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& (57) Abstract: An inspection apparatus (100) can comprise at least one light source for illuminating a target. The at least one light
source can be provided as part of a light source bank (262, 272) having one or more light sources. Inspection apparatus (100) can
include one or more light source banks (262, 272). The at least one light source can be disposed and/or controlled in such manner
as to reduce a heat generation by the at least one light source and in such manner as to reduce a power consumption of the at least
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one light source.
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Inspection Apparatus Having Illumination Assembly
Cross Reference to Related Applications

[0001] This PCT application claims the priority of U. S. Patent Application No.
11/648,189 which was filed December 29, 2006 and which is incorporated herein by

reference in its entirety.
Field of the Invention

[0002] The invention relates to inspection apparatuses and more particularly to visual

inspection apparatuses.
Background of the Prior Art

[0003] Various proposals have been made for the inspection apparatus illumination
assemblies. In U. S. Patent No. 4,957,346, assigned to the assignee of the present invention,
there is described an inspection apparatus illumination assembly wherein a light source
provided by a halogen lamp is turned on at video frequencies and the duration of actuation is
controlled in relation to the illumination picked up by an image sensor. In U. S. Patent No.
4,998,166, also assigned to the assignee of the present invention, an inspection apparatus is
provided with an auxiliary light box. An inspection tube of the inspection apparatus can be
interfaced to the auxiliary light box. Sequential primary color illumination is generated in the

auxiliary light box and supplied to a fiber optic bundle in the insertion tube.

Brief Description of the Drawings

[0004] Fig. 1 is a block diagram illustrating an inspection apparatus in one embodiment.
[0005] Fig. 2 is a block diagram illustrating an inspection apparatus in one embodiment.

[0006] Fig. 3 is a timeline illustrating methods for controlling an inspection apparatus

illumination assembly.

[0007] Figs. 4-6 are diagrams illustrating various alternative packaging schemes for an

inspection apparatus.

[0008] Fig. 7 is a circuit diagram of a regulator in one embodiment supplying power to a

light source bank comprising a plurality of LEDs.
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[0009] Fig. 8 is a circuit diagram of a regulator in one embodiment supplying power to a

light source bank comprising an arc lamp.

[0010] Fig. 9 is a diagram illustrating an exemplary user interface of an inspection

apparatus.

[0011] Fig. 10 is a timing diagram illustrating operation of an inspection apparatus in a

boost mode of operation.

[0012] Fig. 11 is a representation of a lookup table for use in establishing a timeout

period limiting a time at which an inspection apparatus can operate in a boost mode.

[0013] Fig. 12 is a timing diagram illustrating operation of an inspection apparatus in a

freeze frame mode.

[0014] Fig. 13 is a flow diagram illustrating operation of an inspection apparatus in a

strobe mode.

[0015] Fig. 14 is a representation of a set of frames which may be examined by an

inspection apparatus in a strobe mode of operation.

[0016] Fig. 15 is a timing diagram illustrating operation of an inspection apparatus in a

strobe mode of operation.
Summary of the Invention

[0017] An inspection apparatus can comprise at least one light source for illuminating a
target. The at least one light source can be disposed and/or controlled in such manner as to
reduce a heat generation by the at least one light source and in such manner as to reduce a

power consumption of the at least one light source.
Detailed Description of the Invention

[0018] There is described an inspection apparatus having an illumination assembly
wherein the illumination assembly comprises at least one light source. In one embodiment
the illumination assembly can be arranged and controlled for purposes of reducing an amount

of heat generated by the illumination assembly, for purposes of reducing power consumption
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of the illumination assembly, and for purposes of reducing noise in a video signal resulting

from excess heat.

[0019] A packaging scheme for an inspection apparatus in one embodiment can be
adopted wherein a first light source bank is provided at a distal end of a probe and a second
light source bank is provided at a proximal end of the probe. Each light source bank can have
one or more light sources and in one embodiment the one or more light sources can be
provided by LEDs. The first light source bank and the second light source bank can be
controlled in a coordinated manner so that in a first mode of operation, only the first light
source bank is energized, in a second mode of operation, the first and second light source
bank are energized and in a third mode of operation, both of the first bank and the second

bank are energized.

[0020] In one example of an inspection apparatus having first and second spaced apart
light source banks, the first light source bank can be normally on and the second light source
bank can be energized on an as-needed basis on the condition that a brightness of a captured

frame of image data has fallen below a threshold brightness.

[0021] In one embodiment, a light source bank can be controlled in such manner as to
reduce heat generated by the light source bank and to reduce power consumption of a light
source bank. A light source bank driver signal can be provided in a coordinated manner with
an exposure control pulse, specifically, a light source bank driver signal can be provided by a
square wave pulse having duty cycle illumination off time periods intermediate of
illumination on time periods. For reduction of heat generation and power consumption
without reduction of image brightness, a light source bank driver signal can be provided in a
coordinated manner with an exposure control signal so that a light source bank is selectively

energized only during exposure periods of an image sensor.

[0022] In one embodiment, a light source bank can be disposed proximate an image
sensor or another sensitive electrical component having a performance and/or expected life
that is negatively impacted by heat. In one embodiment, an inspection apparatus can be
configured to sense a temperature of the sensitive electrical component and to regulate at
least one of a peak power level and a duty cycle of the light source bank driver signal so as to
reduce heat generated by the light source bank where a temperature of the sensitive electrical

component exceeds a threshold.
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[0023] A technical effect of the hardware and software described herein in certain
embodiments is reduced heat in an inspection apparatus. By reducing heat absorption by
electrical components of an inspection apparatus, performance and life expectancy of the
electrical component can be expected to improve. A technical effect of the hardware and
software described herein in certain embodiments is reduced power consumption. A further

technical effect of the hardware and software herein is reduced visual noise.

[0024] A block diagram of an exemplary apparatus capable of supporting the above
described processing is shown and described in connection with Fig. 1. Inspection apparatus
100 can include an elongated inspection tube 112 and a head assembly 114 disposed at a
distal end of the elongated inspection module. Inspection apparatus 100 can also include a

base assembly 302 disposed at a proximal end of elongated inspection tube 112.

[0025] Regarding head assembly 114, head assembly 114 can include solid state image
sensor 132 and imaging optics 140 comprising one or more lenses. Imaging optics 140 can
focus an image onto an active surface of solid state image sensor 132. Solid state image
sensor 132 can be, e.g., a CCD or CMOS image sensor. Solid state image sensor 132 can
include a plurality of pixels formed in a plurality of rows and columns. Where solid state
image sensor 132 includes a plurality of pixels formed in a plurality of rows and columns,
solid state image sensor 132 can be regarded as a two dimensional image sensor. Solid state
image sensor 132 can be provided on an integrated circuit. Image sensor 132 can generate
image signals in the form of analog voltages representative of light incident on each pixel of
the image sensor. Referring to further aspects of head assembly 114, image sensor 132 can
be controlled to clock out image signals from image sensor 132. Analog voltages
representative of light incident on the various pixels of image sensor 132 can be propagated
through signal conditioning circuit 136 along a cable, e.g., a coaxial cable disposed within
clongated inspection tube 112. Head assembly 114 can include signal conditioning circuit
136 which conditions analog image signals for input to cable 138 and receives timing and
control signals for control of image sensor 132. Image sensor 132 and signal conditioning

circuit 136 can be disposed on a circuit board 139.

[0026] In the embodiment of Fig. 1, a head assembly of apparatus 100 at a distal end of
inspection tube 112 comprises image sensor 132. Image sensor 132 of inspection apparatus
100 can, in one alternative embodiment, be located at a position spaced apart from head

assembly 114 and disposed at a position rearward of a proximal end of inspection tube 112.
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[0027] Referring to Fig. 2, an imaging system fiber optic bundle 283 can be disposed in
inspection tube 112, and can terminate in head assembly 114. The apparatus can be
configured so that such a fiber optic bundle relays image forming light rays from head
assembly 114 to the spaced apart image sensor spaced apart from head assembly 114. An
example of such an embodiment is illustrated in Fig. 2. In the embodiment of Fig. 2, imaging
lens 140 can focus an image of a target onto fiber optic bundle 283, which relays image
forming light rays to image sensor 132 which in the embodiment of Fig. 2 is disposed at base
assembly 302 spaced apart from head assembly 114. Inspection apparatus having fiber optic
bundles for relaying image framing light rays are sometimes referred to as “fiberscopes.”
Inspection apparatus 100 can have an imaging axis 250 extending outwardly from head

assembly 114.

[0028] Various circuits disposed at a position spaced apart from camera head assembly
114 can receive and process image signals generated by image sensor 132. Circuits for
processing image signals generated by image sensor 132 can be disposed in base assembly
302. In the exemplary embodiment of Fig. 1, analog front end circuit 150 can include an
analog gain circuit, an analog-to-digital converter, and a correlated double sampler and can
receive analog image signals, digitize such signals and transmit digitized image signals to
digital signal processor 152 (DSP). DSP 152, in the embodiment shown, can be configured
to perform such processing tasks as color matrix processing, gamma processing, and can
process digital image signals into a standardized video format, wherein video signals are
expressed in a standardized data format. By way of example, video signals output by DSP
152 can be in a BT656 video format and data carried in the video signal can have a
422YCRCB data format. DSP 152 can be in communication with a random access memory
160 through system bus 158. Referring to further aspects of an electrical circuit for
inspection apparatus 100, apparatus 100 can include timing generator circuit 156 which can
send timing and control signals to signal conditioning circuit 136 for input to image sensor
132 as well as to analog front end circuit 150 and DSP 152. As indicated by communication
line labeled “to 136,” timing generator circuit 156 can send control signals such as exposure
timing signals and frame rate timing signals to circuit 136 for input to image sensor 132.
Timing generator circuit 156 can also generate illumination control signals for control of light
source banks of apparatus 100. In some embodiments, DSP 152 can be configured to process
image data, and can further be configured to send imaging parameter (e.g., exposure,

illumination) control signals to timing generator circuit 156, which results in timing generator
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circuit 156 generating imaging parameter control signals for input to another component, ¢.g.,
circuit 136, or a regulator. In one embodiment, analog circuit front end circuit 150, DSP 152,
and timing generator circuit 156 can be provided on separate integrated circuits (ICs). In one
embodiment, analog front end circuit 150, DSP 152, and timing generator circuit 156 are
provided as part of commercially available chips, e.g., an 814612 DSP chipset of the type
available from SONY.

