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ABSTRACT

Class incremental learning aims to enable models to learn from sequential, non-
stationary data streams across different tasks without catastrophic forgetting. In
class incremental semantic segmentation (CISS), the semantic content of the back-
ground class changes across incremental phases, which is known as semantic
drift. Our research identifies two severe issues within semantic drift: separate
optimization and noisy semantics, which significantly degrade CISS performance.
Based on this insight, we propose a simple yet effective method, Image Posterior
and Semantics Decoupling for Segmentation (IPSeg), designed to address these
challenges through two specific mechanisms. First, IPSeg leverages image poste-
rior probabilities as guidance to resolve the separate optimization issue. Second,
IPSeg utilizes semantics decoupling to effectively handle noisy semantics and tailor
the learning strategies for different types of knowledge. Experiment results on
the Pascal VOC 2012 and ADE20K datasets demonstrate superior performance
compared to previous state-of-the-art approaches, particularly in more realistic and
challenging long-term scenarios. Furthermore, IPSeg exhibits excellent properties
in terms of both learning plasticity and memory stability.

1 INTRODUCTION

Deep learning methods have achieved significant success in vision (Qu et al.,[2021) and language (Ke
& Liu, [2022)) tasks with fixed or stationary data distributions. However, real-world scenarios are
characterized by dynamic and non-stationary data distributions, posing the challenge of catastrophic
forgetting (McCloskey & Cohen, |1989; McClelland et al., [1995). Incremental learning, a.k.a. contin-
ual learning or lifelong learning (Silver et al., |2013)), has been proposed to enable models to adapt to
new data distributions without forgetting previous knowledge (Kudithipudi et al.| 2022). Within this
domain, Class Incremental Learning (CIL) methods (Serra et al., 2018} L1 & Hoiem, |2017; Rebuffi
et al.,2017; Mai et al.,|2022; (Wang et al.,|2024a) have shown great potential in learning new classes
from incoming data, particularly for classification tasks (De Lange et al.| 2021).

Class Incremental Semantic Segmentation (CISS) extends the principles of CIL to pixel-wise tasks. In
addition to catastrophic forgetting in CIL, CISS encounters an even more critical challenge: semantic
drift (Yuan & Zhao, 2023)) or background shift (Cermelli et al.,[2020), which describes the incremental
change in the semantic meaning of pixel labels. Several studies (Douillard et al., 2021} |Cha et al.,
2021; Zhang et al.| [2022b; 2023)) attribute semantic drift to the dynamic semantic content of the
background across incremental stages. Subsequent works (Cermelli et al., 2020; Douillard et al.,
2021) early pioneer this investigation using knowledge distillation and pseudo-labeling. More recent
works (Cha et al.| 2021} |Zhang et al.l 2022b}; | 2023)) further use saliency maps and segment proposals
to differentiate between the foreground and background regions. However, these works predominantly
target the separation of noisy semantics, still leaving room for further optimization.

Furthermore, we delve into semantic drift challenge and identify an additional critical issue, separate
optimization, as being of significant importance. Separate optimization refers to the CIL methods that
update the task heads for each target class independently and sequentially. This leads to a scenario
where task heads trained earlier may produce higher scores than those trained later for similar-looking
categories. Figure[I(a) directly presents the impact of separate optimization, where the SSUL-M
model mistakenly classifies a horse as a “cow” class with a higher logit score after learning “horse”
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Figure 1: (a) Affected by noisy semantics and separate optimization, the previous method SSUL-M
misclassifies a “horse” as a “cow” with higher logit scores when learning “horse” after “cow”. While
our IPSeg leverages image posterior (IP) guidance to produce accurate predictions on these two
similar-look classes. In class-wise prediction visualizations, we use deeper colors to indicate higher
prediction scores. (b) The quantitative performance comparison with state-of-the-art methods under
the long-term incremental challenge (VOC 2-2).

following “cow”. Under the combined impacts of separate optimization and noisy semantics, the
previous efforts are still short of effectively addressing the semantic drift challenge.

Motivated by our observations and analyses, we introduce Image Posterior and Semantics Decoupling
for Class-Incremental Semantic Segmentation (IPSeg) to address the aforementioned challenges.
Specifically, we propose image posterior guidance to mitigate separate optimization by rectifying
the error pixel-wise predictions using image-wise predictions. As illustrated in Figure[T[a), IPSeg is
capable of correctly predicting “horse” with the assistance of image posterior guidance. Moreover,
we propose permanent-temporary semantics decoupling to decouple the noisy semantics into
two groups, one characterized by simple, stable, and static semantics, and the other by complex,
dynamic, and temporary semantics. To accommodate these distinct semantic groups, we design
separate permanent and temporary branches with varied life cycles to learn the associated concepts.

Extensive experimental results on two popular benchmarks, Pascal VOC 2012 and ADE20K, demon-
strate the effectiveness and competitiveness of IPSeg. Our method consistently outperforms other
methods across various incremental scenarios, particularly in long-term challenges with performance
gains of 24.8% in VOC 2-2 task as illustrated in Figure[T|(b). Experiment results further reveal that
IPSeg has good properties of both learning plasticity and memory stability.

2 RELATED WORK

Class Incremental Learning (CIL) Class-incremental learning is a method that continuously
acquires knowledge in the order of classes, aiming to address catastrophic forgetting (McCloskey &
Cohen, |1989) while continually learning new classes. Existing work (Wang et al.,|2024b) broadly
categorizes these approaches into three main types: Replay-based methods involve storing data or
features of old classes or generating data that includes old classes to mitigate catastrophic forgetting.
This class can be further divided into Experience Replay (Rebuffi et al., [2017; Bang et al.| [2021]),
Generative Replay (Liu et al.| [2020} Shin et al.,|2017)), and Feature Replay (Belouadah & Popescul
2019). Regularization-based methods focus on designing loss functions that incorporate second-
order penalties based on the contribution of parameters to different tasks (Kirkpatrick et al., 2017}
Jung et al.|[2020). They also rely on knowledge distillation, typically using the model from a previous
phase as a teacher to constrain the current phase model (Li & Hoiem) 2017} Rebutfi et al., 2017}
Douillard et al.,2020; Buzzega et al.,|2020). Architecture-based methods dynamically adjust model
parameters based on new data, including assigning specific parameters for different data (Gurbuz &
Dovrolis, 2022} |Serra et al.,|2018)) and breaking down model parameters into task-specific or shared
parts (Douillard et al.| [2022)).
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Class Incremental Semantic Segmentation (CISS) CISS is similar to class-incremental learning
(CIL) but extends the task to pixel-level predictions (Phan et al., [2022; |Camuffo & Milanil 2023}
Zhang et al.| 2022a} |Xiao et al., |2023)). MiB (Cermelli et al., |2020) first introduces the concept of
semantic shift unique to CISS, employing distillation strategies to mitigate this issue. PLOP (Douillard
et al.} 2021) utilizes pseudo-labeling techniques for incremental segmentation to address background
shift, while SSUL (Cha et al.,2021) further incorporates salient information, introducing the concept
of “unknown classes” into each learning phase and using a memory pool to store old data to prevent
catastrophic forgetting. RECALL (Maracani et al., 2021} and DiffusePast (Chen et al.| 2023) extend
traditional replay methods by incorporating synthetic samples of previous classes generated using
Diffusion (Ho et al.;[2020) or GAN (Goodfellow et al.|[2020) models. MicroSeg (Zhang et al.| [2022b)
employs a proposal generator to simulate unseen classes. CoinSeg (Zhang et al., 2023)) highlights
differences within and between classes, designing a contrastive loss to adjust the feature distribution
of classes. PFCSS (Lin et al.} [2023)) emphasizes the preemptive learning of future knowledge to
enhance the model’s discrimination ability between new and old classes.

