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时空轨迹的定义
• 由（地点，时间）对组成的序列，记录了车辆、个人等对象的移动行为

研究背景 词嵌入 自编码器 对比学习 未来展望

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

地点

时间

时空轨迹序列

<latexit sha1_base64="LGRwnU/HnUmGDu0YwI2yXFt+dls=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqrfVW9OKxBfsBbSib7aRdu9mE3Y1QSn+BFw+KePUnefPfuE0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcP2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8efXC/8zj1IxSJxq6cxeCEZCRYwSrSRmjAolhz73HEvq2fYsZ0UKam55Rp2M6WEMjQGxff+MKJJCEJTTpTquU6svRmRmlEO80I/URATOiEj6BkqSAjKm6WHzvGJUYY4iKQpoXGqfp+YkVCpaeibzpDosfrtLcS/vF6ig5o3YyJONAi6XBQkHOsIL77GQyaBaj41hFDJzK2YjokkVJtsCiaEr0/x/6Rdtt2qXWlWSvWrLI48OkLH6BS56ALV0Q1qoBaiCNADekLP1p31aL1Yr8vWnJXNHKIfsN4+AQq3jR0=</latexit>e

<latexit sha1_base64="84tu4HBNGr6NP9i+bhYuEmXwae8=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbB05K1Reut6MVjC/YD2qVk02wbm80uSVYopb/AiwdFvPqTvPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Hrut++Z0jyWt2aSMD8iQ8lDTomxUkP1iyXsli8tqgi7FYyxhzOCy8hz8QIlyFDvF997g5imEZOGCqJ118OJ8adEGU4FmxV6qWYJoWMyZF1LJYmY9qeLQ2foxCoDFMbKljRooX6fmJJI60kU2M6ImJH+7c3Fv7xuasKqP+UySQ2TdLkoTAUyMZp/jQZcMWrExBJCFbe3IjoiilBjsynYEL4+Rf+T1pnrnbuVRqVUu8riyMMRHMMpeHABNbiBOjSBAoMHeIJn5855dF6c12VrzslmDuEHnLdPNuiNOg==</latexit>r

<latexit sha1_base64="cpfTJkS0aJuavDxr5AjVR4A92n8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuiXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH1veM+Q==</latexit>

l
<latexit sha1_base64="cpfTJkS0aJuavDxr5AjVR4A92n8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuiXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH1veM+Q==</latexit>

l <latexit sha1_base64="yJxLjxJncsXjIC3rwjASMVgrQzg=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZKepKCm5cVrAPaMeSSdM2NJMZkjtiGWbjxl9x40IRt/6DO//G9IFo64ELJ+fcS+49fiS4Bsf5sjILi0vLK9nV3Nr6xuaWvb1T02GsKKvSUISq4RPNBJesChwEa0SKkcAXrO4PLkd+/Y4pzUN5A8OIeQHpSd7llICR2vZ+Qdy2gN1DImQvPcY/LwLpUdvOO0VnDDxP3CnJoykqbfuz1QlpHDAJVBCtm64TgZcQBZwKluZasWYRoQPSY01DJQmY9pLxFSk+NEoHd0NlSgIeq78nEhJoPQx80xkQ6OtZbyT+5zVj6J57CZdRDEzSyUfdWGAI8SgS3OGKURBDQwhV3OyKaZ8oQsEElzMhuLMnz5PaSdE9LZauS/nyxTSOLNpDB6iAXHSGyugKVVAVUfSAntALerUerWfrzXqftGas6cwu+gPr4xun05it</latexit>

(llng, llat)

<latexit sha1_base64="l5tT0xP7Il0i0W5//boiiwRm2ng=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BItQQUoiRT1JwYvHCqYttKFstpN26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//oHx41FJxKil6NOax7AREIWcCPc00x04ikUQBx3Ywvpv57SeUisXiUU8S9CMyFCxklGgjeVW8kOf9csWpOXPYq8TNSQVyNPvlr94gpmmEQlNOlOq6TqL9jEjNKMdpqZcqTAgdkyF2DRUkQuVn82On9plRBnYYS1NC23P190RGIqUmUWA6I6JHatmbif953VSHN37GRJJqFHSxKEy5rWN79rk9YBKp5hNDCJXM3GrTEZGEapNPyYTgLr+8SlqXNfeqVn+oVxq3eRxFOIFTqIIL19CAe2iCBxQYPMMrvFnCerHerY9Fa8HKZ47hD6zPH8u2jgU=</latexit>

(e, r)

路网地点 经纬度地点 POI地点
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时空轨迹的产生来源

研究背景 词嵌入 自编码器 对比学习 未来展望

基于位置的服务

用户对地点的访问

产
生

记
录

签到数据集

数
据
集
统
计
值

数
据
样
例

Ø个人与基于位置的服务
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时空轨迹的产生来源

定位系统

车辆的行驶行为

产
生

车辆定位数据集

数
据
集
统
计
值

数
据
样
例

研究背景 词嵌入 自编码器 对比学习 未来展望

Ø车辆与车载定位系统

记
录
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时空轨迹中的丰富信息

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

带时间戳的位置

时空轨迹
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时空轨迹的广泛应用

Ø移动行为分析

相似轨迹搜索

轨迹预测

稀疏轨迹恢复

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2
<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3
<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5

<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="CtuEB06EBwJPv3hy67f3m++Pljo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqndTvb6/rjTqeRxFOINzuAQPatCAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gACbI2Z</latexit>

l7

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2
<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3
<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5

<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6
<latexit sha1_base64="4QTj8/uitEB4W8QeVbYqFtR7MYo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1bupXt9fVxr1PI4inME5XIIHNWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAOnI2h</latexit>

t7

0:00:00

0:00:30

0:01:00

0:01:30

0:02:00

0:02:30

0:03:00

Points only in the dense trajectory

Points from the sparse trajectory

<latexit sha1_base64="fVltMaZDhzI/St6Qoic3JYxMvhQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis0Be2Q7mTZtrQTGZIMkIp/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2M7zK//cSU5rFsmEnC/AiHkoecorHSYy9CM6IoSKNfrrhVdw6ySrycVCBHvV/+6g1imkZMGipQ667nJsafojKcCjYr9VLNEqRjHLKupRIjpv3pPPGMnFllQMJY2ScNmau/N6YYaT2JAjuZJdTLXib+53VTE974Uy6T1DBJFx+FqSAmJtn5ZMAVo0ZMLEGquM1K6AgVUmNLKtkSvOWTV0nroupdVS8fLiu127yOIpzAKZyDB9dQg3uoQxMoSHiGV3hztPPivDsfi9GCk+8cwx84nz8coZCI</latexit>

T
<latexit sha1_base64="GoFXWGBnCdCYzogHdlEZSy7MNFw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK6KjNSfOwKblxWaG1hOpRMmmlDM8mQ3BHK0M9w40IRt36NO//GTDsLbT0QOJxzLzn3hIngBlz32ymtrW9sbpW3Kzu7e/sH1cOjR6NSTVmHKqF0LySGCS5ZBzgI1ks0I3EoWDec3OV+94lpw5VswzRhQUxGkkecErCS348JjCkRuH0+qNbcujsHXiVeQWqoQGtQ/eoPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4TOrDHGktH0S8Fz9vZGR2JhpHNrJPKJZ9nLxP89PIboJMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkVfJ4Wfeu6o2HRq15W9RRRifoFF0gD12jJrpHLdRBFCn0jF7RmwPOi/PufCxGS06xc4z+wPn8AYBdkLk=</latexit>

T 0

研究背景 词嵌入 自编码器 对比学习 未来展望
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时空轨迹的广泛应用

地点分类 地点访问流量预测

Ø地点特征分析

研究背景 词嵌入 自编码器 对比学习 未来展望
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时空轨迹的广泛应用

Ø出行规律分析

起终点行程生成 起终点旅行时间估计

研究背景 词嵌入 自编码器 对比学习 未来展望
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时空轨迹数据挖掘

研究背景 词嵌入 自编码器 对比学习 未来展望

定位采集设备

基于位置的服务

Ø数据可用性强

产
生

支
撑

Ø关键性地位

流
量
预
测

异
常
检
测

路
径
规
划

下
游
时
空
数
据
挖
掘
任
务

时空轨迹数据
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时空轨迹数据挖掘

研究背景 词嵌入 自编码器 对比学习 未来展望

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

带时间戳的位置

人工
特征工程

速度 方向 流量 距离 …

传统机器学习算法 深度学习算法

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

带时间戳的位置

自动化
特征提取

隐式特征向量

• 深度学习算法能够高效、自动化地抽取轨迹数据的复杂时空特征

随机森林 支持向量机 … 循环神经网络 卷积神经网络 …

轨迹数据 轨迹数据
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端到端学习与自监督学习

端到端学习 自监督学习

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

端到端模型

<latexit sha1_base64="F2hTuXwY8jEjtbRtXVsx9s2R0QY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexK8HELePGYgHlIsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rG8N+ME/YgOJA85o8ZK9YdeseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhtT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5flSr1Sqt5kceThBE7hHDy4gircQQ0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB7d2jN0=</latexit>

Y

特定任务的
下游标签数据

监督信息

⽆标签轨迹数据

预测

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

⾃监督任务

⾃监督模型
⾃监督信息

<latexit sha1_base64="4Bye0it4T6mvtGtqqmjr4JT8cZc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxI8bEriOCygn1AO5RMJtOGZpIxyRRK6Xe4caGIWz/GnX9jpp2Fth4IOZxzLzk5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbCmnAnaNMxw2kkUxXHAaTsY3WZ+e0yVZlI8mklC/RgPBIsYwcZKfi+QPNST2F7orl+uuFV3DrRKvJxUIEejX/7qhZKkMRWGcKx113MT40+xMoxwOiv1Uk0TTEZ4QLuWChxT7U/noWfozCohiqSyRxg0V39vTHGss2R2MsZmqJe9TPzP66YmuvanTCSpoYIsHopSjoxEWQMoZIoSwyeWYKKYzYrIECtMjO2pZEvwlr+8SloXVe+yWnuoVeo3eR1FOIFTOAcPrqAO99CAJhB4gmd4hTdn7Lw4787HYrTg5DvH8AfO5w+T3pH0</latexit>

