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Visual and Textual Prior Guided Mask Assemble
for Few-Shot Segmentation and Beyond

Shuai Chen, Fanman Meng, Runtong Zhang, Heqian Qiu, Hongliang Li, Qingbo Wu, Linfeng Xu

Abstract—Few-shot segmentation (FSS) aims to segment the
novel classes with a few annotated images. Due to CLIP’s advan-
tages of aligning visual and textual information, the integration
of CLIP can enhance the generalization ability of FSS model.
However, even with the CLIP model, the existing CLIP-based
FSS methods are still subject to the biased prediction towards
base classes, which is caused by the class-specific feature level
interactions. To solve this issue, we propose a visual and textual
Prior Guided Mask Assemble Network (PGMA-Net). It employs
a class-agnostic mask assembly process to alleviate the bias, and
formulates diverse tasks into a unified manner by assembling
the prior through affinity. Specifically, the class-relevant tex-
tual and visual features are first transformed to class-agnostic
prior in the form of probability map. Then, a Prior-Guided
Mask Assemble Module (PGMAM) including multiple General
Assemble Units (GAUs) is introduced. It considers diverse and
plug-and-play interactions, such as visual-textual, inter- and
intra-image, training-free, and high-order ones. Lastly, to ensure
the class-agnostic ability, a Hierarchical Decoder with Channel-
Drop Mechanism (HDCDM) is proposed to flexibly exploit the
assembled masks and low-level features, without relying on any
class-specific information. It achieves new state-of-the-art results
in the FSS task, with mIoU of 77.6 on PASCAL-5' and 59.4 on
COCO-20" in 1-shot scenario. Beyond this, we show that without
extra re-training, the proposed PGMA-Net can solve bbox-level
and cross-domain FSS, co-segmentation, zero-shot segmentation
(ZSS) tasks, leading an any-shot segmentation framework.

Index Terms—Few-shot segmentation, zero-shot, any-shot,
class-agnostic, CLIP

I. INTRODUCTION

HE remarkable success has been made in the area of se-
mantic segmentation by deep learning based methods [ 1—
]. However, this progress heavily relies on the availability
of large annotated datasets [6—8], requiring a time-consuming
and laborious process of annotation. Additionally, these meth-
ods fail to handle the extremely low-data scenario on the
novel classes in practice. Conversely, humans are capable of
identifying and segmenting novel concepts with a few visual
stimulation. Motivated by this, researchers have proposed the
few-shot segmentation (FSS) task, aiming to build a class-
agnostic model from the base classes, and segment object of
any novel classes.
However, even equipped with the powerful meta-learning
and metric-learning schemes, existing FSS models [9-16] still
suffer from the inaccurate localization of the target object,
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Fig. 1. (a): Activation maps on PASCAL-5' and COCO-20°. Despite
incorporating visual information from support as assistance, the baseline
struggles to activate the “Bicycle” area and is prone to base class “Person”.
This is due to the insufficient guidance and an improper utilization of class-
specific feature-to-mask mapping. (b): Previous methods is valid solely when
both the support image Is and support mask M are available. (c): This paper
proposes to incorporate textual components via a class-agnostic prior-to-mask
mapping to address these issues, and is capable of performing diverse tasks
(FSS, bbox-level and cross-domain FSS, ZSS, co-segmentation, FSS with
inaccurate support mask) in a unified form: assembling the prior by affinity.

along with an over-fitting to base class as shown in Figure 1|
(a). We contend that this is originating from two reasons: 1)
They rely solely on a few visual annotations, with limitation
on handling the vast variations of appearance, geometric and
context among objects. 2) They mainly focus on learning a
mapping from class-specific features to masks, which makes
the mapping biased to the semantically rich features of the
base class, leading to ineffectual inference on novel class.
Moreover, as shown in Figure 1 (b, c), existing FSS models
fail to handle extra forms of guided segmentation tasks via
one suite of model weights, such as bounding-box guided FSS,
cross-domain FSS, co-segmentation and text-guided zero-shot
segmentation tasks.

This paper devotes to design a purely class-agnostic model
to alleviate the training bias when incorporating the semanti-
cally rich textual information, and further capable of executing
the above tasks in a unified task form. To achieve these
goals, we integrate these tasks into a unified formulation that
assembles the prior via affinity. On one hand, this formulation
takes only the class-agnostic prior and affinity as direct inputs,
both of which are class-agnostic. Therefore, it can alleviate
training bias compared to the previous class-specific feature-
level mapping. On the other hand, different tasks have different
priors and affinities. For example, the ZSS task involves intra-
image affinity and textual prior, while the FSS task includes



inter-image affinity and visual prior. Despite these variations,
the interaction mechanism remains the same. This uniformity
in such formulation allows us to perform diverse tasks using
same set of model weights.

Following the proposed scheme, we propose our PGMA-
Net, it includes three main modules: 1) a Prior Adapter that
converts class-relevant visual-textual features of CLIP [17]
into class-agnostic priors in the form of probability map.
Additionally, an Affinity Extractor is also proposed to capture
the class-independent pixel-to-pixel correspondence via inter-
and intra-image, training-free, and high-order correlations. 2)
a Prior-Guided Mask Assemble Module (PGMAM) includ-
ing multiple General Assemble Units (GAUs) is introduced.
It assembles diverse priors by corresponding affinities in a
unififed manner. 3) To convert the assembled priors into the
final prediction mask in class-agnostic manner, we propose
a Hierarchical Decoder with Channel-Drop Mechanism (HD-
CDM). It not only essentially ensures the generalization ability
by taking in only the assembled priors and low-level features,
but also allows our model to perform extra segmentation tasks.
Overall, our contributions are as follows:

1) We present a new architecture called the Prior Guided
Mask Assemble Network (PGMA-Net) for the few-shot
segmentation task. This network incorporates textual
information by utilizing a class-agnostic prior-to-mask
assembly process, which helps to alleviate the training
bias towards the base class observed in previous meth-
ods.

