
Copyright is held by the author / owner(s). 
SIGGRAPH 2012, Los Angeles, California, August 5 – 9, 2012. 
ISBN 978-1-4503-1435-0/12/0008 

High Detail Marker based 3D Reconstruction by Enforcing Multiview Constraints

Thomas Neumann, Markus Wacker∗

HTW Dresden
Kiran Varanasi, Christian Theobalt†

MPI Informatik, Saarbrücken
Marcus Magnor‡

TU Braunschweig

1 2 3 4 5

Figure 1: 3D Reconstruction with over 5.000 markers. 1) Camera images; 2) Closeup of detected markers; 3) 3D reconstruction from
separate stereo matches without our multiview constraints; 4 and 5) Reconstruction by enforcing multiview constraints using our method

Abstract

We present a 3D reconstruction method enabling high resolution
marker-based capturing of deforming surfaces. In contrast to pre-
vious work, we allow all markers to look exactly the same and do
not rely on temporal tracking. This implies considerable advan-
tages: markers can be smaller and are easier to apply due to omit-
ted identification; long-range motions normally confusing temporal
tracking algorithms become feasible. However, the correct match-
ing of markers between camera views is highly ambiguous in such a
scenario. To solve this problem we propose an optimization frame-
work that considers multiview conflicts and local smoothness of the
captured surface. An iterative relaxation method based on graph
matching is adopted to obtain a consistent, smooth reconstruction
for all stereo pairs of a multi-camera system simultanously. Prelim-
inary experiments show excellent and robust results.
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Figure 2: 3 camera views with extracted 2D markers. Correspon-
dences between markers are ambigous (e.g. both m1,3 and m1,4

might be correct matches for p1). Considering one-to-one con-
straints, multiview conflicts, and local smoothness our algorithm
removes such ambiguities and finds a consistent 3D reconstruction.
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1 Our Approach

Given the 2D projections of markers found in multiple camera im-
ages, we seek the 3D reconstruction of the markers. To this end,
correspondences between projections of markers have to be found.
For thousands of identical markers, matching is highly ambiguous
even when respecting epipolar constraints. Finding the one-to-one
matching between two cameras can be cast as a graph matching
problem and solved using approximate methods, which in theory
produces locally smooth correspondence fields [Cho et al. 2010]. In
a multi-camera setting, solving several stereo reconstructions sepa-
rately yields the 3D reconstruction. However, we observed that this
produces poor results.

We propose to consider interactions between previously separately
handled stereo pairs, in the form of multiview constraints. For ex-
ample, in Fig. 2 the matches m1,2 and m1,3 belonging to separate
pairs of cameras agree on the same triangulated 3D position. In con-
trast, m1,2 and m1,4 correspond to distinct triangulated 3D points.
The latter case implies a conflict between said matches since p1 can
only be the projection of one of those separate 3D points. In the it-
erative graph matching procedure, we replace the bi-stochastic nor-
malization (concerning only one-to-one matching constraints) with
normalization concerning multi-view constraints and solve for all
stereo matches simultaneously. The result is a smooth and consis-
tent 3D reconstruction, Fig. 1 (image 4 & 5).

The proposed algorithm has high potential for further improve-
ments both in reconstruction quality and runtime performance, two
issues we would like to tackle in the near future. Being able to eas-
ily place thousands of markers without taking special care of marker
identification and layout could ease acquisition in interesting appli-
cation scenarios, such as the capturing of skin and muscle deforma-
tion [Park and Hodgins 2006], capturing of garments [White et al.
2007], and marker-based reconstruction of facial animations.
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