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Abstract

Generalization to new domains not seen during training
is one of the long-standing challenges in deploying neu-
ral networks in real-world applications. EXxisting gener-
alization techniques either necessitate external images for
augmentation, and/or aim at learning invariant represen-
tations by imposing various alignment constraints. Large-
scale pretraining has recently shown promising generaliza-
tion capabilities, along with the potential of binding differ-
ent modalities. For instance, the advent of vision-language
models like CLIP has opened the doorway for vision models
to exploit the textual modality. In this paper, we introduce
a simple framework for generalizing semantic segmentation
networks by employing language as the source of random-
ization. Our recipe comprises three key ingredients: (i) the
preservation of the intrinsic CLIP robustness through mini-
mal fine-tuning, (ii) language-driven local style augmenta-
tion, and (iii) randomization by locally mixing the source
and augmented styles during training. Extensive experi-
ments report state-of-the-art results on various generaliza-
tion benchmarks. Code is accessible on the project page'.

1. Introduction

A prominent challenge associated with deep neural net-
works is their constrained capacity to generalize when con-
fronted with shifts in data distribution. This limitation is
rooted in the assumption of data being independent and
identically distributed, a presumption that frequently proves
unrealistic in real-world scenarios. For instance, in safety-
critical applications like autonomous driving, it is impera-
tive for a segmentation model to exhibit resilient generaliza-
tion capabilities when dealing with alterations in lighting,
variations in weather conditions, and shifts in geographic
location, among other considerations.

To address this challenge, domain adaptation [13, 18, 33,
34, 47, 48] has emerged; its core principle revolves around

https://astra-vision.github.io/FAMix

aligning the distributions of both the source and target do-
mains. However, DA hinges on having access to target data,
which may not always be available. Even when accessible,
this data might not encompass the full spectrum of distribu-
tions encountered in diverse real-world scenarios. Domain
generalization [31, 32, 49, 52, 62, 63] overcomes this lim-
itation by enhancing the robustness of models to arbitrary
and previously unseen domains.

The training of segmentation networks is often backed
by large-scale pretraining as initialization for the feature
representation. Until now, to the best of our knowledge, do-
main generalization for semantic segmentation (DGSS) net-
works [7, 19, 23, 24, 29, 36, 37, 51, 53, 58] are pretrained
with ImageNet [9]. The underlying concept is to transfer
the representations from the upstream task of classification
to the downstream task of segmentation.

Lately, contrastive language image pretraining (CLIP)
[22, 39, 55, 56] has demonstrated that transferable visual
representations could be learned from the sole supervi-
sion of loose natural language descriptions at very large
scale. Subsequently, a plethora of applications have been
proposed using CLIP [39], including zero-shot semantic
segmentation [30, 59], image editing [27], transfer learn-
ing [10, 40], open-vocabulary object detection [16], few-
shot learning [64, 65] etc. A recent line of research pro-
poses fine-tuning techniques to preserve the robustness of
CLIP under distribution shift [15, 26, 45, 50], but they are
limited to classification.

In this paper, we aim at answering the following ques-
tion: How to leverage CLIP pretraining for enhanced do-
main generalization for semantic segmentation? The moti-
vation for rethinking DGSS with CLIP is twofold. On one
hand, distribution robustness is a notable characteristic of
CLIP [12]. On the other hand, the language modality of-
fers an extra source of information compared to unimodal
pretrained models.

A direct comparison of training two segmentation mod-
els under identical conditions but with different pretrain-
ing, i.e. ImageNet vs. CLIP, shows that CLIP pretraining
does not yield promising results. Indeed, Tab. 1 shows that
fine-tuning CLIP-initialized network performs worse than
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Pretraining| C B M S AN AS AR AF |Mean

ImageNet |29.04 32.17 34.26 29.87 4.36 22.38 28.34 26.76|25.90
CLIP |16.81 16.31 17.80 27.10 2.95 8.58 14.35 13.61|14.69

Table 1. Comparison of ImageNet and CLIP pretraining
for out-of-distribution semantic segmentation. The network is
DeepLabv3+ with ResNet-50 as backbone. The models are trained
on GTAV and the performance (mloU %) is reported on Cityscapes
(C), BDD-100K (B), Mapillary (M), Synthia (S), and ACDC Night
(AN), Snow (AS), Rain (AR) and Fog (AF).

its ImageNet counterpart on out-of-distribution (OOD) data.
This raises doubts about the suitability of CLIP pretrain-
ing for DGSS and indicates that it is more prone to overfit-
ting the source distribution at the expense of degrading its
original distributional robustness properties. Note that both
models converge and achieve similar results on in-domain
data. More details are provided in Appendix A.

This paper shows that we can prevent such behavior with
a simple recipe involving minimal fine-tuning, language-
driven style augmentation, and mixing. Our approach is
coined FAMix, for Freeze, Augment and Mix.

