communications within an
example of the transmission line installation system shown in FIG. 1.
[0022] FIG. 3 is a block diagram illustrating an example control mode of operation
of the transmission line installation system shown in FIG. 1.
[0023] FIG. 4 is a block diagram illustrating another example control mode of
operation of the transmission line installation system shown in FIG. 1.
[0024] FIG. 5 is a block diagram illustrating another example control mode of
operation of the transmission line installation system shown in FIG. 1.
[0025] FIG. 6 is a perspective view illustrating an example of a transmission line
source of the transmission line installation system shown in FIG. 1.
[0026] FIG. 7 is a combined perspective view and block diagram illustrating an
example of a reel stand of the transmission line source shown in FIG. 2.
[0027] FIG. 8 is a schematic block diagram illustrating an example of the local
controller of the reel stand shown in FIG. 3.
[0028] FIG. 9 is a cutaway view of a portion of an example fiber optic cable.
[0029] FIG. 10 is a cutaway view of a portion of another example fiber optic cable.
[0030] FIG. 11 is a perspective view illustrating a portion of an example duct.
[0031] FIG. 12 is a perspective view illustrating a portion of another example duct.
[0032] FIG. 13 is a perspective view illustrating portions of the transmission line
installation system shown in FIG. 1.
[0033] FIG. 14 is a perspective view of an example compressor of the transmission
line installation system shown in FIG. 1.
[0034] FIG. 15 is an exploded perspective view and block diagram of the example
compressor shown in FIG. 10.
[0035] FIG. 16 is a perspective view of an example power source of the
transmission line installation system shown in FIG. 1.
[0036] FIG. 17 is a perspective view of an example blowing head of the
transmission line installation system shown in FIG. 1.
[0037] FIG. 18 is another perspective view of the example blowing head shown in
FIG. 13.

[0038] FIG. 191s a block diagram of the example blowing head shown in FIG. 13.
5
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[0039] FIG. 20 is a perspective view illustrating an example of a line carrier.
[0040] FIG. 21 is a perspective view illustrating an example of a line puller.
[0041] FIG. 22 is a perspective view illustrating an example of the control unit of
the fiber optic installation system shown in FIG. 1.

[0042] FIG. 23 is a schematic block diagram illustrating an example of the control
unit shown in FIG. 16.

[0043] FIG. 24 is a block diagram illustrating another example of the control unit of
the transmission line installation system shown in FIG. 1.

[0044] FIG. 25 is a flow chart illustrating an example method of installing a
transmission line.

[0045] FIG. 26 is a flow chart illustrating an example of a duct evaluation
operation.

[0046] FIG. 27 is a schematic diagram of at least portions of an example of a route
evaluation system, including a route evaluation unit.

[0047] FIG. 28 is an example graphical display of a duct route.

[0048] FIG. 29 illustrates an example of duct route data.

[0049] FIG. 30 illustrates an example of duct specifications.

[0050] FIG. 31 is a flow chart illustrating an example of an installation analysis and
setup operation.

[0051] FIG. 32 illustrates an example of transmission line specifications.

[0052] FIG. 33 illustrates at least a portion of an example plan for an installation
having fixed installation settings.

[0053] FIG. 34 illustrates another example plan for an installation.

[0054] FIG. 35 illustrates an example of a transmission line installation operation.
[0055] FIG. 36 illustrates an example graphical representation showing an
installation status.

[0056] FIG. 37 illustrates an example of a remote diagnostics operation.

[0057] FIG. 38 is a screen shot illustrating an example graphical user interface,
such as generated by a remote control and diagnostics system.

[0058] FIG. 39 illustrates an example dashboard display.

DETAILED DESCRIPTION
[0059] Various embodiments will be described in detail with reference to the

drawings, wherein like reference numerals represent like parts and assemblies
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throughout the several views. Reference to various embodiments does not limit the
scope of the claims attached hereto. Additionally, any examples set forth in this
specification are not intended to be limiting and merely set forth some of the many
possible embodiments for the appended claims.

[0060] The present disclosure relates to a transmission line installation system 100,
which can be used to install a transmission line. The term “transmission line” is used
herein as a generic term for any type of wire, cable, or other elongate structure capable
of transmitting energy, whether in the form of a fiber optic cable, power line, electrical
cable, telephone line (copper line), coaxial cable, or the like. For simplicity, the present
disclosure refers to a particular example of a transmission line, namely a fiber optic
cable. However, the transmission line installation system 100 can be used in the same
manner for installation of any other transmission line, and therefore the present
disclosure should not be interpreted to be limited to installation of fiber optic cables.
Instead, the transmission line installation system 100 can also be used for installing
power lines, telephone lines, coaxial cables, and any other desired transmission line. In
typical embodiments the transmission line installation system 100 is configured to
install a transmission line within a conduit such as a duct. Additionally, a transmission
line installation system can also be used for other purposes, such as for installing a pull
tape or other pull line, an inner duct, or other items within a conduit.

[0061] Although the term “transmission line” is sometimes used to refer to a
specific type of line used to carry radio frequency signals, the term “transmission line”
is not intended to be so limited in the present disclosure, but rather is intended to
broadly include the transmission of any type of energy or signal along an elongate and
flexible structure. Specifically, examples of transmission lines include those that can
transmit electricity, such as a wire, or light, such as an optical fiber.

[0062] FIG. 1 is schematic diagram illustrating an example transmission line
installation system 100. In the illustrated example, the transmission line installation
system 100 includes a transmission line source 102 and a transmission line conveying
apparatus 104. The example transmission line source 102 includes a reel stand 106 for
holding a transmission line reel 108 containing a transmission line 110. The example
transmission line conveying apparatus 104 includes a line blower system 112. The line
blower system 112 includes a plurality of components 113, such as including a
compressor 114, a power source 116, and a line blower 118. The system 100 further

includes in some embodiments a control unit 120 usable by the installation technician.
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Some embodiments also include one or more of a route evaluation system 122 and a
remote control and diagnostics system 124. In some embodiments the route evaluation
system 122 includes a route evaluation unit 126, a mobile computing device 128, and a
computing device 130. In some embodiments the remote control and diagnostics
system includes a computing device 132 for interacting with a support technician. Also
shown in FIG. 1 is a transmission line installation site S containing a conduit such as a
duct D, for receiving the transmission line 110.

[0063] The transmission line installation system 100 is usable by one or more
installation technicians to install a transmission line 110 in a site. An example process
is illustrated and described in further detail herein with reference to FIG. 19, but is
briefly summarized here by way of introduction. In a typical scenario, a conduit such
as a duct D is buried underground at a site S along a desired route prior to cable
installation. The ends of the duct terminate at hand holes H, which are enclosures with
an access opening though which the ends can be accessed. The route of the duct D may
have multiple bends, slopes, and other features, such as around a building or to follow
under or along a road, etc.

[0064] Often the exact geometry of the duct D is not known, and therefore the route
evaluation system 122 can be used prior to cable installation to evaluate and determine
the geometry of the duct D route. One or more route evaluation technicians can use the
route evaluation system 122 to conduct the route evaluation prior to the transmission
line installation.

[0065] The transmission line conveying apparatus 104 is then used to install the
transmission line 110. For example, an end of the cable is inserted into the duct D.

The transmission line conveying apparatus 104 then operates to push or pull the cable
through the duct D. In some embodiments, the transmission line conveying apparatus
also or alternatively utilizes air or liquid to blow the transmission line 110 through the
duct D. When the geometry of the duct, and other specifications and characteristics of
the duct, fiber, and environment are known, the transmission line installation system
100 can precisely control, synchronize, and adjust the operation of each component of
the transmission line installation system 100 in order to optimize the installation and to
ensure that the installation is successfully completed. This greatly reduces the chance
that the cable does not reach the end of the duct, and thereby eliminates all of the
additional effort, time, and expense that is incurred when a cable does not reach the

desired destination.
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[0066] Turning to the specific examples shown in FIG. 1, the transmission line
source 102 is the source of the transmission line 110 that is to be installed at the site S.
In some embodiments the transmission line source 102 includes a reel stand 106 on
which a transmission line reel 108 storing the transmission line 110 is stored.
Examples of the transmission line source 102 are illustrated and described in further
detail with reference to FIGS. 2-6 and 9.

[0067] As described above, the transmission line installation system 100 operates to
install the transmission line 110 into a conduit, such as the duct D. Examples of the
duct are illustrated and described in further detail with reference to FIGS. 7-8.

[0068] The transmission line conveying apparatus 104 is a machine that operates to
install a transmission line 110 into the duct D. Examples of transmission line
conveying apparatuses 104 include line blower systems 112 and line puller systems.
The example shown in FIG. 1 shows a line blower system 112, but other embodiments
can utilize other transmission line conveying apparatuses 104, such as a line puller
system comprising a line puller. An example of a line puller is shown in FIG. 21. In
some embodiments a transmission line conveying apparatus 104 includes both a line
blower and a line puller. Additionally, in some embodiments a line blower system 112
includes a line puller, and in some embodiments a line puller system includes a line
blower.

[0069] In this example, the line blower system 112 includes a compressor 114, a
compressor module 115, a power source 116, and a line blower 118. The compressor
114 provides a source of pressurized air to the line blower 118, and in some
embodiments also operates to detect qualities of the air and to condition the air prior to
delivery to the line blower 118. An example of the compressor 114 is illustrated and
described in further detail with reference to FIGS. 10-11.

[0070] Some embodiments include a compressor module 115 arranged between the
compressor 114 and the line blower 118. The compressor module 115 includes air input
and output ports that the pressurized air from the compressor 114 can pass through.
The compressor module 115 includes sensors to analyze qualities of the air delivered to
the line blower 118. In some embodiments the sensors detect one or more of air
pressure, temperature, humidity. Further, in some embodiments the compressor
module 115 can operate to modify the quality of the air, such as to adjust one or more
of the air pressure, temperature, and humidity. In some embodiments the compressor

module 115 is part of the compressor 114.
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[0071] The power source 116 is a source of energy for the transmission line
conveying apparatus 104. In some embodiments the energy is electrical energy. In
other embodiments the energy can be in the form of hydraulic or pneumatic energy. An
example of the power source 116 is illustrated and described in further detail with
reference to FIG. 12.

[0072] The line blower 118 is a machine that operates to advance the transmission
line 110 through the duct by pushing the transmission line 110 and by providing a flow
of pressurized air into the duct. The pressurized air helps to propel the transmission
line 110 through the duct by means of distributed viscous drag and can further generate
a pulling force at the distal end of the transmission line to further assist in advancing
the transmission line 110 through the duct. For example, in some embodiments a
carrier (shown in FIG. 15) having a diameter greater than that of the transmission line
110 is attached to the forward / distal end of the transmission line 110. The carrier acts
to block or resist air flow through the duct, creating a pressure differential on either side
of the carrier. This pressure differential presses on the carrier propelling it and the
foreword end of the transmission line 110 along the duct. An example of the line
blower 118 is illustrated and described in further detail with reference to FIGS. 13-15.
[0073] In an alternative embodiment, the transmission line conveying apparatus
104 includes a line puller system 119 (not shown in FIG. 1), such as illustrated and
described in more detail with reference to FIG. 21. A line puller system is a machine
configured to pull a transmission line through the duct. In its most basic configuration,
the line puller system utilizes an elongate member 123 (shown in FIG. 21) such as a
wire, rod, tape, cord, or the like (collectively included within the term “line”) which
extends through the duct. The transmission line source 102 is positioned at one end of
the duct, and the system is arranged at the opposite end of the duct. The transmission
line 110 at the transmission line source 102 is then fastened to an end of the elongate
member 123. The line puller then pulls on the elongate member 123 which in turn
pulls on the end of the transmission line 110 to advance the elongate member 123
through the duct. Other components such as blowers can also be used with the puller to
generate a distributed viscous drag between the air and the transmission line that further
assists in advancing the transmission line through the duct, similar to the operation of
the line blower systems described herein.

[0074] In some embodiments a catcher is positioned at an end of a duct to catch any

objects that pass through the duct and come out the distal end. The catcher includes
10
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openings through which air can easily pass, and a mesh or other type of material that
stops the object from exiting the catcher. One example of a catcher is a radio basket
catcher. Another example is an OPT catcher device. A catcher is another example of a
component 113, which can be in wired or wireless communication with the control unit
120 or other components 113. In one example embodiment the catcher includes a
detector that catches and detects when a leading end of a transmission line has reached
the end of the duct. In some embodiments the catcher includes a communication
device that automatically sends a message indicating that the transmission line has
reached the end of the duct. Upon receipt of the message by the control unit 120 or
other components 113, the transmission line installation system 100 determines that the
transmission line installation has been completed and terminates the installation
automatically, such as by turning off or deactivating the transmission line conveying
apparatus 104 (e.g., blower and/or line puller), reel stand, and any other components
113 involved in the installation upon receipt of the message. In some embodiments the
message is communicated wirelessly. In some embodiments the message is an SMS
text message, such as sent across a cellular network.

[0075] The control unit 120 is a computing device that provides an interface
between the installation technician and the transmission line installation system 100. In
some embodiments the control unit 120 receives control inputs from the installation
technician, such as to start and stop an installation. In some embodiments the control
unit 120 provides status information to the installation technician, such as to convey the
current status of the installation and to show the progress that has already been made.
The control unit 120 is in data communication with one or more other components of
the transmission line installation system 100, such as the transmission line conveying
apparatus 104. An example of the control unit 120 is illustrated and described in
further detail with reference to FIGS. 16-18.

[0076] The route evaluation system 122 is included in some embodiments, which
operates to evaluate the duct D including its route, to provide route data usable by the
transmission line installation system 100 during the installation of the transmission line
110. In this example, the route evaluation system 122 includes the route evaluation unit
126 that can be passed through the duct, such as to detect and determine the geometry
of the duct D. In some embodiments the mobile computing device 128 operates in
conjunction with the route evaluation unit 126, such as to receive route data from the

unit 126 and provide that information to the computing device 130. The computing
11
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device 130 stores the route data in memory and can subsequently transfer or make
available the route data for use by other components of the transmission line
installation system 100. More specifically, the route data can be sent to the installation
technician, the control unit 120, the transmission line conveying apparatus 104, the
cloud-data storage of the route evaluation system 122 or other cloud-data storage
accessible to the installation technician, and/or to the remote control and diagnostics
system 124. The route data can be referred to as “as-built” data when it describes the
actual “as-built” configuration of the duct route at the installation site. However, in
other embodiments the route data can alternatively be data describing the hypothetical
or expected layout and configuration of the duct route. In some embodiments the
functions of the computing devices 128 and 130 are performed by the same computing
device, or by multiple computing devices.

