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学位论文中文摘要：
室内定位作为一项基础性技术服务，在诸多应用场景中都有重要作用。在 室内场景中，由于卫星信号弱、室内环境复杂导致卫星定位系统定位精度低，容 易发生定位漂移的问题。为了满足室内定位的需求，各种定位技术被提出，主要 分为邻近法、三角定位、指纹方法、航位推算等几大类。这些定位技术可以基于 各种物理技术，常用的有 WiFi、蓝牙、紫蜂 (Zigbee)、射频识别 (Radio Frequency Identification, RFID)、超宽带 (Ultra Wide Band, UWB)、蜂窝网 (Cellular)、地磁、 视觉信号、可见光、声信号、加速度传感器、超声波、激光雷达等。

各种定位技术在覆盖范围、定位精度、定位稳定性、成本、推广难度等方 面存在各自的优缺点。基于多模融合的室内定位是一种综合性的室内定位方案， 可以有效利用各种定位技术的优点并规避其缺点。同时，空间上下文信息也可 以被用来改进定位，提高定位精度。

本文提出了一种基于多模融合的室内定位系统，该系统利用了 WiFi、蓝牙、 地磁、航位推算及空间上下文信息定位技术的优点。首先，本文提出了一种基 于 WiFi 指纹定位、蓝牙指纹定位、地磁指纹定位的松耦合的多模融合线上定位 技术；其次，为了解决由于 WiFi、蓝牙信号更新延迟导致的“聚簇”现象和定位 延迟问题，本文将线上定位和行人航位推算 (Pedestrian Dead Reckoning, PDR) 定 位通过扩展卡尔曼滤波 (Extended Kalman Filter, EKF) 进行融合，改善了定位效 果；最后，通过空间上下文信息纠错技术避免定位坐标落入不可达区域的问题。

本文通过实验对所设计的定位系统进行了测试，实验表明系统的线上定位 精度在 70.47%的时间误差不超过 3 米。系统使用 WiFi 设备，低成本的蓝牙标 签，采用了不需要额外部署设备的地磁指纹定位和 PDR 定位技术，同时还借助 轮式机器人实现了指纹数据的自动化采集。本文提出的定位系统在装有定位系 统 APP 的智能手机上即可实现定位，无需额外专用设备的支持，很好地降低了 推广难度。

本文还从线上融合定位、线上线下融合定位、空间上下文信息纠错几个方 面分别设计了相应的实验，验证了提出的各种定位技术的有效性。
学位论文中文关键词：室内定位，多模融合，空间上下文信息，指纹定位，行人航位推算
学位论文英文题目：Indoor Localization Based on Multimodal Fusion
学位论文作者英文姓名：He Bing
学位论文英文摘要：
As a basic service, indoor localization plays an important role in many application scenarios. Due to weak satellite signals and complex indoor environment, the global navigation satellite systems (GNSS) has low accuracy for indoor localization. In order to meet the needs of indoor localization, various localization methods have been proposed, which can be categorized into Proximity, Triangulation, Fingerprinting, Dead-reckoning and Hybrid Localization. These localization methods are usually based on WiFi, Bluetooth, ZigBee, Radio-frequency Identification (RFID), Ultra-wideband (UWB), cellular, Geomagnetism, vision, Visible Light, Acoustic Signal, Acceleration Transducer, Ultrasonic, Lidar and other physical technologies.
Various localization methods have their own advantages and disadvantages in terms of coverage, accuracy, stability, cost, difficulty in promotion, etc. Indoor localization based on multimodal fusion is a comprehensive indoor localization solution that can effectively utilize the advantages of various localization technologies and avoid their shortcomings. Additionally, spatial context can be used to improve the localization accuracy.
This thesis proposes an indoor localization system based on multimodal fusion, which takes the advantages of WiFi, Bluetooth, magnetic, dead-reckoning and spatial context information localization technology. First of all, this thesis proposes a loosely coupled multimodal fusion online localization technology based on WiFi fingerprint localization, Bluetooth fingerprint localization, and geomagnetic fingerprint localization; secondly, in order to solve the ”clustering” phenomenon and localization delay caused by the update delay of WiFi and Bluetooth signals, online localization and PDR localization are combined through extended Kalman filter to improve the localization accuracy; finally, the spatial context information error correction technology is used to avoid the problem of localization coordinates falling into the unreachable area.
The online localization error of the localization system proposed in this thesis achieved < 3m 70.47% of the time. The system uses indoor WiFi devices, low-cost

Bluetooth tags, and uses geomagnetic fingerprint localization and PDR localization technologies that do not require additional deployment of equipment. At the same time, wheeled robots are used to collect automatic fingerprint data. Users can use a smart phone equipped with a localization system APP to achieve localization without any special equipment, which greatly reduces the difficulty of promotion.
This thesis also carries out experiments on real data, which confirms the effectiveness of the various localization techniques proposed in this thesis.
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