2) We introduce Prior-Guided Mask Assemble Module
(PGMAM), which formulates diverse tasks in a unified
manner by assembling the prior through affinity. It con-
siders diverse plug-and-play interactions between priors
(including visual and textual, support and query ones)
and affinities (such as inter- and intra-image, training-
free, and high-order ones).

3) We employ Hierarchical Decoder with Channel-Drop
Mechanism (HDCDM), allowing for handling diverse
tasks using one suit of mode weights.

4) We achieve new state-of-the-art results in the FSS
task, with mIoU of 77.6 on PASCAL-5? and 59.4 on
COCO-20!. Moreover, without re-training, the trained
PGMA-Net shows promising performance across vari-
ous tasks, including ZSS, box-level and cross-domain
FSS, co-segmentation, FSS with inaccurate support an-
notations. This unified framework constitutes an any-
shot segmentation model.

II. RELATED WORK
A. Few-shot Learning

Few-shot learning (FSL) intends to construct a classification
model for new task with a few labeled examples. Meta-
learning is the predominant paradigm for FSL, and it is
further categorized into metric-based, optimization-based, and
model-based methods. Metric-based methods employ either
an embedding network [18-20] or a learnable distance [21].
Optimization-based methods aim to learn a well-performed
model initialization, followed by quick adaptation [22, 23].

Model-based methods are designed to create a model struc-
ture [24, 25] that is specifically tailored to meta-learning.
Transfer learning is another way in FSL [26, ], where
knowledge is transferred from either the base class [28], or
pre-trained models like DINO [29] and CLIP [17].

B. Few-shot Segmentation

Few-shot segmentation aims to segment the novel classes
with just a few annotated images. Episodic training strat-
egy [18] has been employed by previous approaches to
learn a class-agnostic model, which can be subdivided into
prototype-based and matching-based methods. The prototype-
based methods compressed the support features into class-
specific prototypes, and then perform segmentation via fixed
cosine distance or a learnable metric. Diverse prototypes
can be formed, e.g., a single global foreground prototype
obtained through masked average pooling [19, 30, 31], mul-
tiple foreground prototypes obtained through clustering [32]
and EM [33], learnable meta-memory prototypes [34], and
prototypes of base classes [35]. However, compressing avail-
able support information into prototypes unavoidably leads
to significant spatial information loss. Thus, the matching-
based methods are proposed to explore pixel-to-pixel dense
connections between support and query images, which can be
achieved through graph attention mechanisms [9], center-pivot
4D convolutions [13], and cycle-consistent transformer [36].
The proposed PGMA-Net also belongs to matching-based
method, but with a more class-agnostic prior-to-mask map-

ping.

C. CLIP in FSS task

Due to the exceptional efficacy in integrating visual and
textual features in the CLIP [17] embedding space, there
have been attempts to utilize the CLIP prior for few-shot
classification tasks [26, ]. However, CLIP’s image-level
training leads a discrepancy with dense tasks, rendering it
a rising issue to extend in pixel-level tasks [37, 38]. The
complexity of this problem is even heightened when taking
into account the interactions between the support and query
in the FSS task.

An attempt to incorporate CLIP prior in FSS is
CLIPSeg [39], involving a simple interaction among support
feature, query feature, and textual feature via mix-up operation
and FiLM layer [40]. But the generalization is hindered due
to the use of such feature-level interaction. Similarly, when
applying CLIP prior to FSS task without support mask in IMR-
HSNet [41], the improper usage of feature-level interaction
also leads to limited performance. Compared to these methods,
our work aims to better utilize CLIP in FSS task in a more
class-agnostic manner, while still having enough flexibility
to allow a single set of parameters to perform additional
tasks, e.g., zero-shot segmentation, co-segmentation, box-level
segmentation, cross-domain FSS, etc.

III. METHODOLOGY
A. Problem Setup

Few-shot segmentation devotes to segment novel classes
with only a limited number of labeled images. To achieve this,
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Fig. 2. The pipeline of our proposed PGMA-Net: it first extracts class-agnostic priors via Prior Adapter, and affinities via Affinity Extractor. Then performs
Mask Assembly via 10 diverse interactions in a unified manner. Finally, the HDCDM is proposed to decode the multiscale assembled masks into prediction
mask. Due to the unified way of assembling the coarse prior by affinity, as well as the introduction of channel-drop mechanism, the PGMA-Net trained for
FSS is capable of addressing additional tasks with one suit of model weights during inference.

the model is trained on the base categories C', of base dataset
Dy, and must possess the ability to provide reliable inference
on the novel categories C,, of novel dataset D,,. Noted that
the set of base categories C, and novel categories C,, are
mutually exclusive, i.e., Cp, N C,, =

Following previous works [11, 13, 42], the episodic sam-
pling process is employed in both training and testing stages.
Each episode task 7 consists of a support set S and a query
set Q, e.g., T = (S, Q). The most widely used formulation
of an episodic task 7 is the N-way K-shot manner. This
entails sampling N classes from the corresponding dataset,
with only K labeled images available per class (typically 1 or
5). The few available labeled data are called support set S =
{(Is, M )}leK and the data waiting for segmenting are called
query set @ = {(I, )} > Where I, € RHxWex3 1 ¢
RHXWax3 N RH <, and M, € RHa>*Wa represent the
support image, query image, ground-truth mask of support and
query respectively.

