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REDUCING DISTORTION IN SCANNING 
FIBER DEVICES 

BACKGROUND 

[0001] 1. Field 
[0002] Embodiments of the invention pertain to scanning 
?ber devices. In particular, embodiments of the invention 
pertain to reducing image distortion in scanning ?ber devices 
by changing setpoint temperatures for the scanning ?ber 
devices based at least in part on changes in intensity of light 
transmitted through the scanning ?ber devices. 
[0003] 2. Background Information 
[0004] Scanning ?ber devices are Well knoWn in the arts. 
The scanning ?ber device may include a single, cantilevered 
optical ?ber that may be vibrated and scanned in one or tWo 
dimensions in a scan pattern to acquire an image of a target 
area. 

[0005] In acquiring an image of the target area, the scan 
ning ?ber device may scan an illumination spot through an 
optional lens system and over the target area in the scan 
pattern. Backscattered light may be captured, for example by 
a photosensor, in time series. 
[0006] In acquiring the image, it is generally desirable to 
accurately knoW the position of the optical ?ber for each and 
every point of the scan. Positional inaccuracy may tend to 
result in distortion of the image acquired. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0007] The invention may best be understood by referring 
to the folloWing description and accompanying draWings that 
are used to illustrate embodiments of the invention. In the 
draWings: 
[0008] FIG. 1 is a block diagram of an example scanning 
?ber system, according to embodiments of the invention. 
[0009] FIG. 2 is a cross-sectional side vieW of a particular 
example of a scanning ?ber device, according to embodi 
ments of the invention. 

[0010] FIG. 3 is a graph of example resonant gain charac 
teristics of a cantilevered optical ?ber operated in a ?rst mode 
of resonance. 

[0011] FIG. 4 is a block ?oW diagram ofa method ofreduc 
ing distortion in images acquired With a scanning ?ber device 
by changing a setpoint temperature for the scanning ?ber 
device based at least in part on a change in intensity of light 
transmitted through a cantilevered optical ?ber of the scan 
ning ?ber device, according to embodiments of the invention. 
[0012] FIG. 5 is a graph shoWing that a predetermined 
relationship may be used to determine a change in a setpoint 
temperature, according to one or more embodiments of the 
invention. 
[0013] FIG. 6 is a block ?oW diagram ofa method of cali 
brating a scanning ?ber device, according to embodiments of 
the invention. 
[0014] FIG. 7 is a block ?oW diagram of a detailed example 
of a method of determining a setpoint temperature for a given 
intensity of light, according to embodiments of the invention. 
[0015] FIG. 8 is a block diagram of a base station for a 
scanning ?ber image acquisition system, according to 
embodiments of the invention. 
[0016] FIG. 9 is a block diagram of an article ofmanufac 
ture including a machine-readable medium having stored 
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thereon instructions to cause a machine to implement 
embodiments of the invention. 

DETAILED DESCRIPTION 

[0017] In the folloWing description, numerous speci?c 
details are set forth. HoWever, it is understood that embodi 
ments of the invention may be practiced Without these spe 
ci?c details. In other instances, Well-known circuits, struc 
tures and techniques have not been shoWn in detail in order 
not to obscure the understanding of this description. 
[0018] FIG. 1 is a block diagram of an example scanning 
?ber system 100, according to embodiments of the invention. 
In various embodiments of the invention, the scanning ?ber 
system may take the form of a scanning ?ber endoscope, 
scanning ?ber boroscope, scanning ?ber microscope, other 
type of scanning ?ber scope, scanning ?ber bar code reader, 
or other scanning ?ber image acquisition device knoWn in the 
art. 

[0019] As is knoWn, endoscopes represent instruments or 
devices to be inserted into a patient to acquire images inside 
a body cavity, lumen, or otherWise look inside the patient. 
Examples of suitable types of endoscopes include, but are not 
limited to, bronchoscopes, colonoscopes, gastroscopes, 
duodenoscopes, sigmoidoscopes, thorascopes, uretero 
scopes, sinuscopes, boroscopes, and thorascopes, to name 
just a feW examples. 
[0020] The scanning ?ber system has a tWo-part form fac 
tor that includes a base station 102 and a scanning ?ber device 
130, although such a tWo-part form factor is not required. The 
scanning ?ber device is electrically and optically coupled 
With the base station through one or more cables 118. In 
particular, the scanning ?ber device includes a connector 116 
to connect, mate, or otherWise couple With a corresponding 
connector interface 114 of the base station. Electrical and 
optical signals may be exchanged betWeen the base station 
and the scanning ?ber device through the connector interface. 
The scope of the invention is not limited to any particular type 
of connector or connector interface. 

[0021] In the folloWing description and claims, the terms 
“coupled” and “connected,” along With their derivatives, may 
be used. It should be understood that these terms are not 
intended as synonyms for each other. Rather, in particular 
embodiments, “connected” may be used to indicate that tWo 
or more elements are in direct physical or electrical contact 
With each other. “Coupled” may mean that tWo or more ele 
ments are in direct physical or electrical contact. HoWever, 
“coupled” may also mean that tWo or more elements are not in 
direct contact With each other, but yet still co-operate or 
interact With each other. 
[0022] The base station includes one or more light sources 
104. The one or more light sources may provide light to the 
scanning ?ber device through the connector interface and a 
light path 122. Examples of suitable light sources include, but 
are not limited to, lasers, laser diodes, vertical cavity surface 
emitting lasers (V CSELs), light-emitting diodes (LEDs), and 
combinations thereof. In various example embodiments of 
the invention, the one or more light sources may include a red 
light source, a blue light source, a green light source, a red 
green-blue (RGB) light source, a White light source, an infra 
red light source, an ultraviolet light source, a high intensity 
therapeutic laser light source, or a combination thereof. 
Depending on the particular implementation, the one or more 
light sources may emit a continuous stream of light, modu 
lated light, or a stream of light pulses. As Will explained 
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further below, in embodiments of the invention, different 
intensities of light may be provided from the one or more light 
sources to the scanning ?ber device. 

[0023] The base station also includes an actuator driver 
106. The actuator driver may provide voltages or other elec 
trical signals, referred to herein as actuator drive signals, to 
the scanning ?ber device through the connector interface and 
one or more actuator drive signal paths 120. As one example, 
in one or more embodiments of the invention, the actuator 
driver may include one or more lookup tables or other data 
structures stored in a memory that may provide actuator drive 
signal values. The actuator drive signal values may poten 
tially be adjusted based on calibration, such as, for example, 
as described in US. Patent Application 20060072843, 
entitled “REMAPPING METHODS TO REDUCE DIS 
TORTIONS IN IMAGES”, by Richard S. Johnston. As 
another example, the actuator driver may include a computer, 
processor, application speci?c integrated circuit (ASIC), or 
other circuit to generate the actuator drive signal values in real 
time. The values may be digital and may be provided to a 
digital -to-analo g converter of the actuator driver. One or more 
ampli?ers of the actuator driver may amplify the analog ver 
sions of the actuator drive signals. These are just a feW illus 
trative examples of suitable actuator drivers. 