[0077] If help is needed, the remote control and diagnostics system 124 is provided
in some embodiments, through which technical support can be obtained from a support
technician. In this example the remote control and diagnostics system 124 includes at
least one computing device 132 in data communication with other components of the
transmission line installation system (such as the control unit 120) to permit data
communication therebetween. In some embodiments the remote control and
diagnostics system 124 can also be used to perform quality control functions, such as
by receiving data from the transmission line conveying apparatus during or after a line
installation. The data provides information about the installation such as route
information, details of the configuration of the transmission line installation system,
installation settings, and run data collected during the run. The data can be analyzed by
the remote control and diagnostics system to identify problems or to recommend
modifications to the installation setup or process.

[0078] In some embodiments the installation technician can communicate with the
support technician via any one or more of video conferencing (through a web page or
other video conferencing system or service), text-chat, text message, e-mail, or voice
call. Further, in some embodiments the communication can occur through pre-written
or pre-recorded instructions, frequently asked questions, tutorials, or the like.

[0079] FIG. 2 is a block diagram illustrating exemplary communications within an
example of the transmission line installation system 100. Similar to the example shown
in FIG. 1, the example transmission line installation system 100 includes the

transmission line conveying apparatus 104, such as a line blower, as well as the route
12
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evaluation system 122 and the remote control and diagnostics system 124. The
example transmission line conveying apparatus 104 includes the control unit 120 and a
plurality of components 113, such as the line blower 118, compressor 114, compressor
module 115, and power source 116, or other possible components (including a line
puller 119, compressor module, figure-eight machine, horizontal-directional drilling
machine, lubricator, transmission line cleaner, etc.). In some embodiments the control
unit 120 includes and operates as a global controller 121 and the components include
local controllers 160.

[0080] A fiber optic lubricating machine is another example of a component 113,
which is operable to add (apply or inject) lubricant onto the fiber optic cable or into the
duct D. The lubricating machine can be arranged at the start of the run to apply
lubricant to the fiber optic cable before it enters the duct, or to inject lubricant into the
starting end of the duct. The fiber optic lubricating machine includes a pump or other
lubrication applicator, and includes a local controller operable to interact with the
control unit 120 and/or other components 113, and to control the operation of the
lubricating machine, such as to adjust the amount of lubricant being added, or to turn
on or off the addition of lubricant. In some embodiments the fiber optic lubricating
machine has various types of lubricant and can select between those types depending
on the conditions, and even adjust the lubricant on the fly as installation proceeds.
[0081] A transmission line cleaner is another example of a component 113, which
is operable to clean a transmission line before it enters the transmission line conveying
apparatus 104. The transmission line cleaner typically includes one or more cleaning
mechanisms (motorized or non-motorized), such as including The transmission line
cleaner can also include sensors to detect foreign objects such as sand, mud, water, and
the like, and determine whether and an extent of cleaning that is required, and then
activates the cleaning mechanism to perform the appropriate cleaning. Cleaning
mechanisms can include brushes, wipers, and water or other liquid baths. As with other
components 113, the transmission line cleaner includes a local controller to permit
communication with other components 113, the control unit 120, and operates to
control the operations of the cleaning mechanism itself. In some embodiments the
cable cleaner is positioned before an optical detector (discussed herein) that reads
markings on the exterior of the transmission line. The cleaning removes any
obstructions on the markings that might otherwise interfere with the reading by the

optical detector.
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[0082] Some embodiments include a tether mechanism. A tether mechanism
operates similarly to a line puller, but instead of pulling the transmission line toward it,
it operates instead to provide a back pressure to provide more precise speed control to
the transmission line, such as when using a blower to advance the transmission line
through the duct. The tether mechanism typically includes an elongate member (e.g., a
tape or cable) that is connected to the transmission line (directly or with a coupler). In
some embodiments the elongate member is connected to the line carrier. The line
puller 119 is an example of a tether mechanism when it is operated in reverse. In
another embodiment, the tether mechanism can include a brake or other controllable
slip interface that is operable to apply a braking force to control a speed at which the
transmission line is advanced through the duct D.

[0083] The control unit 120 operates as the primary user interface with the
installation technician. The control unit 120 prompts the user, such as the installation
technician or other user, to provide inputs to control the overall operation of the
transmission line conveying apparatus 104, such as start or stop inputs, and to define an
installation plan including settings for the system. In some embodiments the control
unit includes both a local communication device as well as a network communication
device such as a cellular modem or Wi-Fi communication device. The local
communication device can be either a wired or wireless communication system, such as
a wired serial communication device (such as a universal serial bus (“USB”) device), or
a wireless device (such as utilizing Wi-Fi or BLUETOOTH communication), which
allows the control unit to communicate with the components 113 and their local
controllers 160. The network communication device enables the control unit 120 of the
transmission line conveying apparatus 104 to communicate across the Internet or other
network, such as with the route evaluation system 122 or the remote control and
diagnostics system 124.

[0084] The local controllers 160 can communicate with the control unit 120 and/or
other local controllers 160. The local controllers 160 are coupled to other sensors or
controllable devices within the components 113, and therefore are capable of receiving
or generating data associated with the components 113, and are also able to control any
controllable devices such as motors, pumps, and the like.

[0085] The communications can be used to transmit control commands or data.

Control commands are issued by one controller to another controller and instruct the
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other controller to adjust an operation, such as to speed up or slow down, start or stop,
increase or decrease a pressure, or other controllable operation.

[0086] Data communication is used to transmit information within the system. An
example of a data transmission may include a temperature, speed, pressure, humidity,
tension or force, or other information. Data may be generated by a sensor or may
simply identify a current status or operational parameter of one of the components (e.g.,
indicating that the device is turned on, or indicating that the device is currently set to
operate at a particular speed, etc.). Data received from one controller by another
controller can be used by that other controller to react accordingly, such as to adjust its
own operation, or may be used by the control unit to send one or more commands to the
components 113.

[0087] In some embodiments the control unit 120 and plurality of components 113
are configured to communicate with each other according to a predefined
communication protocol to automatically identify each other and to make use of
resources provided by the connected components. For example, when a first
component 113 is added to the transmission line installation system, the first
component 113 and the global controller 120 communicate with each other to identify
each other and determine the resources (including features and functionality) that are
now available to the transmission line installation system 100 as a result. When
additional components 113 are added the components are similarly identified. The
transmission line installation system 100 can therefore operate in such a way that it
utilizes the resources available to it, and similarly can identify any problems or
deficiencies in the current system configuration and make recommendations to the
operator to change the configuration if needed. When an installation plan is developed,
as discussed herein, the plan can be customized based on the specific configuration of
the system at that time. Similarly, other parts such as the duct itself, the transmission
line or transmission line reel, and the like can also be identified by the transmission line
installation system, such as by reading an RFID tag or communicating with a local
controller associated with those parts, to identify characteristics of the parts.

[0088] In some embodiments the control unit 120 and the components 113 are fully
operable individually regardless of whether or not they are connected with the control
unit 120 or other components 113. When connected they cooperate with each other to
utilize the resources of the others, and when disconnected they operate with whatever

resources are available.
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[0089] In various implementations the transmission line installation system 100 can
operate in various different control and communication modes. Several examples are
illustrated in FIGS. 3-5.

[0090] FIG. 3 is a block diagram illustrating an example control mode of operation
of the transmission line installation system 100. The system 100 includes the control
unit 120 including the global controller 121 and a plurality of components 113
including the local controller 160.

[0091] In some embodiments the control unit 120 includes a processing device,
memory, a display device, a power supply, a communication device, and one or more
input devices.

[0092] In some embodiments the local controller 160 includes a processing device,
a memory device, a power supply, a communication device, one or more input/output
devices, and at a status indicator or status display.

[0093] In this example, the transmission line installation system 100 operates in an
example control mode in which the in which the control unit 120 operates as a global
controller 121, and the transmission line installation system 100 utilizes a master / slave
communication model. The global controller 121 operates as the master device and the
local controllers 160 operate as the slave devices. In some embodiments the
communication between the global controller 121 and the local controllers 160 is
through wired communication, such as through a serial (USB) communication system
or using COM ports, or other communication or network communication protocols.
[0094] The power supply can be connected to an external power source, such as a
mains power receptacle using a power cord, or a generator, or alternatively can include
its own power source such as a battery, solar panel, or the like.

[0095] The global controller 121 issues commands to the local controllers 160 and
the local controllers 160 respond to those commands by locally controlling the
respective components 113. Additionally, the local controllers 160 provide responses
and/or data back to the global controller 121, which the global controller 121 uses to
make control decisions and adjustments.

[0096] The status indicator of the local controller 160 can be, for example, a three-
color LED which displays green when operating, red when stopped, and yellow when
an alert condition is present. In other embodiments the local controller 160 can include

a different type of display, or no display at all.
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[0097] FIG. 4 is a block diagram illustrating another example control mode of
operation of the transmission line installation system 100.

[0098] In this example, the control unit 120 continues to operate as the global
controller 121, but instead of the master / slave mode shown in the example in FIG. 3,
this example utilizes a peer-to-peer communication model. In the peer-to-peer
communication model the global controller performs an advisory role, whereas the
local controllers 160 are capable of operating independently under the advice of the
global controller 121.

[0099] The communication between the global controller 121 and the local
controllers 160 can be through any suitable bus communication system, which may
include wired or wireless communication systems. In the example shown in FIG. 4 the
global controller 121 and local controller 160 include wireless communication devices,
but wired communication devices can also or alternatively be used in other
embodiments. Examples of wireless communication systems include Wi-Fi and
BLUETOOTH systems.

[0100] FIG. 5 is a block diagram illustrating another example control mode of
operation of the transmission line installation system 100.

[0101] In this example, the control unit 120 no longer operates as a global
controller, but rather is limited to an interface with the installation technician. In this
way the control unit 120 can still receive input from the operator and pass those
instructions along to the local controllers 160, but the control unit 120 does not attempt
to manage or control the operations of the local controllers 160 other than passing along
the instructions from the installation technician.

[0102] In this example the local controllers 160 communicate with each other using
peer-to-peer communication and are capable of independently controlling their
respective components 113. The local controllers 160 operate to communicate with the
local controllers 160 of other components so that they can synchronize their operations
and utilize information from other components, whether commands or data, in
determining how best to control their own components 113. The local controllers 160
are autonomous and are programmed to react to information received from the control
unit 120 and other local controllers 160, without needing to be continually controlled
by a global controller.

[0103] In any of the control modes discussed herein the control unit 120 and

control units 113 (including a local controller 160) may be near to each other or
17



WO 2018/090043 PCT/US2017/061621

positioned far away from each other, so long as they are capable of data communication
with each other. For example, a blower may be positioned at a starting point of the
duct while a line puller is positioned at the ending point of the duct. The components
can communicate with each other via wired or wireless connections, before, during,
and/or after the transmission line installation.

[0104] FIG. 6 is a perspective view illustrating an example of the transmission line
source 102. In this example, the transmission line source 102 includes the reel stand
106, the transmission line reel 108, and the transmission line 110.

[0105] The transmission line 110 is typically wound around the transmission line
reel 108, and the reel stand 106 operates to elevate the transmission line reel 108 above
the ground to allow the transmission line reel 108 to rotate and feed the transmission
line to the transmission line conveying apparatus 104. An example of the reel stand
106 is illustrated and described in further detail with reference to FIGS. 6-8. Examples
of the transmission line 110 are illustrated and described in further detail with reference
to FIGS. 9-10.

[0106] Other transmission line sources can be used in other embodiments. For
example, the reel stand 106 can be mounted on a truck or other vehicle which supplies
the transmission line 110. Further, in another possible embodiment the transmission
line source 102 is a coiled length of the transmission line 110, which can be fed out by
a machine or manually by one or more installation technicians.

[0107] FIG. 7 is a combined perspective view and block diagram illustrating an
example of the reel stand 106. In this example, the reel stand 106 includes a support
frame 152, a motor 154, a brake 156, a transmission line tension sensor 158, and a local
controller 160.

[0108] The reel stand 106 includes a support frame 152 that supports the
transmission line reel 108 above a surface, such as the ground, to permit the
transmission line reel 108 to rotate. When the transmission line reel 108 rotates in the
proper direction, the transmission line 110 is unwound from the transmission line reel
108 to feed the transmission line 110 to the transmission line conveying apparatus 104
shown in FIG. 1. In some embodiments the support frame 152 includes height and
width adjustment mechanisms that allows the height and width of the support frame
152 to be adjusted, such as to accommodate transmission line reels 108 of varying

widths and diameters.
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[0109] The support frame 152 includes a spindle 162 that is positioned through a
central aperture of the transmission line reel 108 to support the transmission line reel
and which defines an axis of rotation for the transmission line reel 108.

[0110] The motor 154 operates to generate a force to control rotation of the
transmission line reel 108. In one example the motor 154 is an electric motor, though
other embodiments can utilize other types of motors such as hydraulic, pneumatic, and
the like. Examples of suitable electric motors include AC or DC motors, which may be
synchronous or asynchronous. In some embodiments the motor is a stepper motor
which can monitor and precisely control the rotation of the transmission line reel 108.
The motor is coupled to the spindle 162, such as through a gear box, belt drive, or other
transmission, such that rotation of the motor shaft causes rotation of the spindle 162
and the transmission line reel 108. In some embodiments the motor includes a motor
controller. The motor 154 (or motor controller) is controlled by the local controller
160, either through direct electrical connections, or by other forms of wireless or wired
data communication.

[0111] Some embodiments include a mechanical brake 156 that operates to slow
down or stop the rotation of the spindle 162 and the transmission line reel 108.
Alternatively, braking functions are performed by the motor 154, such as by adjusting
the operation of the stepper motor to slow or stop the motor 154, or by driving the
motor in reverse to oppose the momentum of the rotating transmission line reel 108.
The brake 156 is controlled by the local controller 160, either through direct electrical
connections, or by other forms of wireless or wired data communication.

[0112] The transmission line tension sensor 158 operates to detect and measure a
tension on the transmission line 110 as it comes off the transmission line reel 108 and is
fed toward the transmission line conveying apparatus. One example of a transmission
line sensor is an absolute pressure transducer.

[0113] Some embodiments also include a line counter that measures a speed and a
length of the transmission line 110 as it is fed from the reel stand 106. The measured
tension, speed, and length values are communicated from the transmission line tension
sensor 158 to the local controller 160, where it can then be shared throughout the
transmission line installation system as needed.

[0114] In some embodiments the line counter is an optical line counter that operates
to read markings present on the exterior surface of the transmission line. Many

transmission lines include markings on the exterior surface, such as positioned at one-
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foot intervals. The markings can identify the distance (e.g., “100 feet”) along the
transmission line. In some embodiments the line counter includes a camera or other
optical detector that detects or reads the markings.

[0115] In some embodiments the optical line counter includes a high speed digital
camera, which can be a video camera. Images captured by the digital camera may be
processed, such as using an optical character recognition (OCR) software program to
identify text printed on the exterior of the housing, and then process the text
accordingly. The text can include, for example, the name of the transmission line
supplier, a model designation, a build code, a numerical distance, or other text
information. Other codes may also be printed and readable from the transmission line
such as barcodes, QR codes, or other machine readable codes.

