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Abstract

Image-level Weakly Supervised Semantic Segmentation
(WSSS) has received increasing attention due to its low an-
notation cost. Class Activation Mapping (CAM) generated
through classifier weights in WSSS inevitably ignores cer-
tain useful cues, while the CAM generated through class
prototypes can alleviate that. However, because of the dif-
ferent goals of image classification and semantic segmenta-
tion, the class prototypes still focus on activating primary
discriminative pixels learned from classification loss, lead-
ing to incomplete CAM. In this paper, we propose a plug-
and-play Prototype-based Secondary Discriminative Pixels
Mining (PSDPM) framework for enabling class prototypes
to activate more secondary discriminative pixels, thus gen-
erating a more complete CAM. Specifically, we introduce
a Foreground Pixel Estimation Module (FPEM) for esti-
mating potential foreground pixels based on the correla-
tions between primary and secondary discriminative pix-
els and the semantic segmentation results of baseline meth-
ods. Then, we enable WSSS model to learn discrimina-
tive features from secondary discriminative pixels through
a consistency loss calculated between FPEM result and
class-prototype CAM. Experimental results show that our
PSDPM improves various baseline methods significantly
and achieves new state-of-the-art performances on WSSS
benchmarks. Codes are available at https://github.
com/xingiaozhao/PSDPM.

1. Introduction

Deep learning technology shows impressive performances
on image [3, 18, 57] and video segmentation [56, 60] tasks.
Among them, image-level weakly supervised semantic seg-
mentation has received increasing attention due to its low
annotation cost. Existing methods mainly rely on Class
Activation Mapping (CAM) and knowledge from CLIP [16]
to obtain pseudo labels for training semantic segmentation
models [1]. Considering the fact that CAM based on clas-
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sifier weights only focuses on limited regions as the classi-
fier weights deviate from the center of foreground features
and can only activate foreground pixels around it [5], many
works intend to acquire a more complete CAM by leverag-
ing class prototypes. Chen et al. [7] use the cluster centers
of each class pixel-wise features as the class prototypes to
replace the classifier weights to generate CAMs. Similarly,
Chen et al. [5] propose an image-specific prototype CAM
generation method, which fuses class discriminative fea-
tures learned by classifier weight with other image-specific
information, mitigating the activation center shifting issues
and completing the CAM.

However, the aforementioned prototype-based methods
still remain shortcomings. Since the pixel-wise feature dis-
tribution of each class in one image is still very sparse (e.g.,
t-SNE visualization results in Fig. 1(b2)), only foreground
features close to the class prototype can be activated with
high confidence, while those far away from the class pro-
totype cannot be activated. This observation explains the
reason that the class-prototype CAMs are still incomplete
for certain images (e.g., SIPE CAMs in Fig. 1(bl)).

One reason behind the sparse distribution of foreground
pixel-wise features is that the discriminative features in cer-
tain foreground pixels are not learned by WSSS model, and
the extracted features from these pixels fail to exhibit close
proximity to the discriminative prototype which originates
from the classifier weights of WSSS model. Specifically,
current prototype-based works [5, 7] concentrate on fus-
ing features acquired from classifier weights with image-
specific features, and the learning of their WSSS models are
still driven by classification loss. However, WSSS model
trained through classification loss primarily captures and
learns from parts of foreground pixels which are most dis-
criminative and enough for reducing the classification loss
to the converge point, while ignoring the other foreground
pixels. In this paper, we refer to the discriminative pixels
captured and learned by WSSS model through classifica-
tion loss as primary discriminative pixels. In contrast, the
remaining discriminative pixels which are not captured by
WSSS model are referred to as secondary discriminative
pixels. Since current prototype-based approaches do not en-
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Figure 1. Image-specific prototype CAMs and pixel-wise foreground feature distribution comparisons. Prototype-based method SIPE [5]
is chosen as an example and the feature distribution is visualized through t-SNE [34]. (c) depicts our motivation that compelling features
extracted from estimated secondary discriminative pixels to be closely align with image-specific class prototype. Compared with the
SIPE result, our method achieves a more compact foreground feature distribution, with the image-specific prototype being the distribution
centroid. This makes the prototype from our method activate a more complete CAM.

