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Abstract 
 

Human activities are often affected by weather conditions. Automatic weather 
recognition is meaningful to traffic alerting, driving assistance, and intelligent traffic. With 
the boost of deep learning and AI, deep convolutional neural networks (CNN) are utilized 
to identify weather situations. In this paper, a three-channel convolutional neural network 
(3C-CNN) model is proposed on the basis of ResNet50.The model extracts global weather 
features from the whole image through the ResNet50 branch, and extracts the sky and 
ground features from the top and bottom regions by two CNN5 branches. Then the global 
features and the local features are merged by the Concat function. Finally, the weather 
image is classified by Softmax classifier and the identification result is output. In addition, 
a medium-scale dataset containing 6,185 outdoor weather images named 
WeatherDataset-6 is established. 3C-CNN is used to train and test both on the Two-class 
Weather Images and WeatherDataset-6. The experimental results show that 3C-CNN 
achieves best on both datasets, with the average recognition accuracy up to 94.35% and 
95.81% respectively, which is superior to other classic convolutional neural networks such 
as AlexNet, VGG16, and ResNet50. It is prospected that our method can also work well for 
images taken at night with further improvement. 
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1. Introduction 

Human activities are often affected by weather situations [1]. Traditional methods of 
identifying weather phenomena use weather sensors, which are often expensive and require 
professional maintenance [2]. Another option is to use computer vision technology to 
identify weather situations from images [3]. Weather recognition from images is a 
comparatively novel subject in computer vision that has great social influence [4]-[5]. 
Weather images carry most of weather information for weather recognition, and they also 
have the characteristics of large number and low cost. However, identifying weather from 
weather images is not easy. The challenge is that the global and local characteristics are 
disabled in weather recognition, which is crucial in recognition due to the particularity of 
weather condition. [6]. Different from the theory of scene recognition and semantic 
segmentation, weather recognition requires understanding more complex phenomena such 
as illumination and reflection in the scene of weather images, and needs to analyze the 
changes of scene under different weather situations, rather than the structure of scene itself 
[7]-[10]. Moreover, there is almost no research on intelligent traffic management based on 
weather situations and other information. Therefore, weather recognition has broad 
research value and application prospect, especially in traffic scenes [11]. 

In modern transportation, bad weather will have a significant influence on the traffic 
situations. Heavy weather including rain, fog and snow will make the traffic road slippery 
and reduce the visibility, resulting in traffic congestion and severe traffic accidents, which 
has potential danger. Through recognizing weather situations and analyzing traffic 
information in real time, the traffic signals can be controlled according to weather changes, 
such as properly increasing the green light time and yellow light time in bad weather 
situations. It can improve travel efficiency and prevent severe traffic accidents effectually. 
Some driving assistance systems can promote security with weather recognition by 
limiting driving speed, turning on wipers automatically and maintaining safe distance in 
bad weather situations [12-13]. In conclusion, the automatic identification of weather 
situations is very meaningful to traffic alerting, driving assistance, and intelligent traffic 
management system [14]-[16]. Therefore, it is of great significance to identify weather 
situations from weather images. 

 In view of above research, a new three-channel convolutional neural network (3C-CNN) 
model is proposed to identify weather situations. The rest of the paper is framed as follows: 
In section 2, we retrospect the previous work on weather recognition. Section 3 introduces 
the two weather image datasets and describes the architecture of the three-channel 
convolutional neural network (3C-CNN) for weather identification. Section 4 evaluates the 
experimental results of 3C-CNN on two datasets and discusses the performance compared 
with other methods. Finally, the conclusions are summarized in section 5. 
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2. Related Work 
The traditional method of weather identification is to deploy the weather sensors, which 

can realize the induction to rainfall and snowfall. By combining the data from multiple 
sensors and images, weather recognition results are obtained. If one of the sensors does not 
work, the accuracy of the recognition results will be greatly affected [17]. The advantage of 
our method lies in its simplicity, facility and maturity of technology. However, the 
installation and maintenance of sensors are very expensive, and it is difficult to identify 
weather situations in any space and time due to the complexity of weather phenomena. 
Therefore, it is obviously not suitable for the occasion of public transportation that require 
large-scale deployment. 

Benefit from the development of intelligent transportation system in the last decade, 
more cameras have been fixed along the roads, so weather identification have gradually 
turned to image processing and computer vision. Li et al. employed support vector machine 
(SVM) and decision tree to identify weather situations after extracting visual 
characteristics such as saturation, noise, contrast, and power spectrum slope. The method 
was evaluated on the Wild Dataset including hundreds of outdoor images, but the 
recognition performance of rainy days is too poor to satisfy the requirements of practical 
application [18]-[20]. Moreover, the Wild Dataset lacks authority and generalization 
because the images were taken in fixed scene and the size is too small. Lu et al. collected a 
dataset with different backgrounds named Two-class Weather Images (TWI) which 
contains 10 thousand weather images and divided into sunny and cloudy days only. A 
collaborative learning approach was proposed to divide the weather images into sunny and 
cloudy days [21]. In conclusion, these machine learning-based methods are very 
cumbersome and deficient in universality and generalization due to the complex 
engineering features. 

