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Abstract

This report describes a developmental study of a new optical fiber system to be used

for five visible and near infrared channels in a new airborne MSS (multi-spectral scanner
system) which is planned to detect detailed thermal conditions on the surface of volcang
badies as mentioned in the previous report (NRCDP Research Notes No.62 in 1984).

The study covers design, trial manufacturing, experiment and evaluation of the opti-

cal transmissivity of the new fiber system,

As a result, the specified transmissivity for each channel of the optical fiber system

with five visible and near infrared bands was satisfactorily secured,

1.

The main features of the study are as follows:

The optical fiber system consists of the three parts; the fistis a light incidence com-
ponent from which the focused tight through scanning and converging mirrors is
taken into the five channels; the second is 2 light transmission component for each
channel which is formed from line of 2 banded component optical fibers, and the
third is a light focussing and detecting component for each channel which is com-
posed of a series of two lenses, 2 band-pass filter and a detector.

To ensure full transmission of the light at an incidence angle of 58,2°, a multi-
component optical fiber of $0 um diameter, 50 cm length and 0.57 NA (Numerical
Aperture) has been adopted.
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On the focal plane of the light incidence component; five square shaped sections of
fiber bundle are arrayed linearly corresponding to each of the five visible and near
infrared bands and the cross sectional area and the shape of fiber bundle has been
adapted to IFOV (instanteneous field of view = 1.5mrd) and the size of detector
element (150 wm®) in order to secure the best §/N ratio,
The transmissivity experiment on each channel of the optical fiber system was con-
ducted by using a spectroscope and a standard spectrophotometer, and the synthetic
transmissivity of each part of the system was evaluated in the following way.

(1) Synthetic transmissivity of the light focussing component of each channel: Sa
was caluculated from determined transmissivities of lenses and band-pass filter.

{2) Synthetic transmissivity te each channel of the optical fiber system: Ta was cal-
culated from the determined spectral transmissivity of the channel.

(3) Transmissivity to optical fiber bundle of each channel: Ua is calulated as foltow.

Uq

=T,/5

a

As a consequence, the following results were obtained,

Channel No.

1

2
3
4
5

band

400-500
500-600
600-700
700-800
800-1000

T, (%) U, (%)
determined specified
29.1 25.0
30.2* 30.0
54.6 29.0
55.5 28.0
39.1% 27.0

45.0
43.1*
73.5
734
51.4*

*these figures were affected by one of the 9 banded fibers breaking.

Thus, the results comply fully with the given specification if no fibers break.
Preventive measures against fibers breaking are as follows,
(1) Improvement of the technique for manufacturing thin fiber bundles.

{2) Making 2 firm holding structure for the optcal fiber system so as not to put
any stresses on it.
(3) Converting the bundle of 9 thin tibers 50 umg toa thick fiber 150 umep.
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Fig. 4.18 Spectral sensitivily of the detector of band 1 determined through

aptical fiber system 1D’ (M)
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Spectral transmissivity of
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w3, Ny FE~ENERRG
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Spectral transmissivity of
band 3 (600-700um} :T, (A},
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Spectral transmissivity of
band 4 (700-800um):T, (A

ARSIl 2 15
D NERET (1)

Spectral  transmissivity of
band 5 (800-1000um) :T, (M),
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AV | ERAEREE (aw] | Fal%) | Tal®] | Tal®)
1 400~50¢0 6 4.7 2909 4496
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Table 4.8

£49
Table 4,9

~y FE~ SIS AR
R (T,

Synthetic transmissivity in
each channel of the optical
fiber system ‘Ta.

7 7 4 NHOREEBRR (T,
Transmissivity of fiber bun-
dle in each channel of the
optical fiber system : Ua.

#O 1 T BRAERT7 7 4 HEROEEERR
Table 5.1 Summarized results on transmissivities of the
optical fiber system with § visible and near
infrared bands,
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o Ta=(-75y * Tog- ¥ 100 (%)
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Fig. 5.1 Fiber breaking condition in the arrayed five
bundles and assignment of the breaked fibers
to the channels of band 2 and band 5.
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