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(57) ABSTRACT

A sensor assembly has a flexible body, and a plurality of
fiber Bragg gratings (FBQG) sensor inserted into the body, the
FBG sensor includes an optical fiber extending in a length
direction of the body and a plurality of lattices disposed in
the optical fiber, a variation of a wavelength spectrum of
light, caused by a variation of an interval of the plurality of
lattices, is detected, and at least one of force information
applied to the body and temperature information of the body
1s extracted together with refraction information of the body.




Patent Application Publication  Oct. 13,2016 Sheet 1 of 6 US 2016/0296122 A1

FIG. 1

710




Patent Application Publication  Oct. 13,2016 Sheet 2 of 6 US 2016/0296122 A1
FIG. 2
1 i
(/
\)
//
FIG. 3
100
N\ 120 110
) 1o
_ —
\r IA . o”c o'u IAI;J ess e e IAl.g }] ﬂ //150
"’i k HHE HEE {
1407 \ [ ( [
/ / J
Iy Ty Te

s



Patent Application Publication

LA 2 2 J

Oct. 13,2016 Sheet 3 of 6

FIG. 4

LA A 4

US 2016/0296122 A1

A

Aa

WAVE LENGTH (nm)

FI1G. 5

oQ



Patent Application Publication Oct. 13,2016 Sheet 4 of 6 US 2016/0296122 A1

Taof T Tooz Tagn



Patent Application Publication  Oct. 13,2016 Sheet 5 of 6 US 2016/0296122 A1

FIG. 8

210 200 310 300

FIG. 9 "




Patent Application Publication Oct. 13,2016 Sheet 6 of 6 US 2016/0296122 A1

FIG. 10 .

$

Ty 110 T1qz 100 Tios 1/0 Toe 400 Tros T; 4(\31

/)/\)

) ) ) )

z Y ! ! i ]
Too1 » \ Tage j } T203\ )Tzo4j )Tzos

!
TSO‘z 310 TSOZ 300 TBOS 510 T304 500 T305

FIG. 11 "

-




US 2016/0296122 Al

MULTI-FUNCTIONAL SENSOR ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0050092, filed on Apr. 9, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which in its entirety are herein incor-
porated by reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to a sensor assembly,
and more particularly, to a sensor assembly capable of
loading various sensors with many functions by using an
optical fiber.

[0004] 2. Description of the Related Art

[0005] For non-invasive medical treatment, a very thin
tubular member such as a medical guide wire becomes more
frequently inserted into a blood vessel or the like.

[0006] While an instrument such as a guide wire is being
inserted into a living body, a worker is not able to see the
inserted portion by naked eyes, and thus various measures
are being sought for safer and easier insertion.

[0007] In an existing technique, two-dimensional photo-
graph information of a blood vessel or the like is obtained by
means of radioscopy, and an instrument such as a guide wire
is inserted based thereon.

[0008] However, the information obtained by means of
radioscopy is two-dimensional information, which is not
suitable for inserting a guide wire into a blood vessel
extending three-dimensionally.

[0009] In addition, since it is impossible to obtain any
information from the guide wire in relation to the insertion,
many problems may occur, and for example, the blood
vessel may be damaged due to poor handling.

[0010] Moreover, in an existing technique, a catheter
should be exchanged and inserted at every operation, which
requires a lot of time and technical specialty.

SUMMARY

[0011] The present disclosure is directed to providing a
multi-functional sensor assembly, which has a minute tubu-
lar shape and is inserted into a narrow tubular channel to
collect information in relation to a body state such as
temperature and force as well as its environments.

[0012] In one aspect of the present disclosure, there is
provided a sensor assembly, comprising: a flexible body; and
aplurality of fiber Bragg gratings (FBG) sensor inserted into
the body, wherein the FBG sensor includes an optical fiber
extending in a length direction of the body and a plurality of
lattices disposed in the optical fiber, wherein a variation of
a wavelength spectrum of light, caused by a variation of an
interval of the plurality of lattices, is detected, and wherein
at least one of force information applied to the body and
temperature information of the body is extracted together
with refraction information of the body.

[0013] According to an embodiment, the force informa-
tion may be force information applied to a front end of the
body, and the temperawre information may be temperature
information at the front end of the body.

[0014] According to an embodiment, the plurality of FBG
sensors may include a temperature-detecting FBG sensor for
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detecting the temperature information, and a front end of the
temperature-detecting FBG sensor may be disposed rear-
ward of a front end of the body.

[0015] According to an embodiment, the temperature-
detecting FBG sensor may be disposed so that a front end
portion thereof does not contact the body.