E

通⽤嵌⼊表⽰

⽆标签轨迹数据

…
<latexit sha1_base64="MRyqVKh+l7YRR+OSsDw3i/t4VAo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMaB6SLGF20psMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOl+8ee1ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvUuqud355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8A3KCNgQ==</latexit>

Y1
<latexit sha1_base64="sF3YJjcdCpI/LH43A8T5wjRgLLM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyG4OMW8OIxonlIsoTZyWwyZHZ2mekVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYkUBl3328mtrW9sbuW3Czu7e/sHxcOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzW09cGxGrBxwn3I/oQIlQMIpWun/sVXrFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yP3VKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMMrfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippVsreRbl6Vy3VrrM48nACp3AOHlxCDW6hDg1gMIBneIU3RzovzrvzsWjNOdnMMfyB8/kD3iSNgg==</latexit>

Y2

适配⾄多种下游任务

预测映射

研究背景 词嵌入 自编码器 对比学习 未来展望

• 从无标签数据中提取监督信息，学习能在多种
任务间迁移的模型

• 依赖大规模标签数据，学习的模型难以在不同
任务间迁移
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自监督学习
• 在自然语言与计算机视觉领域已被广泛用于强化模型的理解能力与泛化性能

基于掩码的自然语言理解基于上下文的自然语言理解

基于自回归生成的自然语言理解 基于对比学习的语言-视觉理解

研究背景 词嵌入 自编码器 对比学习 未来展望
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时空轨迹的自监督学习

研究背景 词嵌入 自编码器 对比学习 未来展望

使用自监督学习挖掘哪些信息？

如何设计自监督任务来挖掘这些信息？
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目录

1 轨迹自监督学习研究背景

2 基于词嵌入的轨迹自监督学习

3 基于自编码器的轨迹自监督学习

4 基于对比学习的轨迹自监督学习

5 轨迹自监督学习研究展望
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词嵌入基础

单词映射为嵌入向量 单词语义与嵌入的对应关系

研究背景 词嵌入 自编码器 对比学习 未来展望

• 将单词映射为特定维度的嵌入向量，在嵌入空间中反映单词的语义信息与相关性
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静态词嵌入模型

研究背景 词嵌入 自编码器 对比学习 未来展望

CBOW Skip-Gram

• T. Mikolov, K. Chen, G. 
Corrado, and J. Dean, 
“Efficient Estimation of 
Word Representations in 
Vector Space.”in ICLR 
2013.

• T. Mikolov, I. Sutskever, K. 
Chen, G. S. Corrado, and J. 
Dean, “Distributed 
Representations of Words 
and Phrases and their 
Compositionality,” in 
NeurIPS 2013.

• X. Rong, “word2vec 
Parameter Learning 
Explained.”

• 为单词分配固定的嵌入向量，最大化目标词与上下文词共同出现的概率
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上下文词嵌入模型

研究背景 词嵌入 自编码器 对比学习 未来展望

• M. E. Peters et al., “Deep contextualized word representations.” in HLT-NAACL 2018.
•  J. Devlin, M.-W. Chang, K. Lee, and K. Toutanova, “BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding.” 

in NAACL-HLT 2019.

• 利用序列模型，建模句子中目标词与上下文词的关联性，动态计算词嵌入向量

ELMo基于RNN的双向模型 BERT基于Transformer的双向模型
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词嵌入在时空轨迹数据上的迁移

研究背景 词嵌入 自编码器 对比学习 未来展望

Ø时空轨迹与文本的相似性

上
下
文
关
联
性

The proposed method can incorporate temporal information …

The proposed method can       fuse   temporal information …

上下文 目标 上下文

…     →    学苑⾷堂 → 知⾏⼤厦 → 学⽣活动中⼼ → …

…     →    学苑⾷堂 → 科技⼤厦 → 学⽣活动中⼼ → …

自然语言

时空轨迹

序
列
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t6时空轨迹

自然语言 Self-supervised Learning of Spatio-temporal Trajectory Data
①

②

学⽣宿舍 知⾏⼤厦 学⽣⾷堂

学⽣宿舍 科技⼤厦 学⽣⾷堂

①

②

不同地点的功能相似性

同一地点的多功能性
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词嵌入在时空轨迹数据上的迁移

研究背景 词嵌入 自编码器 对比学习 未来展望

Ø时空轨迹的特殊特征

访问频率

停留时长

①

②

相对访问
时间差

反映的特征

时间 (⼩时)

频
率

饭店 学校 住宅

绝对访问
时间反映的
功能特征

𝑡1 𝑡2 𝑡3 𝑡4 …
𝑙1

𝑙2

𝑙3

𝑙1 𝑙1

𝑙2

𝑙3 𝑙3𝑙3

𝑙1

𝑙2 𝑙2

𝑢3

𝑢2

𝑢1

时空轨迹中的时间信息
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词嵌入在时空轨迹数据上的迁移

研究背景 词嵌入 自编码器 对比学习 未来展望

时空轨迹对象的离散化 词嵌入训练的加速

− log 𝑝 𝑙!|𝐶 𝑙!
cell index

二分类器

叶节点/终点

Huffman 
Tree

• 将词嵌入技术应用于轨迹数据需要一些特殊处理
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基于词嵌入的地点表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

Feng S, Cong G, An B, et al. POI2Vec: Geographical latent representation for predicting future visitors[C]//Proceedings of the AAAI 
Conference on Artificial Intelligence. 2017, 31(1).

ØPOI2Vec
• 将地理空间层次划分为网格，对应二叉树中的内部节点，提出空间哈夫曼树结构
• 将空间相近的地点分配到同一棵子树中，提取地点的空间相关性信息并融入地点嵌入向量

层次空间划分 融合层次空间相关性的哈夫曼树
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基于词嵌入的地点表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

Huaiyu Wan, Yan Lin, et al. Pre-training time-aware location embeddings from spatial-temporal trajectories. IEEE Transactions on 
Knowledge and Data Engineering (TKDE), 2021, 34 (11), 5510-5523.

ØTime-Aware Location Embedding (TALE)
• 将一天中的时间划分为时间片并对应时间节点，提出时间哈夫曼树结构
• 将相近时间片内被访问的地点分配至同一棵子树，提取轨迹中的访问时间信息并融入地点嵌入向量

时间片划分 时间哈夫曼树
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基于词嵌入的地点表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

ØContext and Time-aware Location Embeddings (CTLE)
• 根据地点的上下文动态生成嵌入向量，为多功能地点学习更准确的表示
• 提出了基于Transformer的地点嵌入向量编码器，建模地点与上下文的动态关联性

① ②

嵌⼊向量1 嵌⼊向量2

CTLE的基本思想

编码层

需要预测的点

Transformer编
码
器

下游模型

地点嵌入向量编码器

Yan Lin, Huaiyu Wan, et al. Pre-training Context and Time Aware Location Embeddings from Spatial-Temporal Trajectories for User Next 
Location Prediction. The 35th AAAI Conference on Artificial Intelligence (AAAI), 2021, 35(5), 4241-4248.
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基于词嵌入的地点表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

ØContext and Time-aware Location Embeddings (CTLE)
• 全面考虑轨迹中绝对和相对两方面的访问时间信息
• 提出建模绝对访问时间的掩码小时预训练任务，以及建模相对访问时间差的时间编码模块

时间编码地点嵌⼊

地点嵌入与时间编码模块

编码层

被遮掩的点

Transformer编
码
器

掩码小时预训练任务
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基于词嵌入的轨迹自监督学习

研究背景 词嵌入 自编码器 对比学习 未来展望

词嵌入框架

时空轨迹

时空对象表示

聚合

轨迹表示

引入时空信息

轨迹特征分析

时空对象特征分析
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目录

1 轨迹自监督学习研究背景

2 基于词嵌入的轨迹自监督学习

3 基于自编码器的轨迹自监督学习

4 基于对比学习的轨迹自监督学习

5 轨迹自监督学习研究展望
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自编码器基础

研究背景 词嵌入 自编码器 对比学习 未来展望

自编码器结构

Hinton G E, Salakhutdinov R R. Reducing the dimensionality of data with neural networks[J]. science, 2006, 313(5786): 504-507.

• 编码器将原始数据压缩为低维表示，解码器从表示重构原始数据
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自编码器变体

研究背景 词嵌入 自编码器 对比学习 未来展望

变分自编码器

Kingma D P, Welling M. Auto-encoding variational bayes[C]//2nd International Conference on Learning Representations (ICLR), 2014.

• 将低维表示空间建模为多维高斯分布，提升模型可解释性与生成性能
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自编码器变体

研究背景 词嵌入 自编码器 对比学习 未来展望

降噪自编码器

Vincent P, Larochelle H, Bengio Y, et al. Extracting and composing robust features with denoising autoencoders[C]//Proceedings of the 
25th international conference on Machine learning. 2008: 1096-1103.

• 向编码器输入数据中添加噪音，解码器试图重构无噪音原始数据
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

Ø自编码器用于轨迹特征压缩
• 低维表示的信息与输入输出数据强相关，关键在于轨迹的特征提取

距离
速度
加速度
⽅向
…

原始轨迹

特征
提取

Encoder 𝒉

轨迹特征 轨迹表示

Decoder

距离
速度
加速度
⽅向
…

轨迹特征
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

基于滑动窗口的
移动特征提取

基于RNN的
轨迹自编码器

Yao D, Zhang C, Zhu 
Z, et al. Trajectory 
clustering via deep 
representation 
learning[C]//2017 
international joint 
conference on neural 
networks (IJCNN). 
IEEE, 2017: 3880-
3887.

Ø traj2vec
• 使用滑动窗口提取距离、加速度、行驶角度等高阶特征
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

基于RNN的
轨迹变分自编码器 Liu Y, Zhao K, Cong G, 

et al. Online 
anomalous trajectory 
detection with deep 
generative sequence 
modeling[C]//2020 
IEEE 36th 
International 
Conference on Data 
Engineering (ICDE). 
IEEE, 2020: 949-960.

ØGM-VSAE
• 基于变分自编码器建模轨迹的分布，并用于轨迹异常检测
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

基于ODE的
轨迹变分
自编码器

Liang Y, Ouyang K, 
Yan H, et al. Modeling 
Trajectories with 
Neural Ordinary 
Differential 
Equations[C]//IJCAI. 
2021: 1498-1504.

