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Abstract. In this work, we introduce Semantic-SAM, an augmented
image segmentation foundation for segmenting and recognizing anything
at desired granularities. Compared to the foundational segmentation
model SAM |[31], our model has two unique advantages: (i) granularity-
controllability in that the model can produce segmentation masks at
any desired granularities, from objects to parts to both; (i7) semantic-
awareness in that the model simultaneously predicts semantic labels for
masks at different granularities. To enable multi-granularity capabilities,
we propose a multi-choice learning scheme, where each click point gen-
erates a set of masks at multiple levels of granularity, corresponding to
a set of ground-truth masks. To achieve semantic awareness, we consol-
idate multiple datasets of different levels of granularity and train our
model using decoupled object- and part-based tasks to facilitate knowl-
edge sharing and transfer among different tasks. To the best of our knowl-
edge, this work is the first attempt to jointly train a model on SA-1B,
instance-level, and part-level segmentation datasets. Experimental re-
sults and visualizations demonstrate that our model successfully achieves
the desired goals. Furthermore, we show that multi-task training using
the segmentation task defined on SA-1B and other segmentation tasks
(e.g., panoptic and part segmentation) leads to performance gains on all
segmentation tasks. In particular, we achieve a new state-of-the-art in
COCO panoptic segmentation 60.2 PQ by adding SAM data.

1 Introduction

The universal and interactive Al systems that follow human intents have shown
their potential in natural language processing [46,/47] and controllable image
generation [52,/66]. However, such a universal system for pixel-level image un-
derstanding remains less explored. We argue that a foundational segmentation
model should possess the following important properties: granularity-controllability
and semantic-awareness. Regardless of the specific image domain or prompt con-
text, the model is capable of acquiring a versatile representation, predicting seg-
mentation masks in multi-granularity, and understanding the semantic meaning
behind each segmented region.

Previous works [31,/58|[70] have strived for these properties but only achieved
part of the goals. The main obstacles impeding the progress of such a universal
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Fig. 1: Dataset distribution in the semantics-granularity space.remove

image segmentation model can be attributed to the limited flexibility of model
design and the lack of training data.

— Model Design. The existing image segmentation model architectures are
dominated by the single-input-single-output pipeline that discards any am-
biguity. While this pipeline is prevalent in both anchor-based CNN archi-
tectures and query-based Transformer architectures , and has
demonstrated remarkable performance in semantic, instance, and panoptic
segmentation tasks , it inherently restricts the model to predict
multi-granularity segmentation masks in an end-to-end manner. Although
clustering postprocessing techniques can produce multiple masks for a
single object query, they are neither efficient nor effective solutions for a
granularity-aware segmentation model.

— Training Data. Scaling up segmentation datasets that possess both semantic-
awareness and granularity-awareness is a costly endeavor. Existing generic
detection and segmentation datasets such as MSCOCO and Objects365
offer large amounts of data and rich semantic annotations, but only at the
object level. On the other hand, part segmentation datasets such as Pascal
Part Eﬂ, PartImageNet , and PACO provide more fine-grained se-
mantic annotations, but their data volumes are limited. Recently, SAM
has successfully scaled up the multi-granularity mask data to millions of im-
ages, but it does not include semantic annotations. In order to achieve the
dual objectives of semantic-awareness and granularity-abundance, there is a
pressing need to unify model design and training on various data formats to
facilitate knowledge transfer. However, the inherent differences in semantics
and granularity across different datasets pose a significant challenge to joint
training efforts.

In this paper, we introduce Semantic-SAM, a universal image segmentation
model designed to enable segmenting and recognizing objects at any desired
granularity. Given one click from a user, our model addresses the spatial am-
biguity by predicting masks in multiple granularities, accompanied by semantic
labels at both the object and part levels. As shown in Figure[2] our model gener-
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