[0016] According to an embodiment, the body may have
a concave groove formed from the front end thereof, the
temperature-detecting FBG sensor may be formed so that
the front end portion thereof is located in the concave
groove, and the concave groove may have a diameter greater
than a diameter of the optical fiber of the temperature-
detecting FBG sensor.

[0017] According to an embodiment, the plurality of FBG
sensors may include a temperature-detecting FBG sensor for
detecting the temperature information, and a temperature
detection lattice unit having an n (nz2, natural number)
number of lattices with the same interval may be formed at
a front end portion of the temperature-detecting FBG sensor.
[0018] According to an embodiment, the plurality of FBG
sensors may include a force-detecting FBG sensor for
detecting the force information, and a front end of the
force-detecting FBG sensor may be disposed frontward of a
front end of the body.

[0019] According to an embodiment, the plurality of FBG
sensors may include a force-detecting FBG sensor for
detecting the force information, and a force detection lattice
unit having an n (n=2, natural number) number of lattices
with the same interval may be formed at a front end portion
of the force-detecting FBG sensor.

[0020] According to an embodiment, the plurality of FBG
sensors may include at least three refraction-detecting FBG
sensors for detecting the refraction information, a plurality
of lattices may be formed at the refraction-detecting FBG
sensor over the entire length of the optical fiber, an n (n=2,
natural number) number of the plurality of lattices may be
grouped to form a plurality of refraction lattice units, an n
number of lattices may be disposed with the same interval in
a single refraction lattice unit, and the refraction lattice units
may have different intervals between lattices from each
other.

[0021] According to an embodiment, the at least three
refraction-detecting FBG sensors may be disposed eccentri-
cally from a central axis of the body in a length direction.
[0022] According to an embodiment, the plurality of FBG
sensors may include: a temperature-detecting FBG sensor
for detecting the temperature information; a force-detecting
FBG sensor for detecting the force information; and at least
three refraction-detecting FBG sensors for detecting the
refraction information.

[0023] According to an embodiment, the plurality of FBG
sensors may include at least three refraction-detecting FBG
sensors for detecting the refraction information, at least one
of the at least three refraction-detecting FBG sensors may
configure a temperature-detecting FBG sensor for detecting
the temperature information, and at least another one of the
at least three refraction-detecting FBG sensors may config-
ure a force-detecting FBG sensor for detecting the force
information.

[0024] According to an embodiment, the sensor assembly
may further include a laser-irradiating optical fiber inserted
into the body to irradiate laser thereto.

[0025] According to an embodiment, the sensor assembly
may further include a flow sensor inserted into the body to
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detect flow rate information of a fluid flowing in a work
environment at which the body is located.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram partially showing a sensor
assembly according to an embodiment of the present dis-
closure.

[0027] FIG. 2 is a front view showing a sensor assembly
according to another embodiment of the present disclosure.
[0028] FIG. 3 is a diagram showing a fiber Bragg gratings
(FBG) sensor according to an embodiment of the present
disclosure.

[0029] FIG. 4 is a graph showing a wavelength spectrum
of a reflected light, output to a light inlet of the FBG sensor
of FIG. 3.

[0030] FIG.5is a diagram showing that an optical fiber of
the FBG sensor of FIG. 3 is partially refracted.

[0031] FIG. 6 is a diagram for illustrating the principle of
detecting a curvature and a refraction direction of a body at
the sensor assembly of FIG. 2.

[0032] FIG. 7 is a side view showing a sensor assembly
according to another embodiment of the present disclosure.
[0033] FIG. 8 is an enlarged view showing a front end
portion of the sensor assembly of FIG. 7.

[0034] FIG.91is a front view showing the sensor assembly
of FIG. 7.
[0035] FIG. 10 is a side view showing a sensor assembly

according to another embodiment of the present disclosure.

[0036] FIG. 11 is a front view showing the sensor assem-
bly of FIG. 10.

DETAILED DESCRIPTION

[0037] Hereinafter, an embodiment of the present disclo-
sure will be described with reference to the drawings. Even
though the present disclosure is described based on the
embodiment depicted in the drawings, thus is just an
example, and the essential configuration and operations of
the present disclosure are not limited thereto.

[0038] FIG. 1 is a diagram partially showing a sensor
assembly according to an embodiment of the present dis-
closure.

[0039] As shown in FIG. 1, a sensor assembly 1 includes
a flexible body 10 extending long, and a plurality of optical
fibers 110, 210, 310, 410, 510, 610, 710 inserted into the
body 10.

