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7) ABSTRACT

The present invention features a remote viewing device that
is capable of improving its operation by removing slack in
its control cables and/or by increasing the range of motion
of its viewing head. In one embodiment, the method for
improving the operation involves removing at least a portion
of the slack in at least one control cable attached to a servo
motor. The removal of at least a portion of the slack includes
changing the position of a servo motor relative to a flexible
tube termination block until a specified tension is encoun-
tered in at least one of the control cables. The method further
includes determining first and second servo control signal
values corresponding to no angular deflection and a speci-
fied deflection in a viewing head.
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METHOD AND APPARATUS FOR IMPROVING
THE OPERATION OF A REMOTE VIEWING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and is a con-
tinuation-in-part of co-pending U.S. patent application Ser.
No. 10/768,761 entitled Remote Video Inspection System,
filed Jan. 29, 2004, which application is incorporated herein
by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates generally to a system and
method for improving the operation of a remote viewing
device. More particularly the invention relates to changing
the calibration settings of the remote viewing device’s
articulation servos to remove slack in the control cables
and/or increase the range of motion of the viewing head.

BACKGROUND

[0003] Borescopes, endoscopes, fiberscopes and the like
(herein after generally referred to as remote viewing
devices) are widely used to provide visual inspection of
physically difficult to reach or inhospitable environments.
The movement of remote viewing devices is frequently
controlled by articulation servos that vary the tensions in
control cables. The change in tensions in the control cables
guides the movement of the remote viewing device’s view-
ing head.

[0004] Over the life of a remote viewing device, numerous
factors including cable stretch and increased friction and
stiffness can lead to imprecise operation and a decrease in
the viewing head’s range of motion. Some previous industry
responses (o these problems require that the remote viewing
device be disassembled by a specialized technician. This can
in turn require that the remote viewing device be returned to
the manufacturer for processing.

[0005] What is needed is a system that is easily executable
by a standard operator to remove cable stretch and increase
a viewing head’s range of motion.

SUMMARY OF THE INVENTION

[0006] In one aspect, the invention features a method for
improving the operation of a remote viewing device. The
method comprises removing at least a portion of slack from
at least one control cable attached to a servo motor. The
removal of the at least a portion of slack includes at least
changing a distance between the servo motor and a flexible
tube termination block until a specified tension is encoun-
tered in the at least one control cable. The method also
comprises fixing the servo motor where the specified tension
is encountered and determining a first servo control signal
value corresponding to no angular deflection in a viewing
head of the remote viewing device. In addition the method
comprises increasing the viewing head’s range of motion.
The process of increasing the viewing head’s range of
motion includes at least determining a second servo control
signal value corresponding to a first angular deflection in the
viewing head.
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[0007] In one embodiment the method further comprises
determining a third servo control signal value corresponding
to a second angular deflection in the viewing head of the
remote viewing device. In another embodiment the method
further comprises storing the value of the first and second
servo control signal values in a memory of a control unit of
the remote viewing device. In an additional embodiment, the
method further comprises placing a recalibration cap over
the viewing head in a first position, wherein the recalibration
cap in the first position fixes the viewing head in a non-
deflected position. In a further embodiment, determining a
second servo control signal value includes: placing a reca-
libration cap over the viewing head in a second position,
wherein the recalibration cap in the second position allows
the viewing head to deflect a first number of degrees; and
rotating the viewing head a first number of degrees until it
is in contact with the recalibration cap. In yet another
embodiment, the method further includes rotating the view-
ing head until imaging optics in the viewing head view a
predetermined target.

[0008] In yet an additional embodiment, the method fur-
ther comprises placing a first recalibration cap over the
viewing head, wherein the first recalibration cap fixes the
viewing head in a non-deflected position. In yet a further
embodiment, the determining a second servo control signal
value includes: placing a second recalibration cap over the
viewing head, wherein the second recalibration cap allows
the viewing head to deflect a first number of degrees; and
rotating the viewing head the first number of degrees until it
is in contact with the second recalibration cap. In still
another embodiment, the first and second servo control
signal values are used to recalibrate the operation of the
remote viewing device to increase the viewing head’s range
of motion.

