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Abstract

Endoscopes can probe the microstructure of objects deep inside and are widely used
in medical diagnostics and industrial production. The traditional endoscopic fiber is a
bundle of fibers composed of multiple single-mode fibers, and the number of fibers
determines the imaging resolution of the endoscope, and only by increasing the number
of single-mode fibers can improve its imaging resolution. Multimode fiber allows
multiple optical modes to be transmitted in parallel with the same access aperture with
higher imaging resolution. As a scattering medium, each optical mode inside propagates
at a different phase speed, and a speckle image is obtained at the output. Recovering
original images from speckled images has become a hot topic in research. At this stage,
the use of convolutional neural networks for speckled image reconstruction of multimode
fibers has become a mainstream approach, but the use of convolutional neural networks
requires a lot of data to fit the reconstruction model. In order to overcome this
shortcoming, this paper uses transfer learning on the basis of convolutional neural
network model, which greatly reduces the reconstruction model data set and realizes the
high-quality reconstruction of speckle images.

Acquire and process the speckled images. Through the analysis of the basic
transmission theory of multimode optical fiber, an experimental platform for
automatically collecting speckle images is built, and the collected speckle images are
batch cropped, equal ratio reduction, and channel conversion, which are made into a
dataset corresponding to the speckle image and the label image, laying the foundation for
inputting it to the convolutional neural network.

The study of scattered reconfiguration network models. Through the analysis of the
classic convolutional neural network model for image classification, three scattered
plaque reconstruction network models of VGG, ResNet and U-net are constructed.
Experimentally, the advantages and disadvantages of the three network models in terms
of trainable parameters and training time are compared. The ResNet speckle
reconstruction network model has great advantages in trainable parameters, and the U-
net speckle reconstruction network model is more prominent in training time. In order to
verify the robustness of the model, Gaussian noise and pretzel noise are added to the
speckle image, and the experimental results show that the model can reconstruct the
speckle image under certain pollution values.

Transfer learning of speckle reconstruction network model. By pre-training the
source domain network model using a dataset of handwritten letters, the target domain
dataset uses one-ninth of the original refactoring effect without transfer learning, while

reducing training time. Through the study of the migration location of the pre-trained
-ll-
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model and the output size of the post-migration network model, the appropriate migration
location and output size are determined.

Keywords: Multimode fiber; Speckled image; Convolutional neural network; Transfer
learning
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£ 3E BRHEMERIES

3.1 51§

H TR L 2 R e C A AR s, IR AR 2 X 28 i URE 8L 4 22 i) 2t
HOARM AL KEHENA T AP EHRMEM B, 2 HFEHmE
254 LeNet-541, AlexNet!*!, VGGM, ResNet!*01Z I8 ik Xt 25 #1345 FH A 45 [ 2%
B FRJINIR, 8 S HORE = A W 2 AR A 77 Tl 8 51 o G20 i 22 I 28 A5 Y e i F
[ BARME A 7 AU, WA b ERAAR G R 2 I 28 2 an ] TAE I, ittt
AR R S AL PR IR LA

32 B HERRE MR ST S5
3.2.1 LeNet-5 [ ¢& =8

ANFEFINE, LeNet-5 —3HaE 7 2, 8 EHAEARBEMINSHESH
LeNet [P 25+ B 3-1 fiws

Sisiban C3: f. maps 16@10x10

: feature maps S4: f. maps 16@5x5
INPUT 6@28x28 [ 16
32x32 S2: f. maps

[
Full conAection ‘ Gaussian connections

Convolutions Subsampling Convolutions ~ Subsampling Full connection
] 3-1 LeNet [ 4 2 14 ] 143]

£ LeNet-5 P8 &5t rh, FEAERZ . WALE . MRz =R 2.
BWANEG A RS RN 32x32, @it 5D ERIRIEE, AR 6 1> 28x28 [14F
AL o R — AN AR IS 6 R BT R RN Dy 14x14 AR E
KL, KT )= 4 g snd il BN a T, s iR
BB R UER B —2 . RIS AN EPERME, it 16 1 10x10 B%F
LK, e AR R R B A RS B 5x5, R i) BT 120 A1 84
AMEL B ITHEIERLZ, B 10 DU 10 DR Z . LeNet 2 iRF M
MTEF R RER M, BRI R R R AR BRI

3.2.2 AlexNet fX4& & HY

2012 4, N KZAEZL KEM) Alex Krizhevsky 25 AR H T AlexNet, ‘Bt
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B RV Toll k3 T S e S
T O A RIS RINE W 25 AR KHRAT R o AT FHBE IR BE R AR 28 I 28 06} 4,
1000 2R 120 J5 ik BUGREAT 22000, 7R B A A FE I VE ¢ e
i top-1 Al top-5 HIAE IR T HIFE 37.5%F1 17.0%. AlexNet [ 48 1575 46 ¥ =l 4n 1]
3-2 ffims

