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Abstract: Objectives: With the development of modern observation techniques, the processing methods
which only consider additive errors cannot meet the requirements. Most of the existing methods for dealing
with inequality constraints are based on additive error models, including Gaussian-Markov model and errors—-
in—variables model, while the processing methods for mixed additive and multiplicative (MAM) random er-
ror models are rare. Methods: Based on the least squares principle and the ideas of zero and infinite
weights, we construct a penalty function with the given inequality constraints, and derive the simple itera-
tive method (SIM) for the estimation of MAM parameters under the inequality constraints. Then, we add a
penalty factor increasing with the number of iterations before the penalty term to address the defects of the
original SIM. Results: Two sets of cases show that the improved SIM can effectively solve the problem
that the original method does not converge when used to deal with MAM error models with inequality con-
straints. The structure of improved SIM is simple and easy to implement. And it can obtain better parame-
ter estimation compared with other schemes. Conclusions: The feasibility and effectiveness of the improved

SIM for parameter estimation of MAM error models with inequality constraints are verified, and it can be
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applied to the processing of large batches of data.

Key words: mixed additive and multiplicative random error model; inequality constraints; iterative solu-

tion; penalty function; penalty factor
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Tab. 2 Parameter Estimation Results of Four Methods (Case 2-1)

Ji £./m £,/m £4/m £,/m £5/m £s/m £,/m By/m |ag]

LS 104.327 76.903 83.840 63.889 186.532 65.938 210.453 152.266 10.677
WLS 105.042 76.965 85.477 70.860 187.218 66.574 211.900 152.875 9.301
BCWLS 104.101 76.406 84.684 70.002 185.479 65.996 210.037 151.624 9.240
SIM 104.291 75.124 84.744 73.751 187.708 64.654 209.406 153.955 6.889
Fif 104.000 75.000 85.000 79.000 184.000 66.000 210.000 152.000 —
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Tab. 3 Parameter Estimation Results of Four Methods (Case 2-2)

7k A/m B>/m £./m B./m Bs/m Bs/m £./m Bs/m H AR H

LS 104.111 71.214 85.912 71.166 184.878 66.128 209.400 153.363 8.919
WLS 105.549 73.608 85.934 71.987 185.743 66.627 212.135 153.546 8.048
BCWLS 104.495 72.892 85.104 71.264 184.039 65.883 209.852 152.134 8.037
SIM 105.266 73.072 85.457 72.166 183.790 66.719 211.469 152.712 7.447

HAE 104.000 75.000 85.000 79.000 184.000 66.000 210.000 152.000 —
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Fig. 6 Influence of Penalty Factor on Algorithm Results

(Case 2-2)
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