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Abstract

The optical diffractive neural network (ODNN) has been demonstrated to perform well in machine
learning inference tasks. However, most of the current research on ODNN is focused on atmos-
pheric environments, with limited discussion on its performance in other spatial environments.
This paper investigates and analyzes the training and testing effects of ODNN in different optical
environments based on the Rayleigh-Sommerfeld diffraction theory. ODNN models are trained in
both air and water environments at the visible light wavelength of 532 nm. After demonstrating
their accurate inference capability, the network models are tested in new spatial environments
during simulation to study the trends in network performance and analyze the adaptability of
ODNN to testing environments. The simulation results indicate that ODNN is sensitive to changes
in the testing environment, and the inference capability of the network decreases as the deviation
between the testing environment and training conditions increases, eventually disappearing. This
observation provides a starting point to introduce an additional degree of freedom to ODNN,
which may offer new research directions in areas such as multi-tasking.
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Figure 1. The structural diagram of the optical diffractive neural network in an optical environment
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Figure 2. The variation in numerical classification accuracy of the network under different parameters. (a) Layer number, (b)
Diffractive neuronal arrays
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Figure 3. Binary classification tasks (a) diffractive phase plates, (b) output intensity, (c) energy proportion in air environ-
ment testing, (d) energy proportion in aqueous environment testing, (e)~(h) ten classification tasks
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Figure 4. Binary classification network model tested in refractive index n = 1~1.8 environment (a) train in air, (b) train in
aqueous; ten classification network model tested in refractive index n = 1~1.8 environment (c) train in air, (d) train in
aqueous
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