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Fiber Spectrometer by Deep Learning
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Abstract: Recently, DL(Deep Learning) techniques have been widely advanced. Specially, many image recognition problems which

were known to be difficult previously, such as automatically classifying cancers have been solved using DL. In this paper, we apply

DL image classification techniques to fiber spectrometer. Specifically, we improve the accuracy of fiber spectrometer reported in [1]

using DL. We classify speckle patterns produced by interference between the guided modes of the fiber. By this classification,

cost-effective spectrometer could be developed, compared with existing expensive spectrometers. Also, unlike in [1], in which

speckle patterns classification is done using sophisticated and specialized optimization, our method is simple and general which

could be applied to other optical measurement experiments, using DL techniques.
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Fig. 1. A schematic diagram of the fiber spectrometer setup.

Emission from the laser is coupled via a single-mode
polarization-maintaining fiber(SMF) to the multimode fiber (MMF), with a
standard FC/PC mating sleeve. A 20x objective lens image the speckle
pattern generated at the end facet of the fiber to the infrared camera.
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Fig. 2. Speckle data training samples(GrayScale).

(a)0.1[nm]step. (b)0.01[nm]step. (c)0.001[nm]step.
The resolution of (a) (b) (c) is 80X 80.
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Fig. 3. Speckle data training samples(Binary).

(a)0.1[nm]step. (b)0.01[nm]step. (c)0.001[nm]step.
The resolution of (a) (b) (c) is 80X80.
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Table 1. Accuracy when CNN and CapsNet are
applied to both Binary data and Grayscale data of
0.1step, 0.01step, and 0.001step data respectively

0.1[nm]  0.01[nm] 0.001[nm]
CNN
(Grayscale data) 0.0909 0.0909 0.0909
CNN
(Binary data) 0.0909 0.0909 0.0909
CapsNet
(Grayscale data) 0.0909 0.0909 0.0909
CapsNet
(Binary data) 0.0909 0.0909 0.0909

6. BRESBHLDOTE

BB ClE, R ARV ZAD L7 T AT 0 OEET
— 213100 THH. —ITEEFEEZHNTT T A
DFETDEHE, 17 T ABHTZYOFT—2$100 £ H
S ANANE TN G A RN o SN R QAYA AL
Fy NU—T BT IVOEFENR AR+ ThHDH EWND T
BEMELHLD, ENHFRIL LD 2EIGRL TS Z &
Mo, BT — 2OV JIRRRSH 5 & Bbihb.
BIEREIZ Ay 7 )VIli§ % BAS3 5 72 O B Bl
VAT WEAEFRTH H. A %IE, KEICEAS L7z A
v 7 VEBRE AT Ry NT—7 OFEE{TH LT
—EDORENRHDL B2 BND.

F7, 0T —F A L TH 0.001[nm] 72 £ D)
EWVEEOEIZ L D Ay 7 Va3 RET D DIE
WHEEZ72 D & PRI BRI E LCL, L7 7 AN
DE I ZBIED 5[MIHHIZEWS DICET T 5 Fik
DOTOND. KT 7 ANERELTHIET, HEED
SO RN 2 D128, LD A2y 7 VG D
MWONY LT L IRLH12DTHD.

7. BB

[1] Brandon Redding, Sebastien M. Popoff, and Hui Cao
Author Information, “All-fiber spectrometer based on
speckle pattern reconstruction”, Optics Express, Vol.21,
Issue 5, pp6584-6600, (2013).

[2] Sara Sabour, Nicholas Frosst, Geoffrey E Hinton,
“Dynamic Routing Between Capsules

7, arXiv:1710.09829v2 [cs.CV] 7 Nov 2017.

926



