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ABSTRACT ’\c? 40
Unsupervised Domain Adaptive Nighttime Semantic Segmentation % 35
(UDA-NSS) aims to adapt a robust model from a labeled daytime T o
domain to an unlabeled nighttime domain. However, current ad- O
vanced segmentation methods ignore the illumination effect and 8 2% 7
class discrepancies of different semantic classes during domain % 20 / 7 %
adaptation, showing an uneven prediction phenomenon. It is the E 15 / é ;/é
completely ignored and underexplored issues of "hard-to-adapt” Ke) / / 7
classes that some classes have a large performance gap between b 10 / / ?/
existing UDA-NSS methods and supervised learning counterparts a s %%

: ‘ EETEEEEE EEEE
while others have a very low performance gap. To realize "hard-to- FIEIFTISTIS TS
adapt” classes’ more sufficient learning and facilitate the UDA-NSS & § SO SE e
task, we present an Online Informative Class Sampling (OICS) strat- S & § o @c“o &

egy to adaptively mine informative classes from the target night-
time domain according to the corresponding spectrogram mean
and the class frequency via our Informative Mixture of Experts. Fur-
thermore, an Informativeness-based cross-domain Mixed Sampling
(InforMS) framework is designed to focus on informative classes
from the target nighttime domain by vesting their higher sampling
probabilities when cross-domain mixing sampling and achieves
better performance in UDA-NSS tasks. Consequently, our method
outperforms state-of-the-art UDA-NSS methods by large margins
on three widely-used benchmarks (e.g. , ACDC, Dark Zurich, and
Nighttime Driving). Notably, our method achieves state-of-the-art
performance with 65.1% mIoU on ACDC-night-test and 55.4% mloU
on ACDC-night-val.

CCS CONCEPTS

« Information systems — Multimedia information systems; » Com-
puting methodologies — Computer vision; « Applied computing
— Computer forensics.
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Figure 1: Uneven prediction phenomenon. The horizontal
coordinate represents the semantic classes and the vertical
coordinate demonstrates their Performance Gap (i.e., aver-
age IoU [%] gap) between existing UDA-NSS methods and
supervised supervision counterparts. We find the uneven
prediction phenomenon that some classes (e.g. , bus and sky)
have a larger performance gap while others (e.g. , pole and
road) have a very low performance gap. In detail, we compute
the average mIoU of 19 semantic classes on the nighttime
dataset (i.e. , the ACDC-night-val and the ACDC-night-test
from the ACDC dataset [41]) via existing UDA-NSS meth-
ods [3, 14, 15, 53, 66] and their corresponding fully supervi-
sion methods at the target nighttime domain, respectively.
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1 INTRODUCTION

Nighttime Semantic Segmentation (NSS), aiming to label each pixel
of a given nighttime image to an object category, has been widely ap-
plied to autonomous driving [24, 53, 54, 69], visual surveillance [45,
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Figure 2: Correlation between Performance Gap and Spectrogram Mean (a) / Class Frequency (b) of each class in the target
nighttime domain predictions when existing UDA-NSS methods [3, 14, 15, 53, 66] testing on the ACDC-night-val and the
ACDC-night-test dataset. Then, we show the joint influence of Spectrogram Mean and Class Frequency on the Performance
Gap (c). Each point symbolizes a class. Note that the top left corner, i.e., classes with a low spectrogram mean and a high class

frequency have a low performance gap.

50, 51, 63], and robotic vision [11]. It is easy to obtain large-scale
real-world nighttime images, yet constructing corresponding night-
time datasets with well-labeled pixel-level annotations is labor-
intensive and time-consuming, which makes traditional supervised
learning methods [37, 61, 65] encounter bottlenecks in NSS tasks.
Some researchers multiplex strategies of Daytime Semantic Seg-
mentation (DSS), but encounter serious performance degradation at
night due to the large domain gap between daytime and nighttime
data [35, 54, 60]. To alleviate the data annotation requirement and
bridge the domain gap, Unsupervised Domain Adaptive Nighttime
Semantic Segmentation (UDA-NSS) [53, 54] attracts much atten-
tion to transferring the labeled daytime domain knowledge to the
unlabeled nighttime domain through domain adaptation.

To facilitate the UDA-NSS task, on the one hand, previous UDA-
NSS methods primarily narrow the illumination gap via utilizing
an intermediate twilight domain as the bridge [9, 39, 40] or uti-
lizing the image transferring network to transform different do-
mains as the same style [12, 27, 38, 42, 44, 45, 49, 53, 54, 60, 66],
ignoring the illumination degradation of different semantic
classes. On the other hand, due to the class imbalance problem in
the training samples, different classes are prone to have distinct
transferability [52], i.e., some classes that occupy small portions of
the pixel are inherently hard to transfer across domains. Existing
methods usually introduce re-weighting strategy [27, 53, 54] to
boost the performance for classes of smaller-size objects via assign-
ing their higher weight or train the target nighttime samples in a
class-balanced manner [60, 66] to optimize the model, ignoring
weights dynamic adjustment of different semantic classes
during domain adaptation.