It was recently argued that fine-tuning might distort the
pretrained representations and negatively affect OOD gen-
eralization [26]. To maintain the integrity of the represen-
tation, one extreme approach is to entirely freeze the back-
bone. However, this can undermine representation adapt-
ability and lead to subpar OOD generalization. As a middle-
ground strategy balancing adaptation and feature preser-
vation, we suggest minimal fine-tuning of the backbone,
where a substantial portion remains frozen, and only the fi-
nal layers undergo fine-tuning.

For generalization, we show that rethinking
MixStyle [62] leads to significant performance gains.
As illustrated in Fig. 1, we mix the statistics of the original
source features with augmented statistics mined using
language. This helps explore styles beyond the source
distribution at training time without using additional image.

We summarize our contributions as follows:

* We propose a simple framework for DGSS based on min-
imal fine-tuning of the backbone and language-driven
style augmentation. To the best of our knowledge, we
are the first to study DGSS with CLIP pretraining.

* We propose language-driven class-wise local style aug-
mentation. We mine class-specific local statistics using
prompts that express random styles and names of patch-
wise dominant classes. During training, randomization is
performed through patch-wise style mixing of the source
and mined styles.

* We conduct careful ablations to show the effectiveness
of FAMix. Our framework outperforms state-of-the-art
approaches in single and multi-source DGSS settings.

‘. @ . @ Mixed statistics
@ 5) @ *Q@ @ source statistics
L
. ‘4. . O Augmented statistics
S

Figure 1. Mixing strategies. (Left) MixStyle [62] consists of
a linear mixing between the feature statistics of the source do-
main(s) S samples. (Righr) We apply an augmentation .A(.) on
the source domain statistics, then perform linear mixing between
original and augmented statistics. Intuitively, this enlarges the sup-
port of the training distribution by leveraging statistics beyond the
source domain(s), as well as discovering intermediate domains.
A(.) could be a language-driven or Gaussian noise augmentation,
and we show that the former leads to better generalization results.

2. Related works

Domain generalization (DG). The goal of DG is to train,
from a single or multiple source domains, models that per-
form well under arbitrary domain shifts. The DG litera-
ture spans a broad range of approaches, including adversar-
ial learning [32, 57], meta-learning [4, 38], data augmen-
tation [60—62] and domain-invariant representation learn-
ing [1, 3, 7, 25]. We refer the reader to [49, 63] for com-
prehensive surveys on DG.

Domain generalization with CLIP. CLIP [39] exhibits
a remarkable distributional robustness [12]. Nevertheless,
fine-tuning comes at the expense of sacrificing generaliza-
tion. Kumar et al. [26] observe that full fine-tuning can
distort the pretrained representation, and propose a two-
stage strategy, consisting of training a linear probe with
a frozen feature extractor, then fine-tuning both. Worts-
man et al. [50] propose ensembling the weights of zero-
shot and fine-tuned models. Goyal et al. [15] show that
preserving the pretraining paradigm (i.e. contrastive learn-
ing) during the adaptation to the downstream task improves
both in-domain (ID) and OOD performance without multi-
step fine-tuning or weight ensembling. CLIPood [45] in-
troduces margin metric softmax training objective and Beta
moving average for optimization to handle both open-class
and open-domain at test time. On the other hand, distri-
butional robustness could be improved by training a small
amount of parameters on top of a frozen CLIP backbone in
a teacher-student manner [21, 28]. Other works show that
specialized prompt ensembling and/or image ensembling
strategies [2, 14] coupled with label augmentation using the
WordNet hierarchy improve robustness in classification.

Domain Generalized Semantic Segmentation. DGSS
methods could be categorized into three main groups: nor-
malization methods, domain randomization (DR) and in-
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Figure 2. Overall process of FAMix. FAMix consists of two steps. (Left) Local style mining consists of dividing the low-level feature
activations into patches, which are used for style mining using Prompt-driven Instance Normalization (PIN) [10]. Specifically, for each
patch, the dominant class is queried from the ground truth, and the mined style is added to corresponding class-specific style bank.
(Right) Training the segmentation network is performed with minimal fine-tuning of the backbone. At each iteration, the low-level feature
activations are viewed as grids of patches. For each patch, the dominant class is queried using the ground truth, then a style is sampled from
the corresponding style bank. Style randomization is performed by normalizing each patch in the grid by its statistics, and transferring the
new style which is a mixing between the original style and the sampled one. The network is trained using only a cross-entropy loss.

