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Abstract

High-speed passive wavelength division multiplexing (WDM) systems frequently encounter critical
bottlenecks in engineering integration and packaging, including performance parameter drift, in-
accurate control of coupling loss, and over-reliance on manual experience for fault localization. To
tackle these challenges, this paper introduces long short-term memory (LSTM) networks and pro-
poses a novel intelligent system integration framework. Grounded in software engineering princi-
ples, the framework employs LSTM-based time-series prediction and fault diagnosis models to
achieve precise characterization of key metrics such as insertion loss, crosstalk, and coupling effi-
ciency, as well as automatic identification of transmission degradation and packaging failure. Vali-
dated on a high-speed WDM testbed using measured datasets, the proposed method effectively re-
duces the uncertainty caused by manual debugging, significantly improves system integration effi-
ciency and stability, and provides a theoretical foundation and engineering reference for the intel-
ligent development of highly reliable optical communication systems.
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Figure 1. LSTM model structure
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Table 1. Key indicators of the dataset
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Table 2. Range of hyperparameter grid search

® 2. BERMEEETEE

FFs fatr4 BREHE
1 WahE DK {20, 40, 60, 80}
2 LSTM #o¥ {(64, 32), (128, 64), (256, 128)}
3 BatchSize {16, 32, 64}
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4 E {0.0001, 0.001, 0.01}
5 Dropout {0.1,0.2,0.3}
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DAY — B Bh & P, & KRN 60, REAMEARALS 60 AN H]D (¥ iR AR A s, i PR A8 i
A Gt g i0 R i 7 2, TEHRASIS L, 0,0,0,0], #E4MEE4NIS4[0,1,0,0,0], &
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PEREAR, ARPGIRAL JRHIREE.

DOI: 10.12677/iae.2026.142030 260 s 5%


https://doi.org/10.12677/iae.2026.142030

B
=
&
=

Table 3. Computational results of various models

F+ 3 BMEREMTREER

g I o CEEIIEIE yon i MR P H

(MSE) (%) (%) (%) (%)

b3 g tit 0.0028 - 97.3 - 9.7 962 96.4
BP MR 0.0083 66.27% 91.2 6.1% 80.8 893 895
SVM 0.0076 63.16% 90.5 6.8% 90.2 897 89.9
44 RNN 0.0045 37.78% 93.8 3.5% 931 928 929
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