able WSSS model to capture secondary discriminative pix-
els and do not make its classifier learn the discriminative
features in secondary discriminative pixels, the features ex-
tracted from secondary discriminative pixels are far away
from the class prototypes which originates from the classi-
fier of WSSS model. Consequently, the foreground pixel-
wise feature distribution becomes sparse, leading to incom-
plete prototype CAM. If WSSS model can learn discrimina-
tive features from both primary and secondary discrimina-
tive pixels, the pixel-wise feature distribution of foreground
pixels will become more compact towards class prototype,
leading to a more complete CAM prediction.

Considering the challenges described above, constrain-
ing the features extracted from all foreground pixels to
closely align with discriminative class prototype could be
a solution, as shown in Fig. 1(c). This is because, to satisfy
the constraint, WSSS model has to learn discriminative fea-
tures not only from primary discriminative foreground pix-
els but also from secondary discriminative foreground pix-
els. However, it is infeasible to acquire all foreground pixels
for each image in advance during WSSS model training. To
address this, we introduce a plug-and-play Prototype-based
Secondary Discriminative Pixels Mining (PSDPM) frame-
work, which can estimate the potential foreground pixels
and optimize WSSS model to learn compact-distributed dis-
crimiantive features from both primary and secondary dis-
criminative foreground pixels, improving various existing
WSSS methods significantly. Specifically, a Foreground
Pixel Estimation Module (FPEM) is first proposed to es-
timate potential foreground pixels by leveraging the corre-
lations between primary and secondary discriminative fea-
tures, based on the semantic segmentation results of base-
line WSSS methods. Then, we optimize the features within
potential foreground pixels to closely align with class proto-
type, driving WSSS model to learn discriminative features
from secondary discriminative pixels. As can be found in
Fig. 1(d1) and Fig. 1(d2), through our PSDPM, a compact

foreground pixel-wise feature distribution can be achieved,

and the prototype can thus activate a complete CAM. The

contributions of this work include:

* We first argue that WSSS model only captures and
learns from primary discriminative pixels under current
prototype-based WSSS methods because of the different
goals of image classification and semantic segmentation.
This causes the features extracted from secondary dis-
criminative pixels far away from the discriminative pro-
totype in feature space, leading to incomplete CAMs.

* We propose a plug-and-play Prototype-based Secondary
Discriminative Pixels Mining (PSDPM) framework for
image-specific prototype CAM generation, which can ef-
fectively encourage WSSS model to learn from secondary
discriminative pixels and significantly improve the per-
formance of various existing WSSS methods.

* Our method achieves new state-of-the-art WSSS perfor-
mances with only image-level labels on two benchmarks,
reaching 74.1% and 74.9% mloU on the validation and
test sets of Pascal VOC 2012, respectively, and 47.2%
mloU on MS COCO 2014 validation set.

2. Related Work

2.1. Image-level Weakly Supervised Semantic Seg-
mentation

Image-level Weakly Supervised Semantic Segmentation
(WSSS) has received increasing attention due to its low
annotation cost [33, 36, 37, 55]. The key step of WSSS
is to generate high-quality CAMs for pseudo-labels [32,
36, 40, 48]. Attention mapping [30, 42, 51], heuristic ap-
proaches (e.g., erasing and accumulation) [17, 48, 54] have
been proposed to encourage the network to explore novel re-
gions rather than solely focusing on limited discriminative
regions. Moreover, other strategies include self-supervised
learning [5, 42], contrastive learning [11, 59], and cross-
image information [27, 38, 47] have been used to generate
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Figure 2. The training pipeline of our proposed PSDPM. For WSSS model training, we first train a DeepLab semantic segmentation model
using the pseudo labels provided by baseline WSSS method. Then, the DeepLab model is used for calculating a consistency 10ss Leon
between our FPEM refined CAM and prototype CAM calculated from classifier weight CAM. IRN [1] or DenseCRF [20] is adopted as
post-processing methods during semantic segmentation model training.

accurate CAMs. To further improve the quality of the gen-
erated CAMs, CRF [20] and IRN [1] are employed to refine
the rough boundary of the CAMs to produce final enhanced
pseudo labels, which are then used for semantic segmenta-
tion model training.