[0024] The scanning ?ber device 130 includes a single 
cantilevered free end portion of an optical ?ber 134 and an 
actuator 132. The actuator may receive the actuator drive 
signals from the base station. The actuator may vibrate, move, 
or otherWise actuate the cantilevered optical ?ber based on, 
and responsive to, the received actuator drive signals. In 
embodiments of the invention, the actuator drive signals may 
be operable to cause the actuator to move the cantilevered 
optical ?ber in a tWo-dimensional scan pattern. Examples of 
suitable tWo-dimensional scan patterns include, but are not 
limited to, spiral scan patterns, propeller scan patterns, Lis 
sajous scan patterns, circular scan patterns, oval scan pat 
terns, raster scan patterns, and the like. 

[0025] The cantilevered optical ?ber may receive the light 
from the one or more light sources. The light may be emitted 
from a distal end or tip 136 of the cantilevered optical ?ber, 
While the optical ?ber is scanned. The emitted light may be 
passed through one or more lenses 138 to generate a focused 
beam or illumination spot, Which may be moved across a 
surface 144 in the scan. In the illustration, a spiral scanpattern 
is shoWn and a dot shoWs a position of the illumination spot at 
a particular point in time. 
[0026] The scanning ?ber system may be used to acquire an 
image of a surface. In acquiring the image of the surface, the 
scanning ?ber device may scan an illumination spot through 
the lens system and over the surface in the scan. Backscat 
tered light from the surface may be captured at different 
points in time during the scan and used to construct the image. 

[0027] Different Ways of capturing or collecting the back 
scattered light are possible. One or more optical ?bers, or 
other backscattered light paths 124, may optionally be 
included to collect and convey backscattered light back to one 
or more optional photodetectors 110 of the base station. Alter 
natively, the scanning ?ber device may optionally include 
photodetectors proximate a distal tip thereof. As shoWn, the 
base station may include an optional image processing and 
display system 112 to generate images based on light detected 
by the photodetectors. A display may be included in the base 
station or may be externally connected to the base station. 
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[0028] In constructing the image, it is generally desirable to 
accurately knoW the position of the cantilevered optical ?ber 
and/ or illumination beam for each and every point of the scan. 
Positional inaccuracy may tend to result in distortion of the 
image constructed. Knowing the actuator drive signal that is 
used to scan the cantilevered optical ?ber may alloW the 
position of the illumination spot to be estimated for each pixel 
point during the scan pattern. 
[0029] In practice hoWever, environmental variables, 
manufacturing variables, the sensitivity of the scanning ?ber 
device around the resonant frequency, and/ or other factors, 
may tend to limit the accuracy of such estimates. If desired, 
calibration and remapping as described in US. Pat. App. Pub. 
No. 20060138238 by Johnston et al. may be performed to 
help reduce image distortion due to certain of such factors. 
HoWever, this calibration and remapping approach generally 
does not yield completely undistorted images for all the pos 
sible variations of environmental variables. 
[0030] Temperature is one environmental variable that may 
affect the operation of a scanning ?ber device. Temperature 
variation, if unaccounted for, may tend to add to the positional 
inaccuracy of the cantilevered optical ?ber and/or illumina 
tion beam. Without limitation, this may be, due at least in part, 
to the affect of temperature variation on the properties of the 
cantilevered optical ?ber and/ or the affect of temperature 
variation on the properties of materials associated With the 
movement of the cantilevered optical ?ber. Such positional 
inaccuracy may tend to add distortion to the image acquired 
using the scanning beam device and is generally undesirable. 
Accordingly, in embodiments of the invention, temperatures 
Within a scanning ?ber device may be adjusted. US. patent 
application , ?led on , by Johnston et al., dis 
closes temperature adjustment in scanning beam devices. 
[0031] Referring again to FIG. 1, the scanning beam device 
includes an optional sensor device 140. The sensor device is 
enclosed Within a housing of the scanning ?ber device. The 
sensor device may sense or measure a condition Within the 

housing. Commonly the sensor device may include a tem 
perature sensor, such as, for example, a thermocouple, resis 
tive temperature device (RTD), or thermistor. 
[0032] The sensor device is electrically coupled With a 
temperature controller 108 of the base station. The tempera 
ture controller 108 has a setpoint temperature 109 for the 
scanning ?ber device. The sensor device may provide the 
sensed condition to the temperature controller. The tempera 
ture controller may use the sensed condition and the setpoint 
temperature to control a temperature Within the scanning ?ber 
device. The temperature controller is electrically coupled 
With, or otherWise in communication With, a temperature 
adjustment device 142 of the scanning ?ber device. The tem 
perature controller may provide one or more temperature 
control signals to the temperature adjustment device through 
the interface. 

[0033] Commonly, the temperature adjustment device may 
include a heater, such as, for example, an electrical resistance 
heater. Examples of suitable electrical resistance heaters 
include, but are not limited to, coil resistance heaters, thin ?lm 
resistance heaters, cartridge resistance heaters, positive tem 
perature coe?icient (PCT) resistance heaters, other resistance 
heaters knoWn in the arts, and combinations thereof. Altema 
tively, the temperature adjustment device may include a 
cooler. Examples of suitable coolers include, but are not 
limited to, Peltier devices, other thermoelectric cooling 
devices knoWn in the arts, and heat pipes. 
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[0034] The temperature adjustment device may adjust tem 
peratures Within the housing or otherwise adjust temperatures 
of the cantilevered optical ?ber based on the temperature 
control signals. Often, this adjustment of the temperature may 
be used to regulate or maintain a substantially constant tem 
perature Within the housing to reduce positional inaccuracy 
and/ or image distortion, although the scope of the invention is 
not limited in this respect. 
[0035] A simpli?ed base station has been shoWn and 
described in order to avoid obscuring the description. Other 
representative components that may potentially be included 
in the base station include, but are not limited to, a poWer 
source, a user interface, a memory, and the like. Furthermore, 
the base station may potentially include supporting compo 
nents like clocks, Waveform generators, ampli?ers, digital 
to-analog converters, analog-to-digital converters, and the 
like. 
[0036] FIG. 2 is a cross-sectional side vieW of a particular 
example of a scanning ?ber device 230, according to embodi 
ments of the invention. This particular scanning ?ber device is 
Well suited for use as an endoscope or other relatively small 
device. In other implementations the design and operation 
may vary considerably. Accordingly, it is to be appreciated 
that this particular scanning ?ber device is merely illustrative. 
[0037] The scanning ?ber device includes a housing 250. In 
one or more embodiments, the housing may be relatively 
small and hermetically sealed. For example, the housing may 
be generally tubular, have a diameter that is about 5 millime 
ters (mm) or less, and have a length that is about 20 mm or 
less. In some embodiments, the diameter may be about 1.5 
mm or less, and the length may be about 12 mm or less. The 
housing often includes one or more lenses 238. Examples of 
suitable lenses include those manufactured by Pentax Corpo 
ration, although other lenses may optionally be used. 
[0038] A pieZoelectric tube 232, representing one possible 
type of actuator, is included in the housing. In one or more 
embodiments of the invention, the pieZoelectric tube may 
include a PZT 5A material, although this is not required. 
Suitable pieZoelectric tubes are commercially available from 
several sources including, but not limited to: Morgan Tech 
nical Ceramics Sales, of Fair?eld, N.J.; Sensor Technology 
Ltd., of CollingWood, Ontario, Canada; and PI (Physik 
Instrumente) LP, of Auburn, Mass.An attachment collar 252 
may be used to attach the pieZoelectric tube to the housing. 
The pieZoelectric tube may be inserted through a tightly ?t 
ting generally cylindrical opening of the attachment collar. 
Other con?gurations for the pieZoelectric tube and housing 
are also possible. 