With the boost of artificial intelligence and deep learning, classic convolutional neural 
networks (CNN) such as AlexNet, VGGNet, GoogLeNet and ResNet have achieved 
excellent results in the area of machine vision, e.g. object tracking, tag identification, 
image recognition, image retrieval, natural language processing, and semantic 
segmentation [22]-[31]. CNN can extract abstract, deep and rich semantic information 
from outdoor images, they perform better than traditional methods in many ways. 
Elhoseiny et al. fine-tuned the pre-trained AlexNet on the Two-class Weather Images (TWI) 
[21], and achieved good results, with an average recognition accuracy of 82.2% [32]. Lu et 
al. combined the manually extracted weather features with those extracted by CNN to 
further improve the performance in accuracy, thus make the recognition accuracy reach 
91.4% [33]. Zhu et al. established a large-scale dataset including various extreme weather 
images and fine-tuned the GoogLeNet pre-trained on ILSVRC-2012 dataset. Later, they 
simplified the classic GoogLeNet model and train it through a novel double-fine-tuning 
method. The model size is reduced to one third of the original GoogLeNet model, and the 
accuracy is increased from 94.5% to 95.46% [34]-[36]. In summary, although these 
methods based on deep learning are totally better than traditional methods, they can only 
run efficiently on GPU with high configuration, and need big data supporting, which makes 
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weather identification costly. 
The main contributions of this paper are as below. Firstly, deep convolutional neural 

networks (CNN) are adopted to identify weather situations from outdoor weather images. 
Moreover, we established a medium-scale dataset including 6185 outdoor weather images 
called WeatherDataset-6. Finally, a new three-channel convolutional neural network 
(3C-CNN) model is proposed on the basic of ResNet50 for the task of weather recognition. 
3C-CNN is used to train and test both on the Two-class Weather Images (TWI) and 
WeatherDataset-6, and desirable recognition results are obtained. Compared with previous 
work, WeatherDataset-6 contains more weather categories and 3C-CNN achieves good 
performance in terms of weather recognition.   

3. Materials and Methods 

3.1 Dataset 
The availability of sufficient expertly labeled datasets is the key point in allowing CNNS 

to work efficiently. As a new subject in machine vision, the application of weather 
recognition is relatively less. Therefore, the public datasets for weather recognition are 
inadequate in size and quantity. The large-scale dataset ILSVRC-2012 contains 1.2 million 
images covering 1000 categories, whereas the small-scale dataset named Wild Dataset 
above consists of only a few hundred outdoor images taken in fixed scene. The 
medium-scale datasets for weather recognition in between are as follows. Two-class 
Weather Images (TWI) [21] is provided by Lu et al., while WeatherDataset-6 is established 
by us. 

3.1.1 Two-class Weather Images (TWI) 
Lu et al. collected the Two-class Weather Images Images (TWI) from Sun Dataset, 

Labelme Dataset, and Flickr [37]-[38]. After calculating the color histogram distance of all 
image pairs, identical or highly similar images were deleted. Finally, the images were 
labeled by two annotators. The Two-class Weather Images (TWI) contains 5000 sunny and 
5000 cloudy images, of which 8000 are used for training and 2000 are used for testing, as 
shown in Table 1. 
 

Table 1. Details of Two-class Weather Images (TWI) 
Category Cloudy Sunny Total 

Number of Train Set 4000 4000 8000 
Number of Test Set 1000 1000 2000 

3.1.2 WeatherDataset-6 
Considering the lack of available public weather datasets, we collected a medium-scale 

dataset including 6,185 outdoor weather images from the Internet and divided them into six 
categories: cloudy days, foggy days, rainy days, sandy days, snowy days and sunny days. 
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Details of this dataset are presented in Table 2, and the images of this dataset are randomly 
divided into train set and test set by the ratio of 8:2 roughly. The images are from aerial 
photography, video recording, traffic accidents, news reports, automobile data recorder, etc. 
Various weather images in WeatherDataset-6 are presented in Fig. 1. Our dataset has more 
generalization and universality because the size of which is relatively large and the images 
are taken from different positions that contain a variety of complex scenes. 
 