2.2. Class Prototype in WSSS

A series of class prototype methods have been proposed
[7, 41]. From the view of optimization, Du et al. [11] pro-
pose a pixel-to-prototype contrast that estimates the proto-
types from pixel-wise feature embeddings across the train-
ing batch, obtaining a more suitable feature representation
for semantic segmentation. From the view of CAM cal-
culation, Chen et al. [7] perform clustering on all pixel-
wise features of an object class and selects the cluster cen-
ters as class prototypes. Then, similarity matrices are de-
rived by comparing all pixel-wise features to every proto-
type for CAM generation. Besides, Chen ef al. [5] pro-
pose a prototype-based image-specific CAM. The prototype
is first calculated through masked average pooling of hier-
archical extracted features and then used to activate class-
specific regions. However, these prototype-based methods
still generate incomplete CAMs, as illustrated in Sec. 1.
This paper first analyzes the reason behind this issue and
then proposes a prototype-based secondary discriminative
pixels mining method that significantly improves the per-
formances of current state-of-the-art WSSS method.

2.3. Self-attention in WSSS

Self-attention is an efficient module to capture context in-
formation and refine pixel-wise prediction results [2, 35].
Its effectiveness in WSSS has been verified in [13]. The
general idea behind the self-attention mechanism is re-

calculating each feature representation based on all other
features through the dot-product pixel affinity in an em-
bedding space [39]. It revises feature maps by capturing
context feature dependency, which also meets the ideas of
most WSSS methods using the similarity of pixels to refine
the original activation map. Inspired by the self-attention
mechanism, Wang et al. [42] first introduce a Pixel Corre-
lation Module (PCM) at the end of the network to integrate
the low-level feature of each pixel for WSSS. This method
calculates the CAM affinity only using the high-level fea-
ture and image RGB information. However, other differ-
ent level information (e.g., feature position, various levels
of features) are not fully considered in PCM, restricting its
performance improvement in WSSS task. Different from
the previous work PCM [42] which is a pure context refine-
ment module and aims at refining final CAMs, in this work,
we adopt self-attention mechanism to continuously esti-
mate potential foreground pixels for driving WSSS model
to learn from secondary discriminative pixels. Additionally,
we also introduce a cascade fashion in our FPEM to lever-
age all kinds of low-level information and improve potential
foreground pixels estimation accuracy.

3. Methodology

For enabling WSSS model to learn discriminative features
from both primary and secondary discriminative pixels,
and simultaneously rectifying the CAM activation center
through class prototypes, our main idea is to first esti-
mate potential foreground regions which contain primary
and secondary discriminative pixels, and then ensure all
features from estimated foreground pixels are aligned as
closely as possible with the discriminative prototype. This
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Figure 3. The calculation flow of our Foreground Pixel Estimation
Module (FPEM). The position matrix, RGB image, and extracted
features are first concatenated, and then embedded through three
1 x 1 Convolutional Neural Networks (CNNs), respectively, fol-
lowing Eq. (1). Finally, three embedded results are processed in
turn through a cascade manner. The red arrow denotes the calcu-
lation formulated in Eq. (2).
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Figure 4. The illustration of position matrix calculation. First, four
height- or width-based incremented matrixes are created. Then,
four matrixes are concatenated and ¢2-normalization is applied on
the concatenated dimension for each position vector. In this way,
closer pixels have higher cosine similarity on our position matrix
and vice versa.

makes WSSS model have to learn discriminative features
from both primary and secondary discriminative pixels, re-
sulting in a more compact feature distribution of foreground
pixels and a more complete CAM. The pipeline of our
Prototype-based Secondary Discriminative Pixels Mining
(PSDPM) is depicted in Fig. 2. It involves a Foreground
Pixel Estimation Module (FPEM) with a consistency loss
Lcon calculated between the prototype CAM and the FPEM
output. The following sub-sections will describe each com-
ponent in details.