[0009] In still an additional embodiment, the recalibration
includes changing a stroke of and/or a force applied by the
servo motor. In still a further embodiment, the method
further comprises determining an extrapolated servo control
signal value for an arbitrary deflection in the viewing head,
the determining the extrapolated servo control signal value
using at least the first and second servo control signal values.
In still yet another embodiment, the at least one control cable
is a plurality of control cables and the determining a first
servo control signal value that corresponds to no angular
deflection in the viewing head of the remote viewing device
includes at least equalizing tensions in the plurality of
control cables. In still yet an additional embodiment, the
remote viewing device is one of: a borescope, a fiberscope,
or an endoscope.

[0010] In another aspect, the invention features a system
for improving the operation of a remote viewing device. The
method comprises a remote viewing device control unit; a
remote viewing device viewing head; a remote viewing
device flexible tube connected at a proximal end to the
control unit and at the distal end to the viewing head; and at
least one servo motor located in the control unit and con-
nected to at least one control cable that passes through the
flexible tube and is attached to the viewing head, a distance
between the at least one servo motor and a flexible tube
termination block capable of being varied to remove at least
a portion of slack in the at least one control cable.

[0011] In one embodiment, the system comprises at least
one servo motor support rail attached to a support structure
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in the remote viewing device control unit; a spring con-
nected to the support structure and the at least one servo
motor; a top groove plate attached to the at least one servo
motor; and a bottom groove plate coupled to an engagement
screw, wherein the engagement screw engages and disen-
gages the top and bottom groove plates such that when the
top and bottom groove plates are engaged the at least one
servo motor is held in a fixed position and when the top and
bottom groove plates are disengaged the at least one servo
motor is moved by the spring on the servo motor support rail
until a specified tension is encountered in the at least one
control cable. In another embodiment, the adjustment screw
is manually adjusted through an opening in the control unit.
In a further embodiment, the adjustment screw is automati-
cally adjusted by an adjustment servo motor.

[0012] In yet another embodiment, the system further
comprises at least one track attached to a support structure
in the remote viewing device control unit; at least one rail
attached to the at least one servo motor or flexible tubing
termination block, the at least one rail movably connected to
the at least one track; and an adjustment screw, wherein the
adjustment screw changes the location of the at least one
servo motor along the track allowing a specified tension to
be achieved in the at least one control cable. In yet an
additional embodiment, the adjustment screw is manually
adjusted through an opening in the control unit. In yet a
further the adjustment screw is automatically adjusted by an
adjustment servo motor.

[0013] In still another embodiment, the system further
comprises at least one track attached to a support structure
in the remote viewing device control unit; at least one rail
attached to a flexible tubing termination block, the at least
one rail movably connected to the at least one track; and an
adjustment screw, wherein the adjustment screw changes the
location of the flexible tubing termination block along the
track allowing a specified tension to be achieved in the at
least one control cable. In still another embodiment, the
flexible tube termination block is a threaded flexible tube
termination block that is placed in a threaded housing,
rotation of the threaded flexible tube termination block
changing the distance between the at least one servo motor
and the threaded flexible termination block. In still an
additional embodiment, the system further comprises a
recalibration cap including at least a distal non-deflection
region, a middle deflection region, and a proximal clasping
region, wherein the distal non-deflection region is capable of
maintaining the viewing head in a substantially non-de-
flected position and the middle deflection region permits the
viewing head to deflect a specified number of degrees.

[0014] In an additional aspect, the invention features a
system for improving the operation of a remote viewing
device. The system comprises a remote viewing device
control unit including at least a microprocessor, a memory
unit, a servo control unit, and a servo motor, the micropro-
cessor operatively coupled to the memory unit and the servo
control unit and the servo motor operatively coupled to the
servo motor control unit; a remote viewing device viewing
head; a remote viewing device flexible tube connected at a
proximal end to the control unit and at the distal end to the
viewing head; at least one control cable connected to the
servo motor and the remote viewing device viewing head
and passing through the remote viewing device flexible tube;
and a software routine stored in the memory unit, the
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software routine directing the microprocessor and the servo
control unit to remove slack from the at least one control
cable.

[0015] In another embodiment, the removal of slack
includes at least: moving the servo motor to a first location
where a specified tension is encountered in at least one of the
at least one control cables; and fixing the servo motor at the
first location thereby establishing a fixed relative distance
between the servo motor and the flexible tube termination
block.

