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Study of Transmission of Holograms Using a Plastic Optical Fiber Image Guide

in Phase-Shifting Digital Holography

Masayuki YOKOTA and Naoyuki KAWASHIRI

Department of Electronic and Control Systems Engineering, Faculty of Science and Engineering,

Shimane University, 1060 Nishikawatsu-cho, Matsue 690-8504

A plastic optical fiber (POF) image guide is used to transmit holograms in phase-shifting digital
holography. To evaluate the resolution of reconstructed images in the system, the modulation transfer
function (MTF) of the reconstructed images is investigated using a USAF test target as an object. The
transmission of holograms is simulated prior to the experimental investigation and then the calculated
results are compared with the experimental one. The calculated results well explain the variation of MTF
against spatial frequency of the patterns in the USAF test target. The possibility of a hologram
transmission with a POF image guide is discussed by comparing the both results.
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Fig. 1 Microscopic image of cross-section of a plastic optical
fiber (POF) image guide. A magnification factor of the micro-
scope is ~700.
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Fig. 2 'The pattern of the USAF Test Target used in the
experiment. The line pairs (£ =1.12-8.00 Ip/mm) in the
dotted lines are analyzed.
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Fig. 3 Coordinate system for the simulation.
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Lightwave propagation calculated by 2-FFT method
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Fig. 4 Calculation procedure for the simulation. ®, convolu-
tion; FT, Fourier transform; FT ~!, inverse Fourier transform.
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(@) (b)
Fig. 5 Distribution of transmittance of (a) aperture on
object plane and (b) input surface of the image guide.
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Fig. 6 Experimental setup. SF, spatial filter; BS, beam splitter;
M, mirror; PC, personal computer; L, lens.

Table 1 Specification of simulated plastic optical fiber
(POF) image guides.

IF 2.0 IF 1.5
Diameter of fiber (mm) 2.0 1.5
Diameter of core (um) 20 20
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Fig. 7 Reconstructed images of holograms transmitted by IF
2.0: (a) intensity and (b) phase images (60X 60 pixels), (c)
and (d) are the intensity distribution along the dashed line in
(a) and (b), respectively.
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Fig. 8 Reconstructed images of holograms transmitted by IF
1.5. (a) intensity and (b) phase images (60X 60 pixels), (c)
and (d) are the intensity distribution along the dashed line in
(a) and (b), respectively.
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Fig. 9 Modulation transfer function (MTF) curves for
calculated results using plastic optical fiber (POF) models of
IF 1.5 and IF 2.0.

JA 0 £, =833 Ip/mm (w=60um) TH 3%, Fig.7 &
Fig. s DfE 2 KT % &, & bICHABKRIZITI TV
2, Fig. 737 bb IF20 D) BEFEHTH S, oz
ERNICHIET 2720, XA»SMEm KOy 7 A b
(ZEFUE RIS MTF) m %2515 L 72 2,
8 max — &min
"= Zmax T &min (9)

K (9) ZHWT, IF20,IF 15 DESEMEICH L TL=
1.11~8.33 Ip/mm DFAII ¥ — > 2 AGE U 7 K3 5SS
5mERD, FERE Fig. 91T,

Fig. 9IcBWTIF20 £ IF15 DR ZIERZ &, fi=
8.33 Ip/mm (2 E 1} % m {1 IF 2.0 73 0.89, IF 1.5 %3 0.76
Lo TED, ZNUTOREMEBEHTIIEREREITAS
N7\, Fig. 7 (), Fig. 8 (¢) 128 2 HAGIRE D WiHE
koA y b EEDOIE w = 5w i, IF 2.0 75389
um, IF15723408 um TH o7z, DL ZFDHEFRRD 2
Vv M EDIESwIZ310 um TH B I LR EET L E, Z
NZNR 1.25 15, #9132 EREICIE>TED, IF15D
FIWRE O, FFIF20B X0 IF15Ic8F 545077
ADREZ BIN) 2F 2784, BERCEYSZ7
V=T 4 A7 O¥RIE, dnr s (BIN) oz D &
LT 1224Z,/D THZ 6035 Z MBI HERD S
[REEZRDZ LT D E, DDfE, ThbbFIr T 7 L05K
E 0T ) VAR DI REEDE O, IF 2.0 DEETIE D=
20 mm % DT, 7V =T 4 A7 DPEOWEIL 17.3
(mm ') B4, IF15TIED=15mm T& % DT 13.0
(mm ") BELFHAETES, Lirl, EEIEA 774
DREILTTHRL, a7 7 74 N—DROBI X 5
FHDIEBY) a7 7 7 ANl A +—2, < LT
E-FEMICE2 /A X5 bEEN10, EREOS



(2) (b)

200 - — 200
With POF transmission Without POF transmission
—~ 150 —~ 150
3 2
S &
2 100 2 100
(72} (72}
c c
Q Q
KC) K]
£ £
50 50
0 . . . . . 0 . . . . .
0 100 200 300 400 500 0 100 200 300 400 500
X (pixel) X (pixel)
(c) (d)

Fig. 10 Holograms obtained (a) with and (b) without plastic
optical fiber (POF) transmission. (c) and (d) are the intensity
distribution along the dashed line in (a) and (b), respectively.
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Fig. 11 Holograms of (a) Group 0 Element 2 and (b) Group 3
Element 1 transmitted by the plastic optical fiber (POF) image
guide with 7400 fiber elements whose diameter is 20 um and a
total diameter of 2.0 mm. (c) and (d) are magnified images of
the square in (a) and (b), respectively.
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Fig. 12 Reconstructed images of holograms of Group 0
Element 2: (a) intensity and (b) phase images (512X512
pixels). (¢) and (d) are magnified images of the square in
(a) and (b), respectively. (e) and (f) are the intensity distri-
bution along the dashed line in (¢) and (d), respectively.
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Fig. 13 Reconstructed images of holograms of Group 3
Element 1: (a) intensity and (b) phase images (512X512
pixels). (c¢) and (d) are magnified images of the square in
(a) and (b), respectively. (e) and (f) are the intensity distri-
bution along the dashed line in (c) and (d), respectively.
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Fig. 14 Modulation transfer function (MTF) curves for
calculated and experimental results.
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