[0039] A portion of an optical ?ber 222 is inserted through 
a generally cylindrical opening in the pieZoelectric tube. A 
cantilevered free end portion 234 of the optical ?ber extends 
beyond an end of the pieZoelectric tube Within the housing. 
An adhesive 256 may be used to restrain, adhere, or otherWise 
couple the optical ?ber to the pieZoelectric tube. Examples of 
suitable adhesives include, but are not limited to: Copper 
Bond brand epoxy resin, Which is commercially available 
from Super Glue Corporation, of Rancho Cucamonga, Calif.; 
TRA-BOND F123 brand adhesive, Which is commercially 
available from TRA-CON, Inc., of Bedford, Mass.; 5 
Minute® Epoxy brand epoxy resin, Which is commercially 
available from Devcon, of GlenvieW, Ill.; and SuperGlue 
brand cyanoacrylate, Which is commercially available from 
Super Glue Corporation. The mechanical properties of these 
materials may tend to vary differently With temperature. 
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Other con?gurations of the pieZoelectric tube and cantile 
vered optical ?ber are also possible. The cantilevered optical 
?ber is ?exible and may be actuated by the pieZoelectric tube. 
[0040] The scanning ?ber device includes a temperature 
sensor device 240 to sense a temperature Within the housing. 
One particular example of a suitable thermistor includes a 
multilayer NTC Panasonic series ERTJ siZe 0201 (about 2 
mm><l mm) thermistor, Which is commercially available from 
Panasonic, of Secaucus, N]. This thermistor has a resistance 
of about 10 kW. In one or more embodiments of the invention, 
the thermistor may optionally be grinded doWn by approxi 
mately half in order to further reduce its siZe, although this is 
not required. If done, the resistance may change and the 
thermistor should be recalibrated. 

[0041] The scanning beam device includes a heater 242 to 
increase the temperature Within the housing. The heater may 
include a coil resistance heater. The coil resistance heater may 
be formed by Winding a small diameter Wire into a coil. The 
Wire may optionally be folded or doubled back on itself and 
Wound into a bi?lar coil. This may alloW both ends of the Wire 
to be on the same side. Additional Windings per unit length 
may optionally be provided at the ends to promote even 
temperatures across the length of the heater. An example of 
suitable Wire is 36 mm EVANOHM® nickel-chromium resis 
tance Wire, available from Wilbur B. Driver Co., Which has a 
resistance of about 400 W/ft, although the scope of the inven 
tion is not limited to this particular type of Wire. As shoWn, the 
coil resistance heater may be placed on an inside of the inner 
Wall of the housing. As shoWn, the coil may surround the free 
end portion of the optical ?ber and may span a substantial 
length thereof. In one particular embodiment of the invention, 
the heater includes a bi?lar coil of 36 mm EVANOHM® 
nickel-chromium resistance Wire that is folded or doubled 
back on itself, having about 300 loops, a length of about 6 
mm, and a diameter of about 0.9 mm, hoWever this particular 
heater is not required. Such a heater may be capable of pro 
ducing around 30 milliWatts of heat on average. 

[0042] As shoWn, in one or more embodiments of the 
invention, the temperature sensor device may be positioned 
proximate the adhesive. Temperature may affect the proper 
ties of the adhesive (e. g., make it more rigid or ?exible), and 
thereby affect the movement of the free end portion of the 
optical ?ber. Placing the thermistor or other temperature sen 
sor device proximate the adhesive may promote accurate 
measurement of the temperature of the adhesive. By Way of 
example, for such a small device to be inserted into a patient, 
the thermistor is generally Within about 2 mm of the adhesive, 
and in some embodiments the thermistor may be Within about 
0.5 mm of the adhesive, although the scope of the invention is 
not so limited. As further shoWn, in one or more embodi 
ments, the thermistor may be adhered to the inside surface of 
the coils of the heater. 
[0043] A number of electrically conductive paths 220 are 
run from the base station (not shoWn) to a proximal end of the 
scanning ?ber device. The electrically conductive paths may 
carry electrical signals to the pieZoelectric tube, the tempera 
ture sensor device, and the heater. By Way of example, each of 
four electrically conductive paths may be soldered to or oth 
erWise electrically coupled With respective ones of four, 
quadrant electrodes on the pieZoelectric tube. These four 
paths may carry drive signals to the pieZoelectric tube to 
cause it to scan the optical ?ber. One conductive path may 
optionally be provided to a ground electrode inside the pieZo 
electric tube, although this is not required. TWo sensor Wires 
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219 may be electrically coupled With the temperature sensor. 
TWo heater Wires 221 may be electrically coupled With the 
heater. The sensor Wires and heater Wires may optionally be 
run along an inner surface of the housing. One or more 
notches may be provided in the attachment collar at the inter 
face abutting the inner surface of the housing to accommodate 
passage ofthese Wires. 
[0044] As shoWn, one or more optical ?bers 254 may 
optionally be included around the outside of the housing to 
collect and convey backscattered light from an illumination 
spot back to one or more photodetectors, for example located 
in a base station. Alternatively, one or more photodetectors 
may be included at or near a distal tip of the scanning ?ber 
device, or omitted entirely. 
[0045] FIG. 3 is a graph of example resonant gain charac 
teristics of a cantilevered optical ?ber operated in a ?rst mode 
of resonance. Frequency of vibration of the cantilevered opti 
cal ?ber is plotted on the horiZontal axis versus displacement 
of the cantilevered optical ?ber on the vertical axis. 
[0046] The displacement increases around, and peaks at, a 
mechanical or vibratory resonant frequency. This is due to an 
increase in the resonant gain of the cantilevered optical ?ber. 
In the illustration, the displacement has a relatively Gaussian 
dependency on frequency, With the greatest displacement 
occurring at the resonant frequency. In practice, there may be 
signi?cant deviation from such a Gaussian dependency, 
although the displacement still typically peaks at the resonant 
frequency. 
[0047] While the optical ?ber may be vibrated at various 
frequencies, in embodiments of the invention, the optical 
?ber may be vibrated at or around, for example Within a 
Q-factor of, its resonant frequency, or harmonics of the reso 
nant frequency. As is knoWn, the Q-factor is the ratio of the 
height of the resonant gain curve to the Width of the curve. 
Due to the increased resonant gain, vibrating the optical ?ber 
at or around the resonant frequency may help to reduce the 
amount of energy, or magnitude of the actuator drive signal, 
needed to achieve a given displacement to perform a given 
scan. 