[0029] Referring to further aspects of apparatus 100, apparatus 100 can include DSP 180.
DSP 180 can receive the formatted video output from DSP 152 for further processing. DSP
180 can be configured to perform a variety of processing tasks such as frame averaging,
scaling, zoom, overlaying, merging, image capture, flipping, image enhancement and
distortion correction. In one embodiment, DSP 180 can be provided by a TMS320DM642
Video/Imaging Fixed-Point Digital Signal Processor of the type available from TEXAS
INSTRUMENTS. DSP 180 can be in communication with a volatile memory 161, ¢.g., a
RAM, a non-volatile memory 162, and storage memory device 164. Non-volatile memory
162 shown as being provided by an EPROM memory device can also be provided by, ¢.g., an
EEPROM memory device or an EPROM memory device. Software for operating apparatus
100 can be saved in non-volatile memory 162 when apparatus 100 is not operating and
loaded into RAM 161 when operation of apparatus 100 is activated. Apparatus 100 can
include other types of storage memory. For example, a USB “thumb drive” can be plugged
into serial I/0O interface 173. A Compact Flash memory card can be plugged into parallel I/O
interface 174. A memory of apparatus 100 can be regarded as including memory 160, 161,
162, and 164, other storage memory, as well as internal buffer memories of DSP 152 and
180. Storage memory device 164 can be, ¢.g., a hard drive or removable disk. RAM 161,
non-volatile memory 162, and storage device 164 can be in communication with DSP 180 via
system bus 159. While DSP 152 and DSP 180 are shown as being provided on separate
integrated circuits, the circuits of DSP 152 and DSP 180 could be provided on a single
integrated circuit. Also, the functionalities provided by DSP 152 and DSP 180 could be

provided by a general purpose microprocessor IC.

[0030] Referring to further circuit components of the block diagram of Fig. 1, apparatus
100 can further include display 210, keyboard 214, and joystick 218, each of which can be
interfaced to DSP 180. Display 210, keyboard 214 and joystick 218 form a user interface of

apparatus 100 in one embodiment. Keyboard 214 enables a user to initiate various control
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signals for the control of apparatus 100. Display 210 enables display of live video streaming
images and other images to an inspector. For example, apparatus 100 can be controlled to
switch from a live streaming video mode in which a live streaming video is being displayed
to a mode in which a still image is displayed on display 210. Apparatus 100 can be
configured so that apparatus 100 can generate user-initiated image retention control signals.
Apparatus 100 can be configured so that an inspector can initiate a frame retention control
signal by actuating a designated button of keyboard 214. Frame retention control signals can
include, e.g., a freeze control signal, and a “take picture” control signal. Apparatus 100 can
be configured so that when a freeze control signal is initiated, apparatus 100 repeatedly reads
out to display 210 a frame of image data from a frame buffer. Apparatus 100 can be
configured so that when a “take picture” control signal is initiated, apparatus 100 can save a

frame of image data to non-volatile memory 162 and/or storage device 164.

[0031] In a further aspect, DSP 180 can be coupled to an I/O interface 172, e.g., an
ETHERNET, USB interface enabling communication between apparatus 100 and an external
computer. DSP 180 can also be coupled to one or more wireless communication interfaces
174, e.g., an IEEE 802.11 wireless transceiver and/or a Bluetooth wireless transceiver. DSP
180 can also be coupled to a parallel I/O interface 173, e.g., a Compact Flash and/or a
PCMCIA interface. Apparatus 100 can be configured to send frames of image data saved in
a memory thereof to an external computer and can further be configured to be responsive to
requests for frames of image data saved in a memory device of apparatus 100. Apparatus 100
can incorporate a TCP/IP networking communication protocol stack and can be incorporated
in a wide area network including a plurality of local and remote computers, each of the

computers also incorporating a TCP/IP networking communication protocol stack.

[0032] Referring to further aspects of apparatus 100, apparatus 100 can include joystick
218 for controlling a positioning of head assembly 114. In one embodiment, articulation
cables 222 can be incorporated in inspection tube 112 to enable movement of head assembly
114 into a desired position so that a field of view of apparatus 100 can be changed. Joystick
218 can be in communication with DSP 180. Apparatus 100 can be configured so that
control signals for controlling movement (articulation) of head assembly 114 are initiated by
manipulating joystick 218. Apparatus 100 can be configured so that when joystick 218 is

moved, DSP 180 receives a control signal from joystick 218 and sends corresponding motor
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control signals to articulation motor 220 to produce a desired movement of head assembly

114.

[0033] In another aspect, inspection apparatus 100 can include a power supply circuit
251. Power supply circuit 251 can be interfaced to various alternative power sources e.g.,

serial I/O power source 254, AC/DC transformer source 256 and rechargeable battery 258.

[0034] Regarding an illumination assembly of inspection apparatus 100, an illumination
assembly of inspection apparatus in one embodiment can include a first light source bank 262
and a second light source bank 272. Each light source bank can include one or more light
sources. The one or more light sources of each bank can include one or more light emitting
diodes (LEDs) such as white LEDs. In another embodiment, the one or more light sources of
cach light source bank can also include one or more laser diode assemblies. LEDs and laser
diode assemblies can be regarded as solid state light sources. First light source bank 262 can
be disposed in base assembly 302 spaced apart from head assembly 114 and second light
source bank 272 can be disposed in head assembly 114. A fiber optic bundle 264 can be
disposed in elongated inspection tube 112 for conducting light from first bank 262 through
clongated inspection tube 112 and outwardly from head assembly 114 to illuminate a target.
A diffuser 266 can be provided for diffusing light emitted through fiber optic bundle 264.
While an embodiment having first and second light source bank is shown in Fig. 1, apparatus
100 in another embodiment can comprise only first light source bank 262. In another
embodiment, apparatus 100 can comprise only light source bank 272. In another
embodiment, the one or more light sources of each light source bank 262, 272 can be

provided by one or more arc lamps.

[0035] In a further aspect of inspection apparatus 100, inspection apparatus 100 can
include regulator 268 and regulator 278, each of which is coupled to power supply circuit
251. A light source bank driver signal output by regulator 268 can be varied to vary the duty
cycle and/or the peak power supplied to first light source bank 262 and a driver signal output
by regulator 278 can be varied to vary the duty cycle and/or peak power supplied to second
bank light source 272. As will be described more fully herein, apparatus 100 in various
embodiments can be configured so that DSP 152 or DSP 180, in response to receipt of
various information such as image information and/or thermal information can generate
various illumination control signals for control of the illumination assembly of apparatus 100.

Such control signals in one embodiment can be received by timing generator circuit 156 by
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way of the communication line shown, and timing generator circuit 156 can responsively
communicate appropriate illumination control signals to regulator 268 and/or regulator 278.
Regulators 268 and 278 in turn can output light source driver signals. In any of the
embodiments described herein, an illumination control signal generated by DSP 152 or DSP
180 can be generated so that a peak power level or duty cycle varies depending on a detected
brightness of captured image data captured by apparatus 100. Apparatus 100 can be adapted
so that DSP 152 or DSP 180 captures frames of image data and examines such frames for
purposes of determining a brightness parameter. Where a brightness of a current frame
decreases relative to a previously examined frame, an illumination control signal can be
generated to provide a light source bank driver signal having one of an increased peak power
level and an increased duty cycle. Where a brightness of a current frame increases relative to
a previously examined frame, an illumination control signal can be generated to provide a
light source bank driver signal having at least one of a reduced peak power level or reduced
duty cycle. Apparatus 100 can be configured so that an illumination control signal can be
varied to provide light source bank driver signals having such characteristics as to maintain a
brightness of captured image data above a brightness threshold. If ambient light conditions
are such that brightness is above a threshold without maximum peak power and maximum
duty cycle, the peak power level and/or duty cycle can be reduced. If target reflection
conditions are such that a brightness threshold is not achieved despite maximum peak power,
maximum duty cycle light source bank driver signals, an illumination control signal can be
generated to maintain a light source bank driver signal at a maximum peak power, maximum

(full) duty cycle level.

[0036] Aspects of inspection apparatus 100 in various embodiments are now described in
greater detail. In one embodiment apparatus 100 includes light source bank 262 disposed at
a position spaced apart from head assembly 114. Light source bank 262 can comprise one or
more LEDs. By providing light source bank 262 at a position spaced apart from head
assembly 114 where image sensor 132 is disposed in head assembly 114, heat that is
transferred to image sensor 132 from a light source bank of apparatus 100 is reduced. The
heat control provided by disposing a light source bank at a position spaced apart from image
sensor 132 can be enhanced by incorporating in apparatus 100 a brightness based
illumination control as described herein previously, wherein a light source bank driver signal
is varied responsively to a detected brightness of a captured image in such a manner that if

brightness above threshold brightness can be provided without a maximum peak power and
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full duty cycle light source bank driver signal, the peak power and/or duty cycle of the light

source driver signal can be reduced.

[0037] In another embodiment as alluded to previously, apparatus 100 can have two
spaced apart light source banks; namely, a first light source bank 262 disposed at a position
spaced apart from head assembly 114 and a second light source bank 272 disposed in head
assembly 114. First light source bank 262 as indicated in Fig. 1 can direct light through fiber
optic bundle 264 disposed within elongated inspection tube 112 and fiber optic bundle 264
can conduct the light thorough inspection tube 112 so that it is projected outwardly from head
assembly 114 toward a target. In one embodiment, apparatus 100 can be configured to
energize second light source bank 272 only on an “as needed” basis. In other words,
apparatus 100 can be configured to have a first, “standard” operating mode in which only first
spaced apart light source bank 262 is energized and second light source bank 272 is de-
energized. Apparatus 100 can be configured to automatically switch out of the first operating
mode and into a second operating mode on the sensing of sensed condition. In the second
operating mode second light source bank 272 can be energized together with first light source
bank 262. In one embodiment, apparatus 100 can be configured to switch out of the first
operating mode and into the second operating mode on the condition that a brightness of a
captured frame of image data has been determined to have fallen below a threshold brightness
level. A brightness of captured frame of image data will vary depending on reflectivity
conditions of a target and on ambient light conditions. For example, where a target is
provided by a light color close range substrate, brightness of a captured image can be
expected to be relatively high. However, where a head assembly of apparatus 100 is directed
so that a field of view of apparatus 100 encompasses a far range substrate within a dark
tunnel, a brightness of a captured frame of image data can be expected to be relatively low.
Apparatus 100 can be configured so that second light source bank 272 is energized
conditionally on the condition that brightness of a captured frame of image data falls below a
threshold brightness, which threshold may be a predetermined threshold. In such manner, by
energizing second light source bank 272 conditionally on the condition of a certain condition
being sensed the apparatus is enabled to operate in an expanded range of brightness
conditions, with an amount of heat delivered to image sensor 132 by proximately located

light source bank 272 being conserved.
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[0038] Referring to the timing diagram of Fig. 3, additional control functionality can be
incorporated in inspection apparatuses for purposes of reducing an amount of heat delivered
to electrical components of apparatus 100 by light sources and for further purposes of power

conservation and reduced noise in a video signal.