[0116] In some embodiments the reel stand 106 includes a local controller 160. An
example of the local controller 160 is illustrated and described in further detail with
reference to FIG. 8.

[0117] FIG. 8 is a schematic block diagram illustrating an example of the local
controller 160 of the example reel stand 106 shown in FIGS. 6-7. In this example, the
local controller 160 includes a processing device 172, a memory device 174, a
communication device 176, and an intracomponent input/output communication device
178. Although described in terms of the reel stand, the same or similar local controller
160 is also used with other components 113 in at least some embodiments of the
transmission line installation system 100. Other components include, but are not
limited to the compressor 114, power source 116, line blower 118 (or transmission line
pusher), and control unit 120. In view of this the same reference number (160) will be
used for this device throughout and this description, and will not be separately repeated
in detail for each component except where specific or different details are helpful for a
complete understanding of the various possible embodiments.

[0118] The local controller 160 controls the overall operation of the reel stand 106
(or other component), and communicates through the communication device 176 with
one or more other components 113 of the transmission line installation system 100,
such as the transmission line conveying apparatus 104 and the control unit 120. For
example, in some embodiments the local controller 160 receives commands in the form
of messages or instructions from the control unit 120 through the communication
device 176. Examples of such commands include start, stop, and speed adjustments (a

particular speed setting, an instruction to increase the speed, or an instruction to
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decrease the speed, etc.). Further, in some embodiments the local controller 160 also
sends messages or instructions to other components through the communication device
176. For example, measured data or current or historical settings can be transmitted by
the local controller 160 to other components.

[0119] The processing device 172 operates to process data instructions to perform
functions of the reel stand 106. The memory device 174 stores data instructions, which
when executed by the processing device 172, cause the processing device to perform
those functions. The memory device 174 does not include transitory media carrying
data signals. An example of the memory device 174 is a computer readable data
storage device as described in further detail herein.

[0120] The communication device 176 is a device that communicates with other
devices via wired or wireless data communication. In some embodiments the
communication device 176 communicates with one or more of the control unit 120 and
other components of the system 100.

[0121] The communication device 176 can utilize wireless or wired communication
devices. Examples of wireless communication devices include cellular communication
devices, Wi-Fi (IEEE 802.11x) communication devices, and BLUETOOTH
communication devices. Wired communication devices include modems, USB devices,
serial and other I/O communication devices and techniques.

[0122] The intracomponent input/output communication device 178 operates to
communicate with and control subsystems, sensors, or other electronic or controllable
devices within the reel stand (or other component), utilizing wired or wireless
communication or control signals. For example, the intracomponent input/output
communication device 178 is coupled to and controls the motor 154, brake 156, and
transmission line tension sensor 158 in some embodiments. The intracomponent
input/output communication device is an example of the i/o devices shown in FIGS. 3-
5.

[0123] Examples of processing devices, memory devices (including computer-
readable storage devices), and communication devices are described herein with
reference to an example computing device, and also with reference to the local
controllers in FIGS. 3-5, and such descriptions similarly apply to the processing device
172, memory device 174, and communication device 176 of the example of the local

controller device 160 shown in FIG. 8.
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[0124] FIGS. 9-10 illustrate examples of a transmission line 110 in the form of a
fiber optic cable 110A, shown in FIGS. 1 and 2.

[0125] FIG. 9 is a cutaway view of a portion of an example fiber optic cable 110A.
In this example, the fiber optic cable 110A includes a single fiber 195. More
specifically, the cable 110A includes a jacket 192, strengthening element 194, and the
fiber 195 including a coating 196, a cladding 198, and a core 200. Other embodiments
can use other transmission lines 110 or other fiber optic cables 110A having different
types or configurations than this example.

[0126] The jacket 192 is the outer protective layer of the cable 110A. An important
factor of the jacket 192 is the construction of the outer surface. Not only does the outer
surface act as a primary protective layer, it also forms the outer exterior surface of the
cable 110A.

[0127] The outer surface is the part of the transmission line 110 that makes contact
with the interior of the duct (shown in FIGS. 1 and 11-12) during installation, and
therefore directly impacts how and how easily the transmission line can be installed in a
particular duct. For example, if the outer surface has a low coefficient of dynamic
friction there will be less resistance to the advancement of the line and greater distances
may be possible, or less force and lower speeds may be possible. As another example,
if the outer surface is soft or has a low melting point, the line may need to be installed
at a slower speed to avoid melting or stripping away the outer coating, or additional
lubrication may be desired. The jacket also impacts the overall stiffness of the
transmission line 110, which impacts how easily the line can be bent around a corner.
[0128] The fiber 195 is positioned inside of the cable 110A and includes from
inside out, the core 200, the cladding 198, and the coating 196. The core is the inner-
most portion of the cable 110A that is formed of a material such as glass or plastic and
transmits light. The cladding 198 surrounds the core. A coating 196 surrounds the
cladding. The particular properties of the core 200, the cladding 198, and the coating
196 are selected so that light that enters the core is totally internally reflected due to a
difference in the refractive index between the core and the cladding. As a result, light
emitted into the core at one end of the cable 110A is trapped inside the core due to the
total internal reflection, and travels through the length of the cable until it reaches the

other end.
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[0129] Additional strengthening, protective, light blocking, or other layers or
coatings are also sometimes included within the cable 110A, such as the strengthening
element 194,

[0130] FIG. 10 is a cutaway view of a portion of another example of a transmission
line 110 and fiber optic cable 110B. In this example, the fiber optic cable 110B
includes a jacket 210 and a plurality of optical fibers 212 within a single cable 110B.
For example, the fiber optic cable 110B includes a jacket 210, and a plurality of optical
fibers (each which may include its own jacket or other layers or coatings). In some
embodiments the fiber optic cable 110B includes a range from about 1 to about 1,000
optical fibers. Multiple optical fibers permit the cable to transmit multiple separate
light signals at the same time, thereby multiplying the amount of data that can be
transmitted by the single cable.

[0131] In some embodiments the transmission line 110 or its packaging includes a
barcode or other printed or affixed label that includes an identifier of the transmission
line 110. The identifier may be a UPC code, model or part number, a name of a
manufacturer, a serial number, or other identifier or combination of identifiers. In some
embodiments the identifier is scanned or otherwise read by the transmission line
installation system 100, or an installation technician who inputs the identifier into the
transmission line installation system 100. The transmission line installation system
100, in some embodiments, stores a database of transmission lines 110 (such as fiber
optic cables) and associated specifications. Upon receipt of the identifier, the
transmission line installation system 100 retrieves the specifications using the identifier
so that the characteristics of the particular transmission line being installed are known
before the installation begins.

[0132] FIG. 11 is a perspective view illustrating a portion of an example duct D. In
this example, the duct D includes an outer sheath 220 and an interior coating 222.
[0133] The duct D is an elongate conduit having a hollow interior. Some ducts D
are designed to be installed underground, whereas other ducts are designed for
installation within a building or home. The duct provides a protected enclosure in
which the transmission line 110 can be installed, and defines a path along which the
transmission line 110 (FIG. 1) can be installed in the ground or building that is free of
obstructions.

[0134] The duct can have a variety of configurations, including one or more layers

of material. In this example, the duct D includes an outer sheath 220 and an interior
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coating 222. The outer sheath 220 is the main body of the duct defining a sidewall of
the duct. In some embodiments the outer sheath 220 is formed of a waterproof or
resistant that acts to prevent water or other contaminants from entering the interior of
the duct and interacting with the transmission line 110 or other contents. The duct is
also typically airtight (when the ends are adequately sealed) to allow to be increased in
the duct by blowing air in from one end. In some embodiments the duct D has an
interior coating 222 along the interior surface. For example, the interior coating 222
can be formed of a material having a low coefficient of dynamic friction to reduce
dynamic friction during the installation of the transmission line. Other types of ducts D
do not have an interior coating 222, and may as a result have a higher coefficient of
dynamic friction. Ducts D can also have a variety of different interior configurations,
including homogeneous, lined, or internally profiled. Some ducts D are pre-lubricated.
When installing a fiber of up to 2 or 5 km or more, even a small frictional contact along
an edge of the transmission line can add up to a significant frictional resistance across
the length of the transmission line, and therefore the specific configuration and
coefficient of dynamic friction is helpful to know in advance so that the system 100 can
adjust accordingly.

[0135] Another factor that impacts the installation process is the diameter of the
duct. A smaller sized duct is sometimes referred to as a microduct, which generally has
a diameter in a range from about 3 to about 16 mm. Other ducts can be much larger.
However, it is typically preferred that the diameter of the duct D be not more than 30-
40% larger than the diameter of the transmission line 110 so as to prevent buckling of
the transmission line 110 within the duct, which can cause problems during the
installation process.

[0136] FIG. 12 is a perspective view illustrating a portion of another example duct
D. This example illustrates another configuration of a duct, in which the duct D
includes an outer duct 232 and a plurality of microducts 234. The microducts 232 are
arranged inside of the outer duct 232, defining a plurality of transmission line paths
therein, to permit installation of multiple transmission lines, such as one per microduct
232. In some embodiments the duct includes a plurality of microducts 232, such as in a
range from 2 to about 15. Other embodiments include other quantities of microducts.
[0137] In some embodiments the microducts have a structure similar to the duct
described above with reference to FIG.11, and similarly can include more or fewer

layers and constructions.
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[0138] In some embodiments the duct D or its packaging includes a barcode or
other printed or affixed label that includes an identifier of the duct. The identifier may
be a UPC code, model or part number, a name of a manufacturer, a serial number, or
other identifier or combination of identifiers. In some embodiments the identifier is
scanned or otherwise read by the transmission line installation system 100, or an
installation technician who inputs the identifier into the transmission line installation
system 100. The transmission line installation system 100, in some embodiments,
stores a database of ducts and associated specifications. Upon receipt of the identifier,
the transmission line installation system 100 retrieves the specifications using the
identifier so that the characteristics of the particular duct are known before the
installation begins.

[0139] A barcode is an example of a machine readable code. In other embodiments
other machine readable codes can also be used, such as a two-dimensional barcode or
QR code. In some embodiments optical character recognition is used to read human
readable text. This applies to both the duct D and the transmission line 110 discussed
above, as well as any other desired part or component of the system, such as the
components discussed herein (e.g., to identify a type or model of component and
corresponding functions or specifications), a lubricant container (e.g., to identify a type
of lubricant being used), and the like.

[0140] FIG. 13 is a perspective view illustrating portions of the transmission line
installation system 100, and in particular the reel stand 106, transmission line 110, line
blower system 112, and duct D are shown. In this example the line blower system 112
includes the compressor 114, power source 116, and line blower 118, and the line
blower 118 includes a blower head 252 and a stand 254.

[0141] As discussed above, the reel stand 106 supplies the transmission line 110 to
the line blower system 112, which operates to advance the transmission line 110
through the duct D to install the transmission line 110 in the duct.

[0142] Parts of the example line blower system 112 are illustrated and described in
further detail with reference to FIGS. 14-19. More specifically, an example compressor
114 is shown in FIGS. 14-15, an example power source is shown in FIG. 16, and an
example line blower 118 is shown in FIGS. 17-19.

[0143] FIGS. 14-15 illustrate an example of the compressor 114. FIG. 14isa
perspective view and FIG. 15 is an exploded perspective view and block diagram of the

example compressor 114. In this example, the compressor 114 includes a mobile cart
25



WO 2018/090043 PCT/US2017/061621

262, an engine 264, a pump 266, an air filter 268, an air quality sensor 270, an air
modifier 272, a tank 274, a pressure gauge 276, a pressure regulator 278, an air output
280, an air hose 282, and a local controller 160.

[0144] The compressor 114 is a machine that provides a source of pressurized air to
the blower head 252 (shown in FIG. 13). The pressurized air is then supplied by the
line blower 118 into the duct to help propel the transmission line 110 through the duct
during the installation process. A variety of possible air compressors can be used, and
FIGS. 14-15 illustrate one possible example.

[0145] The mobile cart 262 is a wheeled platform that supports the rest of the
compressor 114 components, to allow for more easily moving and transporting the
compressor 114 to, from, and around a site S. In this example the mobile cart 262 has a
handle, frame, and wheels.

[0146] The engine 264 is provided to generate power when another power source is
not readily available. In some embodiments the engine 264 is a gasoline engine, which
is connected to an electrical generator that generates electrical energy to operate the
pump 266. In other embodiments the engine 264 is mechanically coupled to the pump
(such as through a transmission) to operate the pump directly. The gasoline engine 264
is powered by a fuel such as gasoline and generates power by capturing energy
generated by combustion.

[0147] The pump 266 is a machine that pushes air. The pump 266 receives input
air and pushes it into the tank 274, such as using one or more of a piston, rotary vane,
or rotary screw type pump.

[0148] One of the byproducts of compressing air is that heat is generated.
Excessive heat can negatively impact the installation of a transmission line 110 by
causing condensation, and/or increasing friction through the softening of the
transmission line jacket, or even causing the jacket to melt. Accordingly, some
embodiments include an air modifier 272 (discussed in further detail below) that can be
used to cool the input air either before or after passing through the pump 266. Some
embodiments include an after cooler. In some embodiments the air modifier includes
an air conditioner that utilizes a refrigerant to cool the air. In some embodiments the
air modifier includes a humidifier to inject water.

[0149] The air filter 268 receives input air from the environment and passes that air
through a filter media that removes contaminants such as dust from the input air before

providing the air to the pump 266.
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[0150] An air quality sensor 270 is provided in some embodiments to detect one or
more qualities of the input air. In one example embodiment, the air quality sensor 270
is a temperature sensor. In another example embodiment, the air quality sensor 270 is a
humidity sensor. Some embodiments include multiple air quality sensors, such as a
temperature and humidity sensor. In some embodiments the air quality sensor 270 is
coupled to the air modifier 272, and/or the local controller 160. The air quality sensor
270 can be used to detect one or more qualities of the input air before or after the air
modifier 272 and before or after the pump 266, or can include multiple sensors to detect
one or more qualities of the input air before and after the air modifier 272 and/or the
pump 266.

[0151] Some embodiments include an air modifier 272, which operates to modify
the input air. In some embodiments the air modifier 272 is an air cooler, such as an air
conditioner. The air cooler reduces the temperature of the input air, such as using a
refrigerant using a refrigeration cycle. In some embodiments the air cooler reduces the
air from the original temperature to a desired temperature that is less than the original
temperature.

[0152] In some embodiments the air modifier 272 is an air dryer that operates to
remove water from the input air. In some embodiments this function is a byproduct of
passing the input air through the air cooler, and in other embodiments an additional or
alternative air dehumidifier is used. In some embodiments the air modifier 272 reduces
the humidity of the input air from an original humidity to a desired humidity that is less
than the original humidity.