[0048] Scanning at or around the resonant frequency, hoW 
ever, may put the position of the optical ?ber about 90° out of 
phase relative to the actuator drive signal. This phase shift is 
relatively sensitive to frequency proximate the resonant fre 
quency. Changes in temperature of the cantilevered optical 
?ber may cause corresponding changes in the resonant fre 
quency. These changes in the resonant frequency may cause 
phase shift distortions in images acquired With the scanning 
?ber device. These distortions may take the form of rotation 
of the entire image. Other distortions may also result from 
changes in the temperature of the cantilevered optical ?ber. 
The resonant frequency may also change With the amplitude 
of the actuator drive signal, and the amount may be different 
at different temperatures. 
[0049] Changes in temperature of an adhesive used to 
adhere the cantilevered optical ?ber to the actuator tube may 
also cause distortion. Higher temperatures may tend to make 
the adhesive more ?exible, Whereas loWer temperatures may 
tend to make the adhesive more rigid. Such changes in the 
rigidity of the adhesive may change the Way the cantilevered 
optical ?ber moves for a given actuation. Furthermore, in one 
or more embodiments of the invention, a drive signal may be 
applied to the actuator tube to remove energy from the can 
tilevered optical ?ber to stop, or at least sloW, the movement 
of the cantilevered optical ?ber after a frame of image acqui 
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sition, such as, for example, as described in US. Pat. No. 
7,159,782, entitled “METHOD OF DRIVING A SCAN 
NING BEAM DEVICE TO ACHIEVE HIGH FRAME 
RATES”, by Richard S. Johnston et al. Increased ?exibility of 
the adhesive at higher temperatures may tend to make 
removal of the energy of the cantilevered optical ?ber differ 
ent. As one additional factor, changes in the temperature of 
the adhesive may tend to expand or contract the adhesive. 
This may potentially change the length of the cantilevered 
optical ?ber, Which may correspondingly affect the resonant 
frequency. 
[0050] In embodiments of the invention, the intensity of 
light transmitted through a cantilevered optical ?ber of a 
scanning ?ber device may change. There are various potential 
reasons for the intensity to change. Some scanning ?ber sys 
tems may include an Automated Gain Control (AGC) unit or 
circuit that may change the intensity of the light, for example, 
to try to maintain a constant intensity of backscattered light 
collected. Some scanning ?ber systems may alloW a user or 
system to select a particular intensity, for example from mul 
tiple different intensities, or a continuous spectrum of differ 
ent intensities. By Way of example, this capability may alloW 
the user the ?exibility to choose an intensity that is appropri 
ate for a given ambient brightness or otherWise appropriate 
for a particular implementation. Some scanning ?ber systems 
may alloW either full-color (e. g., RGB) images or monochro 
matic images (e.g., black-and-White images, blue-only 
images, etc.) to be constructed. The intensity used for the 
full-color images may be greater than the intensity used for 
the monochromatic images. Some scanning ?ber systems, 
such as endoscopes, may have the ability to sWitch betWeen 
different modes of operation. For example, an endoscope may 
be capable of sWitching betWeen a full-color image acquisi 
tion mode and an infrared, ultraviolet, or ?uorescent light 
mode. The intensities of these modes may be different. As 
another example, an endoscope may be capable of sWitching 
betWeen an image acquisition mode and a high-poWered 
therapeutic light mode, such as, for example, suitable to per 
form laser ablation. The intensity of the high-poWered thera 
peutic light mode is generally signi?cantly greater than that 
of the image acquisition mode. These are just a feW illustra 
tive examples. 
[0051] One associated challenge is that the intensity of light 
transmitted through the cantilevered optical ?ber has been 
observed to affect distortion in images acquired With the 
scanning ?ber device. It is presently believed that the inten 
sity may affect the temperature of the cantilevered optical 
?ber and/or one or more materials associated With the move 
ment of the cantilevered optical ?ber. Without Wishing to be 
bound by theory, it is presently further believed that some of 
the light transmitted through the cantilevered optical ?ber 
may be re?ected from the distal tip of the cantilevered optical 
?ber. At least some of this re?ected light may enter the clad 
ding of the cantilevered optical ?ber and may heat the clad 
ding. Deviation of the cleavage angle of the distal tip of the 
cantilevered optical ?ber from about 900 may tend to increase 
the amount of re?ected light that enters the cladding. Still 
Without Wishing to be bound by theory, in the particular case 
of the cantilevered optical ?ber being adhered to the pieZo 
electric tube With an adhesive, at least some of the re?ected 
light in the cladding may enter the adhesive and may heat the 
adhesive. Such heating may tend to increase the temperature 
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of the adhesive and/or the cantilevered optical ?ber. Gener 
ally, the greater the intensity of the light the greater the 
increase in temperature. 
[0052] This increase in temperature may occur even if the 
temperature control system attempts to control the tempera 
ture sensor at a constant setpoint temperature. The tempera 
ture sensor may sense a temperature re?ecting some of the 
extra heat from the adhesive and/ or the cantilevered optical 
?ber due to the increased intensity of light. This sensed tem 
perature may be communicated to the temperature controller. 
The temperature controller may correspondingly control a 
slight reduction in the amount of heat output from the heater 
in an attempt to maintain the temperature of the temperature 
sensor at the constant setpoint temperature. HoWever, the 
temperature sensor is typically at least a small distance aWay 
from the cantilevered optical ?ber and/ or the adhesive. Even 
such a small distance of separation may result in even a slight 
temperature gradient betWeen the temperature sensor and the 
cantilevered optical ?ber and/or the adhesive. As a result, 
even if the temperature control system attempts to maintain 
the temperature sensor at the constant setpoint temperature, 
the temperature of the cantilevered optical ?ber and/ or adhe 
sive may tend to increase slightly due to the heating resulting 
from the increased intensity of light. 
[0053] Such increases in temperature may tend to make the 
cantilevered optical ?ber and/or the adhesive more ?exible or 
otherWise change their mechanical properties. This may cor 
respondingly tend to change the Way in Which the cantile 
vered optical ?ber is actuated or moved for the given actuator 
drive signals. This may lead to positional inaccuracy that may 
tend to result in distortion of the image acquired. Accordingly, 
changes in intensity, if unaccounted for, may potentially con 
tribute to distortion in the images acquired. 
[0054] If desired, calibration and remapping similar to that 
described in Us. Pat. App. Pub. No. 20060138238 by 
Johnston et al. may be performed to help reduce such image 
distortion due to changes in intensity. HoWever, this calibra 
tion and remapping approach is not a perfect solution When 
there are a large number of possible intensity values, since 
collecting data for the large number of intensity values may 
take a relatively large amount of time and/ or a relatively large 
amount of memory Would be used to store the associated 
calibration data. 
[0055] FIG. 4 is a block ?oW diagram ofa method 460 of 
reducing distortion in images acquired With a scanning ?ber 
device, according to embodiments of the invention. The 
method includes changing an intensity of light transmitted 
through a cantilevered optical ?ber of the scanning ?ber 
device, at block 462. The intensity may change for any of the 
reasons previously discussed, or for other reasons entirely. 