[0039] Referring to the timing diagram of Fig. 3, timeline 352 shows an exposure control
signal and timeline 362 shows a readout control signal. Such control signals can be
generated by timing generator circuit 156. During the ON periods of the exposure control
signal, pixels of image sensor 132 can be exposed to light. During an exposure period of
image sensor 132, charges can build up on individual pixels of image sensor 132. Each
exposure period can be followed by a readout control pulse. A readout control pulse can be
provided by the readout control signal shown in timeline 362 switching to an ON state.
When a readout control signal switches to an ON state, accumulated charges accumulating

during the most recent exposure period are read out of image sensor.

[0040] While timeline 352 and timeline 362 illustrate that an exposure control signal and
a readout control signal can be coordinated, apparatus 100 can be configured so that a light
source bank driver signal can be coordinated with an exposure control signal. Referring to
timeline 372, a light source bank driver signal for controlling energizing a light source or
sources on an inspection apparatus illumination assembly is shown. Apparatus 100 can be
configured so that each light source of an inspection apparatus illumination assembly is
energized when the light source bank driver signal, as shown in timeline 372 is in an ON state
and each light source of an inspection apparatus illumination assembly is de-energized when

the light source bank driver signal, as shown in signal timeline 372 is in an OFF state.

[0041] It is seen from the timing diagram of Fig. 3 that the light source bank driver signal
shown in timeline 372 can be coordinated with an exposure control signal. It is seen with
reference to Fig. 3 that each light source of inspection apparatus 100 can be selectively
energized on only during exposure periods of image sensor 132. By selectively energizing
each light source of inspection apparatus 100 on only during exposure period, heat generated
by the apparatus’s illumination assembly can be reduced. Power consumption of apparatus
100 is also reduced, extending battery life of apparatus 100 where powered by a battery 258.
While controlling illumination according to the timing diagram of Fig. 3 can be expected to
bring about a reduction in generated heat and a reduction of power consumption, it should be

noted that such reductions can be realized without affecting performance of apparatus 100.
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With the exposure control signal as shown by timeline 352 coordinated with the light source
bank driver signal as shown by timeline 372, such that each light source of apparatus 100 can
be energized selectively during exposure periods, energy can be conserved without negatively

affecting the signal to noise ratio in captured frames of image data captured by apparatus 100.

[0042] In still another aspect, a light source driver signal of apparatus 100 can be
thermally regulated. Referring again to Fig. 1, a thermistor 137 can be disposed in head
assembly 114 proximate image sensor 132. Thermistor 137 can be disposed in such position
in head assembly 114 as to sense a temperature of image sensor 132. Referring to Fig. 1, a
voltage output varying in response to a change in resistance of thermistor 137 can be input
into analog to digital converter 292 which digitizes the voltage reading and inputs the
digitized information into DSP 180 for processing by DSP 180. DSP 180 can be configured
to vary a driver signal controlling illumination control signal responsively to sensed
temperature of image sensor 132. In one embodiment, apparatus 100 can be configured to
reduce at least one of a peak power level and/or a duty cycle of light source bank driver
signal driving light source bank 272 responsively to a sensed temperature of image sensor
132 exceeding a threshold temperature. In such manner, heat that is generated by light source
bank 272 can be reduced responsively to a determination that a temperature of image sensor
132 has reached a level wherein performance of image sensor 132 can be expected to decline
or has reached a level posing a risk to the expected life span of continued operation of image
sensor 132. With heat that is generated by light source bank 272 reduced or eliminated, the
temperature of image sensor 132 can be expected to fall back to a safe operating level.
Referring again to the timing diagram of Fig. 3, timeline 392 shows a reduced duty cycle a
light source bank driver signal. Relative to the control signal of timeline 372, a light source
bank driver signal of timeline 392 has a reduced on time duty cycle, resulting in reduced heat
generation and reduced power consumption relative the a light source bank driver signal of
the timeline 372. Apparatus 100 can be configured so that a light source bank driver signal
switches from the form shown in timeline 372 to the form of timeline 392 when a
temperature of image sensor 132 is determined to have exceeded a threshold (e.g., a
predetermined threshold). A thermistor for sensing a temperature of an image sensor 132 or
other component can be disposed at a location other than head assembly 114. For example,
in the embodiment of Fig. 2 a thermistor 137 as well as a proximately located image sensor

132 are disposed within base assembly 302.
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[0043] While apparatus 100 in the embodiment of Fig. 1 has a dedicated temperature
sensing device (provided by thermistor 137), apparatus 100 can be configured so that a
temperature of image sensor 132 can be sensed by processing of image signals generated by
image sensor 132. Prior to apparatus 100 being put into operation as an inspection apparatus,
image sensor 132 can be subject to a calibration procedure wherein the effect of increasing
temperature in image signals generated by image sensor 132 is observed. A temperature
indicating “signature set” of characteristics at each of several temperature levels can be
observed and DSP 152 or 180 can be configured to examine newly captured frames for the
presence of such temperature indicating characteristics. In such manner, apparatus 100 can
be configured to sense temperature of image sensor 132 and, therefore, of head assembly 114
by detecting characteristics of image signals generated by image sensor 132. Apparatus 100
can also be configured to sense a temperature of head assembly 114 by sensing a forward
voltage across a bank of LEDs 262, 272 when energized at a particular operating current.
The forward voltage across light source bank 262, 272, when provided by one or more LED
or another at a given operating current will vary with temperature. Accordingly, the forward
voltage is indicative of temperature in head assembly 114 and of image sensor 132. In one
example, as will be described further herein the voltage signal across bank 262, 272 can be
sensed by a regulator 268, 278 digitized by regulator 268, 278 and input into DSP 180.
Apparatus 100 can be configured to process temperature information derived by sensing a
forward voltage across bank 262, 272 or through image signal analysis for purposes of
varying a light source bank driver signal in the same manner described relative to processing

of temperature information received from a temperature sensing device.

[0044] The components of base assembly 302 as described in connection with Fig. 1 can
be distributed into one or more separately movable physical modules. Referring to the
embodiment of Fig. 4, the components of base assembly 302 are all incorporated into a
handset 310, having a handset housing 311. Handset 310 can be configured to be a hand held
handset 310 in the embodiment shown and can include a handle 312. As shown in the
embodiment of Fig. 5, the components of base assembly 302 can be distributed into a handset
module 310 having a handset housing 311, and a base unit 320 having a base unit housing
321. In the embodiment of Fig. 5, elongated inspection tube 112 can be interfaced to handset

310.
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[0045] In the embodiment of Fig. 6, the components of base assembly 302 are also
distributed into a handset 310 having housing 311 and a base unit 320 having housing 312,
except that in the embodiment of Fig. 6, elongated inspection tube 112 is interfaced to base
unit 320. Where the circuit components of base assembly 302 are distributed into separately
moveable physical modules, serializer/de-serializer circuits can be provided to provide
electrical communication between the various physical modules. Wireless communication
transceivers, ¢.g., Bluetooth transceivers can also be incorporated in the various physical

modules to provide electrical communication between the various physical modules.

[0046] In Fig. 7 there is shown an example of a regulator circuit including a regulator
268, 278 supplying power to a light source bank 262, 272 provided by a plurality of LEDs.
In the example of Fig. 7, the regulator circuit shown can include a current sensing resistor
282 and a voltage sensing resistor 284. The value of resistor 282 is selected to be very small,
and the value of resistor 284 is selected to be very large. Accordingly, substantially the
current passing through light source bank 262, 272 passes through resistor 282. The value of
resistor 282 is selected to cause a small voltage to develop across resistor 282 due to current
passing through light source bank 262, 272. Regarding voltage sensing resistor 284, voltage
sensing resistor 284 in the exemplary embodiment presents the voltage across a resistor 282
to a differential amplifier in regulator 268, 278, to sense the voltage across resistor 282, and
by subtraction the voltage across light source bank 262, 272. Apparatus 100 can be
configured so that regulator 268, 278 can output a light source bank driver signal to control
current through light source bank 262, 272 responsively to a sensed voltage across light
source bank 262, 272. Where light source bank 262, 272 is provided by one or more LEDs,
the voltage across light source bank 262, 272 at a given supplied current will vary depending
on the temperature of the light source bank. Accordingly, a forward voltage across bank 262,
272, a voltage that is sensed by regulator 268, 278 is indicative of and constitutes a
measurement of the temperature of light source bank 262, 272. As indicated, a sensed
voltage across bank 262, 272 can be sensed by regulator 268, 278 digitized by regulator 268,
278 and input to DSP 180. A forward voltage across light source bank when driven at a
particular operating current is also indicative of bank temperature where the bank comprises
other types of solid state light source ¢.g., one or more laser diode assemblies. In the
example of Fig. 8 the regulator circuit has the same components as shown in Fig. 7 except

that light source bank 262, 272 is provided by an arc lamp.
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[0047] There is described herein an inspection apparatus configured so that a specialized
operating mode can be initiated while the inspection apparatus outputs frames of image data
to a display in forming a displayed live video streaming video image. An inspection
apparatus can be configured so that the apparatus controls a light source bank driver signal
responsively to a specialized operating mode being initiated. Specialized operating modes
that can be initiated can include a boost mode, wherein a light source bank driver signal can
be controlled to overdrive a light source bank for a limited period of time, a freeze frame
mode wherein an inspection apparatus repeatedly outputs to a display a frame retained in a
frame buffer, a strobe mode wherein an inspection apparatus can process image data to
determine a parameter of a moving component represented in a frame of image data and can
establish timing for a light source bank driver signal responsively to the processing, and an
in-motion mode of operation, wherein a light source bank driver signal can be controlled so
that an illumination on time pulse is narrowed for the time that the in-motion operating mode

1s active.

[0048] During operation to output a live streaming video image on display 210, incoming
frames can be input into an input frame buffer of RAM 161, subject to processing by DSP
180 and output to an output frame buffer of RAM 161. Apparatus 100 can be configured so
that when a freeze frame control signal is initiated, a frame retained in an output frame buffer
is continually output to display 210. Apparatus 100 can also be configured so that when a
save frame control signal is initiated, a frame presently retained in an input frame buffer is
output to an addressable memory location of a memory device, ¢.g., RAM 161, non-volatile

memory 162, or long term storage device 164.

[0049] Apparatus 100 can be configured so that various specialized operating modes can
be initiated by an inspector during the time that apparatus 100 is outputting a live streaming
video image. Apparatus 100 can output a live streaming video image by outputting
successively captured frames to display 210. As has been indicated specialized operating
modes can include a boost mode, wherein a light source bank can be overdriven for
increasing lumens of light projected from apparatus 100 for a limited period of time, a freeze
frame mode wherein the apparatus can repeatedly output to display 210 a frame of image data
retained in a frame buffer, a strobe mode wherein the apparatus can establish a timing for a
light source bank driver signal responsively to a processing of image data, and an in-motion

mode wherein the inspection apparatus is utilized to capture in-motion frames of image data
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(frames representing scenes wherein the apparatus and/or an object within a field of view is

in-motion).

