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摘要

随着旅游业的持续发展，旅游景区始终面临着淡旺季问题，这种淡旺季现象给旅游目的地的发

展带来了挑战。准确的旅游需求预测有助于优化景区管理、推动景区的健康和可持续发展。目前，国

内外关于旅游需求预测的研究主要包括两个方面，一方面是将与旅游需求相关程度较高的影响因素

引入模型辅助预测，从而提高模型的预测精度。另一方面是结合不同算法的优势，通过组合模型来

进一步提升预测性能。本文以提高景区客流量预测准确性为目标，从数据平稳化处理、特征提取、时

序相关性建模等方面进行景区客流量预测方法研究。主要工作内容如下：

（1）基于多特征编码器与 GRU融合的景区客流量预测方法研究。考虑到输入特征之间的相关性

以及不同特征对任务的重要性，使用多特征编码器对输入特征进行处理，构建 MFE-GRU模型预测

景区客流量。为了评估 MFE-GRU模型的性能，利用九寨沟景区数据集，将 BPNN、RNN、LSTM、

GRU作为对比模型进行实验分析。实验结果表明，相比于 BPNN、RNN和 LSTM模型，GRU模型

在景区客流量预测任务上表现较好，MFE-GRU相较于 GRU在均方根误差、平均绝对误差、平均绝

对百分比误差上分别降低了 74.979、26.627、0.020，有效提升了景区客流量预测的准确性。

（2）基于改进 MFE-GRU的景区客流量预测方法研究。为了降低景区客流数据波动性对模型预

测准确性的影响，引入 VMD对客流数据进行平稳化处理，构建 VMD-MFE-GRU模型预测景区客流

量，该模型通过贝叶斯优化算法选择 VMD的参数。本文在九寨沟景区数据集上进行对比实验和消

融实验研究，从而评估 VMD-MFE-GRU模型的性能。实验结果表明，VMD在降低客流数据非平稳

性方面具有优越性，VMD-MFE-GRU 模型在预测性能上表现最优，其均方根误差、平均绝对误差、

平均绝对百分比误差分别为 657.102、462.305、0.186。最后，将 VMD-MFE-GRU模型应用在四姑娘

山景区数据集上，验证了 VMD-MFE-GRU模型在不同景区客流量预测任务上的有效性和适用性。

（3）景区客流量预测系统的设计与实现。基于前后端分离的架构模式实现景区客流量预测系统，

系统后端采用 Django 框架，并通过 MySQL 数据库进行数据存储和管理，前端使用 Vue 框架结合

Echarts可视化库进行开发。该系统提供了便捷的数据上传和模型训练功能，并通过 VMD-MFE-GRU

模型预测景区客流量，然后以图表的方式展示预测结果，使用户能直观地了解客流趋势。

关键词：景区客流量预测；多特征编码器；门控循环神经网络；变分模态分解；贝叶斯优化
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Abstract

With the continuous development of the tourism industry, tourist attractions always face the issue of

off-peak and peak seasons. This phenomenon poses challenges for the development of tourism destinations.

Accurate tourism demand forecasting is crucial for optimizing the management of attractions and promoting

their healthy and sustainable development. Current research on tourism demand forecasting, both domesti-

cally and internationally, primarily includes two aspects. One aspect involves incorporating factors that are

highly correlated with tourism demand into model to improve forecasting accuracy. The other aspect com-

bines the strengths of different algorithms to further improve forecasting performance. This thesis aims to

improve the accuracy of tourist flow forecasting for tourist attractions and conducts research on tourist flow

forecasting method from the perspectives of data stationary processing, feature extraction and modeling of

time series correlation. The main contents of this work are as follows:

(1) Research on tourist flow forecasting method based on the fusion of Multi-Feature Encoder (MFE)

and GRU. Considering the correlation between input features and the importance of different features for the

task, MFE is utilized to process the input features. Subsequently, the MFE-GRU model is constructed to

forecast tourist flow of the scenic areas. To assess the performance of the MFE-GRU model, the compara-

tive experiment is conducted on the Jiuzhaigou dataset using BPNN, RNN, LSTM and GRU as benchmark

models. The experimental results show that compared with BPNN, RNN and LSTM models, GRU model

performs better in the tourist flow forecasting task. Compared with GRU, MFE-GRU model reduces the root

mean square error by 74.979, mean absolute error by 26.627 and mean absolute percentage error by 0.020,

effectively enhancing the accuracy of tourist flow forecasting at scenic areas.

(2) Research on tourist flow forecasting method based on improved MFE-GRU. To mitigate the impact

of the volatility of tourist flow data on the forecasting accuracy, this thesis introduces VMD to achieve data

stationary. The VMD-MFE-GRUmodel is constructed to forecast tourist flow of the scenic areas. The model

selects parameters of VMD throughBayesian optimization algorithm. To assess the performance of theVMD-

MFE-GRU model, this thesis conducts comparative experiment and ablation experiment on the Jiuzhaigou

dataset. The experimental results show that VMD has superior performance in reducing the non-stationary

of tourist flow data. Moreover, the VMD-MFE-GRU model demonstrates the best performance in terms of

forecasting accuracy. The root mean square error, mean absolute error and mean absolute percentage error are

657.102, 462.305 and 0.186, respectively. Finally, this thesis applies VMD-MFE-GRU model to the dataset

of Mount Siguniang, verifying its effectiveness and suitability in different tourist flow forecasting tasks.

(3) Design and implementation of the tourist flow forecasting system for scenic areas. Tourist flow
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forecasting system is implemented based on the architecture pattern of front-end and back-end separation. The

back-end of the system adopts the Django framework and utilizes the MySQL database for data storage and

management. The front-end is developed using the Vue framework combined with the Echarts visualization

library. The system provides convenient functions for data uploading andmodel training, and forecasts tourist

flow through VMD-MFE-GRU model, and then displays the forecasting results in the way of charts, so that

users can intuitively understand the tourist flow trend.

Key words: Tourist flow forecasting; Multi-Feature Encoder; Gated Recurrent Unit; Variational Mode De-

composition; Bayesian optimization
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