3 METHOD

In this section, we begin by presenting the necessary notation and definition of the problem, followed
by our analysis of semantic drift in section[3.1] Next, we introduce our proposed method, IPSeg, with
detailed designs including image posterior and semantics decoupling in section and section

3.1 PRELIMINARY

Notation and problem formulation Following previous works (Cha et al.l 2021} Zhang et al.|
2022b}; 2023)), in CISS, a model needs to learn the target classes C1.p from a series of incremental
tasks as t = 1,2,3,...,T. For task ¢, the model learns from a unique training dataset D; which

consists of training data and ground truth pairs D; = {(zf, y!)} Eg' Here ¢ denotes the sample index,

79
t for the task index, and | D;| for the training dataset scale. xf ; and y;‘ ; denote the j-th pixels and the
corresponding annotation in the image 2. In each incremental phase ¢, the model can only access the
class set C; U ¢, where C; denotes the class set of current task ¢ and ¢;, for background class.

To prevent catastrophic forgetting, architecture-based methods allocate and optimize distinct sets
of parameters for each class, instead of directly updating the whole model. The whole model f; is
composed of a frozen backbone hy, followed by a series of learnable task-specific heads ¢;.;, with
one task head corresponding to each task. In task ¢, only the newly added task head ¢, is needed to
be optimized. In inference, the prediction for the j-th pixel in image x; can be obtained by:

G5 = fe(wij) = argmax ¢.p(ho(z: 5)). M
ceCr.r
Where ¢¢.,(-) denotes the C-dimension outputs. Additionally, we introduce the image-level labels
Y; of the image z;, a memory buffer M, and an extra image classification head 1 to support our
implementation. A comprehensive explanation of symbols can be found in the appendix.

Semantic Drift Previous works (Kirkpatrick et al.l [ 2017) mainly attribute the semantic drift to noisy
semantics within the background class ¢,. They attempt to mitigate this challenge by decoupling
the background class ¢, into subclasses ¢ and ¢,,, where ¢}, denotes the “pure” background and c,,
denotes the unknown class. The most advanced methods (Zhang et al., [2022bj |Cha et al., [2021)
further decouple the unknown classes ¢, into past seen classes Cy.;—1 and dummy unknown class ¢,
using pseudo labeling. However, semantic drift remains unresolved as the decoupled classes are still
changing across incremental phases and models are always hard to learn these chaotic classes.

Additionally, another challenge caused by separate optimization of incremental learning exacerbates
semantic drift but attracts few attention. Previous work (Kim et al., 2024) points out that freezing
parameters from the old stage can preserve the model’s prior knowledge, leading to error propagation
and confusion between similar classes. While in CISS, the task head ¢; is exclusively trained by
supervision from the current classes and will be frozen to resist catastrophic forgetting in the following
incremental phases. In the following task ¢1,¢; > ¢, ¢, may produce high scores on objects from
other appearance-similar classes, without any penalty and optimization. Meanwhile, the new task
head ¢, just predicts moderate scores which might be slightly lower than error predictions from ¢;.
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Figure 2: Overall architecture of our proposed IPSeg, mainly composed of image posterior and
permanent-temporary semantics decoupling two parts. In the latter part, ¢,, denotes the permanent
learning branch and ¢1, ¢2, ..., ¢ for temporary ones. The black solid lines are used to indicate the
data flow in training and the green ones are for inference.

In this way, it is common that earlier incremental task heads may have larger output scales than the
later heads, especially in similar classes. This separate optimization manner ultimately causes the
incremental models to misclassify some categories and makes semantic drift more difficult to address.
Some cases are provided to help better understand this challenge in the appendix.

3.2 OVERVIEW

As illustrated in Figure 2] we propose Image Posterior and Semantics Decoupling for Class-
incremental Semantic Segmentation (IPSeg) to mitigate semantic drift through two main strategies:
image posterior guidance and permanent-temporary semantics decoupling. In section[3.3] we describe
how the IPSeg model uses image posterior guidance to overcome separate optimization. To address
noisy semantics, IPSeg employs two branches to decouple the learning of noisy semantics. Detailed
explanations of this approach are provided in section 3.4}

3.3 IMAGE POSTERIOR GUIDANCE

As previously discussed, the separate optimization leads to inconsistent output scales across different
incremental task heads and error predictions. We propose leveraging the image-level posterior as the
global guidance to correct the probability distributions of different task heads. The rationale for using
the image posterior probabilities is based on the following fact:

Fact: For any image, if its image-level class domain is Cy and its pixel-level class domain is Cp, the
class domains Cy and Cp are the same, i.e., C; = Cp.

Inspired by this fact, we propose to use an extra image posterior branch v to predict image classifica-
tion labels and train it in an incremental learning manner. As illustrated in Figure[2] 1) is composed of
Pooling, Fully connected (FC) layers, and Multi-Layer Perceptrons (MLPs) with the input dimension
of 4096 and the output dimension of |Cy.7|, where the FC layers serve as shared intermediate feature
processors, and the MLPs serve as incremental classification heads for incremental classes.

In task ¢ (t > 1), the model is only able to access data from both the memory buffer M and the

current task training data D;. The mixed data samples x;"’t from these two sources are processed by
the network backbone hy into the image feature hg(x!), and further processed by image posterior

branch 1) into the image classification prediction J>f The objective function for training v is:
Ly = L:BCE( Af,:)}f) = CBCE(il)(he(wgn’t))aJ}f), 5)5 = ylt U 37¢1:t71(h0(x:ﬂwf«))~ 2

Where image classification label JNJf consists of two parts, the ground truth label y; on current task
class set C; and pseudo label y¢1:t71(h9(ITYL,t)) on past seen classes Cy.;—1. Instead of relying solely

on the label V!, we use the image-level pseudo labels from previous task heads prediction to provide
informative signals of previous incremental tasks, mitigating biases in the image posterior branch .
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During testing, the image posterior branch predicts posterior probabilities on all classes Cy.7. For a
test image x;, the final pixel-wise prediction scores are computed by element-wise multiplication
between the image posterior probabilities from ¢/ and the pixel-wise probabilities from ¢q.7:

pi = Concat( asc, o(Y(ho(xi))) ) - o( dor(he(wi)) ). 3
~—————
Image Posterior Probability Pixel-wise Probability

where o () denotes the Sigmoid function. The hyperparameter apc is used to compensate for the lack
of background posterior probability, with the default value agc = 0.9. The result p; is the rectified
pixel-wise prediction with a shape of [C, HW], and p§ ; is prediction of the j-th pixel on class c. The
final prediction of the j-th pixel by IPSeg can be written as:

9i,j = argmaxpj ;. 4)
ceCy.y

3.4 PERMANENT-TEMPORARY SEMANTICS DECOUPLING

To further address semantic drift caused by the coupled learning of complex and noisy dummy
labels ¢, and ¢,, along with incomplete yet accurate label C;, we propose a decoupling strategy that
segregates the learning process for different semantics. Here is our empirical observation:

Observation: Given an image in incremental task t, the semantic contents of it include four parts:
the region of past classes C1.,_1, target classes Cy, unknown foreground c,, and pure background cj,

Based on this observation, we first introduce dummy label ¢y = Cy.4—1 U ¢, to represent the
foreground regions that encompass both past seen classes and unknown classes, which are not the
primary targets in the current task. Subsequently, we decouple the regions of a training image into
two sets: C; U ¢y and ¢ U c),. The former set C; U ¢y are current target classes and other foreground
objects, which are temporary concepts varying across different phases. While ¢, U ¢, are dummy
labels representing “pure” background and unknown objects, which are permanent concepts existing
throughout all incremental phases. For instance, “cat” and “horse” are target classes in the current
task but change into the region of past seen foreground classes in subsequent tasks, while the concepts
of background and unknown objects remain consistent.