[0153] In some embodiments, the air modifier 272 is an air humidifier that operates
to add water to the input air. In some embodiments the air modifier 272 injects a spray
of water vapor into the input air to increase the humidity of the input air from an
original humidity to a desired humidity that is greater than the original humidity.

[0154] The tank 274 is a storage receptacle configured to store compressed air prior
to delivery to the blower head 252.

[0155] The pressure gauge 276 is provided to measure the pressure of the air. In
some embodiments the pressure gauge 276 measures the air pressure within the tank
274. In other embodiments the pressure gauge 276 measures the air pressure along the
air output line.

[0156] The pressure regulator 278 operates to control the air pressure supplied to

the air output 180. The pressure regulator 278 can supply an air pressure to the air
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output that is less than the air pressure in the tank 274. In some embodiments the
pressure regulator 278 is controllable by the local controller 160 to select and adjust the
desired air pressure delivered to the output 280.

[0157] The air output 280 is a coupling where the air hose 282 can be connected,
and where the pressurized air is output from the compressor 114. In some
embodiments the air output 280 includes a quick connect coupling, for example.
[0158] The air hose 282 is an air supply line that can deliver air from the air
compressor to the blower head 252. The air hose 282 typically includes couplings on
either end configured for connection to the air output 280 and a pressurized air input
port on the blower head 252.

[0159] The local controller 160 of the compressor 114 operates to control
operations of the compressor 114 and to communicate with other local controllers 160,
and the control unit 120. An example of local controller 160 is shown in FIG. 8.
[0160] In some embodiments the transmission line installation system 100 can also
include a compressor module separate from the compressor 114. In some embodiments
the compressor module is a separate component 113 that includes its own local
controller.

[0161] FIG. 16 is a perspective view of an example power source 116. In this
example, the power source 116 is a generator 292. The generator 292 includes an
output receptacle 294 and a local controller 160.

[0162] The generator 292 operated to generate electricity to power electronic
components of at least the blower head 252, and can also be used to power other
electronic components of the transmission line installation system 100. In some
embodiments the generator 292 includes a gas engine that powers the generator through
combustion. The electricity is provided to the receptacle 294 where a power cord can
be plugged in to deliver power from the receptacle 294 to the blower head 252.

[0163] Other power sources 116 are used in other embodiments. As one other
example, if mains power is available at or near the site S, the mains power can be used
directly by plugging the power cord directly into the mains power. In another possible
embodiment, a battery power source is used. Power sources 116 can also include a
hydraulic or pneumatic source.

[0164] FIGS. 17-19 illustrate an example blowing head 252. FIG. 17 is a

perspective view of the blowing head 252. FIG. 18 is another perspective view of the
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blowing head 252 with a cover piece removed to show interior components of a tractor
drive. FIG. 19 is a block diagram of the example blowing head 252.

[0165] The example shown in FIG. 17 illustrates several parts of the blowing head
252, including an air input port 302, a power supply port 304, a transmission line
receptacle 306 (hidden from view in FIG. 17), a tractor drive 308, a duct receptacle
310, the local controller 160, and the frame 369. The blowing head 252 is described in
further detail with reference to FIGS. 18 and 19.

[0166] The example shown in FIG. 18 illustrates several of these parts of the
blowing head 252 more clearly, and in particular a cover piece is removed to show
interior components of the tractor drive 308. Shown in FIG. 18 are the transmission
line 110, duct D, power supply port 304, transmission line receptacle 300, tractor drive
308 including the upper tractor drive 322 and lower tractor drive 324, duct receptacle
310, power cable 326, and the stand 254. The parts are discussed in further detail with
reference to FIG. 19.

[0167] FIG. 19 is a schematic block diagram of the example blower head 252. As
in prior examples, this example of the blower head 252 includes the air input port 302,
power supply port 304, transmission line receptacle 306, tractor drive 308 including the
upper tractor drive 322 and the lower tractor drive 324, and the duct receptacle 310.
[0168] The duct D is shown including a proximal end 348 and a distal end 350.
The transmission line 110 is provided by the transmission line source 102 (such as
including a reel stand 106 and transmission line reel 108). In some embodiments a
carrier 352 is fastened at a distal end 353 of the transmission line 110. The compressor
114, power source 116, and a hydraulic pressure source 354 are also shown.

[0169] Some embodiments of the blower head 252 further include one or more of
an inlet 356 and outlet 358, a transmission line drive assembly 360, a line blower
assembly 362, an air block 363, a duct mount assembly 364, a transmission line counter
assembly 366, an adjustment assembly 368, and a frame 369. Some embodiments of
the transmission line drive assembly 360 include the upper and lower tractor drives
322, 324, upper and lower drive motors 373 and 375, a drive counter 377, and a clamp
cylinder 379.

[0170] The blower head 252 generates motive force(s) for the installation of the
transmission line 110 to be pulled from the transmission line reel 108, or other
transmission line source, and inserted into an interior of duct D. The duct D can be any

of a variety of known ducts, such as polyethylene, suitable for receiving and storing the
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transmission line 110. Once installed in the duct, the transmission line 110 can
subsequently be used, such as for transmission of light or electrical signals, or power.
As discussed, herein, the transmission line 110 can be any of a variety of known cables
or wires used for transmitting energy or signals, including fiber optic cable having one
or more optical fibers contained therein, and preferably having a circular outer
perimeter. The blower head 252 accepts the transmission line 110 at the inlet 356, and
the transmission line 110 exits the blower head 252 at the outlet 358. The duct D
extends from the blower head 252 to the distal end 350, which can be several hundred
feet or less away from the blower head 252, or several thousand feet or more away
from the blower head 252.

[0171] Preferably, the motive force generated by the blower head 252 includes a
pushing force generated by frictional engagement of the transmission line 110 with a
moving drive assembly 360. The blower head 252 includes a transmission line drive
assembly 360, which frictionally engages the transmission line 110 so as to provide a
motive pushing force. In some embodiments, the transmission line drive assembly 360
is hydraulically driven by a hydraulic pressure source 354 linked by hydraulic lines to
the drive assembly 360.

[0172] In some embodiments the motive force further includes a pulling force
generated by air pressure. The blower head 252 preferably also includes the line
blower assembly 362, which allows for pressurized air to enter the duct D. The carrier
352 attached to the distal end 353 of the transmission line 110 slideably and sealably
closes off duct D from the atmosphere sufficient to create a pressure difference adjacent
to the carrier 352. An example of a line carrier 352 is illustrated and described in
further detail with reference to FIG. 20. Line blower assembly 362 is linked to the
compressor 114, which generates appropriate air pressure. The air hose 282 and a
valve 283 (FIG. 18) link the compressor 114 with the line blower assembly 362. The
valve 283 can be manually or electronically adjustable. An electronically adjustable
valve is electronically connected to the local controller, which can adjust the valve
between open and closed positions, or to various partially opened positions, to adjust
the air flow through the blower and into the duct D. Air pressure within the duct D
between the carrier 352 and the blower head 252 causes the carrier 352 to move toward
the distal end 350 of the duct D where it exits the duct D. The pressurized air within
the duct D, behind the carrier 352, flows along sides of the transmission line 110 which

can generates a motive pulling force at the distal end 353 of the transmission line 110.
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The flow of air can also generate a pillow of air that helps to space the transmission line
110 from the interior surface of the duct D to reduce frictional contact between the
transmission line 110 and the duct. Further if the carrier does not completely seal the
duct, the air will flow along the duct at a faster speed than the transmission line 110.
This creates a distributed viscous drag between the air flow and the transmission line
110 that further helps to propel the fiber along the duct by pulling on the transmission
line 110 along the entire length of the transmission line 110. A further advantage of
this is that it reduces the required pushing and pulling forces that are localized to the
distal and proximal ends of the transmission line, which if too great can result in
damage to the transmission line 110.

[0173] In some embodiments the blower head 252 preferably further includes the
transmission line counter assembly 366, which monitors the speed of the transmission
line 110 during operation. Preferably, the transmission line counter assembly 366 also
monitors the length of the transmission line 110 passing through blower head 252 from
the transmission line reel 108. Similar to the line counter discussed herein for the reel
stand 102, the blower can similarly include an optical counter that reads markings on
the exterior of the transmission line as it passes through the blower head 252. The
length is communicated to and received at the local controller 160, for communication
to other components or the control unit 120. In some embodiments the transmission
line counter assembly 366 is used to detect slip of the transmission line within the
blower head 252. Slip typically occurs between the transmission line and the drive
system of the blower, such as the upper and lower tractor drives 322, 324. One way to
detect slip is to compare the measurements read by the transmission line counter
assembly 366 with other speed or distance measurements in the system, such as the
blower distance measurement, or from the reel. When the speeds or distances do not
match (or deviate by more than a particular amount), the system can determine that the
transmission line is slipping in the blower head 252. Remedial action can then be
taken, such as to reduce the air pressure, alert the operator, or other remedial action.
[0174] In some embodiments the blower head 252 also includes a frame 369, which
can be supported by legs, a cart, or other stand for supporting the frame 369 at a
convenient level above the ground. Such supporting structure also includes wheels in
some embodiments, for conveniently moving the blower head 252 between locations.
Frame 369 also supports the transmission line drive assembly 360, the line blower

assembly 362, and the transmission line counter assembly 366. The frame 369 also
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supports the local controller 160 which monitors and/or controls operation of various of
the parts of blower head 252. The frame 369 allows for the various assemblies to be
conveniently used and transported together as a unit.

[0175] The line blower assembly 362 includes the air block 363 which links both
the transmission line 110 received from the transmission line drive assembly 360, and
the compressor 114 with duct D. The duct mount assembly 364 at the duct receptacle
310 forms a portion of line blower assembly 362, and securably mounts the duct D to
the blower head 252. The adjustment assembly 368 arranged below the line blower
assembly 362 also forms a portion of the line blower assembly 362, and allows for
vertical adjustment of the air block 363 and the duct mount assembly 364 relative to the
frame 369. The adjustment is with respect to the transmission line drive assembly 360.
Such vertical adjustment allows for different diameter transmission lines to be installed
by the blower head 252. As the diameter of the transmission line 110 is varied, the
location of the central axis of the transmission line 110 will vary as it exits the
transmission line drive assembly 360. Such variance in height is adjusted in order to
allow for proper sealing in the air block 363.

[0176] In some embodiments the transmission line drive assembly 360 includes the
upper and lower tractor drives 322, 324. Preferably, each is driven by a hydraulic,
pneumatic, or electric motor, 375, 373. Each tractor drive 322, 324 includes a
moveable member. In some embodiments, an endless chain in each tractor drive 322,
324 is driven by the hydraulic motors 373, 373, respectively, so as to frictionally
engage the transmission line 110 and apply the motive pushing force to the
transmission line 110. In the illustrated embodiment, the tractor drives 322, 324 oppose
each other and are aligned in the vertical direction. Other moveable drive members
besides opposed endless chains are possible including wheels and/or belts. Further, the
moveable members can be arranged in V-shape, for example.

[0177] The lower drive counter 377 monitors movement of the lower tractor drive
324, which is indicative of the speed of transmission line drive assembly 360. Such
speed monitoring is important for preventing excessive relative speed between the
transmission line drive assembly 360 and the transmission line 110 during slippage.
The speed is communicated from the lower drive counter 377 to the local controller 160
which receives the speed. The speed can then be communicated from the local

controller 160 to other components or the control unit 120.
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[0178] In some embodiments the transmission line drive assembly 360 further
includes a hold down system, such as a hydraulic clamp cylinder 379, linked to the
hydraulic pressure source 354 by a hydraulic line. The hydraulic clamp cylinder 379
generates a predetermined normal force on the transmission line 110 between the upper
and lower tractor drives 322, 324. Some slip is acceptable. Too much slip can cause
transmission line jacket damage. Too much slip may also limit the usefulness of the
blower head 252 if insignificant push forces are generated. The duct D usually contains
some irregularities, joints and bends that can keep transmission line 110 and carrier 352
from moving smoothly. Unless an appropriate normal force is generated (not too much
slip), the pushing force may be inadequate to overcome the irregularities, and slip may
occur too often, causing unnecessary transmission line jacket damage or insignificant
transmission line push force. On the other hand, a normal force which is too high risks
crush damage to the transmission line 110, and inadequate slippage, such that column
damage will be more likely to occur as the transmission line drive assembly 360
continues to move the transmission line 110 when transmission line 110 is being
slowed or stopped within the duct D. When slip does occur under high normal force
loads, transmission line jacket damage may result. By providing for a predetermined
normal force with the blower head 252, predetermined slip levels can be monitored.
This results in an appropriate level of slip, so as to not cause too many shutdowns of the
blower head 252 when transmission line damage is not significantly at risk, but
excessive slip is noted, and can be used to shut off the blower head 252 to prevent
damage.

[0179] The blower head 252 balances the benefits and risks associated with the
drive assembly 360, which generates a pushing force from a moving member
frictionally engaged with the transmission line 110. The blower head 252 reduces or
avoids transmission line damage (crush, column, and slippage), but allows for
sufficiently long runs of continuous transmission line to be installed. Such balance
comes from monitoring and controlling the normal force applied to transmission line
110, the speed of transmission line 110, and the speed of transmission line drive
assembly 360.

[0180] In some embodiments the local controller 160 of the blower head 252
includes control subsystems for: monitoring and controlling the speed of the upper and

lower tractor drives 322, 324; monitoring the speed of the transmission line 110;
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monitoring and controlling system air pressure; and monitoring and controlling the hold
down system, such as the clamp cylinder 379.

[0181] Some embodiments of the blower head 252 further include a buckle sensor
configured to detect buckling or the transmission line 110.

[0182] FIG. 20 is a perspective view illustrating an example of a line carrier 352.
The line carrier has a body 353 that is designed to be coupled to a leading end of the
transmission line, and is shaped to guide the transmission line through a duct D.

[0183] Line carriers can come in a variety of configurations. In some embodiments
the body 353 includes one, two, or more cone shaped features that are configured to
extend across the cross-section of the duct D to catch the air supplied to the duct by the
blower as the air passes through the duct. The pressure differential in front of and
behind the carrier propels the carrier forward, generating a pulling force on the
transmission line, that further helps to propel the line through the duct. Other types of
line carriers can be used in other embodiments, such as duct projectiles, cable chute line
carriers, foam carriers, and the like.

[0184] FIG. 21 is a perspective view illustrating an example of a line puller 119. In
this example the line puller 119 includes a frame 355, motor 357, capstan 359, local
controller 361, and elongate member 123.

[0185] The frame 355 forms a primary body of the line puller 119 and in various
embodiments can be mounted to various support structures, such as a truck or trailer.
The frame 355 supports a motor 357, such as a hydraulic motor. The motor 357 is
coupled to the capstan 359 and operates to apply a torque to the capstan to cause the
capstan to rotate, thereby pulling on an elongate member 123 coupled to an end of the
transmission line.

