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Abstract

Recently, text-to-image diffusion models have shown remarkable capabilities in
creating realistic images from natural language prompts. However, few works have
explored using these models for semantic localization or grounding. In this work,
we explore how an off-the-shelf text-to-image diffusion model, trained without
exposure to localization information, can ground various semantic phrases without
segmentation-specific re-training. We introduce an inference time optimization
process capable of generating segmentation masks conditioned on natural language
prompts. Our proposal, Peekaboo, is a first-of-its-kind zero-shot, open-vocabulary,
unsupervised semantic grounding technique leveraging diffusion models without
any training. We evaluate Peekaboo on the Pascal VOC dataset for unsupervised
semantic segmentation and the RefCOCO dataset for referring segmentation, show-
ing results competitive with promising results. We also demonstrate how Peekaboo
can be used to generate images with transparency, even though the underlying
diffusion model was only trained on RGB images - which to our knowledge we are
the first to attempt.

1 Introduction

Image segmentation, a key computer vision task, involves dividing an image into meaningful spatial
regions. Semantic segmentation assigns pre-defined labels [[1], while referring segmentation allows
any natural language prompt [2]. Both tasks are essential for real-world applications [3]. Recent
progress in semantic segmentation [4, 5] relies on expensive manual annotations, but weak supervision
approaches [6} [7] leveraging contrastive image language pre-training models [8} 9] have emerged.
Referring segmentation has adopted language-specific components [10] based on [8]. Unsupervised
semantic segmentation approaches [11} [12]] struggle with complex language prompts, particularly in
referring segmentation tasks (Tab.[I).

Despite contrastive image language pre-training models [8] serving as a foundation for segmentation
tasks [6, [10]], diffusion models [[13-15]] have not been utilized for segmentation with the exception
of [16]], which requires expensive compute to train. We ask if pre-trained diffusion models can
associate natural language with relevant spatial regions of an image. Our proposed Peekaboo, based
on a pre-trained image-language stable diffusion model [17]], achieves unsupervised semantic and
referring segmentation without having to training any model. Peekaboo employs an inference time
optimization that iteratively updates an alpha mask, converging to optimal segmentation for a given
image and language caption. We propose a novel alpha compositing-based loss for improved learning
of the alpha mask. Our contributions are:

1. Novel mechanism for unsupervised segmentation applicable to semantic and referring
segmentation tasks

2. Demonstrating pixel-level localization information within pre-trained text-to-image diffusion
models
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