Table 2. Component of WeatherDataset-6 
Category Cloudy Foggy Rainy Sandy Snowy Sunny Total 

Number of Train Set 800 800 800 800 800 800 4800 
Number of Test Set 217 221 255 228 243 221 1385 

(c) rainy(b) foggy(a) cloudy

(d) sandy (e) snowy (f) sunny  
Fig. 1. Six categories of sample weather images from WeatherDataset-6 

3.1.3 Data Augmentation 
In order to suppress over fitting in the process of model learning, we take a series of 

measures to enhance the training images in WeatherDataset-6. For example, we randomly 
crop the original images from 256×256 to 224×224. Then, we rotate, flip, translate, cut and 
enlarge the image block. Fig. 2 presents a series of different images after data 
augmentation. Specifically, we adopted ImageDataGenerator function offered in the Keras 
API and defined parameters such as shear range, width offset and rotation range to generate 
images after random transformation in each epoch [39]. The model will not receive any two 
same images in the learning process through adoption of this method. This is beneficial to 
restrain over fitting and increase the robustness and generalization ability of the model. In 
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order to demonstrate the significance of data augmentation for weather recognition, we 
conducted a series of comparative experiments with or without data augmentation as 
shown in section 4.2. 

 Data 
Augmentation

 
Fig. 2. Results of data augmentation for training images 

3.2 Architecture of 3C-CNN 
To carry out image classification and object detection in the 2015 ImageNet Large Scale 

Visual Recognition Challenge (ILSVRC) [36], He et al. adopted the deep residual network 
(ResNet) and won the championship [23]. ResNet can effectually solve the problem of 
gradient vanishing in the learning process of deep convolution neural network, which 
makes it feasible to train deeper network model. Without adding additional parameters, the 
deeper residual structure can improve the classification accuracy and accelerate the 
convergence speed. Considering the excellent performance of ResNet, ResNet50 can be 
used for automatic identification of weather situations. ResNet50 consists of a convolution 
layer, a max pooling layer and a series of residual modules. Two basic stacking modes of 
residual modules are presented in Fig. 3. One mode is identity block (IB), whose input and 
output have the same shape, so they can be directly appended in series. The other is conv 
block (CB), whose input and output have different shape, so they cannot be appended in 
series, and the 1×1 convolution layer is adopted to unify the dimension of feature vector. 
ResNet50 extracted deep-level weather features through the continuous stacking of 4 
groups of Conv Block and 12 groups of Identity Block. Finally, the weather recognition 
results were output through Average pooling layer with size of 7 × 7 and Softmax 
classifiers. 

The background information in the weather image is very complex. It is roughly divided 
into sky features and ground features. Sometimes different areas in the same weather 
picture show different weather situations. Here we divide the input image into the top and 
bottom regions, and extract the sky features and ground features from these two areas 
respectively. Inspired by the structure of Diverse Region-Based CNN (DR-CNN) proposed 
by Zhang et al. [40], a three-channel convolutional neural network (3C-CNN) model is 
proposed based on ResNet50 for automatic recognition of weather situations, the 
architecture of which is shown in Fig. 4. This model contains three CNN branches, each of 
which processes input images from different regions. The image blocks of the top and 
bottom regions are input into a CNN5 branch composed of 5 layers of convolution layer 

https://www.thesaurus.com/browse/demonstrate
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and 1 layer of Max pooling layer to extract sky features and ground features respectively, 
while the whole image is input into the branch of residual network ResNet50 to extract 
global features. The local features and global features extracted by the three branches are 
merged by Concat function, and then the key weather features are down-sampled through 
the Average pooling layer. Finally, the weather recognition results are output through 
Softmax classifier. The composition of 3C-CNN model is shown in Table 3. 
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Fig. 3. Two basic stacking modes of residual modules 
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Fig. 4. Architecture of 3C-CNN 

 
Table 3. Structure composition of 3C-CNN 

3C-CNN Global Region--ResNet50 Top and Bottom 
Region--CNN5 

Layer name shape output shape output 
     

Input Input0: [224×224]:3 Input1-2: [224×112]:3 
Conv1 [7×7]:64/(2,2) [112×112]:64 [7×7]:32/(2,1) [112×112]:32 

MaxPooling [3×3]/2 [56×56]:64 [3×3]/2 [56×56]:32 

Conv2_x 
[1×1]:64 
[3×3]:64 
[1×1]:256 

CB×1/1 
[56×56]:256 [3×3]:128/1 [56×56]:128 

IB×2/1 
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Conv3_x 
[1×1]:128 
[3×3]:128 
[1×1]:512 

CB×1/2 
[28×28]:512 [3×3]:256/2 [28×28]:256 

IB×3/1 

Conv4_x 
[1×1]:256 
[3×3]:256 
[1×1]:1024 

CB×1/2 
[14×14]:1024 [3×3]:512/2 [14×14]:512 

IB×5/1 

Conv5_x 
[1×1]:512 
[3×3]:512 
[1×1]:2048 

CB×1/2 
[7×7]:2048 [3×3]:1024/2 [7×7]:1024 

IB×2/1 

Concat [7×7]:4096 
AveragePooling [7×7]/7 [1×1]:4096 

Softmax 2 (TWI)/6 (WeatherDataset-6) 