ØTrajODE
• 基于NeuralODE构建轨迹编解码器，优化对不等间距采样轨迹的建模性能
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

Ø降噪自编码器用于鲁棒的轨迹表示学习
• 使用重采样、加噪音等数据增强方案，构建轨迹的降噪自编码器，学习更鲁棒的轨迹表示

原始轨迹

数据
增强

Encoder 𝒉

鲁棒轨迹表示

Decoder

原始轨迹带噪音的轨迹
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基于自编码器的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

轨迹的加噪处理

基于RNN的
轨迹自编码器

Li X, Zhao K, Cong G, et al. Deep representation learning for trajectory similarity computation[C]//2018 IEEE 34th international 
conference on data engineering (ICDE). IEEE, 2018: 617-628.

Ø t2vec
• 向轨迹编码器的输入轨迹中添加噪音，学习对噪音更加鲁棒的轨迹表示



38

基于自编码器的轨迹自监督学习

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1
<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2
<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3
<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4
<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1
<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2
<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3
<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4

<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6
<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6 时空轨迹

特征提取 数据增强

轨迹编码器

轨迹表示

轨迹解码器

时空轨迹特征

时空轨迹特征

轨迹特征分析
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对比学习基础

研究背景 词嵌入 自编码器 对比学习 未来展望

视图构建 正负视图
对比

Chen T, Kornblith S, Norouzi M, et al. A simple framework for contrastive learning of visual representations[C]//International conference 
on machine learning. PMLR, 2020: 1597-1607.

• 提取同一原始数据的不同视图间共有的高阶信息与特征
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对比学习实现

研究背景 词嵌入 自编码器 对比学习 未来展望

多视图对比

最大熵
编码

对比预测

• Tian Y, Krishnan D, Isola P. Contrastive multiview coding[C]//ECCV 2020. 
• Oord A, Li Y, Vinyals O. Representation learning with contrastive predictive coding.
• Liu X, Wang Z, Li Y L, et al. Self-supervised learning via maximum entropy coding[J]. NeurIPS 2022.
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基于对比学习的轨迹表示学习

Ø时空轨迹的多视图构建
• 通过轨迹数据增强或特征提取技术，构建轨迹的多个视图
• 学习轨迹不同视图中共有的高阶信息，或是多视图的多方面信息

研究背景 词嵌入 自编码器 对比学习 未来展望

<latexit sha1_base64="apZ14gf1VTO8JhTlZL3CRTAVsAw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atXa/e1SqORx1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwfsjaM=</latexit>

t1

<latexit sha1_base64="kvLJxIJ6U/MpTRTg+uKkAfMPtn4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u/rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwlwjaQ=</latexit>

t2

<latexit sha1_base64="GPzulLLFq1lgazrE6iY1skyT6Ko=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+xf9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVrd3XKvV6HkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAK9I2l</latexit>

t3
<latexit sha1_base64="qGaCi96rVxVPyMCzaFL6tQBi+Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqlev1u5rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwx4jaY=</latexit>

t4

轨迹
<latexit sha1_base64="wQmqVKu4cuftWW4Oa7WHrJfxeKA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r9IXtUO6kmTY0kxmSjFCG/oUbF4q49W/c+Tem7Sy09UDgcM695NwTJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTu7nfeWJK81g2zTRhfoQjyUNO0VjpsR+hGVMUpDkoV9yquwBZJ15OKpCjMSh/9YcxTSMmDRWodc9zE+NnqAyngs1K/VSzBOkER6xnqcSIaT9bJJ6RC6sMSRgr+6QhC/X3RoaR1tMosJPzhHrVm4v/eb3UhLd+xmWSGibp8qMwFcTEZH4+GXLFqBFTS5AqbrMSOkaF1NiSSrYEb/XkddK+qnrX1dpDrVKv53UU4QzO4RI8uIE63EMDWkBBwjO8wpujnRfn3flYjhacfOcU/sD5/AEevJCP</latexit>

T

<latexit sha1_base64="H/OtoayZczF2DsR2Nk3kbeKHWhU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY8FLx4r2A9oQ9hsN+3SzSbsToRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8KJPCoOd9O2vrG5tb26Wd8u7e/sFh5ei4ZdJcM95kqUx1J6KGS6F4EwVK3sk0p0kkeTsa3c389hPXRqTqEccZDxI6UCIWjKKV2jz0LzH0w0rVc705yCrxC1KFAo2w8tXrpyxPuEImqTFd38swmFCNgkk+LfdywzPKRnTAu5YqmnATTObnTsm5VfokTrUthWSu/p6Y0MSYcRLZzoTi0Cx7M/E/r5tjfBtMhMpy5IotFsW5JJiS2e+kLzRnKMeWUKaFvZWwIdWUoU2obEPwl19eJa0r1792aw+1at0t4ijBKZzBBfhwA3W4hwY0gcEInuEV3pzMeXHenY9F65pTzJzAHzifP1HRjto=</latexit>

e1, t1

<latexit sha1_base64="AVv6/sJlH2rni28xi66+mST2aAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgQUJSinosePFYwX5AG8Jmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhangGl332yptbG5t75R3K3v7B4dH1eOTjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1wcjf3u09MaZ7IR5ymzI/JSPKIU4JG6rKgfoVBPajWXMddwF4nXkFqUKAVVL8Gw4RmMZNIBdG677kp+jlRyKlgs8og0ywldEJGrG+oJDHTfr44d2ZfGGVoR4kyJdFeqL8nchJrPY1D0xkTHOtVby7+5/UzjG79nMs0QybpclGUCRsTe/67PeSKURRTQwhV3Nxq0zFRhKJJqGJC8FZfXieduuNdO42HRq3pFHGU4QzO4RI8uIEm3EML2kBhAs/wCm9War1Y79bHsrVkFTOn8AfW5w9U3Y7c</latexit>

e2, t2

<latexit sha1_base64="hXQZz++Vn8FndEng8MSh2EHgC3Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg4TEFvVY8OKxgrWFNoTNdtMu3XywOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKjY7zbZXW1jc2t8rblZ3dvf2D6uHRo04yxXibJTJR3YBqLkXM2yhQ8m6qOI0CyTvB+Hbmd5640iKJH3CSci+iw1iEglE0Uof79Qv063615tjOHGSVuAWpQYGWX/3qDxKWRTxGJqnWPddJ0cupQsEkn1b6meYpZWM65D1DYxpx7eXzc6fkzCgDEibKVIxkrv6eyGmk9SQKTGdEcaSXvZn4n9fLMLzxchGnGfKYLRaFmSSYkNnvZCAUZygnhlCmhLmVsBFVlKFJqGJCcJdfXiWPl7Z7ZTfuG7WmXcRRhhM4hXNw4RqacActaAODMTzDK7xZqfVivVsfi9aSVcwcwx9Ynz9X6Y7e</latexit>

e3, t3

<latexit sha1_base64="cKyPIsuOu+dCsF3P+ep5oalRGcg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUI8FLx4r2A9oQ9hsJ+3SzQe7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvzARX2nG+rbX1jc2t7cpOdXdv/+CwdnTcVmkuGbZYKlLZDalCwRNsaa4FdjOJNA4FdsLx3czvPKFUPE0e9SRDP6bDhEecUW2kDgbepQ68oFZ3bGcOskrcktShRDOoffUHKctjTDQTVKme62TaL6jUnAmcVvu5woyyMR1iz9CExqj8Yn7ulJwbZUCiVJpKNJmrvycKGis1iUPTGVM9UsveTPzP6+U6uvULnmS5xoQtFkW5IDols9/JgEtkWkwMoUxycythIyop0yahqgnBXX55lbSvbPfa9h68esMu46jAKZzBBbhwAw24hya0gMEYnuEV3qzMerHerY9F65pVzpzAH1ifP1r1juA=</latexit>

e4, t4
<latexit sha1_base64="pOIdoCyRcQqFDl0XVDMisz0qOHg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg4REWvVY8OKxgrWFNoTNdtMu3XywOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKjY7zbZXW1jc2t8rblZ3dvf2D6uHRo04yxXibJTJR3YBqLkXM2yhQ8m6qOI0CyTvB+Hbmd5640iKJH3CSci+iw1iEglE0Uof7jQv0G3615tjOHGSVuAWpQYGWX/3qDxKWRTxGJqnWPddJ0cupQsEkn1b6meYpZWM65D1DYxpx7eXzc6fkzCgDEibKVIxkrv6eyGmk9SQKTGdEcaSXvZn4n9fLMLzxchGnGfKYLRaFmSSYkNnvZCAUZygnhlCmhLmVsBFVlKFJqGJCcJdfXiWPl7Z7Zdfv67WmXcRRhhM4hXNw4RqacActaAODMTzDK7xZqfVivVsfi9aSVcwcwx9Ynz9eAY7i</latexit>

e5, t5

连续路径
<latexit sha1_base64="OC9LqqtUV1JMBUZdCLrW1fPoMuo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOOyQl/QDiWTybShmWRMMoVS+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O4WNza3tneJuaW//4PCofHzS1jJVhLaI5FJ1A6wpZ4K2DDOcdhNFcRxw2gnG95nfmVClmRRNM02oH+OhYBEj2FjJ7weSh3oa2ws1B+WKW3UXQOvEy0kFcjQG5a9+KEkaU2EIx1r3PDcx/gwrwwin81I/1TTBZIyHtGepwDHV/mwReo4urBKiSCp7hEEL9ffGDMc6S2YnY2xGetXLxP+8XmqiW3/GRJIaKsjyoSjlyEiUNYBCpigxfGoJJorZrIiMsMLE2J5KtgRv9cvrpH1V9a6rtcdapX6X11GEMziHS/DgBurwAA1oAYEneIZXeHMmzovz7nwsRwtOvnMKf+B8/gCsG5II</latexit>