[0040] As described later, the plurality of optical fibers
110, 210, 310, 410, 510, 610, 710 may form fiber Bragg
gratings (FBG) sensors 100, 200, 300, 400, 500, flow sensor
600 and a laser irradiation path 700.

[0041] The sensor assembly 1 of this embodiment may be
formed very simply by curing an optical fiber strand, made
of glass and surrounded by epoxy.

[0042] Even though FIG. 1 illustrates that seven optical
fibers are inserted into the body, the structure and number of
optical fibers may be adjusted to configure a multi-func-
tional sensor assembly having a desired function selectively.
[0043] FIG. 2 shows a sensor assembly 1' according to an
embodiment of the present disclosure, which has three
optical fibers 110, 210, 310.

[0044] According to this embodiment, a plurality of lat-
tices is disposed in three optical fibers 110, 210, 310 to
configure FBG sensors 100, 200, 300.
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[0045] FIG. 3 conceptually shows a FBG sensor 100
according to this embodiment.

[0046] The FBG sensor 100 includes an optical fiber 110
and a plurality of lattices formed in the optical fiber 110.
[0047] The optical fiber 110 includes a cladding 120 made
of glass material to be freely bendable, a core 130 formed at
the center of the cladding 120 along a length direction of the
cladding 120. A refractive index of the cladding 120 is
different from a refractive index of the core 130. At both
ends of the optical fiber 110, a light inlet 140 to which light
is incident from a light source (not shown) and a light outlet
150 from which light passing through the core 130 is output
are formed.

[0048] At the core 130, a plurality of lattice units T, to T,
is formed, and each lattice unit is formed by grouping at least
two lattices.

[0049] The lattice is a portion formed by changing prop-
erties of a part of the core 130 by means of ultraviolet rays
while the optical fiber 110 is being fabricated, and has a
refractive index different from the cladding 120 and the core
130.

[0050] The lattices forming each lattice unit are disposed
with the same interval. Intervals A | to A , between lattices
of each of the lattice units T, to T, are gradually increasing
(namely, A <...<A,<...<A,) The interval between
the lattice units is much greater than the intervals A, . . .
A g - -« A of the lattices which form the lattice units.
[0051] In the above configuration, the incident light input
to the light inlet 140 of the optical fiber 110 is interfered due
to the lattice units. A reflected light output again to the light
inlet 140 has a wavelength spectrum with a peak corre-
sponding to each lattice unit.

[0052] FIG. 4 is a graph showing a wavelength spectrum
of a reflected light, output to the light inlet 140 of the FBG
sensor 100.

[0053] Alattice interval A of the lattice unit and a wave-
length A of the reflected light have a relation as in Equation
1 below.

hp=2mgp A Equation 1

[0054] Here, n,, is an index representing an effective
refractive index of the grating in the fiber core.

[0055] The wavelengths A, ... A, ... %, shown in the
wavelength spectrum of FIG. 4 correspond to values
obtained by putting the intervals A ,... A, ... A ofthe
lattices of each lattice unit to Equation 1. In other words, the
wavelengths A, .. . A, . .., A, represent wavelengths of
reflected lights which are respectively reflected by corre-
sponding lattice units and output.

[0056] When the optical fiber 110 is curved at a portion
where a first lattice unit T, is located, an interval A, of
lattices configuring the first lattice unit T, will be changed,
and accordingly it may be observed that a curve of the
wavelength A, is shifted laterally among the wavelengths of
FIG. 4 due to the relation of Equation 1. If it is observed that
the curve of the wavelength A, is shifted laterally, it may be
found that the optical fiber is curved at the location of the
first lattice unit T,.

[0057] As described above, the wavelength A, of the
reflected light output from the FBG sensor 100 and the
interval A of the lattice have a proportional relation.
[0058] Since the change of the interval A of the lattice
represents strain £ of the optical fiber 110, a curvature of the
optical fiber 110 may also be found by using the same.
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[0059] FIG. 5 shows an optical fiber 110 which is partially
curved.
[0060] As shown in FIG. 5, assuming that a diameter of

the optical fiber 110 is d and a curvature of the optical fiber
110 is k (k=1/R), the strain £ of the optical fiber 110 may be
expressed like Equation 2 below.

AL (R+d¥-R6 d

L R R

Equation 2

[0061] In the sensor assembly 1', a plurality of FBG
sensors having the above characteristics may be formed, and
a curvature and a refraction direction of the body 10 of the
sensor assembly 1' may be detected using a variation of a
wavelength spectrum of the reflected light for each FBG
sensor.

[0062] Hereinafter, with reference to FIG. 6, a principle of
detecting a curvature and a refraction direction of the body
10 will be described.

