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Weighting Strategies in Minimum Spanning Tree

The initialization of the graph-based matching method depends on a minimum spanning tree (MST) parameterized by edge weights. Although we use the quadratic mean
of mutual ranks as the edge weight, Structure-from-Motion (SfM) is not much affected
by different weighting strategies, as we will show in the following experiment. It is
shown that this method is not sensitive to the initial MST step. We use five different
weighting strategies to generate the initial MST and apply our method on the highly
ambiguous TempleOfHeaven dataset. Namely, we combine the rank of the i-th image
in jth image’s candidate list Ranki2 (j), and its mutual counterpart Rankj2 (i) using
quadratic mean, harmonic mean, arithmetic mean, geometric mean and maximum respectively. All the five initialization strategies yield a successful reconstruction, without
noticeable differences in re-projection error and SfM results (see Table 1 and Figure 1).
Table 1. Matching and SfM statistics using different weighting strategies.
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Fig. 1. SfM results of TempleOfHeaven dataset using different MST initialization.
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Further Discussion on Community-Based Graph Reinforcement

As we have demonstrated in Scalability and Efficiency part of Section 5 in the main
paper, the third step of our proposed method, community-based graph reinforcement
(CBGR), plays an important role in ensuring the consistent matching set generates complete and accurate structure-from-motion (SfM) models. In this section, we show the
comparison results of SfM models with and without this step.
For the SportsArena dataset, CBGR ensures the completeness of the SfM model.
Figure 2 shows the SfM models with different input matching sets. With a locally consistent matching set without CBGR, the resulted SfM model is disconnected and incomplete. The Voc100 matching set which contains more matches generates a complete
SfM model. However, some cameras are erroneously registered because of the symmetric structure in the scene (as shown in Figure 2(c)). Thus, our matching method achieves
a good trade-off between computational efficiency and sufficient image connectivity.
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Fig. 2. SfM models of SportsArena. (a) The SfM model without CBGR. (b) The SfM model with
CBGR. (c) The SfM model with Voc100 matching set. Compared with (b), (a) has a missing
component while (c) contains erroneously registered cameras.

For the TempleOfHeaven dataset, the difference between the SfM models with and
without CBGR is visually indistinguishable (as shown in Figure 3). Since the cameras in
this scene are scattered on a circle, the match graph after triplet expansion captures the
sequential structure. However, the match graph after the triplet expansion step generally
preserves a tree-like structure, which does not identify the circular arrangement of the
cameras. The re-projection error of the SfM model with CBGR is 0.544 while that of
the SfM model without CBGR is 0.725. The larger re-projection error implies that a
matching process without CBGR may cause drifting effects in SfM.
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Reconstruction Visualizations of Large Datasets

Figure 4 5 6 show the visualization of SfM models for relatively larger datasets, a.k.a.
Colosseum, TreviFountain and NotreDame respectively. For these large Internet datasets,
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Fig. 3. SfM models of TempleOfHeaven. (a) The SfM model without CBGR. (b) The SfM model
with CBGR. (c) The SfM model with Voc100 matching set. One thing worths noting is that
although the difference between (a) and (b) is indistinguishable, the re-projection error of (a) is
smaller than the re-projection of (b).

the connectivity level of the match graph after triplet expansion is strong enough to recover the whole scene, partly due to the fact that the images in Internet datasets are
only sparsely connected. However, without CBGR, either some parts of the SfM models are missing (see Figure 4(a)), or the registrations of camera poses are inaccurate (see
Figure 6(a)).
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Fig. 4. SfM models of Colosseum. (a) The SfM model without CBGR. (b) The SfM model with
CBGR. (c) The SfM model with Voc100 matching set.
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(a) 1885 cameras

(b) 1906 cameras
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Fig. 5. SfM models of TreviFountain. (a) The SfM model without CBGR. (b) The SfM model
with CBGR. (c) The SfM model with Voc100 matching set.
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Fig. 6. SfM models of NotreDame. (a) The SfM model without CBGR. (b) The SfM model with
CBGR. (c) The SfM model with Voc100 matching set.