variant representation learning. Normalization methods aim
at removing style contribution from the representation. For
instance, IBN-Net [36] shows that Instance Normalization
(IN) makes the representation invariant to variations in the
scene appearance (e.g., change of colors, illumination, etc.),
and that combining IN and batch normalization (BN) helps
the synthetic-to-real generalization. SAN & SAW [37] pro-
poses semantic-aware feature normalization and whitening,
while RobustNet [7] proposes an instance selective whiten-
ing loss, where only feature covariances that are sensitive to
photometric transformations are whitened. DR aims instead
at diversifying the data during training. Some methods use
additional data for DR. For example, WildNet [29] uses Im-
ageNet [9] data for content and style extension learning,
while TLDR [24] proposes learning texture from random
style images. Other methods like SiamDoGe [51] perform
DR solely by data augmentation, using a Siamese [0] struc-
ture. Finally in the invariant representation learning group,
SPC-Net [19] builds a representation space based on style
and semantic projection and clustering, and SHADE [58]
regularizes the training with a style consistency loss and a
retrospection consistency loss.

3. Method

FAMix proposes an effective recipe for DGSS through the
blending of simple ingredients. It consists of two stages (see
Fig. 2): (i) Local style mining from language (Sec. 3.2);
(ii) Training of a segmentation network with minimal fine-
tuning and local style mixing (Sec. 3.3). In Fig. 2 and in the
following, CLIP-I1 denotes the stem layers and Layerl
of CLIP image encoder, CLIP—-I2 the remaining layers ex-
cluding the attention pooling, and CLIP-T the text encoder.

We start with some preliminary background knowledge,
introducing AdalN and PIN which are essential to our work.

3.1. Preliminaries

Adaptive Instance Normalization (AdaIN). For a feature
map f € RP¥®w*¢ AdaIN [20] shows that the channel-wise
mean p € R and standard deviation o € R€ capture in-
formation about the style of the input image, allowing style
transfer between images. Hence, stylizing a source feature
f; with an arbitrary target style (u(f,), o(f)) reads:
) + p(ft),

AdaIN(f, ) = o(f) (fsg(iﬂ(fs) 0

£5)
with p(+) and o(+) the mean and standard deviation of input
feature; multiplications and additions being element-wise.

Prompt-driven Instance Normalization (PIN). PIN was
introduced for prompt-driven zero-shot domain adaptation
in P@DA [10]. It replaces the target style (u(f;),o(f;)) in

AdalN (1) with two optimizable variables (u, o) guided
by a single prompt in natural language. The rationale is to
prompt representation in the shared space. Given a prompt
P and a feature map f;, PIN reads as:

fs -

PIN(P)(fS) = U(w) + 2
that the cosine distance between the visual feature represen-
tation and the prompt representation is minimized.

a predetermined prompt describing the target domain, we
make use of PIN to mine class-specific styles using local

leverage a frozen CLIP [39] to mine visual styles from the
p(fs)

where p and o are optimized using gradient descent, such

Different from P@ODA which mines styles globally with

patches of the features, leveraging random style prompts.
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Further, we show the effectiveness of incorporating the class
name in the prompt for better style mining.

3.2. Local Style Mining

Our approach is to leverage PIN to mine class-specific style
banks that used for feature augmentation when training
FAMix. Given a set of cropped images Z;, we encode them
using CLIP-TI1 to get a set of low-level features F. Each
batch b of features f; € F is cropped into m patches, result-
ing in b x m patches f,, associated ground-truth annotation
Vp, of size h/ym x w//m X c.

We aim at populating K style banks, K being the total
number of classes. For a feature patch f,,, we compute the
dominant class from the corresponding label patch y,,, and
get its name t,, from the predefined classes in the training
dataset. Given a set of prompts describing random styles
‘R, the target prompt P, is formed by concatenating a ran-
domly sampled style prompt » from R and ¢, (e.g., retro
futurism style building). We show in the experi-
ments (Sec. 4.4) that our method is not very sensitive to the
prompt design, yet our prompt construction works best.

The idea is to mine proxy domains and explore interme-
diate ones in a class-aware manner (as detailed in Sec. 3.3),
which makes our work fundamentally different from [10],
that steers features towards a particular target style and cor-
responding domain, and better suited to generalization.

To handle the class imbalance problem, we simply select
one feature patch f;, per class among the total b x m patches,
as shown in Fig. 2. Consequently, we apply PIN (2) to op-
timize the local styles to match the representations of their
corresponding prompts, and use the mined styles to popu-
late the corresponding style banks. The complete procedure
is outlined in Algorithm 1.

The resulting style banks {7, ... 7)1 are used for
domain randomization during training.

