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1 Refractive Stereo: Quantitative Evaluation

We evaluate our refractive stereo results quantitatively in two ways. First, for natural
stereo sequences, we compare the recovered depths of the refractive fluid layers with
that of the heat sources generating them, as computed using a standard stereo algorithm
(since the depth of the actual heat sources, being solid objects, can be estimated well
using existing stereo techniques). More specifically, we pick a region on the heat source
and pick another region of hot air right above the heat source, and compare the average
disparities in these two regions. Our experiments show that the recovered depth map of
the (refractive) hot air matches well the recovered depth map of the (solid) heat source,
with an average error of less than a few pixels.

Second, we evaluate the refractive stereo algorithm on simulated sequences with
ground truth disparity. The simulation setup is similar to one we used for the refractive
flow algorithm in the paper, except that we manually specify the ground truth disparity
map as shown in Figure 1.

To evaluate the performance of the algorithm, we generated four different back-
ground patterns shown in Figure 1: 1) weakly textured in both x and y directions, 2)
strongly textured in x direction, 3) strongly textured in y direction, 4) strongly textured
in both directions. We generated all combinations of these backgrounds in the left and
right views and get 4×4 = 16 stereo sequences. For comparison, we also implemented
a refractive stereo algorithm that does not consider the uncertainty in the optical flow.
Figure 1(a) and (b) show the disparities recovered by both refractive stereo (without
uncertainty; the baseline) and probabilistic refractive stereo (with uncertainty), together
with their corresponding root-mean-square error (RMSE). The simple refractive stereo
only works well when the backgrounds of both the left and right views are strongly
textured in both the x and y directions. When the background is weakly textured in one
direction, the optical flow in that direction is noisy and thus the recovered disparity will
be significantly less accurate.

The probabilistic refractive stereo algorithm is able to handle weaker textures. As
long as one direction of the background is textured in both views, the algorithm is able
to accurately recover the disparity map. For example, in the second row and second
column in Figure 1(b), the optical flow in the x direction is noisy, while the optical
flow in the y direction is clean, because the background is very smooth in x direction.
In the probabilistic refractive stereo, the algorithm weights optical flow results by how
accurately they are estimated when calculating the disparity. Therefore, the optical flow
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(b) Disparity by probabilistic refractive stereo 
(with uncertainty)

Fig. 1. Quantitative evaluation of refractive stereo using synthetic sequences.

in the x direction will have a smaller effect on the final result than the optical flow in the
y direction, and the algorithm will infer the disparity map correctly. This demonstrates
the robustness of our algorithm to partially textured backgrounds.