The above two issues result in some "hard-to-adapt” classes se-
verely insufficient learning. As shown in Figure 1, it is reported that
there exists an uneven prediction phenomenon that some classes
have a larger performance gap between existing UDA-NSS methods
and supervised learning counterparts while others have a very low
performance gap. Even though existing re-sampling [32, 57, 71, 72]
and re-weighting [33, 34] strategies designed for UDA semantic
segmentation are applied in UDA-NSS, the uneven prediction phe-
nomenon is still not well addressed. This phenomenon indicates that
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existing UDA-NSS methods mainly tend to easy-to-adapt classes
learning but neglect hard classes during domain adaptation. An-
other way to look at these hard classes, they have more consider-
able potential for improvement and contribute more to bridging
the domain gap, dubbed as the "informative" classes in this study.
In this way, we argue that the performance of the UDA-NSS model
can be significantly improved by mining "informative" classes and
then training them effectively during domain adaptation. However,
labels of the target nighttime domain are unavailable during do-
main adaptation, so the performance gap of each class is unknown.
That’s why the classes that need to be focused on cannot be selected
solely based on the performance gap of each class shown in Figure 1.
Therefore, the dynamic mining and training of "informative" classes
during domain adaptation is essential to encourage maximizing
segmentation performance on the target nighttime domain.

Based on this observation, a new perspective from cross-domain
mixed sampling exploiting informative class mining is pioneered in
this study to facilitate the UDA-NSS task. For a better understanding,
we systematically investigate this problem from two aspects: 1) How
to mine informative classes adaptively during domain adaptation? 2)
How to boost the UDA-NSS task with informative classes?

Targeting the first question, we consider illumination degra-
dation and transferability of different semantic classes. Inspired
by [5, 58, 67], the low-level spectrum can scene illumination varia-
tions, and such image frequency distribution difference can repre-
sent the illumination gap. Furthermore, the class frequency can be
dynamically obtained from the portion of every class in target night-
time domain predictions, reflecting the familiarity of the UDA-NSS
model with the corresponding class. And such class frequency can
effectively reflect the transferability of different semantic classes.
We correspondingly compute the spectrogram mean and the class
frequency of each class in the target nighttime domain predictions
and corresponding input images, respectively. In detail, we utilize
the Pearson Correlation Coefficient ! (y) [7] to measure the correla-
tion between the performance gap and the above two characteristics

! A common metric that measures the strength and direction of the relationship between
two variables. The range is from -1 to 1. A value closer to -1 or 1 indicates a stronger
negative or positive correlation, respectively, and 0 implies no correlation.
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(See Figure 2). It is observed the performance gap has a relatively
strong positive/moderate negative correlation with the above two
characteristics (y is 0.64 and -0.41, respectively). To leverage the
complementary information of the above two characteristics, we
propose the Informative Mixture of Experts to dynamically assign
the importance of each character ("informative class metric ex-
pert"), thus constructing an Online Informative Class Sampling
(OICS) strategy. For the second aspect, during the domain adapta-
tion, cross-domain mixed sampling can implicitly help the network
to better deal with the domain gap [6, 28, 48] and focusing more
on informative classes from the target domain contribute better to
the domain adaptation. To this end, we design an Informativeness-
based cross-domain Mixed Sampling (InforMS) framework, which
focuses on informative classes via vesting their higher sampling
probabilities when cross-domain mixing sampling and realizes some
hard-to-adapt classes’ sufficient learning. The main contributions
are summarized as follows:

e We empirically find an uneven prediction phenomenon and
pioneer a new perspective from cross-domain mixed sam-
pling exploiting informative class mining to facilitate the
UDA-NSS task, unexplored by previous methods.

e We present an Online Informative Class Sampling strategy,
which can adaptively mine informative classes according to
the spectrogram mean and the class Frequency of each class
via our Informative Mixture of Experts. Besides, we designed
an Informativeness-based cross-domain Mixed Sampling (In-
forMS) framework to realize some hard-to-adapt classes’
more sufficient learning.

e Experiments on three widely-used benchmarks show that
our proposed method outperforms state-of-the-art UDA-NSS
methods by large margins and achieves a new state-of-the-
art performance of nighttime semantic segmentation.

2 RELATED WORK

Previous UDA-NSS methods primarily narrow the illumination gap
via the intermediate twilight domain [9, 39, 40] or the image trans-
ferring network [12, 27, 38, 42, 44, 45, 49, 53, 54, 60, 66]. Dai et al. [9]
first leverages an intermediate twilight domain as the bridge to pro-
gressively transfer knowledge from the source daytime domain to
the target nighttime domain. Sakaridis et al. [39, 40] further extend
it by leveraging geometry information to refine the semantic predic-
tions. However, introducing twilight domains for gradual domain
adaptation brings a more significant computational burden. Moti-
vated by the widely studied image style transfer [17, 21, 26], one
can try translating different domains into the same style. Earlier
studies [38, 42, 44, 45, 60] along this direction apply adversarial
models, e.g., CycleGAN [70], to achieve the style translation from
daytime to nighttime or vice versa. Recently, some studies utilize
the image relighting network [49, 53, 54, 66] or a light enhance-
ment network [27] to transfer different domains as the same style.
However, all the above UDA-NSS methods ignore the illumina-
tion degradation of different semantic classes, resulting in some
"hard-to-adapt” classes severely insufficient learning.

The class imbalance issue also exacerbates the problem, as differ-
ent classes exhibit distinct transferability [52]. Classes with small
portions of the pixel are inherently hard to transfer across domains.
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Figure 3: Online Informative Class Sampling. During train-
ing, the initial step is to derive the source class list from the
ground truth (Y;) of the source image (I;). Following this, the
spectrogram mean, and class frequency for each of the 19
semantic classes are computed, utilizing predictions from all
target nighttime domain images and corresponding spectro-
gram segmentation maps generated from nighttime images
(T,,). Subsequently, the source class list is ranked based on
informativeness in descending order, dividing it into more
informative classes (upper half) and less informative classes
(lower half). Finally, a binary mask (Mp,) is created, assigning
a value of one to pixels in the ground truth (Y;) of the source
image from less informative classes and zero to all others.