B. Prior Guided Mask Assemble Network

1) Overview: As shown in Figure 2, the core of PGMA-Net
is a class-agnostic and unified process: assembling the prior
by affinity, where the prior in the form of probability map is
extracted via Prior Adapter (Section III-B2), and the affinity
is obtained by Affinity Extractor ((Section III-B3)). Then the
assembly is executed between coarse priors (from support or
query) and affinities (inter- and intra-image, training-free, and
high-order) in a unified form, detailed in Section III-B4, and
decode into the prediction mask via HDCDM (Section II1-B5).
Due to the unified way of assembling the coarse prior by affin-
ity, as well as the introduction of channel-drop mechanism, the
PGMA-Net trained for FSS is capable of addressing additional
tasks with one suit of model weights during inference.

2) Prior Adapter: eTextual Prior Adapter. A straight-
forward way [39] to utilize CLIP [17] entails extracting
semantically enriched visual features for downstream decoder.

However, it is contradictory to our suggested underlying
class-agnostic principle. Thus, we opt to first transform them
into class-agnostic textual priors without requiring any addi-
tional training, and extend CLIP’s ability in integration visual
and textual features from image-level to spatial positioning.
Specifically, prompt engineering is utilized to obtain the text
embedding fiet € R4 for each category, where d is the
dimension of the embedding space. Meanwhile, the visual
feature fisua € R"*®X4 is obtained by feeding the value
of patch embedding to the last projection layer of the CLIP
model, without the usage of pooling layer. The cosine similar-
ity is calculated between fy;suq; and fiey:, followed by a min-
max normalization to highlight the area of interest. The class-
agnostic textual prior in terms of probability map is obtained
as:

Pelip = COS (f'uisuala ftea:t) (1)
p’ - Pelip — min(pclip) )
ctip max(pclip) - min(pclip) +€

where € is set to le-8 to avoid division by zero. For brevity,
we adopt p.;;, to denote the normalized visual-textual prior
p;lip. The resultant CLIP prior is generated for both support
and query images with up-sampling to image size, termed as
plir € RH*Ws and pCl”’ € R7a*Wa  respectively.

eVisual Prior Adapter. The basic visual prior that needs
to undergo assembly is the support-guided visual prior M €
RMa*%wa To obtain M}, the maximum value of each query
axis from the cross-affinity Ay, is selected, i.e., M;
maxp, w, Asq, followed with a min-max normalization oper-
ation to highlight the intended area, where A, is detailed in
Equation 4. Besides, the annotation of support image can also
serve as prior for aggregation. Concretely, we can leverage
down-sampled ground-truth mask of support Mgt € Rfs>ws
and clip prior of support p<'? € R"s*%s ag prior.

Taken together, these four priors (pg”p7 Mg, M gt pél’p)
form the basic components for further assembly.
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Fig. 3. The structure of our proposed affinity extractor, including parameter-
free affinity extractor and high-order affinity extractor.

3) Affinity Extractor: The cross-affinity between support
and query images is the first criterion for assembling. For layer
[ of the pre-trained backbone, support feature f! € Rh:xwixd
query feature f! € R *wa*d and the down-sampled support

mask M! € RM:Xw. are obtained. For brevity, the layer index
[ is omitted. Then a transform is first applied as:

ﬁsiﬁb(fs@M‘e)»fqzﬁb(fq) 3)

where ¢ indicates the reshape operation: RPxwxd _y Rhwxd
and ® denotes Hadamard product to discard the irrelevant
features. Then the 4d cross-affinity A, € RhsXwsxhaxwy jg
calculated as: o

fi fq

1] ||
where T' indicates feature transpose. Previous methods [13,
] rely solely on this cross-affinity A,, for segmentation,
we contend that it’s insufficient as this criterion ignores
the self-affinity of both support and query images, which
represent intrinsic structural information that is indispensable
to understand an image. So the self-affinity of support Ass €
RPsXwsxheXws and that of query Ay, € RhaXwWaXhaXwq gre
formulated identically as:
o
Ags = %Mqu =T ®)
T~ Tadli]
The above three affinities are generated by parameter-free
process, implying a simple yet effective set of criteria. How-
ever, this also limits their capacity for accommodating large
variations among text, support and query [43]. Therefore, we
propose a high-order affinity extractor to enlarge its capacity,
implemented by multi-head cross-attention mechanism [44].
The high-order version of cross-affinity A;q is calculated as:

Asq = (4)

fifa

A,, = FFN (LN (MHA (A, Ayq, Agg))) (6)

where the affinity A, is considered as QUERY' sequence with
the length of hg X wg, and in dim of hy X ws. And the affinity
A,q is considered as the KEY and VALUE sequence with the
length of hy X wy, and in dim of hs X ws. The FFN, LN and
MHA denote the feed-forward network, layer normalization
and multi-head attention respectively. Similarly, the high-order
version of self-affinity A;q is calculated by considering A;q
as QUERY, A4, as KEY and VALUE:

Ay = FEN (LN (MHA (AL, A, A ))) (D

sq’

'The QUERY in attention mechanism, is different from the query image in
few-shot segmentation task, we use uppercase italics "QUERY” and regular
text “query” to distinguish them.

