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FHE A ki ESAR I  N TX iR 2R IS S5 n) L, $2 T — Ml & 2R (5 B A mERE B s B A shxt g
T WIS RN B B 4 Rt R B BOR AR R 42 M 4% (Convolutional Neural Networks, CNN) $2 B g K% 145
fiE T i, A1 PE 2R 5.0 (Gate Recurrent Unit, GRU) @ill& X A2 1 2 SR ER A HRAE, T 24 i 2 )5 25 A 1 B, S 2R X
FEIAE ;R £ B BB I R A RRAIE ) 2, R GRU Rl 6 24 WRRAE 5 1 —Fe 0T R 3R IO R AE, AU i R s R
K, T 24 i R B AR R, A BPRE X AR o RIS 1 B R R R, SR T A S R TR B A X £ 5 1) ) E
Yoo SLHRZEIREH, LA MNRE AT TR 228 2.51 pum, 5508 2.0 um B X EEAER R 80.1%, F-XIXT A2 A} [E]
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An autofocus algorithm for fusing global and

local information in ferrographic images

LIU Xin-liang, ZHANG Long-quan, LENG Sheng, WANG Jing-qiu’, WANG Xiao-lei
(National Key Laboratory of Science and Technology on Helicopter Transmission,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
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Abstract: To address the issues of large error and slow speed of manual focusing in ferrographic image ac-
quisition, we propose an autofocus method for fusing global and local information in ferrographic images.
This method includes two stages. In the first stage, the global autofocus stage, the feature vectors of the
whole image is extracted by Convolutional Neural Networks (CNN) , and the features extracted in the focus
process is fused by the Gate Recurrent Unit (GRU) to predict global defocusing distance, which serves as
coarse focusing. In the local autofocus stage, the feature vector of the wear particle is extracted and the cur-
rent features is fused with those extracted in the previous focusing process by GRU. The current defocusing
distance is predicted by the resulting fused data based on the information of the thickest particle, which facil-

itates fine focusing. Moreover, we propose a determination method for autofocus direction using Laplacian
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gradient function to improve autofocus accuracy. Experimental results indicate an autofocus error of 2.51 um

on the test set and a focusing accuracy of 80.1% with a microscope depth of field of 2.0 um. The average

autofocus time is 0.771 s. The automatic ferrographic image acquisition system exhibits excellent perform-

ance and offers a practical approach for its implementation.

Key words: autofocus; ferrographic images; global information; local information; deep learning; gate recur-

rent unit
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Fig. 1 Framework of autofocus algorithm
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Fig. 10 Focusing results of 4 groups of image sequences
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Tab.1 Results of each step in the focusing process

i" step dist (frame) Accgor AcCiors Accgofs AT (s)
1 63.649+12.960 0.017+0.009 0.039+0.017 0.061+0.027 0.118+0.034
2 22.678+6.408 0.061+0.026 0.133+0.583 0.202+0.086 0.115+0.027
3 15.404+5.660 0.134+0.062 0.257+0.125 0.346+0.153 0.118+0.041
4 10.891+4.205 0.194+0.076 0.364+0.135 0.474+0.152 0.138+0.027
5 7.393+3.235 0.288+0.102 0.523+0.145 0.666+0.141 0.140+0.019
6 6.271+2.680 0.360+0.130 0.651+0.149 0.801+0.125 0.143+0.018
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Tab.2 Results of ablation experiments

THALSEES )75 GRU Focus strategy LAF dist (frame) Accgor Accors Accqors
THRLSER \ \ 29.496+16.882 0.345+0.150 0.578+0.163 0.663+0.157
TH RS 502 y 81.259+71.561 0.032+0.047 0.0680.092 0.111£0.123
THR 3 101.528+71.457 0.023+0.029 0.056+0.059 0.084:0.086
EfS v 28.046+20.225 0.253+0.146 0.484+0.202 0.626+0.216
ARSI \ \ \ 6.271+2.680 0.360+0.130 0.651+0.149 0.801+0.125
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Fig. 12 Focusing results of four ablation experiments
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Tab.3 Results of different autofocus algorithms

5 Fk dist (frame) AcCaory AcCyors AcCoors AT (5)
1 EReRERE 8.647  0.107 0321 0.536 17.856
2 FEBRERMEE 8603 0179 0357 0.607 22.068
3 GITIRES 12926  0.286 0.464 0.500 1.459
4 HH-Net 27177  0.036 0.179 0429 0.119
5  Autofocus-RNN  31.839 0321 0429 0.571 0419
6 AR 6271 0360 0.651 0.801 0.771
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