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This paper proposes a model for large illumination variations to improve
direct 3D tracking techniques since they are highly prone to illumination
changes. Within this context dense monocular and multi-camera tracking
techniques are presented which each perform in real-time (45Hz). The
existing real-time direct tracking techniques which consider light change
only tackle simple geometric scene models: planar homographies [3, 5]
and only small regions (patches) are tracked. Alternatively, the method
proposed here handles general 3D scenes, and many additional undesir-
able effects are present: occlusions, self-shadowing, objects interactions,
specular reflections, camera saturation and also uncertainties on the scene
geometry (e.g due to reconstruction). The central purpose of this paper is
to address these illumination problems whilst maintaining a dense direct
approach and considering real-time aspects.

In the case of direct model-based tracking, photometric models are
usually acquired under significantly greater lighting differences than those
observed by the current camera view, however, model-based approaches
avoid drift. Incremental visual odometry [1], on the other hand, has rela-
tively less lighting variation but integrates drift. The novelty is to propose
a hybrid model-based/visual-odometry method which is robust to a large
set of illumination changes whilst minimising drift with respect to a global
reference frame (3D model).

Firstly, a model-based (MB) approach is considered here to be one
that minimises the error between a known model (3D+photometric) and
the warped current image. In terms of illumination, large changes can be
expected for the Model-Based approach (see Fig. 2) since there is a large
temporal difference between the moment the model was acquired and the
current image.

Secondly, a visual odometry (VO) approach is defined as minimising
the error between the image acquired at time # — 1 and the warped current
image at time ¢ (see Fig. 1). In this case relatively small changes can be
expected (even if they must still be modelled).

Direct 6 dof tracking is performed by an accurate method, which di-
rectly minimizes dense image measurements iteratively, using a robust
non-linear optimisation [2, 4]. A stereo technique for automatically ac-
quiring the 3D photometric model has also been optimised for the purpose
of this paper.

Real experiments are shown on complex 3D scenes for a hand-held
monocular camera undergoing fast 3D movement and various illumi-
nation changes including daylight, artificial-lights, significant shadows,
non-Lambertian reflections, occlusions and saturations (see Fig. 2).
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Figure 1: Cameras position in the scene. In red, the augmented reference
image Z*. In blue, the image Z}" | from time 7 — 1 warped onto the ref-
erence. The current camera image Z; at time ¢. For the MB configuration
the error Z; — Z* is minimised and for the VO configuration Z, —Z}" ; is
minimised.

(e) Spot illumination with occlusions.

Figure 2: Different tracking results. For each row of the image from left
to right: Current image; Synthetic 3D view rendered at the estimated pose
(corresponding to the current image pose); Original reference image