Existing UDA-NSS approaches [27, 53, 54] utilize a re-weighting
strategy to boost the prediction accuracy of smaller-size objects,
which assigns the weight according to its proportion of pixels in the
source domain, i.e., the smaller the proportion and the higher the
weight. Meanwhile, considering the class imbalance in the target
nighttime domain, Yang et al. [66] train the nighttime samples in
a class-balanced manner via mixing pixels of randomly selected
classes from the source sample with the nighttime sample. Xu
et al. [60] adopts an offline class-balanced process of generating
pseudo labels. However, all the above UDA-NSS methods neglect
weights dynamic adjustment of different semantic classes, leading
to severe underlearning of "hard-to-adapt” classes.

3 METHODOLOGY

In this section, we investigate the UDA-NSS task from two aspects:
1) How to mine informative classes adaptively during domain adap-
tation? 2) How to boost the UDA-NSS task with informative classes?

3.1 Online Informative Class Sampling

Here we present the Online Informative Class Sampling strategy to
adaptively mine informative classes according to the spectrogram
mean and the class frequency metric via our Informative Mixture
of Experts, as illustrated in Figure 3.

3.1.1  Spectrogram Mean. The principal disparity between the source
daytime domain and the target nighttime domain stems from the
illumination difference [23, 36, 45, 53, 54, 63, 68]. Challenges in do-
main adaptation arise from low-light conditions and non-uniform
illumination at nighttime in the target domain [10, 18-20, 46]. The
low-level spectrum represents scene illumination variations, while
image frequency distributions can reflect the day-time/night-time
discrepancies [5, 58, 67]. To illustrate this point, we conducted a
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quantitative dataset-level study. Utilizing the Discrete Cosine Trans-
form (DCT), we computed the spectrogram mean of images from
the Cityscapes [8] (source daytime domain) and the ACDC-N [41]
(target nighttime domain), respectively [59]. Our analysis revealed
that the spectrogram mean of nighttime scenes (0.057566497) ex-
ceeded that of daytime scenes (-5.74667e-05), indicating illumina-
tion discrepancies. Crucially, higher spectrogram mean values are
associated with more informative classes. Thus, the “Spectrogram
Mean" can effectively evaluate the informativeness of each class,
reflecting illumination discrepancies between the two domains.

To begin with, we obtain the predictions of all target nighttime
domain images. We employ the two-dimensional DCT to transfer
the spatial domain to the frequency domain as follows:

N-1N-1
F(u,0) = c(u)e(v) )| > fxy)BE
x=0 y=0 (1)
2 1 2 1
Bz:z; = cos (2x + Dur cos (2y + Dox

2N 2N

where u and v denote the horizontal and vertical frequency com-
ponents, respectively. (x,y) is the spatial locations of the image
block and N represents the size of the image block. F(u,v) is the
2D DCT frequency spectrum, u,v € {0,1,---,n — 1}, and f(x,y) is
a two-dimensional vector element of N X N in the spatial domain,
x4y €{0,1,---,N —1}. c¢(u) and c(v) are compensation factors as:

,lﬁ u,0=20
/2
N u,0#0

Then, we compute the spectrum mean of each class as follows:

c(u),c(o) = @

Ne HxwW

1 .

- § § (J.e).

Nc-l 2, F(u,0) ceC
i= Jj=

where N, denotes the number of pixels for the c-th class in the
target nighttime domain predictions. H and W denote the height
and width of the image, respectively.

I = (3

3.1.2  Class Frequency. Motivated by that deep neural networks
tend to predict their familiar classes and ignore unfamiliar classes.
Hence, the “Class Frequency” can be employed to metric the infor-
mativeness level of each class, which can reflect the familiarity of
the model with the class. That is if the class is rarely predicted by
the model, i.e. , the class is unfamiliar to the model. The lower the
class frequency, the more informative the class.

We first compute the c-th class frequency f; of the whole target
nighttime domain’s predictions.

i\ G-¢")
Zfil Z?:);W [c = argcr’naxgg (x;l)) }
= 4
fo=1 e 1@
where N represents the number of images in the target nighttime

()"

Je’)
domain, and gy (xT ) denotes the segmentation prediction of

the target nighttime domain.

3.1.3 Informative Mixture of Experts. Rather than training a single
network with one informative class metric, we propose an informa-
tive Mixture of Experts to leverage the complementary information
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Figure 4: Informativeness-based cross-domain Mixed Sam-
pling (InforMS) framework. Three input image I, I,; and I;,,
are from the source domain S; and two target domains T; and
Ty, respectively. They undergo the corresponding semantic
segmentation network, yielding predictions Ps, P;;, and P;j,.
Our proposed OICS strategy is employed to generate binary
masks (M,) by adaptively mining informative classes from
T,. Consequently, the mixed images (I,,,) and mixed labels
(Ymn) are generated. The student net subsequently processes
the I, to ascertain segmentation predictions (Py,;). The final
stage involves optimizing the image predictions and their
associated labels using a categorical Cross-Entropy (CE) Loss.

from the above two informative class metrics (also termed “infor-
mative class metric experts"). Specifically, we dynamically assign
the importance of each expert during domain adaptation as follows:

y= > G()iEi(x) = Gl + G(x)afe )
i=1

where )7, G(x); = 1 and G(x); represents the weight assigned to
the expert f;(x). And G(x); is determined by the informativeness
gains (AE;(x)) of informative classes. In detail, we first assign two
experts the corresponding normalized informativeness gains (mloU
gains). Then, we calculate the spectrogram mean and the class fre-
quency of informative classes at time t and t+1, respectively. When
the spectrogram mean decreases or the class frequency increases,
the weight of the corresponding expert is increased by 0.1. Other-
wise, it remains the same. Finally, we obtain the normalized weight
of each expert, which will be used in the next iteration.