[0016] In a further aspect, the invention features a system
for improving the operation of a remote viewing device. The
system comprises a remote viewing device control unit
including at least a microprocessor, a memory unit, a servo
control unit, and a servo motor, the microprocessor opera-
tively coupled to the memory unit and the servo control unit
and the servo motor operatively coupled to the servo motor
control unit; a remote viewing device viewing head; a
remote viewing device flexible tube connected at a proximal
end to the control unit and at the distal end to the viewing
head; at least one control cable connected to the servo motor
and the remote viewing device viewing head and passing
through the remote viewing device flexible tube; and a
software routine stored in the memory unit, the software
routine directing the microprocessor and the servo control
unit to extend a range of motion of the viewing head. In one
embodiment, the extending the range of motion of the
viewing head includes at least determining servo control
signal values corresponding to a deflected and a non-
deflected location of the viewing head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and further advantages of this invention
may be better understood by referring to the following
description in conjunction with the accompanying drawings,
in which like numerals indicate like structural elements and
features in various figures. The drawings are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention.

[0018] FIG. 1A is an exemplary remote viewing device
constructed in accordance with the principles of the inven-
tion.

[0019] FIG. 1B is a block diagram of the control unit
portion of the remote viewing device shown in FIG. 1A.

[0020] FIGS. 2A, 2B and 2C show embodiments of a
servo motor mounting and adjustment system constructed in
accordance with the principles of the invention.

[0021] FIGS. 3A, 3B, 3C, and 3D show embodiments and
views of a recalibration cap constructed in accordance with
the principles of the invention.

[0022] FIG. 4 is a flow-chart illustrating an embodiment
of a recalibration procedure according to the principles of
the invention.

[0023] FIG. 5 shows a block diagram of a software
program constructed in accordance with the invention.

[0024] FIG. 6 shows cross-sectional views of recalibra-
tion caps constructed in accordance with the principles of
the invention.
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DETAILED DESCRIPTION

[0025] The present invention features a remote viewing
device (a remote viewing device refers generally to bores-
copes, fiberscopes, endoscopes, and the like) that is capable
of improving its operation by removing slack in its control
cables and/or increasing the range of motion of its viewing
head. The procedure for improving the operation involves
recalibrating the control cable servo motors and can involve
changing the stroke of and/or the force applied by the servo
motors. The procedure is significantly automated and can be
performed without the need for a specialized recalibration
technician.

[0026] Referring to FIG. 1A, a typical remote viewing
device 10 (a boroscope in the illustrative embodiment)
according to the invention is illustrated, such as is sold by
Everest VIT® of Flanders, N.J. Such a device could include,
as shown in the illustrative embodiment, a portable ship-
ping/operating case 2, which includes a power supply 4 for
the device and a light source, such as a metal halide arc lamp
(not shown). The shipping/operating case 2 is shown in
operative communication with a control unit 14 by means of
a tethered cable 6. The control unit 14 can include, by way
of example, a set of user interfaces including a visual
interface 8 (such as a LCD monitor that displays images secen
by the remote viewing device 10 and displays control and
configuration information to the user), a joystick control 12
(for articulating a distal end 20 of the remote viewing device
10), and a set of actuatable or depressible buttons 16 (for
accessing measurement and digital imaging controls asso-
ciated with the remote viewing device 10). The control unit
14 also is connected to a flexible tube 18, which terminates
in a distal end 20. As used herein, the term “distal” shall
mean “in the direction of the viewing head of the boroscope,
furthest from the control unit 14.” The distal end 20 of the
flexible tube 18 is shown attached to a viewing head 22. The
flexible tube 18 can be sized according to the desired
application, by varying a diameter and a length of the
flexible tube 18. The flexible tube 18 can include, for
example, a durable tungsten braid overlaying a stainless
steel monocoil for crush resistance, and one or more layers
of a polyurethane sealant for protection from liquids and
vapors. The interior of the flexible tube 18 (not shown) can
include standard imager lines and communication/control
means, such as fiber-optic cables and articulation wires
extending through the tube to the control unit 14 permitting
illumination from the light source and articulation control of
the flexible tube 18 via the joystick 12.

