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Abstract. In this work we address the problem of estimating 3D human pose from
a single RGB image by blending a feed-forward CNN with a graphical model that
couples the 3D positions of parts. The CNN populates a volumetric output space
that represents the possible positions of 3D human joints, and also regresses the
estimated displacements between pairs of parts. These constitute the ‘unary’ and
‘pairwise’ terms of the energy of a graphical model that resides in a 3D label space
and delivers an optimal 3D pose configuration at its output. The CNN is trained on
the 3D human pose dataset 3.6M, the graphical model is trained jointly with the
CNN in an end-to-end manner, allowing us to exploit both the discriminative power
of CNNs and the top-down information pertaining to human pose. We introduce
(a) memory efficient methods for getting accurate voxel estimates for parts by
blending quantization with regression (b) employ efficient structured prediction
algorithms for 3D pose estimation using branch-and-bound and (c) develop a
framework for qualitative and quantitative comparison of competing graphical
models. We evaluate our work on the Human 3.6M dataset, demonstrating that
exploiting the structure of the human pose in 3D yields systematic gains.
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Introduction

Human pose estimation has made rapid progress thanks to deep learning, as witnessed
by the improvements reported on large-scale benchmarks [1,2,3,4,5,6,7]. In this work we
focus on the more challenging task of 3D human pose estimation from a single monocular
image, which can have many applications in human-computer interaction, augmented
reality, and can eventually lead to addressing generic 3D object pose estimation.
Recovering 3D information from a single 2D image is clearly ill-posed, given that
different 3D scenes can project to the same 2D image. However, exploiting task-specific
prior knowledge can increase the probability of the more plausible scenes. All leading
approaches to 3D human pose estimation, such as [8,9,10,11], rely on incorporating
prior knowledge about the structure of the 3D human body. Two-stage approaches, e.g.
[9,10,12], firstly detect joint positions in 2D and subsequently lift joints into 3D by
relying on prior knowledge about the 3D human pose. The advantage of such approaches
is that they can exploit large datasets constructed for the prediction of 2D landmarks the disadvantage is that errors in the 2D stage can propagate to the 3D predictions and
can often not be recovered from. Inherently 3D approaches [13,14] discretize the depth
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