4. Experimental Results and Discussion 
In this paper, a 3C-CNN model is built based on Keras framework, and this model is 

used to train and test both on the Two-class Weather Images (TWI) and WeatherDataset-6. 
After data augmentation for each image in train set, the images and labels are fed in model 
by the ImageDataGenerator function for training. The weight of our model is updated and 
optimized in each epoch through the Stochastic Gradient Descent (SGD) optimizer, with 
the momentum setting to 0.9 and the weight decay to 0.0002. Moreover, the initial learning 
rate is set to 0.001 and can be adjusted adaptively through the callback function of 
ReduceLROnPlateau. Finally, the model is evaluated on test set after training. The 
experiments are operated on the server with NVIDIA GeForce GTX 2080 Ti GPU. 

4.1 Experimental Results   
In order to demonstrate the significance of the proposed 3C-CNN model, we implement 

this algorithm based on the Keras framework. Firstly, the training images were fed into the 
3C-CNN model for training. Moreover, three CNN branches were trained separately for 
comparison, and all models after training were saved. Then, the trained models were 
evaluated on test set and the recognition results were output. Finally, the average accuracy 
of 3C-CNN model and three CNN branch models were calculated respectively both on the 
Two-class Weather Images (TWI) and WeatherDataset-6 according to the recognition 
results of test images, as presented in Table 4. The average accuracy of the ResNet50 
branch model after training the whole images of Two-class Weather Images (TWI) and 
WeatherDataset-6 was 92.30% and 90.32% respectively. With the addition of two CNN 
branches, the average accuracy of 3C-CNN was increased to 94.35% and 95.81% 
respectively. The experimental results indicate that 3C-CNN model performs well in 
weather recognition tasks both on the Two-class Weather Images (TWI) and 
WeatherDataset-6 and it is indeed superior to the single-branch CNN model. 
 

https://www.thesaurus.com/browse/demonstrate


KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 8, August 2020                            3575 

 
 

Table 4. Recognition results of different channels in 3C-CNN on two datasets 

Channel Average Accuracy 
on TWI 

Average Accuracy 
on WeatherDataset-6 

Glabal Region--ResNet50 92.30% 90.32% 
Top Region--CNN5 88.85% 87.44% 

Bottom Region-CNN5 89.20% 86.79% 
3C-CNN 94.35% 95.81% 

 
 

4.2 Comparison with or without Data Augmentation 
To demonstrate the effectiveness of data augmentation on weather recognition tasks, the 
training set images of Two-class Weather Images (TWI) and WeatherDataset-6 with or 
without data augmentation were input into the 3C-CNN model for training, and the test set 
images were used for evaluation. The experimental results are presented in Table 5. The 
training set images of Two-class Weather Images (TWI) and WeatherDataset-6 without 
data augmentation were directly fed into the 3C-CNN model for training and the 
recognition accuracy was 88.90% and 84.62%. After data augmentation, the recognition 
accuracy of 3C-CNN was increased to 94.35% and 95.81% respectively. The accuracy 
curves of the validation set in Two-class Weather Images (TWI) and WeatherDataset-6 are 
shown in Fig. 5(a) and Fig. 5(b) respectively, in which the dotted curve indicates the 
recognition accuracy without data augmentation. As can be seen in the graph, the precision 
curve began to converge and the model began to fit after about 5 training epochs. In 
comparison, data augmentation for train images can effectively suppress over fitting, 
drastically improve the recognition accuracy, and reinforce the robustness and 
generalization of those models. Moreover, WeatherDataset-6 established by ourselves is 
smaller than Two-class Weather Images (TWI) in scale, while data augmentation improves 
the accuracy on our dataset even more. A conclusion can be drawn that data augmentation 
is more effective for image recognition on smaller datasets. 
 
 

Table 5. Recognition results with or without data augmentation on two datasets 

Dataset Without Data 
Augmentation With Data Augmentation 

TWI 88.90% 94.35% 
WeatherDataset-6 84.62% 95.81% 

https://www.thesaurus.com/browse/demonstrate
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(a) Accuracy curves on TWI  (b) Accuracy curves on WeatherDataset-6

 
Fig. 5. Comparison of validation curves with or without data augmentation on two datasets  