55 N ] “ 5 .
I I\ RNE \ |
48 ' 192 192 128 204 2048 \dense
» 128 O 04 204
5 :
13 13 13
g = K 3 oy \
- | =Y |\ Y A ol
\ | i \l 3 —s— 7 .,
27 3
3

224 5 q Y X v
\ \ i S dense’| |dense]
N on ‘T N {# i 13 13
= s \J [ 1000
1 192 192 128 Max L L]
ing 208 2048
228\(KisStride Max. 128 Max pooling
of 4 pooling pooling
3 48

3-2 AlexNet [ 2 25 ) [£] 144)

AlexNet U5 5 MEMZE. 3 NMEEREEMEAE LIS 1000 42700570
P Z . NS HEINE UG RS2 224%224%3, SF—NERZE A 96 Mg
aAZ, RGTH 11x11x3, K2 4, AR RIAE R 96 MFIEE] . 25 AN Z 5%
N FIJE R s N AZ RUST A& 5x5%48, ARk 256 MNMRFIEE . AT ZERIBRZ 2 GE8E
—MRRKE, REEHZ 3 MEHREME, BLMEREZ G XE— M ERK
WALE, RG22 MEH 4096 MRIGHEEREE, RELEEH 1000 42501
frth = . AlexNet fER 2 7 g 7 UHPENT ST, FEAFRLLIT LT H:

(1) BINER T ReLU A2 14 3505 R £

FHEC T8 AL G B SR S BG R ,  S8 FH JEHAN JE Ze M S0 R B TR T

LA WX 28 (R 2R 2 A W S R AL
(2) ffHZA GPU sLBLIN#E I 25

W2 E B GPU b, SEILIRATHHE, R TR VLB IE G R s 2

XK 286 A5 284 PR 1| 0
(3) JaEkm N HYEAL (Local Response Normalization )

FHFE A B AR J5 Al e SR ) A\ AT 3801935 7 PTG B Y« Re LU R B2 0l 57 bR
B, R RO T i R A 20 T SRS BN, TR T s e A1k (1) 42 B
Ve

(4) #ESM (Overlapping Pooling)

B s NI z, XFELSF R E B0, B S AR vT CLAd i

WA ESMES, MRERIUN Z T EE .
(5) A 1 s AL
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TR PEE 5 2T IR — MR KRR il 2 A R B e B AR b AT I 2, (R B SE AR
T AR X KR P K ) e 2 R A AT R 2R SR o S e s . S . BB

AET8 T A% PSRRI BB AT LA, SCBLG SR BN Z K, 1

s, AR I RIS IR
(6) fi HIBEHLRIEHL
N TR S IR A, AT AS EE R A T BENLRTE L] .

3.2.3 VGG MR &Ry

VGG MZ8A R T2 BRI T 1 WA 2% (AR BE R A R A R (052, (X 28 R ) TR i

N 3-3 fran, e BEATERBEMRIRBG N, - A550 70 H 0 AR 2 IR R 3R

ConvNet Configuration

A A-LRN B C D E
11 weight [ 11 weight 13 weight 16 weight 16 weight 19 weight
layers layers layers layers layers layers
input (224 x 224 RGB image)
conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64

LRN conv3-64 conv3-64 conv3-64 conv3-64

maxpool
conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128
conv3-128 | conv3-128 | conv3-128 | conv3-128

maxpool
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
convl-256 | conv3-256 | conv3-256
conv3-256

maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool

FC-4096

FC-4096

FC-1000

soft-max

K 3-3 ANEVRE VGG W28 570 ) i ] 145)
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VGG INHSZEL T 16~19 ZEPAEFRIZE ML, I HIGIE T 390 X 28 1 8 [
&, REBETE— B FERE Lo 4% ) e 2 e, (0 A IR FERIE TR, LEF 1 D
FIFN E H 53 HI% N VGG-16 1 VGG-19. VGG-19 t VGG-16 %, ZHH=ZEN
HBRZE, VGG-19 HIMERERIIRIF T VGG16, {HJ2 5 AR 258 n 17 1R
% . WF 7T BB AT (R 0 48 )2 HE M E VGG-19, ANk R IS £ )2 4. VGGNet
H 5 ABREM 3 ADNEERZE L —Z Softmax fiiH 24, HAAGALRFR
BRI R B AN [A] 32 BRI B FZ AN BN ] - R
J& Z A F s R A A, BRACARRAE B RSE, BB B 2 IR 0 R 35020 2R
ReLU F#i. VGGNet fif % | AlexNet M5 251, (H2 R/ NERZMZERE 2
VGGNet ] — K5, RADNEIRZMZ GBI FEA PRI, B %62 LU
W2 228, FLRCR T TE 2 (8RR 2t 22 3047 50 2 IR I AR SR R LS, DT 42 1y DX 245 A5
RIS/ .

3.2.4 ResNet (&= 8

B AlexNet MZERIAIFEH, M 2012 FRIBIE, N TERE. THEHL A
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