3.2 Informativeness based cross-domain Mixed
Sampling (InforMS) framework

Figure 4 depicts the overall architecture of our proposed method.
It involves a source daytime domain S; and two coarsely aligned
target domains Ty and T,,, where T; and Ty, represent the target day-
time and nighttime domain, respectively. Only the source domain
Sq4 has ground-truth semantic segmentation during training. Three
images I, I, and I;,, sampled from Ty, Sy, and Ty, respectively,
serve as input. We first feed the inputs into the corresponding
semantic segmentation network to obtain their segmentation pre-
dictions (category-likelihood map) P4, Ps, and P;n for the three
domains, respectively. Considering there exists coarse alignment of
semantic content between the target daytime image and the target
nighttime image, we then utilize the refinement module [3] to refine
P;n using the P, 4. In online self-training, the weights of the teacher

aunay
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Table 1: Comparison of state-of-the-art unsupervised domain adaptation on Cityscapes—ACDC adaptation for nighttime. The
per-category results on ACDC-night-test are shown below. The best results are presented in bold

= ]
g 2 0w = §" g - ; ES 3
ﬁ 2 B — o 1 ] < 3 8 . __~4 E =
Method EE -:‘é Ti‘; E T; E -l?; &é H(E}; an § % g Té § é é § E g mloU

GCMA [39] RefineNet 78.6 459 585 177 186 37.5 43.6 435 587 392 225 579 299 721 215 563 418 357 354 42.9
MGCDA [40] RefineNet 745 525 694 7.7 10.8 384 40.2 433 615 363 376 553 256 712 109 464 326 273 338 40.8
DANNet [53] DeepLab-v2 900 556 71.1 308 210 243 241 307 66.1 282 759 389 311 606 104 303 420 220 314 41.3
DANNet [53] RefineNet 913 60,5 772 389 272 28,0 292 333 687 328 80.1 462 264 719 36.0 537 675 393 36.1 49.7
DANNet [53] PSPNet 90.5 62.1 765 349 303 27.1 299 314 694 410 77.7 489 296 679 157 437 543 298 36.2 47.2
DANIA [54] DeepLab-v2 894 551 752 375 27.1 331 37.0 372 705 342 789 478 324 649 6.1 34.8 417 273 362 45.6
DANIA [54] RefineNet 92.1 63.0 79.0 393 307 331 393 402 707 375 80.6 49.1 289 715 483 56.0 59.0 433 369 52.6
DANIA [54] PSPNet 91.0 609 77.7 403 307 343 379 345 700 372 79.6 457 326 664 11.1 37.0 60.7 326 379 48.3
Bi-Mix [66] DeepLab—vZ 88.7 581 711 342 223 273 269 319 632 264 645 392 253 626 3.4 319 329 252 296 40.2
Bi-Mix [66] RefineNet 90.3 60.8 725 388 237 333 220 311 625 203 608 451 249 702 550 508 59.6 388 341 47.1
Bi-Mix [66] PSPNet 90.0 603 672 377 243 319 319 326 677 326 52.6 441 278 629 324 390 539 330 341 45.1
GPS-GLASS [22] PSPNet 91.8 650 764 381 300 358 385 376 692 414 798 458 31.2 69.6 38.0 599 457 249 372 50.3
Refign [3] DeepLab-v2 927 67.5 820 402 21.0 392 365 441 601 354 539 545 28.0 751 184 49.0 625 420 437 49.8
InforMS (Ours) DeepLab-v2 939 699 81.7 37.0 31.6 407 36.0 442 702 395 766 528 333 751 146 514 71.6 297 452 52.4
DAFormer [14] DAFormer 923 646 701 28.7 185 458 11.3 415 427 419 0.0 554 300 743 403 458 814 394 47.0 45.8
Refign [3] DAFormer 91.0 635 817 41.6 189 501 516 534 72.0 469 806 594 295 714 150 500 769 42.6 45.6 54.8
InforMS (Ours) DAFormer 934 712 84.6 458 228 502 504 502 750 483 831 588 30.1 735 169 536 799 46.1 473 56.9
HRDA [15] HRDA 87.2 469 79.1 462 180 514 41.0 485 418 46.7 0.0 63.2 369 81.0 65.2 77.7 836 46.0 49.0 53.1
Refign [3] HRDA 948 76.7 86.5 558 417 47.7 553 553 794 504 869 652 406 812 46.7 756 83.6 340 487 63.5
InforMS (Ours) HRDA 953 779 87.8 520 425 516 562 63.0 783 49.1 865 67.0 41.8 829 468 69.1 88.8 48.1 52.1 65.1

net hy are set as the Exponential Moving Average (EMA) of the
weights of the student net gy after each training step ¢ [1, 47].