3.1. Foreground Pixel Estimation Module (FPEM)

Chen et al. [5] show that CAM refinement methods (e.g.,
DenseCRF [20], IRN [1]) substantially improve the quality
of CAM which considers discriminative features only from
primary discriminative pixels. These methods activate par-
tial secondary discriminative pixels and make CAMs more
complete by leveraging the correlations in low-level infor-
mation among different pixels. This indicates that primary
and secondary discriminative pixels exhibit strong corre-
lations in low-level information, such as RGB values and
spatial positions. However, primary discrminative pixels
do not only correlate with secondary discrminative pixels,
they could also have low-level correlations with the non-
discriminative ones. On the other hand, the low-level cor-
relations become fewer when the encoder network goes
deeper, as the high-level information dominates the deeper
feature map [49]. In this case, the pixel correlations are
mainly retained through discriminative features related fea-
tures, making the remained correlations less related to non-
discriminative pixels, compared with low-level correlations.
Inspired from these findings, in order to estimate foreground
pixels (including primary and secondary discriminative pix-
els) more accurately only based on the learned primary dis-
criminative pixels, we leverage the correlations between
primary and secondary discriminative pixels with varying
confidence levels. Specifically, consider an input CAM
that has already activated primary discriminative pixels, we
adopt our Foreground Pixel Estimation Module (FPEM)
to make CAM activate more potential secondary discrim-
inative pixels and regard the expanded CAM as potential
foreground pixels. This module introduces the most con-
fident correlations (i.e., the correlations are not related to
non-discriminative pixels) in the deepest feature map first
to refine the input CAM in general and then gradually intro-
duces less confident correlations to refine the CAM details,
minimizing the total refinement error.

The detailed procedure of our FPEM is shown in Fig. 3.
Specifically, we select the feature maps of the last three
layers in the feature encoder (i.e., ResNet50 in this paper)
and then concatenate each feature map with a position ma-
trix and a scaled input RGB image, providing three com-
bined representations, each with RGB, position, and fea-
ture information. For example, concerning the last layer
feature map F3 (supposing its size is 32x32x 1024 and
1024 is its feature map channel size), we interpolate the
original RGB image to the size of 32x32x3 through bi-
linear interpolation and create a position matrix whose size
is 32x32x2. The position matrix is created following the
illustration shown in Fig. 4. Each position is represented
by one four-dimensional vector and closer pixels will have
high cosine similarity, fully preserving relative position in-
formation when doing self-attention calculation. Then, the
feature map, interpolated image, and position matrix are
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concatenated on the third channel dimension, obtaining a
combined representation. After obtaining three combined
representations for F'3, Fo, and F'1, we embed them through
three Convolutional Neural Networks (CNNs) (i.e., 03, 02,
and 6) and interpolate the embedded results to the size of
input CAM through bilinear interpolation, obtaining three
correlation maps Rgs, Re and Rq. Their formulations are
presented through Eq. (1):

R; = 60;,(POS; & F, & 1), (D

where POS; denotes the position matrix with the same size
as feature map F;; I, denotes the bilinear interpolated im-
age also with the same size as feature map F;; 6; denotes
individual 1 x 1 convolutional layer as shown in Fig. 3.
After having three correlation maps, we first calculate a
revised CAM M3 based on the input CAM and the most
confident correlation map R3 (R3 originates from the deep-
est feature map F3 and is thus most confident), as follows:

1 T ) N R
M; = ((C—i S ReLU(osifeds ) M1;) + Ml-) /2,
(2)
where (R,); denotes the correlation map feature value
of R, at position ¢, which is a vector; j denotes any
position in the CAM,; C; denotes the coefficient sum

P ReLU(m%); M, denotes the input CAM
value at position ¢; M, denotes the revised CAM value at
position %, which is the average of two terms: weighted sum
of input CAM M, with normalized similarities calculated
from R,, and M;. We adopt a residual way when calculat-
ing M; from M; to prevent the final result of our cascade-
style FPEM from being too wrong.