The high-order affinity extractor differs from [43] in training-
free input affinity, extra outputs (high-order self-affinity) and
subsequent class-agnostic usage. In total, four affinities are
obtained: (A, Aqq, A;q, A;q).

4) Prior-Guided Mask Assemble Module: Once priors are
obtained, a straightforward way to explore such priors is to
multiply them with image features at pixel-level via Hadamard
product, yielding refined semantically rich features corre-
sponding to its category by pooling operation. However, such a
naive operation does not adhere to our suggested class-agnostic
principle, and fails to fully exploit the possible interactions
(visual-textual, intra- or inter-image), along with issue of infor-
mation loss due to the pooling operation. Thus, we propose a
new unified Prior-Guided Mask Assemble Module (PGMAM),
achieving the class-agnostic prior-to-mask mapping by assem-
bling diverse priors according to corresponding affinities at
pixel-level.

PFMAU: Parameter-Free Mask Assemble Unit Q

syl s ISy
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Fig. 4. The pipeline of PGMAM (consisting multiple GAUs): it achieves
a class-agnostic assembly of diverse priors and corresponding affinities at
pixel-level in a unified way. Regardless of whether prior is from support or
query, the GAU consistently follows the pipeline of emphasizing the affinity
along a specific axis and then integrates it through matrix multiplication and
normalization process.

As shown in Figure 4, the GAU follows the pipeline of high-
lighting the affinity along a particular axis, and then integrating
through matrix multiplication and min-max normalization:

Prefined = SoftMax (A) p (8)

This module is unified regardless of whether the input affinity
is parameter-free (A, and Ag,) or high-order (A;q and A:zq)’
or whether the prior is from support (p;”p,M;’) or query
(MZt, pclir). We refer the GAU as parameter-free mask as-
semble unit (PFMAU) when the affinity is parameter-free, and
high-order mask assemble unit (HOMAU) when the affinity is
high-order.

Figure 5 presents visual representations of pre- and post-
assemble states of the clip prior pg“p (column ¢) and support-
guided visual prior M/ (column d) using GAU. The proposed
GAU has the potential to assemble the coarse priors into a
refined prior by utilizing the 8 types of diverse interactions.
The 8 assembled priors are: the parameter-free self-affinity
guided prior Agq - pi? and Ay - M, the high-order self-
affinity guided prior A;q~p;“1’ and A;q -My, the parameter-free
cross-affinity guided prior ASTq - M9t and ASTq -pP_ and the

: ; : : T t T cli
high-order cross-affinity guided prior A, -M¢* and A, -pg™.



Fig. 5. Visualization of heterogeneous interactions among diverse priors and
affinities using GAU. Columns a to b: support and query images, c¢ to d:
coarse prior of the query obtained through visual-textual and support-query, e
to h: assembled priors by PEFMAU, and i to 1: assembled priors by HOMAU.

These total 10 priors, each containing distinct information, are
concatenated and subsequently fed into a hierarchical decoder
for decoding into final segmentation results:

Prefine = CONCAT(pChp M'U . 7A;T 2lzp) 9)

5) Hierarchical decoder with channel-drop mechanism:
By employing the proposed PGMAM on multiscale features
from various layers of a pre-trained backbone, several sets
of assembled masks (..., P~ flme,PTle fine) are generated,
with high-level and low-level Py, containing semantic
and fine-grained information, respectively. To maximize inter-
scale information utilization, a hierarchical decoder (HDCDM)
is designed to decode these assembled masks from varying
scales into segmentation outputs. Specifically, as shown in
Figure 2, this process involves initial feature transformation
of the assembled masks at each scale using a convolution
block, and if necessary, up-sampling before concatenation with
higher-resolution features.

Considering that each group of Py.fine constitutes assem-
bled masks from different prior information sources with
varying learning difficulties, to avoid the network overfitting
to some simple priors and maximize the utilization of all as-
sembly masks, we propose a channel-drop mechanism during
training:

P

refine

= Channel-Drop, (P,

refzne)

(10)

where the channel-drop probability 7 is a random vector of
0 and 1, with the same length as channel number in PTe fine:
Such channel-drop mechanism seamlessly incorporates various
scenarios such as fully-supervised FSS, FSS without support
mask, and zero-shot segmentation tasks into a unified frame-
work.

The training loss £ was a weighted sum of cross-entropy

loss L. and dice loss Lg;ce:

L=Xgice + (1 =X)L (11
2x Y, ijl Yij X Ui
‘Cdice =1- Iz4 (12)
Zi 12] 1 Z]+ZZ 12] 1 1,]
H W
Lee W 2 g:1 1.5 108(8i,5)+(1=yi ;) log(1=7i ;))

13)

where the weight A is set to 0.5, y; ; is the ground-truth label,
§i ; is the predicted label.

IV. EXPERIMENTS
A. Datasets Setup and Evaluation Metrics

Following the setup of [11, 13], we evaluated PGMA-Net
on two benchmarks: PASCAL-5" [45] and COCO-20° [50].
PASCAL-5' is created by combining the PASCAL VOC 2012
[7] and SBD datasets [51], consisting of 20 classes evenly
distributed in 4 folds with 5 classes per fold. COCO-20¢ is
a larger and more challenging benchmark created from the
COCO [6], consisting of 80 classes evenly divided into 4 folds.
For all experiments, we selected a pre-defined set of three folds
for training, while reserving the remaining fold exclusively for
evaluation purposes.

