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Abstract

Exploring and understanding efficient image representations is a long-standing chal-
lenge in computer vision. While deep learning has achieved remarkable progress across
image understanding tasks, its internal representations are often opaque, making it diffi-
cult to interpret how visual information is processed. In contrast, classical visual descrip-
tors (e.g. edge, colour, and intensity distribution) have long been fundamental to image
analysis and remain intuitively understandable to humans. Motivated by this gap, we
ask a central question: Can modern learning benefit from these classical cues? In this
paper, we answer it with VisualSplit, a framework that explicitly decomposes images
into decoupled classical descriptors, treating each as an independent but complementary
component of visual knowledge. Through a reconstruction-driven pre-training scheme,
VisualSplit learns to capture the essence of each visual descriptor while preserving their
interpretability. By explicitly decomposing visual attributes, our method inherently fa-
cilitates effective attribute control in various advanced visual tasks, including image gen-
eration and editing, extending beyond conventional classification and segmentation, sug-
gesting the effectiveness of this new learning approach for visual understanding. Project
page: https://chenyuanqu.com/VisualSplit/.

“To see a world in a grain of sand.”

— William Blake

1 Introduction
Computer vision, and more recently deep learning, has continuously pursued effective de-
composition of visual information, to extract semantically meaningful components directly
from images, enabling a deeper and clearer understanding of their content. In classical com-
puter vision, feature extraction relied heavily on predefined methods such as dimensionality
reduction [23], low-level feature descriptors [15], and handcrafted feature extractors [9, 22].
While these traditional methods offer strong deterministic properties, they are limited in

© 2025. The copyright of this document resides with its authors.
It may be distributed unchanged freely in print or electronic forms.

Citation
Citation
{MacQueen} 1967

Citation
Citation
{Kanopoulos, Vasanthavada, and Baker} 1988

Citation
Citation
{Dalal and Triggs} 2005

Citation
Citation
{Lowe} 2004

https://chenyuanqu.com/VisualSplit/


Citation
Citation
{Chen, Qu, Zhang, Chen, and Jiao} 2023

Citation
Citation
{Chen, Zhang, Chan, Yin, Wang, and Li} 2025

Citation
Citation
{Li, Zhang, Hu, Cao, Hong, Mao, Huang, Wu, and Ji} 2021

Citation
Citation
{Wei, Wang, Yang, and Liu} 

Citation
Citation
{Zhang, Isola, and Efros} 2017

Citation
Citation
{Wei, Wang, Yang, and Liu} 

Citation
Citation
{Li, Zhang, Hu, Cao, Hong, Mao, Huang, Wu, and Ji} 2021

Citation
Citation
{Zhang, Isola, and Efros} 2017

Citation
Citation
{RÃ¤sÃ¤nen} 2003

Citation
Citation
{Boyle and Thomas} 1988