Following our decoupling strategy, we can reassign the labels of image x; as:

ci, ify; € CoV ((yf = o) A (fe—1(mi) € Crie—1)) yi, ify; €Cs
g7 =q ey, it (yf = ) A (frm1(@i) € Criom1) A(S(ms) = 1), §f =S¢y, if(yf =) A(S(@:)=1)  (5)
C;v else, c;, else,

where f;_1(-) is the model of task ¢ — 1 and S(+) is the salient object detector as used in SSUL (Cha
et al.,[2021). g is the label used to train the permanent branch ¢,,. g is the label used to train the
incremental learning heads ¢; for the current task ¢. ¢; is the ignored region not included in the loss
calculation. The visualization of semantics decoupling is provided in the appendix.

The learning of these two sets of semantics is also decoupled. In addition to the existing incremental
heads ¢1.7, we introduce a permanent branch ¢, to learn the permanent dummy classes ¢} and
c,,. ¢, has the same network architecture as the incremental head ¢;. They are composed of three
3x3 convolution layers and several upsampling layers. The existing incremental head ¢, serves as
the temporary branch to learn the semantics C; U c; existing in the current incremental phase. It’s
worth noting that ¢,, and ¢, have different learning life cycles. The permanent branch ¢,, is trained
and optimized across all incremental phases to distinguish foreground and background. While the
temporary branch ¢, is temporarily trained in task phase ¢ to recognize the current foreground classes
C;. The objective functions for these two branches is defined as:

Ly = Loce( dp(ho(@7)). 57 ), Leumem = Lace( de(ho(a7)), i )- ©®)
Finally, the total optimization objective function of IPSeg is:
‘Ctotal = EIP + )\1 Ecurrem + )\2£p7 (7)

where \; and )\, are trade-off hyperparameters to balance different training objective functions.

During inference, as shown by the greens line in Figure 2, the permenant branch ¢,, outputs prediction
for the background ¢}, and the temporary branch ¢; (i = 1,2, ..., t) outputs predictions for the target
classes C;. And the pixel-level prediction ¢g.7(hg(x!)) can be writen as:

o1 (ho(})) = Concat( ép(he (7)) , drur(he (). ®)
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Where ¢, (hg(x!)) and ¢1.7(hg(x!)) represent background prediction from permenant branch and
all foreground prediction from temporary branch. The pixel-level prediction is then producted by
image posterior probability to form the final predition maps as Eq[3|and Eq[4]

Furthermore, to mitigate the issue of inaccurate predictions on other foreground classes ¢y within
each task head ¢, during inference, we introduce a Noise Filtering trick, filtering out prediction errors
associated with cy. The prediction for the j-th pixel §J; ; is processed as:

®

- Jone-giy i max( pzj'ij7 P )= pg,j
Yij = . if c _C

Yi,j 1 max(pi,j? pi; )= bi;
Where ayr is noise filtering term with the default value ang = 0.4. And p{_ j and pf) ; are the j-th
pixel logit outputs on the foreground and target class respectively. ’

3.5 IMPROVING MEMORY BUFFER

The memory buffer M plays a crucial role in our implementation and we implement the memory
buffer based on unbiased learning and storage efficiency. IPSeg employs a class-balanced sampling
strategy, ensuring the image posterior branch can adequately access samples from all classes. Specifi-
cally, given the memory size | M| and the number of already seen classes |C;.¢|, the sampling strategy
ensures there are at least | M| //|Cy.¢| samples for each class. IPSeg also optimizes the storage cost
of M by only storing image-level labels and object salient masks for samples. Image-level labels
are required for the image posterior branch for unbiased classification. While the salient masks split
images into background and foreground objects, labeled with 0 and 1 respectively. This simplification
mechanism requires less storage cost compared to previous methods that store the whole pixel-wise
annotations on all classes. More details can be found in the appendix.

4 EXPERIMENTS
4.1 EXPERIMENTAL SETUPS

Dataset Following previous works (Zhang et al.,[2023} |Cha et al.;,[2021)), we evaluate our method
using the Pascal VOC 2012 (Everingham et al.,2010) and ADE20K (Zhou et al.| 2017) datasets.
Pascal VOC 2012 includes 20 foreground classes and one background class, with 10,582 training
images and 1,449 validation images. ADE20K, a larger-scale dataset, comprises 150 classes of stuff
and objects, with 20,210 training images and 2,000 validation images.

Protocols We primarily use the overlap setting to evaluate our method. This setting is more
challenging and realistic than the disjoint setting (Qiu et al., |2023), as the images may contain
both seen and unseen classes across different incremental steps. We evaluate IPSeg under several
incremental scenarios, denoted as M-N, where M is the number of classes learned initially, and N
is the number of classes learned in each incremental step. For example, VOC 15-1 (6 steps) means
learning 15 classes initially and one new class in each subsequent step until all 20 classes are learned.
We use the mean Intersection over Union (mlIoU) as the evaluation metric.

Implementation details Following previous works (Lin et al.,|2022; Baek et al.|[2022; Xiao et al.,
2023)), IPSeg utilizes DeepLab V3 (Chen et al., [2017) as the segmentation model with ResNet-
101 (He et al.,2016) and Swin Transformer-base (Swin-B) (Liu et al.} 2021) pre-trained on ImageNet-
1K (Deng et al.,|2009) as the backbones. The training batch size is 16 for Pascal VOC 2012 and 8 for
ADE20K. IPSeg uses the SGD optimizer with a momentum of 0.9 and a weight decay of le-4. The
learning rates for both datasets are set to 0.01, with learning rate policies of poly for Pascal VOC
2012 and warm poly for ADE20K. All experiments are conducted with 2 NVIDIA GeForce RTX
3090 GPUs. For a fair comparison, the memory size is set as the same as SSUL (Cha et al., [2021})
that | M| = 100 for Pascal VOC 2012 and | M| = 300 for ADE20K. Pseudo-label (Zhang et al.|
2023)) and saliency information (Hou et al.l 2017) are adopted as previous methods (Cha et al., [2021;
Zhang et al.|[2022b). To avoid information leaking, the ground truth of the training data in the image
posterior branch only consists of annotations and pseudo-labels from the corresponding steps.
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Table 1: Comparison with state-of-the-art methods on Pascal VOC 2012 dataset across 4 typical
incremental segmentation scenarios. *“-” denotes the results not provided in the original paper.
denotes the result is reproduced using the official code with Swin-B backbone. “IPSeg w/o M”
denotes the data-free version of IPSeg, which is trained without the memory buffer.

i VOC 15-5 (2 steps) | VOC 15-1 (6 steps) | VOC 10-1 (11 steps) | VOC 2-2 (10 steps)