[0056] The method also includes changing a setpoint tem 
perature for the scanning ?ber device based, at least in part, on 
the change in the intensity of the light, at block 464. The 
setpoint temperature may be the target temperature that a 
temperature controller, such as, for example, located in a base 
station, may attempt to control or achieve in the scanning ?ber 
device. In various embodiments, the setpoint temperature 
may be changed either before, concurrently With, or after the 
change in the intensity. 
[0057] In embodiments of the invention, the change in the 
setpoint temperature may be operable to maintain a tempera 
ture of the cantilevered optical ?ber and/ or the adhesive 
attached to the cantilevered optical ?ber substantially con 
stant irrespective of the change in the intensity. As used 
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herein, the temperature is maintained “substantially con 
stant” if the change is less than 50% of What the change Would 
be if the setpoint temperature Were not changed. In embodi 
ments of the invention, the change in the setpoint temperature 
may be operable to substantially eliminate, or at least sub 
stantially reduce, distortion in an image acquired With the 
scanning ?ber device that Would otherWise occur due at least 
in part to the change in the intensity. As used herein, distortion 
is “substantially reduced” When it is reduced by at least 50% 
and distortion is “substantially eliminated” When it is reduced 
by at least 80%. 
[0058] In order to reduce distortion, the change in the set 
point temperature may be in an opposite direction from the 
change in the intensity. For example, changing the intensity 
may include increasing the intensity, and changing the set 
point temperature may include decreasing the setpoint tem 
perature. As another example, changing the intensity may 
include decreasing the intensity, and changing the setpoint 
temperature may include increasing the setpoint temperature. 
Changing the setpoint temperature in the opposite direction 
from the change in intensity may help to reduce distortion by 
offsetting or reducing a change in temperature of the cantile 
vered optical ?ber and/or one or more materials associated 
With the movement of the cantilevered optical ?ber (eg an 
adhesive if present), Which Would otherWise tend to occur due 
at least in part to the change in the intensity. 
[0059] Without Wishing to be bound by theory, an example 
may help to further illustrate certain concepts. Consider the 
scanning ?ber device 230 of FIG. 2. Assume that an intensity 
of light transmitted through the cantilevered optical ?ber 234 
is increased. As previously discussed, this increase in inten 
sity may tend to result in an increase in the temperature of the 
cantilevered optical ?ber and/or the adhesive 256. This may 
tend to change the Way the cantilevered optical ?ber moves 
during acquisition of an image, Which may tend to cause 
image distortion. HoWever, in order to help offset the afore 
mentioned increase in temperature, the setpoint temperature 
109 at Which a temperature controller of the base station 
attempts to control the temperature sensor device 240 may be 
decreased. As a result, the temperature controller may control 
a decrease in the amount of heat generated by the heater 242. 
This may result in a slight decrease in the temperature of the 
region around the cantilevered optical ?ber that is heated by 
the heater. This decrease in temperature may create a slightly 
greater temperature differential betWeen the region and the 
cantilevered optical ?ber and/ or the adhesive. This increased 
temperature differential may tend to increase the rate of heat 
transfer aWay from the cantilevered optical ?ber and/ or the 
adhesive, Which are at a higher temperature than the region. 
This increased rate of heat transfer may help to cool or reduce 
the temperature of the cantilevered optical ?ber and/or the 
adhesive. In short, the change in the setpoint temperature may 
help to reduce or offset a change in the temperature of the 
cantilevered optical ?ber and/or the adhesive that Would oth 
erWise occur due at least in part to the change in the intensity. 
[0060] Change in temperatures of the cantilevered optical 
?ber and/or the adhesive are generally expected to take place 
rapidly. HoWever, in one or more embodiments of the inven 
tion, the setpoint temperature may optionally be changed 
incrementally or otherWise changed gradually Within a period 
of not more than several seconds after the intensity is 
changed. 
[0061] Embodiments of the invention may include deter 
mining the change in the setpoint temperature. In one or more 
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embodiments, a user or system may manually determine the 
change in the setpoint temperature in real time during opera 
tion. By Way of example, after a change in intensity, the user 
or system may incrementally change the setpoint temperature 
by relatively small amounts in an opposite direction from the 
change in intensity until the distortion is minimiZed or other 
Wise suf?ciently reduced. However, such an approach may 
tend to be laborious and/or time consuming When intensities 
are changed frequently and/ or When there are many possible 
intensity values. 
[0062] As another option, in one or more embodiments, a 
user or system may use a predetermined relationship to deter 
mine the setpoint temperature or change in setpoint tempera 
ture. The predetermined relationship may relate various 
intensities of light transmitted through the cantilevered opti 
cal ?ber to corresponding setpoint temperatures operable to 
reduce distortion in images. Examples of suitable predeter 
mined relationships include, but are not limited to, calibration 
data, regression equations based at least in part on calibration 
data, theoretical equations (e.g., heat transfer equations), 
mathematical models (e. g., heat transfer models), mathemati 
cal and/ or logical algorithms, and combinations thereof. The 
calibration data may include at least tWo pairs of data, each 
pair of data including a different intensity of light and a 
corresponding empirically determined different setpoint tem 
perature. 
[0063] FIG. 5 is a graph shoWing that a predetermined 
relationship may be used to determine a change in a setpoint 
temperature, according to one or more embodiments of the 
invention. The graph plots intensity of light on the horizontal 
axis, versus setpoint temperature on the vertical axis. A pre 
determined relationship 565 relates intensities of light trans 
mitted through the cantilevered optical ?ber to corresponding 
setpoint temperatures that are operable to substantially 
reduce distortion in images acquired With the scanning ?ber 
device. The illustrated relationship is a straight line, for 
example a linear regression, although more sophisticated 
equations may optionally be used. Before a change, an initial 
intensity (Ti) and initial temperature (Ti) are used. The inten 
sity is then increased to a ?nal intensity (If). To help reduce 
distortion that Would otherWise result from the increase in 
intensity, the temperature is decreased to a ?nal temperature 
(Tf). 
[0064] FIG. 6 is a block ?oW diagram ofa method 670 of 
calibrating a scanning ?ber device, according to embodi 
ments of the invention. A plurality of different intensities of 
light may be transmitted through a cantilevered optical ?ber 
of the scanning ?ber device, at block 672. For each of the 
different intensities, a setpoint temperature for the scanning 
?ber device may be determined, at block 674. The setpoint 
temperature determined for each intensity may be operable to 
substantially reduce distortion in an image acquired With the 
scanning ?ber device that Would otherWise occur due at least 
in part to each intensity. 
[0065] FIG. 7 is a block ?oW diagram of a detailed example 
of a method 774 of determining a setpoint temperature for a 
given intensity of light, according to embodiments of the 
invention. In one or more embodiments, the method may be 
used for each of the different intensities at block 674 in FIG. 
6. 

