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Introduction

Statistical shape analysis is a growing field that focuses on studying the
geometric features of objects. Shape data classification is one of the core
challenges in this area, with applications in biology, medical imaging, and
pattern recognition. In this paper, we propose a classification model that
uses meaningful geometric shape descriptors to enhance interpretability and
performance. These descriptors quantify essential properties of shapes such
as size, elongation, and convexity, allowing for more accurate distinction be-
tween shape classes.

Material and Methods

This study introduces a multinomial logistic regression (MLR) model for
shape classification, where the covariates are a set of geometric shape de-
scriptors extracted from labeled configurations. The descriptors include
area, elongation (eccentricity), convexity, circularity, centroid size, calliper,
length, width, rectangularity, and total absolute curvature (TAC). These
features are derived from the raw landmark data using standard shape anal-
ysis techniques. The proposed model captures the relationship between
these shape characteristics and class membership using MLR, which mod-
els the conditional probability of class membership based on descriptor val-
ues. Model fitting is achieved via maximum likelihood estimation, and the
evaluation is supported by pseudo-R? indices (McFadden, Cox-Snell, and
Nagelkerke), as well as AIC and BIC criteria. Variable importance is further
assessed using the Wald test.
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Results and Discussion

Extensive experiments were conducted on both synthetic and real-world
datasets. The synthetic study comprised four geometric shape classes—
circle, heart, ellipse, and star—with landmark configurations simulated un-
der controlled noise conditions to evaluate classification robustness. Real
data included MRI-derived midsagittal brain images (for schizophrenia diag-
nosis), river and sea sand particle outlines, and mouse molar contours. For
all datasets, shape descriptors were extracted using the Momocs and shapes
packages in R. The proposed method achieved high classification accuracy
across all cases, with overall correct prediction rates exceeding 89% in most
scenarios. When compared to a recently published method (Moghimbeygi,
2023), our approach demonstrated superior classification performance and
enhanced computational efficiency. Furthermore, the model exhibited strong
resilience to noise and variations in dimensionality, although some degree of
multicollinearity among shape descriptors was observed in specific datasets.

Conclusion

The classification of shape data presents a significant challenge in statis-
tical shape analysis and machine learning. To address this, we introduce
an MLR model that uses geometric shape descriptors, such as area, elon-
gation, convexity, and circularity, as covariates. These descriptors preserve
essential geometric information, enhancing classification accuracy. We eval-
uate the proposed model with results demonstrating high predictive accuracy
and effective performance. Therefore, the study confirms that this approach
provides a simple, interpretable, and practical method for classifying shape
data. Given its strong performance and ease of implementation, the MLR
framework with geometric descriptors serves as a valuable tool for shape
classification tasks. Future work could extend the method to 3D shape data
using volumetric descriptors and incorporate feature selection techniques like
PCA or LASSO to mitigate potential multicollinearity.
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