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Abstract. In this paper, we present an incremental structure from mo-
tion (SfM) algorithm that significantly outperforms existing algorithms
when fiducial markers are present in the scene, and that matches the
performance of existing algorithms when no markers are present. Our al-
gorithm uses markers to limit potential incorrect image matches, change
the order in which images are added to the reconstruction, and enforce
new bundle adjustment constraints. To validate our algorithm, we in-
troduce a new dataset with 16 image collections of large indoor scenes
with challenging characteristics (e.g., blank hallways, glass facades, brick
walls) and with markers placed throughout. We show that our algorithm
produces complete, accurate reconstructions on all 16 image collections,
most of which cause other algorithms to fail. Further, by selectively mask-
ing fiducial markers, we show that the presence of even a small number
of markers can improve the results of our algorithm.
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1 Introduction

Fiducial markers are often claimed to be useful for 3D reconstruction [1–7]. Mark-
ers provide highly detectable and identifiable features that 3D reconstruction can
use to overcome challenging scene characteristics such as low-texture surfaces
(e.g., blank walls), reflective surfaces (e.g., windows), and repetitive patterns
(e.g., columns and door frames). Figure 1 shows an example of a dataset with
exactly these challenging characteristics. Figure 1 also shows that approaches
that treat markers as texture, only use them as additional tracks, or rely on
them exclusively perform no better or even worse than if markers were ignored.

In this paper, we present an incremental structure from motion (SfM) algo-
rithm that significantly outperforms these other approaches when markers are
present in the scene. We exploit that markers can be identified with very low
false positive rates (e.g. AprilTag2 with 36h11 markers has a false positive rate
of 0.000044% [2]) to create a reliable marker match graph that guides image
matching and resectioning. We encode constraints on marker size, shape, and