[0050] By observing a live streaming video image, an inspector might determine that
initiating a specialized operating mode would be desirable. In a boost mode as will be
described herein, inspection apparatus 100 can overdrive a light source bank for a limited
period of time for increasing lumens of light projected onto a target for a limited period of
time. An inspector can determine that initiating a boost mode would be desirable if a live
streaming video includes dark frames of image data in which details of frame are difficult to

observe.

[0051] By observing a live streaming video image displayed on display 210 an inspector
may determine that a displayed feature being displayed in a live streaming video image is of
interest and therefore may determine that it would be desirable to “freeze” a frame of image
data by initiating a freeze frame control signal for activation of a freeze frame mode of
operation. Apparatus 100 can be configured so that when a freeze frame control signal is
initiated to activate a freeze frame mode apparatus 100 ceases outputting successively
captured frames to display 210 and commences repeatedly outputting the same frame to
display 210. The same frame that is repeatedly output to display 210 can be a frame retained
in a frame buffer of memory 161, e.g., an output frame buffer of memory 161. By observing
a still frame displayed on display 210 an inspector can be expected to observe details of an
image that an inspector would not be able to observe in the case a live streaming video image

were being displayed via output of successively captured frames.

[0052] Also by observing a live streaming video image on display 210 an inspector may
determine that a representation of an article having a repetitively moving component (e.g., a
moving turbine, a fan) is being displayed on display 210. In another aspect apparatus 100
can be configured so that when observing a live streaming video image on display 210
representing an article having a repetitively moving component an inspector may initiate a
strobe mode.  Apparatus 100 can be configured so that when a strobe mode control signal is
initiated to activate a strobe mode apparatus 100 can process frames of image data and
responsively to the processing can establish a timing for a light source bank driver signal.
Apparatus 100 can be configured so that when a strobe mode control signal is initiated
apparatus 100 can output to a display 210 a live streaming video image corresponding to an

article having a repetitively moving component in such manner that the live streaming video
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image has an appearance corresponding to a still article without moving components. Also
by observing a live streaming video image, an inspector can determine that the apparatus or
an object (e.g., an equipment article) represented in a field of view is in-motion and may
accordingly determine that it would be advantageous to activate an in-motion mode of

operation.

[0053] Apparatus 100 can be configured so that an inspector can both activate and
deactivate a specialized operating mode utilizing an actuator of a user interface of apparatus
100. Referring to Fig. 9 in one embodiment apparatus 100 can be configured so that by
actuating button 2141 a boost mode control signal activating a boost mode is initiated, by
actuating button 2142, a freeze frame mode control signal is initiated, by actuating button
2143 a strobe mode control signal is initiated activating a strobe mode, and by actuating
button 2144 an in-motion mode control signal is initiated activating an in-motion mode.
Apparatus 100 can be configured so that a mode selection control signal corresponding to a
specialized mode remains active for as long as its corresponding button remains depressed
and is deactivated to deactivate the specialized operating mode when its corresponding button
is released. Apparatus 100 can be configured so that the exemplary mechanical buttons as
shown in Fig. 9 are replaced or redundantly provided by virtual buttons displayed on display
210. Apparatus 100 can be configured so that control signals for activating a specialized
operating mode can also be initiated automatically in response to a sensed condition, as will

be described in great detail herein.

[0054] In embodiments having an available specialized operating mode selected from the
group consisting of a boost mode a freeze frame mode and a strobe mode, apparatus 100 can
have a single light source bank such as bank 272 disposed in head assembly 114, a single
light source bank such as bank 262 disposed in base assembly 302, or a plurality of banks
such as bank 272 and bank 262. Where apparatus 100 has more than one light source bank, a
light source bank driver signal for driving each bank can be controlled responsively to a
specialized operating mode being initiated and deactivated in a manner that is described
herein. Where apparatus 100 has more than one light source bank (e.g., has bank 272 and
bank 262), the same light source bank driver signal in one embodiment can be supplied to

both banks simultaneously for driving of the banks 272, 262.

[0055] A boost mode is described in greater detail with reference to the timing diagram of

Fig. 10 and the lookup table representation of Fig. 11. Prior to a boost mode control signal
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being initiated to activate a boost mode, a light source bank driver signal can have at least one
of a baseline peak power level and a baseline duty cycle. The baseline peak power level

can be a peak power level previously determined to be a peak power level which will not
negatively impact performance of the driven light source bank (and/or proximately located
electrical components) if driven at that level over a substantial period of time (e.g., for
periods of one minute continuously or more). The baseline duty cycle similarly can be a duty
cycle determined to be duty cycle which will not negatively impact performance of the driven
light source bank (and/or proximately located electrical components) if the bank is driven at
that duty cycle over a substantial period of time (e.g., for periods of one minute continuously

or more).

[0056] With further reference to the timing diagram of Fig. 10 a light source bank driver
signal shown in timeline 1002 can have at least one of a higher than baseline peak power
level and a higher than baseline duty cycle when a boost mode is made active. The light
source bank driver signal can remain at the higher than baseline peak power and duty cycle
levels for the time that apparatus 100 remains in the boost mode. As explained herein an
inspector can initiate a boost mode control signal 1006 activating a boost mode by actuating a
designated button 2141 and the boost mode control signal can remain active for the period
that an inspector depresses the button. Apparatus 100 can be configured so that when an
inspector releases a boost mode button 2141 a boost mode control signal 1006 can be
deactivated to deactivate the boost mode. Apparatus 100 can be configured so that when a
boost mode control signal 1006 is deactivated the light source bank driver signal 1002 can
return to a baseline peak power level and a baseline duty cycle level. In the specific example
of Fig. 10 a light source bank driver signal 1002 is coordinated with an exposure period
control signal represented by timeline 1004; however, such coordination is not necessary for
operation of a boost mode. In the specific example, the light source bank driver signal 1002
has a maximum (full) duty cycle during exposure periods when the boost mode is active, but
has a less than maximum duty cycle during exposure periods when the boost mode is not
active. When the boost mode is active captured frames of image data will normally be
brighter, increasing the signal to noise ratio, and making finer details of captured frames
perceivable by an inspector.  With further reference to the timing diagram of Fig. 10 the
peak power level of light source bank driver signal 1002 during a boost mode can be a peak
power level previously determined to be a peak power level which could negatively impact

performance of a driven light source bank (and/or its proximately located components) if a
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light source bank driven were driven at that level for a long duration (e.g., a period of more
than one minute). The peak power level of light source bank driver signal can be a peak
power level previously determined to a be a peak power level which will not negatively
impact performance of the driven light bank (and or its proximately located components) if a
light source bank were driven at that peak power level for a predetermined short duration
(e.g., less than 10 seconds). Because apparatus 100 during a boost mode can drive a light
source bank at a peak power level that could be unsafe if the signal were supplied for longer
periods, apparatus 100 can be regarded to be “overdriving” a light source bank when
operating in a boost mode. Tolerances of light sources and other components provided by
component manufacturers can be consulted in determining the described baseline and boost

mode peak power levels and duty cycles.

[0057] In one embodiment, apparatus 100 can be configured so that the boost mode after
being made active (e.g., by actuating button 2141) is automatically deactivated after a timeout
period. For example, it may be desirable to configure apparatus 100 so that apparatus 100
cannot operate in a boost mode for longer than a timeout period. The inventors observed that
if apparatus 100 were always operated in boost mode for as long as an inspector depresses an
actuator for activating mode, a light source bank could be overdriven for a long period of
time negatively impacting a driven light source bank and potentially proximately located
electrical components. Accordingly, in one embodiment apparatus 100 can be configured to
automatically deactivate a boost mode after a timeout period irrespective of any action by an
inspector to maintain a boost mode control signal in an active state. In one embodiment, the
timeout period is a predetermined time period selected from an arbitrary group of short time
periods (e.g., 5 sec., 10 sec. 20 sec.). In one aspect, a boost mode control signal controlling
activation of a boost mode can be deactivated responsively either to an actuation (e.g.,
release) of a button by an inspector to deactivate the control signal or to an expiration of a

timeout period.

[0058] In another embodiment the timeout period limiting the time that a boost mode can
remain active is a period that is determined responsively to a sensor output. In one example,
a timeout period limiting the time that a boost mode can remain active is determined by
examining an output provided by a temperature sensor, such as a temperature sensor disposed
in head assembly 114 or in base assembly 302. In one example a temperature sensor is

provided by a light source bank 272, 262. Specifically, it has been explained herein that a
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voltage across a light source bank where provided by one or more LEDs or laser diode
assemblies varies depending on the temperature of the light source bank. Accordingly, a
temperature of a light source bank 272, 262 is indicated by a voltage across the light source
bank. Further, a light source bank temperature provides an indication of a temperature of

components proximate to the light source bank 272, 262.

[0059] Referring to Fig. 11 a map representing a timeout period selection lookup table is
shown. A timeout period limiting the time period which a boost mode can remain active can
be determined by referencing the lookup table represented in Fig. 11. The temperature
referenced in the lookup table represented in Fig. 11 can be a temperature reading provided
by a voltage of a light source bank 272, 262, a temperature reading provided by processing
image signals generated by image sensor 132 or a temperature reading provided by a
thermistor 137. It is seen with reference to Fig. 11 that under cool “safe” temperatures a
timeout period for a boost mode can be longer than under hotter temperatures. It is seen from
the lookup table represented by table 11 that when hot temperatures are present above a
predetermined temperature, a zero second timeout period is returned when the lookup table
represented in Fig. 11 is referenced. Accordingly, it is seen that apparatus 100 can be
configured so that under certain hot temperatures above a threshold, the boost mode can be
disabled; that is, under hotter temperatures above a threshold, actuation of a boost mode
actuator 2141 will have no effect and apparatus 100 will not be permitted to operate in a

boost mode to overdrive a light source bank.