T

轨迹匹配轨迹
<latexit sha1_base64="DZglxT++iMo7tJfHTgwfUVzitx4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirqSghuXFfqCJpTJ5KYdOnkwM1FK7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPESzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4JCm8Y8Fj2PSOAsgrZiikMvEUBCj0PXG9/kfvcehGRx1FKTBNyQDCMWMEqUlgbmkfPAfFCM+5A5IVEjSjhuTQdm1apZM+BlYhekigo0B+aX48c0DSFSlBMp+7aVKDcjQjHKYVpxUgkJoWMyhL6mEQlButks/xSfasXHQSz0ixSeqb83MhJKOQk9PZlHlIteLv7n9VMVXLkZi5JUQUTnh4KUYxXjvAzsMwFU8YkmhAqms2I6IoJQpSur6BLsxS8vk855zb6o1e/q1cZ1UUcZHaMTdIZsdIka6BY1URtR9Iie0St6M56MF+Pd+JiPloxi5xD9gfH5A0qAlkU=</latexit>

eT

<latexit sha1_base64="jizV6YdY5ww2MsWrA3R764C32Z4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqlev1u5rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/utjZs=</latexit>

l1

<latexit sha1_base64="xljFhP+1DanZA8iCLGWI+flbSdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qndVrd/XK41GHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD9MY2c</latexit>

l2

<latexit sha1_base64="Swg4zmLfVRBKDNAIs9/7LDeQmi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qWruvVer1PI4inMApnIMH11CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD+tY2d</latexit>

l3
<latexit sha1_base64="B42kyIJa+l8ABE+iKT7+hH4lhWA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3JQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVa9erd3XKo1GHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAASI2e</latexit>

l4

轨迹 连续路径

相近

远离
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基于对比学习的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

ØMaximum Multi-view Trajectory Entropy Coding (MMTEC)
• 构建轨迹的离散、连续两方面视图，并使用最大熵编码损失进行对比学习训练

<latexit sha1_base64="apZ14gf1VTO8JhTlZL3CRTAVsAw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atXa/e1SqORx1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwfsjaM=</latexit>

t1

<latexit sha1_base64="kvLJxIJ6U/MpTRTg+uKkAfMPtn4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u/rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwlwjaQ=</latexit>

t2

<latexit sha1_base64="GPzulLLFq1lgazrE6iY1skyT6Ko=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+xf9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVrd3XKvV6HkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAK9I2l</latexit>

t3
<latexit sha1_base64="qGaCi96rVxVPyMCzaFL6tQBi+Fc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqlev1u5rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwx4jaY=</latexit>

t4

轨迹
<latexit sha1_base64="wQmqVKu4cuftWW4Oa7WHrJfxeKA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r9IXtUO6kmTY0kxmSjFCG/oUbF4q49W/c+Tem7Sy09UDgcM695NwTJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTu7nfeWJK81g2zTRhfoQjyUNO0VjpsR+hGVMUpDkoV9yquwBZJ15OKpCjMSh/9YcxTSMmDRWodc9zE+NnqAyngs1K/VSzBOkER6xnqcSIaT9bJJ6RC6sMSRgr+6QhC/X3RoaR1tMosJPzhHrVm4v/eb3UhLd+xmWSGibp8qMwFcTEZH4+GXLFqBFTS5AqbrMSOkaF1NiSSrYEb/XkddK+qnrX1dpDrVKv53UU4QzO4RI8uIE63EMDWkBBwjO8wpujnRfn3flYjhacfOcU/sD5/AEevJCP</latexit>

T

<latexit sha1_base64="H/OtoayZczF2DsR2Nk3kbeKHWhU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUY8FLx4r2A9oQ9hsN+3SzSbsToRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8KJPCoOd9O2vrG5tb26Wd8u7e/sFh5ei4ZdJcM95kqUx1J6KGS6F4EwVK3sk0p0kkeTsa3c389hPXRqTqEccZDxI6UCIWjKKV2jz0LzH0w0rVc705yCrxC1KFAo2w8tXrpyxPuEImqTFd38swmFCNgkk+LfdywzPKRnTAu5YqmnATTObnTsm5VfokTrUthWSu/p6Y0MSYcRLZzoTi0Cx7M/E/r5tjfBtMhMpy5IotFsW5JJiS2e+kLzRnKMeWUKaFvZWwIdWUoU2obEPwl19eJa0r1792aw+1at0t4ijBKZzBBfhwA3W4hwY0gcEInuEV3pzMeXHenY9F65pTzJzAHzifP1HRjto=</latexit>

e1, t1

<latexit sha1_base64="AVv6/sJlH2rni28xi66+mST2aAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgQUJSinosePFYwX5AG8Jmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhangGl332yptbG5t75R3K3v7B4dH1eOTjk4yRVmbJiJRvZBoJrhkbeQoWC9VjMShYN1wcjf3u09MaZ7IR5ymzI/JSPKIU4JG6rKgfoVBPajWXMddwF4nXkFqUKAVVL8Gw4RmMZNIBdG677kp+jlRyKlgs8og0ywldEJGrG+oJDHTfr44d2ZfGGVoR4kyJdFeqL8nchJrPY1D0xkTHOtVby7+5/UzjG79nMs0QybpclGUCRsTe/67PeSKURRTQwhV3Nxq0zFRhKJJqGJC8FZfXieduuNdO42HRq3pFHGU4QzO4RI8uIEm3EML2kBhAs/wCm9War1Y79bHsrVkFTOn8AfW5w9U3Y7c</latexit>

e2, t2

<latexit sha1_base64="hXQZz++Vn8FndEng8MSh2EHgC3Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg4TEFvVY8OKxgrWFNoTNdtMu3XywOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKjY7zbZXW1jc2t8rblZ3dvf2D6uHRo04yxXibJTJR3YBqLkXM2yhQ8m6qOI0CyTvB+Hbmd5640iKJH3CSci+iw1iEglE0Uof79Qv063615tjOHGSVuAWpQYGWX/3qDxKWRTxGJqnWPddJ0cupQsEkn1b6meYpZWM65D1DYxpx7eXzc6fkzCgDEibKVIxkrv6eyGmk9SQKTGdEcaSXvZn4n9fLMLzxchGnGfKYLRaFmSSYkNnvZCAUZygnhlCmhLmVsBFVlKFJqGJCcJdfXiWPl7Z7ZTfuG7WmXcRRhhM4hXNw4RqacActaAODMTzDK7xZqfVivVsfi9aSVcwcwx9Ynz9X6Y7e</latexit>

e3, t3

<latexit sha1_base64="cKyPIsuOu+dCsF3P+ep5oalRGcg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJBIUI8FLx4r2A9oQ9hsJ+3SzQe7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvzARX2nG+rbX1jc2t7cpOdXdv/+CwdnTcVmkuGbZYKlLZDalCwRNsaa4FdjOJNA4FdsLx3czvPKFUPE0e9SRDP6bDhEecUW2kDgbepQ68oFZ3bGcOskrcktShRDOoffUHKctjTDQTVKme62TaL6jUnAmcVvu5woyyMR1iz9CExqj8Yn7ulJwbZUCiVJpKNJmrvycKGis1iUPTGVM9UsveTPzP6+U6uvULnmS5xoQtFkW5IDols9/JgEtkWkwMoUxycythIyop0yahqgnBXX55lbSvbPfa9h68esMu46jAKZzBBbhwAw24hya0gMEYnuEV3qzMerHerY9F65pVzpzAH1ifP1r1juA=</latexit>

e4, t4
<latexit sha1_base64="pOIdoCyRcQqFDl0XVDMisz0qOHg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg4REWvVY8OKxgrWFNoTNdtMu3XywOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKjY7zbZXW1jc2t8rblZ3dvf2D6uHRo04yxXibJTJR3YBqLkXM2yhQ8m6qOI0CyTvB+Hbmd5640iKJH3CSci+iw1iEglE0Uof7jQv0G3615tjOHGSVuAWpQYGWX/3qDxKWRTxGJqnWPddJ0cupQsEkn1b6meYpZWM65D1DYxpx7eXzc6fkzCgDEibKVIxkrv6eyGmk9SQKTGdEcaSXvZn4n9fLMLzxchGnGfKYLRaFmSSYkNnvZCAUZygnhlCmhLmVsBFVlKFJqGJCcJdfXiWPl7Z7Zdfv67WmXcRRhhM4hXNw4RqacActaAODMTzDK7xZqfVivVsfi9aSVcwcwx9Ynz9eAY7i</latexit>

e5, t5

连续路径
<latexit sha1_base64="OC9LqqtUV1JMBUZdCLrW1fPoMuo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOOyQl/QDiWTybShmWRMMoVS+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O4WNza3tneJuaW//4PCofHzS1jJVhLaI5FJ1A6wpZ4K2DDOcdhNFcRxw2gnG95nfmVClmRRNM02oH+OhYBEj2FjJ7weSh3oa2ws1B+WKW3UXQOvEy0kFcjQG5a9+KEkaU2EIx1r3PDcx/gwrwwin81I/1TTBZIyHtGepwDHV/mwReo4urBKiSCp7hEEL9ffGDMc6S2YnY2xGetXLxP+8XmqiW3/GRJIaKsjyoSjlyEiUNYBCpigxfGoJJorZrIiMsMLE2J5KtgRv9cvrpH1V9a6rtcdapX6X11GEMziHS/DgBurwAA1oAYEneIZXeHMmzovz7nwsRwtOvnMKf+B8/gCsG5II</latexit>