[0186] The local controller 361 is an electronic control system for the line puller
119 and can include a local controller 160 discussed herein that communicates with a
control unit 120, for example. The local controller 361 can include an electronic
control box. Further, some embodiments include a foot control system that allows the
operator to adjust the line puller 119 operation with a foot control. In other
embodiments the line puller 119 can operate without any input from the operator, such
that the foot control is not needed.

[0187] As discussed with reference to FIG. 1, the line puller 119 is a machine
configured to pull a transmission line through the duct. The line puller 119 utilizes an

elongate member 123 such as a wire, rod, tape, cord, or the like (collectively included
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within the term “line”) which extends through the duct. The transmission line source
102 (FIG. 1) is positioned at one end of the duct, and the system is arranged at the
opposite end of the duct. The transmission line 110 at the transmission line source 102
is then fastened to an end of the elongate member 123. The line puller 119 then pulls
on the elongate member 123 which in turn pulls on the end of the transmission line 110
to advance the elongate member 123 through the duct. Other components such as
blowers can also be used with the puller to generate a distributed viscous drag between
the air and the transmission line that further assists in advancing the transmission line
through the duct, similar to the operation of the line blower systems described herein.
Additionally, the line puller 119 can be part of and used in conjunction with the line
blower system 112 described herein.

[0188] FIG. 22 is a perspective view illustrating an example embodiment of the
control unit 120. In this example the control unit 120 is a smartphone. FIG. 22 is
another example of the control unit 120 that is also depicted and described in FIGS. 1-
5.

[0189] The control unit 120 is a computing device that provides an interface
between the installation technician and the transmission line installation system 100. In
some embodiments the control unit 120 receives control inputs from the installation
technician, such as to start and stop an installation. In some embodiments the control
unit 120 provides status information to the installation technician, such as to convey the
current status of the installation and to show the progress that has already been made.
The control unit 120 is in data communication with one or more other components of
the transmission line installation system 100, such as the transmission line conveying
apparatus 104. Another example of the control unit 120 is illustrated and described in
further detail with reference to FIG. 23.

[0190] In some embodiments the control unit 120 provides step-by-step installation
instructions to the installation technician. The installation instructions guide the
installation technician through the installation process. The installation instructions
may reduce the amount of training required, and also operates to help the installation
technician by acting like an installation checklist to remind the installation technician of
each step of the process. Installation instructions can be communicated through a
graphical user interface shown on a display device of the control unit 120. Installation

instructions can also be communicated audibly through a speaker or headset.
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[0191] FIG. 23 is a schematic block diagram illustrating an example of the control
unit 120, shown in FIGS. 1-5 and 22.

[0192] FIG. 23 illustrates an exemplary architecture of a computing device that can
be used to implement aspects of the present disclosure, including any of the plurality of
the control unit 120, the mobile computing device 128, the computing device 130, and
the computing device 132. Further, the computing device can also be implemented as
part of any one or more of the transmission line installation system 100 components
discussed herein, such as a portion of the reel stand 106, the transmission line
conveying apparatus 104 (including the compressor 114, the power source 116, and/or
the transmission line blower 118. The computing device can be used to execute the
operating system, application programs, and software modules (including the software
engines) described herein. By way of example, the computing device will be described
below as an example of the control unit 120. To avoid undue repetition, this
description of the computing device will not be separately repeated herein for each of
the other computing devices, including those listed above, but such devices can also be
configured as illustrated and described with reference to FIG. 23.

[0193] In this example, the control unit 120 includes a computing device 370. The
computing device 370 can be used to execute the operating system, application
programs, methods, and software modules, and to perform any one or more of the
functions of the control unit 120, described herein.

[0194] The computing device 370 includes, in some embodiments, at least one
processing device 372, such as a central processing unit (CPU). A variety of
processing devices are available from a variety of manufacturers, for example, Intel or
Advanced Micro Devices. In this example, the computing device 370 also includes a
system memory 374, and a system bus 376 that couples various system components
including the system memory 374 to the processing device 372. The system bus 376 is
one of any number of types of bus structures including a memory bus, or memory
controller; a peripheral bus; and a local bus using any of a variety of bus architectures.
[0195] Examples of computing devices suitable for the computing device 370
include a server computer, a desktop computer, a laptop computer, a tablet computer, a
mobile computing device (such as a smart phone, an iPod® or iPad® mobile digital
device, or other mobile devices), or other devices configured to process digital

instructions.
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[0196] The system memory 374 includes read only memory 378 and random access
memory 380. A basic input/output system 382 containing the basic routines that act to
transfer information within computing device 370, such as during start up, is typically
stored in the read only memory 378.

[0197] The computing device 370 also includes a secondary storage device 384 in
some embodiments, such as a hard disk drive, for storing digital data. The secondary
storage device 384 is connected to the system bus 376 by a secondary storage interface
386. The secondary storage devices 384 and their associated computer readable media
provide nonvolatile storage of computer readable instructions (including application
programs and program modules), data structures, and other data for the computing
device 370.

[0198] Although the exemplary environment described herein employs a hard disk
drive as a secondary storage device, other types of computer readable storage media are
used in other embodiments. Examples of these other types of computer readable
storage media include magnetic cassettes, flash memory cards, digital video disks,
Bernoulli cartridges, compact disc read only memories, digital versatile disk read only
memories, random access memories, or read only memories. Some embodiments
include non-transitory media. Additionally, such computer readable storage media can
include local storage or cloud-based storage.

[0199] A number of program modules can be stored in secondary storage device
384 or memory 374, including an operating system 388, one or more application
programs 390, other program modules 392 (such as the software engines described
herein), and program data 394. The computing device 370 can utilize any suitable
operating system, such as Microsoft Windows™, Google Chrome™, Google Android,
Apple OS, Apple i0S, Linux, and any other operating system suitable for a computing
device.

[0200] In some embodiments, a user provides inputs to the computing device 370
through one or more input devices, such as the touch sensitive display 398. Other input
devices can also be used, such as a keyboard, mouse, pointer control device (such as a
touch pad, touch stick, joy stick, etc.), microphone, and any other suitable input device.
The input devices are often connected to the processing device 372 through an
input/output interface 396 that is coupled to the system bus 376. Wireless
communication between input devices and the interface 396 is possible as well, and

includes infrared, BLUETOOTH® wireless technology, IEEE 802.11x Wi-Fi
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technology, cellular, or other radio frequency communication systems. Therefore, in
some embodiments the I/O interface is a wireless communication device.

[0201] One or more input/output interfaces 396 can be used for communicating
with other components of the transmission line installation system 100, such as the
transmission line source 102, and transmission line conveying apparatus 104. The
input/output interface can include AC, DC, or digital input output interfaces, including
for example USB and other i/0 interfaces, and can also or alternatively include one or
more communication devices such as a wireless communication device, wired network
communication device (e.g., a modem or Ethernet communication device), or other
wired communication devices (e.g., serial bus). The I/O interface 396 can
communicate with the local controllers 160 of other components of the transmission
line installation system 100, for example. In some embodiments the communication
includes communication of data and commands. Examples of data include sensor data,
such as a temperature, humidity, transmission line length, transmission line speed, reel
feed speed, and other data describing current operating conditions. Examples of
commands include start, stop, setting adjustments, and the like.

[0202] In this example embodiment, a display device 398, such as a monitor, liquid
crystal display device, projector, or touch sensitive display device, is also connected to
the system bus 376 via an interface, such as a video adapter 400. In addition to the
display device 398, the computing device 370 can include various other peripheral
devices (not shown), such as a wireless headset, speakers, and a printer.

[0203] When used in a local area networking environment or a wide area
networking environment (such as the Internet), the computing device 370 is typically
connected to a network 404 through a network interface 402, such as an Ethernet
interface, or by a wireless communication device, such as using cellular or Wi-Fi
communication. In some embodiments the network interface 402 is a cellular modem
that can access the Internet through a cellular network. The network interface 402 can
communicate with remote systems, such as the route evaluation system 122 (including
computing devices 128 and 130) and the remote control and diagnostics system 124
(including computing device 132), all of which are shown in FIG. 1.

[0204] The computing device 370 typically includes at least some form of
computer readable media. Computer readable media includes any available media that

can be accessed by the computing device 370. By way of example, computer readable
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media include computer readable storage media and computer readable communication
media.

[0205] Computer readable storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any device configured to store
information such as computer readable instructions, data structures, program modules
or other data. Computer readable storage media includes, but is not limited to, random
access memory, read only memory, electrically erasable programmable read only
memory, flash memory or other memory technology, compact disc read only memory,
digital versatile disks or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to store the desired information and that can be accessed by the computing
device 370. Computer readable storage media does not include computer readable
communication media.

[0206] Computer readable communication media typically embodies computer
readable instructions, data structures, program modules or other data in a modulated
data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term “modulated data signal” refers to a signal that
has one or more of its characteristics set or changed in such a manner as to encode
information in the signal. By way of example, computer readable communication
media includes wired media such as a wired network or direct-wired connection, and
wireless media such as acoustic, radio frequency, infrared, and other wireless media.
Combinations of any of the above are also included within the scope of computer
readable media.

[0207] The computing device illustrated in FIG. 23 is also an example of
programmable electronics, which may include one or more such computing devices,
and when multiple computing devices are included, such computing devices can be
coupled together with a suitable data communication network so as to collectively
perform the various functions, methods, or operations disclosed herein. Additionally,
the term computing device used herein includes multiple computing devices
cooperating to perform one or more functions or sets of functions.

[0208] In some embodiments the computing device 370 includes or is connected to
a location determining device, such as a geographical positioning system (GPS).
[0209] FIG. 24 is another example of the control unit 120. In this example, the

control unit 120 includes a housing 412, display 414, a computing device contained
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within the housing, various possible input/output connectors 416, and one or more input
controls 418.

[0210] The housing 412 provides a protective enclosure for the computing device
contained therein. Examples of the computing device are illustrated in FIGS. 1 and 23
and described herein.

[0211] The display 414 generates a user interface display for the installation
technician. An example of the display 414 is a liquid crystal display, but other
embodiments include other types of displays.

[0212] The input/output connectors 416 are provided to receive power to power the
control unit 120, and can also be used for data communication connections with other
local controllers 160 or network communication connections. The control unit 120
includes one or more communication devices for wired or wireless communication,
such as described herein.

[0213] The input controls 418 can be manipulated by the installation technician to
provide inputs to the control unit 120, to control and adjust the operation of the
transmission line installation system 100. For example, the input controls 418 can
include one or more of’ a start button, a stop button, a speed adjustment button, and one
or more setup controls such as up, down, back, and select buttons that allow the
installation technician to navigate menus and make selections.

[0214] FIG. 25 is a flow chart illustrating an example method 430 of installing a
transmission line 110. In this example the method 430 includes a duct evaluation
operation 432, an installation analysis and setup operation 434, a transmission line
installation operation 436, and a remote diagnostics operation 438. Other embodiments
can involve fewer than all of these operations.

[0215] The duct evaluation operation 432 is performed to evaluate a duct prior to
transmission line installation. An example of the duct evaluation operation 432 is
illustrated and described in further detail with reference to FIGS. 26-30.

[0216] The installation analysis and setup operation 434 is performed to define the
installation settings for the transmission line installation system 100 prior to
transmission line installation. An example of the setup operation 434 is illustrated and
described in further detail with reference to FIGS. 31-34.

[0217] The transmission line installation operation 436 is performed to install the

transmission line 110 into a duct using the installation settings defined in operation 434.
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An example of the transmission line installation operation 436 is illustrated and
described in further detail with reference to FIGS. 35-36.

[0218] The remote diagnostics operation 438 is provided to assist the installation
technician in troubleshooting an installation, or otherwise getting assistance from a
remote computing device and, if needed, a remote technician. An example of the
remote diagnostics operation 438 is illustrated and described in further detail with
reference to FIGS. 37.

[0219] FIGS. 26-30 illustrate example aspects of the duct evaluation operation 432
shown in FIG. 25.

[0220] FIG. 26 is a flow chart illustrating an example of the duct evaluation
operation 432, shown in FIG. 25. In this example the duct evaluation operation 432
includes a duct route characterization operation 442 and a duct specifications
determination operation 444.

[0221] The duct route characterization operation 442 is performed to characterize
the duct route, such as to determine its starting point, ending point, and where the duct
runs between the starting and ending points. Characteristics of the duct route have an
impact on the transmission line installation. For example, it may be beneficial to slow
down the transmission line as the leading end approaches a sharp 90 degree bend to
allow the transmission line to more readily navigate the corner. Additionally, upward
and downward slopes in the duct may have an impact on the optimum transmission line
installation procedure. The duct route characterization operation 442 can be used to
identify characteristics of the duct route, such as bends that are present at certain points
of the duct and changes in slope or elevation.

[0222] In some embodiments the duct route characterization operation 442 is
performed by a route evaluation system 122 separate from the transmission line
conveying apparatus 104. Before transmission line installation begins, the duct route
may already be known. If so, the duct route can be provided to the transmission line
installation system 100, the route evaluation system 122, or the transmission line
conveying apparatus. The duct route can be stored in one or more data files, such as in
a geographical information system (GIS) file format, which defines the layout of the
duct from the starting point to the ending point and defining positioning data. In some
embodiments the duct route contains or is associated with GPS coordinates.

[0223] If the duct route is not already known, the route evaluation system 122 can

be used to determine duct route. In one example, a route evaluation unit is used to
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characterize the duct. An example of the route evaluation unit is illustrated and
described in more detail with reference to FIG. 27.

[0224] An example of the duct route determined by the duct route characterization
operation 442 is shown in FIG. 28.

[0225] An example of duct route data defining the duct route is shown in FIG. 29.
[0226] The duct specifications determination operation 444 is performed to
determine non-route specifications of the duct. For example, the operation 444 can be
used to determine the internal diameter of the duct, the composition of or frictional
characteristics of the duct’s interior coating or surface, whether the duct contains
interior ribs, ridges, or other features or textures, and the like. An example of duct
specifications is illustrated and described in more detail with reference to FIG. 30. The
operation 444 can be performed before, after, or during operation 442.

[0227] FIG. 27 is a schematic diagram of at least portions of an example of the
route evaluation system 122 shown in FIG. 1, including an example route evaluation
unit 126, and is also an example of at least a portion of the duct route characterization
operation 442 shown in FIG. 26. In this example the route evaluation unit 126 includes
a body portion 450 having a first end portion 452 and a second end portion 454, an
internal cavity 464, and electrical components 458. An example duct D to be evaluated
is also shown.

[0228] In the depicted embodiment the system includes a route evaluation route
evaluation unit 126 configured to be passed through a duct D. The route evaluation
unit 126 includes a body portion 450 having a first end portion 452 arranged at a
leading end of the body portion 450, and a second end portion 454 arranged at a trailing
end opposite the first end portion 452.