The evaluation metrics used in the experiments were the
mean intersection over union (mloU = L 200:1 IoUc¢) and
foreground-background IoU (FB-IoU = (;i(IOUF + IoUp)).
We assessed the performance of the model by conducting
experiments for each fold and reporting the mean mloU and
FB-IoU across all folds.

B. Implemetation Details

All experiments were implemented via PyTorch framework
on a single NVIDIA GeForce RTX 3090 GPU. The support
and query images utilized an equivalent input resolution of
384 x 384 pixels. The data augmentation techniques included
random scales, rotations and flips. We utilized the CLIP-RN50,
CLIP-RN101, CLIP-ViT-B/16, IN1K-RN50 as our backbone.
As for the optimization and scheduling, we trained our model
with episodic training scheme for 100 and 200 epochs on
PASCAL-5' and COCO-20" datasets, respectively. AdamW
served as our optimizer, with a learning rate of 0.001. We
determined batch sizes of 6 and 4 for PASCAL-5' and
COCO-20" datasets, respectively.

C. Comparison with State-of-the-Art Methods

FSS task. Experiments were conducted on PASCAL-5° [45]
and COCO-20* [50] datasets. Table I presents the mloU and
FB-IoU results obtained on PASCAL-5" [45] using 1-shot
and 5-shot settings. With CLIP-RNS50 backbone, we achieved
mloU of 74.1. When using the same CLIP-ViT-B/16 backbone,
PGMA-Net achieved mloU of 74.1 in 1-shot scenario, outper-
forming CLIPSeg [39] by a large margin (14.6 mIoU increase).
Our model is the first to mitigate the performance gap between
previous CLIP-based and traditional FSS, and surpass both
subfields by a large margin [our 74.1 v.s. CLIPSeg [39] 59.5
v.s. FECANet [15] 67.4].

Table II displays significant and consistent improvements
on the COCO-20° dataset [50]. With CLIP-RN101 back-
bone, our PGMA-Net achieved mloU values of 59.4 for 1-
shot scenario. Our PGMA-Net outperforms previous CLIP-
based CLIPSeg [39] (mlIoU of 33.3) and IN-1K based FSS
(HPA [35], mloU of 45.8) by a large margin. The top row
of visualizations presented in Figure 6 showcases several
successful instances.



TABLE I
COMPARISON OF THE PROPOSED PGMA-NET WITH THE CURRENT SOTA ON PASCAL-5% [45]. BEST RESULTS ARE IN BOLD.

Pretrain Backbone Method Publication 50 51 52 1 Sl;gt mloU  FBIoU | 5° 51 52 5 sl;)gt mloU  FB-IoU
PPNet [10] ECCV’20 | 486 60.6 557 465 528 69.2 589 683 668 580  63.0 758
PFENet [11] TPAMI'20 | 61.7 69.5 554 563 608 73.3 63.1 707 558 579 619 73.9
RePRI [12] CVPR’21 59.8 683 62.1 485 597 - 646 714 711 593 666 -
HSNet [13] ICcv21 643 707 603 605  64.0 76.7 703 732 674 67.1 695 80.6
SSP [14] ECCV’22 | 60.5 678 664 51.0 614 - 67.5 723 752 621 693 -
RN50 DCAMA [42] ECCV’22 | 675 723 59.6 590 64.6 75.7 70.5 739 637 658  68.5 79.5
CATrans [43] 1ICAI'22 67.6 732 613 632 663 - 751 785 751 725 753 -
DPCN [46] CVPR'22 | 657 716 69.1 606 667 78.0 700 732 709 655 699 80.7
RPMG-FSS [47] TCSVT'23 | 644 726 579 584  63.3 - 653 72.8 584 59.8  64.1 -
HPA[35] TPAMI'23 | 659 72.0 647 568 648 76.4 70.5 733 684 634 689 81.1
INIK FECANet [15] TMM’23 69.2 723 624 657 674 78.7 729 740 652 678 700 80.7
ABCNet [48] CVPR’23 68.8 734 623 595  66.0 76.0 717 742 654 670  69.6 80.0
PPNet [10] ECCV’20 | 527 628 574 477 552 70.9 603 70.0 694 607 651 71.5
DAN [49] ECCV’20 | 547 686 578 516 582 71.9 579  69.0 60.1 549 605 72.3
PFENet [11] TPAMI'20 | 60.5 694 544 559  60.1 72.9 62.8 704 549 576 614 73.5
RePRI [12] CVPR’21 59.6 68.6 622 472 594 - 662 714 670 577 656 -
RN101 HSNet [13] ICCv’21 67.3 723 620 63.1  66.2 71.6 718 744 670 683 704 80.6
SSP [14] ECCV’22 | 63.7 70.1 667 554  64.0 - 703 763 778 655 725 -
DCAMA [42] ECCV’22 | 654 714 632 583 646 71.6 70.7 737 668 619 683 80.8
RPMG-FSS [47] TCSVT’23 | 63.0 733 568 572  62.6 - 67.1 733 598 627 657 -
HPA [35] TPAMI'23 | 66.4 727 641 594 656 76.6 680 746 659 671 689 80.4
ABCNet [48] CVPR’23 653 729 650 593  65.6 78.5 714 750 682 63.1 694 80.8
CLIP-ViT-B/16  CLIPSeg(PC+) [39] = CVPR’22 - - - - 59.5 - - - - - - -
CLIP-ViT-B/16  CLIPSeg(PC) [39] CVPR’22 - - - - 52.3 - - - - - - -
CLIP CLIP-ViT-B/16  PGMA-Net (ours) - 740 819 668 737 741 82.1 745 822 672 744 746 82.5
CLIP-RN50 PGMA-Net (ours) - 734 808 705 717 741 83.5 740 815 719 733 752 84.2
CLIP-RN101 ~ PGMA-Net (ours) - 768 823 757 757 716 86.2 717 827 769 710 786 86.9

