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Fig. 1. Micro-nanofiber diameter detection based on deep learning: (a)—(c) Micro-nanofiber at small, medium and large target scales;

(d) network structure of YOLOv8-FD.
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Fig. 2. Automatic preparation system of micro-nanofiber based on deep learning: (a) Schematic diagram of micro-nanofiber auto-

matic preparation system; (b) flow diagram of micro-nanofiber automatic preparation.
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Table 1. Measurement results of micro-nanofiber diameter.
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Fig. 3. YOLOv8-FD network training results: (a) Loss curve of the detection box; (b) loss curve of image segmentation; (c) the eval-

uation index mAP"*V=% curve; (d) the evaluation index mAPPV=0_% curve.
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Fig. 4. YOLOv8-FD heatmap visualization and segmentation results: (a) Layer 1 convolution layer; (b) layer 4 convolution layer;
(c) layer 7 convolution layer; (d) layer 10 convolution layer; (e) 1280 x 1024 pixel micro-nanofiber image; (f) 640 X 512 pixel

micro-nanofiber image; (g) image segmentation time 9.8 ms; (h) image segmentation time 9.5 ms.
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Fig. 5. Comparison of segmentation results between original YOLOv8 and YOLOv&-FD images: (a)—(d) Original YOLOv8 different

scale target image segmentation results; (e)—(h) YOLOvS8-FD different scale target image segmentation results.
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Fig. 6. (a)—(c) Atomic force microscope (AFM) scanning of micro-nanofiber of different diameters; (d)—(f) optical imaging of micro-

nanofiber with different diameters and AFM scanning position, and the red box marks the scan location for AFM and ROIL.

2 TRENGCET BRI
Table 2. Measurement results of micro-nanofiber

diameter.

b A NEIVIN di/ym  AFMER da /pm e/%
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Automatic fabrication system of optical micro-nanofiber
based on deep learning”
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Abstract

The wide range, high precision, and dynamic real-time measurement of micro-/nanofiber diameter are
crucial for achieving low loss transmission and controlling dispersion in the preparation process of micro-
nanofiber. In view of the problems of small diameter regulation range, complex operation and long-time
consumption of the existing preparation methods, the automatic detection system of micro-nanofiber is realized
based on deep learning neural network algorithm in this work. The image segmentation method in computer
vision is used to make high-quality multi-scale micro-/nanofiber datasets, and the improved YOLOvVS8-FD (You
Only Look Once version 8-Fiber Detection) algorithm based on small target detection is used to automatically
detect the diameter of micro-nanofiber.

Through image segmentation and identification of the target of single pixel size in the microscopic image,
the diameter detection of micro-nanofiber is finally realized. In this process, the real-time diameter of micro-
nanofiber is obtained through image information, and then the micro-nanofiber small target is accurately
segmented to achieve the precise detection of mAP™YU= = 0.975 and mAP™V="% = (.765 on the micro-
nanofiber multi-scale target dataset with extremely high accuracy. The algorithm-based construction of a high-
precision micro-nanofiber automatic preparation system enables real-time accurate segmentation of fiber edges,
calculation of fiber diameter, and feedback to the
control system for achieving automated preparation of
fibers with arbitrary diameters. Additionally, it
facilitates the detection of micro-nanofiber in a range
from 462 nm to 125 um. The average response time for

reasoning is 9.6 ms, and the detection error is kept

below 295% Deep learning

In addition, compared with other micro-/nanofiber
diameter detection methods based on optical imaging a b

t

and mode cutoff, this method shows advantages of high Lamp ompter H; generator
precision, high speed and arbitrary diameter Motor stage )\
preparation for diameter detection based on deep OBIJ \, Ne— i
learning neural networks. The system is very suitable S | ‘\_,

ng neural : y y =) e
for high-precision real-time measurement and autom- BS MFC

. . . . . CCD \ \\47
atic and accurate preparation of micro-/nanofibers, Flame Motor stage
nozzle

thereby providing a novel method of developing micro-
nanofiber devices with low-loss transmission and
adjustable dispersion.

Keywords: micro-nanofiber, diameter measurement, deep learning, image segmentation
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