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Overview
Ø Topic

● Task:  detect ( locate+classfy) objects on panoramic / spherical images.
● Application:  environment perception for robotics and automatic driving.
● Focus point:  IoU calculation and loss design for spherical bounding boxes.

ØChallenges
● It’s hard to balance differnetiablity, accuracy and speed in spherical IoU calculation.
● It ’s hard to design better spherical loss functions beyond naive L1-Loss.

ØContributions
● convert spherical boxes into planar oriented boxes in pairs, named as Sph2Pob.
● implement a differentiable, fast, accurate spherical IoU based on Sph2Pob.
● implement f lexible and extensible spherical loss functions based on Sph2Pob.
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Spherical/Panoramic Image

● Spherical/Panoramic image is a natural extend of comon planar image.

● It has the whole 360°view with richer information and higher practice value.

● Spherical image has two display mode, i.e., sphere  and ERP. 
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Sphere Equal Rectangular Projection (ERP)



Spherical Bounding Box

● Spherical bounding box is defined as                    .

●             is the tangent point of the sphere and 
rectangular tangent plane. (similar to center)

●     and    are the horizontal and vertical fields of view of 
the spherical bounding box. (similar to width/height)

●      is rotated angle around center-axis             .

● Apart from     , another rotated angle     coupled with 
box-pair exists on sphere. [our insight]

● we call     as external angle, while     as .
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external angle



Overlap(IoU) Calculation
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Method

differentiablity ☆☆☆☆☆ ★★★★★ ★★★★★

speed ★☆☆☆☆ ★★★★★ ★★★★★

accuracy ★★★★★ ★☆☆☆☆ ★★☆☆☆

Sph-IoU FoV-IoU Sph2Pob-IoU(Our)Unbiased-IoU

★★★★★

★★★★☆

★★★★☆

Exact Method Approximate Method Approximate Method



Overlap(IoU) Calculation
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Sph-IoU FoV-IoU Sph2Pob-IoU(Our)

ü Try to move boxes to the equator, which is the line 
with no distortion on ERP-images.

× Fail to ensure the boxes after moving on the equator.
× Ignore the internal angle, so relative poses change.

ü Continue to move boxes to the equator.
ü Ensure the boxes on the equator.
ü Preserve the internal angle and relative pose.



Sph2Pob

● Spherical Geometric Transformation can move boxes without any infoloss. 

● Spherical-P lanar Mapping is also used to calculate more general loss beyond IoU.

7
7

★Sph2Pob★  :  well approximated box transform

★Sph2Pob-IoU★ 
differentiable, precise, quick

★Sph2Pob-Loss★
metric-consistent, choice-rich 



Mathematical Details
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1. Compute posit ion and pose.

2. Construct spherical transformation.

3. Transform posit ion and pose.

4. Compute Internal Angle.

5. Map spherical boxes to planar boxes.

★ IoU & Loss ★



Experiments
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● Comprehensive comparison of box transform methods.

● Ablation studies about edge & angle calculation.

● Scatter of different IoU.



Evaluations

● Evaluation on different Loss.
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● Evaluation on different detectors.

● Evaluation on different components, including Lable Assignment, Loss, NMS. 



Visualized Comparsions (360Indoor)

● Some easily confused bed/sofa/table-l ike objects are labeled as bed.

● With L1, predicted bboxes are coarse and category-wrong.
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Ground Truth L1



Visualized Comparsions (360Indoor)

● Some easily confused bed/sofa/table-l ike objects are labeled as bed.

● With our CIoU† ,  predicted bboxes are more compact even though category-wrong.
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Ground Truth （Ours）CIoU†



Visualized Comparsions (PANDORA)

● The cablinet is rotated with some angle, and l ights are t iny.

● With L1, predicted box of the cablinet is corse with wrong angle, and l ights are missing. 
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Ground Truth L1



Visualized Comparsions (PANDORA)

● The cablinet is rotated with some angle, and l ights are t iny.

● With our CIoU† ,  the cablinet is more t ight with right angle, and l ights are catched. 
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Ground Truth （Ours）CIoU†



Thank You !
● Paper: Sph2Pob: Boosting Object Detection on Spherical Images with Planar Oriented 

Boxes Methods

● Codes: https://github.com/AntXinyuan/sph2pob

● Contact:

● Xinyuan Liu: l iuxinyuan21s@ict.ac.cn

● Hang Xu: hxu@hdu.edu.cn

● Feng Dai: fdai@ict.ac.cn
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Homepage

Tips: All codes/posters/slides can be available on our github page. 
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