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Accurately extracting plant skeletal architecture is a fundamental component for high—throughput
phenotyping, growth modelling, and agricultural robotics. A plant skeleton is represented as a graph
whose nodes lie on branches and whose edges encode connectivity between node pairs. Plant skeleton
estimation is typically approached in two main domains: (i) single-view 2D and (ii) multi-view 3D
skeleton estimation. Unlike human poses with a fixed and well-defined joint structure, plant skeletons
can contain an unknown number of joints and must follow a tree topology without loops or disconnections
Additionally, in 2D estimation, models trained on one type of plant often fail to generalize to other
species or imaging conditions. In 3D, existing methods rely on point clouds from light detection and
ranging (LiDAR) or multi-view stereo (MVS), which frequently suffer from uneven density and occlusion
resulting in broken or fragmented connectivity, violating the desired tree structure. To address these
challenges, this dissertation introduces PlantPose, a unified framework that (1) constructs a diverse
and large—scale dataset to enable generalizable 2D skeleton estimation across different plant types, (2)
produces tree—constrained skeletons in an end-to—end manner, and (3) proposes a mask—guided 3D
optimization method that avoids point cloud fragmentation by directly aligning 3D graphs with multi-view
masks.

First, we assemble the PlantPose dataset, the largest and most diverse benchmark for plant skeleton
estimation, comprising ten subsets including lab seedlings, greenhouse crops, orchard trees, web—crawled
photographs, hand-drawn sketches, and photorealistic synthetics. In the branch-level raw annotations
branch segments are labeled independently as sequences of nodes and edges, without guaranteed cross—
branch connectivity, leaving many disconnected components. We therefore propose a graph-recovery
pipeline that merges disconnected branch segments into a single tree using a minimum spanning tree

(MST). The resulting supervision for each image consists of pixel-level joint locations and an adjacency
matrix that encodes a tree topology.

Second, we present PlantPose2D, an end-to—end model that predicts graph nodes and edges from a single
image while enforcing tree constraints during learning. The central component is a Selective Feature
Suppression (SFS) layer. We project the model’ s unconstrained edge scores at each training step onto an
MST defined over the current node set using a non—differentiable solver. SFS layer then suppresses the
internal features that create cycles or isolated parts, aligning the network’ s gradients with the tree
structure projection. This reparameterization enforces the constraint directly in the learning loop
without requiring a differentiable MST. Leveraging the generalized dataset, PlantPose2D achieves the
highest proportion of valid tree-structured skeletons and lower topology—aware error and generalizes
well to unseen species, lighting conditions, and drawing styles.

Third, we address the limitations of 3D skeleton estimation from multi-view images. Point—cloud
pipelines built on LiDAR or MVS often exhibit uneven density on thin, low—texture branches, which breaks
connectivity. We introduce PlantPose3D, a mask—-guided graph optimization method that reduces reliance on
point—cloud quality by aligning a 3D graph’s observed masks with refined multi-view masks. We first
represent the plant as a graph whose nodes store 3D positions and branch radii, with connectivity
encoded by an adjacency matrix. Then, using 3D Gaussian Splatting (3DGS) for differentiable silhouette
rendering, we optimize node positions, radii, and adjacency matrix to match the observed masks across
views. In addition, we reuse the SFS layer from PlantPose2D to regularize the graph to a tree structure
graph during optimization. This method overcomes the limitations of uneven point—cloud density while
guaranteeing a tree-structured graph.
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