During early training stages, the network’s predictions are unreli-
able, and it tends to learn easy-to-adapt classes [2, 25, 29, 56, 62, 64].
Following DACS [48], we randomly select half of the source domain
image’s classes to constitute the final class list c. Later in training,
the model converges gradually, and more attention should be paid
to revising hard-to-adapt class predictions [3]. This progression
can be captured through the model confidence, i.e. , the normalized
entropy of the target nighttime probability maps. At that time, we
obtain the informativeness level of each class via our proposed
OICS strategy and rank the source domain image’s class informa-
tiveness in ascending order. The front half of the ranked classes list
is selected as informative classes to form the final class list c.

Corresponding binary mask M is generated via setting the pixels
from the final class list ¢ to value one in M and all others to value
zero. By doing so, the mixed image (I,,,) can preserve as many
informative classes as possible from the target nighttime domain,
which can promote the segmentation of informative classes at night-
time. For labels, we mix the ground-truth label of the source domain
image (Ys) with the refined pseudo-labels of the target nighttime
domain image (P¢y) in the same way as the mixed images to obtain
the mixed pseudo labels (Y;;). Finally, we apply CE Loss [43] to
the images’ predictions and corresponding labels.

4 EXPERIMENTS

4.1 Datasets and evaluation metrics

The mean of category-wise intersection-over-union (mloU) is ap-
plied as the evaluation metric, where higher values indicate better
performance. The following datasets are utilized for model training
and performance evaluation:
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Cityscapes [8]: The Cityscapes dataset contains 2,975 train-
ing, 500 validation, and 1,525 testing images. This paper uses the
Cityscapes training set as the source domain.

ACDC [41]: The ACDC dataset includes four adverse weather
conditions: fog, snow, rain, and nighttime. Each condition is divided
into 400 training, 100 validation, and 500 test images, except for
the nighttime set, which has 106 validation images. In this paper,
we utilize the nighttime training images of ACDC (ACDC-N) and
their corresponding normal-condition images (ACDC-D) as the
target domain. ACDC-night-val and ACDC-night-test are adopted
for evaluation. The test set is withheld for testing online?.

Dark Zurich [39]: The Dark Zurich dataset contains 2,416 night-
time images, 2,920 twilight images, and 3,041 daytime images for
training, all unlabeled. Following previous works [12, 53, 54, 66],
we utilize 2,416 coarsely aligned night-day image pairs as the target
dataset. The Dark Zurich dataset also includes 50 annotated for
validation (Dark Zurich-val) and 151 for testing (Dark Zurich-test).
Dark Zurich-test is withheld for testing online.

Nighttime Driving [9]: The Nighttime Driving test set con-
tains 50 nighttime images. In our study, the test set is utilized for
evaluation.

4.2 Experimental settings

Our proposed InforMS is implemented using PyTorch on a single
RTX 3090 GPU. To showcase the flexibility of InforMS, we combine
it with state-of-the-art UDA methods. We choose Refign [3] (using
DeepLab-v2 [4], DAFormer [14], and HRDA [15]) as the baseline.
In the training stage, following [14, 30, 55], we train the network
with AdamW [31], a learning rate of pse = 6 X 107> and a weight
decay of 0.01. We incorporate linear learning rate warmup [13] with

2ACDC website: https://acdc.vision.ee.ethz.ch/
3https://codalab.lisn.upsaclay.fr/competitions/3783
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Figure 5: The qualitative comparison between our approach and existing state-of-the-art UDA-NSS methods on the ACDC-
night-val set (Top row), the Dark Zurich-val set (Middle row), and the Night Driving test (Bottom row).

Table 2: Comparison of state-of-the-art unsupervised domain adaptation on Cityscapes—ACDC adaptation for nighttime. The
per-category results on ACDC-night-val are shown below. The best results are presented in bold

b 2 o 35;0 5 g i
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Method CCE g % __é § nf‘s.’. g g g qh; E’ % q:i i; 5 ;:‘3 é 'LE g E mloU
DANNet [53] DeepLab-v2 889 51.8 63.9 213 227 225 229 239 617 162 778 21.1 4.7 28.7 0.7 0.0 413 192 345 32.8
DANNet [53] RefineNet 90.1 556 724 326 288 260 305 228 64.6 158 80.1 247 0.2 53.3 28 00 626 217 283 37.5
DANNet [53] PSPNet 89.7 582 71.8 303 365 227 323 222 695 216 804 325 16.6 425 25 00 616 8.6 46.9 38.3

Bi-Mix [66] DeepLab-v2 88.4 604 622 277 271 28.0 299 27.6 589 164 583 233 2.1 374 04 00 314 8.2 34.5 32.8
Bi-Mix [66] RefineNet 90.1 58.7 614 270 274 361 250 253 57.6 121 59.6 235 54 50.3 73 00 462 17.2 26.6 34.6
Bi-Mix [66] PSPNet 90.0 606 639 330 304 302 294 245 634 179 66,5 278 14.0 51.1 29 00 604 185 39.6 38.1

GPS-GLASS [22] PSPNet 923 67.7 689 33.0 326 377 465 31.1 686 206 817 21.6 100 538 24 00 113 58 368 38.0

Refign [3] DeepLab-v2 92.2 656 745 333 206 438 41.6 30.7 578 149 531 346 53 617 166 00 690 174 27.6 40.0
InforMS (Ours)  DeepLab-v2 935 67.7 72.6 37.0 227 408 338 326 637 103 650 442 168 656 21.2 00 797 238 441 44.0
DAFormer [14] DAFormer 90.5 617 599 302 275 476 73 261 423 194 0.0 336 180 593 88 0.0 825 178 30.2 36.8

