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Basic study on imaging technique by ultra-low invasive needle

Sato, Manabu
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Using the short multimode fiber(SMMF) with length 8.8mm and diameter 0.125mm made
from graded index multimode fiber for optical communications as an imaging probe, basic characteristics
such as imaging condition, spatial resolution and wavelength-dependence have been studied theoreticallK
and experimentally, and the reflection images of chicken tendon were measured using 635nm LED as a light
source. Further, the SMMF (L:5mm and D:0.125mm) was combined with the full field OCT, and the axial and
lateral resolutions were evaluated at 2y m and 4.4y m, respectively. The three dimensional OCT images of
dried fin of small fish were measured. The basic technique of an ultrathin low invasive imaging probe has
been developed.



um

OCT(optical coherence tomography)

OCT
3mm
450y m
3.5u m
OCT
330U m
OCT
2006
58.2
Viability
OCT
OCT
ATP
OCT
2-4mm
6
in
Vivo
v
m
OCT
OCT
in vivo
OCT
5-6mm 140
M m

OoCT

5-6mm

(1)SMMF(Short multimode fiber)

SMMF

(2)oCT

OoCT
SMMF

OCT

®3)

(1) SMMF(Short multimode fiber)

ABCD
125y m
50 m
SMMF
L: SMMF Ls SMMF
L Ls 8.7mm
L1 57y m L 132y m
L 163y m
-1.37,
-1.64
(TP)
(NA)
NA
L1 57um 852nm
( )
2.2um 4.4y m
SMMF

(@)



SMMF 2

1(b) 1
2
635nm LED
NA
0.25(10
) 0.40(20 ) 0.65(40 ) 1.25(100 )
0.40-0.65
NA
0.40 4.4p m

TP

550nm, 635nm, 730nm, 840nm
10nm

600nm

8.8mm  SMMF
(@
(b) ©
(d) SMMF
(e)  SWIF

CCD carmerns LED
_Polarirer

-

{ Bundle fiber
A Facet A
Filterl
shde glass R
Fite 4 Hatogen lamp Facet B
(a) (b}
(@) (b)SMMF

(c) (d)
(@)NA0.25 TP
4.4p m (b)0.40 ()0.65 (d)1.25

11 T T T T T T ™ 0.30
10 & ————".. Reflection
4025
-~ 09+ S
= Transmission
< 08F 1020
Zorf §
=4
'5! 061  Reflection = 1015 =
=
o
E 05 {010
B 041 Transmission
03F L 4005
0zr
0.00

500 550 600 650 700 750 8OO 850
Wavelength (nm)

(@)

(b) (c)
(d)SMMF
(e) SMMF



(2)oCT

SMMF
SMMF
SMMF
2.3
(a)
CCD
OCT
2
784nm
132nm 5.12mm
SMMF (b)
0.885mm
2.06p m 2.154 m
OCT
(@)-(c) (d)-() OCT
(b) (e)
OCT
TP
4.4y m 4.4y m
- -
=1 11 ) /Spectrum
< 7]/ Bandwidth
= i -150nm
5 140nm
_g 130nm
£ 2l 110
E /lﬂﬂnm
?
= ZIUDU 3000 4DD SDhU 6000 7000

Lenth of Dispersion Gompensator (um)

SMMF
24 m
55
110p m
1.33 83y m
100

@)

(b)
z (©)
XY (d) (b)
OoCT

110
(Imaged)
10

Bundle fiber from
light source

Sample Col\imalor, X10
Aperture

Ob] x10

1 Band Passfilter ¢ camera

L /) =
Variable ND Polarizer

dispersion
Obj, x10 - compensator PC

PZT+Mirror '—M}—|—|
SMMF FFOCT

200 dotted line | Gaussian fit mg'
5180 fsolid line - measured .ﬁ\
L3

o)
<160}

S 40} f \a.

120 -

100 + ZZISLLM

g
: Back groundf/"- "\'.._‘"\-
»'-‘!'.\/ '\-'-.