[0027] FIG. 1B shows additional details of the control
unit 14 of FIG. 1 including its interface with external
networks and devices. As indicated above, the remote view-
ing device 10 includes a control unit 14, a flexible tube 18,
and a viewing head 22. The details of the control unit 14 are
shown in block diagram form and include a microprocessor
26 that is operatively coupled to a servo control unit 30 that
is in turn operatively coupled to the servo motors 34. In
typical operation each servo motor is responsible for the
motion of the viewing head 22 in one of two perpendicular
directions. The microprocessor 26 is also operatively
coupled to user interfaces 38 (such as the visual interface 8,
the joystick control 12, and the buttons 16), an I/O interface
42, and a memory unit 46. In various embodiments, the
memory unit 46 is Random Access Memory, Read Only
Memory, Programmable Read Only Memory, Erasable Pro-
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grammable Read Only Memory and the like. In further
embodiments, additional memory units 46 are coupled to the
microprocessor 26. The /O interface 42 is operatively
coupled to an I/O port 50. In the current embodiment the I/O
port 50 is shown operatively coupled to a network 54 to
which is connected at least one computing device 58, such
as a server or a personal computer. In alternative embodi-
ments, the control unit 14 can be directly connected to the
computing device 58 or can function without any external
network or computer connection.

[0028] FIGS. 2A, 2B, and 2C show cut-away drawings of
three embodiments of a servo motor mounting and adjust-
ment system 100, 100", 100" that are used to remove a first
amount of cable stretch from the control cables of the remote
viewing device. The mounting and adjustment systems 100,
100, 100" provide details regarding the structures surround-
ing the servo motors 34 in the control unit 14. In the systems
100, 100", 100", a pulley 104 is attached to two control
cables 108 that pass through a flexible tube termination
block 152 into the flexible tube 18 until connecting to the
viewing head 22. Motion of the viewing head is achieved by
rotating the pulley 104 and creating different tensions in the
control cables 108. In operation the first amount of cable
stretch is removed by changing the relative position between
the servo motor 34 and the flexible tube termination block
152.

[0029] The mounting and adjustment system 100 of FIG.
2A includes a servo motor 34 and top 112 and bottom 116
groove plates. The bottom groove plate 116 is connected to
an engagement screw 120 that is accessible via an opening
124. By rotating the engagement screw 120, the top 112 and
bottom 116 groove plates can be engaged or disengaged.
When disengaged, the servo motor 34 rides freely on a
support rail 128 and is pushed by a light spring 132. The
servo motor is moved by the spring 132 until a specified
resistance is encountered from the control cables 108. The
support rail 128 is attached at either end to support structures
130, only one of which is shown in FIG. 2A. In an
alternative embodiment of the mounting and adjustment
system 100, the engagement screw 120 is attached to a servo
motor, not shown, that controls the engagement or disen-
gagement of the top 112 and bottom 116 groove plates.

[0030] The mounting and adjustment system 100" of FIG.
2B includes a servo motor 34, rails 136 connected to a track
140, and an adjustment screw 144. The adjustment screw
144 is connected to a servo motor 148 operatively coupled
to the servo control unit 30 shown in FIG. 1. Rotation of the
adjustment screw 144 causes the servo motor 34 to move
towards and away from the servo motor 148 as the rails 136
move along the track 140. In an alternative embodiment not
shown, the adjustment screw 144 is not connected to a servo
motor and is instead accessible through an opening in the
control unit 14.

[0031] The mounting and adjustment system 100" of FIG.
2C includes a servo motor 34 and a threaded flexible tube
termination block 152' that is placed in a corresponding
threaded housing 160. In operation, rotation of the threaded
flexible tube termination block 152' causes the relative
position between the servo motor 34 and the threaded
flexible tube termination block 152' to change thereby
changing the tension in the control cables 108. In an
alternative embodiment not shown, the flexible tube termi-
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nation block 152 is placed on rails that move along a track.
In this embodiment, the relative position between the flex-
ible tube termination block 152 and the servo motor 34 is
achieved by rotating an adjustment screw connected to the
flexible tube termination block 152.

[0032] In alternative embodiments (not shown) of the
mounting and adjustment systems 100, the servo motor 34
and/or the flexible tube termination block 152 are moveably
attached to a housing. In addition, the servo motor 34 and/or
the flexible tube termination block 152 are attached to a
spring loaded system that is actuatable by depressing a
button or a similar interface mechanism. When actuated, the
spring loaded system creates a specified tension in at least
one of the control cables. In one embodiment, the specified
tension is created by the spring loaded system changing the
relative distance between the servo motor 34 and the flexible
tube termination block 152.

