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Abstract: Objectives: To address the limitations of existing non—navigational triangulated irregular net-
work (TIN)-based digital depth model (DDM) generalization algorithms in maintaining seabed morphology
and improving computational efficiency, this paper aims to develop an optimized automatic generalization al-
gorithm by refining the critical rolling ball radius. The goal is to enhance both the accuracy of morphology
preservation and the practical applicability of DDM in engineering projects. Methods: The proposed algo-
rithm first investigates the physical significance of the critical rolling ball radius and establishes its relation-
ship with the normal vectors of TIN-DDM sampling points. By precisely calculating the normal vectors of
each sampling point, the method derives a novel workflow for determining positive and negative critical rolling
ball radii based on spatial analysis of sampling point locations and radius values. This optimized radius is
then integrated into existing generalization algorithms to improve their performance. Results: Experimental
comparisons demonstrate that the proposed algorithm achieves better preservation of seabed morphology

and higher terrain accuracy in TIN-DDM generalization compared to conventional methods. Additionally,
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the computational efficiency of the algorithm is significantly enhanced, with reduced runtime while main-

taining or improving output quality. Conclusions: We successfully validate the effectiveness of the critical

rolling ball radius optimization approach in enhancing both the accuracy and efficiency of TIN-DDM gener-

alization. This method provides a robust framework for maintaining complex seabed features during data

simplification, offering practical benefits for applications such as marine engineering and hydrographic sur-

veying. The integration of normal vector analysis and adaptive radius computation represents a notable ad-

vancement in automated DDM generalization techniques..

Key words: critical rolling ball radius; non—navigational TIN-DDM ; normal vector; calculation process;

automatic generalization
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Fig. 1 Longitudinal Section of Forward Rolling Ball Transformation
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Fig. 6 Optimal Solving Process and Comparative

Analysis of Positive Critical Rolling Ball Radius
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Table 1  Overall Statistical Indicators of Dataset
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Table 2 Generalized TIN-DDM Terrain Surface
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Table 3  Generalized TIN-DDM Sampling
Point Scatter Plot
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Table 4 Comparative Analysis of Generalization Accuracy
SRF R 2E R
S Yo miRze/
. Bkl /m B2 /m s
Wil Bl Bkl BBl Sl Bl

6 000 5.749 5.769 0.384 0.386  0.578  0.594
8 000 7.422 7.462 0.553  0.567 0.887  0.902
10 000 9.493 10.094 0.852 0.862 1.265 1.301
11000 11.417 14.171 1.088 1.190 1.595 1.792
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Table 5 Comparison of Algorithm Operating Efficiency/s
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