[0060] A freeze frame mode is described in further detail with reference to Fig. 12,
showing a timing diagram illustrating options of apparatus 100 a freeze frame mode in an
exemplary embodiment. Apparatus 100 can be configured so that when a freeze frame
control signal 1206 is initiated and made active, apparatus 100 ceases outputting a live
streaming video image on display 210 and commences outputting a still image on display
210. In outputting a still image, apparatus 100 can repeatedly output to display 210 a frame
from a frame buffer of apparatus 100 which is continually over-written during the course of
operation of apparatus 100 a live streaming video image. A frame buffer from which a frame
is repeatedly output can be e.g., an output frame buffer of RAM 161. The inventors observed
that while a previously captured still image is being displayed on display 210 during
operation in a freeze frame mode, the displayed image on display 210 will not be affected by

light projected by an illumination assembly of apparatus 100. Accordingly, the inventors
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determined that a light source bank can be de-energized during a time that a freeze frame
mode of operation is active without impacting a displayed image on display 210. De-
energizing a light source bank provides certain advantages. De-energizing a light source
bank conserves power and allows a light source bank to cool, giving the light source bank
time to “recover” if prior to the time the freeze frame mode is made active the light source
bank exhibited a higher than desirable temperature. The timing diagram of Fig.12 illustrates
operation of an inspection apparatus 100 in a freeze frame mode. When a freeze frame mode
control signal 1206 is initiated at time 1207 to make active a freeze frame mode, a light
source bank driver signal given by timeline 1202 can be disabled to de-energize the light
source bank (e.g., bank 272 and/or bank 262) for the time that the freeze frame operating
mode remains active. When the freeze frame mode is deactivated (e.g., by releasing button
2142 in one example), the light source bank driver signal 1202 exhibits the characteristics
exhibited by the driver signal 1202 prior to the time of initiation of the freeze frame control

signal 1206 rendering active the freeze frame mode.

[0061] A freeze frame mode in various alternative embodiments is described with
reference to timelines 1212, 1213, 1214, of Fig. 12 illustrating characteristics of a light source
bank driver signal in various alternative embodiments. Referring to light source bank driver
signal 1212, apparatus 100 can be configured so that subsequent to initiation of a light source
bank driver signal at time 1207, a peak power level of light source bank driver signal 1207 is
increased for a frame exposure period 1208, an exposure subsequent to time 1207, so that for
period 1208 a peak power level of signal 1207 is increased relative to the baseline peak
power level prior to time 1207. Further referring to the embodiment where a light source
bank driver signal exhibits the characteristics of signal 1212, a frame that is repeatedly read
out from a frame buffer after time 1207 can be the frame corresponding to exposure period
1208 exposed with a peak power level of signal 1212 increased relative to its baseline level
prior to time 1207. With a peak power level of signal 1212 increased, a signal to noise ratio
of the frame that is read out corresponding to period 1208 can be expected to be increased. In
place of or in combination with increasing a peak power level as discussed in connection with
signal 1212, apparatus 100 can be configured to increase a duty cycle of signal 1212 after
time 1207 (if signal 1212 has a less that full duty cycle) responsively to initiation of a freeze
frame control signal 1206. Signal 1212 can have certain characteristics like those of light
source bank driver signal 1002 in a boost mode as described in connection with Fig. 10.

Specifically, a peak power level for period 1208 can be a level previously determined to be
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level which could negatively impact performance of light source bank 262, 272 and /or
proximately located computer. If bank 272, 262 were driven at such levels for a long
duration (e.g., a period of more than one minute). Also, baseline peak power level of signal
1212 prior to time 1207 can be a level previously determined to be a peak power level which
will not negatively impact performance of the driven light source bank (and/or proximate
components) if driven at that level for a substantial period (e.g., for one minute or more

continuously).

[0062] Referring to the exemplary light source bank driver signals of timeline 1213 and
1214, apparatus 100 can be configured so that an illumination on time pulse of a light source
bank driver signal that is output during exposure period 1208 is determined responsively to a
processing of image data. Referring to illumination on time pulse 1223 having a narrowed
pulse width relative to a pulse width of signal 1213 prior to time 1207, illumination on time
pulse width 1223 has characteristics advantageous for use in capturing a frame while
apparatus 100 is in-motion relative to a scene (i.e., while apparatus is being moved and/or
while objects represented in a field of view are in-motion). By narrowing a pulse width of
signal 1213, effects of motion can be reduced. Referring to illumination on time pulse 1224,
illumination on time pulse 1224 has characteristics advantageous for use in capturing a frame
having represented therein an over-bloomed bright spot. Capturing frames of image data
having over-bloomed bright spots is common where a field of view of apparatus 100
corresponds to a shiny (e.g., metal) surface which reflects light directed thereto substantially

directly back to image sensor 132.

[0063] With further reference to timeline 1212, 1213, 1214, apparatus 100 can be
configured so that apparatus 100 establishes an illumination on time pulse responsively to a
processing of image data. Apparatus 100 can be configured to output an illumination on time
pulse having an increased peak power level such as pulse 1222 where processing of image
data indicates that image data is free of an over-bloomed bright spot and is not in-motion, to
output a pulse having a narrowed pulse width such as pulse 1223 where processing of image
data determines that an in-motion condition is present and to output a pulse having a
decreased peak power level below a baseline level where processing of image data indicated
that an over-bloomed bright spot is represented in a frame of image data. Apparatus 100 can
be configured to determine that an over-bloomed bright spot is represented in a frame of

image data if a grouping of pixel values corresponding to a grouping of pixel positions ¢.g., a
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16x16 grouping are all at a peak or near peak value. Apparatus 100 can be configured so that
whether pulse 1222, 1223, or 1224 is output after time 1207, the buffered frame of a frame
buffer corresponding to exposure period 1208 under the specialized illumination condition is
the frame that is repeatedly read out to display 210 subsequent to initiation of the freeze

frame control signal 1206 at time 1207.

[0064] For reduction of processing requirements, accumulators can be utilized for
determination of illumination on time pulse parameters that control characteristics of an
illumination on time pulse to be output subsequent to initiation at a freeze frame control
signal. So that a specialized illumination on time pulse can be output during the first frame
exposure period after initiation of freeze frame control signal at time 1207, apparatus 100 can
be configured so that illumination on time pulse parameters determining the characteristics of
time pulse are determined based on processing of a frame or frames of image data having
exposure periods of more than one exposure period prior to the time of initiation of signal
1206 at time 1207 (in one embodiment, apparatus 100 can be expected to have a processing

lag time of more than one frame period).

[0065] Operation of an inspection apparatus 100 in a “strobe” mode is described with
reference to the flow diagram of Fig. 13. An inspector may desire to initiate a strobe mode
when an inspector is performing an inspection relating to an article having repetitively
moving component (e.g., a fan or a turbine). When a strobe mode is made active, apparatus
100 can process image data to determine a timing of the moving component represented in
the image data and can establish a timing for a light source bank driver signal responsively to
the processing. When a strobe mode is made active a live streaming video image may be
displayed on display 210 in such manner that a moving component has the appearance of still

(non-moving) components.

[0066] Referring to the flow diagram of Fig. 13 a strobe mode control signal may be
initiated at block 1302. At block 1304 apparatus 100 can process image data to determine a
timing parameter of a moving component represented in the processed image data. At block
1306 apparatus 100 can establish a light source bank driver signal timing responsively to the
processing at block 1304 and at block 1308 apparatus 100 can optionally establish an
exposure control signal responsively to the processing of block 1304. At block 1310
apparatus 100 can determine whether a strobe mode control signal has been de-activated

(e.g., by releasing button 2143). If a strobe mode control signal has been de-activated
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apparatus 100 at block 1312 can return a timing of a light source bank driver signal to a
timing prior to the time of initiation of the strobe mode. Also at block 1312 if a timing of an
exposure control signal was changed for operation in the strobe mode a timing of an exposure
control signal can be returned to a timing exhibited prior to the time of initiation of the strobe

mode.

[0067] In executing block 1304 apparatus 100, ¢.g., with use of DSP 180 can examine a
set of frames 1402, ¢.g., a set of 128 frames, ¢.g., frames Fy-Fi,7 as shown in Fig. 14. Where
apparatus 100 has a frame rate of 30 frames per second, 128 frames can be captured over a
time of 4 seconds. In executing block 1304 a light source bank driver signal can be
controlled to exhibit a narrow pulse width as shown by timeline 382 (Fig. 3) to reduce
smearing in the representation of the moving component. In examining the set of frames
1402 apparatus 100 can identify matching frames of the set of frames 1402. Where the
article having a moving component has a moving component moving at a constant frequency,
examination of timestamps of the matching frames can yield a determination of the frequency

with which the moving component is moving.

[0068] With a timing parameter (e.g., frequency) of a moving part determined, apparatus
100 can proceed to block 1306. At block 1306 apparatus 100 can establish a light source
bank timing responsively to the processing at block 1304. At block 1306 apparatus 100 can
establish a timing of a light source bank driver signal so that a frequency with which a pulse
forming a light source bank driver signal is energized corresponds to (e.g., is equal to or is a
multiple of) the frequency with which a moving component is moving as determined at block
1304. With a frequency of the light source bank driver signal synchronized with a frequency
of moving component, a live streaming video image output by apparatus 100 on display 210
will have the appearance that an article having a still component is being represented even
though the article has a moving component. In one embodiment block 1306 is executed to
change a timing of a light source bank driver signal without changing a timing of an exposure
control signal. In such an embodiment, frames captured without a light source bank being
energized can be discarded in the process of outputting incoming frames for display on

display 210.

[0069] In another embodiment, apparatus 100 executes block 1308 to establish a timing
for an exposure control signal responsively to a timing of a moving component as determined

at block 1304. At block 1308 apparatus 100 can establish a timing of an exposure control
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signal so that exposure periods have a frequency equal to a determined frequency of moving
component as determined at block 1304. In executing block 1308 apparatus 100 can change

a frame rate of image sensor 132.

[0070] At block 1310 apparatus 100 can determine whether a strobe mode control signal
has been de-activating (e.g., by releasing button 2143). If a strobe mode control signal has
been de-activated apparatus 100 at block 1312 can return a timing of a light source bank
driver signal to a setting prior to the time of initiation of a strobe mode control signal
actuating a strobe mode. Also at block 1312 if an exposure control signal timing was
changed for operation in the strobe mode an exposure control signal timing can be returned to
a timing exhibited prior to the time of initiation of a strobe mode control signal activating a

strobe mode.

[0071] A timing diagram illustrating operating of apparatus 100 in a strobe mode is
shown in Fig. 15. At period 1502 prior to a time at which a strobe mode is activated by
initiation of strobe mode control signal indicated by time line 1508, illumination on time
pulses have a first pulse width which can substantially correspond to a pulse width of a
corresponding exposure control signal. After a strobe mode has been made active, apparatus
100 can enter period 1504 during which time apparatus 100 processes image data to
determine a timing parameter of a moving component represented in the processed image
data. As indicated by period 1504, a pulse width of an illumination on time pulse forming a
light source bank driver signal can be reduced when apparatus 100 first enters a strobe mode;
however, a frequency of the illumination of the time pulse does not change at the image data
processing stage (block 1304) of a strobe mode. After a timing parameter has been
determined, apparatus 100 can enter period 1506, in which apparatus 100 establishes a new
light source bank driver signal timing responsively to the image data processing at block
1304. As indicated by period 1506 apparatus 100 can change a frequency of an illumination
on time pulse responsively to determining a frequency of moving component represented in

image data as determined at block 1304.