After that, the second revised CAM M, is calculated
through Eq. (2) based on the correlation map Ry and the
first revised CAM M3 as input CAM. Similarly, the third
revised CAM M, is calculated based on the correlation
map R, and the second revised CAM M,.5 as input CAM.
In this way, the most confident correlation map 3 which
originates from the deepest feature map is first considered
to give a coarse CAM refinement result. Then, based on this
coarse CAM refinement result, lower-confident correlation
maps with higher resolutions (i.e., R4 and R1) which origi-
nate from shallower feature maps are gradually included for
further adjusting the details of the coarse CAM refinement
result, and the third revised CAM M, is regarded as final
estimated potential foreground pixels.

3.2. Plug-and-play Prototype-based Training

On the one hand, for each training image, we calculate
image-specific prototype CAM based on classifier weight
CAM. Specifically, the soft prototype P, of class c is cal-
culated through Eq. (3):

P, = MAP((Mw). ® L(F1,F2,F3)), 3)

where M denotes the classifier weight CAM which is cal-
culated through 1 x 1 convolutional kernels; MAP(-) de-
notes masked average pooling; L(-) denotes the linear pro-
jection; F'1, Fo, F3 are the last three layer feature maps of
feature encoder as shown in Fig. 3. Then, we calculate pro-
totype CAM based on soft prototype P, through Eq. (4):

(Mp). =ReLU( cos (P, L(F1,F2,F3)) ), (4

where Mp denotes the prototype CAM; cos (-, -) denotes
the cosine similarity between the two terms within it. With
our prototype CAM, as the discriminative classifier weights
are fused with image-specific information for CAM activa-
tion, the CAM activation center can be rectified based on
the characteristics of input images.

On the other hand, each training image is also input to
a DeepLab V2 model for calculating semantic segmenta-
tion probability maps. This DeepLab model is trained on
the pseudo-labels provided by the baseline WSSS method,
and the output semantic segmentation probability map is de-
noted as M p, to represent the potential foreground seed pix-
els. The quality of seed pixels depends on the performance
of baseline WSSS method. The seed pixels are mainly
composed of primary discriminative pixels as the baseline
method is unable to learn discrminative features from sec-
ondary discriminative pixels. Then, the semantic segmenta-
tion probability map M p and our prototype CAM Mp are
added as the input to our FPEM module for further expand-
ing CAM with more secondary discriminative pixels.

Finally, a consistency loss Lo, is used to minimize the
difference between the FPEM output and prototype CAM
Mp through Eq. (5).

)

1

®)
where (Mp). denotes the DeepLab V2 output of class c,
which is the potential foreground seed pixels; ¢(-) denotes
our FPEM module.

Here, FPEM aims to expand the seed pixels M p which
mainly contain primary discriminative pixels, to include
more additional secondary discriminative pixels, providing
potential foreground pixels (i.e., primary and secondary dis-
criminative pixels) to guide the learning of prototype CAM.
As the prototype CAM originates from discriminative clas-
sifier weights, when narrowing the gap between prototype
CAM and FPEM estimated foreground pixels through min-
imizing L.,,, WSSS model is compelled to learn all dis-
criminative features from FPEM estimated foreground pix-
els as much as possible to make class prototype activate the
same pixels as FPEM estimated. In this way, WSSS model
can learn discriminative features from both primary and sec-
ondary discriminative pixels.

As WSSS model continues to learn increasing numbers

Lon =30 [0 (M) + (410 /2) - (M),
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of discriminative features from the secondary discrimina-
tive pixels during training, the prototype CAM becomes
more and more complete. Considering this, the prototype
CAM is combined with the output of DeepLab V2 as the in-
put of FPEM, which encourages FPEM to continuously ex-
plore more secondary discriminative foreground pixels be-
yond the output of DeepLab V2.

In summary, the total WSSS model training loss L, of
our PSDPM is formulated as follows:

Etotal = ﬁcls + Ecom (6)

where L is the multi-label soft margin classification loss
[5] calculated from classifier output as shown in Fig. 2.