3.3. Training FAMix

Style randomization. During training, randomly cropped
images Z; are encoded into f; using CLIP-I1. Each batch
of feature maps f; is viewed as a grid of m patches, with-
out cropping them. For each patch f{*/) within the grid,
the dominant class ¢,(*/) is queried using the corresponding
ground truth patch y(*), and a style is randomly sampled
from the corresponding mined bank 7). We then ap-
ply patch-wise convex combination (i.e., style mixing) of
the original style of the patch and the mined style. Specif-
ically, for an arbitrary patch £(/), our local style mixing
reads:

Homix — (1 - O‘)M(fs(zj)) + O‘l"’(U) (3)
Omix — (1 — a)o (£ + ag (D), (4)

with (), (1)) € T and o € [0, 1]°.

Algorithm 1: Local Style Mining.

Input : Set F; of source features batches.
Label set )s in Ds.
Set of random prompts R and class names C.
Param : Number of patches m.
Number of classes K.
Output: K sets {71, .., T} of class-wise
augmented statistics.
1 {7-(1)7.4. ’7—<K)} — 0
2 foreach (f; € F;, y, € V) do

3 {yp} + crop-patch(ys,m)

4 {eo} AP} {fp} < 0

5 foreach y, € {y,} do

6 ¢p < get—dominant-class(yp)
7 if cp not in {c, } then

8 {cp} + ¢p

9 {P,} + concat(sample(R),get—name(cp))
10 {fo} < fo

11 end

12 end

B | plr) ol £ PING,) (fp)

W | T e T G (uer), o))
15 end

Algorithm 2: Training FAMix.
Input : Set F; of source features batches.
Label set ) in Ds.
K sets {TW, ... TU} of class-wise
augmented statistics.
Param: Number of patches m.
1 foreach (f; € F;, y, € V) do

2 a ~ Beta(0.1,0.1)

3 for (i,7) € [1,v/m] x [1,/m] do

4 cffj) — get—dominant—class(ygi‘j))
5 pl) gl sample(T(cyﬂ))
6 Mmix — (1 — a).,u(fs(ij)) + a.p
7 Omis — (1= a).o(£5) + a.o)
8 £« adaIN(E | fiv, Oic)

9 end

10 ¥s < CLIP-I2(f)

1 Loss = cross—entropy(¥s,¥s)

12 end

As shown in Fig. 1, our style mixing strategy differs
from [62] which applies a linear interpolation between
styles extracted from the images of a limited set of source
domain(s) assumed to be available for training. Here, we
view the mined styles as variations of multiple proxy tar-
get domains defined by the prompts. Training is conducted
over all the paths in the feature space between the source
and proxy domains without requiring any additional image
during training other than the one from source.

23431



Method arch. | ¢ B M S AN AS AR AF |Mean
RobustNet [7] 36.58 35.20 40.33 28.30 6.32 29.97 33.02 32.56|30.29
SAN & SAW [37] 39.75 37.34 41.86 30.79 -
Pin the memory [23] 41.00 34.60 37.40 27.08 3.84 5.51 5.89 7.27 |20.32
SHADE [58] 44.65 39.28 43.34 28.41 8.18 30.38 35.44 36.87|33.32
SiamDoGe [51] 42.96 37.54 40.64 28.34 10.60 30.71 35.84 36.45|32.89
DPCL [53] RN50 44.87 40.21 46.74 -
SPC-Net [19] 44.10 40.46 45.51

NP[11] 40.62 35.56 38.92 27.65 -
44.62 38.42 46.09 31.34 8.27 30.29 36.32 35.39(33.84

WildNet* [29]
TLDR* [24] 46.51 42.58 46.18 30.57 13.13 36.02 38.89 40.58|36.81
FAMix (ours) 48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25|38.88
SAN & SAW [37] 4533 41.18 40.77 31.84

SHADE! [58]

46.66 43.66 45.50 31.58 7.58 32.48 36.90 36.69|35.13
WildNet* [29] RN101|45.79 41.73 47.08 32.51 - -
TLDR* [24] 47.58 44.88 48.80 33.14

FAMix (ours) 49.47 46.40 51.97 36.72 19.89 41 38 40 91 42 15|41.11

Table 2. Single-source DGSS trained on G. Performance (mloU
%) of FAMix compared to other DGSS methods trained on G and
evaluated on C, S, M, S, A for ResNet-50 (‘RN50’) and ResNet-
101 (‘RN101’) backbone architecture (‘arch.”). * indicates the use
of extra-data. T indicates the use of the full data for training. We
emphasize best and second best results.

Style transfer is applied through AdaIN (1). Only the
standard cross-entropy loss between the ground truth y and
the prediction y is applied for training the network. Algo-
rithm 2 shows the training steps of FAMix.

Minimal fine-tuning. During training, we fine-tune only
the last few layers of the backbone. Subsequently, we ex-
amine various alternatives and show that the minimal extent
of fine-tuning is the crucial factor in witnessing the effec-
tiveness of our local style mixing strategy.

