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Abstract: Objectives: In the field of geodesy, with the continuous development of modern observation
technology, so that the measurement data not only contain additive errors, there are also multiplicative errors,
purely considering the processing of additive errors can no longer meet the requirements. Existing methods for
dealing with mixed additive and multiplicative errors models are mainly based on the fact that the unknown
parameters and observations are in linear form, and few studies have been conducted on the fact that the unknown
parameters and observations are in nonlinear form. Methods: In order to extend the parameter estimation method
of the mixed additive and multiplicative errors model, we determine the reasonable weight matrix of nonlinear
mixed additive and multiplicative errors model based on the law of error propagation and the principle of least
squares and applies the idea of Taylor’s formula expansion, and derive the least squares, Gauss—Newton method,
and weighted least squares of the nonlinear mixed additive and multiplicative errors model. Due to the nonlinear
nature, it makes the weighted least squares solution biased, so it needs to be analyzed for its bias. The bias-
corrected weighted least squares method is derived by deviation analysis and proof. Results: It can be seen
through the calculation and comparative analysis of the arithmetic examples that a reasonable weighting method

is conducive to improving the correctness of the model parameter estimation results, and when the model
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nonlinearity is high, the bias—corrected weighted least squares method can obtain better parameter estimation

results. Conclusions: The feasibility and validity of four methods for parameter estimation of the nonlinear mixed

additive and multiplicative errors model are demonstrated, and the bias—corrected weighted least squares method

is more suitable for processing geodetic data from such nonlinear models with a mixture of mixed additive and

multiplicative errors.

Key words: nonlinear mixed additive and multiplicative random errors model; least squares; parameter es-

timation; Taylor's formula
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Fig. 1 Real Model and Noise Model in Example 1
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Fig. 2 Estimation Results of Each Parameter in 100 Groups
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Table 3 Parameter Estimation and 2-Norm of Model 3

T H £,/10°m? B./km £/10 *km £,/10 km |ag] o2
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Table 4 Parameter Estimation and 2-Norm of Model 4

WH O p/m Bo/m |28 ot
HAH  2326.259 5330.184 0.09
Ji%E1 2325.813010 5328492122 1.749 673 326.449 962
Jr%E2 2325.700 997 5328.410 668 1.859 052 325.667 101
Ji%3 2325895473 5328.526 026 1.697 360 0.093 187
Ji%E4 2325.901051 5328.526 686 1.695528  0.093 188
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