[0063] As shown in FIG. 6, three FBG sensors 100, 200,
300 are formed at the body 10.

[0064] Three FBG sensors 100, 200, 300 are disposed
radially based on the center O of the body 10 in a length
direction and formed with the same interval with an angle of
120° therebetween.

[0065] In FIG. 6, for convenience, the FBG sensor 100 is
expressed with a subscript A. the FBG sensor 200 is
expressed with a subscript B, and the FBG sensor 300 is
expressed with a subscript C.

[0066] When the body 10 of the sensor assembly 1' is
partially curved, a wavelength of a reflected light corre-
sponding to a lattice unit located near each of the FBG
sensors 100, 200, 300 is changed.

[0067] At this time, depending on a refraction direction,
each of the FBG sensors 100, 200, 300 has a different strain
£. For example, in FIG. 6, if the body 10 is curved down-
wards, a lattice unit at a corresponding portion of the FBG
sensor 100 will have an increased interval, and lattice units
at corresponding portions of the FBG sensors 200, 300 will
have a decreased interval.

[0068] If comparing strains £ of the FBG sensors 100, 200,
300, a curvature k of the entire body 10 at the curved region
may be calculated as in Equation 3 below, and a refraction
direction 0 may be calculated as in Equation 4.

Equation 3
B 1 264 —ep —ec P (58—86]2
"7d ( 3 ) "\
[ V3(Cs- Cc)] Equation 4
f=atan| —————
2eq —g5-2c
[0069] Here, £, is a strain of the FBG sensor 100 at the

refraction portion, £; is a strain of the FBG sensor 200 at the
refraction portion, and £, is a strain of the FBG sensor 300
at the refraction portion.

[0070] If wavelength spectrums of the reflected lights
respectively output from the FBG sensors 100, 200, 300 of
the sensor assembly 1' are analyzed, a portion of the body 10
which is curved and a strain at the portion may be found, and
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also a curvature and a refraction direction of the body 10
may be found using Equations 3 and 4.

[0071] In this specification, a refraction occurrence point,
a curvature and/or a refraction direction of the body 10 will
be defined as refraction information of the body 10.
[0072] Meanwhile, even though it is detected that a wave-
length is changed at a location of any one lattice unit in the
wavelength spectrums of reflected lights respectively output
from the FBG sensors 100, 200, 300, if the curvature k and
the refraction direction 6 at the corresponding portion are
calculated to be substantially 0 (zero), this wavelength
variation may be regarded as being caused by a length
variation of the optical fibers of the FBG sensors 100, 200,
300 according to a temperature variation.

[0073] Since the body 10 of the sensor assembly 1' is so
thin to be inserted into a blood vessel of a living body, the
locations of the FBG sensors 100, 200, 300 are very close to
each other.

[0074] Therefore, the temperature at a portion where a
wavelength variation is detected may be calculated as in
Equation 5 below, which corresponds to an average value of
strains of three FBG sensors 100, 200, 300.

AT ea—&p-&c Equation 5
- 3o

[0075] Here, o is a temperature coeflicient of the optical

fiber.

[0076] However, the temperature of Equation 5 should be

calculated on the assumption that lattice intervals of the
FBG sensors 100, 200, 300 are not changed, except for
temperature.

[0077] In addition, if it is intended to use the sensor
assembly 1' for an invasive treatment instrument such as an
embolic treatment instrument, it is required to accurately
figure out a temperature of the front end of the body 10,
rather than an intermediate portion of the body 10.

[0078] Therefore, a sensor assembly 1" according to
another embodiment of the present disclosure is configured
to detect temperature information of the front end of the
body 10 by using the FBG sensor 100.

[0079] FIG. 7 is a side view showing the sensor assembly
1" of this embodiment, FIG. 8 is an enlarged view showing
a front end portion of the sensor assembly 1", and FIG. 9 is
a front view showing the sensor assembly 1".

[0080] As shown in FIGS. 7 to 9, the sensor assembly 1"
includes three FBG sensors 100, 200, 300. For convenience,
three FBG sensors 100, 200, 300 are disposed without
distinguishing an optical fiber and a core.