Method ‘ Backbone ‘ 0-15 1620 all | 0-15 1620 all |0-10 1120 all | 02 320 all

LwF-MC (Rebuffi et al.|2017) Resnet-101 || 58.1 350 523 | 64 84 69 | 47 59 50 | 35 47 45

ILT (Michieli & Zanuttigh|[2019] | Resnet-101 || 67.1 392 605 | 88 80 86 | 72 37 55 | 58 50 5.1
MiB (Cermelli et al.|[2020) Resnet-101 | 718 433 647 | 462 129 379 | 123 131 127 |4L1 234 259
SSUL (Cha et al.] 2021} Resnet-101 | 778 50.1 712 | 773 366 67.6 | 713 460 593 | 624 425 453

8 | RCIL (Zhang et al.|[2022a]) Resnet-101 || 788 520 724 | 70.6 237 594 | 554 151 343 | 283 190 194

< | IDEC (Zhao et al.||2023} Resnet-101 | 78.0 518 718|770 365 673|707 463 591 | - - -

£ | PLOP+LGKD (Yang etal|023] | Resnet-101 | 752 548 711 | 693 309 611 | - - - -

8 | PLOP+NeST (Xie et al.| 2024] Resnet-101 || 77.6 558 724 | 722 337 631|542 178 369 | - - -
IPSeg w/o M (ours) Resnet-101 || 785 552 729 | 774 419 689 | 749 529 644 | 647 515 534
SSUL (Cha et al.][2021} SwinB || 797 553 739|781 334 675|743 510 632 | 603 406 44.0
MicroSeg (Zhang et al.|[2022b} SwinB | 819 540 752|805 408 710|735 530 638 | 648 434 465
PLOP+NeST (Xie et al.|[2024) Swin-B | 80.5 70.8 782|768 572 722|643 283 473 | - - -
IPSeg w/o M (ours) SwinB | 814 624 769|824 529 754|800 612 710|721 645 655
Joint Resnet-101 || 80.5 730 782805 73.0 782|791 771 782739 789 782
SDR (Michieli & Zanuttigh|2021} | Resnet-101 | 754 526 699 | 447 218 392|324 171 251|130 51 62
PLOP-M (Douillard et alJ202T} | Resnet-101 || 785 656 754 | 71.1 526 667 | 579 516 549 | - - -
SSUL-M (Cha et al.| 2021} Resnet-101 | 79.5 529 732|789 439 706 | 748 489 655 | 588 458 476

». | MicroSeg-M (Zhang et al.[[2022b) | Resnet-101 || 82.0 59.2 76.6 | 81.3 525 744|772 572 677 | 600 509 522

& | PFCSS-M (Lin et al.|[2023] Resnet-101 | 79.9 702 77.1| 771 604 731|695 632 665 | - - -

2| 1PSeg (ours) Resnet-101 || 79.5 710 775 | 79.6 589 747 | 759 664 714 | 624 610 612
Joint SwinB || 83.8 793 827|838 793 827|824 830 827 [ 758 839 827
SSUL-M' (Cha et al.| 2021} SwinB || 793 551 735|788 497 719|753 541 652 | 6L.1 475 494
MicroSeg-M (Zhang etal|[2022b) | Swin-B || 829 60.1 77.5 | 820 473 733|789 592 70.1 | 627 514 53.0
CoinSeg-M (Zhang et al.| 2023 Swin-B | 841 699 808|841 655 796|813 644 737|684 656 66.0
IPSeg (ours) SwinB | 833 733 809|835 751 815|803 767 786|731 723 724

Baselines We compare [PSeg with various data-free and replay-based CISS methods, including
LwF-MC (Rebutffi et al.| [2017), ILT (Michieli & Zanuttigh, 2019), MiB (Cermelli et al., [2020),
SDR (Michieli & Zanuttigh, 2021)), and PLOP (Douillard et al.l 2021)), as well as state-of-the-
art methods such as RCIL (Zhang et al.} [2022a), IDEC (Zhao et al., 2023), SSUL (Cha et al.,
2021), MicroSeg (Zhang et al., 2022b), PFCSS (Lin et al., 2023)), CoinSeg (Zhang et al.,|2023)) and
NeST (Xie et al., [2024). Among these, PFCSS, CoinSeg, and NeST are the current state-of-the-art.
For a fair comparison, we reproduce some works using their official code with the Swin-B backbone.
Additionally, we provide the results of Joint as a theoretical upper bound for incremental tasks. We
report incremental results in three parts: initial classes, new classes, and overall classes.

4.2 MAIN RESULTS

Results on Pascal VOC 2012 We evaluate [PSeg in various incremental scenarios on Pascal VOC
2012, including standard incremental scenarios (15-5 and 15-1) and long-term incremental scenarios
(10-1 and 2-2). As shown in Table IPSeg achieves the best results across all incremental scenarios
on Pascal VOC 2012 with both ResNet-101 and Swin-B backbones. Notably, in the long-term
incremental scenarios 10-1 and 2-2, IPSeg achieves performance gains of 4.9% and 6.4% over the
second-best method, CoinSeg-M, with the same Swin-B backbone. Meanwhile, the data-free version
of IPSeg (denotes as “IPSeg w/o M” ) also demonstrates competitive performance.

The superior and robust performance of IPSeg is mainly attributed to the reliable role of guidance
provided by the image posterior branch. The image posterior design effectively helps IPSeg avoid
catastrophic forgetting and achieve excellent performance on new classes, which often suffer from
semantic drift due to separate optimization in new steps. Additionally, the semantics decoupling
design enables IPSeg to better learn foreground classes within each incremental step. This design
brings the improvement of 12.3% and 6.7% over CoinSeg-M on new classes in the 10-1 and 2-2
scenarios, respectively.

Furthermore, as illustrated in Figure [3|a), IPSeg experiences less performance degradation compared
to previous state-of-the-art methods as the number of incremental steps increases, which indicates
that IPSeg has stronger resistance to catastrophic forgetting. This conclusion is further supported
by the data in Figure[3[b) and Figure [3[c), which show that IPSeg exhibits minimal performance
declines as the incremental process continues. In contrast, other methods only maintain comparable
performance during the initial incremental learning step but quickly degrade in subsequent steps
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Figure 3: (a) The overall performance of different methods on Pascal VOC 2012 under 4 scenarios,
(b) mloU visualization on Pascal VOC 2012 2-2, (¢) mloU visualization on Pascal VOC 2012 15-1.

Table 2: Comparison with state-of-the-art methods on ADE20K dataset. T denotes the result is
reproduced using the official code with Swin-B backbone.

