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Abstract: Grassland modeling is a key factor in the realistic representation of 3D urban scenes. Advances in graphics rendering have popularized
object-oriented grassland modeling, which uses 3D grass models with geometry and materials instead of large-scale repetitive textures. However,
this approach faces two practical issues, such as abrupt material transitions and geometric intersections at boundaries, both of which reduce visual
realism. In this study, we analyzed these issues from a topological perspective, identifying them as topological conflicts at boundaries, and
applied a distance field-based material blending method to achieve smooth material transitions between different area types. Additionally, we
proposed a control algorithm to avoid geometric intersections between grass models and other 3D objects. The algorithm divided grassland into
boundary zones and interior zones, implementing different control mechanisms for each. Experiments qualitatively compared the visual realism
before and after boundary optimization, and quantitatively assessed performance improvements. The result shows that material blending eliminates
jagged seams between areas, simulating natural gradual transitions. After zone division, boundary grass models align neatly without intersecting
other objects. In the visual realism perception experiment, the optimized scene received higher selection scores (mean 12.8, median 12.5) com-
pared to the pre-optimized scene (mean 7.2, median 7.5). This study effectively resolves geometry and material issues at grassland boundaries, en-
hancing realism in natural scene modeling and supporting 3D real scene city construction.
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