Previous works [11, 36, 62] suggest that shallow feature
statistics capture style information while deeper features en-
code semantic content. Consequently, some DGSS methods
focus on learning style-agnostic representations [7, 36, 37],
but this can compromise the expressiveness of the represen-
tation and suppress content information. In contrast, our
intuition is to retain these identified traits by introducing
variability to the shallow features through augmentation and
mixing. Simultaneously, we guide the network to learn in-
variant high-level representations by training the final layers
of the backbone with a label-preserving assumption, using
a standard cross-entropy loss.

4. Experiments
4.1. Experimental setup

Synthetic datasets. GTAV [41] and SYNTHIA [42] are
used as synthetic datasets. GTAV consists of 24 966 images
split into 12403 images for training, 6382 for validation
and 6 181 for testing. SYNTHIA consists of 9400 images:
6 580 for training and 2 820 for validation. GTAV and SYN-
THIA are denoted by G and S, respectively.

Real datasets. Cityscapes [8], BDD-100K [54], and Map-
illary [35] contain 2 975, 7 000, and 18 000 images for train-

ing and 500, 1 000, and 2 000 images for validation, respec-
tively. ACDC [44] is a dataset of driving scenes in adverse
conditions: night, snow, rain and fog with respectively 106,
100, 100 and 100 images in the validation sets. C, B, and M
denote Cityscapes, BDD-100K and Mapillary, respectively;
AN, AS, AR and AF denote night, snow, rain and fog subsets
of ACDC, respectively.

Implementation details. Following previous works [7,
19,23, 24,29, 37,51, 53, 58], we adopt DeepLabv3+ [5] as
segmentation model. ResNet-50 and ResNet-101 [17], ini-
tialized with CLIP pretrained weights, are used in our ex-
periments as backbones. Specifically, we remove the atten-
tion pooling layer and add a randomly initialized decoder
head. The output stride is 16. Single-source and multi-
source models are trained respectively for 40K and 60K
iterations with a batch size of 8. The training images are
cropped to 768 x 768. Stochastic Gradient Descent (SGD)
with a momentum of 0.9 and weight decay of 10~ is used
as optimizer. Polynomial decay with a power of 0.9 is used,
with an initial learning rate of 10~ for the classifier and
10~2 for the backbone. We use color jittering and horizon-
tal flip as data augmentation. Label smoothing regulariza-
tion [46] is adopted. For style mining, Layerl features are
divided into 9 patches. Each patch is resized to 56 x 56,
corresponding to the dimensions of Layerl features for an
input image of size 224 x 224 (i.e. the input dimension of
CLIP). We use ImageNet templates® for each prompt.

Evaluation metric. We evaluate our models on the valida-
tion sets of the unseen target domains with mean Intersec-
tion over Union (mloU%) of the 19 shared semantic classes.
For each experiment, we report the average of three runs.

4.2. Comparison with DGSS methods

Single-source DGSS. We compare FAMix with state-of-
the-art DGSS methods under the single-source setting.

Training on GTAV (G) as source, Tab. 2 reports models
trained with either ResNet-50 or ResNet-101 backbones.
The unseen target datasets are C, B, M, S, and the four sub-
sets of A. Tab. 2 shows that our method significantly out-
performs all the baselines on all the datasets for both back-
bones. We note that WildNet [29] and TLDR [24] use extra-
data, while SHADE [58] uses the full G dataset (24,966
images) for training with ResNet-101. Class-wise perfor-
mances are reported in Appendix B.

Training on Cityscapes (C) as source, Tab. 3 reports per-
formance with ResNet-50 backbone. The unseen target
datasets are B, M, G, and S. The table shows that our method
outperforms the baseline in average, and is competitive to
SOTA on G and M.

Multi-source DGSS. We also show the effectiveness of
FAMix in the multi-source setting, training on G+S and

2https://qithub.com/openai/CLIP/
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Method ‘ B M G S Mean

RobustNet [7] 50.73 58.64 45.00 26.20 | 45.14
Pin the memory [23] | 46.78 55.10 - - -
SiamDoGe [51] 51.53 59.00 45.08 26.67 | 45.57
WildNet* [29] 50.94 58.79 47.01 27.95 | 46.17
DPCL [53] 52.29 - 46.00 26.60 -
FAMix (ours) 54.07 5872 45.12 32.67 | 47.65

Table 3. Single-source DGSS trained on C. Performance (mloU
%) of FAMix compared to other DGSS methods trained on C and
evaluated on B, M, G and S for ResNet-50 backbone. * indicates
the use of extra-data. We emphasize best and second best results.

