Efficient Model-based 3D Tracking of Hand Articulations using Kinect
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The 3D tracking of the articulation of human hands is a theoretically
interesting and challenging problem with numerous and diverse applications [1]. Several attempts have been made to address the problem by
considering markerless visual data. Existing approaches can be categorized into model- and appearance-based [1]. In this work, we propose a
model-based approach to the problem (Fig. 1). We formulate it as an optimization problem that minimizes the discrepancy between the 3D structure and appearance of hypothesized 3D hand model instances, and actual visual observations. Optimization is performed with a variant of an
existing stochastic optimization method (Particle Swarm Optimization PSO) [2]. The most computationally demanding parts of the process have
been implemented to run efficiently on a GPU [3]. The resulting system
performs hand articulations tracking at a rate of 15Hz.

Figure 1: Graphical illustration of the proposed method. A Kinect RGB
image (a) and the corresponding depth map (b). The hand is segmented
(c) by jointly considering skin color and depth. The proposed method
fits the employed hand model (d) to this observation recovering the hand
articulation (e).
The input to the proposed method is an image acquired using the
Kinect sensor, together with its accompanying depth map (Fig. 1(a),(b)).
Skin color detection followed by depth segmentation isolate the hand in
2D and 3D, resulting in the visual observations (Fig. 1(c)) that are used in
the following steps.
The adopted 3D hand model comprises of a set of appropriately assembled geometric primitives (Fig. 1(d)). The palm is modeled as an
elliptic cylinder and two ellipsoids for caps. Each finger consists of three
cones and four spheres, except for the thumb which consists of an ellipsoid, two cones and three spheres. Similarly to [4], we build all the
parts of the hand using two basic 3D geometric primitives, a sphere and a
cylinder, enabling a high degree of computational parallelism [3].
Having a parametric 3D model of a hand, the goal is then to estimate
the 27 model parameters that are most compatible to the visual observations. To do so, given a hand pose hypothesis and camera calibration
information, a depth map is generated by means of rendering. By taking pixel-wise differences among this map and the respective observation
depth map, the discrepancy between hand hypotheses and the actual observations can be quantified. An appropriate objective function is thus formulated and a specifically tailored variant of PSO is employed to search

Figure 2: Indicative results on real-world data.

for the optimal hand configuration. The result of this optimization process is the output of the method for the given frame (Fig. 1(e)). Temporal
continuity is exploited to track hand articulation in a sequence of frames.
Synthetic data were used for the quantitative evaluation of the proposed method. Extensive experiments evaluated the performance of the
method with respect to the relative position of the hand and the virtual
camera, the observation noise and the parameters of the PSO. Additionally, several long, real-world image sequences were captured, exhibiting hand waving, palm rotations, complex finger articulation as well as
grasp-like hand motions. The supplemental material accompanying the
paper1 provides videos with the results obtained in two such sequences.
Indicative results are illustrated in Fig. 2. As it can be verified, the estimated hand model is in very close agreement with the image data, despite
the complex hand articulation and significant self occlusions. Moreover,
experiments on real world data indicate that the proposed method can
reliably perform pose initialization by devoting more computational resources to the processing of the first frame.
In conclusion, the combination of (a) a careful modeling of the problem (b) a powerful optimization method (c) the exploitation of modern
GPUs and, (d) the quality of the data provided by the Kinect sensor, results in a robust and efficient method for tracking the full pose of a hand
in complex articulation. Extensive experimental results demonstrate that
accurate and robust 3D hand tracking is achievable at 15Hz. Thus, to the
best of our knowledge, the proposed method is the first that simultaneously (a) provides accurate, continuous solutions to the problem of 3D
tracking of hand articulations (b) does not require a complex hardware
setup (c) relies solely on markerless visual data (d) is rather insensitive to
illumination conditions and, (e) runs in near real-time. It is important to
note that there is no inherent limitation that prevents the proposed method
to be used on any other type of depth images resulting, for example, from
standard dense stereo reconstruction methods.
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Also available at http://www.youtube.com/watch?v=Fxa43qcm1C4