T

<latexit sha1_base64="e8d6xAe1joxN6DnA0TWxDxIlwOw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUI8dgqwcBYpL6kJkSO47RWHSeyHaQq6hew8CssDCDEyszG3+CkGaDlSJaPz71XPvf4CaNSWda3UVlZXVvfqG7WtrZ3dvfM/YOejFOBSRfHLBYDH0nCKCddRRUjg0QQFPmM9P3JdV7vPxAhacw7apoQN0IjTkOKkdKSZzYcP2aBnEb6guTeiZAaiyi7oXLmFQ+MGOx4Zt1qWgXgMrFLUgcl2p755QQxTiPCFWZIyqFtJcrNkFAUMzKrOakkCcITNCJDTTmKiHSzYp0ZbGglgGEs9OEKFurviQxFMnesO3OHcrGWi//VhqkKL92M8iRVhOP5R2HKoIphng0MqCBYsakmCAuqvUI8RgJhpROs6RDsxZWXSe+0aZ83z+7O6q2rMo4qOALH4ATY4AK0wC1ogy7A4BE8g1fwZjwZL8a78TFvrRjlzCH4A+PzB98MnJk=</latexit>

eDis
T

<latexit sha1_base64="v/sfI8C+jqMz+HKzPeATzJrZ+UA=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUI8dgqdWEsUl9SEyrHdVqrjh3ZDlIV9QtY+BUWBhBiZWbjb3DSDNByJMvH594rn3uCmFGlHefbKq2tb2xulbcrO7t7+wf24VFXiURi0sGCCdkPkCKMctLRVDPSjyVBUcBIL5g2s3rvgUhFBW/rWUz8CI05DSlG2khDu+YFgo3ULDIXJPdehPRERmlT8Pkwf2DEYHtoV526kwOuErcgVVCgNbS/vJHASUS4xgwpNXCdWPspkppiRuYVL1EkRniKxmRgKEcRUX6arzOHNaOMYCikOVzDXP09kaJIZY5NZ+ZQLdcy8b/aINHhtZ9SHieacLz4KEwY1AJm2cARlQRrNjMEYUmNV4gnSCKsTYIVE4K7vPIq6Z7X3cv6xd1FtXFTxFEGJ+AUnAEXXIEGuAUt0AEYPIJn8ArerCfrxXq3PhatJauYOQZ/YH3+AN8QnJk=</latexit>

eCon
T

连续时空
视图

离散时空
视图

嵌⼊空间

轨迹多视图最⼤熵编码损失
<latexit sha1_base64="tO6KB3RRXA/Tg8dVsxbRPnIJd3U=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJpKjLYhFcWKjQG7QhTKaTduhkEmYmQgnFja/ixoUibn0Kd76NkzQLbf1h4OM/5zDn/F7EqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb1JP690HIiQNeUtNI+IEaMSpTzFS2nLNo0GA1BgjBu/cDEWQNBqtm/rMNctWxcoEl8HOoQxyNV3zazAMcRwQrjBDUvZtK1JOgoSimJFZaRBLEiE8QSPS18hRQKSTZCfM4Kl2htAPhX5cwcz9PZGgQMpp4OnOdEu5WEvN/2r9WPlXTkJ5FCvC8fwjP2ZQhTDNAw6pIFixqQaEBdW7QjxGAmGlUyvpEOzFk5ehc16xLyrV+2q5dp3HUQTH4AScARtcghq4BU3QBhg8gmfwCt6MJ+PFeDc+5q0FI585BH9kfP4AuYiXAg==</latexit>

LMMTEC

<latexit sha1_base64="vwa0AkHzxgsY3WVI/cdhdeKharQ=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNS1GXxAS4r2Ad0xpLJZNrQZDIkGaEMBTf+ihsXirj1J9z5N2baWWjrhZDDOfdyzz1BwqjSjvNtLSwuLa+sltbK6xubW9v2zm5LiVRi0sSCCdkJkCKMxqSpqWakk0iCeMBIOxhe5nr7gUhFRXynRwnxOerHNKIYaUP17H0vECxUI24+eH3vcaQHkmdXVI17dsWpOpOC88AtQAUU1ejZX14ocMpJrDFDSnVdJ9F+hqSmmJFx2UsVSRAeoj7pGhgjTpSfTW4YwyPDhDAS0rxYwwn7eyJDXOU2TWfuUc1qOfmf1k11dO5nNE5STWI8XRSlDGoB80BgSCXBmo0MQFhS4xXiAZIIaxNb2YTgzp48D1onVfe0WrutVeoXRRwlcAAOwTFwwRmogxvQAE2AwSN4Bq/gzXqyXqx362PaumAVM3vgT1mfP293mAs=</latexit>

EDis
<latexit sha1_base64="gqqKi4SeXKVmVn1CaQTFfcEs09A=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNS1GWxCC4r2Ad0xpLJZNrQTDIkGaEMBTf+ihsXirj1J9z5N2baWWjrhZDDOfdyzz1BwqjSjvNtLS2vrK6tlzbKm1vbO7v23n5biVRi0sKCCdkNkCKMctLSVDPSTSRBccBIJxg1cr3zQKSigt/pcUL8GA04jShG2lB9+9ALBAvVODYfvL73YqSHMs4agk/6dsWpOtOCi8AtQAUU1ezbX14ocBoTrjFDSvVcJ9F+hqSmmJFJ2UsVSRAeoQHpGchRTJSfTW+YwBPDhDAS0jyu4ZT9PZGhWOU2TWfuUc1rOfmf1kt1dOlnlCepJhzPFkUpg1rAPBAYUkmwZmMDEJbUeIV4iCTC2sRWNiG48ycvgvZZ1T2v1m5rlfpVEUcJHIFjcApccAHq4AY0QQtg8AiewSt4s56sF+vd+pi1LlnFzAH4U9bnD297mAs=</latexit>

ECon

特征编码 归纳式
注意⼒

⾮
线
形
映
射

离散轨迹编码器

连续轨迹编码器

⾮
线
形
映
射

时空连续积分

地图匹配轨迹
<latexit sha1_base64="DZglxT++iMo7tJfHTgwfUVzitx4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirqSghuXFfqCJpTJ5KYdOnkwM1FK7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPESzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4JCm8Y8Fj2PSOAsgrZiikMvEUBCj0PXG9/kfvcehGRx1FKTBNyQDCMWMEqUlgbmkfPAfFCM+5A5IVEjSjhuTQdm1apZM+BlYhekigo0B+aX48c0DSFSlBMp+7aVKDcjQjHKYVpxUgkJoWMyhL6mEQlButks/xSfasXHQSz0ixSeqb83MhJKOQk9PZlHlIteLv7n9VMVXLkZi5JUQUTnh4KUYxXjvAzsMwFU8YkmhAqms2I6IoJQpSur6BLsxS8vk855zb6o1e/q1cZ1UUcZHaMTdIZsdIka6BY1URtR9Iie0St6M56MF+Pd+JiPloxi5xD9gfH5A0qAlkU=</latexit>

eT

<latexit sha1_base64="jizV6YdY5ww2MsWrA3R764C32Z4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqlev1u5rlUYjj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/utjZs=</latexit>

l1

<latexit sha1_base64="xljFhP+1DanZA8iCLGWI+flbSdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qndVrd/XK41GHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD9MY2c</latexit>

l2

<latexit sha1_base64="Swg4zmLfVRBKDNAIs9/7LDeQmi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qWruvVer1PI4inMApnIMH11CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gD+tY2d</latexit>

l3
<latexit sha1_base64="B42kyIJa+l8ABE+iKT7+hH4lhWA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3JQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVa9erd3XKo1GHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAASI2e</latexit>

l4

Yan Lin, Huaiyu Wan, et al. Pre-training General Trajectory Embeddings with Maximum Multi-view Entropy Coding. IEEE Transactions on 
Knowledge and Data Engineering (TKDE), 2024.

<latexit sha1_base64="bcxNMC9z7jxHbQZ6R9nK9UqxkBw="></latexit>

LMMTEC = �trace(
N + d
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基于对比学习的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

ØPreCLN
• 结合轨迹重采样和空间网格划分构建轨迹的视图，进行对比学习预训练提升下游任务性能

Yan B, Zhao G, Song L, et al. PreCLN: Pretrained-based contrastive learning network for vehicle trajectory prediction[J]. World Wide Web, 
2023, 26(4): 1853-1875.
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基于对比学习的轨迹表示学习

研究背景 词嵌入 自编码器 对比学习 未来展望

ØSTART
• 融合对比学习和掩码语言模型（MLM）两种自监督学习范式

Jiang J, Pan D, Ren H, 
et al. Self-supervised 
trajectory 
representation 
learning with 
temporal regularities 
and travel 
semantics[C]//2023 
IEEE 39th 
international 
conference on data 
engineering (ICDE). 
IEEE, 2023: 843-855.
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基于对比学习的轨迹自监督学习

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1
<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2
<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3
<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4
<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1
<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2
<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3
<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4

<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6
<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6 时空轨迹

特征提取 数据增强

轨迹表示

轨迹特征分析

时空轨迹
视图A

时空轨迹
视图B

时空轨迹
视图C …

编码器 编码器 编码器

对比学习

研究背景 词嵌入 自编码器 对比学习 未来展望
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数据可迁移性的局限性

研究背景 词嵌入 自编码器 对比学习 未来展望

成都轨迹数据集 西安轨迹数据集

• 时空特征的绝对性、移动规律和路网结构的强相关性等为数据可迁移性带来了挑战
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任务适配能力的局限性

研究背景 词嵌入 自编码器 对比学习 未来展望

• 自监督学习的表示学习范式将时空对象映射为嵌入向量，结合预测模块适配下游任务
• 表示学习范式对输入特征完整性的要求限制了模型的任务适配能力

<latexit sha1_base64="URtg6p7dU3TzZBueJfCHd54sq3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3LgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/lFjZM=</latexit>

l1

<latexit sha1_base64="lE5uHdnhe2qnJJfdvupeVPoxZi8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWupeD2qBccavuAmSdeDmpQI7WoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDBt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUqt5VtX5XrzQbeRxFOINzuAQPrqEJt9CCNjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AH6yY2U</latexit>

l2

<latexit sha1_base64="jTOeEZwUi2H66DNL/ZjnT1sCIUI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSvehf9ssVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yd3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL2rau2uVmnU8ziKcAKncA4eXEMDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP8TY2V</latexit>

l3

<latexit sha1_base64="p+r2WJ970x7c7JgEmiGbMkm9YJ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD90Y2W</latexit>

l4

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="/yIv7xghnG3faRRLWtM8oIIRyDY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAHCI2c</latexit>

t2

<latexit sha1_base64="Jhy+jVcUQ7Il+CdXH4UVLQ/iweQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7rF/2S9X3Ko7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw7qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Sh4vqt5VtXZXqzTqeRxFOIFTOAcPrqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEIjI2d</latexit>

t3

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4
<latexit sha1_base64="zDxsM8VXFDGr/xcnrioXEXSI0Lc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+hf9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc1Yc3PuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt519fL+slKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf/VY2X</latexit>

l5
<latexit sha1_base64="4YD0DgGvy88l6bZACverF68C9+Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQxqg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqlerXt9fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gAA6I2Y</latexit>

l6

<latexit sha1_base64="OZ3DwzkO98sO90IDipsquqHFb2s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrB/1S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw5qfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+6enl/WanX8jiKcAKncA4e3EAd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMLlI2f</latexit>

t5
<latexit sha1_base64="lSSmFP7ejO1Uo16bts0kw+l/XtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr++vK416HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwANGI2g</latexit>

t6

带时间戳的位置

完整轨迹

表示学习模型

轨迹分类 轨迹预测 异常检测

O

D非完整轨迹

×

轨迹恢复 OD ETA 路径规划



50

NLP领域自监督学习的启发

研究背景 词嵌入 自编码器 对比学习 未来展望

• 通用的语义信息带来的数据可迁移性
• 生成式模型范式带来的任务适配能力

GLM将分类任务抽象为生成任务

• Du Z, Qian Y, Liu X, et al. Glm: General language model pretraining with autoregressive blank infilling. ACL (1) 2022: 320-335.

