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• Classification Loss

• Offset Regression Loss

• FOVs Regression Loss

• Total Loss

• Step 7&8. Compute normal vectors and point 
vectors for eight boundaries by cross product;

• Step 10&11. Remove points outside the two 
spherical rectangles by dot product and 
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                                          .

• 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 IoUs based on polygons on spherical images.
Note! All existing criteria are unreasonable because of 
either biased representations or biased calculations.

• In planar images, the location 
of an object are defined 
coarsely using an axis-aligned 
rectangle (x, y, w, h) , and it is

Introduction Unbiased IoU

Existing Biased Evaluation Criteria
Red Curve: Sph. Rectangles; Blue Curve: Biased Criteria

Spherical CenterNet

Visualization

Experiments & Results

Intersection Computation Algorithm

Ground Truth Heatmap Spherical Object Detection Results Visualization

1. Area of Spherical Rectangle
We use (θ, φ, α, β) as unbiased representations 
for spherical rectangles, which corresponds to 
the azimuthal and polar angles and the FOVs.

Different Shapes of intersection areas
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• Our unbiased IoU compared to
other biased representations

• Our unbiased IoU compared to 
Spherical Integral Method

Detection Results compered to the other methods
2. Intersection Area Computation Algorithm• The existing methods give the excessive approximate 

IoU calculations, and the incorrect results will lead to 
poor performance and the unplausible evaluation for 
spherical image object detection task.

After derivation, the area of each 
spherical rectangle is given by

not suitable and can 
not tightly bound the   
distorted objects in 
spherical images.
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