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Fig. 1. (a) Deep neural network; (b) the classic Vander Lugt correlator.
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Fig. 2. Three-layer DOE ODNN: (a) Optical path; (b) program flow chart.

6534
A= (((((z°@nPr) - 1) @ hP2) - T?)

® hD3) -T3) ® hPs, (4)

WILG ) T, & FEAIL 3 AT 1, 7EE DGR B BE T,
WA T (4) R ODNN GG, & LL Al
W B 53 A B BT A SCEE B2 N 45
T 10 NI, 2 BIRREECF 0, 1, 2, -+, 9. B 3 451
T AU G

[l 3

F TR 9 DX 33K 23 L% 3R 13

(a) 10 A~BaTHrfr %L
FRTIER KR 43; (b) 2% A GO ET 8, BT 8

- = =)

B DX P 7 ) R e R
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receiving surface: (a) Area division of the 10 Arabic numer-
als are located; (b) when the input image is the digit 8, the

area representing the digit 8 has the maximum energy.
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Fig. 4. Handwritten digits and the corresponding spectral map.
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Fig. 5. Image and amplitude spectrum of different pixel sizes.
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Fig. 6. Impact of ODNN'’s resolution on recognition rate.
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Fig. 7. Effect of diffraction distance on information transmission.
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tion rate of ODNN. Fig. 9. Training results of three-layer ODNN.
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Fig. 10. Input (a) and output (b) pattern examples of ODNN; (c) simulation result when the DOEs are quantified; (d) DOEs and
quantified DOEs.
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Abstract

Optical diffractive neural network (ODNN) uses light wave as a computing medium to perform the
inference and prediction function of neural network, which has the advantages of high speed, low power
consumption, and parallel processing. In this work, an ODNN with only three layers of phase modulation is
designed, and a method to improve the recognition performance of ODNN based on the first-order spectral
distribution of targets is proposed. Using this method, the parameters of a three-layer ODNN are effectively
optimized and the optimal pixel size, diffraction distance, and method for image preprocessing are obtained. The
three-layer ODNN designed in this work has a recognition accuracy rate of 95.3% for MNIST (handwritten digit
set), compared with the 91.75% accuracy achieved by the five-layer ODNN in the reference (Lin X, Rivenson Y,
Yardimci N T, Veli M, Luo Y, Jarrahi M, Ozcan A 2018 Science 361 1004). In addition, the system volume is
greatly reduced and the system structure is simplified. Combined with the advantages of high speed and low

power consumption, it has huge potential applications in the fields such as edge computing in the future.

Keywords: diffractive neural network, optical recognition, handwritten digits, diffractive optical elements
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