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Abstract: With the improvement of people's living standards, the demand for tourism is increasing. 
In order to meet the personalized tourism needs of tourists, the construction of intelligent tourism 
system has been widely concerned. Based on the latest research results of mobile internet and 
artificial intelligence, a construction scheme of intelligent tourism system has been proposed. With 
the system given, tourists can realize the purpose of independent tour just with a smart phone, which 
can solve the problem of the lack of flexibility of artificial guide or two-dimensional code guide. The 
research results have certain theoretical significance and application value.  

Introduction 
In recent years, with the improvement of people's living standards, the tourism industry has been 
widely concerned all over the country and has brought huge economic benefits. Traditionally, to 
realize the introduction to scenic spots, artificial tour guide or two-dimensional code tour guide 
methods are widely used. But in reality, the manual tour guide is relatively fixed and inflexible, and 
the way of two-dimensional code tour guide is influenced and limited by the space of the site and the 
protection of cultural relics. Neither of the two ways of tour guide can meet the individual needs of 
tourists. 

With the rapid development of internet of things and artificial intelligence technology, the 
construction of smart tourism has attracted widespread attention. Some smart tourism solutions based 
on Internet + tourism or AI+ tourism have been put forward and has greatly improved the 
personalized tourism experience of tourists. 

One intelligent tourism system based on the mobile internet and artificial intelligence has been 
proposed here. With the system, tourists can realize independent guide just using one mobile phone. 
Firstly, tourists only need a smart phone to take photos of scenic spots. Secondly, the relevant 
software in the mobile phone can automatically detect and identify the objects in the photos. Thirdly, 
related recommendation algorithm in mobile software can associate the recognition result with the 
guiding information database of the scenic spot for verification. Finally, relevant tour guide 
information will be pushed to the user's mobile phone in the form of text, voices video or pictures. So 
the system designed here can meet the personalized tourism needs of tourists. 

General Framework of Intelligent Tourism System 
Based on mobile Internet and artificial intelligence technology, one scheme of the intelligent tourism 
system scheme is given. The overall framework of the system is shown in Fig. 1. To realize the 
personalized intelligent tourism of tourists, the system consists of three stages. They are object 
detection of scenic spot image, object recognition, association and information push. 

In the first stage, tourists take photo of scenic spot with smart phone. The intelligent tourism 
system will detect and segment the scenery in the photo. If the photo contains multiple objects, the 
system will first detect and segment them, and then let tourist determine the specific object to be 
introduced. 
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In the second stage, based on picture database of scenic spots, CNN image target recognition 
model is obtained by offline training, testing and validation. Then the object acquiring by the image 
detection and segmentation in the previous stage is identified 

In the last stage, object recognition result will be associated with the data in the tourists guide 
information database. Through similarity calculation, the relevant tour guide information will be 
pushed to the user's smart phone by means of voice, text, graphics, images and other ways to achieve 
personalized tourism needs. 

 
Figure 1.  Schematic diagram of intelligent tourism system 

Target Detection of Scenic Spot Image Based on Region-based CNN 
In order to recognize the scene object from the photos taken by smart phones, the first step is to detect 
and segment the objects in the photos. Aiming at this problem, mask R-CNN is adopted here. 

Mask R-CNN target detection technology is based on R-CNN, Fast RCNN, Faster R-CNN[1-3]. 
R-CNN, Fast R-CNN and Faster R-CNN are from Ross Girshick, haoqing Ren and Kaiming He of 
Microsoft Research Asia(MSRA). They all belong to target detection methods based on region 
proposal and deep neural network. 

After 2016, Kaiming  He left MSRA and joined Facebook AI research. In 2017, he proposed a new 
Mask R-CNN[4], as shown in Fig. 2. The performance and speed of mask R-CNN can meet the 
real-time requirements of our research. 

 
 
 
 
 
 
 
 
 

Figure 2.  The Mask R-CNN framework and its application on the COCO test set 

In order to achieve the target detection and segmentation model of scenic spots, it is necessary to 
train the Mask R-CNN. In R-CNN model training, two methods are commonly used. One method can 
obtain a special detection model. Collect a large number of scenic spot pictures first and then send the 
pictures to R-CNN for training until the network converges. This method requires massive pictures 
for better model accuracy. Even relying on the big data processing platform, the convergence time of 
this method is a bit long and requires high hardware requirements such as GPU. The other method is 
to obtain the transfer learning model, which is a pre-trained model by large companies such as Google 
and can be migrated to our task. In the task of scenic spot target detection, the weight parameters of 
neural network are fine tuned to obtain a better target detection model. The second method requires 
relatively less pictures and greatly reduces the amount of calculation. Compared with the first method, 
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it requires lower hardware costs, but it can get faster training convergence time. Therefore, the 
transfer learning method is used in the paper to aquire the target detection model of scenic spots. The 
R-CNN model training scheme based on transfer learning is shown in the dotted box in Fig. 3. 

 
Figure 3.  The R-CNN model training scheme based on transfer learning 

Target Recognition of Scenic Spot Image Based on CNN 
In recent years, convolutional neural network has become an efficient target recognition method in 
computer vision research. Representative convolutional neural network models such as LeNet-5[5,6], 
AlexNet, VGG[7] and ResNet[8] have appeared successively and are widely used in image 
recognition. 