3.3. Semantic Segmentation Model Training

As WSSS model has learned sufficient discriminative fea-
tures from both primary and secondary discriminative pix-
els, our prototype CAM can cover complete foreground pix-
els, with CAM activation center being rectified. However,
the resolution of our prototype CAM is relative low com-
pared with the resolution of the original image. Therefore,
we adopt post-processing (e.g., IRN [1] or DenseCRF [20])
on our prototype CAMs to refine the activation details, and
regard the post-processed prototype CAMs as pseudo labels
for semantic segmentation model training.

4. Experiments
4.1. Dataset and Implementation Details

Datasets and Evaluation Metrics. Experiments are con-
ducted on two benchmarks: PASCAL VOC 2012 [12] with
21 classes and MS COCO 2014 [25] with 81 classes. For
PASCAL VOC 2012, following [5, 24, 42, 50, 52], we use
the augmented SBD set [ 14] with 10,582 annotated images.
Mean Intersection over Union (mloU) [28] is used to eval-
uate segmentation results. To evaluate the quality of CAM
and pseudo label, CAM and pseudo label are generated for
every image in the train set and the mloUs are calculated
based on the ground truth masks. To evaluate the seman-
tic segmentation model performance, we train DeepLab V2
and use it to predict masks for the images in val and test
sets, and calculate mIoU based on ground truth masks.

Implementation Details. For WSSS model training (as
shown in Fig. 2), we adopt the ImageNet [10] pretrained
ResNet50 [15]. SGD optimizer with a momentum of 0.9
and a weight decay of 10~* are adopted. The initial learn-
ing rate is set to 0.1 for backbone and 1 for other param-
eters. The learning rate is then adjusted by poly decay
with power of 0.9, following [1, 5]. The WSSS model is
trained with a batch size of 16 for Pascal VOC 2012 and
MS COCO 2014. The scale ratios of multi-scaled CAM
during inference are set to {0.5,1.0, 1.5, 2.0} following [5].
Random cropping size 512512 is adopted for training data

Table 1. Evaluation results of pseudo-label performance (mloU
(%)) on various WSSS methods on PASCAL VOC 2012.

Method Pseudo label
IRN [1] cvpri19 66.3
SEAM [42] cver20 63.6
IRN+CONTA [S%] NeurIPS’20 67.9
AdvCAM [22] cvpr21 69.9
RIB [21] Neurtps'21 70.6
AMN [23] cvpr22 72.2
SIPE [5] cvrr22 68.0
ESOL [24] Neurtps'22 68.7
CLIMS [44] cver22 70.5
CLIMS + Ours 75.5 (+5.0)
IRN+LPCAM [7] CVPR’23 71.2
IRN+LPCAM + Ours 75.1 (+3.9)
CLIP-ES [26] cvprezs 75.0
CLIP-ES + Ours 77.3 (+2.3)

augmentation. Our prototype CAM Myp is further post-
processed by DenseCRF [20] or IRN [1] to generate the fi-
nal pseudo labels, which are used to train the segmentation
model. With regard to the semantic segmentation model,
we adopt ResNet101-based DeepLab V2 with weights pre-
trained on ImageNet dataset. For PASCAL VOC 2012,
we follow the default training settings of HSC [43]. In-
put images are randomly scaled to {0.5,1.5} and cropped
to 448x448 for training. The batch size is set to 10, and
iteration is 20k. Besides, for MS COCO 2014, we follow
the default training settings of CLIP-ES [26]. Input images
are randomly scaled to {0.5,0.75,1.0,1.25,1.5,1.75,2.0}
and 481 x481 are cropped. The batch size and the number
of iterations are set to 5 and 100k, respectively.

4.2. Comparison of Pseudo-label Quality

To validate the effectiveness of our PSDPM, we evaluate
the quality of pseudo label quantitatively in Tab. 1. The
pseudo labels on Pascal VOC 2012 are generated through
IRN [1] based on the prototype CAMs of our PSDPM. Ex-
perimental results show that our PSDPM can consistently
improve various existing works on PASCAL VOC. Partic-
ularly, through applying our PSDPM on CLIP-ES [26], we
improve the pseudo-label performance of CLIP-ES by 2.3
%, achieving new state-of-the-art pseudo-label performance
77.3% on PASCAL VOC 2012.

