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  Abstract 

Image generation is an important research direction in the field of computer vi-

sion, which covers many tasks such as image synthesis, image conversion, image 

editing and other tasks. In recent years, the rapid development of deep learning 

technology has provided powerful tools for image generation, where the stable 

diffusion model has attracted much attention in the image generation field as a 

kind of image generation model. Stable diffusion model (Stable Diffusion Model) 

is a generative model based on the diffusion process. The basic principle is to 

gradually generate the target image by conducting the diffusion process on the 

noise image. Different from the traditional generation models such as generative 

adversarial networks (GANs) and variation auto-encoders (VAEs), the stable dif-

fusion model can gradually control the details and quality of the image during the 

generation process, with good generation stability and sample quality. With the 

continuous exploration and application of stable diffusion model in the field of 

image generation, researchers have proposed many improvement methods, in-

cluding the improvement of generation network structure, loss function and sam-

ple optimization method, to further improve the generation effect and generation 

speed of stable diffusion model. This paper aims to explore and summarize the 

application status and improvement methods of stable diffusion model in the field 

of image generation. Through the study and improvement of stable diffusion 

model, it can provide new methods and ideas to achieve more realistic, diversified 

and controllable image generation effects. 
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Introduction 

Image generation is an important research direction in the field of computer vision, which has wide applications in 

the fields of virtual reality, games, design and art. Traditional image generation methods are mainly based on rules 

and models, but it is difficult to generate high-quality, realistic and diverse images. In recent years, the rapid de-

velopment of deep learning technology has provided new solutions for image generation, especially the emergence of 

generative models such as generative adversarial networks (GANs) and variation auto-encoders (VAEs), which have 

achieved remarkable results. The stable diffusion model gradually generates the target image by conducting the 

diffusion process on the noisy image, which has the characteristics of generating stability and high sample quality. 

Different from the traditional generation model, the stable diffusion model can gradually control the details and 

quality of the image during the generation process, with good generation control and interpretability [1]. It is of great 

theoretical and practical significance to deeply study the application status and improvement method of stable dif-

fusion model in the field of image generation for promoting the development of image generation technology, im-
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proving the generation effect and generation control. 

1. Current application of the stable diffusion model in image generation tasks 

1.1 Image synthesis 

The stable diffusion model shows a good potential for application in image synthesis tasks. For example, images 

with realism and diversity can be gradually synthesized by performing the diffusion process on noisy images. The 

stable diffusion model can generate images with different styles, textures and structures by controlling the parameters 

and steps of the diffusion process, and the resulting results are relatively stable in detail and quality. 

1.2 Image conversion 

The stable diffusion model is also promising in image transformation tasks. For example, by introducing the in-

formation of the target image in the diffusion process, the conversion effect of the image style migration, color 

conversion, image repair and so on can be realized. The stable diffusion model can gradually control the conversion 

degree and effect of the image during the generation process, and the generating results have good smoothness and 

consistency [2]. 

1.3 Image editing 

The stable diffusion model can also be applied to image editing tasks, such as image content editing, style editing, 

etc. Local or global editing of the image is possible by performing a diffusion process on a noisy image and intro-

ducing editing operations during the diffusion process. For example, fine editing of the image can be achieved by 

adjusting the parameters in the diffusion process to control the intensity and range of editing. 

1.4 Generate the control system 

Compared with the traditional generative model, the stable diffusion model shows advantages in generating control. 

By controlling the parameters and steps in the diffusion process, the style, quality and details of the generated image 

can be more finely controlled. This makes the stable diffusion model more controllable and interpretable in genera-

tion tasks, which helps to meet the requirements for generation effects in practical applications [3]. 

1.5 Application and expansion 

In addition to the above-mentioned tasks of image synthesis, image conversion, and image editing, the stable 

diffusion model can also be applied to other image generation tasks, such as image generation completion, image 

generation interpolation, etc. At the same time, the stable diffusion model can also be combined with other generation 

models to form a mixed model to further improve the generation effect and generation control. 

2. Improved method for the stable diffusion model 

2.1 Diffusion path control 

Diffusion path control is a method to improve the stable diffusion model, aiming to make the generation process 

more controllable and flexible by controlling the diffusion path and speed of the generated image. Here are some 

possible diffusion path control methods. First, the learnable diffusion step size. In the stable diffusion model, the 

generation process is performed by gradually spreading the noisy image into a real image. The morphology and 

details of the generated images can be controlled by introducing a learnable diffusion step, which controls the am-

plitude and direction of the diffusion at each step. For example, convolutional neural networks or other learnable 

modules can be used to generate the step size for each step of the diffusion, thus making the generation process more 

flexible and controllable. Second is the nonhomogeneous diffusion. In the traditional stable diffusion model, each 

diffusion step is uniform, namely, the same noise is added to the whole image [4]. More abundant and diverse fea-

tures can be obtained in the generated images by introducing non-uniform diffusion processes, for example, adding 

more noise in some regions. For example, images with more rich and diverse features can be generated by introducing 

different diffusion steps or diffusion modes into different regions in the generated image. Third is the multi-scale 

diffusion. The diffusion process at different scales can be used to generate images with different details and diversity. 
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For example, multi-scale noisy images or multi-scale generative networks can be introduced to provide the resulting 

images with features at different scales by conducting diffusion processes at different scales. This can help to gen-

erate images more rich and diversified, thus improving the generation effect. 