[0033] FIGS. 3A, 3B, 3C and 3D show various views of
recalibration caps 200z and 2005 (generally 200) used in
accordance with the invention. FIG. 3A shows a perspective
view of the recalibration cap 200a. The recalibration cap
200e¢ has a distal non-deflection region 204, a middle
deflection region 208, and a proximal clasping region 212.
FIGS. 3B, 3C and 3D are cut-away drawings through the
middle of the recalibration caps 200z, 2006. FIG. 4 is a
flow-chart that summarizes the recalibration procedure 300
involved in improving the operation of the remote viewing
device 10.

[0034] FIG. 5 shows the components of the illustrative
software program 400 that contains software routines that in
some embodiments direct the remote viewing device 10 to
automatically perform operations required for the recalibra-
tion procedure 300. The software program 400 includes a
user interface module 410, a servo-control module 416, and
a recalibration module 420. The recalibration module 420
includes an instructions sub-routine 422, a slack-removal
sub-routine 424, a zero-point sub-routine 426, and a servo
control values recalibration sub-routine 430. The user inter-
face module 410 and the servo control module 416 can be
specific to the recalibration procedure 300 or can be part of
the general software routines used in controlling the opera-
tion of the remote viewing device 10. The operation of the
various modules and sub-routines is discussed in more detail
below with respect to the recalibration procedure 300. In
alternative embodiments, the software program 400 is sepa-
rated into different functional blocks than those specified by
the modules and sub-routines above.

[0035] In one embodiment as part of the recalibration
procedure 300, a user inserts (step 310) a non-deflected
flexible tube 18 into the recalibration cap 200a until the
distal end of the viewing head 22 is enclosed within the
distal non-deflection region 204. This configuration is
shown in FIG. 3B. The extent of the flexible tube 18 that
must be inserted into the recalibration cap 200z is indicated
by the presence of a mark 216 on the flexible tube 18. The
gaps in FIG. 3B between the viewing head 22 and the
non-deflection region 204 and between the flexible tube 18
and the proximal clasping region 212 are not necessarily to
scale. In one embodiment, the inner diameter of the non-
deflection region 204 and the proximal clasping region 212
are close fitting. As an illustrative example, the tolerance
between the inner diameter of the non-deflection region 204
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and the outer diameter of the viewing head 22 or the
tolerance between the proximal clasping region 212 and the
flexible tube 18 can be on the order of 0.010 inches. In
additional embodiments, the non-deflection region 204 is
tapered so that the viewing head 22 is nested tightly. In an
alternative embodiment not shown, the proximal clasping
region 212 includes a constricting strap or clasp that is used
to tighten the proximal clasping region 212 around the
flexible tube 18 once it has been inserted into the recalibra-
tion cap 200.

[0036] The software program 400 is stored in the memory
unit 46 and is activated (step 314) by the user through the
user interface 38. As part of the current embodiment, the
instructions sub-routine 422 can send to the user interface 38
via the user interface module 410 instructions for the user
regarding any step in the recalibration procedure 300 requir-
ing user action. For example after pressing a recalibration
button 16 or selecting a recalibration procedure via the user
interface 38, the user can be instructed as to the proper
insertion of the flexible tube 18 into the recalibration cap
200. Once inserted, the user is then instructed to notify the
software program 400 so that the recalibration procedure can
continue. In alternative embodiments, the software compo-
nents are downloaded and/or initiated from the network or
directly connected computing device 58. In an additional
alternative embodiment not shown, the electronic operations
of the recalibration procedure 300 are directly encoded in a
specially designed integrated circuit.

[0037] An initial portion of the slack in the control cables
108 is removed (step 316) in one embodiment using the
servo mounting and adjustment system 100 shown in FIG.
2A. In this embodiment, the top 112 and bottom 116 groove
plates are separated via rotation of the engagement screw
120. With the plates 112, 116 separated, the spring 132
moves the servo motor 34 until it is restrained by a specified
tension in at least one of the control cables 108. In this
embodiment, the spring 132 is chosen to have a low spring
constant so that the servo motor 34 stops moving as soon as
a weak restraining pull is encountered from at least one the
control cables 108. This weak restraining pull is encountered
when the slack from at least one of the control cables 108 has
been removed. The servo motor is next locked in this new
position by reengaging the top 112 and bottom 116 groove
plates. As discussed above, the movement of the bottom
groove plate can be controlled via the external opening 124
or via a servo motor. If a servo motor is employed, the
process of removing an initial portion of the slack in the
control cables 108 can be performed automatically by the
slack removal sub-routine 424 that employs the servo con-
trol module 416 to control the operation of the servo motor.