ADE 100-5 (11 steps) | ADE 100-10 (6 steps) | ADE 100-50 (2 steps) | ADE 50-50 (3 steps)

Method ‘ Backbone ‘ 0-100 101-150 all | 0-100 101-150 all | 0-100 101-150 all | 0-50 51-150 all

MiB (Cermelli et al.| 2020} Resnet-101 | 360 57  260| 382  IL1 292 405 172 328456 210 293
SSUL {Cha et al.|[2021] Resnet-101 | 399 174  325| 402 188 331 | 413 180 336|484 202 296
RCIL (Zhang et al.][2022a) Resnet-101 | 385 115 296 | 393 176 321 | 423 188 345|483 250 325
MicroSeg (Zhang et al.|[2022b] Resnet-101 | 404 205 338 | 415 216  349| 402 188 331|486 248 329

o | IDEC (Zhao et al.1[2023] Resnet-101 | 392 146 310 | 403 176 327| 420 182 341|474 260 331
£ | AWT+MiB (Goswami et al |2023] | Resnet-101 || 386 160  31.1| 391 214  332| 409 247 356|466 270 335
& | PLOP+LGKD (Yang et al[[2023] | Resnet-101 || - - - | 421 220 354|436 257 375|494 294 360
£ | PLOP+NeST (Xic et al.|[2024] Resnet-101 | 393 174 320 | 409 220 347| 422 243 363|487 277 348
IPSeg w/o M (ours) Resnet-101 41.0 224 348 | 41.0 23.6 353 | 413 24.0 35.5 | 46.7 26.2 33.1
SSUL (Cha etal.|[2021} SwinB | 413 160 329 | 407 190 335|419 201 346|495 213 307
CoinSeg (Zhang et al.|2023) SwinB | 431 241 368 | 421 245 362 | 416 267 366|490 289 356
PLOP+NeST (Xie et al.][2024] SwinB | 397 183 326| 417 242 359 | 435 265 379|506 289 362
1PSeg w/o M (ours) SwinB | 431 262 376 | 425 278 376 | 432 290 384|493 330 385
Joint Resnet-101 || 43.5 294 383 | 435 294 388 | 435 294 388|503 327 3838
SSUL-M (Cha et al.] 2021} Resnet-101 | 429 178 346 | 429 177 345|428 175 344|491 201 298

o | TIKP (Yu ctal.|[2024] Resnet-101 | 37.5 176 309 | 41.0 196 338 | 422 202 349|488 259 336
Z | 1PSeg (ours) Resnet-101 | 424 227 359 | 4201 223 356 | 417 252 363|473 267 336
& | Joint Swin-B || 472 319 421 | 472 319 421 | 472 319 421|546 355 42
SSUL-M' (Cha et al.] 2021} SwinB | 416 201 345|416 199 344 | 415 480 337|476 188 285
CoinSeg-M™ (Zhang et al.|[2023} SwinB | 428 248 368 | 396 248 347 | 387 237 337|488 289 354
IPSeg (ours) SwinB | 432 304 389 | 430 309 390 | 438 315 397 | 511 348 403

due to catastrophic forgetting. This detailed trend of performance decline across steps validates the
effectiveness and robustness of IPSeg in resisting forgetting.

Results on ADE20K We also perform a comparison between IPSeg and its competitors under
different incremental scenarios on the more challenging ADE20K dataset with two backbones. As
shown in Table [2] IPSeg consistently achieves performance advantages similar to those observed
on Pascal VOC 2012. Notably, IPSeg with Swin-B backbone demonstrates more significant im-
provements over its competitors across all incremental scenarios on the ADE20K dataset, with the
smallest improvement of 2.1% in the 100-5 scenario and the largest improvement of 6.0% in the
100-50 scenario. The superior performance on the more realistic and complex ADE20K dataset
further demonstrates the effectiveness and robustness of IPSeg.

Qualitative analysis of IPSeg Figure [ presents a qualitative analysis of IPSeg compared with
SSUL-M and CoinSeg-M. Visualization results are from each incremental step in the VOC 2-2
scenario. The results in rows 1, 3, and 5 demonstrate that both SSUL-M and CoinSeg-M mistakenly
predict “horse” as “cow” at step 6, while IPSeg correctly identifies “horse”. In rows 2, 4, and 6, IPSeg
consistently predicts the old class “chair”, whereas SSUL-M predicts “sofa” as “table” at step 6, and
both SSUL-M and CoinSeg-M mistake “chair” for “sofa” at step 8. These visualization results reveal
that IPSeg not only achieves excellent learning plasticity but also maintains strong memory stability.

4.3 ABLATION STUDY

Ablation study on IPSeg We analyze the effect of the proposed components in IPSeg, including
Image Posterior (IP), Semantics Decoupling (SD), and the design of Noise Filtering (NF) in SD. All
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Figure 4: Qualitative analysis of IPSeg on Pascal VOC 2012. Texts and bounding boxes in white
indicate incorrect class predictions starting from the corresponding incremental step. Color-shaded
boxes with classes and indexes represent the learned classes in the corresponding learning steps.

10 table

Table 3: (a): Overall ablation study for IPSeg on VOC 15-1. (b) and (c): Ablation studies for
hyper-parameters: memory size |M]|, the ratio of noise filtering ayr and the ratio of background
compensation apc.

IP SD NF VOC 15-1 (6 steps) || value | 0-15 16-20  all o VOC 15-1 (6 steps)
BC

0-15 1620 all % | 834 723 808 0-15 1620 all

X X X788 497 719 M| 100 |85 751 815 1 |89 749 810

vV X X 1794 696 710 200 [ 835 755 817 09 |85 751 816

X v X |1 6.1 788 02 | 835 750 814 08835 750 8L3

X Vv V1834 696 301 04 | 83.6 751 81.6 07 | 834 744 813

: : : o || 06 | 834 746 813 06 | 833 743 812

v /X84 747 813 08 | 833 742 812 05 | 832 738 810

v vV V |86 751 816 1.0 | 834 747 813 0 | 80.6 666 773
(a) (b) ©)

ablations are implemented under the 15-1 setting of Pascal VOC 2012 using the Swin-B backbone.
As shown in Table [3{(a), the second row indicates that IP brings significant improvement to new
classes. Benefiting from IP’s ability to maintain consistency between tasks, the reliable guidance
effectively prevents model performance from degradation caused by separate optimization. The
third row illustrates the excellent ability of SD in learning foregrounds at each step. SD consists
of a permanent branch and a temporary branch, and decouples noisy information into static and
dynamic groups, allowing the model to individually learn the corresponding knowledge. The fifth
row demonstrates IPSeg’s outstanding performance on both old and new classes with IP and SD
together. The last row shows that NF, as an additional trick, further enhances performance.

Ablation study of hyper-parameters Table 3(b) and Table [3{c) illustrate the effects of hyper-
parameters: memory size | M|, the strength of noise filtering ang, and background compensation ac,



Under review as a conference paper at ICLR 2025

Table 4: Comparison of different label choices to incrementally train the image posterior branch. The
choice of Pseudo is adopted in IPSeg.

Methods Labels VOC 15-5 (2 steps) | VOC 10-1 (11 steps) | VOC 2-2 (10 steps)
Cig—1| C¢ || 0-15 1620 all | 0-10 11-20 all 0-2 320 all
Part-GT X GT || 83.3 728 808|793 745 770|726 694 69.8
Pseudo (ours) PL GT || 833 733 809|803 767 786 |73.1 723 724
Full-GT GT GT || 83.2 738 81.0| 80.1 780 792 | 752 746 74.8

Table 5: The ablation study of SD over background (BG), base foreground classes (Base) and new
foreground classes (New) on Pascal VOC 15-1 with Swin-B backbone.

SD | BG Base(1-15) New(16-20) | All
X 92.4 78.5 69.6 77.0
vV | 943(+1.9) 823(+3.7) 75.1(+5.5) | 81.5

which shows that IPseg is not sensitive to the value of ang and agc and we set the default values for
these parameters to | M| = 100, axr = 0.4 and agz = 0.9. Besides, we set loss trade-off factors
A1 = A2 = 0.5 in our implementation, and more details are provided in the appendix.

