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Introduction 
 
In recent years, autonomous vehicles (AVs) development 

has become a popular topic due to its potential for 

widespread applications. Environmental perception, as an 

essential component of self-driving, uses different sensors to 

scan and monitor surrounding environments. Semantic 

segmentation is getting more and more attention in 

perception field due to its ability to segment out all parts of 

an image. It aims to assign a semantic label to each pixel, 

which allows AVs to understand scenes better. In this paper, 

we focus on semantic segmentation in a dense snowy 

environment, hoping to improve semantic segmentation 

performance in snowy driving scenes. Under such inclement 

weather conditions, lanes, sidewalks, and even traffic signs 

are covered by heavy snow. Therefore, it is challenging to 

recognize the precise boundary of drivable areas and 

obstacles, even for human beings. Such scenarios are 

common for many cities in winter, and very little research on 

road boundary detection for snowy roads has been done in 

the past. There is a considerable challenge and need for 

developing perception techniques as an auxiliary tool for 

drivers and AVs in such weather scenarios. 

Rapidly evolution in machine and deep learning 

methods in computer vision has played a fundamental role in 

perception systems as well as semantic segmentation. For 

most deep learning algorithms, the performance of models is 

mainly dependent on the dataset used for training. Public 

driving datasets have taken into account the most of scenes 

while driving. However, adverse weathers like snow requires 

specialized techniques and datasets. 

This thesis deals with semantic segmentation in a dense 

snowy environment, hoping to improve semantic 

segmentation performance in snowy driving scenes. The 

study mainly focuses on deep learning-based methods. The 

work in this thesis are divided into two main parts: 

▪ Semantic segmentation on real snow dataset: The first 

part of this thesis discusses a semantic segmentation 

dataset on real snow driving scenarios. It first 

introduces and analyzes the three most popular public 

datasets relevant to driving or street scenes, proving the 

necessity for a new dataset in snow environments. Then 

a dataset on snow driving scenarios is proposed and 

optimized according to deep-learning criteria and 

particular snowy conditions. The results of deep 

learning-based semantic segmentation models trained 

on the proposed dataset are given, which proves the 

improvement of segmentation performance under snow 

weather conditions. 

▪ GANs based data augmentation: To further enhance the 

size and quality of the dataset, the second part discusses 

the possibility and effect of data augmentation by 

transferring public semantic segmentation data in 

normal driving scenes into snow weather conditions. 

Three generative adversarial networks are applied to 

learn the mapping between target images and snowy 

images. Comparative experiments are performed to 

measure the influence of the synthetic snow dataset on 

semantic segmentation results. 

 

Real snow datasets 
 
We created and trimmed a dataset for training and testing 

models in snowy environments. 

▪ Data specification: The original snow dataset for 

semantic segmentation contains a total of 1445 well-

annotated real-world images in extreme heavy snow 

weather. Most of them are taken from a broad range of 

driving viewpoints in the winter of Hokkaido, Japan. 

Some of them are pictures in Hokkaido or even from 

You-tube videos. Images are not only on urban scenes 

(Fig 1 (a)) but also relevant to the expressway and rural 

areas (Fig 1 (b), (c)). Furthermore, there are also 

blurred images caused by heavy snowfall, as shown on 

Fig 1 (d). Then, considering diversity criteria, 868 

images were carefully chosen and split into the training 

set and the validation set. 

▪ Classes and annotation: All the images were annotated 

with 18 classes: roadway, sidewalk, building, snow 

blowing, snow mass, telegraph pole, traffic light, traffic 

sign, vegetation, field, sky, person, animal, car, truck, 

bus, maintenance hole (manhole), motorbike, static 

object, unlabeled. These 18 labels are carefully selected 

according to Cityscapes [8], with the addition of labels 

related to snow environments. However, due to 

imbalance between classes, I adopt only 11 classes 

based on frequency and practical consideration. 

 

 

 
Figure 1. Images of snow dataset in a dense snow weather. 



 
Figure 2. Examples of synthesized results of Pix2pixHD. 

 

 
Figure 3. Generalizaition results. 

 

 

Synthetic snow datasets 
 
Considering the expensive cost of manually labeling 

semantic segmentation, it is worth an attempt on methods 

that can automatically generate data needed for research. 

GANs [4] based generative models have made the most 

attractive work in this field. In this section, advanced data 

augmentation approaches CycleGANs [5], Pix2pix [6] and 

Pix2pixHD [7] are applied in order to enhance either quality 

or quantity of snow datasets efficiently and Pix2pixHD 

reached best results. Fig 2 shows examples of synthesized 

results of Pix2pixHD. 