2.2 Generate the control mechanism 

First is the conditional generation. By introducing condition information, such as an image label, a semantic mask, 

etc., as a control signal for generating the generated image, the form, content, or style of the generated image is 

controlled according to the condition information during the generation process. For example, the noise, color, tex-

ture of the generated image, etc., can be adjusted according to the conditional information to generate the image 

meeting the conditional requirements. Second, guide the image. A guide image can be introduced as a reference for 

the generated image, thus guiding the generation path of the image during the generation process. For example, the 

difference between the generated and guided images can be controlled during generation, thus achieving fine control 

of the morphology and content of the generated image. Third is style control. We can introduce style control me-

chanism and control the style of the image during generation. For example, the image with different styles can be 

adjusted by introducing the style vector of the generated image at each step of the generated image. Fourth is user 

interaction. The form, content or style of the generated image can be controlled through interaction with users, such 

as user input and user feedback. For example, the form or content of the generated image can be adjusted according to 

the user's input, thus enabling user-customized image generation. Fifth is dynamic control. The diffusion path or 

speed of the generated image can be adjusted according to the dynamic information in the generation process, such as 

the current state of the generated image and the generated speed, so as to realize the dynamic control of the generated 

image. For example, the generation parameters can be dynamically adjusted according to the quality or generation 

speed of the generated image, thus controlling the generation path of the image during the generation process [5]. 

Motion capture: also known as "motion capture", is a technology to record and process the actions of people or other 

objects. From the technical point of view, the essence of motion capture is to measure, track and record the motion 

track of objects in three-dimensional space. Each of the 17 physical inertial sensors includes a gyroscope, an acce-

lerometer, and a magnetometer. It can sense the rotation around three axes in space, and calculate roll pitch and 

heading through complex algorithms. The communication equipment includes the data output by the sensor, and 

calculates the position of the limbs relative to the "main heart bone". At the same time, special algorithms are used to 

help calculate the position of the main heart bone relative to the ground. After these information are transferred to the 

computer, the computer will model the 3d scene by the information. "Vtuber" also uses this technology. 

2.3 Model architecture improvement 

First is the multi-scale diffusion. Multi-scale diffusion paths can be introduced to consider image features at dif-

ferent scales in the generation process, thus generating more abundant and detailed images. For example, a diffusion 

model can be applied at different levels or resolutions of the generated image, thereby generating images with dif-

ferent scale features. Second, the pyramid spreads out. Multiple diffusion models can be combined into a single 

pyramid structure, so as to generate images on different levels of pyramids at the same time, thus realizing multi-level 

image generation. For example, different generative models or parameters can be used at different levels of the py-

ramid to generate images with different details and diversity. Third is the attention mechanism. An attention me-

chanism can be introduced to weight different areas or features of the image during generation, thus enabling local 

control of the generated image. For example, the weights of different areas of the generated image can be generated 

by the self-attention mechanism, which can control the local features of the image during generation. Fourth is the 

structural improvement of the generator and the discriminator. The structure of the generator and discriminator can be 

improved to improve the quality and diversity of generated images. For example, deeper generator or discriminator 

networks can be introduced, or more complex generator or discriminator structures, such as recurrent neural network 

(RNN) and convolutional neural network (CNN), can be used to improve the representation ability and generation 

effect of the model. Fifth is the morphological diffusion. A morphological diffusion model can be introduced to 

control the morphology of the image during generation. The morphological diffusion model can control the mor-

phological structure of the image by introducing morphological operations, such as corrosion, expansion, etc., to 

control the morphological features of the generated image. 
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2.4 Data augmentation and training strategies 

First is data enhancement. The training data of the model can be enriched by enhancing the diversified data of the 

input image, so as to improve the generalization ability of the model and the diversity of the generated results. For 

example, more diverse training samples can be generated through image transformation operations such as rotation, 

translation, zoom, and flip, so that the model can better process different image styles and contents when generating 

images. Second is incremental training. Incremental training strategies can be adopted to gradually introduce new 

training data and styles, so that the model can gradually adapt to different types of image generation tasks. For ex-

ample, you can conduct initial training with a simple set of training data, and then gradually introduce more complex 

and diverse training data, so that the model can better learn richer and more complex image generation patterns. Third 

is the unsupervised / self-supervised training. Unsupervised or self-supervised training strategies can be adopted, thus 

using label-free data to train the model. For example, unsupervised training can be carried out by automatically ge-

nerating the adversarial loss in the adversarial network (GAN), or self-supervised training can be carried out through 

self-reconstruction loss, so that the image generated by the model itself can be used as the target for model training. 

Fourth is conditional generation. Thus, a conditional generation strategy can be introduced to consider additional 

conditional information, such as category labels, and attribute labels, so as to achieve more refined control over the 

generated image. For example, conditional information can be fused with a diffusion model to control specific 

properties or styles of the image during generation, thus generating a more personalized image. Fifth is reinforcement 

learning. Reinforcement learning strategies can be introduced, so that the generative model can self-adjust and op-

timize according to the feedback of the generated results. For example, reinforcement learning algorithms can be used 

to optimize the generation strategy of the generated model by introducing the evaluation index of the generated re-

sults as the reward signal, so as to improve the quality and diversity of the generated results. 

Epilogue 

The stable diffusion model has wide application potential in the field of image generation, and has achieved some 

results in different tasks and scenarios. The performance of the stable diffusion model and the quality of the generated 

results can be further improved by improving the model architecture, controlling the diffusion path, introducing the 

generative control mechanism, data enhancement and optimization of training strategies. These improvement me-

thods can be used individually or in combination, selected and adjusted according to specific needs and problems. 

However, there are still some challenges in the field of image generation, such as the diversity and authenticity of the 

generated results, the efficiency of training and inference of the model, and the controllability of the generation 

process. Future studies can further explore and improve these problems, and combine advanced technologies such as 

deep learning, reinforcement learning, self-supervised learning, etc., to further improve the application performance 

and practical application value of the stable diffusion model in the field of image generation. Overall, the stable 

diffusion model, as an emerging generative model method, still has a huge research space and application prospect in 

the field of image generation. 
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