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Abstract
complex geographical areas, this paper proposes an innovative elevation anomaly fitting method based
on THHO-LSSVM. The study begins with an improved Harris Hawk Optimization (HHO) algorithm

through the implementation of nonlinear convergence factors, optimized jump distances, and adaptive

In order to effectively address the challenge of obtaining high-precision elevation outliers in

weights. These improvements significantly enhance the algorithm’s ability to escape local optima and im-
prove convergence efficiency, thereby providing a more robust optimization framework for subsequent
model parameter tuning. Subsequently, the improved HHO algorithm is employed to determine more ac-
curate regularization parameters and kernel functions for the Least Squares Support Vector Machine
(LSSVM) elevation anomaly fitting model. This optimization process ensures that the LSSVM model
achieves higher precision and better generalization capabilities in elevation anomaly fitting tasks. To
thoroughly validate the adaptability and robustness of the proposed elevation anomaly combination
model in complex terrains, extensive experiments were conducted using engineering case data from two
distinct geographical regions: a bridge strip area and a karst surface area. The evaluation was based on
the Root Mean Square Error (RMSE) of the elevation anomaly values as the primary metric, with addi-
tional consideration given to computational efficiency and model stability. The experimental results
demonstrate that in both the bridge strip area and karst surface area, the IHHO-LSSVM method outper-
forms the conventional HHO-LSSVM and standard LSSVM methods in terms of external conformity ac-
curacy, stability, and adaptability. Specifically, the ITHHO-LSSVM method achieves remarkable accuracy
levels of 0.0101 meters in the bridge strip area and 0.0125 meters in the karst surface area, representing
significant improvements over traditional methods. Furthermore, the proposed method exhibits superior
stability across different terrain types, with reduced variance in prediction errors. These findings not on-
ly highlight the superior performance of the proposed method but also provide valuable insights and a re-
liable reference for the establishment of GNSS elevation anomaly fitting models in various complex ter-
rains. The study contributes to the field of geodetic surveying by offering a more precise and robust solu-

tion for elevation anomaly fitting, particularly in challenging geographical conditions.
Key words Elevation anomaly, Harris Hawk optimization, Least squares support vector machine,

Regularization parameter, Kernel function, Precision analysis
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Table 2  Statistics of external coincidence accuracy for three methods

Comp. THHO-LSSVM HHO-LSSVM LSSVM

order c pu Aee/m ¢ o Ace/m c o Ace/m
1 9.4563 0.0627 0.0101 48.3160 0.3132 0.0120 242.7275 0.3364 0.0159
2 9.2120 0.0467 0.0101 46.3075 0.4095 0.0126 902.8057 1.0192 0.0153
3 8.6297 0.0454 0.0101 6.3957 0.2001 0.0125 667.4809 0.8753 0.0157
4 6.5542 0.0673 0.0099 5.3087 0.2064 0.0126 834.2785 0.9877 0.0160
5 5.0345 0.0939 0.0103 3.1908 0.1504 0.0125 518.1796 0.7436 0.0157
6 4.7826 0.0836 0.0103 4.1458 0.1677 0.0122 641.3714 0.8620 0.0155
7 6.3225 0.0759 0.0100 19.8899 0.3015 0.0125 746.0421 0.3305 0.0154
8 9.9653 0.0475 0.0102 99.9546 0.5915 0.0129 254.1818 0.3484 0.0155
9 10.9717 0.0592 0.0103 25.6355 0.3020 0.0123 571.8598 0.8055 0.0162
10 7.3621 0.0492 0.0099 46.7021 0.3757 0.0124 946.7136 1.0382 0.0161
Acc — — 0.0101 — — 0.0125 — — 0.0157

W AR
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Fig. 7 Point distribution in the surface area
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Table 3

KBRS NERREE ST
Prediction results and accuracy

analysis of check points

Residual error/m

Check points

Given height

anomaly/m  THHO HHO  LSSVM
1 207172 -0.0140  -0.0240  -0.0320
2 —20.6537  0.0338  0.0391  0.0423
3 ~20.5230  0.0036  —0.0078  —0.0116
4 ~20.0759  0.0120  0.0030  0.0016
5 ~20.0170  -0.0011  0.0015  0.0020
6 ~19.9065  -0.0002  -0.0003  —0.0003
7 -20.4448  0.0031  -0.0036  -0.0060
8 ~19.8739  -0.0005  0.0025  0.0039
9 ~19.9360  0.0063  0.0095  0.0100
10 ~20.1365  0.0152  0.0075  0.0038
11 —20.4328  0.0046  0.0124  0.0139
12 -20.4832  -0.0013  —0.0400 —0.0523
13 ~19.9431  -0.0067  -0.0007  0.0004
14 ~19.9499  0.0123  0.0027  —0.0004
15 -20.0201  0.0105  0.0065  0.0039
16 -20.0453  -0.0105  -0.0026  -0.0003
17 ~19.8213  -0.0154  —0.0067 —0.0043
18 ~19.7091  0.0123  0.0092  0.0092
19 -20.0251  -0.0206 -0.0191  -0.0174
20 ~19.6036  0.0096  0.0078  0.0043
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