P ol 1 L 1 =

Signal Intensit
=T N R = ]
[ =] o o

f=] o

0 2 4 6 8 10
Axial Displacement (um)

(c) L, 102.7um

(a) L, 56.5um (b) L, 78.9um

(d) L; 56.5pum

(e) L, 78.9um (f) L, 102.7um ”

(@)-(c) (d)-(HOCT
(b) () TP
440 m



(d)
9(a)
(b) OCT
OCT (d)
OCT

()XY

10 9

J. Sun et a., J. Biomed. Opt., 15, 4 , 040502
(2010).

D. Lorenser, X. Yang, R. W. Kirk, B. C. Quirk, R.
A. McLaughlin, and D. D. Sampson: Opt. Lett. 36
(2011) 3894.

4
(D)Manabu Sato, Kou Shouji, Daisuke Saito, and
lzumi_Nishidate,“Imaging characteristics of an
8.8 mm long and 125 pm thick graded-index
short multimode fiber probe”, Applied Optics
Vol. 55(12), pp. 3297-3305,( Apr,2016)

@) -
” Vol.35,

No.4, pp.424-431 (2015).

(3)Manabu _ Sato and Izumi Nishidate,

“Application of wide-field optical coherence
tomography to monitoring of viability of rat brain
in vivo” .Optical Reviwe,
Vol.21,No.3,pp.333-338 (2014)

(4)Manabu Sato, Takahiro Kanno, Syoutarou
Ishihara, Hiroshi Suto, Toshihiro Takahashi, and
Izumi Nishidate, “Reflectance Imaging by
Graded-Index Short Multimode Fiber”, Applied
Physics Express, Vol.6, pp.052503,
(2013)

5
(1)Manabu Sato, Daisuke Saito, Kou Shouji,and
Izumi Nishidate,” Full-field optical coherence
tomography using ultrathin forward-imaging short
multimode  fiber,” Optics &  Photonics
International Congress 2016, Pacifico Yokohama,
Yokohama, Japan (May 17-20, 2016)

(2)Manabu _ Sato, Yuuki Sekine, Toshihiro
Takahashi, and Izumi Nishidate, “Full field OCT
using short multimode fiber probe”, 5th Asian and
Pacific-Rim  Symposium on  Biophotonics
(APBP’15), APBPp2-5, Pacifico Yokohama,
Yokohama, Japan (Apr. 22-24, 2015).

(3)Manabu_Sato, Yuuki Sekine, Hiroshi Suto,
Takahiro Kanno, Shoutarou Ishihara, Toshihiro
Takahashil, and [zumi Nishidate,” Imaging by
Tandem Optics using Short Multimode Fiber and
GRIN Lens”, Biomedical Imaging and Sensing
Conference2014(BISC’14), BISC5-6, Pacifico
Yokohama, Yokohama, Japan (Apr. 22-24, 2014).

(4)Manabu _Sato, Takahiro Kanno, Syoutarou
Ishihara, Hiroshi Suto, Toshihiro Takahashi,
Reiko Kurotani, Hiroyuki Abe, Izumi Nishidate,”
Imaging of rat brain using short graded-index
multimode fiber”, 8928-47, Session 9, BIOS2014
West, Moscone Center, San Francisco, California,
United States, (Feb.1-6, 2014).

(5)Manabu _Sato, Takahiro Kanno, Syoutarou
Ishihara, Hiroshi Suto, Toshihiro Takahashi and
Izumi Nishidate,“Reflectance images using 5 mm
graded-index multimode fiber”, The 10"
Conference on Lasers and Electro-Optics Pacific
Rim(CLEO-PR 2013), and The 18" Opto
Electronics and Communications Conference,
WPI-15, Kyoto International Conference Center,
Kyoto, Japan (Jun.30- Jul.4, 2013).

http://msatolab.yz.yamagata-u.ac.jp/

@
SATO, Manabu

50226007

@
NISHIDATE, Izumi

70375319



