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Recent advances in open-vocabulary semantic segmentation
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Abstract: Semantic segmentation is a fundamental task in computer vision, aiming to assign a semantic label to each pixel
in an image. Most conventional semantic segmentation methods are designed for a closed-set setting, where the categories
involved in testing are predefined and largely consistent with those observed during training. Although this setting facili-
tates the learning of stable category representations and clear decision boundaries , it limits the applicability of segmentation
models in real-world scenarios, where unseen objects-and novel category names are frequently encountered. In this con-
text, open-vocabulary semantic segmentation (OVSS) has emerged as an important research direction for extending seman-
tic segmentation from closed-set prediction to open-world visual understanding. By using natural language descriptions as
category definitions, OVSS enables models to identify and segment pixel-level regions corresponding to arbitrary textual
concepts, thereby alleviating the dependence on fixed label spaces. The rapid development of vision-language pre-trained
models, especially CLIP and related large-scale cross-modal models, has provided an important foundation for OVSS.
Trained on massive image-text pairs, these models learn aligned visual and textual representations and exhibit strong trans-

ferability in open-category recognition. However, most existing vision-language models are mainly optimized for image-
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level semantic alignment and global visual recognition, making it difficult to directly satisfy the requirements of pixel-level
dense prediction, such as accurate localization, boundary delineation, and fine-grained category discrimination. There-
fore, how to effectively transfer image-level open-vocabulary recognition ability to pixel-level segmentation remains a key
challenge in OVSS. This paper summarizes recent progress in OVSS from the perspectives of task background, representa-
tive methods, benchmark datasets, evaluation metrics, remote sensing extension, and future directions. First, the task
background and basic characteristics of OVSS are introduced , and its relationship with conventional semantic segmentation
and zero-shot semantic segmentation is clarified. Compared with conventional semantic segmentation, OVSS emphasizes
generalization beyond predefined categories; compared with zero-shot semantic segmentation, it further benefits from large-
scale image-text pre-training and allows more flexible category definitions through natural language descriptions. Second,
representative OVSS methods are reviewed according to several major research routes, including zero-shot semantic seg-
mentation, early explorations based on image-text supervision, two-stage methods, and single-stage methods. Early zero-
shot segmentation methods mainly rely on semantic embeddings to transfer knowledge from seen categories to unseen catego-
ries, but their expressive ability is often limited by static semantic representations. Early studies based on image-text super-
vision explore whether transferable semantic region representations can be learned without dense pixel annotations, provid-
ing important inspiration for subsequent OVSS methods. Two-stage methods usually decompose the task into class-agnostic
region generation and open-vocabulary region recognition. This paradigm is clear and modular, but its performance is
highly dependent on the quality of candidate regions and may suffer from additional computational costs. In contrast,
single-stage methods aim to integrate region modeling, vision-language alignment, and pixel-level prediction within a uni-
fied framework, which helps reduce cross-stage error accumulation and improve inference efficiency. Nevertheless, they
still face challenges in fine-grained localization, dense semantic alignment, and robust generalization to unseen categories.
The main ideas, technical characteristics, advantages, and limitations of these methods are further analyzed. In addition,
this paper discusses the extension of OVSS to remote sensing imagery. Compared with natural images, remote sensing
images usually exhibit top-down viewpoints, large scale variations, significant orientation changes, complex backgrounds,
and cross-region distribution shifts, which make it difficult to directly transfer OVSS methods designed for natural-image
scenarios to remote sensing applications. Recent studies have therefore begun to explore open-vocabulary remote sensing
segmentation frameworks, dedicated benchmark datasets, training-free strategies, and multimodal fusion methods, indicat-
ing that OVSS is gradually expanding from general natural-image understanding to more complex professional visual sce-
narios. Commonly used datasets and evaluation metrics in OVSS are also summarized. Existing studies typically use
COCO-Stuff as the main training benchmark and evaluate model generalization on datasets such as Pascal VOC, Pascal
Context, and ADE20K under different vocabulary settings. At present, OVSS evaluation still mainly relies on conventional
semantic segmentation metrics, especially mean Intersection over Union (mloU). However, such metrics emphasize strict
category matching and are insufficient for measuring semantic similarity, category hierarchy, and open-category generaliza-
tion. Therefore, constructing evaluation protocols that better reflect the semantic openness of OVSS remains an important
issue. Finally, this paper summarizes the major challenges in current OVSS research and discusses future directions,
including precise pixel-level transfer of open-vocabulary recognition, adaptive region generation, more appropriate evalua-
tion protocols, low-supervision and training-free learning, and remote sensing applications.
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Fig. 1 Research evolution and application expansion of open-vocabulary semantic segmentation
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Table 1 Major research stages and representative methods in open—vocabulary semantic segmentation
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Fig. 2 Typical workflows of major technical routes for open-vocabulary semantic segmentation
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Table 2 Recent advances in open—vocabulary remote sensing image semantic segmentation
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Table 3 Benchmark datasets for open—vocabulary semantic segmentation
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