[0081] A plurality of refraction lattice units T ,,;, T,,,,
T03s T 04 1 formed in the middle of the optical fiber 110 of
the FBG sensor 100. Lattices forming each of the refraction
lattice units T, ,, T2 T 03 1104 are disposed with the same
interval. Intervals of lattices forming each of the refraction
lattice units Tq;, Ti0as Toss 1104 are different from each
other and are gradually increasing in this embodiment.
[0082] A plurality of refraction lattice units T,q;, Tsq,,
T5035 Tap4 is formed in the middle of the optical fiber 210 of
the FBG sensor 200. Lattices forming each of the units T,,;,
Ts02 Tao3, Tags are disposed with the same interval. Inter-
vals of lattices forming each of the units T5q;, T5os Ta03,
T, are different from each other and are gradually increas-
ing in this embodiment.
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[0083] A plurality of refraction lattice units T, Ts0s,
T1035 T304 1s formed in the middle of the optical fiber 310 of
the FBG sensor 300. Lattices forming each of the refraction
lattice units T, T5g,, T03, T04 are disposed with the same
interval. Intervals of lattices forming each of the units T;,,,
Ts0s Ti0s Ts04 are different from each other and are
gradually increasing in this embodiment.

[0084] Ifawavelength variation of a reflected light of each
sensor corresponding to the refraction lattice units of three
FBG sensors 100, 200, 300 is detected, refraction informa-
tion of the body 10 may be obtained.

[0085] Meanwhile, a temperature detection lattice unit T
composed of at least two lattices is formed at the front end
portion of the optical fiber 110 of the FBG sensor 100. An
interval of the lattices forming the temperature detection
lattice unit T is different from intervals of lattices respec-
tively forming the refraction lattice units T, T, 05 T103
104

[0086] The temperature detection lattice unit T, is not
formed in a different way from the refraction lattice units
Tyo1s Trozs T1o3 Tios, butjustits location and lattice interval
are different therefrom.

[0087] In order to measure an accurate temperature of the
front end portion of the body 10, the temperature detection
lattice unit T, is configured to minimize factors which
change the lattice interval, except for a length variation of
the optical fiber caused by temperature.

[0088] For this, the body 10 includes a concave groove 2
formed from its front end with a regular depth. The front end
portion 160 of the FBG sensor 100 is disposed to be located
in the concave groove 2. The concave groove 2 has a
diameter greater than a diameter of the optical fiber 110 so
that the front end portion 160 of the FBG sensor 100 has a
free end without contacting the body 10.

[0089] In this specification, the “front end portion of the
FBG sensor” may also be defined as a length portion
including a lattice unit located at a foremost side, among
lattice units provided at the FBG sensor.

[0090] Inaddition,according to this embodiment, the front
end 161 of the FBG sensor 100 is disposed inwards (rear-
wards) in comparison to the front end of the body 10.

[0091] In this configuration, the front end portion 160 of
the FBG sensor 100 may be regarded as substantially
changing its length only by a temperature variation, without

being influenced by a contact and/or bending of the front end
of the body 10.

[0092] If a length variation occurs at the front end portion
160 of the FBG sensor 100, the lattice interval of the
temperature detection lattice unit T, is changed, and also a
wavelength of a reflected light corresponding to the tem-
perature detection lattice unit T, is changed.

[0093] A peak corresponding to the wavelength of the
reflected light corresponding to the temperature detection
lattice unit T - may be figured out among various peaks of the
reflected light output through the light inlet of the FBG
sensor 100, as described above.

[0094] A strain £, of the temperature detection lattice unit
T, may be obtained by means of a wavelength variation of
the reflected light corresponding to the temperature detec-
tion lattice unit T4, and a variation of temperature T corre-
sponding thereto may be figured as in Equation 6 below.
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ATz T Equation 6

]

[0095] Here, o is a temperature coeflicient of the optical
fiber 110 of the FBG sensor 100.

[0096] Meanwhile, according to this embodiment, the
FBG sensor 200 includes a force detection lattice unit T,
composed of at least two lattices at a front end portion
thereof in order to detect information about a force applied
to the front end of the body 10.

[0097] An interval of lattices forming the force detection
lattice unit T, is different from intervals of lattices respec-
tively forming the units T,q;, Ts05 Ta035 Tags- The force
detection lattice unit Ty, is not formed in a different way
from the units T,y,, Tsgz, Tagss Ts04 bUt only its location
and lattice interval are different therefrom.

[0098] The front end portion of the FBG sensor 200 is
mostly confined by the body 10, but its front end 261
protrudes forwards in comparison to the front end of the
body 10.

[0099] Accordingly, the front end 261 of the FBG sensor
200 comes into contact with an article in advance in com-
parison to the front end of the body 10.

[0100] If the front end 261 of the FBG sensor 200 comes
into contact with an article or obstacle, the front end 261 of
the FBG sensor 200 is pressed, and the interval between
lattices of the force detection lattice unit T, is decreased.
[0101] By detecting a wavelength variation of the reflected
light corresponding to the force detection lattice unit T,
according to the above, it may be found whether the front
end of the sensor assembly 1" makes a contact.