Theoretical research shows that the complexity of deep learning neural network model needs to 
match with the problem to be studied. If a simple classification problem chooses a complex model, it 
is easy to have the problem of over fitting. If a complex problem chooses a simple model, it will easily 
cause the problem of under fitting. Both over fitting and under fitting will lead to poor recognition 
effect, so it is necessary to select a proper depth neural network classification model in the research of 
mark recognition.  

Lenet-5 was proposed by Yan Lecun, one of the three giants of deep learning. Besides the input 
layer and output layer, Lenet-5 also has three convolution layers, two pooling layers and one full 
connection(FC) layer.  
One Optimized LeNet-5 Model. One optimized LeNet-5 model for scenic object recognition is 
propose in the paper, as shown in Fig. 4. In the part of Combination of convolution layers and  
pooling layers, rectified linear unit(ReLU) is involved. Sigmoid function is a traditional activation 
function commonly used in neural network training, but it's easy to cause the gradient to disappear. In 
order to alleviate the problem of gradient disappearance and improve the speed of training 
convergence, an improved randomized leaky ReLU activation function is adopted, which can 
effectively alleviate the problem of gradient disappearance. Considering the complexity of the object 
classification in the scenic spot, a number of fully connected layers are used. The process of model 
training and recognition is shown in Fig. 4 when recognizing the Chinese character "spring" in the 
photo of inscriptions. The optimization model extracts the low-level and high-level features of 
Chinese character “spring” through multiple convolution layers, then generates one-dimensional 
feature vector in the full connection layers, and the Chinese character “spring” in inscriptions is 
correctly recognizes at last. 
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Figure 4.  One optimized LeNet-5 model for scenic object recognition  

L2 Norm and Dropout Strategy.  In order to reduce the over fitting problem in deep neural network 
training, cross validation or regularization are usually used. In this paper, the regularization technique 
is used. L2 regularization, also known as ridge regression, can achieve weight decay and is used in the 
training process, which helps prevent over fitting. Dropout strategy is to randomly remove some 
neurons in hidden layer during training, which can also prevent over fitting to some extent. In the 
training process, each dropout is random, which can effectively reduce over fitting. Considering the 
conclusion of Ref. [9], here the dropout ratio is set to 50%. 

Association Recommendation and Information Push 
Based on the recognition result above, we need to compare the similarity between the recognition 
result and data in the tourist guide information database to get the information to be recommended, it 
is a typical recommendation problem. Common recommendation algorithms include popularity 
based recommendation algorithm, collaborative filtering(CF) based recommendation algorithm, 
content-based(CB)recommendation algorithm[10], model-based(MB) recommendation algorithm 
and hybrid recommendation algorithm. Each algorithm has its applicable background. Considering 
that the photos to be identified in this paper may contain graphics or text, the content-based(CB) 
recommendation algorithm is adopted. The process of association recommendation and information 
push is shown in Fig. 5, including filtering strategy, feature vectorization of scenic object, and 
content-based recommendation. 

 

 
Figure 5.  Flow chart of CB recommendation algorithm  

Filtering Strategy.  Before carrying out Feature vectorization and content-based recommendation 
process, the recognition results whose top 1 accuracy is less than 50.00% will be removed, and this 
will further narrow the scope of association. 
Feature Vectorization.  The image object recognition results of deep neural network can not be 
directly processed and measured by computer, it is necessary to implement feature vectorization for 
each scenic spot target. Through feature vectorization, each scenic spot target and recognized object 
all become one-dimensional vectors of the same length ,  here  is the vector length. d d
Content-Based Recommendation. Suppose the eigenvectors of recognized object after filtering is  A
and objcet eigenvectors in database is . The number of recognized scenery object is  The total B M.
number of scenery object is .   represents the  feature of the  target feature N A𝑖𝑘(𝑖 = 1⋯𝑀) kth ith
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vectors in the filtering recognized results.  is the  feature of the  eigenvector of 𝐵𝑗𝑘(𝑗 = 1⋯𝑁) kth jth
scenery object database. With Eq. 1, the Similarity degree between  and  is achieved, and with the 𝐴𝑖 𝐵𝑗
help of Eq. 2,  is judged to belong to category . 𝐴𝑖 t

                             (1) Similarity(𝐴𝑖,𝐵𝑗) = 2 ∑𝑑
𝑘 = 1(𝐴𝑖𝑘 ― 𝐵𝑗𝑘)2 𝑖 = 1⋯𝑀,j = 1, ⋯𝑁

                               (2) A𝑖 ∈ 𝑡,Similarity(𝐴𝑖,𝐵𝑡) = min(Similarity(𝐴𝑖,𝐵𝑗)) j,t = 1, ⋯𝑁

Summary 
The issue of intelligent tourism is focused in this paper. One scheme of smart scenic spot system is  
put forward. Based on Mask R-CNN transfer learning model, the problem of object detection and 
segmentation of scenic photo is studied. To realize the scenery object recognition, one optimized 
LeNet-5 model is given. To meet the tourist's personalized tourism needs, the similarity degree 
calculation and content-based recommendation algorithm are used. The work here is a meaningful 
exploration and attempt for the development of intelligent tourism. The current research has good 
results in sparse target scenes, but due to the time limit, the algorithms of dense target detection and 
recognition need to be further improved in the future research. 
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