4.3 Comparison with Other Methods 
In order to evaluate the performance of 3C-CNN model for weather identification, the 
average recognition accuracy of 3C-CNN both on the Two-class Weather Images (TWI) 
and WeatherDataset-6 is compared with other classic CNN such as AlexNet [21], VGG16 
[22], and ResNet50 [23]. The accuracy curves of different methods on two datasets are 
presented in Fig. 6, and different colored curves indicate various methods. According to the 
average accuracy of different methods, the histogram comparison is drawn in Fig. 7. 
Among them, 3C-CNN model performs best in weather recognition tasks both on the 
Two-class Weather Images (TWI) and WeatherDataset-6, with the average recognition 
accuracy up to 94.35% and 95.81% respectively, followed by ResNet50 [23], AlexNet [21] 
and VGG16 [22] successively. The confusion matrices of various models on the Two-class 
Weather Images (TWI) and WeatherDataset-6 are presented in Fig. 8 and Fig. 9 
respectively. The values on the diagonal of the confusion matrix indicate the recognition 
accuracy of each category. As can be seen from Fig. 8, the 2,000 test images of  TWI are 
divided into cloudy and sunny weather, and the recognition accuracy of 3C-CNN model for 
cloudy days is 93.10%, for sunny days is 95.60%. As can be seen from Fig. 9, the 1385 test 
images of  WeatherDataset-6 are divided into cloudy,  foggy, rainy, sandy, snowy and 
sunny weather. The recognition accuracy of sandy weather was always the highest among 
these six weather situations. This was because the whole background features in most 
sandy weather images were yellow and easy to distinguish and only a few sandy weather 
images in light colors were misidentified as foggy weather. The recognition accuracy of 
cloudy, rainy  and snowy weather was relatively low, because the sky features of these 
weather images were basically the same, and they were distinguished only by the 
smoothness of the ground features. Therefore, with the addition of two CNN branches to 
extract sky and ground features separately, the recognition accuracy of these weather 
images can be greatly improved.  
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(a) Accuracy curves on TWI  (b) Accuracy curves on WeatherDataset-6  
Fig. 6. Comparison of validation curves of different methods on two datasets  

Accuracy 91.40% 90.80% 92.30% 94.35%
AlexNet VGG16 ResNet50 3C-CNN

89.00%

90.00%

91.00%

92.00%

93.00%

94.00%

95.00%

Average Accuracy Comparision

Accuracy 88.66% 83.32% 90.32% 95.81%
AlexNet VGG16 ResNet50 3C-CNN

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

Average Accuracy Comparision

    (b) Average accuracy on WeatherDataset-6  
Fig. 7. Histogram comparison of different methods on two datasets 

(a) AlexNet (b) VGG16

(c) ResNet50 (d) 3C-CNN  
Fig. 8. Confusion matrixes of different methods on TWI 
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(a) AlexNet (b) VGG16

 (d) 3C-CNN(c) ResNet50  
Fig. 9. Confusion matrixes of different methods on WeatherDataset-6 

5. Conclusion 
In this paper, a novel three-channel convolutional neural network (3C-CNN) model 

based on ResNet50 is proposed for weather recognition, and a medium-scale dataset 
including 6,185 outdoor weather images called WeatherDataset-6 is established. A great 
number of experiments demonstrate that 3C-CNN model achieves a great result both on the 
Two-class Weather Images (TWI) and WeatherDataset-6, with the average recognition 
accuracy up to 94.35% and 95.81% respectively. Compared with previous work, 
WeatherDataset-6 contains more weather categories and 3C-CNN achieves better 
performance in terms of weather recognition than other classic network models such as 
ResNet50. At present, our model can only be utilized to identify the weather situations in 
the daytime. It is prospected that our method can also work well for images taken at night 
with further improvement. 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 8, August 2020                            3579 

References 
[1] Zhao, Bin, et al., “A CNN–RNN architecture for multi-label weather 

recognition,” Neurocomputing, 322, 47-57, 2018. Article (CrossRef Link) 
[2] Lovén, Lauri, et al., “Mobile road weather sensor calibration by sensor fusion and linear mixed 

models,” PloS one, 14(2), 2019. Article (CrossRef Link) 
[3] Chu, Wei-Ta, Xiang-You Zheng, and Ding-Shiuan Ding, “Camera as weather sensor: 

Estimating weather information from single images,” Journal of Visual Communication and 
Image Representation, 46, 233-249, 2017. Article (CrossRef Link) 

[4] Ponce, Juan Manuel, et al., “Automatic counting and individual size and mass estimation of 
olive-fruits through computer vision techniques,” IEEE Access, 7, 59451-59465, 2019.  
Article (CrossRef Link) 

[5] Voulodimos, Athanasios, et al. “Deep learning for computer vision: A brief 
review,” Computational intelligence and neuroscience, Vol. 2018, 2018. 
Article (CrossRef Link) 

[6] Lin, Di, et al. “RSCM: Region selection and concurrency model for multi-class weather 
recognition,” IEEE Transactions on Image Processing, 26(9), 4154-4167, 2017. 
Article (CrossRef Link) 