[0066] A setpoint temperature of a scanning ?ber device 
may be adjusted, at block 776. As one example, the setpoint 
temperature may be changed by a relatively small or incre 
mental amount in an opposite direction from a recent direc 
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tion of change in intensity. Then, an image may be acquired 
With the scanning ?ber device While using the given intensity 
and While controlling the scanning ?ber device at the setpoint 
temperature, at block 778. Next, the acquired image may be 
examined for distortion, at block 780. The examination may 
either be manual or With the aid of image comparison soft 
Ware. 

[0067] A determination may be made Whether the distor 
tion is suf?ciently reduced by the adjustment of the tempera 
ture, at block 782. If the distortion is not suf?ciently reduced 
(i.e., “no” is the determination), then the method may revisit 
block 776. Alternatively, if the distortion is suf?ciently 
reduced (i.e., “yes” is the determination), then the setpoint 
temperature for the given intensity may be determined to be 
the presently adjusted setpoint temperature. The operations of 
adjusting the setpoint temperature, examining for distortion, 
and determining Whether distortion is suf?ciently reduced, 
may be performed manually by a user, automatically by a 
controller, or some of these operations may be performed 
manually by the user, While others may be performed auto 
matically by the controller. 
[0068] FIG. 8 is a block diagram ofa base station 802 for a 
scanning ?ber image acquisition system, according to 
embodiments of the invention. The base station 802 may 
optionally have some or all of the characteristics of the base 
station 102 of FIG. 1. To avoid obscuring the description, the 
discussion beloW Will tend to focus primarily on the different 
or additional characteristics of the base station 802. 

[0069] The base station has an interface 814 to connect or 
otherWise couple With a scanning ?ber device. The base sta 
tion has one or more light sources 804 optically coupled With 
the interface to provide light to the scanning ?ber device 
through the interface. The base station has an actuator driver 
806 electrically coupled With the interface to provide actuator 
drive signals to the scanning ?ber device through the inter 
face. The actuator drive signals may drive the movement or 
scanning of the cantilevered optical ?ber. 
[0070] The base station may optionally include one or more 
photodetectors 810 to detect backscattered light returned 
from the scanning ?ber device to the base station. Altema 
tively, the photodetectors may be located outside of the base 
station. As shoWn, the base station may include an optional 
image processing and display system 812 to generate images 
based on detected light. A display may be included in the base 
station or may be externally connected to the base station. The 
base station may include other components 890 as previously 
discussed. 
[0071] The base station may include an optional intensity 
selection device 888. The intensity selection device may 
select an intensity of light to be output by the one or more light 
sources 804. As shoWn, the intensity selection device may be 
electrically coupled With, or otherWise in communication 
With, the one or more light sources to provide the selected 
intensity. 
[0072] One example of a suitable intensity selection device 
is anAutomatic Gain Control (AGC) circuit or other unit. The 
amount of backscattered light detected by the scanning ?ber 
device may tend to vary due to such factors as changing 
proximity of the distal tip of the scanning ?ber device to a 
surface, or the like. The AGC unit may attempt to control the 
intensity of the backscattered light at a constant level. As 
shoWn, the AGC unit may receive an indication of the inten 
sity of the backscattered light detected by the scanning ?ber 
device, for example from the image processing and display 
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system. The AGC unit may select an intensity of light to be 
output by the one or more light sources 804 based at least in 
part on the detected intensity of the backscattered light. By 
Way of example, if the detected intensity of the backscattered 
light decreases, the AGC unit may increase the intensity of the 
light output by the one or more light sources. Other examples 
of suitable intensity selection devices include, but are not 
limited to, dials, sWitches, buttons, keyboards, mice, touch 
screens, and other types of user interfaces knoWn in the arts, 
Which a user may use to select an intensity of light. 

[0073] The base station has a setpoint temperature determi 
nation unit 886. As shoWn, the setpoint temperature determi 
nation unit may be electrically coupled With, or otherWise in 
communication With, the intensity selection device to receive 
the selected intensity. Alternatively, the setpoint temperature 
determination unit may determine the intensity of the light 
With a photodetector or otherWise. The setpoint temperature 
determination unit may determine a setpoint temperature 809 
for the scanning ?ber device based at least in part on the 
intensity of the light provided to the scanning ?ber device 
through the interface. 
[0074] The base station also includes the temperature con 
troller 808. The temperature controller is electrically coupled 
With, or otherWise in communication With, the setpoint tem 
perature determination unit. The temperature controller may 
receive, store, and use the determined setpoint temperature 
809 for temperature control. The temperature controller is 
also electrically coupled With the interface. The temperature 
controller may provide one or more temperature control sig 
nals that are based, at least in part, on the determined setpoint 
temperature to the scanning ?ber device through the inter 
face. As shoWn, the temperature controller may also option 
ally be electrically coupled With the interface to receive 
sensed or measured conditions that may also be used for 
temperature control. In one or more embodiments of the 
invention, the temperature controller may include an algo 
rithm, such as, for example, a proportional-integral-deriva 
tive (PID) algorithm, to determine the control signal based at 
least in part on the determined setpoint temperature and on the 
measured condition. 
[0075] Each of the setpoint temperature determination unit 
and the temperature controller may be implemented in soft 
Ware (e.g., instructions stored on a machine-readable 

medium), ?rmWare, hardWare (e. g., a circuit), or a combina 
tion thereof. Furthermore, While the setpoint temperature 
determination unit and temperature controller are separated 
in the illustration, it is to be appreciated that they may instead 
optionally be combined into the same physical component, 
softWare program, or other unit. 