Refign [3] DAFormer 872 558 762 392 208 524 545 41.1 686 220 788 385 182 60.7 132 00 675 124 419 44.7
InforMS (Ours) DAFormer 927 692 787 419 324 496 514 33.6 719 265 827 332 181 643 142 0.0 742 192 521 47.7
HRDA [15] HRDA 82.8 388 687 419 284 527 413 335 413 226 0.0 468 53 661 181 00 586 141 50.2 37.4
Refign [3] HRDA 94.1 753 818 449 420 46.1 629 40.0 75.7 303 853 416 47 689 175 00 889 156 56.1 51.1

InforMS (Ours) HRDA 94.7 76.2 818 48.8 434 512 640 479 735 279 83.0 519 42 704 119 00 904 23.6 528 554

warmup iterations set to 1.5k. It is trained on a batch of a 1024x1024 boosts the performance of DAFormer by a substantial 24.2% and
random crop on Cityscapes and ACDC dataset for 60k iterations. 29.6% on the ACDC-night-test and the ACDC-night-val, respec-
To generate mixed images, we employ our designed OICS strategy, tively. Applying InforMS on top of HRDA [15] results in a mIoU
followed by applying Color jittering and Gaussian blurring. And we of 65.1% and 55.4% on the ACDC-night-test and ACDC-night-val,
further apply the rare class sampling [14] to address the long-tail leading the new state-of-the-art in UDA-NSS from Cityscapes to
distribution of the source domain and increase « to 0.999. ACDC-N. And we also observe that our approach on top of dif-

ferent backbones, on average, has achieved comparable effects in
4.3 Comparison with State-of-the-art Methods some hard-to-adapt classes, e.g. , sky, traffic light, traffic sign, and
4.3.1 Comparison on ACDC. We present comparisons to several vegetation. Sample visually assessing results on ACDC-night-val
kinds of methods, including 1) UDA-NSS methods: GCMA [39], in Figure 5 also verify such findings. Specifically, we calculated
MGCDA [40], DANNet [53], DANIA [54], Bi-Mix [66], GPS-GLASS the average performance of our method and existing UDA-NSS
[22], and Refign [3]; 2) backbones: DAFormer [14] and HRDA [15]. methods [3, 14, 15, 53, 66] based on different backbones for each
The quantitative results of mIoU performances on the ACDC-night- semantic class on the ACDC-night-val and the ACDC-night-test
test and the ACDC-night-val dataset are reported in Table 1 and Ta- dataset. Our method demonstrated performance improvements in
ble 2, respectively. It is worth noting that our InforMS, using either all classes, and notably, the performance improvement achieved by
DeepLab-v2, DAFormer, or HRDA, outperforms existing methods informative classes surpassed that of uninformative classes when
on both the ACDC-night-test and ACDC-night-val datasets. Among compared with existing UDA-NSS methods. This proves that our
DeepLabv2-based methods, our proposed InforMS achieves the best method can realize "hard-to-adapt” classes’ more sufficient learning
performance. Besides, InforMS with DAFormer as the backbone and facilitate the UDA-NSS task.
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Table 3: The per-category results on Dark Zurich-test by current state-of-the-art methods. The best results are presented in bold

% = oo h‘;ﬂ “:D .g %
2 ERE- — ] 2 2 g £ g P A 3 4
Method 2 Té é E § E é E E gﬂ 4:":3 % qi T;‘: § ; é E g E mloU
DMAda [9] RefineNet 755 291 48.6 213 143 343 368 299 494 138 0.4 433 502 694 184 0.0 27.6 349 119 32.1
GCMA [39] RefineNet 81.7 469 588 220 200 412 405 416 648 31.0 321 535 475 755 392 0.0 49.6 30.7 21.0 42.0
MGCDA [40] RefineNet 80.3 493 66.2 7.8 11.0 414 389 390 641 180 558 521 535 747 66.0 0.0 375 291 227 42.5
CDAda [60] RefineNet 90.5 60.6 679 370 193 429 364 353 669 244 798 454 429 708 517 0.0 29.7 277 26.2 45.0
DANNet [53] DeepLab-v2 88.6 534 69.8 340 200 250 315 359 695 322 823 442 437 541 220 0.1 40.9 36.0 241 42.5
DANIA [54] DeepLab-v2 89.4 60.6 723 345 237 373 328 400 721 330 841 447 489 59.0 9.8 0.1 40.1 384 305 44.8
Bi-Mix [66] DeepLab-v2 899 59.7 685 326 219 335 264 335 641 313 744 384 292 632 6.8 0.1 31.8 379 213 40.2
CCDistill [12] RefineNet 89.6 581 706 366 225 33.0 270 305 683 330 809 423 401 694 58.1 0.1 72.6 477 213 47.5
SENET-N [49] - 943 740 794 438 319 438 579 501 734 361 855 606 53.6 869 8.2 41.2 822 452 337 56.9
GPS-GLASS [22] PSPNet 91.6 63.1 712 347 267 414 397 384 686 348 837 413 408 696 215 0.0 63.5 321 194 46.4
DIAL-Filters [27] DeepLab-v2 887 558 69.8 347 17.1 317 26.6 344 69.0 259 80.1 451 433 676 109 1.1 66.1 37.6 205 435
LoopDA [44] PSPNet 86.3 463 76.1 303 225 325 341 348 626 195 843 46.6 515 732 60.7 3.1 734 262 248 46.8
DeepLab-v2 [4] DeepLab-v2z 79.0 21.8 53.0 133 11.2 225 202 221 435 104 18.0 374 338 641 6.4 0.0 52.3 304 7.4 28.8
Reﬁgn [3] DeepLab-VZ 89.9 597 695 285 116 390 17.1 350 357 188 304 388 431 723 737 0.0 61.6 339 247 41.2
InforMS (Ours) DeepLab-v2 94.1 695 77.6 40.7 185 475 419 405 687 339 860 57.0 497 784 631 26.6 794 344 371 55.0
DAFormer [14] DAFormer 935 655 733 394 192 533 441 44.0 595 345 66.6 534 527 821 527 9.5 89.3 50.5 385 53.8
Refign [3] DAFormer 91.8 650 80.9 379 258 562 452 51.0 787 310 889 588 529 778 518 6.1 90.8 40.2 37.1 56.2
InforMS (Ours) DAFormer 921 66.6 76.1 29.5 254 583 485 529 746 41.8 878 57.8 535 825 767 1.0 87.2 442 407 57.7
HRDA [15] HRDA 89.1 527 734 391 243 546 492 396 598 313 716 562 575 835 723 39 815 49.7 409 54.2
MIC [16] HRDA 948 75.0 84.0 551 284 62.0 355 526 592 468 700 652 617 821 642 185 913 526 440 60.2
Refign [3] HRDA 954 761 869 53.7 37.1 580 57.2 637 794 420 913 638 566 838 856 51 91.7 474 395 63.9
InforMS (Ours) HRDA 94.0 728 87.2 527 344 603 541 659 782 40.6 913 652 562 87.8 821 140 916 59.3 45.6 64.7