[0229] The body portion 450 defines an internal cavity 456 configured to house
electrical components 458 therein. In the depicted embodiment, the first end portion
452 includes a rounded leading surface and the second end portion 454 defines a
trailing surface. A device configured to drive the route evaluation unit 126 through a
duct D, for example, a line blower as described herein. The system can also include a
processing device configured to receive information collected by the route evaluation
unit 126 as the unit travels through the duct D to map the duct D.

[0230] In the depicted embodiment, the electrical components 458 include a
battery, one or more motion sensors, as well as memory and communication

electronics. An example of a motion sensor is an inertial measurement unit. The
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motion sensors can include one or more of an accelerometer, an angular rate sensor,
and a magnetometer. In some embodiments the motion sensor includes a 6- or 9-
degree of freedom microprocessor chip. The 6 degree of freedom feature is useful in
that it provides 3-axis acceleration, 3-axis angular rate, and processing functions. A 9-
degree of freedom microprocessor chips adds an additional 3-axis magnetic field
sensor. A magnetic field sensor can be used to detect natural magnetic fields (e.g., the
magnetic field of the earth) or applied magnetic fields, such as provided by magnets
positioned at certain locations or at intervals along the duct. In the depicted
embodiment, the electrical components are connected together to form a modular
electrical unit. The modular electrical unit is configured to be removed from one unit
and placed into another unit. The system can include multiple units of various sizes,
each of the units configured to receive the modular electrical unit. The selection of the
proper unit for a particular application can depend on the type and size of the duct. It
should be appreciated that many other types of electrical components can be carried by
the unit. For example, the electrical components could also include a toxic material
sensor, magnetic field detector, pressure sensor, moisture sensor, or infrared scanner.
[0231] As discussed above, the route evaluation unit 126 is configured to collect
position data as it moves through the duct. In some embodiments the route evaluation
unit 126 is configured to transmit data so that it can be tracked as it moves through the
duct, or to save the data to be subsequently delivered. In some embodiment the data is
transmitted live or subsequently delivered to the computing device 130 of the route
evaluation system, shown in FIG. 1. In addition to collecting position data, route
evaluation unit 126 can be configured to clean the duct as it moves through the duct D,
or alternatively to transfer lubricant to the duct surface. In the depicted embodiment,
the route evaluation unit 126 is configured to be connected with other units. The units
126 can be configured for their own functions (e.g., one unit could be for cleaning,
another for detecting moisture, and another for tracking position). In the depicted
embodiment, the first end portion 452 includes a pulling eye 460 configured to connect
to a duct pull cord and/or to connect to another unit, and the second end portion 454
includes an inboard link 462 configured to connect to another unit. In the depicted
embodiment, the unit has an overall length of less than ten millimeters, which enables
the unit to move efficiently through ducts with bends. For example, a unit having an
outer diameter of between four and five millimeters (about 4.5 mm) can be blown

through a 5.5 mm inner diameter duct with a minimum bend radius of 70 mm.
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[0232] In the depicted embodiment, the system can further include a display
configured to visually display the duct configuration, such as the display device of the
computing device 130, or any of the other computing devices described herein. The
unit can also include a system that provides detailed data that can be imported into
blowing performance software to provide recommended flow rate, blowing pressure,
and locations for blowing for example. In the depicted embodiment, the system also
includes a unit trap configured to be mounted to a far end of the duct to trap the unit as
it exits the duct. It should be appreciated that the system can include fewer features or
more features than are described herein.

[0233] The present disclosure also provides a method for mapping a duct including
selecting a unit that has a diameter that is within 5-25 percent smaller than the diameter
of a duct of which the unit is configured to be blown through; inserting a modular
electrical unit into the selected unit, the modular electrical unit configured to track the
position of the unit; blowing the unit through the duct while the modular electrical unit
collects and stores data regarding the position of the unit; and mapping the duct based
on the data collected by the unit.

[0234] The method can also include providing recommended flow rate, blowing
pressure, and locations for blowing based on information collected by the unit and
received by the processor. In addition it can also include providing information to
another software application that visually displays the mapped route.

[0235] An example of the route evaluation unit 126 is disclosed in co-pending PCT
Application No. PCT/US2016/029816, filed on April 28, 2016 and titled SYSTEM
AND METHOD FOR MAPPING A DUCT, which claims priority to U.S. Serial No.
62/154,470, filed on April 29, 2015, the disclosures of which are hereby incorporated
by reference in their entireties.

[0236] FIG. 28 is an example graphical display 472 of a duct route 474, such as
received or generated by the duct route evaluation system 122 of FIG. 1, and such as
determined by the duct route characterization operation 442 of FIG. 26. In this
example the duct route 474 includes a starting point 476, and ending point 478, and is
divided into a plurality portions including legs 480-490 (confirm correct number).
[0237] In this example the graphical display depicts the transmission line
installation site S, which is a region in which the duct is installed. The site can include
a region of the earth in which the duct D is installed underground (which may include

under water), on the ground, or above-ground. Above-ground installation may include
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ceilings or walls of one or more buildings. A duct may also be arranged along above-
ground structures such as telephone poles, for example. In this example, the duct route
474 is an underground installation that runs along and around several buildings and
parking lots.

[0238] The example duct route includes a starting point 476 and an ending point
478. In some embodiments the starting and ending points 476 and 478 are at known
locations, which can be identified by starting and ending GPS coordinates, and can be
graphically represented on the site S based on the known GPS coordinates.

[0239] From the starting point 476, the duct route can be defined in various ways.
One way is by individual location points taken along the length of the duct D. For
example, a location may be determined and stored for each foot or meter of length of
the duct. For a more detailed representation, the duct route can be determined at every
inch or centimeter of length. A GPS data point can be stored for each point, for
example.

[0240] Another way is to identify portions of the duct that share a common
characteristic, and to store data for each of the portions. A benefit of this technique is
that a long straight segment of the duct can be easily defined without having to store
each individual data point.

[0241] Referring to the example duct D shown in FIG. 28, the duct can be divided
into eleven segments, sometimes referred to as “legs”, including legs 480-490. Leg 480
begins at the starting point 476 and extends straight in a certain direction for a certain
length. It then comes to a corner defined by leg 481, which has a certain length, angle,
and radius. It then proceeds to leg 482 which is another straight segment to leg 483
which has a much more gradual corner including a length, angle, and radius. The route
continues in a similar manner along legs 484-490.

[0242] The duct route 474 can be defined and graphically displayed in two or three
dimensions. The example shown in FIG. 28 shows a two-dimensional graphical
display 472, but a three dimensional graphical display can alternatively be provided to
also show changes in elevation.

[0243] Although some embodiments utilize the duct route evaluation unit 126 data
to generate a duct route 474, and then utilize the duct route 474 to generate installation
settings of an installation plan, another possible embodiment generates installation
settings from the duct route evaluation unit 126 data directly without first generating

and analyzing the duct route 474. For example, the duct route evaluation unit 126 can
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operate to calculate an undulations factor that identifies the extent of undulations along
a duct. The undulation factor can then be used to select appropriate installation settings
based on the undulation factor. Similarly, other characteristics can be identified from
the duct route evaluation unit 126 data, and installation settings can therefore be
selected based on the identified characteristics.

[0244] FIG. 29 illustrates an example of duct route data 502. As discussed above,
the duct route can be defined in various ways. One way is to define the duct by
dividing it into a plurality of sections and then characterizing each of the sections. In
this example, a portion of a duct is characterized by a plurality of legs. Each leg is
defined by a length and an inclination. Each bend is defined by a deviation (angle) and
radius. Other route data can be used in other embodiments.

[0245] In some embodiments the route data contains GPS data points, and is stored
in a standard file format. One example of a suitable file format is the comma separated
values (CSV) file format. The route data file can also include other information, such
as discussed in further detail herein.

[0246] The route data can be input into a GIS system, such as by importing the
route data file into the GIS system. This allows the route data to be used along with
other GIS data of a company or of the installation technician.

[0247] FIG. 30 illustrates an example of duct specifications 512. In some
embodiments the duct specifications 512 are determined as part of the duct
specifications determination operation 444, shown in FIG. 26.

[0248] The duct specifications 512 are defined by data describing certain
specifications of the duct that are relevant to the installation process. In some
embodiments the duct route evaluation system 122 prompts the user to manually
provide the duct specifications, such as based on a physical inspection of the duct,
known duct specifications, duct manufacturer’s specific sheets or data, or the like. In
other embodiments, the duct evaluation system 122 prompts the user to provide or
select certain information about the duct, such as a manufacturer’s name and a model
number of the duct (such as from a drop down menu or otherwise). A database
containing duct specifications is then queried to automatically retrieve the duct
specifications from the database for the identified duct. This option greatly reduces the
time and knowledge required in order to determine the duct specifications for the duct
D. The duct specification database can be stored on the route evaluation system 122

(computing devices 128 or 130), or on another local or remote database accessible
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through a data communication network, such as the computing device 132, or
otherwise. In yet further embodiments the duct information is automatically identified,
such as by determining a GPS coordinate associated with a starting point, and
automatically retrieving information regarding the duct at that location from a database.
In another embodiment, the system automatically determines whatever specifications it
can, and then prompts the user to enter any remaining information that is needed. In
some embodiments the user is prompted for all information that is needed, and the user
does not need to navigate through menus or search for blank fields in order to identify
and supply the missing information. This same functionality can be used for all
operating parameters needed by the system as discussed herein.

[0249] Examples of duct specifications include the duct inner diameter, the
amplitude of undulations, the period of undulations, and a coefficient of dynamic
friction (p) of the inner surface of the duct.

[0250] FIGS. 31-34 illustrate example aspects of the installation analysis and setup
operation 434, shown in FIG. 25. In some embodiments, the installation analysis and
setup operation 434 is performed to define the installation settings for the transmission
line installation system 100 prior to transmission line installation.

[0251] FIG. 31 is a flow chart illustrating an example of the installation analysis
and setup operation 434, shown in FIG. 25. In this example, the operation 434 includes
operations 522, 524, and 526.

[0252] The operation 522 is performed to determine transmission line
specifications. Similar to the duct specification determination operation 444 discussed
herein, the operation 522 is performed to determine the specifications of the
transmission line that is to be installed into the duct. An example of the operation 522
is illustrated and described in further detail with reference to FIG. 32.

[0253] In some embodiments the operation 524 is performed to determine
installation system specifications. For example, the operation 524 can determine what
components are included in the specific implementation of the transmission line
installation system 100, and specifications and capabilities of those components. For
example, if the air compressor 114 is being used, the operation 524 can determine the
maximum pressure that the air compressor 114 can generate. If the line blower 118 is
being used, the operation 524 can determine specifications and capabilities of the line

blower 118 such as a maximum speed and a maximum drive force. Any other
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specifications and capabilities of the transmission line installation system described
herein can be similarly determined.

[0254] The operation 526 is performed to generate installation settings. The
installation settings define the operating parameters that will be used for the
transmission line installation system in order to install the transmission line into the
duct. The operation 526 utilizes at least some of the information gathered about the
installation, such as the duct route characteristics, the duct specifications, the cable
specifications, and the transmission line installation system specifications to generate
an installation plan. The installation plan includes a set of installation settings. In one
example, the installation settings are fixed for other entire installation. In another
example, the installation settings vary over the course of the installation based on one
or more factors. One of the factors can be a position of the leading end of the
transmission line within the duct. For example, the installation plan may determine that
it is best to start the installation at a first speed, but then as the leading end of the
transmission line approaches a significant bend, to adjust the speed to a second speed
less than the first speed until the transmission line has passed through the bend.
Therefore, in some embodiments the plan defines installation settings that vary based
on the position of the leading end of the transmission line along the length of the duct,
to adjust the installation operation based on that position. The position can be
monitored using the transmission line counter assembly 366 (FIG. 19) for example,
which indicates how much of the transmission line has been installed within the duct at
any given time.

[0255] FIG. 32 illustrates an example of transmission line specifications, such as
determined in operation 522 shown in FIG. 27.

[0256] The transmission line specifications 522 are defined by data describing
certain specifications of the transmission line that are relevant to the installation
process. In some embodiments the duct evaluation system 122 prompts the user to
manually provide the transmission line specifications. In other embodiments, the
transmission line evaluation system prompts the user to provide or select certain
information about the transmission line, such as a manufacturer’s name and a model
number of the transmission line (such as from a drop down menu or otherwise). A
database containing transmission line specifications is then queried to automatically
retrieve the transmission line specifications from the database for the identified duct.

This option greatly reduces the time and knowledge required in order to determine the
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duct specifications for the transmission line 110. The transmission line database can be
stored on the route evaluation system 122 (computing devices 128 or 130), or on
another local or remote database accessible through a data communication network,
such as the computing device 132, or otherwise. Further in some embodiments the
information is automatically identified without requiring input by the user, and if
further information is required, the user can be prompted for only that required
information. In this way the system guides the user to provide exactly what is needed.
In some embodiments further assistance is available to the user by clicking on a
graphical icon or other selectable control proximate to the prompt, which can provide a
pop-up window with more information, a link to a frequently asked questions page, an
instructional video on the topic, or to initiate a technical support session, for example.
In some embodiments the additional information is pre-loaded onto the control unit 120
so that it is available even if Internet, cellular, or other network connections are not
available.

[0257] If a user has questions about a particular component 113 or any other part of
the system, part manuals for each of the components can be pre-stored on the control
unit 120 so that they are accessible even without network connectivity, and can be
viewed on the control unit 120 to assist in installation or operation of the components
113.

[0258] Further, in some embodiments the system includes the ability to browse and
order parts through the control unit 120 or online. In some embodiments, when a
transmission line installation system 100 is originally sold (or any parts or components
thereof), an identifier (e.g., a serial number) of the system or part is stored in a database
along with an identifier for the sales rep that sold the system. When a new or
replacement part is purchased through the control unit 120 or online, the sales rep can
be identified, such as to identify and track commissions that should be paid to that sales
rep.

[0259] During or before system setup, the transmission line installation system 100
can provide recommendations to the user regarding recommended components and part
numbers, including a recommended blower, compressor, duct packs, and the like. In
particular, if a currently connected component is insufficient to complete a transmission
line installation, the user alerted to the possible deficiency, and an explanation of an

appropriate component is provided, such as by model number.
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[0260] In some embodiments the transmission line installation system 100 tracks
maintenance status and provides maintenance recommendations to the user at
appropriate times before service is required. In some embodiments the system tracks
operating hours and has predefined maintenance schedules that it compares to those
hours to make recommendations. In some embodiments maintenance
recommendations are checked and provided when the system is turned on. In some
embodiments maintenance status updates and reminders are sent via e-mail, text
message, or printed and sent by mail.

[0261] Examples of transmission line specifications include the transmission line
specific weight, the transmission line stiffness, and the transmission line outer diameter.
[0262] FIGS. 33-34 illustrate examples of transmission line installation plans which
define installation settings for a given installation.

