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Global Human Motion Recovery (HMR) struggles with complex human poses and

dynamic interactions, especially in climbing—an off-ground sport requiring hand-foot

coordination to ascend walls. As an Olympic event, climbing lacks sufficient research

due to limited datasets (e.g., SPEED21: 2D, CIMI4D: small-scale 3D with trivial

motions). Capturing climbing motion is challenging, needing precise pose estimation

and global coordinate consistency, yet existing HMR methods focus on ground-based

motions and fail to address climbing’s unique demands.

We propose ClimbingCap, an innovative Human Mesh Recovery pipeline designed to tackle the

unique challenges of capturing climbing motion, which involves extreme limb extensions, full-body

exertion, and precise alignment with rock walls in both camera and global coordinate systems.

ClimbingCap consists of three core stages: Separate Coordinate Decoding, Post-Processing, and

Semi-Supervised Training. In the Separate Coordinate Decoding stage, features from RGB images

and LiDAR point clouds, transformed via an extrinsic matrix, are extracted using ViT and

PointNet++ to predict SMPL parameters in camera coordinates and global translation parameters in

world coordinates. Iterative decoding refines these estimates, guided by losses. The Post-Processing

stage refines these outputs using three losses, optimized with the Adam optimizer for global

consistency and leveraging LiDAR’s 3D data for rigid transformations. Finally, the semi-supervised

training stage utilizes AscendMotion's abundant unlabeled data for training. The teacher model

generates pseudo labels from unlabeled sequences to train the student model. This cohesive pipeline

effectively addresses climbing’s off-ground dynamics and intricate human-scene interactions.

We introduce AscendMotion, a pioneering multi-modal dataset designed to

advance Human Mesh Recovery (HMR) research for climbing motion in global

coordinate systems. Tailored to capture the intricacies of rock climbing,

AscendMotion features complex, multi-directional motions on non-planar surfaces,

offering a unique and challenging resource for the HMR community. The dataset

includes 344 minutes (6 hours) of meticulously labeled data and an additional 441

minutes of unlabeled data, totaling over 12 hours of recordings. It encompasses 22

skilled climbers navigating 12 diverse real-world climbing scenes, showcasing a

variety of styles such as bouldering, speed climbing, and lead climbing.

We validate the AscendMotion dataset and ClimbingCap through

comprehensive experiments, demonstrating the dataset’s high-quality

annotations and its challenge to existing HMR methods, while

showcasing ClimbingCap’s superior performance. The annotation quality

of AscendMotion is assessed by comparing global optimization outputs

with manual annotations across horizontal and vertical rock wall scenes,

using metrics like MPJPE, PA-MPJPE, PVE, and acceleration error;

confirming the dataset’s robustness. ClimbingCap is evaluated against

nine state-of-the-art HMR methods—RGB-based, LiDAR-based, and

LiDAR+RGB-based—on AscendMotion and CIMI4D datasets, following

protocols from WHAM and SLOPER4D for metrics like WA-MPJPE, W-

MPJPE, RTE, Jitter, and T-Error. In AscendMotion, ClimbingCap excels

in horizontal scenes and significantly outperforms others in vertical

scenes, where methods like GVHMR falter due to poor upward motion

estimation, highlighting the need for coordinated camera-global alignment.

On CIMI4D’s less challenging horizontal scenes, ClimbingCap

generalizes well, leading in most metrics except WA-MPJPE.
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