[0072] In another aspect, apparatus 100 can be configured to have a specialized operating
mode in which apparatus 100 is enabled to reduce the negative impact of motion on captured
frames of image data. Prior to activation of an “in-motion” operating mode, while operating
in what can be termed a “normal” operating mode, apparatus 100 can generate a light source

bank driver signal as indicated by timeline 372 wherein an on period of a light source bank
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driver signal approximately corresponds to an on period of exposure. In a normal operating
mode an on period of a light source bank driver signal can correspond to and be

approximately as long in duration as an on period of exposure.

[0073] Referring to the timing diagram of Fig. 3, apparatus 100 can be configured so that
when an “in-motion” mode of operation is made active, a light source bank driver signal
energizing each light source of apparatus 100 can take on the characteristics shown in
timeline 382. Comparing timeline 382 to timeline 372 it is seen that a pulse width of on time
pulses of a light source bank driver signal can be reduced when an “in-motion” operating
mode of apparatus 100 is made active. Referring to timeline 382, a light source bank driver
signal remains coordinated with an exposure control signal so that each light source of
apparatus 100 can be energized only during exposure periods. However, the on time of
illumination is reduced as compared to the on time of illumination during a normal operation
mode. With each light source of apparatus 100 being on for a shorter time during each
exposure period of image sensor 132, higher quality frames of image data can be expected to
be captured by apparatus 100 in substantial motion (in-motion) operating conditions.
Referring to timelines 372 and 382, an on period of a light source bank driver signal can last
by only a portion of an on period of exposure. In the example of Fig. 3 an on period of light
source bank driver signal indicated by timeline 382 in an in-motion mode consumes less than
half of an exposure period as indicated by timeline 372. With the pulse width of a light
source bank driver signal being reduced, the amount of heat generated by each light source is

reduced and power consumption is reduced.

[0074] Apparatus 100 can be configured so that a described specialized operating mode
can be user selectable. For example, apparatus 100 can be configured so that when an
inspector actuates one of the buttons 2141, 2142, 2143, 2144, apparatus 100 is driven from a
normal operating mode to a specialized operating mode corresponding to the button.
Accordingly, apparatus 100 can be configured in one embodiment so that a control signal
corresponding to a described specialized operating mode is initiated made active responsively

to an actuation of an actuator by an inspector.

[0075] In one embodiment, apparatus 100 can be configured so that a control signal
corresponding to a described specialized operating mode can, in addition or in the alternative,
be made active responsively to a sensed condition. For example, regarding the boost mode,

apparatus 100 can be configured so that a boost mode control signal activating a boost mode
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is automatically initiated and therefore made active responsively to processing of incoming
image data to determine a brightness of incoming image data. Regarding the freeze frame
mode, apparatus 100 can be configured so that a freeze frame mode control signal activating
a freeze frame mode is automatically initiated and made active responsively to a processing
of incoming image data for recognizing of a predetermined recognizable object. For
example, apparatus 100 in one embodiment can be configured to automatically activate a
freeze frame mode when a predetermined recognizable object is recognized (e.g., a crack, an
edge having certain characteristics). Regarding the strobe mode, apparatus 100 can be
configured so that a strobe mode control signal activating a strobe mode is automatically
initiated and made active responsively to a processing of incoming image data for detectors
of an in-motion condition (detection of motion). Methods for detecting motion are described
herein. Regarding an “in-motion” mode, apparatus 100 can be configured so that an in-
motion control signal activating an in-motion mode is automatically initiated and made active
responsively to a processing of image data for sensing motion. Apparatus 100 can be
configured so that if processing of image data indicates that apparatus 100 is stopped then a
“normal” mode is made active and when processing of image data indicates that apparatus

100 is in-motion, the in-motion mode is made active.

[0076] A number of algorithms can be employed for sensing motion. For example,
apparatus 100 can be configured to determine that the apparatus is in-motion where
subtracting of a second successive frame from a first successive frame yields a difference
score above a threshold difference score. Where image sensor 132 is of a type that can output
interlaced image signals in a first field and a second field motion can be indicated where
subtracting the second field from the first field yields a difference score above a threshold
difference score. It has been described that a strobe mode and an illumination mode control
signal can be made active responsively to a sensing of motion. In one embodiment, where
apparatus 100 is capable of operating in both a strobe mode and an in-motion mode apparatus
100 can be configured so that when motion is sensed, apparatus 100 initially activates a
strobe mode and switches into an in-motion mode conditionally on the condition that
apparatus 100 determines that there is no represented component represented in image data
that is moving at a constant frequency. Where apparatus 100 is configured so that a control
signal for activating a specialized operating mode is initiated responsively to a sensed
condition, apparatus 100 can further be configured so that the control signal for activating the

specialized operating mode remains in an active state (unless disabled by a superseding
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condition as in a boost mode time out) for as long as the sensed condition initiating the

control signal remains sensed.
[0077] A small sample of the apparatuses described herein is a follows.

Al.  An inspection apparatus for inspecting a target, said inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens;

an image sensor generating image signals representing said target;

a light source bank comprising at least one LED, said light source bank being
disposed at a position spaced apart from said head assembly; and

a fiber optic bundle disposed in said elongated inspection tube and being arranged to

conduct light from said light source bank and outwardly from said head assembly.

A2.  The inspection apparatus of A1, wherein said light source bank comprises a plurality

of LEDs.

A3.  The inspection apparatus of Al, wherein said image sensor is disposed in said head

assembly.

A4.  The inspection apparatus of Al, wherein said image sensor is disposed in a location

spaced apart from said head assembly.

B1.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens;

an image sensor generating image signals;

a first light source bank comprising at least one LED, said first light source bank
being disposed at a position spaced apart from said camera head assembly;

a fiber optic bundle disposed in said elongated inspection tube and being arranged to
conduct light from said light source bank and outwardly from said camera head assembly;

and
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a second light source bank disposed in said head assembly.

B2.  The inspection apparatus of B1, wherein said inspection apparatus is configured to
selectively energize said first bank without energizing said second bank until a brightness of a
captured image falls below a threshold and, wherein said apparatus is configured to energize
said second bank conditionally on the condition that said brightness falls below said

threshold.

B3.  The inspection apparatus of B1, wherein said image sensor is disposed in said head

assembly.

B4.  The inspection apparatus of B1, wherein said inspection apparatus is configured to
sense a temperature of said apparatus and to output a light source bank driver signal

responsively to said sensed temperature.

B5.  The inspection apparatus of B1, wherein said inspection apparatus is configured to
sense a temperature of said apparatus and to output a light source bank driver signal
responsively to said sensed temperature, and wherein for sensing said temperature said
apparatus senses a voltage across at least one of said first light source bank or said second

light source bank.

B6.  The inspection apparatus of B1, wherein said second light source bank comprises at

least one LED.

B7.  The inspection apparatus of B1, wherein said second light source bank comprises at

least one laser diode assembly.

CIl.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens;

an image sensor generating image signals;

at least one light source bank, wherein said light source bank comprises at least one

LED;
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wherein said apparatus is configured to send exposure control timing signals to said
image sensor in such manner that said image sensor has exposure on periods and exposure off
periods intermediate said exposure on periods; and

wherein said apparatus is further configured to output a light source bank driver signal
for said at least one light source bank, and wherein said light source bank driver signal is
coordinated with said exposure control timing signal such that said light source bank is
energized during said exposure periods of said image sensor and de-energized during

exposure off periods of said image sensor.

C2.  The inspection apparatus of C1, wherein said at least one light source bank is

disposed in said head assembly.

C3.  The inspection apparatus of C1, wherein said inspection apparatus includes a base
assembly disposed at a proximal end of said elongated inspection tube, wherein said at least

one light source bank is disposed in said base assembly.

C4.  The inspection apparatus of C1, wherein said inspection apparatus is configured so
that said light source bank driver signal driver said at least one light source bank at less than a

maximum duty cycle during said exposure periods.

DI1.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

at least one light source bank;

wherein said inspection apparatus is configured to output a light source bank driver
signal for driving said at least one light source bank;

wherein said inspection apparatus is configured to sense a brightness of said image
signals; and

wherein said inspection apparatus adjusts said light source bank driver signal for

driving at least one light source bank responsively to said brightness.
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D2.  The inspection apparatus of D1, wherein said inspection apparatus in adjusting said
light source bank driver signal adjusts a peak power level of said light source bank driver
signal.

D3.  The inspection apparatus of D1, wherein said inspection apparatus in adjusting said

light source bank driver signal adjusts a duty cycle of said light source bank driver signal.

D4.  The inspection apparatus of D1, wherein said at least one light source bank comprises

a single LED.

D5.  The inspection apparatus of D1, wherein said at least one light source bank comprises

a plurality of LEDs.

D6.  The inspection apparatus of D1, wherein said at least one light source bank includes a
first light source bank disposed at a location spaced apart from said head assembly and a

second light source bank disposed in said head assembly.

D7.  The inspection apparatus of D1, wherein said at least one light source bank includes a
first light source bank disposed at a location spaced apart from said head assembly and a
second light source bank disposed in said head assembly, wherein said inspection apparatus is
configured to energize said second light source bank conditionally on the condition that said

brightness falls below a threshold brightness.

El.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

at least one light source bank;

wherein said inspection apparatus is adapted to output a light source bank driver
signal for driving said light source bank;

wherein said inspection apparatus is adapted to sense a temperature of said image

sensor; and
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wherein said inspection apparatus adjusts said light source bank driver signal for
driving at least one light source bank responsively to said temperature of said image sensor

sensed by said inspection apparatus.

E2.  The inspection apparatus of E1, wherein said inspection apparatus includes a
thermistor disposed proximate said image sensor, and wherein said inspection apparatus is
configured so that in sensing a temperature of said image sensor, said inspection apparatus

reads an output of said thermistor.

E3.  The inspection apparatus of E1, wherein said inspection apparatus in sensing a

temperature of said image sensor processes said image signals.

E4.  The inspection apparatus of E1, wherein said at least one light source bank is disposed
proximate said image sensor, and wherein said inspection apparatus in sensing said

temperature senses a voltage across said light source bank.

AAI1. An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output to said display a live
streaming video image;

wherein said inspection apparatus is configured so that a control signal for activating
a specialized operating mode can be initiated responsively to an actuation of actuator by an
inspector at a time at which said inspection apparatus outputs to said display said live
streaming video image, the specialized operating mode being selected from the group
consisting of a boost mode, a freeze frame mode, a strobe mode and an in-motion mode; and

wherein said inspection apparatus is further configured so that said apparatus changes
a light source bank driver signal driving said at least one light source bank responsively to

said control signal being initiated.
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AA2. The inspection apparatus of AA1, wherein said apparatus changes a peak power level

of said light source bank driver signal responsively to said control signal being initiated.

AA3. The inspection apparatus of AA1, wherein said apparatus changes a duty cycle of said

light source bank driver signal responsively to said control signal being initiated.