Method ‘ C B M ‘ Mean
RobustNet [7] 37.69 34.09 38.49 36.76
Pin the memory [23] 44.51 38.07 42.70 41.76
SHADE [58] 47.43 40.30 47.60 45.11
SPC-Net [19] 46.36 43.18 48.23 45.92
TLDR* [24] 48.83 42.58 47.80 46.40
FAMix (ours) 49.41 45.51 51.61 48.84

Table 4. Multi-source DGSS. Performance (mloU %) of FAMix
compared to other DGSS methods trained on G+S and evaluated
on C, B, M for ResNet-50 backbone. * indicates the use of extra-
data. We emphasize best and second best results.

evaluating on C, B and M. The results reported in Tab. 4 for
ResNet-50 backbone outperform state-of-the-art.

Qualitative results. We visually compare the segmenta-
tion results with Pin the memory [23], SHADE [58] and
WildNet [29] in Fig. 3. FAMix clearly outperforms other
DGSS methods on “stuff” (e.g., road and sky) and “things”
(e.g., bicycle and bus) classes.

4.3. Decoder-Probing Fine-Tuning (DP-FT)

Kumar et al. [26] show that standard fine-tuning may distort
the pretrained feature representation, leading to degraded
OOD performances for classification. Consequently, they
propose a two-step training strategy: (1) Training a linear
probe (LP) on top of the frozen backbone features, (2) Fine-
tuning (FT) both the linear probe and the backbone. In-
spired by it, Saito efr al. [43] apply the same strategy for
object detection, which is referred to as Decoder-probing
Fine-tuning (DP-FT). They observe that DP-FT improves
over DP depending on the architecture. We hypothesize
that the effect is also dependent on the pretraining paradigm
and the downstream task. As observed in Tab. 1, CLIP
might remarkably overfir the source domain when fine-
tuned. In Tab. 5, we compare fine-tuning (FT), decoder-
probing (DP) and DP-FT. DP brings improvements over FT
since it completely preserves the pretrained representation.
Yet, DP major drawback lies in its limitation to adapt fea-
tures for the downstream task, resulting in suboptimal re-
sults. Surprisingly, DP-FT largely falls behind DP, meaning

Method C B M S AN AS AR AF |Mean

FT 16.81 16.31 17.80 27.10 2.95 8.58 14.35 13.61|14.69
DP 34.13 37.67 42.21 29.10 10.71 26.26 29.47 30.40|29.99

DP-FT 25.62 21.71 26.39 31.45 4.22 18.26 20.07 20.85|21.07
FAMix (ours) |48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25|38.88

Table 5. FAMix vs. DP-FT. Performance (mloU%) of
FAMix compared to Fine-tuning (FT), Decoder-probing (DP) and
Decoder-probing Fine-tuning (DP-FT). We use here ResNet-50,
trained on G. We emphasize best and second best results.

Freeze Augment Mix‘ ¢ B M S AN AS AR AF ‘Mean

16.81 16.31 17.80 27.10 2.95 8.58 14.35 13.61|14.69
22.48 26.05 24.15 2540 4.83 17.61 22.86 19.75|20.39
20.07 21.24 22.91 26.52 1.28 14.99 22.09 20.51|18.70
27.53 26.59 26.27 26.91 4.90 18.91 25.60 22.14|22.36
37.83 38.88 44.24 31.93 12.41 29.59 31.56 33.05|32.44
36.65 35.73 37.32 30.44 14.72 34.65 34.91 38.98|32.93
43.43 43.79 48.19 33.70 11.32 35.55 36.15 38.19|36.29
48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25|38.88

RN NN O
WX A XA XA X
A X X AN X %

Table 6. Ablation of FAMix components. Performance
(mlIoU %) after removing one or more components of FAMix.

that the learned features over-specialize to the source do-
main distribution even with a “decoder warm-up”.

The results advocate for the need of specific strategies to
preserve CLIP robustness for semantic segmentation. This
need emerges from the additional gap between pretraining
(i.e. aligning object-level and language representations) and
fine-tuning (i.e. supervised pixel classification).

4.4. Ablation studies

‘We conduct all the ablations on a ResNet-50 backbone with
GTAV (G) as source dataset.

Removing ingredients from the recipe. FAMix is based
on minimal fine-tuning of the backbone (i.e., Freeze), style
augmentation and mixing. We show in Tab. 6 that the
best generalization results are only obtained when com-
bining the three ingredients. Specifically, when the back-
bone is fine-tuned (i.e., Freeze X), the performances are
largely harmed. When minimal fine-tuning is performed
(i.e., Freeze v'), we argue that the augmentations are too
strong to be applied without style mixing; the latter brings
both effects of domain interpolation and use of the original
statistics. Subsequently, when style mixing is not applied
(i.e. Freeze v/, Augment v, Mix X), the use of mined styles
brings mostly no improvement on OOD segmentation com-
pared to training without augmentation (i.e. Freeze v/, Aug-
ment X, Mix X). Note that for Freeze v/, Augment v', Mix
X, the line 8 in Algorithm 2 becomes:

£09)  AdaTN(EW), pliD) o)) (5)

Our style mixing is different from MixStyle [62] for being
applied: (1) patch-wise and (2) between original styles of
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Figure 3. Qualitative results. Columns 1-2: Image and ground truth (GT), Columns 3-4-5: DGSS methods results, Column 6: Our results.