Ablation study on image-level pseudo-label ), The image posterior (IP) branch is trained
incrementally but faces challenges due to the lack of labels for old classes. To address this issue,
we employ image-level pseudo-label ), (PL) instead of directly using the partial ground truth label
Vi, providing richer supervision at the risk of introducing some noise due to the inconsistencies
between previous heads predictions and current dataset labels. As shown in Table 4], our method
achieves significant improvement compared to using only partial ground truth (Part-GT), and further
improvements can be observed when using full ground truth (Full-GT). This indicates that using Ve
is an efficient trade-off, where the benefits of additional supervision outweigh the potential noise.

Impact of semantics decoupling on temporary concepts To understand which types of concepts
most benefit from IPSeg, we categorize the 20 classes of Pascal VOC into 15 base classes and 5
new classes based on the incremental process. According to the learning objectives, all foreground
classes are treated as temporary concepts in the corresponding step and the background is constantly
considered as permanent ones. The comparison shown in Table [5] indicates that the new classes
gain more significant performance improvement than the base classes. Furthermore, the permanent
concepts (i.e., the background) achieve less improvement compared to the temporary concepts. This
observation suggests that IPSeg is more effective in enhancing the learning of new foreground classes.
The detailed class-wise results are provided in the appendix.

5 CONCLUSIONS

In this paper, we propose IPSeg, a simple yet effective method designed to address the issue of
semantic drift in class incremental semantic segmentation. We begin by analyzing the details of
semantic drift, identifying two key issues: separate optimization and noisy semantics. To mitigate
these issues, IPSeg introduces two specific designs: image posterior guidance and semantics de-
coupling. Experimental results on the Pascal VOC 2012 and ADE20K datasets demonstrate the
superior performance of our method, particularly in long-term incremental scenarios. Moreover,
IPSeg exhibits excellent properties in terms of both learning plasticity and memory stability.

Limitations and social impact Though IPSeg exhibits superior performance and properties of
learning plasticity and memory stability, we acknowledge that the usage of memory buffers leaves a
lot of room for discussion. On the one hand, the use of memory buffers brings additional storage
costs and the risk of information leakage. On the other hand, the use of memory buffers is related to
privacy issues, such as storing private information without approval. These issues need to be treated
with caution in artificial intelligence applications.

10
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A APPENDIX

A.1 SYMBOLS AND EXPLANATIONS

Table [6] provides key symbols used in our paper along with their explanations to facilitate a better
understanding.

Table 6: Symbols and explanations

Symbol ‘ Explanations

g ft Model of task ¢.
2 hg The backbone extracting features.
% ¢1.+ | All segmentation heads, outputting the final results.
E o The head of task ¢, representing the temporary branch.
'Qg) Op The permanent branch.
= P The image posterior branch.
Cy The target classes set of task ¢.
é C1.t—1 | The old classes set.
§ ) The pure background.
8 c, Unknown foreground.
é C; The ignored region that does not participate in loss calculation.
% cy The foreground regions that do not belong to target classes C;.
n Cy Unknown classes defined in previous methods, consisting of C1.;—1 and ¢,.
Cp The background defined in previous methods, consisting of ¢, and ¢,,.
Dy Training dataset of current incremental task ¢.
M Memory buffer, with fixed size of 100 for Pascal VOC and 300 for ADE20K.
_Té xt | The i-th image in D;.
% y! The pixel annotations of z:.
S z/"" | The mixed data selected from M and D;.
E V! | The image-level pseudo-label of /"
g’ Label assigned to the permanent branch ¢,,.
! Label assigned to the temporary branch ¢;.

A.2 OBSERVATION

Visualization of separate optimization As shown in Figure[5] to illustrate the inconsistent outputs
caused by separate optimization, we select three pairs of similar classes from Pascal VOC 2012:
“cow” and “horse”, “bus” and “car”, “sofa” and “chair”, and split them into two separate groups for
learning. Sequence B follows a reverse learning order compared to Sequence A, and the goal is to
examine the model’s final predictions with different learning sequence. Columns A and B are the
models’ final predictions of sequence A and sequence B respectively. These visualizations indicate
that the earlier head of the model tends to produce high scores for certain classes, regardless of the
learning order, suggesting that separate optimization causes a persistent bias towards the classes

learned first.

Impact of IPSeg on separate optimization To validate the impact of IPSeg on separate optimiza-
tion, we calculate the average probability distribution of the incorrect prediction area (red box in
the image) as depicted in Figure[6] SSUL-M misclassifies the little sheep as cow with abnormal
probability distribution. In contrast, IPSeg utilizes image posterior guidance to produce more accurate
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Figure 5: The visualization of separate optimization. Sequence A: first learn “cow”, “bus” and “sofa”
» o« »

in step 1, then “horse”, “car” and “chair” in step 2. Sequence B: first learn “horse”, “car” and “chair’
in step 1, then “cow”, “bus” and “sofa” in step 2.

bl

and harmonious prediction. Compared to previous works, IPseg maintains a harmonious and realistic
probability distribution more similar to that of the theoretical upper bound, Joint-Training (Joint),
demonstrating its superior capability in dealing with separate optimization.

SSUL-M IPSeg Joint
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Figure 6: The probability distributions for SSUL-M, IPSeg, and Joint-Training (Joint) in the regions
of incorrect predictions. Class indexes “10” and “17” represent “cow” and “sheep” respectively.

Visualization of semantics decoupling Figure[7]is the semantics decoupling illustration for image
xt. In this case, the current classes C; “person” is provided with ground truth as y!. The foreground
classes “sofa” and “cat”, however, are unknown without ground truth. IPSeg uses a saliency map
to locate the current unknown object “sofa” and “cat” as other foregrounds ¢y and further utilizes
pseudo label to distinguish “sofa” as unknown foreground ¢/,. It is worth noting that the regions
of “person” and “cat” belong to the ignored regions c¢; that do not participate in loss calculation. In
this way, the remaining region is labeled as “pure” background ¢;. The “pure” background ¢, and
unknown foreground ¢/, are considered as static and permanent concepts. The target classes C; with
ground truth y! and other foreground ¢ are considered as dynamic and temporary concepts.

A.3 ADDITIONAL RESULTS AND ANALYSIS

Evaluation on image-level predictions To investigate the ability to resist catastrophic forgetting of
the image posterior (IP) branch and the segmentation branch, we evaluate the image level accuracy
performance of the base 15 classes using the IP branch and the segmentation branch at each step
on Pascal VOC 15-1 as shown in Table[7] “IP” refers to the image-level accuracy of the IP branch,
“Pixel” refers to the image-level accuracy of the segmentation branch, where class C exists if a pixel is
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Figure 7: Semantics decoupling strategy

predicted as C. “Pixel+IP” denotes the final result of IPSeg. The ablation shows that: the image-level
performance suffers less forgetting than the segmentation, and our method shows similar property
against forgetting with the help of IP.

Table 7: The image-level accuracy of IP branch and the segmentation branch on 15 base classes.

ACC (%) | stepO stepl step2 step3 step4 step5

1P 8744 86.41 8699 86.82 86.86 86.29
Pixel 88.17 86.42 8630 8543 84.84 84.70
Pixel+IP | 93.07 9224 9241 9193 9195 091.02

We also present the image-level accuracy on all seen classes at each step to analyze their performance
on both old classes and new classes in Table[8] For the segmentation branch, the image-level accuracy
of it on all seen classes gradually degrades after learning new classes, performing worse than its
accuracy on base classes. This indicates the segmentation branch performs poorly on new classes,
which is consistent with our description about separate optimization. In contrast, the IP branch
experiences less deterioration from separate optimization and help our method maintain a good
balance between retaining old knowledge and learning new knowledge.