[0038] In an alternative embodiment, the initial portion of
the slack in the control cables 108 is automatically removed
using the servo mounting and adjustment system 100' shown
in FIG. 2B. In this embodiment, the slack removal sub-
routine 424 employs the servo control module 416 to direct
the servo motor 148 to rotate the adjustment screw 144 until
a slight increase in torque is required. This slight increase in
torque corresponds to the slack of at least one of the control
cables 108 having been removed and a specified tension
existing in at least one of the control cables 108. The servo
motor is next locked in this new position by maintaining the
current setting of the servo motor 148. In an additional
alternative embodiment, the initial slack in the control
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cables 108 is removed manually by accessing the adjustment
screw 122 through the optional opening discussed above
with respect to FIG. 2B. In this embodiment, a user rotates
the adjustment screw 144 until a slight increase in the
required torque is encountered.

[0039] The zero-point settings for the servo motors 34
corresponding no deflection in the viewing head 22 are
determined (step 318) by rotating the servo motors 34 until
each of the pair of the control cables 108 is equally taunt. In
one embodiment, this operation is performed by the zero-
point sub-routine 426. If the control cables 108 have
stretched different amounts, then the 1nitial removal of slack
achieved during step 316 would have left slack in one of the
control cables 108. As part of determining the zero-point
setting, the servo motors 34 are rotated until their rotation in
either direction requires the same increase in torque. This
corresponds to the viewing head 22 being undeflected with
each of the control cables 108 being equally taunt. The new
zero-point servo control signal values are then stored (step
322) in memory 46. In an alternative embodiment not shown
in which each control cable is attached to its own servo
motor 34, substantially all of the slack in each control cable
could be removed by rotating the servo motor 34 until a
specified increase in torque was required. In this embodi-
ment, the servo motors 34 would not need the mounting and
adjustment systems 100 and 100" and the step 316 for
removing an initial portion of the control cable slack would
not be necessary.

[0040] The process of removing an initial portion of the
control cable slack (step 316) and/or the process of deter-
mining the servo motors’ 34 zero-point settings (step 318)
are performed in one embodiment with a recalibration cap
200 secured over the viewing head 22. In an alternative
embodiment, the user simply places the viewing head 22 in
an undeflected position through visual inspection before
performing the steps 316 and 318.

[0041] As shown in FIG. 3C, the flexible tube 18 is
partially extracted (step 326) from the recalibration cap 200
until the markings 220 are adjacent to the base of the
proximal clasping region 212. Once secured in this position,
viewing head 22 is rotated (step 330) until it encounters the
base 224 of the middle deflection region 208. FIG. 3C
shows the base of the middle deflection region 208 forming
an angle of approximately ninety degrees with the proximal
clasping region 212. In alternative embodiments, the angle
can be a different number of degrees or the angle can vary
in steps around the axis of the recalibration cap. FIG. 3D
shows an example of a recalibration cap 2005 in which the
angle is different for each half of the recalibration cap 2005.

[0042] Referring again to FIG. 3C, the servo motors 34
are rotated until a specified increase in torque is encountered
corresponding to the viewing head 22 beginning to press
against the base 224 of the middle deflection region 208. In
an alternative embodiment, the viewing head 22 is rotated
until imaging optics in the viewing head 22 view a prede-
termined target such as a marking placed at a specified
location in the recalibration cap 200. The deflected servo
control signal values of the servo control unit 30 correspond-
ing to the viewing head deflected the specified number of
degrees are stored (step 334) in memory 46.

[0043] Using the zero-point and the deflected servo con-
trol signal values, the remote viewing device 10 is able to
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extrapolate the servo control signal values required to pro-
duce an arbitrary deflection in the viewing head 22. These
new servo control values can include changing the stroke
and/or force applied by the servo motors 34. In one embodi-
ment, the servo control signal values for a discrete set of
closely spaced angular deflections are calculated and stored
in a table in memory 46. In an alternative embodiment, the
zero-point and deflected servo control signal values are used
as parameters for a predefined algorithm that generates a
servo control signal value for each input angular deflection.
For example, in one embodiment, the predefined algorithm
is an experimentally determined linear or non-linear curve
fitting procedure. In an alternative embodiment, the servo
control signal values corresponding to a plurality of angular
deflections are measured and used to calculate the servo
control signal values corresponding to an arbitrary angular
deflection.

