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Abstract : Transient electromagnetic (TEM) 1D inversion has been widely applied in geological engineering, yet
these conventional methods remain constrained by strong dependence on initial models, limited noise resistance,
and inefficiency in achieving real-time inversion. To address these challenges, we propose a convolutional neural
network-long short-term memory hybrid architecture tailored to the inherent characteristics of TEM inversion.
Using loop-source TEM 1D forward modeling, we generate training data comprising sampling time-decay voltage
pairs as network inputs. An optimization strategy combining the Adam optimizer with the ReduceLROnPlateau
learning rate scheduler is implemented to adaptively adjust learning rates during parameter updates. In view of the
problem that the hyper-parameter setting of the current network structure depends on the empirical value and lacks
scientificity, which leads to the waste of computing power and time, the genetic algorithm is proposed to optimize
the hyper-parameters of the neural network structure in the model training stage to reduce the training cost and
improve the model performance. The output layer provides subsurface resistivity-depth profiles corresponding
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to input electromagnetic responses, enabling deep learning-based TEM inversion. The trained GA-CNN-LSTM
network demonstrates robust performance in real-time predictions for randomly generated three-layer and five-
layer models, with validation metrics yielding R? >0.9. Further evaluation using noise-contaminated data reveals
that the optimized network achieves an average inversion time of 0.13 s and a structural similarity index of 90.138%
across four common models, outperforming both Occam and LSTM inversion methods. Generalization capability
is validated through successful inversion of 3D forward modeling data. These results demonstrate the algorithm’s
reliability, computational efficiency, and practical utility in complex geological scenarios. Finally, Occam inversion
and neural network inversion are carried out on the measured data respectively. The trained neural network only
take 0.73 s to complete the inversion accuracy, which verifies the practicability of the algorithm in this paper.

Key words : transient electromagnetic method; deep learning; genetic algorithm; hyper-parameter optimization
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