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Problem1: Panoramic datasets limited in volume and diversity.
Solution1: Use Data Augmentation.
Problem2: Some traditional data augmentation techniques like random cropping and 
free-angle rotation are not suitable for panoramic images because they can disrupt the 
intrinsic structure and layout of panoramic images.
Solution2: Design a novel augmentation method that not only fit panoramic images 
but also enhances dataset diversity.
Summary: We proposed a data augmentation method called PanoMixSwap to solve 
above problems. We also observe significantly improved performance on semantic 
segmentation and layout estimation task compared to the original settings.

Problem Description

We divide every panoramic images into three part: Structure Layout, Background 
Style and Foreground Furniture parts. We combine these three main parts from 
three different indoor panoramic views to create a diverse set of augmented samples.

Proposed Method --- PanoMixSwap

Furniture Fusing Block can be divided into two blocks: Horizontal Alignment 
Block and Vertical Alignment Block.
Horizontal Alignment Block: Taking each furniture column group to produce the 
width-aligned column group that matches the wall width of the corresponding styled 
structure column group using PanoStretch. 
Vertical Alignment Block: Viewing both the width-aligned furniture column group 
and the styled structure column group into ceiling, wall, and floor parts. Then generate 
the final augmented column group by back warping three parts of the width-aligned 
furniture column group (denoted aligned furniture column group) to match the same 
height of three parts from the styled structure column group and replacing background 
pixel of the styled structure column onto the aligned furniture column group.

Style Fusing Block is mainly 
composed of Style Encoder and 
Style Generator. 
Style Encoder: Responsible for 
extracting the embedded style 
vector for each semantic region of 
the style image. 
Style Generator: Creating a 
foreground-free styled structure 
image by generating the appearance 
of each semantic region based on 
its corresponding per-class style 
embedded vector. 

Style Fusing Block Visualization Results of PanoMixSwap

Quantitative Results

PanoMixSwap – Panorama Mixing via Structural Swapping for Indoor Scene Understanding 
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PanoMixSwap consists of two blocks: Style Fusing Block and Furniture Fusing 
Block to gradually fuse the Background Style and Foreground Furniture to original 
Structure Layout.

Evaluation on Semantic Segmentation Evaluation on Layout Estimation

PanoMixSwap vs. another 360 data augmentation -- PanoStretch:

Structure  Layout Foreground FurnitureBackground Style