Table 4: Comparison with state-of-the-art methods on Dark
Zurich-val set and Nighttime Driving test set

Method Backbone Dark Zurich-val ~ Nighttime Driving
mloU mloU
DMAda [9] RefineNet - 36.1
GCMA [39] RefineNet 26.7 45.6
MGCDA [40] RefineNet 26.1 49.4
CDAda [60] RefineNet 36.0 50.9
DANNet [53] DeepLab-v2 32.1 44.1
DANIA [54] DeepLab-v2 - 47.1
Bi-Mix [66] DeepLab-v2 33.2 44.2
SENET-N [49] - - 57.4
GPS-GLASS [22]  PSPNet 38.2 46.5
DIAL-Filters [27] DeepLab-v2 - 44.6
LoopDA [44] PSPNet 37.6 49.6
DeepLab-v2 [4] DeepLab-v2 - 25.4
InforMS (Ours)  DeepLab-v2 40.0 53.7
DAFormer [14] DAFormer 37.1 54.0
InforMS (Ours) DAFormer 45.1 56.0
HRDA [15] HRDA 421 54.1
InforMS (Ours) HRDA 52.5 58.5

4.3.2  Comparison on Dark Zurich. To verify the effectiveness of
our method, we further conduct comparative experiments on the
Dark Zurich-test and the Dark Zurich-val, the results are shown in
Table 3 and Table 4, respectively. Similarly, we compare our pro-
posed method with several kinds of methods, including 1) UDA-NSS
methods: DMAda [9], GCMA [39], MGCDA [40], CDAda [60], DAN-
Net [53], DANIA [54], Bi-Mix [66], CCDistill [12], SENET-N [49],
GPS-GLASS [22], DIAL-Filters [27], LoopDA [44], and MIC [16];
2) backbones: DeepLab-v2 [4], DAFormer [14] and HRDA [15]. No-
tably, our method with HRDA as the backbone achieves the best
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performance on the Dark Zurich-test and Dark Zurich-val datasets,
with a remarkable 1.3% and 24.7% improvement in mloU compared
to the leading method, respectively. The visualization comparison
of the Dark Zurich-val is shown in Figure 5.

4.3.3 Comparison on Nighttime Driving. To show the generaliza-
tion ability of our method, we also evaluate our approach that is
adapted to Dark Zurich on the Nighttime Driving test set in Table 4,
with sample visualization results presented in Figure 5. Our method
with HRDA as the backbone still achieves the best performance on
this dataset, with a 0.9% improvement of the overall mloU over the
leading method. This result verifies the ability of our method to
generalize well to the Nighttime Driving dataset.

4.4 Ablation Study

In this section, we conduct a series of ablation studies to validate
the contributions of each component to the final performance.

4.4.1 Effectiveness of Online Informative Class Sampling. We first
investigate the impact of our proposed Online Informative Class
Sampling strategy. We train several model variants and evaluate
their performance on the ACDC-night-test and the ACDC-night-val
datasets, as reported in Table 5. We choose Refign [3] as the baseline,
and the reproduced results are reported as the “Initialization” of
Table 5. Then, we separately utilize “Spectrogram Mean” or “Class
Frequency” as our informativeness metric to select informative
classes. Both “Spectrogram Mean” and “Class Frequency” bring
performance improvements, “Spectrogram Mean” showing greater
improvement. After that, our Informative Mixture of Experts boosts
the performance to 65.1% mloU and 55.4% mloU for the ACDC-
night-test and the ACDC-night-val, respectively. This demonstrates
the necessity and effectiveness of dynamic weight adjustment.
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Table 5: Ablation Study on several model variants of our
method on ACDC-night-test and ACDC-night-val

Shigin Wang, Xin Xu, Xianzheng Ma, Kui Jiang, & Zheng Wang

Table 8: Comparison with different weight adjustment of
experts on the ACDC-night-val