[0102] Further, since a strain ¢ of the front end portion of
the FBG sensor 200 may be figured out, an accurate force F
may also be calculated using Equation 7 below.

o F Equation 7
I EA

AL
£= —
L

[0103] Here, E, is a Young’s modulus of the sensor assem-
bly 1", and A is an area of the front end of the body 10.
[0104] In the sensor assembly 1", since the body 10 is
made of epoxy and the optical fiber is made of glass
material, the Young’s modulus E, of the sensor assembly 1"
may be defined as in Equation 8 below.

Es(EgdotEgdp)(dotdp)

[0105] Here, E; is a Young’s modulus of glass, B, is a
Young’s modulus of epoxy, A is an area of the glass, and
A is an area of the epoxy.

[0106] In this configuration, it may be found whether the
front end of the body 10 makes a contact, and an intensity
of the contact force may be found, by means of the FBG
sensor 200.

[0107] In this specification, the information about whether
the front end of the body 10 makes a contact and/or about
intensity of the contact force are defined as force informa-
tion applied to the body 10.

[0108] Meanwhile, according to this embodiment, in order
to detect the force information applied to the body 10 more
broadly or more accurately, a force detection lattice unit T,
composed of at least two lattices is also formed at the front
end portion of the FBG sensor 300.

Equation 8
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[0109] An interval of the lattices forming the force detec-
tion lattice unit Ty, is different from intervals of lattices
respectively forming the refraction lattice units Tsq;, Ts0a,
T5035 T304- The force detection lattice unit T, is not formed
in a different way from the refraction lattice units Ts,,. T5,,
T505 Ts04 but just its location and lattice interval are
different therefrom. Even though the front end portion of the
FBG sensor 300 is mostly confined by the body 10, its front
end 361 protrudes forwards in comparison to the front end
of the body 10.

[0110] The principle of detecting a force applied to the
FBG sensor 300 by means of the force detection lattice umt
Tp, is identical to the above description.

[0111] The force information respectively detected at two
FBG sensors 200, 300 may be averaged and used as average
force information applied to the body 10, and the force
information may also be used to obtain local force informa-
tion of the front end of the body 10.

[0112] Strains of the force detection lattice units of two
FBG sensors 200, 300 also include an influence caused by
a temperature variation applied to the front end portions of
the FBG sensors 200, 300.

[0113] Therefore, according to this embodiment, an error
caused by the temperature variation of the front end portion
of the FBG sensors 200, 300 may be corrected by calculating
strains £ of the force detection lattice units T, T, of two
FBG sensors 200, 300 first and then reducing the strain £,
of the temperature detection lattice unit T, of the FBG
sensor 100 from the above value.

[0114] At this time, the temperature detection lattice unit
T, of the FBG sensor 100 should be corrected in consider-
ation of a value corresponding to the strains applied to the
force detection lattice units T, T, of the FBG sensors 200,
300 due to the confinement of the body 10, because the
lattice interval is changed without a confining force of the
body 10 and the force detection lattice units T, T, of the
FBG sensors 200, 300 change lattice intervals while being
confined to the body 10.

[0115] According to this embodiment, at least one of
refraction information of the body, force information applied
to the body and temperature information of the body may be
selectively extracted using the FBG sensor provided at a
single sensor assembly 1".

[0116] Therefore, the sensor assembly 1" may be suitably
used for a guide wire or the like, which guides a surgical
instrument such as a catheter into a living body tissue such
as a blood vessel.

[0117] When the guide wire is introduced into a blood
vessel, an accurate three-dimensional location of the guide
wire in the blood vessel may be calculated by comparing
information of the blood vessel, which has been scanned in
advance, and the refraction information of the body and the
force information applied to the body, which are obtained by
means of the sensor assembly 1".

[0118] Therefore, it is possible to prevent the guide wire
(the body 10 of the sensor assembly 1") from being dam-
aging the blood vessel, thereby promoting stability in sur-
gical proceedings.

[0119] According to this embodiment, the FBG sensor 100
simultaneously serves as a refraction-detecting FBG sensor
for detecting refraction information and a temperature-
detecting FBG sensor for detecting temperature information,
and the FBG sensors 200, 300 simultaneously serve as a
refraction-detecting FBG sensor for detecting refraction
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information and a force-detecting FBG sensor for detecting
force information, without being limited thereto.

[0120] FIG. 10 is a side view showing a sensor assembly
1™ according to another embodiment of the present disclo-
sure, and FIG. 11 is a front view showing the sensor
assembly 1"

[0121] The sensor assembly 1™ of this embodiment
includes three refraction-detecting FBG sensors 100, 200,
300, a temperature-detecting FBG sensor 400 and a force-
detecting FBG sensor 500.