[7] Wu, Xianyu, et al. “Text Detection and Recognition for Natural Scene Images Using Deep 
Convolutional Neural Networks,” Computers, Materials & Continua, Vol. 61, No. 1, 289-300, 
2019. Article (CrossRef Link) 

[8] Wu, Jianxin, and Jim M. Rehg. “Centrist: A visual descriptor for scene categorization,” IEEE 
transactions on pattern analysis and machine intelligence, 33(8), 1489-1501, 2010.  
Article (CrossRef Link) 

[9] Van De Sande, Koen, Theo Gevers, and Cees Snoek. “Evaluating color descriptors for object 
and scene recognition,” IEEE transactions on pattern analysis and machine intelligence, 32(9), 
1582-1596, 2009. Article (CrossRef Link) 

[10] Lin, Di, et al., “Learning important spatial pooling regions for scene classification,” in Proc. of 
the IEEE Conference on Computer Vision and Pattern Recognition, 2014. 
Article (CrossRef Link) 

[11] Lagorio, Andrea, Enrico Grosso, and Massimo Tistarelli, “Automatic detection of adverse 
weather conditions in traffic scenes,” in Proc. of 2008 IEEE Fifth International Conference on 
Advanced Video and Signal Based Surveillance, IEEE, 2008. Article (CrossRef Link) 

[12] Shi, Yuzhou, et al., “Weather Recognition Based on Edge Deterioration and Convolutional 
Neural Networks,” in Proc. of 2018 24th International Conference on Pattern Recognition 
(ICPR), IEEE, 2018. Article (CrossRef Link) 

[13] Chen, Ken, et al., “An Early Warning Method for Highway Traffic Accidents Based on 
Bayesian Networks,” in Proc. of the 2019 International Conference on Artificial Intelligence 
and Computer Science, 2019. Article (CrossRef Link) 

[14] Hsieh, Ping-Jui, et al., “Path Planning Design for Vehicle Driving Assist Systems,” in Proc. of 
2018 International Conference on System Science and Engineering (ICSSE), IEEE, 2018. 
Article (CrossRef Link) 

[15] Guerrero-Ibáñez, Juan, Sherali Zeadally, and Juan Contreras-Castillo. “Sensor technologies for 
intelligent transportation systems,” Sensors, 18(4), 1212, 2018. 
Article (CrossRef Link) 
 
 

https://doi.org/10.1016/j.neucom.2018.09.048
https://doi.org/10.1371/journal.pone.0211702
https://doi.org/10.1016/j.jvcir.2017.04.002
https://doi.org/10.1109/ACCESS.2019.2915169
https://doi.org/10.1155/2018/7068349
https://doi.org/10.1109/TIP.2017.2695883
https://doi.org/10.32604/cmc.2019.05990
https://doi.org/%2010.1109/TPAMI.2010.224
https://doi.org/10.1109/TPAMI.2009.154
https://doi.org/10.1109/CVPR.2014.476
https://doi.org/10.1109/AVSS.2008.50
https://doi.org/%2010.1109/ICPR.2018.8546085
https://doi.org/10.1145/3349341.3349386
https://doi.org/10.1109/ICSSE.2018.8520136
https://doi.org/10.3390/s18041212


3580                                                      Tan et al.: 3C-CNN: Weather Recognition with Deep Convolutional Neural Network 

[16] Dannheim, Clemens, et al., “Weather detection in vehicles by means of camera and lidar 
systems,” in Proc. of  2014 Sixth International Conference on Computational Intelligence, 
Communication Systems and Networks, IEEE, 2014. Article (CrossRef Link) 

[17] Chen, Zichong, et al., “Howis the weather: Automatic inference from images,” in Proc. of  
2012 19th IEEE International Conference on Image Processing, IEEE, 2012. 
Article (CrossRef Link) 

[18] Chen, Yuantao, et al., “The fire recognition algorithm using dynamic feature fusion and 
IV-SVM classifier,” Cluster Computing, 22(3), 7665-7675, 2019. Article (CrossRef Link) 

[19] Li, Qian, Yi Kong, and Shi-ming Xia, “A method of weather recognition based on outdoor 
images,” in Proc. of 2014 International Conference on Computer Vision Theory and 
Applications (VISAPP). IEEE, Vol. 2, 2014. Article (CrossRef Link) 

[20] Li, Ruixiang, et al., “Street-Level Landmarks Acquisition Based on SVM 
Classifiers,” CMC-Computers Materlals & Continua, 59(2), 591-606, 2019. 
Article (CrossRef Link) 

[21] Narasimhan, Srinivasa G., Chi Wang, and Shree K. Nayar, “All the images of an outdoor 
scene,” in Proc. of  European conference on computer vision, Springer, Berlin, Heidelberg, 
2002. Article (CrossRef Link) 