Natural language processing (NLP) is an 
interdisciplinary subfield of computer science and 
information retrieval. It is primarily concerned 
with giving computers the ability to support and 
manipulate human language. …

Natural language processing (NLP) is the ability 
of a computer program to understand human 
language as it's spoken and written -- referred to 
as natural language. It's a component of artificial 
intelligence (AI).

自然语言的数据集可迁移性
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轨迹自监督学习的通用性扩展

研究背景 词嵌入 自编码器 对比学习 未来展望

• 从时空特征中挖掘通用、可迁移的信息
• 构建能适应多种输入形式、适配更多种下游任务的自监督学习范式，如生成式模型

• Yan Lin, Jilin Hu, et al. UVTM: Universal Vehicle Trajectory Modeling with ST Feature Domain Generation. arXiv preprint.

Hierarchical Masked Trajectory Encoder

<latexit sha1_base64="ytIDPXIqsXTqQBSmHhvzXNrpopk=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6rHgxWNF+wHbpWTTbBuaZJckK5SlP8GLB0W8+ou8+W9M2z1o64OBx3szzMyLUsGN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60Tj25nfeWLa8EQ92knKQkmGisecEuukh0CG/UrVq3lz4FXiF6QKBZr9yldvkNBMMmWpIMYEvpfaMCfacirYtNzLDEsJHZMhCxxVRDIT5vNTp/jcKQMcJ9qVsniu/p7IiTRmIiPXKYkdmWVvJv7nBZmNb8KcqzSzTNHFojgT2CZ49jcecM2oFRNHCNXc3YrpiGhCrUun7ELwl19eJe3Lmn9Vq9/Xq416EUcJTuEMLsCHa2jAHTShBRSG8Ayv8IYEekHv6GPRuoaKmRP4A/T5AzYwjbg=</latexit>

[m]

<latexit sha1_base64="IMN5Q0UhhDt/HD/5UHqjw52DxF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5diWPczoZIUuWLLRWEqCcZk/jcZCs0ZyqkllGlhbyVsTDVlaNMp2RC81ZfXSfuq6l1Xa/e1SqOex1GEMziHS/DgBhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWEjZs=</latexit>

t1

<latexit sha1_base64="kNHiIpUr/Qb7jujgPEOGYWEB7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+uPjYo=</latexit>c1
<latexit sha1_base64="ytIDPXIqsXTqQBSmHhvzXNrpopk=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6rHgxWNF+wHbpWTTbBuaZJckK5SlP8GLB0W8+ou8+W9M2z1o64OBx3szzMyLUsGN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60Tj25nfeWLa8EQ92knKQkmGisecEuukh0CG/UrVq3lz4FXiF6QKBZr9yldvkNBMMmWpIMYEvpfaMCfacirYtNzLDEsJHZMhCxxVRDIT5vNTp/jcKQMcJ9qVsniu/p7IiTRmIiPXKYkdmWVvJv7nBZmNb8KcqzSzTNHFojgT2CZ49jcecM2oFRNHCNXc3YrpiGhCrUun7ELwl19eJe3Lmn9Vq9/Xq416EUcJTuEMLsCHa2jAHTShBRSG8Ayv8IYEekHv6GPRuoaKmRP4A/T5AzYwjbg=</latexit>

[m]

<latexit sha1_base64="ytIDPXIqsXTqQBSmHhvzXNrpopk=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6rHgxWNF+wHbpWTTbBuaZJckK5SlP8GLB0W8+ou8+W9M2z1o64OBx3szzMyLUsGN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60Tj25nfeWLa8EQ92knKQkmGisecEuukh0CG/UrVq3lz4FXiF6QKBZr9yldvkNBMMmWpIMYEvpfaMCfacirYtNzLDEsJHZMhCxxVRDIT5vNTp/jcKQMcJ9qVsniu/p7IiTRmIiPXKYkdmWVvJv7nBZmNb8KcqzSzTNHFojgT2CZ49jcecM2oFRNHCNXc3YrpiGhCrUun7ELwl19eJe3Lmn9Vq9/Xq416EUcJTuEMLsCHa2jAHTShBRSG8Ayv8IYEekHv6GPRuoaKmRP4A/T5AzYwjbg=</latexit>

[m]

<latexit sha1_base64="ytIDPXIqsXTqQBSmHhvzXNrpopk=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6rHgxWNF+wHbpWTTbBuaZJckK5SlP8GLB0W8+ou8+W9M2z1o64OBx3szzMyLUsGN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60Tj25nfeWLa8EQ92knKQkmGisecEuukh0CG/UrVq3lz4FXiF6QKBZr9yldvkNBMMmWpIMYEvpfaMCfacirYtNzLDEsJHZMhCxxVRDIT5vNTp/jcKQMcJ9qVsniu/p7IiTRmIiPXKYkdmWVvJv7nBZmNb8KcqzSzTNHFojgT2CZ49jcecM2oFRNHCNXc3YrpiGhCrUun7ELwl19eJe3Lmn9Vq9/Xq416EUcJTuEMLsCHa2jAHTShBRSG8Ayv8IYEekHv6GPRuoaKmRP4A/T5AzYwjbg=</latexit>

[m]
<latexit sha1_base64="ytIDPXIqsXTqQBSmHhvzXNrpopk=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6rHgxWNF+wHbpWTTbBuaZJckK5SlP8GLB0W8+ou8+W9M2z1o64OBx3szzMyLUsGN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60Tj25nfeWLa8EQ92knKQkmGisecEuukh0CG/UrVq3lz4FXiF6QKBZr9yldvkNBMMmWpIMYEvpfaMCfacirYtNzLDEsJHZMhCxxVRDIT5vNTp/jcKQMcJ9qVsniu/p7IiTRmIiPXKYkdmWVvJv7nBZmNb8KcqzSzTNHFojgT2CZ49jcecM2oFRNHCNXc3YrpiGhCrUun7ELwl19eJe3Lmn9Vq9/Xq416EUcJTuEMLsCHa2jAHTShBRSG8Ayv8IYEekHv6GPRuoaKmRP4A/T5AzYwjbg=</latexit>

[m]

<latexit sha1_base64="pn20lqoAkdGkmMi/AxUHUDnkAM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1buu1u5rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwoQjZ4=</latexit>

t4

<latexit sha1_base64="Tran0tb+Yvj7nRZ9Fq4P4GaebXU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNWPczLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKo16HkcRzuAcLsGDG2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDwG42N</latexit>c4
<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="DlMtjwEF54BwCM0HxnmR69qGmQU=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsJ+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5nfudJ9BGxOoBpwn4ERspEQrO0EqP/THDDAbebFCuuFV3AbpOvJxUSI7moPzVH8Y8jUAhl8yYnucm6GdMo+ASZqV+aiBhfMJG0LNUsQiMny0OntELqwxpGGtbCulC/T2RsciYaRTYzojh2Kx6c/E/r5diWPczoZIUQfHlojCVFGM6/54OhQaOcmoJ41rYWykfM8042oxKNgRv9eV10r6qetfV2n2t0qjncRTJGTknl8QjN6RB7kiTtAgnEXkmr+TN0c6L8+58LFsLTj5zSv7A+fwBvVuQWQ==</latexit>

ê1
<latexit sha1_base64="mByntlnHxVMBDp3tOsSKK/omvP8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxUwPvNmgXHGr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxcEzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1UgzrfiZUkiJXbLkoTCXBmMy/J0OhOUM5tYQyLeythI2ppgxtRiUbgrf68jppX1W962rtvlZp1PM4inAG53AJHtxAA+6gCS1gEMEzvMKbo50X5935WLYWnHzmFP7A+fwB0TaQZg==</latexit>

r̂1

<latexit sha1_base64="B5YyZ9vT4sYaFeHJNYXOR00Do+E=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxQwH3mxQrrhVdwGyTrycVCBHc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGepYpG3PjZ4uAZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObfk6HQnKGcWkKZFvZWwsZUU4Y2o5INwVt9eZ20r6redbV2X6s06nkcRTiDc7gED26gAXfQhBYwiOAZXuHN0c6L8+58LFsLTj5zCn/gfP4A1ESQaA==</latexit>

t̂1

<latexit sha1_base64="QUYOEjodcZEE1KNeg3w3sc+DpiA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxYwNvNmgXHGr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxcEzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1UgzrfiZUkiJXbLkoTCXBmMy/J0OhOUM5tYQyLeythI2ppgxtRiUbgrf68jppX1W962rtvlZp1PM4inAG53AJHtxAA+6gCS1gEMEzvMKbo50X5935WLYWnHzmFP7A+fwBuk2QVw==</latexit>

ĉ1

<latexit sha1_base64="DlMtjwEF54BwCM0HxnmR69qGmQU=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsJ+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5nfudJ9BGxOoBpwn4ERspEQrO0EqP/THDDAbebFCuuFV3AbpOvJxUSI7moPzVH8Y8jUAhl8yYnucm6GdMo+ASZqV+aiBhfMJG0LNUsQiMny0OntELqwxpGGtbCulC/T2RsciYaRTYzojh2Kx6c/E/r5diWPczoZIUQfHlojCVFGM6/54OhQaOcmoJ41rYWykfM8042oxKNgRv9eV10r6qetfV2n2t0qjncRTJGTknl8QjN6RB7kiTtAgnEXkmr+TN0c6L8+58LFsLTj5zSv7A+fwBvVuQWQ==</latexit>