HRDA
Component ACDC-night-test | ACDC-night-val
Initialization Baseline 63.5 (+0.0) 51.1 (+0.0)
Spectrogram Class
| Ppectos ACDC-night-test | ACDC-night-val
Informative Mean Frequency
Class
Sampling v 65.1 (+1.6) 54.8 (+3.7)
Metric v 64.4 (+0.9) 54.6 (+3.5)
v v 65.1 (+1.6) 55.4 (+4.3)
DeepLab-v2
Initialization Baseline 49.8 (+0.0) 40.0 (+0.0)
Spectrogram Class . .
. ACDC-night-test | ACDC-night-val
Informative Mean Frequency
Class
Sampling v 51.1 (+1.3) 42.9 (+2.9)
Metric v 50.4 (+0.6) 42.4 (+2.4)
v v 52.4 (+2.6) 44.0 (+4.0)

Table 6: Comparison with different data sampling methods
in InforMS (HRDA) on the ACDC-night-val set. (RS: Random
Sampling, CBS: Class-balanced Sampling, RCS: Rare Class
Sampling, OICS: Online Informative Class Sampling)

Method RS CBS RCS OICS (Ours)
ACDC-night-val 53.1 50.7 51.1 55.4

Table 7: Comparison with different proportion choice of the
Ranked Source Class List on the ACDC-night-val

Proportion Backbone 1/4 1/3 1/2 2/3 3/4
InforMS (Ours) DeepLab-v2 41.7 42.1 44.0 42.5 41.9
InforMS (Ours) HRDA 54.9 51.9 55.4 55.0 52.5

Furthermore, we compare our method with existing re-sampling
methods for UDA semantic segmentation in Table 6. We can observe
that our proposed OICS strategy achieves the best performance
on the ACDC-night-val. Meanwhile, the comparison reveals that
CBS and RCS strategies are unsuitable for UDA-NSS compared to
RS. This observation is because these methods focus on addressing
the long-tail distribution of the source domain while overlooking
informative class learning during domain adaptation.

4.4.2  Backbone. We also explore the effectiveness of different back-
bones in Table 5. HRDA can bring more obvious performance im-
provement compared with DeepLab-v2 for its strong robustness.
Despite that, our method (DeepLab-v2) still achieves comparable
performance compared with existing UDA-NSS methods based on
DeepLab-v2 on the ACDC-night-test and ACDC-night-val dataset.

4.4.3 The Proportion Choice. We conduct an ablation study about
the proportion choice of the ranked source class List on the ACDC-
night-val, as shown in Table 7. We find that 1/2 is the best choice.

4.4.4 The Weight Adjustment of Experts. We conduct an ablation
study about the weight adjustment of experts on the ACDC-night-
val, as shown in Table 8. We find that 0.1 is the best choice.

4.4.5 The Class Selection in InforMS. We explore the class selec-
tion of the target nighttime in InforMS on the ACDC-night-test
and the ACDC-night-val, as shown in Table 9. In the proposed In-
forMS, our proposed OICS strategy selects informative classes from
the target nighttime domain to carry out the cross-domain mixed

170

Backbone
DeepLab-v2

00 005 01 0.15
423 418 44.0 421

02 05 1.0
423 418 41.1

Weight Adjustment
InforMS (Ours)

Table 9: Comparison with different selection methods in
InforMS on the ACDC-night-test and the ACDC-night-val

Method Backbone ACDC-night-test ~ ACDC-night-val
Random Selection ~ DeepLab-v2 49.8 40.0
Less Informative DeepLab-v2 514 42.7
Informative (Ours)  DeepLab-v2 52.4 44.0
Random Selection HRDA 63.5 51.1
Less Informative HRDA 64.6 54.6
Informative (Ours) HRDA 65.1 55.4

Table 10: Ablation Study Results of target day-to-night mix-
ture on the ACDC-night-test and the ACDC-night-val

Method Backbone ACDC-night-test ACDC-night-val
InforMS (Ours) DeepLab-v2 52.4 44.0
w day-to-night DA DeepLab-v2 51.4 42.8
InforMS (Ours) HRDA 65.1 55.4
w day-to-night DA HRDA 63.5 51.9

sampling. For comparison, we select classes randomly (“Random
Selection”) or less informative classes (“Less Informative”) from
the target nighttime domain to carry out the task. We find that
performances with Informative (Ours) are better than those with
“Random Selection” or “Less Informative” by large margins.

4.4.6 InforMS with or without target day-to-night mixture. We in-
vestigate the effect of the mixture between target daytime and night-
time by utilizing pseudo labels of daytime and nighttime during
domain adaptation. The results are reported on the ACDC-night-
test and ACDC-night-val datasets, as presented in Table 10. Our
method significantly outperforms our method with day-to-night
DA. The reason for this result is that the day-to-night mixture ac-
cumulates the noise of the target daytime domain’s pseudo-labels,
hindering the knowledge transferring of the domain adaptation.

5 CONCLUSION

In this paper, we have reconsidered the UDA-NSS task from cross-
domain mixed sampling exploiting informative classes mining per-
spective. We find that the informativeness of classes is closely re-
lated to the spectrogram mean and the class frequency of each
class in the target nighttime domain predictions and corresponding
input images. To boost the UDA-NSS task, we presented an Online
Informative Class Sampling strategy to adaptively mine informative
classes based on the corresponding spectrogram mean and class
frequency. Furthermore, we designed an Informativeness-based
cross-domain Mixed Sampling (InforMS) framework, prioritizing
informative class learning and boosting the UDA-NSS task. Experi-
mental results on three wide-used benchmarks demonstrated the
superiority of our method over existing UDA-NSS approaches.
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