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Introduction

In planar images, the location
of an object are defined
coarsely using an axis-aligned
rectangle (x, y, w, h), and it is
not suitable and can
not tightly bound the
distorted objects in
© spherical images.

* The existing methods give the excessive approximate
loU calculations, and the incorrect results will lead to
poor performance and the unplausible evaluation for
spherical image object detection task.

Existing Biased Evaluation Criteria
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« Biased Bounding Boxes as Representations:

(a) Using axis-aligned rectangles on spherical images;
(b) Using circles on spherical images;

* Biased Approximate Calculations:

(c) Using axis-aligned rectangles on tangent planes;

(d) Using sampled spaced points on tangent planes but
computing loUs based on polygons on spherical images.
Note! All existing criteria are unreasonable because of
either biased representations or biased calculations.

Unbiased loU

1. Area of Spherical Rectangle
We use (8, ¢, a, B) as unbiased representations
for spherical rectangles, which corresponds to
the azimuthal and polar angles and the FOVs.
After derivation, the area of each
spherical rectangle is given by
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2. Intersection Area Computation Algorithm
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Step 10&11. Remove points outside the two  * pabie e 3¢t P of iencefon points betwveen
spherical rectangles by dot product and o e e o in P such that p ¢ b orp ¢ b
redundant points by loop detection, which

uses DFS Algorithm to find a closed loop.

Step 13&15. Compute all left angles and the

intersection area by A(b,nb,) = Z. Lo —(n-2)z,

Algorithm 1: Intersection Area Computation
Input: Two spherical rectangles by and b, denoted as

(01, 1., 51 ) and L(-)o P2, 2, )

Output: the area of intersection A(by N by)

11 remove duplicated points in P via loop detection;
12 for p; € P do

13 | compute the angle w;

14 end

15 return A(by N by) computed via Equation 3;

Intersection Computation Algorithm
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Experiments & Results

Cases [ vaois | s 2 ® Qur unbiased loU compared to
| Sph. Integral | 032006 . .
Resnge | 0471607 013157 other biased representations
Polygon | 0.35891 003885 .
e |oamss oo ®  Our unbiased loU compared to
SphloU 0.16537  0.15469 .
Ours | 031974 000032 Spherical Integral Method
Sph. Integral | 0.25801
‘ :: "e“l” | . *jw e Cases Methods | 12k x 6k | 10k x 5k | 8k x 4k
ngle .35155 .2935.
Polyeon | 026958 | 001157 Sph. Integral | 0.32006 | 032012 | 0.32022
Circle | 02499 0.00805 Ours 031974 | 031974 | 031974
SphloU 0.11392  0.17109 0.00032 0.00038 0.00048
Ours 0.25772 0.00029
urs a Sph. Integral | 0.25801 | 025807 | 0.25816
| Sph. Integral | 033966 | - Ou|< 025772 | 025772 | 025772
Rectangle 0 7‘87“ 0.08096 0.00029 0.00035 0.00044
B el cn Sph. Integral | 033966 | 033972 | 033981
SphioU | 034220 000254 Ours 033935 | 033935 | 033935
Ours | 033935 0.00031 0.00031 | 0.00037 | 0.00046

Detection Results compered to the other methods

Methods Backbone 360-Indoor 360-VOC-Gaussian 360-VOC-Uniform

’ AP AP APTS | AP AP APTS | AP AP APTS
CenterNet ResNet-101 | 8.6 205 581433 819 403 | 83 14.1 8.8
Multi-Kernel ResNet-101 4.7 11.1 28 1559 71.7 64.8 7.0 12.5 7.3
Sphere-SSD ResNet-101 | 2.9 7.8 14]21.8 284 267|117 19.2 13.4
Reprojection R-CNN | ResNet-101 | 5.0 153 19536 622 448 | 95 13.8 10.1
Ours ResNet-101 | 10.0 248 6.0 | 65.5 84.6 75.5 | 15.8 21.5 18.1

Visualization
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