[0263] FIG. 33 illustrates at least a portion of an example plan for an installation
having fixed installation settings. In this example, the plan specifies a recommended
installation force and a recommended air flow rate. Other installation settings can be
defined in other embodiments. It further suggests a particular type of line blower that
could be used to complete the installation, and the predicted distance that the
transmission line could be installed using those settings.

[0264] FIG. 34 illustrates another example plan for an installation. In this example,
the plan has variable installation settings. More specifically, each leg of the duct route
is associated with recommended installation settings for that leg. The installation
settings are schematically represented in FIG. 34 by the letters A-E, which represent
one or more installation settings. Additionally, the legs can be defined by starting and
ending positions, such as a length along the length of the duct. For example, leg 1 may
begin at 20 meters and end at 30 meters along the length of the duct.

[0265] The installation settings can include settings for multiple components of the
transmission line installation system 100. For example, the installation settings can
define an air pressure for the air compressor, a line advancement speed for the line
conveying apparatus, and a humidity for the air modifier. The components can then
work together as discussed herein to execute the installation plan.

[0266] FIG. 35 illustrates an example of the transmission line installation operation
436 shown in FIG. 25. The transmission line installation operation 436 is performed to

install the transmission line 110 into a duct using the installation settings defined in
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operation 434. In this example the operation 436 includes operations 542, 544, 546,
and 548.

[0267] Operation 542 is performed to determine the installation plan. In some
embodiments the installation plan is downloaded, input, provided, or otherwise
communicated to the transmission line installation system 100, such as from the route
evaluation system 122 or another computing device. The installation plan may be
stored and loaded as a data file, or could be manually or otherwise input or transferred
into the control unit 120 (FIG. 1), for example.

[0268] The operation 544 is performed to begin installation of the transmission line
using the initial installation settings. The installation plan defines initial settings for the
installation, and the operation 544 begins the installation using those settings.

[0269] The operation 546 is then performed to monitor the position of the leading
end of the transmission line during the installation. In some embodiments the position
is monitored as a length along the length of the duct. In another example, the position
is monitored as a percentage of completion. As a further example, the position can be a
two- or three-dimensional location, such as a GPS location, which can be determined
for example based on the length of the transmission line that has been installed and the
known route of the duct. In some embodiments the progress of the installation is
graphically displayed on a graphical user interface, such as shown in FIG. 36.

[0270] The operation 548 is performed to adjust the installation settings according
to the installation plan. For example, as the leading end of the transmission line nears
the next leg of the duct, the installation settings are adjusted in preparation for the
transmission line to enter that next leg.

[0271] The process continues by repeating operations 546 and 548 until the
installation has been completed.

[0272] The example shown in FIG. 35 illustrates an example in which the
transmission line installation operation 436 is performed to install the transmission line
110 into a duct using the installation settings defined in operation 434. In addition to
this, the installation operation 436 can also be performed to reevaluate and adjust the
installation settings during the installation process. This is particularly beneficial in
situations in which the installation does not proceed as expected. In such cases, the
installation plan can be modified and adjusted on the fly during the installation in an
effort to obtain the best results possible. For example, the installation parameters may

be recalculated mid-way or at other intervals through the installation process, and the
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recalculated installation parameters can be used for the next portion of the installation.
In some embodiments the system can provide feedback to the operator based on
differences between the original plan and the actual progress.

[0273] In some embodiments a location determining device is used to identify a
location of the transmission line installation system 100 (or any component thereof),
such as before installation begins. The location information is then used by the
transmission line installation system 100 to identify any known ducts at that location,
such as any ducts that have been previously evaluated by a duct evaluation system and
for which data is stored by the route evaluation system 122. In some embodiments the
system presents a list of the one or more ducts to the operator, so that the operator can
select the duct that will be used from the list. If only a single duct is accessible at that
location, the system may automatically identify the duct based on the location. In some
embodiments, upon identification of the duct, the duct route characteristics and duct
specifications are retrieved from the route evaluation system 122 where they can be
analyzed and processed in order to develop an installation plan.

[0274] FIG. 36 illustrates an example graphical representation showing an
installation status. In this example, the graphical representation shows the duct route
and a duct progress. The duct progress is graphically represented by a dashed line
extending from the starting point of the route and ending at the current leading end of
the transmission line. The duct progress is also shown in text, which states that the
installation is “37% complete.” The duct progress can also or alternatively display
other information, such as a length of the installation that has been completed, a length
of the installation remaining to be completed, a total length of the duct route, and any
other information about the installation plan, settings, characteristics, and status,
including operational statuses of the components.

[0275] FIG. 37 illustrates an example of the remote diagnostics operation 438
shown in FIG. 25. The remote diagnostics operation 438 is provided to assist the
installation technician in troubleshooting an installation, or otherwise getting assistance
from a remote computing device and, if needed, a remote technician.

[0276] This example illustrates an example installation status screen displayed to
the user on the control unit 120 regarding a transmission line installation. In this
example, the installation status screen includes an installation plan window, an
installation status window, and selectable controls. The installation plan window is

used to display information about an installation plan. The installation status window is
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used to display information about the status of an installation while it is occurring. The
installation status window may also include a dashboard display, such as shown in FIG.
39.

[0277] Selectable controls are provided through which the user can provide input to
control the system. In the illustrated example the selectable controls include a start and
stop button. The start button is used to begin the installation according to the
installation plan. In some embodiments the installation then proceeds automatically to
completion without further input being required from the operator. In other
embodiments the operator may provide inputs to control and adjust the system during
the installation process. If the operator determines that the installation should be
stopped, the operator can select the stop button.

[0278] In some embodiments the installation status screen includes an option to
request remote assistance. Upon selection, a troubleshooting operation is initiated,
which in some embodiments includes an operation in which a remote technician is able
to obtain and view information regarding the installation, such as the installation plan
and the installation status. The installation plan can include any of the information
known about the installation, such as the installation settings, the duct or transmission
line aspects, and the installation system specs. It may also include historical or log data
describing what happened in a prior attempt. In this way the remote technician is
provided with a lot of information about the installation, and can interact with the
installation technician during the installation process to assist the user in avoiding or
identifying problems.

[0279] During the course of an installation processing, the transmission line
installation system operates to keep a record of the installation, which is stored in
memory. The record can include any information about the installation as discussed
herein including transmission line specifications, installation system specifications,
installation settings, the installation plan, data collected during the installation process
from sensors or otherwise, and results of the installation. The record can stored so that
it can be subsequently accessed by the installation technician, and can also be
transmitted during (e.g., streamed live, as it occurs) or after the installation to a remote
computing device, such as the remote control and diagnostics system 124. The remote
control and diagnostics system 124 can utilize the information to monitor and advise on
the installation as the installation occurs, or can be used for subsequent evaluation.

Subsequent evaluation can include quality control or technical support. For example, if
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an installation fails the data can be evaluated by the remote control and diagnostics
system 124 to attempt to identify the reason for the failure and assist the installation
technician in correcting the problem or avoiding the problem during future installations.
The remote control and diagnostics system 124 can also be used to permit a remote
operator, such as the support technician or any other remote operator to take control of
the transmission line installation system 100, such as to assist the local installation
technician.

[0280] In some embodiments the record is associated with one or more identifiers,
such as a serial number of the transmission line conveying apparatus 104 or the line
blower 118. In some embodiments the identifier can be used to request technical
support, and the support technician can receive the identifier from the installation
technician, such as through a telephone call or video conference, to pull up the record
and begin an evaluation of the installation. This allows the support technician to access
the record very quickly, and the availability of the actual data from the installation
allows the support technician to immediately begin a review of the data without the
installation technician having to explain or otherwise provide the information to the
support technician. It also avoids errors or misunderstandings that can occur when an
installation technician provides erroneous or incomplete information regarding the
installation.

[0281] FIG. 38 is a screen shot illustrating an example graphical user interface 562,
such as generated by a remote control and diagnostics system 124, shown in FIG. 1.
[0282] The screen shot shown in FIG. 38 illustrates another example user interface
that can be generated and displayed on the computing device 132 of the remote control
and diagnostics system 124, previously discussed with reference to FIG. 37.

[0283] In this example, the graphical user interface 562 includes a map display 564,
graphical icons 566, and a site data display 568.

[0284] In some embodiments the remote control and diagnostics system 124
receives data from the transmission line conveying apparatus 104 that are actively
installing transmission lines. The data can include information about the transmission
line conveying apparatus (e.g., model number, serial number, and specifications of the
components of the apparatus), and can also include live status data including the current
configuration or settings of the apparatus, how much of the installation has been
completed, and the like. The data can also include route data, which may be provided

by the transmission line conveying apparatus 104, or by the route evaluation system
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122 (or another source that received the data from the route evaluation system 122, for
example).

[0285] Further, in some embodiments the data includes a location of the
transmission line conveying apparatus 104. The location can be obtained from a
location determining device that is part of the transmission line conveying apparatus
104, or of the control unit 120. An example of a location determining device is a
geographical positioning system (GPS, which can obtain location information from
satellites) or other positioning systems such as a Wi-Fi or cellular positioning system.
In another example, the location can be determined from the route data, such as based
on a starting point or an ending point of the route.

[0286] The example graphical user interface 562 provides information to a support
technician to allow the support technician to monitor active installations. In this
example, the graphical user interface 562 includes graphical icons 566 that represent
each of the sites that are actively installing a transmission line. The graphical icons 566
are positioned on a map display 564. In this example the map display 564 includes a
map of the world, but the map display can alternatively include any desired portion of
the world, such as a continent, country, state, city, or an installation site. The position
of the graphical icons 566 can be determined based on the known location of the
transmission line conveying apparatus 104, such as discussed herein.

[0287] In this example each graphical icon includes a status identifier. An example
of a status identifier is a color code. For example, the graphical icons 566 can be filled
with or otherwise displayed in a color representing the status of the respective
transmission line conveying apparatus. As shown in the example status key, this
example includes three color codes including a first color representing a normal status,
a second color representing a caution status, and a third color representing a stopped
status. Example of the status color codes are green, yellow, and red, respectively.
[0288] The example depicts five active installation sites 566, five of which have a
normal status, and one (566A) having a caution status. No installation site has a
stopped status in this example.

[0289] If the support technician wishes to obtain additional information about an
installation site, the graphical icons 566 are selectable. In this example, the support
technician has selected graphical icon S66A, which causes the graphical user interface

562 to generate the site data display 568 for that site.
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[0290] The site data display 568 provides additional information regarding the
active installation site. In this example the site data display 568 provides information
including a model and serial number of the transmission line conveying apparatus (or a
portion thereof), and the status of the transmission line conveying apparatus.

[0291] In some embodiments further information is available by selecting the site
data display 568, such as by selecting the serial number. For example, in some
embodiments upon selection of the site data display 568 a graphical user interface such
as shown in FIG. 37 is displayed, which provides more information regarding the
transmission line conveying apparatus and the current status of the installation.
Examples of such information include a pressure being used, speed of installation, push
force, distance completed, moisture content or humidity, or any other available
information.

[0292] In some embodiments the support technician can initiate communication
with the installation technician, such as when the support technician has advice,
suggestions, or instructions for the installation technician. The communication can be
in the form of a message, or oral communication. As one example, the support
technician might question why the pressure is only at 8 bars for the current installation,
and might suggest that the pressure should be increased to 10 bars. A reply from the
installation technician indicating that the transmission line conveying apparatus only
has a 5 bar compressor can help the support technician advise on resulting issues.
Alternatively, the installation technician may provide an input to the system to adjust
the pressure to 10 bars. Upon correction, the status is updated in the graphical user
interface 562 to normal as the installation proceeds to completion.

[0293] In some embodiments the status of a particular site can be determined
automatically by the remote control and diagnostics system124. One way that this can
occur is by generating or receiving an installation plan that defines the proper
specifications and operating parameters for the installation, and then comparing the
data received from the site. Some variation from the plan may be permitted, but
threshold values and alerts can be established that define when the variation triggers a
caution status or when the installation is deemed to have failed and triggers a stopped
status. Other rules and statuses can be defined based on other criteria, such as any one
or more parameters or combinations of parameters.

[0294] FIG. 39 illustrates an example dashboard display 580, such as can be

displayed to an installation technician on the control unit 120, or to a remote support
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technician. In one possible embodiment the dashboard display 580 is an example of the
installation status window shown in FIG. 37.

[0295] In this example, the dashboard display 580 includes graphical indicators that
convey information about the current status of a transmission line installation. In this
example the indicators present the compressor pressure, duct pressure, speed, distance,
traction drive thrust, and slip. In some embodiments the graphical indicators include
color-coded ranges that identify, for example, a normal operating range (in a first color,
such as green), and one or more abnormal operating ranges (e.g., in a second color,
such as yellow, and a third color, such as red). The operating ranges and particular
values associated with the ranges can be customized depending on the particular
configuration and capabilities of the transmission line installation system 100, and the
components 113 that are being used. They may also be customized based on the
original installation plan, or an extent of deviation from that plan.

[0296] In some embodiments the dashboard may also include one or more control
buttons to allow the operator to make adjustments to the operation, such as to increase
or decrease certain installation parameters (e.g., air pressure, speed, etc.)

[0297] Although the present disclosure refers to examples of transmission line
installation systems, the hardware, methods, principles, and concepts can also be used
in other systems and implementations. For example, in some embodiments are directed
to an installation system. One example of an installation system is a transmission line
installation system. Other examples of installation systems and other suitable
applications include a conduit installation system, for installing a duct or other conduit,
a micro-trenching system, a horizontal directional drilling system, a power cable
pulling system, a cable plowing system, and a pipe locating system. The installation
system includes a plurality of components, each of which includes at least a local
controller configured to interact with the component, and a communication device
configured to communicate with a control unit 120 and/or local controllers 160 of other
components 113.

[0298] The various embodiments described above are provided by way of
illustration only and should not be construed to limit the claims attached hereto. Those
skilled in the art will readily recognize various modifications and changes that may be
made without following the example embodiments and applications illustrated and
described herein, and without departing from the true spirit and scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A transmission line installation system comprising:

a control unit comprising a processing device, a computer-readable storage
device, a communication device, a display device, and at least one input device, the
control unit being configured to display status information and to receive input from a
user; and

a transmission line conveying apparatus operable to advance a transmission line
through a conduit, the transmission line conveying apparatus comprising a plurality of
components each including a local controller operable to locally control the associated
component, the local controllers of the components comprising a processing device, a
computer-readable storage device, and a communication device, wherein the
communication devices of the local controllers are configured to communicate with at
least one of the control unit and at least one other local controller to synchronize

operation of the components during installation of the transmission line.

2. The transmission line installation system of claim 1, wherein the transmission
line conveying apparatus is a line blower system, and wherein one of the components is

a line blower comprising a blowing head.

3. The transmission line installation system of claim 2, wherein another of the

components is a reel stand.

4. The transmission line installation system of claim 3, wherein another of the

components 1S an air COmpressor.