ê1
<latexit sha1_base64="mByntlnHxVMBDp3tOsSKK/omvP8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxUwPvNmgXHGr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxcEzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1UgzrfiZUkiJXbLkoTCXBmMy/J0OhOUM5tYQyLeythI2ppgxtRiUbgrf68jppX1W962rtvlZp1PM4inAG53AJHtxAA+6gCS1gEMEzvMKbo50X5935WLYWnHzmFP7A+fwB0TaQZg==</latexit>

r̂1

<latexit sha1_base64="B5YyZ9vT4sYaFeHJNYXOR00Do+E=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxQwH3mxQrrhVdwGyTrycVCBHc1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGepYpG3PjZ4uAZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObfk6HQnKGcWkKZFvZWwsZUU4Y2o5INwVt9eZ20r6redbV2X6s06nkcRTiDc7gED26gAXfQhBYwiOAZXuHN0c6L8+58LFsLTj5zCn/gfP4A1ESQaA==</latexit>

t̂1

<latexit sha1_base64="QUYOEjodcZEE1KNeg3w3sc+DpiA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9pQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKj/0xxYwNvNmgXHGr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxcEzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1UgzrfiZUkiJXbLkoTCXBmMy/J0OhOUM5tYQyLeythI2ppgxtRiUbgrf68jppX1W962rtvlZp1PM4inAG53AJHtxAA+6gCS1gEMEzvMKbo50X5935WLYWnHzmFP7A+fwBuk2QVw==</latexit>

ĉ1

<latexit sha1_base64="HLDcX0pprMKfOI8vo4POj+zBXbw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsJ+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJR8epotimMY/VQ0g0ciaxbZjh+JAoJCLk2A0nN3O/+4RKs1jem2mCgSAjySJGibHSY39MTIaD2mxQrnhVbwF3nfg5qUCO1qD81R/GNBUoDeVE657vJSbIiDKMcpyV+qnGhNAJGWHPUkkE6iBbHDxzL6wydKNY2ZLGXai/JzIitJ6K0HYKYsZ61ZuL/3m91ESNIGMySQ1KulwUpdw1sTv/3h0yhdTwqSWEKmZvdemYKEKNzahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGCgKe4RXeHOW8OO/Ox7K14OQzp/AHzucPvuCQWg==</latexit>

ê2
<latexit sha1_base64="ziKHP3vTjiKe/bLrLAxtEugWuyo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjgpke1GaDcsWregu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucP0ruQZw==</latexit>

r̂2

<latexit sha1_base64="qZWIcoaOZAHaQ40plqbili/uHEQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjghkOarNBueJVvQXcdeLnpAI5WoPyV38Y01QyhVQQY3q+l2CQEY2cCjYr9VPDEkInZMR6lioimQmyxcEz98IqQzeKtS2F7kL9PZERacxUhrZTEhybVW8u/uf1UowaQcZVkiJTdLkoSoWLsTv/3h1yzSiKqSWEam5vdemYaELRZlSyIfirL6+TTq3qX1Xrd/VKs5HHUYQzOIdL8OEamnALLWgDBQnP8ApvjnZenHfnY9lacPKZU/gD5/MH1cmQaQ==</latexit>

t̂2

<latexit sha1_base64="QsjAiXlWEWhLBuBN01iE+2BFMuk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjghkd1GaDcsWregu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPu9KQWA==</latexit>

ĉ2

<latexit sha1_base64="HLDcX0pprMKfOI8vo4POj+zBXbw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsJ+3S3U3Y3Qgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJR8epotimMY/VQ0g0ciaxbZjh+JAoJCLk2A0nN3O/+4RKs1jem2mCgSAjySJGibHSY39MTIaD2mxQrnhVbwF3nfg5qUCO1qD81R/GNBUoDeVE657vJSbIiDKMcpyV+qnGhNAJGWHPUkkE6iBbHDxzL6wydKNY2ZLGXai/JzIitJ6K0HYKYsZ61ZuL/3m91ESNIGMySQ1KulwUpdw1sTv/3h0yhdTwqSWEKmZvdemYKEKNzahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGCgKe4RXeHOW8OO/Ox7K14OQzp/AHzucPvuCQWg==</latexit>

ê2
<latexit sha1_base64="ziKHP3vTjiKe/bLrLAxtEugWuyo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjgpke1GaDcsWregu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucP0ruQZw==</latexit>

r̂2

<latexit sha1_base64="qZWIcoaOZAHaQ40plqbili/uHEQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjghkOarNBueJVvQXcdeLnpAI5WoPyV38Y01QyhVQQY3q+l2CQEY2cCjYr9VPDEkInZMR6lioimQmyxcEz98IqQzeKtS2F7kL9PZERacxUhrZTEhybVW8u/uf1UowaQcZVkiJTdLkoSoWLsTv/3h1yzSiKqSWEam5vdemYaELRZlSyIfirL6+TTq3qX1Xrd/VKs5HHUYQzOIdL8OEamnALLWgDBQnP8ApvjnZenHfnY9lacPKZU/gD5/MH1cmQaQ==</latexit>

t̂2

<latexit sha1_base64="QsjAiXlWEWhLBuBN01iE+2BFMuk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlaI8FLx4r2FZpQ9lsN+3S3U3YnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgobm1vbO8Xd0t7+weFR+fikY+JUU9amsYj1Q0gME1yxNnIU7CHRjMhQsG44uZn73SemDY/VPU4TFkgyUjzilKCVHvtjghkd1GaDcsWregu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnVrVv6rW7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPu9KQWA==</latexit>

ĉ2

<latexit sha1_base64="I1bHLJSvdKSGOFnRCMWxNWTlDyk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwYz1L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fwGWQWw==</latexit>

ê3
<latexit sha1_base64="tnfSkuXDGKxgCbjNLpbojwHedXY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwUz3L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8f1ECQaA==</latexit>

r̂3

<latexit sha1_base64="+dTINTvit4trSEKs7RMHHGMzmJg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwQz7l9N+ueJVvTncVeLnpAI5mv3yV28Q01QyhVQQY7q+l2CQEY2cCjYt9VLDEkLHZMi6lioimQmy+cFT98wqAzeKtS2F7lz9PZERacxEhrZTEhyZZW8m/ud1U4zqQcZVkiJTdLEoSoWLsTv73h1wzSiKiSWEam5vdemIaELRZlSyIfjLL6+S9kXVv6rW7mqVRj2PowgncArn4MM1NOAWmtACChKe4RXeHO28OO/Ox6K14OQzx/AHzucP106Qag==</latexit>

t̂3

<latexit sha1_base64="G7E8jjdb8N6Pg8X26DDwAVrjcJM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwYz2L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fvVeQWQ==</latexit>

ĉ3

<latexit sha1_base64="I1bHLJSvdKSGOFnRCMWxNWTlDyk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwYz1L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fwGWQWw==</latexit>

ê3
<latexit sha1_base64="tnfSkuXDGKxgCbjNLpbojwHedXY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwUz3L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8f1ECQaA==</latexit>

r̂3

<latexit sha1_base64="+dTINTvit4trSEKs7RMHHGMzmJg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwQz7l9N+ueJVvTncVeLnpAI5mv3yV28Q01QyhVQQY7q+l2CQEY2cCjYt9VLDEkLHZMi6lioimQmy+cFT98wqAzeKtS2F7lz9PZERacxEhrZTEhyZZW8m/ud1U4zqQcZVkiJTdLEoSoWLsTv73h1wzSiKiSWEam5vdemIaELRZlSyIfjLL6+S9kXVv6rW7mqVRj2PowgncArn4MM1NOAWmtACChKe4RXeHO28OO/Ox6K14OQzx/AHzucP106Qag==</latexit>

t̂3

<latexit sha1_base64="G7E8jjdb8N6Pg8X26DDwAVrjcJM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRatMeCF48VbK20oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMS6ExLDBFeshRwF6ySaERkK9hCOb2b+wxPThsfqHicJCyQZKh5xStBKj70RwYz2L6f9csWrenO4q8TPSQVyNPvlr94gpqlkCqkgxnR9L8EgIxo5FWxa6qWGJYSOyZB1LVVEMhNk84On7plVBm4Ua1sK3bn6eyIj0piJDG2nJDgyy95M/M/rphjVg4yrJEWm6GJRlAoXY3f2vTvgmlEUE0sI1dze6tIR0YSizahkQ/CXX14l7Yuqf1Wt3dUqjXoeRxFO4BTOwYdraMAtNKEFFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8fvVeQWQ==</latexit>

ĉ3

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]
<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]
<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="D8m46OWkGMZOECSd/HC3mPIuwFE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+DroV6puzZ2DrBKvIFUo0OxXvnqDhGUxSsME1dr33NQEOVWGM4HTci/TmFI2pkP0LZU0Rh3k81On5NwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T/Pz0x0E+RcpplByRaLokwQk5DZ32TAFTIjJpZQpri9lbARVZQZm07ZhuAtv7xK2pc176pWv69XG/UijhKcwhlcgAfX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+wPn8AT9Ojb4=</latexit>

[s]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]

<latexit sha1_base64="r+SsEbNCLVj04m05B80IrgukMO0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGi/YA0lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+nfmdJ1SaJ/LRTFIMYjqUPOKMGis9+Bj0K1W35s5BVolXkCoUaPYrX71BwrIYpWGCau17bmqCnCrDmcBpuZdpTCkb0yH6lkoaow7y+alTcm6VAYkSZUsaMld/T+Q01noSh7Yzpmakl72Z+J/nZya6CXIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadsQ/CWX14l7cuad1Wr39erjXoRRwlO4QwuwINraMAdNKEFDIbwDK/w5gjnxXl3Phata04xcwJ/4Hz+ACoIjbA=</latexit>

[e]
<latexit sha1_base64="rEp50CdqMHG7VQ1Cd74zoEwVfAs=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120i7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDse3M7/9BNqIRD3gJIUgZkMlIsEZWumxN2KYQ9+f9itVt+bOQVeJV5AqKdDoV756g4RnMSjkkhnT9dwUg5xpFFzCtNzLDKSMj9kQupYqFoMJ8vnBU3pulQGNEm1LIZ2rvydyFhsziUPbGTMcmWVvJv7ndTOMboJcqDRDUHyxKMokxYTOvqcDoYGjnFjCuBb2VspHTDOONqOyDcFbfnmVtC5r3lXNv/erdb+Io0ROyRm5IB65JnVyRxqkSTiJyTN5JW+Odl6cd+dj0brmFDMn5A+czx/AtpBY</latexit>