Table 8: The image-level accuracy of IP branch and the segmentation branch on all seen classes.

ACC (%) | stepO stepl step2 step3 step4 step 5 (Final)

Ip 87.44 8254 81.14 8132 82.09 82.34
Pixel 88.17 83.56 8229 7823 77.60 76.57
Pixel+IP | 93.07 90.05 90.13 87.30 87.68 88.03

Evaluation on image posterior branch Image posterior (IP) branch is trainable during different
incremental steps, and it will undoubtedly suffer from catastrophic forgetting. To evaluate the
effectiveness of IP branch, we conduct a quantitative evaluation of it as shown in TableEl We train IP
branch with a multi-label classification task in three scenarios and report the precision, recall, and F1
results: “Seq” refers to training the IP branch sequentially without any additional tricks, indicating
the worst case suffering from catastrophic forgetting, “Ours” refers to the training setting used in our
paper, and “Joint” refers to training with all task data jointly serving as the upper bound. It is obvious
that IP branch suffers little forgetting. We achieve this performance mainly owing to two specific
settings:

17



Under review as a conference paper at ICLR 2025

* Mixed training data: IP branch uses data from both the memory buffer and the current task
dataset for training. Compared to fine-grained task heads, it is easier for IP branch to learn
image-level knowledge from memory buffer.

* Image-level pseudo-label for supervision: IPSeg introduces image-level pseudo-label on
past classes as supervision to mitigate catastrophic forgetting challenge. The ablation result
in Table [] partially reflects the effectiveness of this design.

Table 9: The performance of image posterior branch on different settings.

Method \ Precision (%) Recall (%) F1 (%)

Seq 55.62 24.67 23.78
Ours 78.28 87.03 80.68
Joint 89.96 90.00 89.89

Evaluation on model parameters, training and inference costs We provide a comprehensive
analysis of the model parameters, training, and inference costs as shown in Table[I0] We test and
report the results of IPSeg, SSUL-M and CoinSeg-M with Swin-B on the VOC 15-1 setting. We
set image _size=512x512, epochs=50, and batch_size=16 in training and image_size=512x512 for
inference test. All results are run on RTX 3090 GPU.

* Model Parameters: Using the thop tool, we analyze and compare the trainable parameters
for these methods. The sizes of increased parameters in them are close, with average 3.84 M
per step. Additionaly, IPSeg has 29.72M parameters more than SSUL due to the additional
image posterior branch.

* Training: Due to the introduced image posterior branch, IPSeg needs more training cost
compared with SSUL-M but less than CoinSeg-M.

* Inference: The inference speed of IPSeg (27.3 FPS) is slightly lower than SSUL-M (33.7
FPS) and similar to CoinSeg-M (28.2 FPS). Due to the proposed image posterior branch,
the model’s floating-point operations (137.1 GFLOPs) are higher than the baseline (94.9
GFLOPs), and with an approximately 1 GB increase in GPU usage.

Overall, IPSeg introduces an additional image posterior branch with slight increases in model

parameters, training cost, and inference but brings great performance improvement. It is a worthwhile
trade-off between performance and cost.

Table 10: Comparison of IPSeg with baseline on model parameters, training and inference costs.

Method Incremental Steps Training Inference

0 1 2 3 4 5 Time  GPU usage | FPS FLOPs GPU usage
IPseg 13592M 139.76 M 143.60 M 147.66 M 151.28 M 155.12M |%h 14min  21.1G |27.3 137.1G 6.2G
SSUL-M 10620 M 110.03M 113.89M 117.95M 121.56 M 12540 M |7h 13min 194G |33.7 94.9G 5.3G
CoinSeg-M || 107.02M 111.15M 11529M 119.42M 123.55M 127.68 M| > 15h 21.3G  |28.2 96.3G 5.6G

Ablation study on salient map The salient map is effective for Pascal VOC 2012, but not as useful
for ADE20K as we expected. Specifically, the use of saliency map on ADE20K presents challenges
in correctly identifying target regions, especially for objects that are not at the center of the image and
cover large areas. To evaluate the quality of salient map, we conduct ablation on the ADE20K 100-10
task with the following settings as shown in Table[TT} “w/o Sal” uses no saliency map supervision,
“w/ Sal” uses saliency map supervision as we do in paper, and “w/ SAM” uses saliency map extracted
by SAM model. We use the official Grounded SAM (Ren et all 2024 [Kirillov et al},[2023) code
with all classes in ADE20K used as text prompts to extract corresponding masks. Additionally, we
also report performance differences on “Thing” and “Stuff” classes defined in ADE20K panoptic

segmentation (Zhou et al}} to investigate the bias of saliency map on different semantic regions.
Basically, we find the following conclusion:
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 Using the default saliency map supervision to implement knowledge decoupling strategy,
IPSeg gets a performance improvement by +1.6% mloU. And using saliency extracted by
SAM further improves IPSeg performance by 0.7% mloU.

e The default saliency maps perform well in identifying “Things” classes but struggle with
“Stuff” classes, resulting in a performance gain of +1.9% on “Things” classes but merely
+0.1% on “Stuff” classes. Furthermore, the SAM-based saliency maps provide better
supervision for both “Things” and “Stuff” classes, with improvements of +0.6% on “Things”
and +1.1% on “Stuff” compared to “w/ Sal”.

Table 11: Ablation study on salient map of IPSeg on ADE20K 100-10 tasks.

Method | 0-100 101-150  all | Things Stuff

w/o Sal 42.1 28.0 374 | 372 37.5
w/ Sal 43.0 309 39.0 | 39.1 37.6
w/ SAM | 43.6 31.8 39.7 | 39.7 38.7

The details of efficient data storage in memory buffer For raw data, IPSeg directly stores the
image paths in a JSON file, as done in previous works (Cha et al.} 2021; [Zhang et al., [2022b}; |2023)).
For image-level labels, IPSeg stores the class labels of the images as arrays in the same JSON file with
multi-hot encoding, where 1 indicates the presence of a class and 0 indicates absence. The memory
cost for this is negligible. For pixel-level labels, instead of storing full-class annotations (with a data
type of uint8) as prior approaches, IPSeg only stores the salient mask, where the background and
foreground are labeled as 0 and 1, respectively (with a data type of bool ). Theoretically, the storage
space could be reduced to 1/8.

Ablation study on memory buffer Since [PSeg is designed for data-replay scenarios, the IP branch
heavily relies on a memory buffer. To evaluate the impact of the memory buffer on performance, we
compare the standard version of IPSeg with a data-free variant (denoted as IPSeg w/o M). As shown
in Table[I2] IPSeg demonstrates competitive performance even without the memory buffer. However,
the performance gap between the data-free and data-replay settings highlights the essential role of the
memory buffer in enhancing [PSeg’s effectiveness.

Table 12: Comparison with other methods in data-free version using Swin-B backbone.

VOC 15-5 (2 steps) | VOC 15-1 (6 steps) | VOC 10-1 (11 steps)
0-15 16-20 all | 0-15 16-20 all | 0-10 11-20  all

SSUL 797 553 739 | 781 334 675|743 510 632

VOC 2-2 (10 steps)
0-2 320 all

60.3 40.6 44.0

Method

MicroSeg 819 540 752|805 408 710|735 53.0 638 | 648 434 465
IPSegw/oM | 81.4 624 769 | 824 529 754 |80.0 612 71.0 | 721 64.5 65.5

IPSegw/M | 833 733 809 |85 751 815|803 767 786|731 723 7724

Ablation study for hyper-parameters: weight terms of loss. We conduct an ablation study on the
two weight terms A1 and Ao, testing values of 0.1, 0.25, 0.5, 0.75, and 1.0. The results are shown
in Table @ It is obvious that the setting of \; = 0.5 and A2 = 0.5 achieves the best performance,
which is the default value of IPSeg.