€OCO-20*

FSS

bbox-level
FSS
erode/dilate [
support mask

disturb imag
onFSS

bear”

support query pred  query GT

support querypred queryGT  support querypred queryGT  support querypred queryGT

Fig. 6. Visualizations of the proposed PGMA-Net on different tasks. (Zoom
for a better view). The proposed PGMA-Net trained for few-shot segmentation
task has the capability to perform any-shot segmentation tasks via a single set
of parameters. Rows 1-6 are FSS, bbox-level FSS, FSS with eroded/dilated
support mask, FSS with noise and distortion in images, co-segmentation and
zero-shot segmentation tasks, respectively.

Cross-domain FSS task. To illustrate the effectiveness
of the proposed PGMA-Net in handling cross-domain is-
sues, we conducted experiments on the COCO-20° [50] to
PASCAL-5' [45] task, following the experimental setup of
CDFSS [52]. Table V indicates that, despite not being designed
specifically for cross-domain problem, PGMA-Net achieved a
mloU increase of 6.8, compared to the current SOTA method
CDFSS (72.4 v.s. 65.6). The robustness can be attributed
that both the diverse priors and affinities exhibit diminished
disparity across varied datasets.

Bounding-box level FSS task. Annotating a few support
images at the pixel level is also time-consuming. One fea-
sible solution is to use weaker annotations as segmentation
clues, e.g., bounding-box. To accomplish this, we filled in
the provided bounding-box to generate pseudo mask [30, 53],
which can be directly tested by the previously trained model

without requiring retraining. Table V and Figure 6 demonstrate
the effectiveness of PGMA-Net, which shows a significant
increase in absolute mloU by 12.0 compared to DCAMA [42]
(73.2 v.s. 61.2).

Co-segmentation task. An even more challenging task is
FSS without support mask [41, 57], where solely the support
image serves as guidance clue. This setup exhibits similarity
to co-segmentation [58, 59], but imposes a more significant
challenge in terms of generalization for evaluation on novel
categories. As evidenced by Table V and Figure 6, upon
being equipped with the same CLIP-RN50 backbone, albeit
not specifically designed or trained for this task, PGMA-Net
had already surpassed IMR-HSNet [4 1] (intended for this task)
by a notable margin. (67.3 v.s. 61.5)

Zero-Shot Segmentation Task. Besides, due to the inte-
gration of the channel-drop mechanism and textual prior, a
singular set of parameters trained for FSS exhibits adequate
capacity and flexibility to perform ZSS task. Table III and
Figure 6 provide evidence that, even when directly applied
to ZSS, our proposed PGMA-Net already outperformed the
current SAZS [38] (60.1 v.s. 59.4). Moreover, our method’s
superiority became unequivocal (70.6 v.s. 59.4) when it’s
trained specifically for ZSS.

Robustness agsinst inaccurate support mask and image
quality. To demonstrate the robustness of PGMA-Net against
inaccurate support mask, random erosion and dilations were
applied to the support ground-truth mask, three levels of
corruption were implemented. As illustrated in Figure 7a,
PGMA-Net surpassed the DCAMA [42] and HSNet [13]
by a significant margin in the extremely inaccurate support
mask scenario (mloU of 72.5 compared to 52.7 and 45.2).
Meanwhile, the robustness against image noise and distortion
can also be confirmed in Figure 7b.

The comparisons on parameter complexity, multi-adds



TABLE I

COMPARISON OF THE PROPOSED PGMA-NET WITH THE CURRENT SOTA ON COCO-20* DATASET [

]. BEST RESULTS ARE IN BOLD.