[22] Lu, Cewu, et al., “Two-class weather classification,” in Proc. of the IEEE Conference on 
Computer Vision and Pattern Recognition, 2014. Article (CrossRef Link) 

[23] Zhang, Zheng, and Huadong Ma, “Multi-class weather classification on single images,” in 
Proc. of 2015 IEEE International Conference on Image Processing (ICIP), IEEE, 2015. 
Article (CrossRef Link) 

[24] Zhang, Zheng, et al., “Scene-free multi-class weather classification on single 
images,” Neurocomputing, 207, 365-37, 2016. Article (CrossRef Link) 

[25] Krizhevsky, Alex, Ilya Sutskever, and Geoffrey E. Hinton, “Imagenet classification with deep 
convolutional neural networks,” Advances in neural information processing systems, 2012. 
Article (CrossRef Link) 

[26] Simonyan, Karen, and Andrew Zisserman, “Very deep convolutional networks for large-scale 
image recognition,” arXiv preprint arXiv, 1409-1556, 2014. Article (CrossRef Link) 

[27] Tang, Pengjie, Hanli Wang, and Sam Kwong, “G-MS2F: GoogLeNet based multi-stage feature 
fusion of deep CNN for scene recognition,” Neurocomputing, 225, 188-197, 2017.  
Article (CrossRef Link) 

[28] He, Kaiming, et al., “Deep residual learning for image recognition,” in Proc. of the IEEE 
conference on computer vision and pattern recognition, 2016. Article (CrossRef Link) 

[29] Zeng, Daojian, et al., “Aspect based sentiment analysis by a linguistically regularized CNN 
with gated mechanism,” Journal of Intelligent & Fuzzy Systems, 36(5), 3971-3980, 2019. 
Article (CrossRef Link) 

[30] Liu, Jin, et al., “Attention-based BiGRU-CNN for Chinese question classification,” Journal of 
Ambient Intelligence and Humanized Computing, 1-12, 2019. Article (CrossRef Link) 

[31] Zhang, Jianming, et al., “Spatial and semantic convolutional features for robust visual object 
tracking,” Multimedia Tools and Applications, 1-21, 2018. Article (CrossRef Link) 

[32] Su, Jian, et al., “A time and energy saving based frame adjustment strategy (TES-FAS) tag 
identification algorithm for UHF RFID systems,” IEEE Transactions on Wireless 
Communications, 2020. Article (CrossRef Link) 

[33] Pan, Lili, et al., “Image augmentation-based food recognition with convolutional neural 
networks,” Comput. Mater. Continua, 59(1), 297-313, 2019. Article (CrossRef Link) 
 

https://doi.org/10.1109/CICSyN.2014.47
https://doi.org/10.1109/ICIP.2012.6467244
https://doi.org/10.1007/s10586-018-2368-8
https://ieeexplore.ieee.org/document/7294972?arnumber=7294972&navigation=1
https://doi.org/10.3970/cmc.2018.903.694
https://doi.org/10.1007/3-540-47977-5_10
https://doi.org/10.1109/CVPR.2014.475
https://doi.org/10.1109/ICIP.2015.7351637
https://doi.org/10.1016/j.neucom.2016.05.015
https://doi.org/%2010.1145/3065386
https://arxiv.org/abs/1409.1556
https://doi.org/10.1016/j.neucom.2016.11.023
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.3233/jifs-169958
https://doi.org/10.1007/s12652-019-01344-9
https://doi.org/10.1007/s11042-018-6562-8
https://doi.org/10.1109/twc.2020.2969634
https://doi.org/10.32604/cmc.2019.04097


KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 8, August 2020                            3581 

[34] Xia, Zhihua, et al., “A privacy-preserving image retrieval based on AC-coefficients and color 
histograms in cloud environment,” Computers, Materials & Continua, 58(1), 27-44, 2019. 
Article (CrossRef Link) 

[35] Tan, Ling, and Xin Yu, “Medical image fusion based on fast finite shearlet transform and 
sparse representation,” Computational and mathematical methods in medicine, Vol.  2019, 
2019. Article (CrossRef Link) 

[36] Chen, Liang-Chieh, et al., “Encoder-decoder with atrous separable convolution for semantic 
image segmentation,” in Proc. of the European conference on computer vision (ECCV), 2018. 
Article (CrossRef Link) 

[37] Elhoseiny, Mohamed, Sheng Huang, and Ahmed Elgammal, “Weather classification with deep 
convolutional neural networks,” in Proc. of 2015 IEEE International Conference on Image 
Processing (ICIP), IEEE, 2015. Article (CrossRef Link) 

[38] Lu, Cewu, et al., “Two-class weather classification,” IEEE Transactions on Pattern Analysis 
and Machine Intelligence, 39 (12), 2510–2524, 2017. Article (CrossRef Link) 