[0076] FIG. 9 is a block ?oW diagram ofan article ofmanu 
facture 992, according to embodiments of the invention. The 
article of manufacture includes a machine-readable medium 
994. Examples of suitable types of machine-readable medi 
ums include, but are not limited to, optical storage mediums, 
optical disks, CD-ROMs, magnetic disks, magneto-optical 
disks, read only memories (ROMs), programmable ROMs 
(PROMs), erasable-and-programmable ROMs (EPROMs), 
electrically-erasable-and-programmable ROMs (EE 
PROMs), random access memories (RAMs), static-RAMs 
(SRAM), dynamic-RAMs (DRAMs), Flash memories, and 
combinations thereof. 
[0077] The machine-readable medium is readable by a 
machine. Examples of suitable machines include, but are not 
limited to, base stations, endoscope base stations, scanning 
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?ber systems, scanning ?ber image acquisition systems, 
medical equipment, and computer systems, to name just a feW 
examples. 
[0078] Stored or otherWise provided in and/or on the 
machine-readable medium are instructions 996. The instruc 
tions include instructions 998 that if executed by the machine 
result in the machine determining a setpoint temperature for a 
scanning ?ber device based, at least in part, on an intensity of 
light transmitted through a cantilevered optical ?ber of the 
scanning ?ber device. The instructions may include instruc 
tions to perform one or more other operations as described 
herein. 
[0079] In the description above, for the purposes of expla 
nation, numerous speci?c details have been set forth in order 
to provide a thorough understanding of the embodiments of 
the invention. It Will be apparent hoWever, to one skilled in the 
art, that one or more other embodiments may be practiced 
Without some of these speci?c details. The particular embodi 
ments described are not provided to limit the invention but to 
illustrate it. The scope of the invention is not to be determined 
by the speci?c examples provided above but only by the 
claims beloW. In other instances, Well-knoWn circuits, struc 
tures, devices, and operations have been shoWn in block dia 
gram form or Without detail in order to avoid obscuring the 
understanding of the description. Where considered appro 
priate, terminal portions of reference numerals have been 
repeated among the ?gures to indicate corresponding or 
analogous elements, Which may optionally have similar char 
acteristics. 
[0080] It should also be appreciated that reference through 
out this speci?cation to “one embodiment”, “an embodi 
ment”, or “one or more embodiments”, for example, means 
that a particular feature may be included in the practice of the 
invention. Similarly, it should be appreciated that in the 
description various features are sometimes grouped together 
in a single embodiment, Figure, or description thereof for the 
purpose of streamlining the disclosure and aiding in the 
understanding of various inventive aspects. This method of 
disclosure, hoWever, is not to be interpreted as re?ecting an 
intention that the invention requires more features than are 
expressly recited in each claim. Rather, as the folloWing 
claims re?ect, inventive aspects may lie in less than all fea 
tures of a single disclosed embodiment. Thus, the claims 
folloWing the Detailed Description are hereby expressly 
incorporated into this Detailed Description, With each claim 
standing on its oWn as a separate embodiment of the inven 
tion. 

1. (canceled) 
2. A method comprising: 
changing an intensity of light transmitted through a canti 

levered optical ?ber of a scanning ?ber device; and 
changing a setpoint temperature for the scanning ?ber 

device based at least in part on the change in the intensity 
of the light, Wherein the change in the setpoint tempera 
ture is operable to substantially reduce a distortion in an 
image acquired With the scanning ?ber device that 
Would otherWise occur due at least in part to the change 
in the intensity. 

3. The method of claim 2, Wherein the change in the set 
point temperature is operable to substantially eliminate the 
distortion. 

4. The method of claim 11, Wherein the change in the 
setpoint temperature is operable to maintain a temperature of 
at least one of the cantilevered optical ?ber and an adhesive 
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attached to the cantilevered optical ?ber substantially con 
stant irrespective of the change in the intensity. 

5. The method of claim 11, Wherein changing the intensity 
comprises increasing the intensity, and Wherein changing the 
setpoint temperature comprises decreasing the setpoint tem 
perature. 

6. The method of claim 11, Wherein changing the intensity 
comprises decreasing the intensity, and Wherein changing the 
setpoint temperature comprises increasing the setpoint tem 
perature. 

7. The method of claim 11, further comprising determining 
the change in the setpoint temperature based at least in part on 
a predetermined relationship betWeen different setpoint tem 
peratures and corresponding intensities of the light transmit 
ted through the cantilevered optical ?ber. 

8. The method of claim 7, Wherein determining the change 
in the setpoint temperature based at least in part on the pre 
determined relationship comprises determining the change in 
the setpoint temperature by evaluating at least one equation. 

9. The method of claim 7, Wherein determining the change 
in the setpoint temperature based at least in part on the pre 
determined relationship comprises determining the change in 
the setpoint temperature based at least in part on at least tWo 
pairs of data, each pair of data including a different intensity 
of light and a corresponding setpoint temperature. 

10. The method of claim 11, Wherein changing the setpoint 
temperature comprises gradually changing the setpoint tem 
perature multiple times Within a period of not more than 
several seconds after the intensity is changed. 

11. A method comprising: 
changing an intensity of light transmitted through a canti 

levered optical ?ber of a scanning ?ber device; 
changing a setpoint temperature for the scanning ?ber 

device based at least in part on the change in the intensity 
of the light; and 

acquiring an image using the scanning ?ber device, and 
Wherein acquiring the image comprises vibrating the 
cantilevered optical ?ber Within a Q-factor of a resonant 
frequency. 