. N 1-shot 5-shot
Pretrain - Backbone — Method Publication | 950 201 202 203 mloU FB-IoU | 20° 201 202 203 mloU FB-IoU
PPNet [10] ECCV’20 | 28.1 308 295 277 290 - 390 408 37.1 373 385 -
PFENet [11] TPAMI'20 | 36.5 38.6 345 338 358 - 365 433 378 384 390
RePRI [12] CVPR’21 32.0 387 327 331 341 - 393 454 397 418 416 -
HSNet [13] ICCV’21 363 431 387 387 392 68.2 433 513 482 450 469 70.7
NTRENet [54] CVPR’22 | 368 426 399 379 393 68.5 382 441 404 384 403 69.2
RN50 SSP [14] ECCV22 | 355 396 379 367 374 - 40.6  47.0 451 439 441 -
DCAMA [42] ECCV’22 | 41.9 451 444 417 433 69.5 459 505 507 460 483 71.7
DPCN [46] CVPR’22 | 420 470 432 397 430 63.2 46.0 549 508 474 498 67.4
INIK RPMG-FSS [47] TCSVT’23 | 383 414 396 359 388 - - - - -
HPA [35] TPAMI'23 | 403 46.6 441 4277 434 68.2 455 554 489 502 500 71.2
FECANet [15] TMM’23 385 446 42,6 407 416 69.6 446 515 484 458 476 71.1
ABCNet [48] CVPR’23 | 423 462 460 420 441 69.9 455 517 52,6 464 491 72.7
PFENet [11] TPAMI'20 | 368 41.8 387 367 385 63.0 404 468 432 405 427 65.8
HSNet [13] ICCV’21 372 441 424 413 412 69.1 459 530 518 47.1 495 72.4
RN101 SSP [14] ECCV™22 | 39.1 451 427 412 420 - 474 545 504 496 502 -
DCAMA [42] ECCV’22 | 41.5 462 452 413 435 69.9 480 580 543 471 519 73.3
HPA[35] TPAMI'23 | 43.1 500 448 452 458 68.4 492 578 520 506 524 74.0
CLIP-ViT-B/16  CLIPSeg(COCO) [39] CVPR’22 - - - - 33.2 - - - - - - -
CLIP-ViT-B/16  CLIPSeg(COCO+N) [39] =~ CVPR’22 - - - - 333 - - - - - - -
CLIP CLIP-RN50 PGMA-Net (ours) - 499 567 558 547 543 75.8 495 617 591 579 571 76.7
CLIP-RN101  PGMA-Net (ours) - 552 627 603 594 594 78.5 559 659 634 619 618 79.4
TABLE III )
COMPARISON OF ZERO-SHOT SEGMENTATION TASK ON PASCAL-5" [45].
Method Backbone  Using CLIP  Publication | 5° 51 52 53 mloU FB-IoU
SPNet [55] RN101 no CVPR’19 | 238 170 141 183 183 443
ZS3Net [56] RN101 no NeurlPS'19 | 40.8 394 393 336 383 57.7
LSeg [37] RN101 yes ICLR22 | 52.8 538 444 385 474 64.1
LSeg [37] VIiT-L/16 yes ICLR22 | 61.3 636 431 410 523 67.0
SAZS [38] DRN yes CVPR'23 | 573 603 584 459 555 66.4
SAZS [38] ViT-L yes CVPR'23 | 62.7 643 60.6 502 594 69.0
PGMA-Net (ours) w/o fine-tuning RN50 yes - 54.3 67.7 57.5 60.9  60.1 72.1
PGMA-Net (ours) -retrain for ZSS RN50 yes - 682 788 68.8 66.5 70.6 80.0
) TABLE IV
o erode/dilate support mask add noisefdistortion to image COMPARISON ON PARAMETER COMPLEXITY, MULTI-ADDS AND SPEED.
) 4.0 SR 75{ 741 738 R PGMA-NET-LITE IS A VARIANT OF PGMA-NET THAT WITHOUT USING
—o— HsNet HIGH-ORDER AFFINITIES.
70 70

65 65
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Fig. 7. The robustness of PGMA-Net under (a): three levels of inaccurate
support mask with corruption generated by applying random erosion and
dilation. (b): three levels of corruption of adding noise and distortion to image.

and speed are illustrated in Table IV. Our model strikes the
best balance among complexity, performance and versatility.

D. Ablations

To examine the influence of key components in our model,
we conducted comprehensive ablation analysis. We utilized the
CLIP-RN50 backbone on PASCAL-5° dataset [45] in 1-shot
scenario for all ablation experiments.

Learnable Multi-adds  Speed Extra

Method parameters(M) (G) (fps) mloU task
HSNet [13] 2.6 20.1 16.0 64.0 no
DCAMA [42] 14.2 39.8 19.7 64.6 no
VAT [60] 32 69.0 8.1 65.3 no
PGMA-Net 2.7 423 10.5 74.1 yes
PGMA-Net-lite 14 41.8 12.0 73.1 yes

Ablation on the diverse interactions between priors and
affinities. The PGMA-Net proposed within this study contains
ten distinctive interactions, detailed in Table VI: 1) Lines 1-
4 investigate the scenario in which solely the query image
and text are available (ZSS task), with Line 1 acting as the
baseline, achieving an mloU of 66.1. The incorporation of
different affinities, including a training-free affinity (Line 2:
mloU=69.2), high-order affinity (Line 3: mIoU=69.0), and
the use of both affinities (Line 4: mloU=70.6), leads to a
noticeable and consistent improvement in overall performance.
2) Within the scope of the FSS task, Lines 5-8 simultaneously
integrate both query and support images, yielding superior
results as articulated by the mloU gains of 66.1 — 71.6 —
73.1 — 72.6 — 74.1 with diverse affinities. Moreover, it
becomes clear that the inclusion of affinities and the corre-
sponding support-derived information can serve to effectively



TABLE V
WITHOUT EXTRA FINE-TUNING, THE TRAINED PGMA-NET HAS THE ABILITY TO PERFORM ADDITIONAL TASKS, E.G., CROSS-DOMAIN FSS,
BOUNDING-BOX LEVEL FSS AND CO-SEGMENTATION TASKS.