The models are trained on G with ResNet-50 backbone.

RCP RSP CN | C B M S AN AS AR AF |Mean

v’ 4599 43.71 50.48 34.75 15.22 35.09 34.92 38.17|37.29
v 46.10 44.24 48.90 33.62 13.39 35.99 36.68 39.86| 37.35

v 45.64 44.59 49.13 33.64 15.33 37.32 35.98 38.85|37.56

v v |47.83 44.83 50.38 34.27 14.43 37.07 37.07 38.76| 38.08
v v |48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25| 38.88
Table 7. Ablation on the prompt construction. Perfor-

mance (mloU %) for different prompt constructions. RCP, RSP
and CN refer to <random character prompt>, <random
style prompt> and <class name>, respectively.

the source data and augmented versions of them. Note that
the case (Freeze v/, Augment X, Mix v) could be seen as a
variant of MixStyle, yet applied locally and class-wise. Our
complete recipe is proved to be significantly more effective
with a boost of ~ +6 mean mloU w.r.t. the baseline of
training without augmentation and mixing.

Prompt construction. Tab. 7 reports results when ablat-
ing the prompt construction. In FAMix, the final prompt
is derived by concatenating <random style prompt>
and <class name>; removing either of those leads to
inferior results. Interestingly, replacing the style prompt
by random characters — e.g. “ioscjspa” — does not signifi-
cantly degrade the performance. In certain aspects, using
random prompts still induces a randomization effect within
the FAMix framework. However, meaningful prompts still
consistently lead to the best results.

Number of style prompts. FAMix uses a set R of random
style prompts which are concatenated with the class names;
R is formed by querying ChatGPT® using <give me 20
prompts of 2 to 5 words describing random
image styles>. The output prompts are provided in
Appendix C. Fig. 4a shows that the size of R has a marginal
impact on FAMix performance. Yet, the mloU scores on C,
B, M and AR are higher for [R| = 20 compared to |R| = 1
and almost equal for the other datasets.

3https://chat.openai.com/

Dataset
e C
=B
M
-+ s
- AN
%0 AS
—+- AR
—— AF

1 5 0 15 20 50 100 L L2 L3 L L4 (al)
IR| Freeze —

(a) Number of prompts (b) Effect of layer freezing
Figure 4. Ablation of prompt set and freezing strategy. (a) Per-
formance (mloU %) on test datasets w.r.t. the number of random
style prompts in R. (b) Effect of freezing layers reporting on x-
axis the last frozen layer. For example, ‘L3’ means freezing L1,
L2 and L3. ‘L4’ indicates that the Layer4 is partially frozen.

The low sensitivity of the performance to the size of R
could be explained by two factors. First, mining even from
a single prompt results in different style variations as the
optimization starts from different anchor points in the latent
space, as argued in [10]. Second, mixing style between the
source and the mined proxy domains is the crucial factor
making the network explore intermediate domains during
training. This does not contradict the effect of our prompt
construction which leads to the best results (Tab. 7).

Local vs. global style mining. To highlight the effect of
our class-wise local style mining, we perform an ablation
replacing it with global style mining. Specifically, the same
set of <random style prompt> are used, though be-
ing concatenated with <driving> as a global description
instead of local class name. Intuitively, local style mining
and mixing induces richer style variations and more contrast
among patches. The results in Tab. 8 show the effective-
ness of our local style mining and mixing strategy, bringing
about 3 mloU improvement on G — C.

What to mix? Let S = Ui, S® and T = (J;_, T
the sets of class-wise source and augmented features, re-
spectively. In FAMix training, for an arbitrary patch £,
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Syle mining | ¢ B M s AN AS AR AF |Mean

45.51 45.12 50.40 33.65 14.59 36.92 37.38 40.53|38.01
“urban scene” 46.59 45.38 51.33 33.67 14.42 35.96 37.30 40.52|38.15
“roadscape” 45.49 45.55 50.63 33.66 14.77 36.75 37.07 40.33|38.03

“commute snapshot” [45.39 45.08 50.50 33.68 13.65 36.63 37.93 40.92|37.97

“driving” 45.06 44.98 50.67 33.36 14.84 35.11 36.21 39.52|37.47
local 48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25|38.88

“street view”

global w/

Table 8. Ablation on style mining. Global style mining consists
of mining one style per feature map, using <random style
prompt> + <global class> as prompt.

