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1. Proof of Perpendicularity

In the pinhole camera model (Fig. 1), define O =
[0, 0, 0]T as the camera focal point, o = [0, 0, f ]T as the
principal point. Given a zenith vanishing point, pz , and two
points on the horizon line, p1, p2, we show that the zenith
direction is perpendicular to the horizon line:

Theorem 1. Zenith direction, lopz is perpendicular to the
horizon line, lp1p2 .

Figure 1: Pz∞ is the infinite point corresponding to pz;
P1∞ and P2∞ are infinite points corresponding to p1 and
p2. Since Pz∞ is perpendicular to P1∞ and P2∞, pz is per-
pendicular to p1 and p2.

Proof.

(pz − o)T(p1 − p2) = [xpz
, ypz

, 0]

xp1
−xp2

yp1−yp2

0


= pTz p1 − pTz p2 = 0

2. Choosing the Number of Horizon Samples
The horizon accuracy of the algorithm scales linearly

with the number of horizon samples. For the evaluation in
the paper (Sec. 5), we used 300 samples. Intuitively, the
more candidates, the longer time it takes to process, but
usually leads to more accurate predictions. Fig. 2 shows the
sensitivity of the number of horizon samples on the horizon
accuracy using our method.

As observed in Fig. 2, our algorithm requires fewer hori-
zon line candidates to converge on YUD than on ECD.
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(a) Eurasian Cities Dataset
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(b) York Urban Dataset

Figure 2: As the the number of horizon candidates (x-axis)
increases, the average horizon error (y-axis) across the en-
tire dataset (validation + test) decreases. Horizon error is
defined as the maximum distance from the detected hori-
zon line to the ground-truth horizon line, normalized by the
image height.
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3. Results
We present our results on both the Eurasian Cities

Dataset and the York Urban Dataset. These results cover
both the validation set (ID: 1∼25) and the test set (ID:
26∼103 in ECD; ID: 26∼102 in YUD).

For each query image, we present the horizon ground
truth (green dash), the predicted horizon line (magenta) and
the line segments associated with each vanishing point. For
clarity, only line segments of the zenith VP and the top two
horizontal VPs are shown. The results are listed in ascend-
ing order by horizon error.
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