AA4. The inspection apparatus of AA1, wherein said apparatus changes an illumination on
time pulse width of said light source bank driver signal responsively to said control signal

being initiated.

AAS. The inspection apparatus of AA1, wherein said apparatus changes a frequency of an
illumination on time pulse forming said light source bank driver signal responsively to said

control signal being initiated.

AA6. The inspection apparatus of AA1, wherein said apparatus disables said light source

bank driver signal responsively to said control signal being initiated.

AAT7. The inspection apparatus of AA1, wherein said at least one light source bank includes

a light source bank disposed in said head assembly.

AAS. The inspection apparatus of AA1, wherein said at least one light source bank includes

a light source bank disposed in said base assembly.

AA9. The inspection apparatus of AA1, wherein said at least one light source bank

comprises at least one LED.

AAT10. The inspection apparatus of AA1, wherein said at least one light source bank

comprises at least one laser diode assembly.

BB1. An inspection apparatus comprising:
an eclongated inspection tube;
a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;
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a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a boost mode control signal
for activating a boost mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus
increases at least one of a peak power level and a duty cycle of a light source bank driver
signal for driving said at least one light source bank when said boost mode control signal is

initiated.

BB2. The inspection apparatus of BB1, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to an actuation of an actuator

by an inspector.

BB3. The inspection apparatus of BB1, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to sensing of a condition by

said inspection apparatus.

BB4. The inspection apparatus of BB1, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to an actuation of an actuator

by an inspector or a sensing of a condition by said inspection apparatus.

BB5. The inspection apparatus of BB1, wherein said inspection apparatus is configured to

automatically deactivate said boost mode after a timeout period.

BB6. The inspection apparatus of BB1, wherein said inspection apparatus is configured so

that an inspector can deactivate said boost mode by actuation of an actuator.



WO 2008/082913 35 PCT/US2007/087539

BB7. The inspection apparatus of BB1, wherein said inspection apparatus is configured so
that said inspection apparatus can deactivate said boost mode on the earliest occurrence of an

action by an inspector to deactivate the boost mode or an expiration of timeout period.

BB8. The inspection apparatus of BB1, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being a

predetermined period.

BB9. The inspection apparatus of BB1, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being

determined responsively to a sensor output.

BB10. The inspection apparatus of BB1, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being

determined responsively to a temperature sensor output.

BBI11. The inspection apparatus of BB1, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being
determined responsively to a temperature sensor output, wherein said temperature sensor is

provided by said at least one light source bank.

BB12. The inspection apparatus of BB1, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being
determined responsively to a temperature sensor output, wherein said temperature sensor is

disposed in proximity with said light source bank.

BB13. The inspection apparatus of BB1, wherein said inspection apparatus increases a peak

power level of said light source bank driver signal when said control signal is initiated.

BB14. The inspection apparatus of BB1, wherein said inspection apparatus increases a duty

cycle of said light source bank driver signal when said control signal is initiated.

CC1. An inspection apparatus comprising:

an eclongated inspection tube;



WO 2008/082913 36 PCT/US2007/087539

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a freeze frame mode control
signal for activating a freeze frame mode can be initiated at a time at which said inspection
apparatus outputs to said display said live streaming video image;

wherein said inspection apparatus is configured to repeatedly output to said display a
frame of image data retained in a frame buffer when said freeze frame mode is active; and

wherein said inspection apparatus is further configured so that said apparatus disables
a light source bank driver signal for driving said at least one a light source bank when said
freeze frame mode is active so that said light source bank is de-energized for at least a portion

of a time period that said freeze frame mode remains active.

CC2. The inspection apparatus of CC1, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.

CC3. The inspection apparatus of CC1, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to sensing of a

condition by said inspection apparatus.

CC4. The inspection apparatus of CC1, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.

CC5. The inspection apparatus of CC1, wherein said inspection apparatus has a button
which when depressed initiates said freeze frame mode control signal, wherein said
inspection apparatus is configured so that said freeze frame mode is deactivated when said

button is released.
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CC6. The inspection apparatus of CC1, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode

control signal being initiated.

CC7. The inspection apparatus of CC1, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a higher
peak power level than an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

CC8. The inspection apparatus of CC1, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a reduced
pulse width relative to an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

CC9. The inspection apparatus of CC1, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a lower peak
power level relative to an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

CC10. The inspection apparatus of CC1, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse being different than
an illumination on time pulse output by said inspection apparatus prior to a time of initiation
of said freeze frame mode control signal and having a characteristic determined responsively

to a processing of image data by said inspection apparatus.

DD1. An inspection apparatus comprising:
an eclongated inspection tube;
a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;
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a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a strobe mode control signal
for activating a strobe mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus, when
said strobe mode has been made active processes image data to determine a timing of a
moving component represented in the image data and establishes a timing of a light source
bank driver signal for driving said at least one light source bank responsively to the

processing for determining a timing of a moving component.

DD2. The inspection apparatus of DD1, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.

DD3. The inspection apparatus of DD1, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to sensing of a condition by

said inspection apparatus.

DD4. The inspection apparatus of DD1, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.

DD5. The inspection apparatus of DD1, wherein said inspection apparatus, when said strobe
mode has been made active processes image data to determine a frequency of a moving
component represented in said image data and establishes a frequency of an illumination on
pulse forming said light source bank driver signal responsively to said processing for

determining a frequency of said moving component.
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DD6. The inspection apparatus of DD1, wherein said inspection apparatus, when said strobe
mode has been made active processes image data to determine a frequency of a moving
component represented in said image data and establishes a frequency of an exposure control
signal responsively to said processing for determining a frequency of said moving

component.

EE1l. An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that an in-motion control signal for
activating an in-motion mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus, when
said in-motion mode has been made active reduces a width of an illumination on time pulse
forming a light source bank driver signal for driving said at least one light source bank
responsively to the in-motion mode control signal being made active, the inspection
apparatus being configured to maintain said illumination on-time pulse at a reduced pulse

width for a period during which said in-motion mode remains active.

EE2. The inspection apparatus of EE1, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.

EE3. The inspection apparatus of EE1, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to sensing of a condition

by said inspection apparatus.
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EE4. The inspection apparatus of EE1, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.

FF1. An inspection apparatus for inspecting a target, said inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens;

an image sensor generating image signals;

at least one light source bank for illuminating said target; and

a user interface enabling an operator of said inspection apparatus to cause activation
of a specialized mode of operation;

wherein said apparatus is configured to output a light source bank driver signal for
driving said at least one light source bank such that said at least one light source bank has
illumination on periods and illumination off periods, the illumination off periods being
intermediate the illumination on periods,

wherein said apparatus is further configured so that when said specialized operating
mode is made active, said illumination on periods become shorter and said illumination off

periods become longer.

FF2. The inspection apparatus of FF1 wherein said user interface includes a button which

when actuated results in said specialized operating mode being made active.

FF3. The inspection apparatus of FF1, wherein said apparatus is configured to detect
motion, and where said inspection apparatus is further configured so that said specialized

operating mode can be made active responsively to an in-motion condition being sensed.

FF3. The inspection apparatus of FF1, wherein said apparatus is configured to detect
motion, and where said inspection apparatus is further configured so that said specialized

operating mode can be made active responsively to a processing of image data.

[0078] While apparatuses, methods and systems described herein as having a certain

number of elements, it will be understood that the described apparatuses, methods, and
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systems can be provided in forms having fewer than the described number of elements. The

term “adapted” herein has the same meaning as the term “configured.”

[0079] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention.

The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements that do not differ from the literal
language of the claims, or if they include equivalent structural elements with insubstantial

differences from the literal language of the claims.
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We Claim

1. An inspection apparatus for inspecting a target, said inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals representing said target;

a light source bank comprising at least one LED, said light source bank being
disposed at a position spaced apart from said head assembly; and

a fiber optic bundle disposed in said elongated inspection tube and being arranged to

conduct light from said light source bank and outwardly from said head assembly.

2. The inspection apparatus of claim 1, wherein said light source bank comprises a

plurality of LEDs.

3. The inspection apparatus of claim 1, wherein said image sensor is disposed in said

head assembly.

4. The inspection apparatus of claim 1, wherein said image sensor is disposed in a

location spaced apart from said head assembly.

5. An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

a first light source bank comprising at least one LED, said first light source bank
being disposed at a position spaced apart from said camera head assembly;

a fiber optic bundle disposed in said elongated inspection tube and being arranged to
conduct light from said light source bank and outwardly from said camera head assembly;
and

a second light source bank disposed in said head assembly.
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6. The inspection apparatus of claim 5, wherein said inspection apparatus is configured
to selectively energize said first bank without energizing said second bank until a brightness
of a captured image falls below a threshold and, wherein said apparatus is configured to
energize said second bank conditionally on the condition that said brightness falls below said

threshold.

7. The inspection apparatus of claim 5, wherein said image sensor is disposed in said
head assembly.
8. The inspection apparatus of claim 5, wherein said inspection apparatus is configured

to sense a temperature of said apparatus and to output a light source bank driver signal

responsively to said sensed temperature.

9. The inspection apparatus of claim 5, wherein said inspection apparatus is configured
to sense a temperature of said apparatus and to output a light source bank driver signal
responsively to said sensed temperature, and wherein for sensing said temperature said
apparatus senses a voltage across at least one of said first light source bank or said second

light source bank.

10.  The inspection apparatus of claim 5, wherein said second light source bank comprises

at least one LED.

11.  The inspection apparatus of claim 5, wherein said second light source bank comprises

at least one laser diode assembly.

12.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

a light source bank, wherein said light source bank comprises at least one LED;

wherein said apparatus is configured to send exposure control timing signals to said
image sensor in such manner that said image sensor has exposure on periods and exposure off

periods intermediate said exposure on periods; and
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wherein said apparatus is further configured to output a light source bank driver signal
for said at least one light source bank, and wherein said light source bank driver signal is
coordinated with said exposure control timing signal such that said light source bank is
energized during said exposure periods of said image sensor and de-energized during

exposure off periods of said image sensor.

13. The inspection apparatus of claim 12, wherein said at least one light source bank is

disposed in said head assembly.

14. The inspection apparatus of claim 12, wherein said inspection apparatus includes a
base assembly disposed at a proximal end of said elongated inspection tube, wherein said at

least one light source bank is disposed in said base assembly.

15. The inspection apparatus of claim 12, wherein said inspection apparatus is configured
so that said light source bank driver signal driver said at least one light source bank at less

than a maximum duty cycle during said exposure periods.

16.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

at least one light source bank;

wherein said inspection apparatus is configured to output a light source bank driver
signal for driving said at least one light source bank;

wherein said inspection apparatus is configured to sense a brightness of said image
signals; and

wherein said inspection apparatus adjusts said light source bank driver signal for

driving said at least one light source bank responsively to said brightness.

