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Refractive index profile characterization for tapered optical fiber
Hydrogen gas sensor

N. Hadidi MR. Jafarfard .and M. Vahedi

School of Physics. Iran University of Science and Technology (IUST). Narmak. Tehran

hadidi.n.YAY - Y@gmail.com; mr_jafarfard@yahoo.com ; mvahedi@iust.ac.ir

Abstract- In this paper. a single-mode tapered optical fiber sample. which is used for hydrogen gas
sensing. is imaged using the Hilbert phase microscope method. By processing the resulting images in
MATLAB software environment. after determining the phase obtained for the fiber. a three-

dimensional matrix is created using the fiber phase image. By using the inverse radon transformation
on the obtained matrix. the fiber refractive index profile will be accessible.

Keywords: Radon transformation« Tapered Optical fiber« Fourier slice theorem« Hilbert phase microscopy« Hydrogen
Sensor.


https://opsi.ir/article-1-2592-en.html

[ Downloaded from opsi.ir on 2026-01-31 ]

Olnl Segisd (659l 9 (switen (S e d oz 5 Olnl Sgisd 9 Sl ST retin 5 S
VFee e VE VY lpl (linsss Glaal ol e agus olKisls

D9y GRS 4 b dlie ol o pell e
oS3 (55 diged Sl Dplie (o518 Sy S
5 S el 3 oS (LSS ) bead Sl
b oas Cal sl (gloppaal wye S 4 (5g0e
MATLAB 38l o5 Lo o Jols pslas Ubjlon
@ ol Sl et Cand @ byrpe CuSls gy bl

] 000] Casd

Sl sla,ls

S5 o3l 5 (oS (551 (g1 pgal sla e 5

w09 ey (1) alasl, b wlgies o

Y
pGxy)= [ Bnxeyr) ax 3

&9 S In(x¢yz) 5 85 aio goe Job A ol o &5
Slybl e g diged (o (som e CuS g po (olab

el

b @i b o bl ST ses g5lusl S
ol diged Glie slo 655 e ln ]y gam 9o U

Apd be [)AD a5 gl aigS a0 5
dad )0 518 4y ys8 houd mez cyjsd Dy andd bl
4,98 dmho (3 (Gom dw CwSd o Jole Sl
i g i an ) osial | calyliy

Wl o Cawd 4y Aiged (Somy s LSl

YA

A \
nGxeyn)= 1= FT ) FT (0,(xey)) ™
[
0dl 6,25 o3l 51 @g(X) 5 4,68 haws FT o1 o a8
ABl oo 0 agly o

6)‘0)4)45..4.’ 5 610M as-ll sS.HSA ) ‘M.\ U"‘

DT sl o Sl S aeg

douddo

g e S5 (i 4 (g0 51 51 ooliiul ojg el
b el az g 3550 Sy dazme b 5L 5 SL
Ey st il dae jo Q'l 1% sgam el b s
5900 35 JB g Joz g (g5l 0033 (nlpls amae
jb’wlw.wldicm5d§uaw;|é{
S 33 ol plolid Gl 5 el 50 5 S5 9
2 e 39 5 S Tl il (od iy ISl
o5 Gl (izren g Lad-lsn Coio 5 (5880 b

D] el oas a5 15 4 SU 65,0

505 gl Ol Vb Comlur oz @ 9 slayed
e o K cEle gl (ol anF 09 el
Slbl bae & Cond b b 035 S36 L Y]
el 10 (Shy omed I¥] 05 salss ly cunlus
0y50 0l S3U (69 b p (e (59,00 S S

el 423 5 )18 solatul

lp 2aS-l S 5 olerds I pel gl slagds,
eSS g, 5 sybigs aslital b (sl
Oloyod 3 358 00 )5 g alals Suo3 by 5l iy
b Sonzmn I (al &5 35800 00025 (85l I b
o s oS el gl oge 455 Lol oo |y 095 ol
oo aSle R Cawlus p g0b) b ool STHU
Syl 1y ed ol sl

GxS ol gl ool Gl SlaSaSs (5St
PP 6o Syt 9 b pzse CuSl oy by
s ks (636 g8y Sn gy [F-AL el ot
S5 oMl e b a5 pae g 0k e YL 2B
5 s 2 b g Wi 6 gl il Sl iz
L oo Sy o & s s a3


https://opsi.ir/article-1-2592-en.html

[ Downloaded from opsi.ir on 2026-01-31 ]

Olnl Segisd (659l 9 (switen (S e d oz 5 Olnl Sgisd 9 Sl ST retin 5 S
VFee e VE VY lpl (linsss Glaal ol e agus olKisls

bl oads yg abbge JgpmuadS j0 pd el 00l oolaznl

e RO s
Bgod 5B oailopys wad el Sl mb elas
e dasmme o polas el o p b cnlple aasl o
=5 3 (V) S5 ] (s B g 06 ki

A3 oo i 1) diged ool S3U Caond 0zl Benl

1.8

16

0.8

B 0.6

04

35 02
40 [

100 200 300 400 500
xpixel)

gl 0B 3 aond s gl il oS 56 (V) UK

b LSl o po By Jol> s o 4 aalol o

(“")l‘))"LSA K_A.LA.A )l).él P)" Ja...‘z.a » 445.@

1476 + +
Backgroud(Glyserol)
1475

£ |
I' “‘ }."“‘T}‘:‘Tw ‘ [ ’mﬁ‘{ﬁ'{{.‘y \I‘vll

1.474
3 ! core
X 1473 /

1472 1 ‘

cladding
1471 |
147 " .
-52.86 0 52.86
x(pm)

e Coond 3B Ly 5l cu’lg@oc\ew%,& Jlgp (F) U

0al Sl o ST (5,8 et SO S
JBg 5l m’!w“{wwﬁ Dby (V) IS
Sl a5 jshiles w0 lis 1) Sibe cwend 8

s sle,l8
FBgy 40551 Cesd (6l 00 00ld sy Dl
5590y s s 5 ooliial b iy gn i
355 ool i 3 o5 Lo o
S oS iy By 5] Coms @ g, () JS
olas L MATLAB I3l 65 s 15 (6,53 e 318 pgeas