12. A method comprising: 
changing an intensity of light transmitted through a canti 

levered optical ?ber of a scanning ?ber device; and 
changing a setpoint temperature for the scanning ?ber 

device based at least in part on the change in the intensity 
of the light, 

Wherein the scanning ?ber device comprises an endoscope, 
and Wherein the method further comprises: 

inserting the endoscope into a patient; and 
acquiring an image of an inside of the patient. 
13. (canceled) 
14. An apparatus comprising: 
an interface to couple With a scanning ?ber device; 
one or more light sources optically coupled With the inter 

face to provide light to the scanning ?ber device through 
the interface; 

an actuator driver electrically coupled With the interface to 
provide actuator drive signals to the scanning ?ber 
device through the interface; 

a setpoint temperature determination unit to determine a 
setpoint temperature for the scanning ?ber device based 
at least in part on an intensity of the light provided to the 
scanning ?ber device through the interface, Wherein the 
setpoint temperature determination unit is to determine a 
setpoint temperature that is operable to substantially 
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reduce distortion in an image acquired With the scanning 
?ber device that Would otherWise occur due at least in 
part to the intensity of the light; and 

a temperature controller in communication With the set 
point temperature determination unit to receive the 
determined setpoint temperature, the temperature con 
troller electrically coupled With the interface, the tem 
perature controller to provide one or more temperature 
control signals that are based at least in part on the 
determined setpoint temperature to the scanning ?ber 
device through the interface. 

15. The apparatus of claim 14, Wherein the setpoint tem 
perature determination unit is to determine a setpoint tem 
perature that is operable to substantially eliminate the distor 
tion. 

16. The apparatus of claim 22, Wherein the setpoint tem 
perature determination unit is to determine a setpoint tem 
perature that is operable to maintain a temperature of at least 
one of a cantilevered optical ?ber of the scanning ?ber device 
and an adhesive coupled With the cantilevered optical ?ber 
substantially constant irrespective of a change in the intensity. 

17. The apparatus of claim 22, Wherein the setpoint tem 
perature determination unit is to determine a change in the 
setpoint temperature that is in an opposite direction to a 
change in the intensity. 

18. The apparatus of claim 22, Wherein the setpoint tem 
perature determination unit is to determine the setpoint tem 
perature based at least in part on a predetermined relationship 
betWeen different intensities of light and corresponding set 
point temperatures. 

19. The apparatus of claim 18, Wherein the predetermined 
relationship comprises at least one equation relating the set 
point temperatures to the intensities. 

20. The apparatus of claim 18, Wherein the predetermined 
relationship comprises at least tWo pairs of data, each pair of 
data including a different intensity of light and a correspond 
ing setpoint temperature. 

21. An apparatus comprising: 
an interface to couple With a scanning ?ber device; 

one or more light sources optically coupled With the inter 
face to provide light to the scanning ?ber device through 
the interface; 

an actuator driver electrically coupled With the interface to 
provide actuator drive signals to the scanning ?ber 
device through the interface, Wherein the actuator drive 
signals are operable to cause an actuator of the scanning 
?ber device to vibrate a cantilevered optical ?ber of the 
scanning ?ber device Within a Q-factor of a resonant 
frequency; 

a setpoint temperature determination unit to determine a 
setpoint temperature for the scanning ?ber device based 
at least in part on an intensity of the light provided to the 
scanning ?ber device through the interface; and 

a temperature controller in communication With the set 
point temperature determination unit to receive the 
determined setpoint temperature, the temperature con 
troller electrically coupled With the interface, the tem 
perature controller to provide one or more temperature 
control signals that are based at least in part on the 
determined setpoint temperature to the scanning ?ber 
device through the interface. 
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22. An apparatus comprising: 
an interface to couple With a scanning ?ber device, Wherein 

the scanning ?ber device comprises a scanning ?ber 
endoscope; 

one or more light sources optically coupled With the inter 
face to provide light to the scanning ?ber device through 
the interface; 

an actuator driver electrically coupled With the interface to 
provide actuator drive signals to the scanning ?ber 
device through the interface; 

a setpoint temperature determination unit to determine a 
setpoint temperature for the scanning ?ber device based 
at least in part on an intensity of the light provided to the 
scanning ?ber device through the interface; and 

a temperature controller in communication With the set 
point temperature determination unit to receive the 
determined setpoint temperature, the temperature con 
troller electrically coupled With the interface, the tem 
perature controller to provide one or more temperature 
control signals that are based at least in part on the 
determined setpoint temperature to the scanning ?ber 
device through the interface. 

23. (canceled) 
24. An article of manufacture comprising: 
a machine-readable medium having stored thereon instruc 

tions that When executed by a machine result in the 
machine performing operations including: 

determining a setpoint temperature for a scanning ?ber 
device based at least in part on an intensity of light 
transmitted through a cantilevered optical ?ber of the 
scanning ?ber device. 

Wherein the instructions that When executed by the 
machine result in the machine determining the setpoint 
temperature further include instructions that When 
executed by the machine result in the machine perform 
ing operations including: 

determining a setpoint temperature that is operable to sub 
stantially reduce distortion in an image acquired With the 
scanning ?ber device that Would otherWise occur due at 
least in part to the intensity. 

25. The article of manufacture of claim 24, Wherein the 
instructions that When executed by the machine result in the 
machine determining the setpoint temperature further include 
instructions that When executed by the machine result in the 
machine performing operations including: 

determining the setpoint temperature based at least in part 
on a predetermined relationship betWeen intensities of 
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light transmitted through the cantilevered optical ?ber 
and corresponding setpoint temperatures. 

26. A method comprising: 
transmitting a plurality of different intensities of light 

through a cantilevered optical ?ber of a scanning ?ber 
device; and 

for each of the different intensities, determining a setpoint 
temperature for the scanning ?ber device that is operable 
to substantially reduce distortion in an image acquired 
With the scanning ?ber device that Would otherWise 
occur due at least in part to a respective one of the 
different intensities. 

27. The method of claim 26, Wherein determining the set 
point temperature comprises adjusting the setpoint tempera 
ture one or more times for each of the different intensities. 

28. The method of claim 26, Wherein determining a set 
point temperature for an intensity of the plurality comprises: 

adjusting the setpoint temperature; 
acquiring an image With the scanning ?ber device While 

using the intensity and While controlling the scanning 
?ber device at the setpoint temperature; and 

examining the image for distortion. 
29. The method of claim 28, further comprising: 
determining Whether the distortion is suf?ciently reduced; 

and 
if the distortion is suf?ciently reduced, then determining 

the setpoint temperature as the adjusted setpoint tem 
perature; or 

if the distortion is not suf?ciently reduced, then repeating 
said adjusting, said acquiring, and said determining. 

30. The method of claim 26, Wherein determining the set 
point temperature, for each of the different intensities, com 
prises determining a setpoint temperature that is operable to 
substantially eliminate the distortion. 

31. The method of claim 26, further comprising generating 
an equation relating the different intensities to the respective 
determined setpoint temperatures. 

32. The apparatus of claim 14, further comprising the scan 
ning ?ber device coupled With the interface. 

33. The apparatus of claim 21, further comprising the scan 
ning ?ber device coupled With the interface. 

34. The apparatus of claim 22, further comprising the scan 
ning ?ber device coupled With the interface. 

35. The article of manufacture of claim 24, Wherein the 
medium comprises one of a disk and a memory. 

* * * * * 