In addition, we study the qualitative effects of our PS-
DPM on both CAMs and pseudo labels in Fig. 5. We
also compare the differences between our method and an-
other prototype-based method SIPE [5]. Firstly, it can be
seen that the prototype-based method SIPE can improve
the classifier weight CAM quality by activating more com-
plete foreground pixels. However, for certain images (e.g.,
‘bird’ in the last column and ‘person’ in the third and fourth
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Figure 5. CAM and pseudo-label visualization results on PASCAL VOC 2012.

Table 2. Evaluation results of DeepLab V2 on PASCAL VOC
2012. The best results are in bold.

Methods PASCAL VOC

Val Test
SEAM [42] cver20 64.5 65.7
AdvCAM [22] cvpr21 68.1 68.0
SEAM+PPC [11] cvpr22 67.7 67.4
ReCAM [8] cvrr22 68.5 68.4
SIPE [5] cver22 68.8 69.7
AMN [23] cvpr22 70.7 70.6
MCTformer [45] cver:22 71.9 71.6
ESOL [24] Neurtps-22 69.9 69.3
SAS [19] aaar2s3 69.5 70.1
SEAM+OCR [()] CVPR’23 67.8 68.4
AMN+LPCAM (7] cvpr23 70.1 70.4
MMCST [46] cvrr23 72.2 72.2
ToCo [31] cvpr23 69.8 70.5
BECO [29] cvpr23 72.1 71.8
AdvCAM+FPR [4] 1CCV23 70.3 70.1
SFC [58] anar24 71.2 72.5
CLIMS [44] cvpr22 69.3 68.7
CLIMS + Ours 73.1 (+3.8) 73.9(+5.2)
IRN+LPCAM [7] cvpr:23 68.6 68.7
IRN+LPCAM + Ours 723 (+3.7) 73.2(+4.5)
CLIP-ES [26] cvpr23 71.1 71.4
CLIP-ES + Ours 74.1 (+3.0) 74.9 (+3.5)

columns), the CAM results of SIPE are still incomplete as
WSSS model does not capture and learn from secondary
discriminative pixels. Besides, for certain image (e.g., bird
in the second column), SIPE has an over-activating issue
because it adopts a structure-aware seeds locating algorithm

Table 3. Evaluation results of DeepLab V2 on MS COCO 2014.
The best results are in bold.

Methods M
Val
SIPE [5] cver22 40.6
AMN [23] cvpri22 44.7
MDBA [6] 71p23 37.8
SAS [19] anar23 44.8
MMCST [46] cvpr23 45.9
ToCo [31] cver23 413
SFC [58] aaar24 46.8
CLIP-ES [26] 454
CLIP-ES + Ours 47.2 (+1.8)

for expanding the incomplete prototype CAM, which may
expand the CAM in an inaccurate way. Through our PS-
DPM, as the WSSS model can learn discriminative features
from both primary and secondary discriminative pixels, all
CAM results are consistently improved in terms of object
completeness and boundary fineness.

4.3. Comparison of Final Semantic Segmentation
Performance

In this study, IRN [1] (on Pascal VOC 2012) and DenseCRF
[20] (on MS COCO 2014) are utilized for post-processing
our PSDPM prototype CAMs. Their results are then treated
as pseudo labels to train semantic segmentation model
DeepLab V2 in a fully supervised manner. Tab. 2 reports
the mloU scores of our method and recent WSSS methods
on the validation and test sets of PASCAL VOC 2012. On
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Table 4. Ablation study of our PSDPM in WSSS model training on
PASCAL VOC 2012 training set and mloU (%) is used for eval-
uation. CLIMS [44] is adopted as baseline method for PSDPM.
‘D’, ‘A’ and ‘F’ denote different parts in our WSSS model train-
ing (Fig. 2). ‘D’ denotes using the output of DeepLab V2 which
is trained on the pseudo labels of baseline method; ‘A’ denotes
adding up DeepLab V2 output and prototype CAM; ‘FPEM’ de-
notes using our FPEM.