[0044] In one embodiment the procedures required to
recalibrate the servo control values, including the rotation of
the viewing head 22 and the calculation of arbitrary servo
control values, are directed by the servo control values
recalibration sub-routine 430.

[0045] FIG. 6 shows cross sections of recalibration caps
200c, 200d, 200¢ that are used in an alternative embodiment
where each step in the procedure 300 requiring a different
angular deflection in the viewing head 22 employs a differ-
ent recalibration cap. The recalibration cap 200c is
employed when no angular deflection in the viewing head 22
is required whereas the recalibration caps 2004 and 200¢ are
employed when a specified angular deflection is required.

[0046] While the invention has been shown and described
with reference to specific preferred embodiments, it should
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the invention as defined by the
following claims.

What is claimed is:

1. A method for improving the operation of a remote
viewing device, the method comprising:

removing at least a portion of slack from at least one
control cable attached to a servo motor, the removing at
least a portion of slack including at least changing a
distance between the servo motor and a flexible tube
termination block until a specified tension is encoun-
tered in the at least one control cable;

fixing the servo motor where the specified tension is
encountered;

determining a first servo control signal value correspond-
ing to no angular deflection in a viewing head of the
remote viewing device; and

increasing the viewing head’s range of motion, the
increasing the range of motion including at least deter-
mining a second servo control signal value correspond-
ing to a first angular deflection in the viewing head.
2. The method according to claim 1 further comprising
determining a third servo control signal value corresponding
to a second angular deflection in the viewing head of the
remote viewing device.
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3. The method according to claim 1 further comprising
storing the value of the first and second servo control signal
values in a memory of a control unit of the remote viewing
device.

4. The method according to claim 1 further comprising
placing a recalibration cap over the viewing head in a first
position, wherein the recalibration cap in the first position
fixes the viewing head in an undeflected position.

5. The method according to claim 4 wherein the deter-
mining a second servo control signal value includes:

placing a recalibration cap over the viewing head in a
second position, wherein the recalibration cap in the
second position allows the viewing head to deflect a
first number of degrees; and

rotating the viewing head a first number of degrees until
it is in contact with the recalibration cap.
6. The method according to claim 4 wherein the deter-
mining a second servo control signal value includes:

placing a recalibration cap over the viewing head in a
second position, wherein the recalibration cap in the
second position allows the viewing head to deflect a
first number of degrees; and

rotating the viewing head until imaging optics in the

viewing head view a predetermined target.

7. The method according to claim 1 further comprising
placing a first recalibration cap over the viewing head,
wherein the first recalibration cap fixes the viewing head in
an undeflected position.

8. The method according to claim 7 wherein the deter-
mining a second servo control signal value includes:

placing a second recalibration cap over the viewing head,
wherein the second recalibration cap allows the view-
ing head to deflect a first number of degrees; and

rotating the viewing head the first number of degrees until

it is in contact with the second recalibration cap.

9. The method according to claim 1 wherein the first and
second servo control signal values are used to recalibrate the
operation of the remote viewing device to increase the
viewing head’s range of motion.

10. The method according to claim 9 wherein the recali-
bration includes changing a stroke of the servo motor.

11. The method according to claim 9 wherein the recali-
bration includes changing a force applied by the servo
motor.

12. The method according to claim 1 further comprising
determining an extrapolated servo control signal value for an
arbitrary deflection in the viewing head, the determining the
extrapolated servo control signal value using at least the first
and second servo control signal values.

13. The method according to claim 1 wherein the at least
one control cable is a plurality of control cables and the
determining a first servo control signal value that corre-
sponds to no angular deflection in the viewing head of the
remote viewing device includes at least equalizing tensions
in the plurality of control cables.

14. The method according to claim 1 wherein the remote
viewing device is one of: a borescope, a fiberscope, or an
endoscope.

15. A system for improving the operation of a remote
viewing device, the system comprising:
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a remote viewing device control unit;
a remote viewing device viewing head;

a remote viewing device flexible tube connected at a
proximal end to the control unit and at the distal end to
the viewing head; and

at least one servo motor located in the control unit and
connected to at least one control cable that passes
through the flexible tube and is attached to the viewing
head, a distance between the at least one servo motor
and a flexible tube termination block capable of being
varied to remove at least a portion of slack in the at least
one control cable.

