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[Abstract]

In this paper, a real-time prediction technique for gravity disturbances is proposed using a multi-layer perceptron (MLP) model.
To select a suitable MLP model, 4 models with different network sizes were designed to compare the training accuracy and
execution time. The MLP models were trained using the data of vehicle moving along the surface of the sea or land, including
their positions and gravity disturbance. The gravity disturbances were calculated using the 2160™ degree and order EGM2008 with
SHM. Among the models, MLP4 demonstrated the highest training accuracy. After training, the weights and biases of the 4
models were stored in the embedded computer of the INS to implement the MLP network. MLP4 was found to have the shortest
execution time among the 4 models. These research results are expected to contribute to improving the navigation accuracy of INS
through gravity disturbance compensation in the future.

Key word : Inertial navigation system (INS), Earth gravity model 2008(EGM2008), Deflection of vertical (DOV); Multi-layer.
perceptron (MLP).
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Table. 2. Training options for gravity disturbance prediction
MLP networks

T # of hidden#'of neuron per Output Co mpu't ational
layer hidden layer complexity( T )

MLP1 2 31 20 1 13740

MLP2 2 20 25 1 13625

MLP3 2 14 30 1 13590

MLP4 2 5 50 1 13250
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Table. 3. Final validation loss and RMSE of MLP1~MLP4 training results

MLP1 MLP2 MLP3 MLP4

0gg 0gN 0gg 0gy 0gg 0gy 0gg 0gx
HMSE 0.0477 3974 10269 10539 10199 .0420 .0391 0460
RMSE 0.3087 8915 2320 3283 1993 2899 2796 3033

E 4. MLP A4 78 3 HlAZE ZXofl ARRE INSe| HEZIFRE Al
Table. 4. A specification of INS’'s embedded computer used in MLP test

CPU Flash Rom RAM Real-time OS
P2020, dual core IGHz, 512k L2 CacheNor Flash 16M byte DDR2 400MHz 256M byte VxWorks 6.9
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Fig. 8. MLP1 execution time measurement result(1.168ms) T8 10. MLP3 3% A@AIZE SHA2K(1.064ms)

Fig. 10. MLP3 execution time measurement result(1.064ms)
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Fig. 9. MLP2 execution time measurement result(1.113ms) 38 11. MLP4 22 AAIZE ZYZ1K1.041ms)

Fig. 11. MLP4 execution time measurement result(1.041ms)
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