# D A FPEM Prototype CAM
1 v 59.7
2 v v 61.3
3 v v 67.9
4 v v v 68.5

this dataset, we achieve 74.1% and 74.9% mloUs using an
ImageNet pre-trained backbone based on CLIP-ES, outper-
forming all other image-level WSSS methods. Tab. 3 re-
ports the performance comparison on MS COCO 2014. Our
method achieves 47.2% mloU on the validation set, outper-
forming all other WSSS methods. Additionally, the consis-
tent performance improvements of our PSDPM on various
baseline methods and datasets demonstrate that these base-
line methods are originally limited to primary discrimina-
tive pixels and can benefit from our PSDPM.

4.4. Ablation Studies

In Tab. 4, we first verify the effectiveness of different com-
ponents of our PSDPM (Fig. 2). By regarding the output of
DeepLab trained on the pseudo labels of baseline method as
estimated foreground pixels, and calculating L., between
the estimated foreground pixels and prototype CAM (i.e.,
setting #1), we achieve 59.7% mloU. Base on this, adding
up Deeplab output and prototype CAM, and regard the sum
as estimated foreground pixels for L, calculation (i.e., set-
ting #2) can improve the mloU to 61.3%. This is because
prototype CAM can be complementary to the DeepLab out-
put and enable WSSS model to learn new features from
Leon. However, WSSS model learning is still limited to the
primary discriminative pixels. Further adopting FPEM to
the result of ‘A’ (i.e., ‘setting #4’) can introduce more sec-
ondary discriminative pixels into consideration for our PS-
DPM, achieving the best performance 68.5%. Using FPEM
without adding prototype CAM to DeepLab output (i.e.,
‘setting #3’) makes WSSS model being restrained to the
baseline method and cannot continuously mine more sec-
ondary discriminative pixels, only achieving 67.9% mloU.
Tab. 5 studies the effectiveness of different steps in FPEM.
When using M ,3 for foreground pixel estimation (i.e., ‘w/
M.3’), we can achieve 64.8%, which is better than ‘w/o
FPEM’ which regards the sum of DeepLab output and pro-
totype CAM as estimated foreground pixels. Using Mo
(i.e., ‘w/ My2’) can continue the performance improve-

Table 5. Ablation study of FPEM on PASCAL VOC 2012 training
set and mloU (%) is used for evaluation. CLIMS [44] is adopted
as baseline method for PSDPM. ‘w/o FPEM’ indicates our PS-
DPM without FPEM. ‘w/ M,3’, ‘w/ M2’ and ‘w/ M1’ indi-
cate regarding the results of FPEM different steps as estimated
foreground pixels. ‘w/o POS’, ‘w/o F’ and ‘w/o I’ denote with-
out the corresponding component in Eq. (1).

# FPEM Prototype CAM
1 w/o FPEM 61.3
2 w/ Mg 64.8
3 w/ Mz2 68.0
4 w/ M1 68.5
5 w/oPOS 68.1
6 w/o F 64.2
7 w/o 1 68.2

Table 6. The influence of post-processing method on baseline. The
result shows that the improvement brought by our PSDPM is not
due to post-processing (e.g., IRN).

Methods Pseudo label
CLIP-ES [26] 75.0
CLIP-ES [26] + IRN [1] 75.1
CLIP-ES + Ours (w/ IRN) 77.3

ment significantly by 3.2%. Using M1 (i.e., ‘W/ My1’)
further improves the FPEM effectiveness to 68.5%. Set-
tings #5#7 show that POS, F, I in Eq. (1) are all help-
ful. Tab. 6 shows that simply adding post-processing can
not improve the baseline performance much, indicating the
improvements brought by our PSDPM on various baselines
are not because of post-processing.

5. Conclusion

In this paper, we demonstrate that WSSS model does not
learn discriminative features from secondary discriminative
pixels in current classification-loss-driven WSSS methods,
and this causes the incomplete CAM activation issue. For
solving this, we propose a plug-and-play Prototype-based
Secondary Discriminative Pixels Mining (PSDPM) frame-
work for enabling WSSS model to learn discrminative fea-
tures from secondary discriminative pixels, improving vari-
ous existing WSSS methods to new state-of-the-art perfor-
mances. Other possible solutions for secondary discrimina-
tive pixel issue will be investigated in our future works.
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