[39] Zhu, Ziqi, et al. “Extreme weather recognition using a novel fine-tuning strategy and optimized 
GoogLeNet,” in Proc. of  2017 International Conference on Digital Image Computing: 
Techniques and Applications (DICTA), IEEE, 2017. Article (CrossRef Link) 

[40] Zhu, Ziqi, et al., “Extreme weather recognition using convolutional neural networks,” in Proc. 
of  2016 IEEE International Symposium on Multimedia (ISM), IEEE, 2016. 
Article (CrossRef Link) 

[41] Xiao, Jianxiong, et al., “Sun database: Large-scale scene recognition from abbey to zoo,” in 
Proc. of 2010 IEEE Computer Society Conference on Computer Vision and Pattern 
Recognition, IEEE, 2010. Article (CrossRef Link) 

[42] Russell, Bryan C., et al., “LabelMe: a database and web-based tool for image 
annotation,” International journal of computer vision, 77.1-3, 157-173, 2008. 
Article (CrossRef Link) 

[43] Salamon, Justin, and Juan Pablo Bello, “Deep convolutional neural networks and data 
augmentation for environmental sound classification,” IEEE Signal Processing Letters, 24(3), 
279-283, 2017. Article (CrossRef Link) 

[44] Russakovsky, Olga, et al., “Imagenet large scale visual recognition challenge,” International 
journal of computer vision, 115(3), 211-252, 2015. Article (CrossRef Link) 

[45] Zhang, Mengmeng, Wei Li, and Qian Du. “Diverse region-based CNN for hyperspectral image 
classification,” IEEE Transactions on Image Processing, 27(6), 2623-2634, 2018. 
Article (CrossRef Link) 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.32604/cmc.2019.02688
https://doi.org/10.1155/2019/3503267
https://doi.org/10.1007/978-3-030-01234-2_49
https://doi.org/10.1109/ICIP.2015.7351424
https://doi.org/10.1109/CVPR.2014.475
https://doi.org/10.1109/dicta.2017.8227431
https://doi.org/10.1109/ISM.2016.0133
https://doi.org/10.1109/CVPR.2010.5539970
https://doi.org/10.1007/s11263-007-0090-8
https://doi.org/10.1109/LSP.2017.2657381
https://doi.org/10.1007/s11263-015-0816-y
https://doi.org/10.1109/TIP.2018.2809606


3582                                                      Tan et al.: 3C-CNN: Weather Recognition with Deep Convolutional Neural Network 

Ling Tan, She was born in Wuxi, Jiangsu, China, in 1979. She received the B.S. and 
M.S. degrees in information engineering from the Nanjing Normal University in 2005 and 
the Ph.D. degree in information & network from Nanjing University of Posts and 
Telecommunications, Nanjing, Jiangsu, in 2012. Since 2014, she has been an Assistant 
Professor with the Department of Computer Science, Nanjing University of Information 
Science & Technology. She is the author of three books, more than 20 articles. Her 
research interests include application of machine learning and deep learning in image 
processing. 
 
 
Dawei Xuan,  He was born in Zhenjiang, Jiangsu, China, in 1995. He is currently 
pursuing the master’s degree with the School of Electronic and Information Engineering, 
Nanjing University of Information Science and Technology, Nanjing, China. His research 
interests include image processing, computer vision, and deep learning. 
 
 
 
 

 
Jingming Xia, He was born in Nanjing, Jiangsu, China, in 1980. He received the B.S. 
and M.S. degrees in information engineering from the Nanjing University of Information 
Science & Technology in 2005 and the Ph.D. degree in atmospheric science from 
Nanjing University of Information Science & Technology, Nanjing, China, in 2012. 
Since 2013, he has been an Assistant Professor with the Artificial intelligence 
Department, Nanjing University of Information Science & Technology. He is the author 
of two books, more than 30 articles. His research interests include application of machine 
learning and deep learning in meteorology. 
 

 
Chao Wang, He received his B.S. degree from Department an M.S. degree from China 
University of Mining and Technology in 2007 and 2010, respectively, and the Ph.D. 
degree from Hohai University. Currently, he services as a visiting scholar in the Lab of 
Environmental Modeling and Spatial Analysis at The Ohio State University. His research 
interests include machine learning, deep learning, remote sensing image processing. 
 
 
 


	1. Introduction
	2. Related Work
	3. Materials and Methods
	3.1 Dataset
	3.1.1 Two-class Weather Images (TWI)
	3.1.2 WeatherDataset-6
	3.1.3 Data Augmentation
	3.2 Architecture of 3C-CNN

	4. Experimental Results and Discussion
	4.1 Experimental Results
	4.2 Comparison with or without Data Augmentation
	4.3 Comparison with Other Methods

	5. Conclusion
	References