 

Semantic segmentation experiments and 
results 
 
FCNs [1] is commonly used as baseline in semantic 

segmentation due to its simple architecture. PSPNet [2] and 

ICNet [3] are on behalf of high accuracy and high inference 

speed networks respectively. Because capabilities of models 

will slightly vary on different datasets, FCN8s, PSPNet and 

ICNet are separately trained on each of our target datasets to 

avoid coincidence. Table 1,2 and 3 show segmentation 

results of the real, synthesis and hybrid snow dataset 

respectively. 

Scores of the synthesis dataset are much lower than 

reached on real snow dataset but twice than got on 

Cityscapes, indicating pix2pixHD definitely changes image 

data distribution from the normal weather to the snow one. 

Performance of models trained on hybrid dataset achieves 

best among datasets. 

Because there is no test set in the dataset, a few snowy 

images from the Internet that have no relationship with our 

snow datasets are tested to evaluate the generalization of 

models. The visual results are as shown in Fig 3. Models 

trained on all three datasets can distinguish the main parts of 

images. The model trained on hybrid datasets has a distinct 

advantage over the other two in terms of precision and 

robustness. The inference of the synthetic dataset performs 

almost equally to the real dataset. 

 

Conclusion 
 
This thesis mainly aims at the improvement of semantic 

image segmentation performance on snow scenarios. 

Computer vision nowadays has made a significant 

contribution to environmental perception as developed and 

thereby successfully helps enhance the safety of either 

drivers or autonomous vehicles. Semantic segmentation is 

one of the most informative ways to assess sophisticated 

driving scene understanding. Furthermore, many datasets on 

normal weather are created for this purpose. However, 

driving in adverse weather such as heavily snowy conditions 

should also be taken into consideration. To fill this gap, this 

study introduces and analyzes a dataset on snow scenarios 

with 1445 images annotated in 19 classes. From distribution 

statistics, there are imbalance and shortage among some 

classes. Besides, some images show high similarity, which 

will cause the unreliability of the validation set. A trimmed 

version according to efficiency and practical consideration is 

then given with 868 images in 11 classes. The dataset is split 

into training and validation sets to train and evaluate the 

models. Results on a trimmed dataset from three semantic 

segmentation models, namely FCN8s, PSPNet, ICNet are 

presenting better performance. In the second part of this 

thesis, to further improve performance, three GANs based 

methods are applied to transfer data from Cityscapes into 

synthetic snow images. Synthetic data of each approach are 

visually provided, and synthetic images from pix2pixHD 

achieve best results with 2048 × 1024 resolution. Mean IoU  



 
Table 1 Quantitative results of models trained on trimmed 11-class snow dataset. 

Method 

IoU(%) 
Mean 

IoU (%) 

Mean 

Acc.(%) road 
side 

walk 
build 

Tel. 

pole 

traffic 

light 

Traffic 

sign 
Veg. field sky person vehicle 

FCN8s 70.0 58.9 72.6 34.3 30.4 28.4 86.6 0.6 83.5 64.5 71.3 54.6 85.9 

PSPNet 84.9 76.1 80.8 45.4 52.4 44.6 90.5 0.0 95.3 75.0 78.1 65.7 92.4 

ICNet 86.2 77.6 79.5 38.4 39.6 36.9 89.3 0.0 94.8 66.1 80.0 62.6 92.2 

 

Table 2 Quantitative results of models trained on the synthetic snow dataset. 

Method 

IoU(%) 
Mean 

IoU (%) 

Mean 

Acc.(%) 
road 

side 
walk 

build 
Tel. 
pole 

traffic 
light 

Traffic 
sign 

Veg. field sky person vehicle 

FCN8s 59.6 50.8 66.9 29.9 17.0 20.8 80.8 0.3 85.1 32.1 58.3 45.6 81.1 

PSPNet 45.7 36.7 48.2 28.3 17.3 20.8 80.1 0.2 67.2 23.2 54.6 38.4 72.8 

ICNet 60.7 39.3 62.2 28.6 8.6 19.4 80.5 0.6 80.7 30.1 46.9 41.6 77.7 

 
Table 3 Quantitative results of models trained on the hybrid snow dataset. 

Method 

IoU(%) 
Mean 

IoU (%) 

Mean 

Acc.(%) road 
side 

walk 
build 

Tel. 

pole 

traffic 

light 

Traffic 

sign 
Veg. field sky person vehicle 

FCN8s 78.6 68.9 75.5 34.2 24.6 25.2 88.3 12.3 93.8 57.8 75.3 57.7 89.8 

PSPNet 84.2 75.8 83.1 47.1 50.2 44.9 90.5 51.8 95.5 64.5 84.5 70.2 92.5 

ICNet 86.8 79.4 81.7 41.9 33.8 34.5 89.7 45.7 95.1 70.4 83.9 67.5 92.7 

 

 

 

and prediction examples of models trained on the real, 

synthetic, and hybrid dataset are separately provided. The 

score reaches the top with a hybrid dataset. Finally, 

considering the lack of test set in datasets, snowy images 

from the Internet are tested on models and verified 

generalization of models. 
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