16. The system according to claim 15 further comprising:

at least one servo motor support rail attached to a support
structure in the remote viewing device control unit;

a spring connected to the support structure and the at least
one servo motor;

a top groove plate attached to the at least one servo motor;
and

a bottom groove plate coupled to an engagement screw,

wherein the engagement screw engages and disengages
the top and bottom groove plates such that when the top
and bottom groove plates are engaged the at least one
servo motor is held in a fixed position and when the top
and bottom groove plates are disengaged the at least
one servo motor is moved by the spring on the servo
motor support rail until a specified tension is encoun-
tered in the at least one control cable.

17. The system according to claim 16 wherein the adjust-
ment screw is manually adjusted through an opening in the
control unit.

18. The system according to claim 16 wherein the adjust-
ment screw is automatically adjusted by an adjustment servo
motor.

19. The system according to claim 15 further comprising:

at least one track attached to a support structure in the
remote viewing device control unit;

at least one rail attached to the at least one servo motor,
the at least one rail movably connected to the at least
one track; and

an adjustment screw,

wherein the adjustment screw changes the location of the
at least one servo motor along the track allowing a
specified tension to be achieved in the at least one
control cable.

20. The system according to claim 19 wherein the adjust-
ment screw is manually adjusted through an opening in the
control unit.

21. The system according to claim 19 wherein the adjust-
ment screw is automatically adjusted by an adjustment servo
motor.

22. The system according to claim 15 further comprising:

at least one track attached to a support structure in the
remote viewing device control unit;

at least one rail attached to the flexible tubing termination
block, the at least one rail movably connected to the at
least one track; and
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an adjustment screw,

wherein the adjustment screw changes the location of the
flexible tubing termination block along the track allow-
ing a specified tension to be achieved in the at least one
control cable.

23. The system according to claim 22 wherein the adjust-
ment screw is manually adjusted through an opening in the
control unit.

24. The system according to claim 22 wherein the adjust-
ment screw is automatically adjusted by an adjustment servo
motor.

25. The system according to claim 15 wherein the flexible
tube termination block is a threaded flexible tube termina-
tion block that is placed in a threaded housing, rotation of the
threaded flexible tube termination block changing the dis-
tance between the at least one servo motor and the threaded
flexible termination block.

26. The system according to claim 15 further comprising
a recalibration cap including at least a distal non-deflection
region, a middle deflection region, and a proximal clasping
region, wherein the distal non-deflection region is capable of
maintaining the viewing head in a substantially undeflected
position and the middle deflection region permits the view-
ing head to deflect a specified number of degrees.

27. The method according to claim 15 wherein the remote
viewing device is one of: a borescope, a fiberscope, or an
endoscope.

28. A system for improving the operation of a remote
viewing device, the system comprising:

a remote viewing device control unit including at least a
microprocessor, a memory unit, a servo control unit,
and a servo motor, the microprocessor operatively
coupled to the memory unit and the servo control unit
and the servo motor operatively coupled to the servo
motor control unit;

a remote viewing device viewing head;

a remote viewing device flexible tube connected at a
proximal end to the control unit and at the distal end to
the viewing head,

at least one control cable connected to the servo motor and
the remote viewing device viewing head and passing
through the remote viewing device flexible tube; and
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a software routine stored in the memory unit, the software
routine directing the microprocessor and the servo
control unit to remove slack from the at least one
control cable.

29. The system according to claim 28 wherein the
removal of slack includes at least:

moving the servo motor to a first location where a
specified tension is encountered in at least one of the at
least one control cables; and

fixing the servo motor at the first location thereby estab-
lishing a fixed relative distance between the servo
motor and the flexible tube termination block.

30. A system for improving the operation of a remote
viewing device, the system comprising:

a remote viewing device control unit including at least a
microprocessor, a memory unit, a servo control unit,
and a servo motor, the microprocessor operatively
coupled to the memory unit and the servo control unit
and the servo motor operatively coupled to the servo
motor control unit;

a remote viewing device viewing head;

a remote viewing device flexible tube connected at a
proximal end to the control unit and at the distal end to
the viewing head,

at least one control cable connected to the servo motor and
the remote viewing device viewing head and passing
through the remote viewing device flexible tube; and

a software routine stored in the memory unit, the software
routine directing the microprocessor and the servo
control unit to extend a range of motion of the viewing
head.

31. The system according to claim 30 wherein the extend-
ing the range of motion of the viewing head includes at least
determining servo control signal values corresponding to a
deflected and an undeflected location of the viewing head.
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