17. The inspection apparatus of claim 16, wherein said inspection apparatus in adjusting
said light source bank driver signal adjusts a peak power level of said light source bank driver

signal.
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18. The inspection apparatus of claim 16, wherein said inspection apparatus in adjusting
said light source bank driver signal adjusts a duty cycle of said light source bank driver

signal.

19. The inspection apparatus of claim 16, wherein said at least one light source bank

comprises a single LED.

20. The inspection apparatus of claim 16, wherein said at least one light source bank

comprises a plurality of LEDs.

21. The inspection apparatus of claim 16, wherein said at least one light source bank
includes a first light source bank disposed at a location spaced apart from said head assembly

and a second light source bank disposed in said head assembly.

22. The inspection apparatus of claim 16, wherein said at least one light source bank
includes a first light source bank disposed at a location spaced apart from said head assembly
and a second light source bank disposed in said head assembly, wherein said inspection
apparatus is configured to energize said second light source bank conditionally on the

condition that said brightness falls below a threshold brightness.

23.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens,

an image sensor generating image signals;

at least one light source bank;

wherein said inspection apparatus is adapted to output a light source bank driver
signal for driving said at least one light source bank;

wherein said inspection apparatus is adapted to sense a temperature of said image
sensor; and

wherein said inspection apparatus adjusts said light source bank driver signal for
driving said at least one light source bank responsively to said temperature of said image

sensor sensed by said inspection apparatus.
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24. The inspection apparatus of claim 23, wherein said inspection apparatus includes a
thermistor disposed proximate said image sensor, and wherein said inspection apparatus is
configured so that in sensing a temperature of said image sensor, said inspection apparatus

reads an output of said thermistor.

25. The inspection apparatus of claim 23, wherein said inspection apparatus in sensing a

temperature of said image sensor processes said image signals.

26. The inspection apparatus of claim 23, wherein said at least one light source bank is
disposed proximate said image sensor, and wherein said inspection apparatus in sensing said

temperature senses a voltage across said light source bank.

27.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output to said display a live
streaming video image;

wherein said inspection apparatus is configured so that a control signal for activating
a specialized operating mode can be initiated responsively to an actuation of actuator by an
inspector at a time at which said inspection apparatus outputs to said display said live
streaming video image, the specialized operating mode being selected from the group
consisting of a boost mode, a freeze frame mode, a strobe mode and an in-motion mode; and

wherein said inspection apparatus is further configured so that said apparatus changes
a light source bank driver signal driving said at least one light source bank responsively to

said control signal being initiated.

28. The inspection apparatus of 27, wherein said apparatus changes a peak power level of

said light source bank driver signal responsively to said control signal being initiated.
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29.  The inspection apparatus of 27, wherein said apparatus changes a duty cycle of said

light source bank driver signal responsively to said control signal being initiated.

30. The inspection apparatus of 27, wherein said apparatus changes an illumination on
time pulse width of said light source bank driver signal responsively to said control signal

being initiated.

31. The inspection apparatus of 27, wherein said apparatus changes a frequency of an
illumination on time pulse forming said light source bank driver signal responsively to said

control signal being initiated.

32. The inspection apparatus of 27, wherein said apparatus disables said light source bank

driver signal responsively to said control signal being initiated.

33. The inspection apparatus of 27, wherein said at least one light source bank includes a

light source bank disposed in said head assembly.

34, The inspection apparatus of 27, wherein said at least one light source bank includes a

light source bank disposed in said base assembly.

35. The inspection apparatus of 27, wherein said at least one light source bank comprises
at least one LED.
36. The inspection apparatus of 27, wherein said at least one light source bank comprises

at least one laser diode assembly.

37.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;
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wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a boost mode control signal
for activating a boost mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus
increases at least one of a peak power level and a duty cycle of a light source bank driver
signal for driving said at least one light source bank when said boost mode control signal is

initiated.

38.  The inspection apparatus of 37, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to an actuation of an actuator

by an inspector.

39.  The inspection apparatus of 37, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to sensing of a condition by

said inspection apparatus.

40.  The inspection apparatus of 37, wherein said inspection apparatus is configured so
that said boost mode control signal can be initiated responsively to an actuation of an actuator

by an inspector or a sensing of a condition by said inspection apparatus.

41. The inspection apparatus of 37, wherein said inspection apparatus is configured to

automatically deactivate said boost mode after a timeout period.

42. The inspection apparatus of 37, wherein said inspection apparatus is configured so

that an inspector can deactivate said boost mode by actuation of an actuator.

43.  The inspection apparatus of 37, wherein said inspection apparatus is configured so
that said inspection apparatus can deactivate said boost mode on the earliest occurrence of an

action by an inspector to deactivate the boost mode or an expiration of timeout period.
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44.  The inspection apparatus of 37, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being a

predetermined period.

45. The inspection apparatus of 37, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being

determined responsively to a sensor output.

46. The inspection apparatus of 37, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being

determined responsively to a temperature sensor output.

47. The inspection apparatus of 37, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being
determined responsively to a temperature sensor output, wherein said temperature sensor is

provided by said at least one light source bank.

48. The inspection apparatus of 37, wherein said inspection apparatus is configured to
automatically deactivate said boost mode after a timeout period, the timeout period being
determined responsively to a temperature sensor output, wherein said temperature sensor is

disposed in proximity with said light source bank.

49. The inspection apparatus of 37, wherein said inspection apparatus increases a peak

power level of said light source bank driver signal when said control signal is initiated.

50. The inspection apparatus of 37, wherein said inspection apparatus increases a duty

cycle of said light source bank driver signal when said control signal is initiated.
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51.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a freeze frame mode control
signal for activating a freeze frame mode can be initiated at a time at which said inspection
apparatus outputs to said display said live streaming video image;

wherein said inspection apparatus is configured to repeatedly output to said display a
frame of image data retained in a frame buffer when said freeze frame mode is active; and

wherein said inspection apparatus is further configured so that said apparatus disables
a light source bank driver signal for driving said at least one a light source bank when said
freeze frame mode is active so that said light source bank is de-energized for at least a portion

of a time period that said freeze frame mode remains active.

52. The inspection apparatus of 51, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.

53.  The inspection apparatus of 51, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to sensing of a

condition by said inspection apparatus.

54.  The inspection apparatus of 51, wherein said inspection apparatus is configured so
that said freeze frame mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.
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55. The inspection apparatus of 51, wherein said inspection apparatus has a button which
when depressed initiates said freeze frame mode control signal, wherein said inspection
apparatus is configured so that said freeze frame mode is deactivated when said button is

released.

56. The inspection apparatus of 51, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode

control signal being initiated.

57. The inspection apparatus of 51, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a higher
peak power level than an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

58. The inspection apparatus of 51, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a reduced
pulse width relative to an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

59. The inspection apparatus of 51, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse having a lower peak
power level relative to an illumination on time pulse output by said inspection apparatus prior

to a time of initiation of said freeze frame mode control signal.

60. The inspection apparatus of 51, wherein said inspection apparatus is configured to
output a specialized illumination on time pulse responsively to said freeze frame mode
control signal being initiated, said specialized illumination on time pulse being different than
an illumination on time pulse output by said inspection apparatus prior to a time of initiation
of said freeze frame mode control signal and having a characteristic determined responsively

to a processing of image data by said inspection apparatus.



WO 2008/082913 52 PCT/US2007/087539

61.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that a strobe mode control signal
for activating a strobe mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus, when
said strobe mode has been made active processes image data to determine a timing of a
moving component represented in the image data and establishes a timing of a light source
bank driver signal for driving said at least one light source bank responsively to the

processing for determining a timing of a moving component.

62. The inspection apparatus of 61, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.

63.  The inspection apparatus of 61, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to sensing of a condition by

said inspection apparatus.

64.  The inspection apparatus of 61, wherein said inspection apparatus is configured so
that said strobe mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.

65. The inspection apparatus of 61, wherein said inspection apparatus, when said strobe
mode has been made active processes image data to determine a frequency of a moving

component represented in said image data and establishes a frequency of an illumination on
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pulse forming said light source bank driver signal responsively to said processing for

determining a frequency of said moving component.

66. The inspection apparatus of 61, wherein said inspection apparatus, when said strobe
mode has been made active processes image data to determine a frequency of a moving
component represented in said image data and establishes a frequency of an exposure control
signal responsively to said processing for determining a frequency of said moving

component.

67.  An inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube;

a two dimensional image sensor generating image signals;

a base assembly disposed at a proximal end of said elongated inspection tube;

a display disposed on said base assembly;

at least one light source bank for outputting light that is projected outwardly from said
head assembly;

wherein said inspection apparatus is configured to output on said display a live
streaming video image;

wherein said inspection apparatus is configured so that an in-motion control signal for
activating an in-motion mode can be initiated at a time at which said inspection apparatus
outputs to said display said live streaming video image;

wherein said inspection apparatus is further configured so that said apparatus, when
said in-motion mode has been made active reduces a width of an illumination on time pulse
forming a light source bank driver signal for driving said at least one light source bank
responsively to the in-motion mode control signal being made active, the inspection
apparatus being configured to maintain said illumination on-time pulse at a reduced pulse

width for a period during which said in-motion mode remains active.

68.  The inspection apparatus of 67, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to an actuation of an

actuator by an inspector.
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69.  The inspection apparatus of 67, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to sensing of a condition

by said inspection apparatus.

70.  The inspection apparatus of 67, wherein said inspection apparatus is configured so
that said in-motion mode control signal can be initiated responsively to an actuation of an

actuator by an inspector or a sensing of a condition by said inspection apparatus.

71.  An inspection apparatus for inspecting a target, said inspection apparatus comprising:

an eclongated inspection tube;

a head assembly disposed at a distal end of said elongated inspection tube, said head
assembly having an imaging lens;

an image sensor generating image signals;

at least one light source bank for illuminating said target; and

a user interface enabling an operator of said inspection apparatus to cause activation
of a specialized mode of operation;

wherein said apparatus is configured to output a light source bank driver signal for
driving said at least one light source bank such that said at least one light source bank has
illumination on periods and illumination off periods, the illumination off periods being
intermediate the illumination on periods,

wherein said apparatus is further configured so that when said specialized operating
mode is made active, said illumination on periods become shorter and said illumination off

periods become longer.

72. The inspection apparatus of 71 wherein said user interface includes a button which

when actuated results in said specialized operating mode being made active.

73. The inspection apparatus of 71, wherein said apparatus is configured to detect motion,
and where said inspection apparatus is further configured so that said specialized operating

mode can be made active responsively to an in-motion condition being sensed.

74. The inspection apparatus of 71, wherein said apparatus is configured to detect motion,
and where said inspection apparatus is further configured so that said specialized operating

mode can be made active responsively to a processing of image data.
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