Detailed results of semantics decoupling on temporary concepts To understand which types of
classes or concepts benefit from our method, we compare IPseg against the baseline on 20 classes of
the VOC 15-1 setting. The detailed results are presented in Table[T4] which demonstrates that IPSeg
is more effective in enhancing the learning of new foreground classes.

Class-wise results of IPSeg  Table[I5]shows the detailed experimental results of IPSeg for each class
across four incremental scenarios of Pascal VOC 2012. IPSeg demonstrates superior performance in
various incremental learning tasks, including standard tasks with a large number of initial classes
(e.g., 15-5 and 15-1) and long-range tasks with fewer initial classes (e.g., 10-1 and 2-2). Notably, in
the 2-2 task, the mIoU for “cow” and “horse” reaches 70.7% and 81.4%, respectively. This indicates
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Table 13: Ablation Studies on Pascal VOC 15-1 task for hyper-parameters: weight terms of loss, A\;
and \g.

A\ | 01 025 05 075 1.0

0.1 79.2 803 804 80.8 78.0
0.25 79.8 803 &I.1 81.0 809
0.5 80.3 809 81.5 81.2 809
0.75 81.1 813 81.1 81.0 &I1.0
1.0 80.8 81.3 81.1 812 &0.1

Table 14: Detailed results of the ablation study for semantics decoupling (SD) over each class on
Pascal VOC 15-1 with Swin-B backbone. Texts in red indicate 5 new classes.

SD || Detailed results

BG | plane | bike bird boat | bottle | bus car cat | chair | cow

X 924 | 874 | 37.7 | 89.1 67.8 804 | 938 | 869 | 93.6 | 439 | 857
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mIoU

63.8 | 90.0 | 87.2 | 859 84.1 57.5 | 81.6 | 533 | 87.1 | 684 | 77.0

BG | plane | bike bird boat | bottle | bus car | cat | chair | cow

4 943 | 91.8 | 43.8 | 93.8 75.0 86.0 | 942 | 91.2 | 96.1 | 443 | 94.6
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mIoU

673 | 945 | 93.0 | 88.8 88.2 65.6 | 90.1 | 579 | 893 | 72.7 | 815

that [PSeg maintains excellent prediction performance even when classes with similar semantic
information are trained in different stages.

Table 15: Class-wise results of [PSeg over each class.

BG | plane | bike bird boat | bottle | bus car cat | chair | cow
VOC 15-5 93.6 | 922 | 449 | 938 74.4 852 | 939 | 908 | 96.2 | 43.0 | 945
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mloU
68.0 | 942 | 929 | 88.0 88.0 663 | 91.5 | 464 | 87.8 | 744 | 80.9
BG | plane | bike bird boat | bottle | bus car | cat | chair | cow
VOC 15-1 943 | 91.8 | 43.8 | 938 75.0 86.0 | 942 | 912 | 96.1 | 444 | 935
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mloU
674 | 945 | 929 | 88.8 88.2 664 | 88.6 | 58.1 | 89.5 | 72.7 | 81.5
BG | plane | bike | bird boat | bottle | bus car | cat | chair | cow
VOC 10-1 93.1 | 93.1 | 422 | 932 72.1 83.5 | 939 | 919 | 958 | 380 86.9
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mloU
54.1 | 91.8 | 86.1 87.5 87.5 642 | 85.6 | 499 | 884 | 72.1 | 78.6
BG | plane | bike | bird boat | bottle | bus car | cat | chair | cow
VOC 2-2 914 | 88.6 | 393 | 879 71.5 719 | 89.1 | 78.2 89:3 28.8 | 70.7
tabel | dog | horse | motor | person | plant | sheep | sofa | train | TV | mloU
552 | 835 | 84.1 | 776 82.6 63.6 | 72.1 | 444 | 821 | 69.1 | 724

Experimental results of disjoint setting To demonstrate IPSeg’s robust learning capability under
different incremental learning settings and to further prove its superiority over general methods, we
evaluate IPSeg using the disjoint setting on the Pascal VOC 2012 dataset for the 15-1 and 15-5 tasks,
as shown in Table [I6] The results indicate that IPSeg consistently achieves the best performance
compared to state-of-the-art methods. Additionally, similar to the results in the overlap setting, [PSeg
exhibits a strong ability to learn new classes while retaining knowledge of the old classes. Specifically,
IPSeg outperformed the second-best method by 10.1% in the 15-5 task and by 22.8% in the 15-1 task
in terms of new class performance.
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Table 16: Comparison with state-of-the-art methods on Pascal VOC 2012 dataset for disjoint setup.

VOC 15-5 (2 steps) | VOC 15-1 (6 steps)

Method 0-15 1620 all | 0-15 1620 all

8 LwF-MC 672 412 60.7 | 4.5 7.0 5.2

= ILT 632 395 573 | 3.7 5.7 4.2
g MiB 71.8 433 647 | 462 129 379
A RCIL 75.0 428 673 | 66.1 182 547
3 SDR 746 441 673 | 594 143 487
_§ SSUL-M 765 48.6 69.8 | 76.5 434 68.6
> | MicroSeg-M || 80.7 552 747 | 80.0 476 723

% CoinSeg-M || 829 61.7 779 | 820 49.6 743
2 | IPSeg(ours) || 827 71.8 80.1 | 82.6 724 802

step 0 step 1 step 2 step 3 step 4 step 5

Figure 8: Qualitative results on Pascal VOC 2012 dataset with the 15-1 scenario.

More qualitative results on Pascal VOC 2012 In addition to the qualitative results of the VOC
2-2 task shown in the main paper, we present additional qualitative analysis in Figure[8] We select
the 15-1 task and perform a visual analysis for each newly added class. Each image includes both old
and new classes, covering indoor and outdoor scenes as well as various objects and environments.
For example, the first row shows the learning ability for “plant”. After step 1, the model consistently
predicts “plant” correctly while retaining the ability to recognize ’dog”. Similarly, rows 2-5 show
consistent performance. For each new class (i.e., sheep, sofa, train, and TV in the figure), [PSeg
quickly adapts to them while retaining the ability to recognize old classes (i.e., bird, person, cat in
the figure). These results clearly and intuitively demonstrate IPSeg’s strong capability in addressing
incremental tasks.

More qualitative results on ADE20K The qualitative results of the 100-10 task on the ADE20K
dataset are shown in Figure 9] We select five examples to illustrate the model’s ability to predict
various classes as the learning step increases. Row 1 shows the performance of predicting the new
class ”ship” in step 1, where the model effectively recognizes both the old class ”sky” and the new
class ”ship.” Similarly, in rows 2-5, for the newly introduced classes (tent, oven, screen, flag), [PSeg
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demonstrates excellent performance in learning the new classes without forgetting the old ones. This
indicates that IPSeg achieves a balance between stability and plasticity even on more challenging and
realistic datasets.

step 0 step 1 step 2 step 3 step 4 step 5

0-100 104 ship _ _ 131 screen _

Figure 9: Qualitative results on ADE20K dataset with the 100-10 scenario.
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