5. The transmission line installation system of claim 4, wherein another of the

components is a power source.
6. The transmission line installation system of claim 3, wherein communications

with the reel stand and the line blower synchronize operation of line blower with

operation of the reel stand.
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7. The transmission line installation system of claim 6, wherein at least some of
the communication is peer-to-peer communication directly between the reel stand and

the line blower.

8. The transmission line installation system of claim 7, wherein the peer-to-peer

communication is wireless communication.

0. The transmission line installation system of claim 1, wherein the transmission
line conveying apparatus is a line puller system and wherein one of the components is a

line puller.

10.  The transmission line installation system of claim 9, wherein another of the

components is a reel stand.

11. A method of installing a transmission line, the method comprising:

using a transmission line conveying apparatus to advance a transmission line
through a conduit, the transmission line comprising a distal end;

determining a position of the distal end of the transmission line in the conduit;
and

adjusting operation of the transmission line conveying apparatus based on the

position of the transmission line in the conduit.

12. The method of claim 12, further comprising:

accessing information about a route of the conduit;

determining at least one characteristic of the route at the position of the distal
end of the transmission line or ahead of the position; and

using the at least one characteristic to determine the adjustment to be made.

13. The method of claim 12, wherein the at least one characteristic is a location of a

bend ahead of the position of the distal end of the transmission line.

14.  The method of claim 13, wherein adjusting operation of the transmission line
conveying apparatus comprises reducing a speed of advancement of the transmission

line as the distal end of the transmission line passes through the bend.
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15. The method of claim 11, wherein the position of the distal end of the
transmission line is determined based at least in part on a length of the transmission line

measured by a line counter.

16. The method of claim 11, further comprising:
measuring an air temperature during the transmission line installation; and
when the measured air temperature is outside of a desired range, adjusting
operation of the transmission line conveying apparatus to return the air temperature to

within the desired range of temperatures.

17. A method of determining conduit specifications for use during transmission line
installation into the conduit, the method comprising:

receiving by a computing device information about the conduit; and

retrieving conduit specifications from a conduit database based at least in part

on the information about the conduit.

18. The method of claim 17, wherein receiving information about the conduit

comprises scanning a computer-readable code associated with the conduit.

19. The method of claim 17, further comprising:
evaluating the conduit specifications and a conduit route to determine whether
any of the conduit specifications are likely to prevent the transmission line from being

successfully installed within the conduit.

20. The method of claim 19, wherein the specifications that are likely to prevent the
transmission line from being successfully installed comprise one of:

an internal size of the conduit that is not large enough for a selected
transmission line;

a bend in the conduit route that is too sharp;

a shape of an interior profile of the conduit;

a kink in the conduit route; and

a perforation in the conduit.
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21. A method of determining transmission line specifications for use during
installation of the transmission line into a conduit, the method comprising:
receiving by a computing device information about the transmission line; and
retrieving transmission line specifications from a transmission line database

based at least in part on the information about the conduit.

22. The method of claim 21, wherein receiving information about the transmission

line comprises scanning a computer-readable code associated with the conduit.

23. A method of determining transmission line installation settings, the method
comprising:

receiving by a computing device information about a conduit;

retrieving conduit specifications from a conduit database based at least in part
on the information about the conduit; and

determining transmission line installation settings based at least in part on the

conduit specifications.

24, The method of claim 23, wherein the conduit specifications comprise at least a

type of the conduit and a coefficient of friction of the conduit.

25. The method of claim 23, wherein the transmission line installation settings are

further based on a specified lubrication.

26. The method of claim 23, wherein the transmission line installation settings

comprise a default blowing protocol.

27. A method of determining transmission line installation settings, the method
comprising:

receiving by a computing device information about a transmission line;

retrieving transmission line specifications from a transmission line database
based at least in part on the information about the transmission line; and

determining transmission line installation settings based at least in part on the

transmission line specifications.
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28. A method of graphically displaying a status of an installation of a transmission
line into a duct, the method comprising:

generating a graphical user interface with a computing device, the graphical
user interface including a graphical display of a duct route;

determining a position of a leading edge of the transmission line during the
installation of the transmission line into the duct; and

generating in the graphical user interface an indication of the position of the

leading edge of a transmission line along the duct route.

29. The method of claim 28, further comprising displaying a progress indicator, the
progress indicator including at least a length of the transmission line that has been

installed or a percentage of the installation that has been completed.

30. A computing device comprising:
at least one processing device; and
at least one computer readable storage device, the computing device being part
of or in data communication with a transmission line installation system, wherein the at
least one computer readable storage device stores data instructions that, when executed
by the at least one processing device causes the at least one processing device to:
generate a graphical user interface, the graphical user interface including
a graphical display of a duct route;
determine a position of a leading edge of a transmission line during the
installation of the transmission line into the duct; and
generate in the graphical user interface an indication of the position of

the leading edge of a transmission line along the duct route.

31 A method of evaluating a duct, the method comprising:

advancing a route evaluation unit through a duct;

using the route evaluation unit to collect route data as the route evaluation unit
is advanced through the duct; and

storing the route data.

32. The method of claim 31, further comprising:

identifying a known location of a starting point of the duct route;
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identifying a known location of an ending point of the duct route;
mapping the duct route using the route data and the known locations of the

starting and ending points.

33. The method of claim 32, wherein mapping the duct route further comprises
generating the duct route in a geographical information system (GIS) to associate the

duct route with other geographical features in a geographical space.

34. The method of claim 31, further comprising identifying one or more of’ out

round duct, kinks, and improperly installed couplers.

35. The method of claim 31, wherein the duct route comprises locations and

magnitudes of bends, undulations, and inclinations.

36. The method of claim 35, further comprising determining a total length of the

duct route.

37. A method of installing a transmission line in a duct, the method comprising:
evaluating the duct including determining a duct route;
determining installation settings; and
receiving a single input from a user to cause a transmission line installation
system to perform the transmission line installation based on the installation settings,

without requiring any further input from a user.

38. The method of claim 37, wherein the transmission line installation system
automatically makes adjustments during the installation based at least in part on the

duct route without requiring input from the user.

39. The method of claim 37, wherein the transmission line installation system
monitors the installation and adjusts at least one installation setting when determined

that a characteristic of the installation exceeds a threshold value.

40. The method of claim 37, further comprising: generating a log of the installation

and storing the log.
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41. The method of claim 40, further comprising: transmitting the log to a remote

computing device for quality control evaluation.

42. The method of claim 40, wherein the log stores speed over distance, push force

over distance, electrical output, and air pressure output.

43, A method of providing remote support during a transmission line installation,
the method comprising:

receiving a request for remote support at a remote computing device;

initiating a support session with a remote support technician through the remote
computing device;

receiving installation information from a transmission line conveying apparatus;
and

displaying at least some of the installation information to the support technician

to assist the remote technician in supporting the transmission line installation.

44, A method of updating software for a transmission line installation system, the
method comprising:

establishing a communication connection between a remote computing device
and a transmission line installation system, the transmission line installation system
including a transmission line conveying apparatus;

transmitting a software update from the remote computing device to the
transmission line installation system; and

installing the software update on the transmission line installation system.

45. A method of installing a transmission line, the method comprising:

generating an installation plan for installing a transmission line in a conduit, the
plan including installation parameters;

using a transmission line conveying apparatus to advance the transmission line
through the conduit;

detecting one or more characteristics of the installation;

adjusting the installation plan to change at least one of the installation

parameters based on the detected characteristics; and
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adjusting the operation of the transmission line conveying apparatus based on
the changed at least one of the installation parameters while the transmission line is

being advanced through the conduit.

46. The method of claim 45, wherein adjusting the installation plan further

comprises changing at least one installation parameter associated with a component of
the transmission installation system, and further comprising adjusting the operation of
the component based on the changed at least one installation parameter associated with

the component.
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International application No.
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2]

CLASSIFICATION OF SUBJECT MATTER

- GO02B 6/44, 6/50, 6/52; F16L 55/26; H02G 1/08 (2018.01)
G02B 6/4463, 6/4464, 6/4466, 6/50, 6/52; F16L 55/26; H02G 1/086

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

See Search Histoty document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation (o the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/176467 A1 (CONDUX INTERNATIONAL, INC.) November 3, 2016; page 1, lines 17, 19-21, 23, 25-27,
- 10-15, line 20 to page 2, line 10; page 2, linc 21 to page 4, line 4, lines 12-15 31-36
Y -

— 18,22,24
A -
1-10, 37-42, 45-46
Y US 2016/0159509 A1 (BREWER SCIENCE INC) June 9, 2016; paragraphs [0034-0035, 0037]) (18, 22
Y US 2010/0236811 A1 (SASSE, P. et al.) September 23, 2010; paragraphs [0034-0035] 24
A US 6,264,171 B1 (HOIUM, J. et al.) July 24, 2001; abstract; figure 1; column 4, lines 27-45; 1-10, 17-27, 31-42 &
column 10, lines 1-51 45-46
A US 2008/0012720 A1 (ROSTRON, J.) January 17, 2008; paragraphs [0008, 0012-0013, 0031, ([1-10, 17-27, 31-42 &
0042) 45-46
A US 2011/0239222 A1 (WU, X.) September 29, 2011; paragraphs [0011, 0014-0015] 1-10, 17-27, 31-42 &
45-46
A WO 2013/169200 A1 (DELLCRON AB) November 14, 2013; page 2, line 26 to page 3, line 17; |1-10, 17-27,31-42 &
page 4, lines 26-29 45-46

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to he of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to cstablish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P document published prior to the internationat filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“¥*  ducument of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet.

L. I:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. ﬁ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

1-10, 17-27, 31-42 & 45-46

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

l:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

@ No protest accompanied the payment of additional search fees.
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-***-Continued from Box [II-***-
The application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-10 are directed towards a transmission line installation system comprising: a control unit; a plurality of components
each including a local controller operable to locally control the associated component; and communication devices of the local controliers
are configured to communicate with at least one of the control unit and at least one other local controller to synchronize operation of the
components during installation of the transmission line.

Group II: Claims 11-16 are directed towards a method of installing a transmission line, the method comprising: determining a position of
the distal end of the transmission line in the conduit; and adjusting operation of the transmission line conveying apparatus based on the
position of the transmission line in the conduit.

Group llI: Claims 17-27 are directed towards a method of determining conduit specifications for use during transmission line instaflation
into the conduit, the method comprising: receiving by a computing device information about the conduit; and retrieving conduit
specifications from a conduit database based at least in part on the information about the conduit.

Group IV: Claims 28-30 are directed towards a method of graphically displaying a status of an installation of a transmission line into a
duct, the method comprising: generating a graphical user interface including a graphical display of a duct route.

Group V: Claim 31-36 are directed towards a method of evaluating a duct, the method comprising: advancing a route evaluation unit
through a duct; using the route evaluation unit to collect route data as the route evaluation unit is advanced through the duct; and storing
the route data.

Group Vi: Claims 37-42 are directed towards a method of installing a transmission line in a duct, the method comprising: receiving a
single input from a user to cause a transmission line installation system to perform the transmission line installation based on the
installation settings, without requiring any further input from a user.

Group VIL: Claim 43 is directed towards a method of providing remote support during a transmission line installation, the method
comprising: receiving a request for remote support at a remote computing device; initiating a support session with a remote support
technician through the remote computing device; and displaying at least some of the installation information to the support technician to
assist the remote technician in supporting the transmission line installation.

Group VIII: Claim 44 is directed towards a method of updating software for a transmission line installation system, the method
comprising: transmitting a software update from the remote computing device to the transmission line installation system; and installing
the software update on the transmission line installation system.

Group IX: Claim 45 is directed towards a method of installing a transmission line, the method comprising: generating an installation plan
for installing a transmission line in a conduit; adjusting the installation plan to change at least one of the installation parameters based on
the detected characteristics; and adjusting the operation of the transmission line conveying apparatus based on the changed at least one
of the installation parameters while the transmission line is being advanced through the conduit.

The inventions listed as Groups |-1X do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features. Group | has at least a control unit; a plurality of components each
including a local controller operable to locally control the associated component; and communication devices of the local controllers are
configured to communicate with at least one of the cuntrol unit and at least one other local controller to synchronize operation of the
components during installation of the transmission line that Groups Il-1X do not have. Group Il has at least determining a position of the
distal end of the transmission line in the conduit; and adjusting operation of the transmission line conveying apparatus based on the
position of the transmission line in the conduit that Groups | & l1I-IX do not have. Group |Il has at least receiving by a computing device
information about the conduit; and retrieving conduit specifications from a conduit database based at least in part on the information
about the conduit that Groups I-1! & IV-1X do not have. Group IV has at least graphically displaying a status of an installation of a
transmission line into a duct; and generating a graphical user interface including a graphical display of a duct route that Groups I-1il &
V-IX do not have. Group V has at least advanciig a roule evaluation unit through a duct; using the route evaluation unit to collect route
data as thc route evaluation unit is advanced through the duct; and storing the route data that Groups I-IV & VI-IX do not have. Group VI
has at least receiving a single input from a user to cause a transmission line installation system to perform the transmission line
installation based on the installation settings, without requiring any further input from a user that Groups -V & VIi-IX do not have. Group
VIl has at least receiving a request for remote support at a remote computing device; initiating a support session with a remote support
technician through the remote computing device; and displaying at least some of the installation information to the support technician to
assist the remote technician in supporting the transmission line instatlation that Groups 1-Vi & VIII-IX do not have. Group Vil has at least
transmitting a software update from the remote computing device to the transmission line installation system; and installing the software
update on the transmission line installation system that Groups I-VIl & IX do not have. Group IX has at least generating an installation
plan for installing a transmission line in a conduit; adjusting the installation plan to change at least one of the installation parameters
based on the delected characteristics; and adjusting the operation of the transmission line conveying apparatus based on the changed
at least one of the installation parameters while the transmission line is being advanced through the conduit that Groups I-Vill do not
have.

-***-Continued Within the Next Suppiemental Box-***-
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-***-Continued from the Previous Supplemental Box-**"*-

The common technical features of Groups |-1X are a transmission line installation system; a processing device, a computer-readable
storage device, a communication device, a display device, and at least one input device; and a transmission line conveying apparatus
operable to advance a transmission line through a conduit.

These common features are disclosed by US 6,264,171 B1 to HOIUM, J. et al. (hereinafter "Hoium") which discloses a transmission line
installation system (apparatus and method for installing a cable in a conduit; abstract); a processing device, a computer-readable
storage device, a communication device, a display device, and at least one input device (control module 242 comprising processor,
rmemory, means of sending control signals, display 245, 246, and hydraulic motor control switch (input device); column 10, lines 1-51);
and a transmission line conveying apparatus operable to advance a transmission line through a conduit (cable conveying apparatus
using pushing force to install cable within a conduit; abstract).

Since the common technical features are previously disclosed by the Hoium reference, these common features are not special and so
Groups I-IX lack unity.

Form PCT/ISA/210 (extra sheet) (January 2015)
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