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Abstract

The ability to segment objects based on open-ended language prompts remains a
critical challenge, requiring models to ground textual semantics into precise spatial
masks while handling diverse and unseen categories. We present OpenWorldSAM,
a framework that extends the prompt-driven Segment Anything Model v2 (SAM2)
to open-vocabulary scenarios by integrating multi-modal embeddings extracted
from a lightweight vision-language model (VLM). Our approach is guided by four
key principles: i) Unified prompting: OpenWorldSAM supports a diverse range
of prompts, including category-level and sentence-level language descriptions,
providing a flexible interface for various segmentation tasks. ii) Efficiency: By
freezing the pre-trained components of SAM2 and the VLM, we train only 4.5
million parameters on the COCO-stuff dataset, achieving remarkable resource
efficiency. iii) Instance Awareness: We enhance the model’s spatial understanding
through positional tie-breaker embeddings and cross-attention layers, enabling
effective segmentation of multiple instances. iv) Generalization: OpenWorldSAM
exhibits strong zero-shot capabilities, generalizing well on unseen categories and
an open vocabulary of concepts without additional training. Extensive experi-
ments demonstrate that OpenWorldSAM achieves state-of-the-art performance in
open-vocabulary semantic, instance, and panoptic segmentation across multiple
benchmarks. Code is available at https://github.com/GinnyXiao/OpenWorldSAM.

1 Introduction

Image segmentation has long been constrained to closed-vocabulary settings, where models can only
recognize objects from a predefined taxonomy [1, 2, 3, 4, 5, 6, 7, 8]. However, real-world applications,
e.g., Embodied Al [9, 10], demand systems that can understand open-ended language descriptions
(from single nouns like “pedestrian” to rich referring expressions such as “the man in a red shirt”’) and
segment novel objects unseen during training. This open-vocabulary segmentation problem poses
two core challenges: (1) Semantic grounding — mapping free-form text to visual entities, and (2)
Instance awareness — distinguishing multiple objects that match the same description.

Detection-centric methods [11, 12] relied on two-stage pipelines, first detecting class-agnostic
mask proposals then classifying them with vision-language models (VLMs), e.g., CLIP [13] and
ALIGN [14]. While effective, such approaches struggle with complex queries and specialize exclu-
sively in semantic segmentation, lacking versatility. Recent generalist models [15, 16] explore unified
architectures that jointly handle vision and language, allowing a single model to perform detection,
segmentation, and grounding tasks. These generalist models demonstrate impressive flexibility, but
they typically involve resource-intensive pre-training. The emergence of promptable segmentation
models like the Segment Anything Model (SAM) [17, 18] offered new possibilities — it introduced
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Figure 1: Overview of the proposed framework. The green region highlights the SAM v2 baseline, supporting
visual prompts (e.g., boxes, points) for interactive segmentation. Our OpenWorldSAM extension integrates
open-vocabulary language understanding, enabling both category-level segmentation across semantic, instance,
panoptic tasks and referring expression segmentation.

a paradigm shift by allowing users to segment arbitrary objects using simple visual prengpts (
points, boxes). Trained on an extensive dataset, these models exhibit remarkable generalization and
interactive capabilities. However, they inherently lack semantic understanding. Subsequent attempts
to combine SAM with large language models (LLM$&p] 20, 21] achieved language awareness but

at prohibitive computational costs, imposing overwhelming overhead.

We posit that an ideal open-vocabulary segmenter should: (i) Natively support textual prompts
without cascaded classi cation components, (i) Preserve the knowledge of the vision foundation
models like SAM without adding large overhead, and (iii) Segment multiple possible instances that
could correspond to a single query. To this end, we propose OpenWorldSAM, an open-vocabulary
extension to the SAM v2 (SAM2) architecture that satis es these requirements. OpenWorldSAM
injects language understanding while retaining SAM2's core strengths through a lightweight language
adapter ( 4.5M trainable parameters), uni ng category-level instance, semantic, and panoptic
segmentation, and sentence-level referring expression segmentation (Figure 1).

Speci cally, we feed the image and descriptive text input into a frozen multi-modal encoder and
obtain fused semantic representations. These serve as prompts to SAM2' mask decoder that produces
masks for any described object or region. We introduce a positional tie-breaker mechanism to
resolve ambiguities when a text query could apply to multiple regions, allowing the model to perform
multi-instance segmentation. Furthermore, our adapter employs a soft prompting technique that
uses cross-attention between textual queries and image features, sharpening localization by allowing
semantic contexts to focus toward relevant image areas. By combining these design innovations,
OpenWorldSAM can accurately identify and segment arbitrary objects described by text, all while
using only frozen pre-trained encoders and a tiny trainable adaptation module.

In summary, OpenWorldSAM represents a new
paradigm of $egment anything in the open wdtldt

inherits SAM's interactiveness while being guided by
exible language prompts. Our contributions include:

1. We introduce OpenWorldSAM, a uni ed interface
that supports various open-vocabulary segmen-
tation tasks. We propose an ef cient language
adapter with tiebreaker and crosattention soft
prompting, improving multi-object localization.
2. OpenWorldSAM achieves state-of-the-art zero-
shot performance across six benchmarks (Fig-
ure 2), setting a new standard for open-vocabulary
segmentationg.g, 60.4 mloU on ADE20K 22)).
OpenWorldSAM also acheives strong perfor-
mance in referring expression segmentation (74.0
cloU on RefCOCOgZ3]) with substantially fewer
resources compared to recent models. : . : .
3. Our work demonstrates that lightweight architeﬁF%g_LJ;ret ghgigzr;\{\éc;relf V'tim ﬁrgiﬁz g?gasrf%eegrs'
tural interventions can unlock zero-shot segmenta-
tion capabilities rivaling specialized models while
preserving SAM2's ef ciency and interactivity.
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