1-shot S-shot
Task Method ‘ 50 51 52 53 mloU FB-IoU ‘ 50 51 52 53 mloU FB-IoU
HSNet [13] 487 615 630 728 615 - 582 659 718 779 684 -
cross-domain  CWT [61] 535 592 602 649 594 - 603 658 671 728 665 -
FSS task CDFSS [52] 574 622 680 748 656 - 657 692 708 750  70.1 -
PGMA-Net (ours) | 55.8 754 740 845 724 825 | 561 757 750 843 728 827
bhox.level HSNet [13]F 534 645 527 518 556 701 | 626 698 611 597 633 756
FSS tack DCAMA [42] | 622 703 563 560 612 730 | 672 723 624 612 658 769
PGMA-Nct (ours) | 72.4 80.8 689 707 732 825 | 731 815 698 721 741 831
] (V+S)-1 [57] 495 655 500 492 535 656 - - - - - -
co-segmentation  (V+)-2 [57] 425 648 481 465 505 641 | 459 657 486 466 SL7 -
(weakly-supervised ~ IMR-HSNet [41] 626 69.1 56.1 567 61.1 - - - - - -
FSS task) HSNet [I3-RNIO1 | 662 69.5 539 562 615 725 | 689 719 563 579 637 738
PGMA-Net (ours) | 68.6 763 603 641 673 778 | 689 766 605 641 675 780
TABLE VI

THE ABLATION STUDIES TO EVALUATE THE EFFECTS OF DIVERSE INTERACTIONS AMONG PRIORS AND AFFINITIES OF PGMA-NET. WHILE LINES 1-4
INCLUDE ONLY QUERY IMAGE, WHICH CONSTITUTES 0-SHOT SEGMENTATION TASK, LINES 5-8 COMPRISE BOTH QUERY AND SUPPORT IMAGES, THUS
LEADING TO 1-SHOT FSS TASK.

No. Description TOMY A pT A M A g A My ATMZ AT AT M AT | o et A(mloU)
1 1, only v 66.1 76.8 -
2 1, wl A v v 69.2 79.2 32
3 I wi A v v 690 794 29
4 14, wl A and A v v v 70.6 80.0 4.5
5 I, and I only v v 71.6 81.4 5.5
6 I, and I, w/ A v v v v v v 73.1 82.6 7.0
7 I, and I, wi A’ v v v v v v 726 819 6.5
8 I and I, w/ A and A v v v v v v v v v v 74.1 83.5 8.0
TABLE VII ment (72.2 — 73.6 — 74.1).
ABLATIONS ON TABLE VIII Ablation on switching backbone from CLIP to IN1K-
CHANNEL-DROP, MODEL ABLATION ON SWITCHING . . . . R
HIERARCHY, TRAINING LOSS BACKBONE FROM CLIP TO pretrained. To investigate the robustness on switching back-
AND HOMAU. IN1K-PRETRAINED. bone from CLIP to IN1K-pretrained, we removed the text
o o = branch and re-train our model with INIK-RN50. As shown
Method IoU ackbone etho mlo! . . . . . .
e | mlo | in Table VIII, albeit not specifically designed for this setting,
PGMA-Net 74.1 CLIPSeg [39] 595 L . .
wlo channel-drop | 72.8 CLIP-RN50 ‘ PGMA{%Net 741 this simple variant of PGMA-Net demonstrates a high level
w/o hierarchy 71.1 hili : T
o DICE 1 NIKRNSO ‘ CLIPSeg [39]  39.0 Qf compatibility and yields comparable results to recent tradi
wlo CE 73.6 PGMA-Net  65.0 tional FSS methods (our 65.0 v.s. RPMG-FSS 63.3, HPA 64.8,
w/o HOMAU 73.1

enhance performance in a complementary manner.

Ablation on the channel-drop mechanism. The influence
of the channel-drop mechanism was investigated through Ta-
ble VII, showing an mloU increase from 72.8 to 74.1 with the
help of channel-drop mechanism.

Ablation on the model hierarchy. The impact of the
hierarchical structure was studied using two methods: 1) using
the final layer of each stage of RN50, which produced features
with a length of (1,1,1,1). 2) using all layers within each
stage, which generated features with a length of (3,4, 6, 3).
Ablation study revealed that utilizing all features within each
stage significantly improved performance (71.1 v.s. 74.1), as
shown in Table VII.

Ablation on training loss function. The default loss
function of our proposed method is a weighted sum of cross-
entropy loss and dice loss. An ablation study was carried out
to examine the sensitivity of the two loss functions. Table VII
displays the results, confirming that integrating cross-entropy
loss and dice loss leads to a substantial performance enhance-

DCAMA 64.6, only slightly lower than newest FECANet).
Also, compared to CLIPSeg (59.5 — 39.0), our PGMA-Net
(74.1 — 65.0) showed remarkable robustness, thus confirming
the effectiveness of prior assembly from only visual cues.

V. CONCLUSION

In this paper, we proposed PGMA-Net, a class-agnostic
model for few-shot segmentation by integrating textual infor-
mation and a new prior-to-mask mapping. We introduced a
general assemble unit (GAU) and a prior-guided mask assem-
ble module (PGMAM) to fully exploit diverse interactions
across different priors and affinities in a unified manner.
We also proposed a hierarchical decoder with channel-drop
strategy (HDCDM), which enables the model to perform addi-
tional challenging tasks without extra fine-tuning, thus leading
an any-shot segmentation framework. Our approach achieved
promising performance across various tasks, including FSS,
ZSS, co-segmentation, box-level and cross-domain FSS tasks.
In future work, we will focus on the N-way problem and
further investigate the general few-shot segmentation task to
advance the research and application in this area.
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