ê4
<latexit sha1_base64="VUmSPRP/ANNKBqHdPMb0MR/UGZ4=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimOu+P+1Xqm7NnYOsEq8gVSjQ6Fe+eoOEZTFXyCQ1puu5KQY51SiY5NNyLzM8pWxMh7xrqaIxN0E+P3hKzq0yIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPvyUBozlBOLKFMC3srYSOqKUObUdmG4C2/vEpalzXvqubf+9W6X8RRglM4gwvw4BrqcAcNaAKDGJ7hFd4c7bw4787HonXNKWZO4A+czx/UkZBl</latexit>

r̂4

<latexit sha1_base64="3iCLOMVka2g2RVUE9gvitQoV15c=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimLO+P+1Xqm7NnYOsEq8gVSjQ6Fe+eoOEZTFXyCQ1puu5KQY51SiY5NNyLzM8pWxMh7xrqaIxN0E+P3hKzq0yIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPvyUBozlBOLKFMC3srYSOqKUObUdmG4C2/vEpalzXvqubf+9W6X8RRglM4gwvw4BrqcAcNaAKDGJ7hFd4c7bw4787HonXNKWZO4A+czx+9qJBW</latexit>

ĉ4 <latexit sha1_base64="I8wpXcC0sQ4O+lXBuziKf0VA1kI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimGPfn/YrVbfmzkFWiVeQKhRo9CtfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNn3ZCA0ZygnllCmhb2VsBHVlKHNqGxD8JZfXiWty5p3VfPv/WrdL+IowSmcwQV4cA11uIMGNIFBDM/wCm+Odl6cd+dj0brmFDMn8AfO5w/Xn5Bn</latexit>

t̂4

<latexit sha1_base64="rEp50CdqMHG7VQ1Cd74zoEwVfAs=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120i7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDse3M7/9BNqIRD3gJIUgZkMlIsEZWumxN2KYQ9+f9itVt+bOQVeJV5AqKdDoV756g4RnMSjkkhnT9dwUg5xpFFzCtNzLDKSMj9kQupYqFoMJ8vnBU3pulQGNEm1LIZ2rvydyFhsziUPbGTMcmWVvJv7ndTOMboJcqDRDUHyxKMokxYTOvqcDoYGjnFjCuBb2VspHTDOONqOyDcFbfnmVtC5r3lXNv/erdb+Io0ROyRm5IB65JnVyRxqkSTiJyTN5JW+Odl6cd+dj0brmFDMn5A+czx/AtpBY</latexit>

ê4
<latexit sha1_base64="VUmSPRP/ANNKBqHdPMb0MR/UGZ4=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimOu+P+1Xqm7NnYOsEq8gVSjQ6Fe+eoOEZTFXyCQ1puu5KQY51SiY5NNyLzM8pWxMh7xrqaIxN0E+P3hKzq0yIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPvyUBozlBOLKFMC3srYSOqKUObUdmG4C2/vEpalzXvqubf+9W6X8RRglM4gwvw4BrqcAcNaAKDGJ7hFd4c7bw4787HonXNKWZO4A+czx/UkZBl</latexit>

r̂4

<latexit sha1_base64="3iCLOMVka2g2RVUE9gvitQoV15c=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimLO+P+1Xqm7NnYOsEq8gVSjQ6Fe+eoOEZTFXyCQ1puu5KQY51SiY5NNyLzM8pWxMh7xrqaIxN0E+P3hKzq0yIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xuhtFNkAuVZsgVWyyKMkkwIbPvyUBozlBOLKFMC3srYSOqKUObUdmG4C2/vEpalzXvqubf+9W6X8RRglM4gwvw4BrqcAcNaAKDGJ7hFd4c7bw4787HonXNKWZO4A+czx+9qJBW</latexit>

ĉ4 <latexit sha1_base64="I8wpXcC0sQ4O+lXBuziKf0VA1kI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Vjw4rGC/ZA2lM120y7dbMLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsTeimGPfn/YrVbfmzkFWiVeQKhRo9CtfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNn3ZCA0ZygnllCmhb2VsBHVlKHNqGxD8JZfXiWty5p3VfPv/WrdL+IowSmcwQV4cA11uIMGNIFBDM/wCm+Odl6cd+dj0brmFDMn8AfO5w/Xn5Bn</latexit>

t̂4

Input 
Features

O
utput 

Features
Positions

1
0

2
0

3
0

1
1

1
2

2
1

2
2

2
3

3
1

3
2

Spatial Temporal

Road Segment

Spatial-temporal Feature Encoding Layer

Span 2 Span 1 Span 3Step 1 Step 2 Step 3

Input Sparse Trajectory
<latexit sha1_base64="Rrd5f6cSZXFzZKlMzSL8FKaI6Zo=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMFB+7ghuXFfqCdiyZNNOGJpkhyQhlKLjxV9y4UMStP+HOvzEznYW2HgicnHMv997jR4wq7TjfVmFldW19o7hZ2tre2d2z9w/aKowlJi0cslB2faQIo4K0NNWMdCNJEPcZ6fiTm9TvPBCpaCiaehoRj6ORoAHFSBtpYB/1OdJjjBhs3ieV7CN5QsXsbDawy07VyQCXiZuTMsjRGNhf/WGIY06Exgwp1XOdSHsJkppiRmalfqxIhPAEjUjPUIE4UV6S3TCDp0YZwiCU5gkNM/V3R4K4UlPum8p0SbXopeJ/Xi/WwZVnLopiTQSeDwpiBnUI00DgkEqCNZsagrCkZleIx0girE1sJROCu3jyMmmfV92Lau2uVq5f53EUwTE4ARXggktQB7egAVoAg0fwDF7Bm/VkvVjv1se8tGDlPYfgD6zPH/HAl7Q=</latexit>

T (in) Source Sequence
<latexit sha1_base64="M+rx79ngiX4AKidP1SVu+6J7/bA=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBFY+tEgtjkfqS2lA5rttatZ3IdpCqKAMLv8LCAEKsfAQbf4OTZoCWI1k6Pude3XuPHzKqtON8W4W19Y3NreJ2aWd3b//APjzqqCCSmLRxwALZ85EijArS1lQz0gslQdxnpOvPblK/+0CkooFo6XlIPI4mgo4pRtpIQ7s84EhPMWKwdR9Xs4/ksZI4OUuGdsWpORngKnFzUgE5mkP7azAKcMSJ0JghpfquE2ovRlJTzEhSGkSKhAjP0IT0DRWIE+XF2REJPDXKCI4DaZ7QMFN/d8SIKzXnvqlMt1TLXir+5/UjPb7yYirCSBOBF4PGEYM6gGkicEQlwZrNDUFYUrMrxFMkEdYmt5IJwV0+eZV0zmvuRa1+V680rvM4iqAMTkAVuOASNMAtaII2wOARPINX8GY9WS/Wu/WxKC1Yec8x+APr8wfMlZgv</latexit>

T (src)

Target Dense Trajectory
<latexit sha1_base64="aZvILn/pPbTR72/TEjgOclrljSE=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWR4mNXcOOyQl/QxjKZTtuhkwczN0IJWbjxV9y4UMStH+HOv3GSZqGtBwbOnHMv997jhoIrsKxvo7C2vrG5Vdwu7ezu7R+Yh0cdFUSSsjYNRCB7LlFMcJ+1gYNgvVAy4rmCdd3ZTep3H5hUPPBbMA+Z45GJz8ecEtDS0CwPPAJTSgRu3cfV7CO9GCaQnCVDs2LVrAx4ldg5qaAczaH5NRgFNPKYD1QQpfq2FYITEwmcCpaUBpFiIaEzMmF9TX3iMeXE2REJPtXKCI8DqZ8POFN/d8TEU2ruuboy3VIte6n4n9ePYHzlxNwPI2A+XQwaRwJDgNNE8IhLRkHMNSFUcr0rplMiCQWdW0mHYC+fvEo65zX7ola/q1ca13kcRVRGJ6iKbHSJGugWNVEbUfSIntErejOejBfj3fhYlBaMvOcY/YHx+QPXPZg2</latexit>

T (tgt)

<latexit sha1_base64="dv5q+8CZGeJtaFS9jfbFdOBpcYM=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI8BL96MYB6wWcLsZJIMmccyMyuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VJ5wZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVqQptEcaU7MTaUM0mblllOO4mmWMSctuPx7cxvP1FtmJKPdpLQSOChZANGsHVS2L0XdIgrpBdc9Eplv+rPgVZJkJMy5Gj0Sl/dviKpoNISjo0JAz+xUYa1ZYTTabGbGppgMsZDGjoqsaAmyuYnT9G5U/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIkyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6logshWH55lbQuq8FVtfZQK9creRwFOIUzqEAA11CHO2hAEwgoeIZXePOs9+K9ex+L1jUvnzmBP/A+fwAMVZBg</latexit>

⌦(c1)
<latexit sha1_base64="GoWC6HRmyxREMO5hAgYj/2QODdU=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJexKUI8BL96MYB6wWcLsZJIMmccy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VJ4Jb8P1vb219Y3Nru7BT3N3bPzgsHR23rE4NZU2qhTadmFgmuGJN4CBYJzGMyFiwdjy+nfntJ2Ys1+oRJgmLJBkqPuCUgJPC7r1kQ1KhvdpFr1T2q/4ceJUEOSmjHI1e6avb1zSVTAEVxNow8BOIMmKAU8GmxW5qWULomAxZ6Kgiktkom588xedO6eOBNq4U4Ln6eyIj0tqJjF2nJDCyy95M/M8LUxjcRBlXSQpM0cWiQSowaDz7H/e5YRTExBFCDXe3YjoihlBwKRVdCMHyy6ukdVkNrqq1h1q5XsnjKKBTdIYqKEDXqI7uUAM1EUUaPaNX9OaB9+K9ex+L1jUvnzlBf+B9/gAQ5JBj</latexit>

⌦(c4)

Feature domains

基于生成式模型的轨迹自监督模型
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大语言模型的实用应用
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大语言模型的实用应用