'MOLSO

Phase profile

|

Making a 3D matrix with phase profile

|

Inverse Radon Transformation

|

Fiber index profile

68 o B pgea ) CnS oy gy 051 Cuws 4 g, (V) JS
MATLAB i3l o5 Luma s

A Lo SO und (6l ol s @ 5B s )
oosSan Jlael b sgb o a5l o 5l solizl b sam
e S o By o ile cnl p o90ly b

gy dlez s LB
aigad 55 by (555 o3Il (gl Lo oolisl 5550 s,
Ablos Dk (651 Sy e gy GiReR (2l o

9 (k> Ceond (o Spden abaly bl g, onl 50
plal (636 oMb alie Lo JUS s Sy sagge

el oo gl (gode Djgo 4
SMFYA Jae) de S5 (585 yud digad S5 5l dllie ) )0

Slopnsal o oiiS-l,S by, Loead S


https://opsi.ir/article-1-2592-en.html

[ Downloaded from opsi.ir on 2026-01-31 ]

Olnl Segisd (659l 9 (switen (S e d oz 5 Olnl Sgisd 9 Sl ST retin 5 S
VFee e VE VY lpl (linsss Glaal ol e agus olKisls

Ot Dge il o odal cans @ s il ey

L a2 o

Jels slez (gamly deze (s (5 )0 e (L, e "]
S56 6yp et K Cle g il s " sl dlly o
shegiele ayas oigae GlolSal cer eal
Ol g e ) ojled iy JLok (63 )l5 (blisng 2SI

NO-YY e aYAF

[Y] M. Pospisilova, G. Kuncova, J. Trogl, Fiber-Optic
Chemical Sensors and Fiber-Optic Bio-Sensors, Sensors,
Yo YoY.AYovod (Y.\o),

[¥] K. Mullaney, The fabrication of micro-tapered optical
fibres for sensing application, PhD Thesis, Centre for
Engineering Photonics, School of Aerospace, Transport
and Manufacturing, Cranfield University,Y )1

[¢] M. R. Jafarfard and M. H. Mahdieh, Characterization
of Optical Fiber Profile Using Dual-Wavelength
Diffraction Phase Microscopy and Filtered Back
Projection Algorithm, Optik YA, 1Y4 (Y+)A),

[¢] Corle T R and Kino G S, Confocal Scanning Optical
Microscopy and Related Imaging Systems (San Diego:
Academic), (Y437).

['] A. Roberts, E. Ampem-Lassen, A. Barty, K. A.
Nugent, G. W. Baxter, N. M. Dragomir, and S. T.
Huntington, Refractive-Index Profiling of Optical Fibers
with Axial Symmetry by Use of Quantitative Phase
Microscopy, Opt. Lett. YV, Y+1) (YY),

[V] D. J. Butler, K. A. Nugent, and A. Roberts,
Characterization of Optical Fibers Using Near-field
Scanning Optical Microscopy, Journal of Applied
Physics Vo, Yvey (144¢),

[A] Y. Park, N. H. Seong, Y. Youk, and D. Y. Kim,
Simple Scanning Fibre-Optic Confocal Microscopy for
the Refractive Index Profile Measurement of an Optical
Fibre, Meas. Sci. Technol. 'Y, 142 (YY),

[4] T. Ikeda, G. Popescu, R. R. Dasari, and M. S. Feld,
Hilbert Phase Microscopy for Investigating Fast
Dynamics in Transparent Systems, Opt. Lett. Y+, Y)1e

(Y++0).

[Y+] A.C. Kak, M. Slaney, Chap. Y, in: Principles of
Computerized Tomographic Imaging (Society for
Industrial and Applied Mathematics, Y+ +).

Lol j0 a5 (g9 dbge aome Sl (oo il

d S oo )l i el (=), 8V E) g LIS

IS g

1.474 |

1473 ¢

n{x)

1472

1471

-52.86 0 5286
x(pm)

W S5 (6)98 b o S e Seend eSS 2 By () S8

s 3L
Coll CanSd o b ko iz ) (oS5 b B
se3n () USH uiSen alisdle o8 pobilan bl s
b s 0 (2o, Ol cle cwl Cllas an
o el as wil o 3l SU e 0 Sl Gldes
9 () 0bj ZeaSd 0 L slo o (55 o0

0313l L L8 Lx] yo oolaiwl 0,50 oliws cwl S5 4y p3Y

[\c] Cewl 00l o)Jlfwélm 400 6)5

SMFYA Ja) de S5 (585 yd digad G 3l allin ol )0

S 2oSnSan 9y b )0 p gl Cuz 00l SSU
3 Jols polar (biley b cewl oals coliiwl &l
b S oy Ly MATLAB 31 o5 s
S gy b e ] S 5 e el s

e Aad Sl po Ll sl ool aislil g col


https://opsi.ir/article-1-2592-en.html

[ Downloaded from opsi.ir on 2026-01-31 ]

Olnl Segisd (659l 9 (switen (S e d oz 5 Olnl Sgisd 9 Sl ST retin 5 S
VFee e VE VY lpl (linsss Glaal ol e agus olKisls


https://opsi.ir/article-1-2592-en.html
http://www.tcpdf.org