Syle mining | C B M S AN AS AR

S 43.43 43.79 48.19 33.70 11.32 35.55 36.15 38.19|36.29
SUT  |44.76 45.59 50.78 34.05 13.67 36.92 37.18 38.13(37.64
T (ours) |48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25|38.88

AF ‘ Mean

Table 9. Ablation on the sets used for mixing. The styles (i, o)
used in (3) and (4) are sampled either fromSorSU T or 7.

style mixing is performed between the original source
statistics and statistics sampled from the augmented set (i.e.,
(u') o)) ¢ T see (3) and (4)). In class-wise
vanilla MixStyle, (u(¥), o)) ¢ S, In Tab. 9, we
show that sampling (p(i7), o)) from S U T
does not lead to better generalization, despite sampling
from a set with twice the cardinality. This supports our mix-
ing strategy visualized in Fig. 1. Intuitively, sampling from
S U T could be viewed as applying either MixStyle or our
mixing with a probability p = 0.5.

Minimal fine-tuning. We argue for minimal fine-tuning
as a compromise between pretrained feature preservation
and adaptation. Fig. 4b shows an increasing OOD gener-
alization trend with more freezing. Interestingly, only fine-
tuning the last layers of the last convolutional block (where
the dilation is applied) achieves the best results. When train-
ing on Cityscapes, we observed that freezing all the layers
except Layer4 achieves the best results.

4.5. Does FAMix require language?

Inspired by the observation that target statistics deviate
around the source ones in real cases [11], we conduct an
experiment where we replace language-driven style mining
by noise perturbation. The same procedure of FAMix is
kept: (i) Features are divided into patches, perturbed with
noise and then saved into a style bank based on the domi-
nant class; (ii) During training, patch-wise style mixing of
original and perturbed styles is performed.

Different from Fan er al. [11], who perform a pertur-
bation on the feature statistics using a normal distribu-
tion with pre-defined parameters, we experiment perturba-
tion with different magnitudes of noise controlled by the
signal-to-noise ratio (SNR). Consider the mean of a patch
1 € R as a signal, the goal is to perturb it with some noise

SNR | ¢ B M S AN AS AR AF |Mean
Baseline ‘37.83 38.88 44.24 31.93 12.41 29.59 31.56 33.05‘32.44
5 28.78 29.24 30.32 21.67 12.60 24.00 25.95 25.87|24.80

10 40.09 39.50 43.45 29.09 13.36 33.47 33.11 36.17|33.53
15 45.02 44.16 48.63 32.96 14.55 36.09 35.99 40.96|37.30
20 45.52 44.29 49.26 33.45 12.40 35.96 36.52 38.60|37.00
25 44.82 44.26 48.54 33.30 11.38 34.51 35.46 37.61|36.24
30 43.07 43.80 48.31 33.47 12.33 35.05 35.58 38.10|36.21
00 43.43 43.79 48.19 33.70 11.32 35.55 36.15 38.19|36.29

MixStyle [62] ‘40.97 42.04 48.36 33.15 13.14 31.26 34.94 38.12‘35.25
‘48.15 45.61 52.11 34.23 14.96 37.09 38.66 40.25‘38.88

Prompts

Table 10. Noise vs prompt-driven augmentation. The prompt-
driven augmentation in FAMix is replaced by random noise with
different levels defined by SNR. We also include vanilla MixStyle.
The prompt-driven strategy is superior.

n, € R The SNRgs between |u|| and ||n,| is defined
as SNRqp = 20logyq (II#ll/|jn,.|1). Given g, SNRgs, and
n ~ N(0,I), where I € R*¢ is the identity matrix, the

noise is computed as n,, = 10 =0 1ln, We add p + ny

to the style bank corresponding to th‘l: cl‘lominant class in the
patch. The same applies to o € R€. The results of training
for different noise levels are in Tab. 10. Using language as
source of randomization outperforms any noise level. The
baseline corresponds to the case where no augmentation nor
mixing are performed (See Tab. 6, Freeze v/, Augment X,
Mix X). SNR=co could be seen as a variant of MixStyle,
applied class-wise to patches (See Tab. 6, Freeze v/, Aug-
ment X, Mix v'). The vanilla MixStyle gets inferior results.

Besides lower OOD performance, one more disadvan-
tage of noise augmentation compared to our language-
driven augmentation is the need to select a value for the
SNR, for which the optimal value might vary depending on
the target domain encountered at the test time.

5. Conclusion

We presented FAMix, a simple recipe for domain general-
ized semantic segmentation with CLIP pretraining. We pro-
posed to locally mix the styles of source features with their
augmented counterparts obtained using language prompts.
Combined with minimal fine-tuning, FAMix significantly
outperforms the state-of-the-art approaches. Extensive ex-
periments showcase the effectiveness of our framework.
We hope that FAMix will serve as a strong baseline in fu-
ture works, exploring the potential of leveraging large-scale
vision-language models for perception tasks.
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