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ABSTRACT

In this work, we introduce FlexGen, a flexible framework designed to generate
controllable and consistent multi-view images, conditioned on a single-view im-
age, or a text prompt, or both. FlexGen tackles the challenges of controllable
multi-view synthesis through additional conditioning on 3D-aware text annota-
tions. We utilize the strong reasoning capabilities of GPT-4V to generate 3D-
aware text annotations. By analyzing four orthogonal views of an object arranged
as tiled multi-view images, GPT-4V can produce text annotations that include 3D-
aware information with spatial relationship. By integrating the control signal with
proposed adaptive dual-control module, our model can generate multi-view im-
ages that correspond to the specified text. FlexGen supports multiple controllable
capabilities, allowing users to modify text prompts to generate reasonable and
corresponding unseen parts. Additionally, users can influence attributes such as
appearance and material properties, including metallic and roughness. Extensive
experiments demonstrate that our approach offers enhanced multiple controllabil-
ity, marking a significant advancement over existing multi-view diffusion models.
This work has substantial implications for fields requiring rapid and flexible 3D
content creation, including game development, animation, and virtual reality.

1 INTRODUCTION

Recent progress in generative models (Song et al., 2020bj [Ho et al.l [2020) has significantly ad-
vanced 2D content creation, thanks to the rapid increase in 2D data volumes. However, 3D content
creation remains challenging due to the limited accessibility of 3D assets, which are essential for
diverse downstream applications, including game modeling (Gregory, 2018}, [Lewis & Jacobson)
2002), computer animation (Parent, 2012} |Lasseter, [1987), and virtual reality (Schuemie et al.,
2001). Previous 3D generation methods primarily concentrate on optimization-based techniques us-
ing multi-view posed images (Wang et al., 2021} |Yariv et al., 2021; |Ge et al., 2023 |Verbin et al.,
2022), or employ SDS-based distillation approaches derived from 2D generative models (Lin et al.,
2023} [Poole et al.| 2022} [Liang et al.,|2023). Although effective, these methods often demand sig-
nificant optimization time, limiting their practicality in real-world applications.

Multi-view diffusion models (Liu et al., 2023} [Long et al., 2024; |Shi et al., 2023azb; Wang & Shi,
2023)) have demonstrated the potential of pre-trained 2D generative models for 3D content creation
through the synthesis of consistent multi-view images. Despite their promising performance, the
controllable generation of multi-view images remains under-explored. Most existing multi-view
diffusion models typically rely on a single-view image, which lacks 3D-aware controllable guidance
and proves insufficient for robust multi-view image generation. For example, the generation of
unseen regions continues to pose a significant challenge, often simply replicating information from
the input view to unseen areas.

Several studies focus on conditional 3D generation. For instance, Coin3D (Dong et al.,2024) utilizes
basic shapes as 3D-aware guidance, whereas Clay (Zhang et al.,[2024)) leverages sparse point clouds
and 3D bounding boxes. However, these guidance methods are not user-friendly. Other research (Xu
et al.,|2024bja) employs sparse multi-view images as 3D-aware guidance for 3D generation. These
methods effectively supplement most unseen regions due to the incorporation of additional views,
thereby achieving promising results. Nevertheless, acquiring sparse multi-view images is not always
feasible in practice. These approaches typically depend on a pre-trained multi-view diffusion model
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Figure 1: FlexGen is a exible framework designed to generate high-quality, consistent multi-view
images conditioned on a single-view image, or a text prompt, or both. Our method allows editing of
unseen regions and modi cation of material properties through user-de ned text.

for this purpose, yet integrating 3D-aware controllable guidance into multi-view diffusion models
remains a signi cant challenge. Inspired by controllable content creation in 2D domain with text
prompts, similar design can be incorporated as extra condition for providing 3D-aware guidance.
Text encompasses adequate relationship information, which has been proven in the 2D generative
model (Shen et al., 2024). Previous SDS-based distillation methods (Liang et al., 2023; Lin et al.,
2023; Poole et al., 2022; Wang et al., 2024) have successfully employed text prompts to guide 3D
asset generation, yielding signi cant results and validating this approach.
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