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ABSTRACT

Research on Controllable Image Editing Guided by

Cross-modality Conditions

Shuchen Weng (Computer Application Technology)
Directed by Boxin Shi

ABSTRACT

In the era of digitalization, image editing has become an indispensable part of people’s
daily lives. In professional fields such as artistic creation, film production, and advertising
design, content creators crave tools to control the image content for personalized needs and
creative expression. On the other hand, in daily life, social networking, and entertainment ac-
tivities such as tourism, users also need handy methods to edit images at ease, to record and
share the moments of their lives. Thus, there is an urgent need for an efficient controllable
image editing model guided by cross-modality conditions, which not only improves profes-
sionals’ efficiency by saving them from repetitive work but also helps ordinary users express

their ideas and emotions by editing images more conveniently.

Currently, research on controllable image editing primarily explores three areas: (1) global
property editing models that can coarsely edit image colors and overall style; (2) local instance
adjustment models that can modify the contour and property features of specified instances;
and (3) repainting models that supports expressing editing intentions with multiple instructions
across various modalities. Despite these advancements, previous works still struggle to imple-
ment the instructions provided by users and the instances in the image. They also cannot resolve
the conflicts and dependencies in the instructions. To address these issues, this thesis delves
into controllable image editing guided by cross-modality conditions, aiming to overcome the
limitations of existing models in understanding user instructions, processing instances in the
image, and resolving conflicts and dependencies in the instructions. By designing a specialized
user instruction implementing module, leveraging the generative priors of pre-trained models,
the powerful encoding capability of the Transformer, and the matching ability of the cross-
attention mechanism, this thesis proposes solutions for precisely controlling multiple property
features of images. Furthermore, this thesis proposes a unified model architecture that can un-
derstand and process multiple user instructions and execute independent editing operations on
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specific image features. The contributions include the following aspects:

(1) Image global property editing enhanced by instruction understanding: This thesis pro-
poses two solutions to the problem of difficulty in implementing user instructions. First, for
the coupling and mismatch between colors and objects when natural language descriptions are
given as user instructions, a color editing method based on color-object decoupling is pro-
posed. This method uses a bilinear mechanism to establish a correspondence matrix between
objects and colors, effectively establishes relationships between adjectives and image regions
through an attention transfer module, and ensures correctly assign color descriptions to spec-
ified image regions with a soft-gate injection module, achieving accurate image color editing.
Compared to previous state-of-the-art methods, the proposed method has improved PSNR and
SSIM by 3.56 and 6.3%, respectively. Moreover, for the difficulty in understanding and visu-
alizing emotional descriptions when natural language is used as user instructions, an emotion
analysis-based texture editing method is proposed. This method adopts a multi-modal Trans-
former architecture, unifies the feature representations of image content and emotional descrip-
tions, fuses cross-modality features through a cross-attention mechanism, and further designs
emotional description understanding and visualization loss functions, effectively projecting vi-
sually abstract emotional descriptions onto visually concrete color and texture features. In the
user study, more than half of the users show a clear preference for the proposed method on the

synthesis results.

(2) Instance-aware local image instance editing: This thesis designs an explicit instance
perception mechanism and an implicit one to understand the instances in the image, depending
on whether user instructions specify the instance. When user instructions explicitly describe
the direction of instance contour adjustment, a two-phase instance contour adjustment algo-
rithm is proposed. This method extracts and completes structured cues from the input image
based on user instructions in the first stage, and designs a structure-driven convolutional neu-
ral network to precisely adjust the contours of specified instances in the image in the second
stage, avoiding the blending and mixture of different instances in the areas to be inpainted.
This method significantly improves the quantitative results in terms of FID, SSIM, and PSNR.
An adaptive instance-aware property adjustment method is proposed, in the case of the user
instructions which only imply the direction of instance property adjustment. It aggregates the
color in the image into multiple color groups, applies customized group embeddings and tai-
lored modules such as the grouping Transformer and the grouping attention mechanism, and
uses unsupervised learning techniques to automatically identify different instances in the im-
age for independent property adjustments. In the user study experiment, this method performs
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only 2.64% lower than the ground truth.

(3) Cross-modality multi-condition guided image repainting: This thesis proposes two
technical strategies to support users’ instructions in different modalities such as color, tex-
ture, and geometry simultaneously, thus generating visual content in specified regions of the
picture that seamlessly integrates with the background and meets user intentions. The first
strategy adopts a two-phase architecture, consisting of a generative network that understands
and integrates multi-modal input conditions and a joining network that refines the tone of the
repainted result according to the background regions. The second strategy adopts an unified
architecture, by redesigning the condition injection and integration module, constructing the
interaction and dependence between the background and other conditions, thus avoiding the
redundant computation of the two-phase method and thereby enhancing the performance of im-
age repainting. We also collect datasets from four different scenarios and conduct additional
annotations tailored to the needs of the image repainting task, demonstrating the potential of
this technology in a wide range of scenarios. Experimental results show that the unified image
repainting model achieves the best synthetic quality (FID), condition consistency (R-prcn), and
compositing effect (M-score).

The three solutions proposed in the thesis pave novel avenue for the research in control-
lable image editing, expected to improve the performances of image editing methods and lower
the skill barriers, enabling a more intuitive and natural way to edit the image for the majority

of users.

KEY WORDS: Multi-modal, generative model, controllable image editing
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