[0122] A plurality of refraction lattice units T,,;, T,,,
T1o3s Tioas Tios 18 formed in the middle of the optical fiber
110 of the FBG sensor 100. Lattices forming each of the
refraction lattice units T4, Ti0s, Ti03> Tioas L1os are dis-
posed with the same interval. Intervals between lattices
respectively forming each of the refraction lattice units T, ;,
T102 T103s Tio4 T1os are different from each other and are
gradually increasing in this embodiment.

[0123] A plurality of refraction lattice units T,,;, T,q,,
Ts03s Tapas Ts0s 18 formed in the middle of the optical fiber
210 of the FBG sensor 200. Lattices each of the refraction
lattice units Tog;, Taoss Taoss Taoas Taos are disposed with the
same interval. Intervals between lattices respectively form-
ing each of the refraction lattice units T,q;, Tsqs> Ta03: Ta0u4s
T, are different from each other and are gradually increas-
ing in this embodiment.

[0124] A plurality of refraction lattice units Ty, Ts0,,
T1035 T304 T305 18 formed in the middle of the optical fiber
310 of the FBG sensor 300. Lattices each of the refraction
lattice units T54;, T390, Ta0ss L3045 1305 are disposed with the
same interval. Intervals between lattices respectively form-
ing each of the refraction lattice units T;4,, T30, T303: T304
T,,s are different from each other and are gradually increas-
ing in this embodiment.

[0125] Refraction information of the body 10 may be
detected from a wavelength spectrum of reflected lights
output from three FBG sensors 100, 200, 300.

[0126] A lattice unit is not formed in the middle of the
optical fiber 410 of the FBG sensor 400, and a temperature
detection lattice unit T, composed of at least two lattices is
formed at the front end portion exposed to the concave
groove 2.

[0127] The FBG sensor 400 becomes a dedicated sensor
for detecting only temperature information of the body 10 by
analyzing the wavelength spectrum of the reflected light by
the temperature detection lattice unit T .

[0128] A lattice unit is not formed in the middle of the
optical fiber 510 of the FBG sensor 500, and a force
detection lattice unit T, composed of at least two lattices is
formed at the front end portion.

[0129] The FBG sensor 500 becomes a dedicated sensor
for detecting only force information applied to the body 10
by analyzing the wavelength spectrum of the reflected light
by the force detection lattice unit T.

[0130] According to this embodiment, the sensor assem-
bly 1" separately includes a refraction-detecting FBG sen-
sor, a temperature-detecting FBG sensor and a force-detect-
ing FBG sensor. Therefore, information interference of the
reflected lights output from the FBG sensors become mini-
mized, and the sensor assembly 1" may be used for more
diverse purposes since dedicated FBG sensors may be
selectively disposed as necessary.

[0131] According to this embodiment, refraction informa-
tion of the body 10 is obtained using three FBG sensors,
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without being limited thereto. It would be understood that
refraction information such as curvature and curved angle of
the body 10 may be detected by applying the principle
described above, if at least two refraction-detecting FBG
sensors as described above are provided.
[0132] In this embodiment, a sensor assembly capable of
extracting at least one of, force information applied to the
body 10 and/or temperature information of the body 10
together with refraction information of the body 10 by using
the FBG sensors has been described, but the present disclo-
sure is not limited thereto.
[0133] Referring to FIG. 1 again, the sensor assembly 1 of
this embodiment may further include a laser-irradiating
optical fiber 700 formed in the middle of the body 10, in
addition to three refraction-detecting FBG sensors 100, 200,
300, the temperature-detecting FBG sensor 400 and the
force-detecting FBG sensor 500.
[0134] The laser-irradiating optical fiber 700 transmits a
laser irradiated through a laser light source (not shown) to a
target.
[0135] The sensor assembly 1 having the laser-irradiating
optical fiber 700 may be not only used for simply guiding an
instrument such as a catheter like a guide wire in a narrow
passage like a blood vessel but also used as an instrument for
embolic treatment or atheroma removal, which makes tis-
sues die by laser.
[0136] Moreover, the sensor assembly 1 may further
include a flow sensor 600 for detecting flow rate information
of fluid (blood) which flows in a work environment at which
the body 10 is located, for example an inside of a blood
vessel. The flow sensor 600 includes a flow rate-detecting
optical fiber 610.
[0137] The light passing through the flow rate-detecting
optical fiber 610 and reflected by the fluid exhibits so-called
“Doppler effect”, similar to sound wave. In other words, if
the flow rate increases or becomes strong, a wavelength of
the reflected light is changed. If this Doppler effect of light
is used, flow rate information of the fluid may be detected.
The flow rate detecting method using an optical fiber is
already known in the art and thus not described here in
detail.
[0138] The sensor assembly 1 including the flow sensor
600 may be used as a guide wire for balloon angioplasty
which guides a balloon catheter into a blood vessel.
[0139] After the balloon angioplasty is performed, it may
be found whether the surgical procedure is successful, by
analyzing a blood flow by means of the flow rate-detecting
optical fiber 600.
[0140] According to this embodiment, it is possible to
form a sensor assembly selectively having various functions
by using optical fibers, which can be easily fabricated, and
thus ensures various applications.
[0141] Moreover, a plurality of sensors may be imple-
mented in a minute diameter, and a sensor assembly with
deep flexion may be fabricated.
What is claimed is:
1. A sensor assembly, comprising:
a flexible body; and
a plurality of fiber Bragg gratings (FBG) sensor inserted
into the body,
wherein the FBG sensor includes an optical fiber extend-
ing in a length direction of the body and a plurality of
lattices disposed in the optical fiber,
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wherein a variation of a wavelength spectrum of light,
caused by a variation of an interval of the plurality of
lattices, is detected, and

