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Highlights

• Proposes hand pose estimation using a combination of model optimisation
and discriminative methods which allows tracking to be performed at over
40 frames per second using a single CPU thread.

• Introduces a residual error regression for hand pose estimation, learning from
mistakes in model optimisation.

• A method of training, which captures system response and user variance,
allowing supervised feedback for joint refinement.

• Extensive quantitative and qualitative evaluation including additional datasets
and comparison against multiple state of the art approaches.
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Abstract

This paper presents an approach to hand pose estimation that combines discrimi-
native and model-based methods to leverage the advantages of both. Randomised
Decision Forests are trained using real data to provide fast coarse segmentation of
the hand. The segmentation then forms the basis of constraints applied in model
fitting, using an efficient projected Gauss-Seidel solver, which enforces temporal
continuity and kinematic limitations. However, when fitting a generic model to
multiple users with varying hand shape, there is likely to be residual errors between
the model and their hand. Also, local minima can lead to failures in tracking
that are difficult to recover from. Therefore, we introduce an error regression
stage that learns to correct these instances of optimisation failure. The approach
provides improved accuracy over the current state of the art methods, through
the inclusion of temporal cohesion and by learning to correct from failure cases.
Using discriminative learning, our approach performs guided optimisation, greatly
reducing model fitting complexity and radically improves efficiency. This allows
tracking to be performed at over 40 frames per second using a single CPU thread.
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1. Introduction

There has been an increasing need for new innovative methods of interaction,
providing natural interfaces that can facilitate collaborative computing. The mouse
and keyboard are the typical devices used for Human Computer Interaction (HCI),
however, they are only suited to conventional computing where the users are
sat at a desk. Hand pose estimation offers user control without contact with
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the computer as shown in Figure 1 and provides the possibility for future Multi-
touchless interfaces [1]. Its use spans many applications, aiding design, remote
surgery, robotics, home entertainment and communication. This demand can be
seen in Virtual and Augmented reality which provide immersive visualisation with
limited interaction.

Figure 1: Demonstration of our hand pose estimation method.

Hand pose estimation is a very challenging problem as the hand is an articulated
body with many degrees of freedom. This is similar to the challenge of body pose
estimation, but with a number of additional challenges. The hand is capable of rapid
motion that can break conventional methods of tracking. The hand is also highly
dexterous allowing a large number of poses, which varies from the subtle folding of
fingers to rapid global rotations. Ideally, an approach must be able to accommodate
the large variety in pose while maintaining accuracy for subtle interaction. This
requires an understanding of the complex kinematic relationships while being able
to identify the different regions of the hand. This is extremely difficult as there is
little variation between the appearance of each finger, with ambiguity of the finger
arrangement being common. Self-occlusion is also prevalent when using a single
camera.

Given this ambiguity, several approaches using gloves and markers have been
employed with computer vision to discern similar poses, however, these devices
limit adoption in applications outside of constrained environments. For bare hands,
existing discriminative approaches utilise large datasets to capture the variety
of poses [2, 3, 4] during training. Often, these approaches evaluate the joint
positions using a single frame because it does not drift. However, this discards
prior information and temporal cohesion, which could be used to reduce the likely
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