wherein at least one of force information applied to the
body and temperature information of the body is
extracted together with refraction information of the
body.

2. The sensor assembly according to claim 1,

wherein the force information is force information applied
to a front end of the body, and

wherein the temperature information is temperature infor-
mation at the front end of the body.

3. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes a tempera-
ture-detecting FBG sensor for detecting the tempera-
ture information, and

wherein a front end of the temperature-detecting FBG
sensor is disposed rearward of a front end of the body.

4. The sensor assembly according to claim 3,

wherein the temperature-detecting FBG sensor is dis-
posed so that a front end portion thereof does not
contact the body.

5. The sensor assembly according to claim 4,

wherein the body has a concave groove formed from the
front end thereof,

wherein the temperature-detecting FBG sensor is formed
so that the front end portion thereof is located in the
concave groove, and

wherein the concave groove has a diameter greater than a
diameter of the optical fiber of the temperature-detect-
ing FBG sensor.

6. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes a tempera-
ture-detecting FBG sensor for detecting the tempera-
ture information, and

wherein a temperature detection lattice unit having an n
(n22, natural number) number of lattices with the same
interval is formed at a front end portion of the tem-
perature-detecting FBG sensor.

7. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes a force-
detecting FBG sensor for detecting the force informa-
tion,

wherein a front end of the force-detecting FBG sensor is
disposed frontward of a front end of the body.

8. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes a force-
detecting FBG sensor for detecting the force informa-
tion, and

wherein a force detection lattice unit having an n (n=2,
natural number) number of lattices with the same
interval is formed at a front end portion of the force-
detecting FBG sensor.

9. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes at least
three refraction-detecting FBG sensors for detecting
the refraction information,

wherein a plurality of lattices is formed at the refraction-
detecting FBG sensor over the entire length of the
optical fiber,

wherein an n (nz2, natural number) number of the plu-
rality of lattices are grouped to form a plurality of
refraction lattice units,
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wherein an n number of lattices are disposed with the
same interval in a single refraction lattice unit, and

wherein the refraction lattice units have different intervals
between lattices from each other.

10. The sensor assembly according to claim 9,

wherein the at least three refraction-detecting FBG sen-
sors are disposed eccentrically from a central axis of
the body in a length direction.

11. The sensor assembly according to claim 1, wherein the

plurality of FBG sensors includes:

a temperature-detecting FBG sensor for detecting the
temperature information;

a force-detecting FBG sensor for detecting the force
information; and

at least three refraction-detecting FBG sensors for detect-
ing the refraction information.

12. The sensor assembly according to claim 1,

wherein the plurality of FBG sensors includes at least
three refraction-detecting FBG sensors for detecting
the refraction information,
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wherein at least one of the at least three refraction-
detecting FBG sensors configures a temperature-detect-
ing FBG sensor for detecting the temperature informa-
tion, and

wherein at least another one of the at least three refrac-
tion-detecting FBG sensors configures a force-detect-
ing FBG sensor for detecting the force information.

13. The sensor assembly according to claim 1, further
comprising:

a laser-irradiating optical fiber inserted into the body to
irradiate laser thereto.

14. The sensor assembly according to claim 1, further
comprising:

a flow sensor inserted into the body to detect flow rate
information of a fluid flowing in a work environment at
which the body is located.
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