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二、内容简介 

1.成果简介 

该项目属于电子信息领域，其中涉及计算机软件技术、计算机硬件技术、物联网技术、无线通信技术等。 

（1）主要研究内容 

该项目主要是在陕西省咸阳市路灯监控管理系统的基础上进行了基于 ZigBee 无线路灯节能管控系

统的研究。首先用 UML 模型阐述了咸阳市路灯管控系统的功能需求和技术需求，提出了基于 ZigBee 技

术的无线物联网的节能管控系统研究的系统设计思想。其次，对咸阳市的整体路灯进行规划系统设计和

建立新的开发方案，包括系统层次模型、硬件构架、通信网络和数据模型的搭建。再次，采用大功率电

子镇流器实现信息采集和控制功能的基础上，利用 ZigBee和 GPRS构建短距离通信与长距离通信结合的

通信网络解决系统的信息传输问题，尤其是解决了咸阳市路灯信号控制输出迟缓的问题，并采取了 C/S

和 B/S 的混合构架模式,该系统降低了数据存储和数据查询的负担,提高了运作效率,同时以 Asp.Net 和

SQL Sever 为开发平台，应用 jQuery EasyUI 前端框架和 JavaScript 编程语言构建了界面美观、系统

功能强大，性能比较稳定的人际操作平台。该系统已部分应用到咸阳市渭城区三条街道（渭阳东路、抗

战南路和抗战北路），且达到了输出信号稳定不延迟和遇特殊环境时实现自动切换的控制模式。 

（2）科学价值 

该项目较好的实现了道路照明与景观照明的精准管理。无线路灯管控系统可充分感知城市道路中的

车流信息，从而实现对灯光的精准控制，在确保交通安全的前提下，关闭无效照明，达到节能的目的。

与道路照明不同的是，景观照明注重的是对环境的美化效果，为了及时确保景观与照明系统中间的协调

性，可应用 LED照明给人们带来更好的视觉享受。咸阳市现有路灯个数将近 70000盏，管理范围广、难

度大，但是，在路灯监控过程中，现有监控系统无法达到全市路灯同一时间开启（据调查，第一条街和

最后一条街相差将近 20分钟）；在特殊天气下，不能实现智能化自动切换到光控模式中，碰到特殊情

况几乎全部靠人工进行控制，费时费力，又不易控制。该项目的研究成果可以直接应用到路灯监控自动

化控制，代替人工操作，经济且成本低。因此，该项目的研究成果具有较好的应用价值和科学价值。 

（3）同行引用评价 

新系统是以日常路灯管控系统平台为依托，以高效、强大的空间数据库和知识数据库为支持，借助

于GIS和ZigBee、无线物联网等技术手段，实现了基于网络化、可视化、智能化的实时开放式环境，集

信息采集、反馈、控制、自定切换（时控与光控）、联动调度等功能于一体，形成可靠、便捷、自动调

控的路灯节能管控系统平台。较好的实现了路灯的管控，节省了人力物力、提高了管理水平。 

 



三、项目详细内容 

1．立项背景 

无线路灯管控系统是一个分散式控制和集中式管理的数据采集系统，集计算机技术、现代信息

技术和系统控制于一体的高科技系统，利用计算机编程和借助特定通信方式，可以对路灯等照明设

施的工作状态、环境信息等实施监控的控制系统。ZigBee网络带宽较小，网络传输延时小以及功

耗比较低。另外，ZigBee技术是一种可以与传感技术相结合，应用简单，面向控制的无线传输技

术，因为 ZigBee技术传输带宽比较小，所以通信效率比较高，安全性好。ZigBee 技术的优点还可

以和传感器完美的结合，因此，就目前而言，由于 ZigBee无线技术的高效，低功耗的特点越来越

多得到关注。ZigBee技术是随着工业自动化对于无线通信和数据传输的需求而产生的一种新兴的

近距离、低复杂度、低功耗、低数据速率、低成本的双向通信技术，主要适用于自动控制和远程控

制领域，可以嵌入到各种设备中，同时还具有地理定位功能。 

（1）立项的目的 

经济意义：国内很对城市仍然采用的是配电箱分散管理，人工巡视的方式，管理和维护的效率

低、成本较高。利用 ZigBee 技术与各种新型传感器、功率控制器相结合，可以实现路灯智能控制，

达到节约能源，方便管理的目的。另一方面从源头上减少能源消耗，降低资源和管理运行成本。综

合来说提高了经济效益。 

学术意义：扩展 ZigBee 技术的应用范围，通过仿真设计研究 ZigBee 网络拓扑结构和路由协议，

从理论上证明研究的可行性。 

社会意义：系统自动化实时监测照明终端设备运行状态，能在第一时间内通过多种方式将故障

信息告知工作人员，确保工作人员能及时掌握路灯运行信息，对突发事件及时处理，保障了道路照

明系统稳健运行。有利于减少对照明管理部门的投诉，降低交通事故率，提高市民生活质量，维护

文明城市形象，有很大的社会意义和现实意义。 

（2）待解决的问题 

本系统的关键在于改变以往我省路灯监控系统信号输出延缓问题（据调查，在信号同时输出情

况下，第一条街和最后一条街亮灯时间相差将近 20 分钟）和特殊天气时控和光控的自动切换状态

（在特殊天气下不能实现智能化切换到光控模式中），改善现行的监控系统实现自动化、可视化、

智能控制，节省人力，并且一套系统可以适用于我省各县区，经济成本低，易于操作，可广泛推广。 

 



3．科学技术内容 

（1）项目研究的总体思路和目标 

路灯管控系统是以 Linux操作系统平台为基础，MSDE 数据库为核心，以路灯监控和管理应用软

件为工具，GPRS/CDMA/GSM 或其他传输方式为远程数据通信网络，集监视、控制、管理功能为一体

的一个分布型网络结构的计算机监控和管理系统。本系统集成 ZigBee技术和无线物联网技术，针对

其路灯管控平台实现了以下功能： 

 系统同时可以进行回路控制和单灯控制。  

 可测量单灯或回路的电压、电流、功率等因素。  

 单灯终端盒和回路终端盒独立运行，现场控制，可以提高开关灯的可靠性。 

 可在现场或通过监控中心设置单杆调光率或回路调光率。 

 具备通过视频和负荷监控实现指挥及维修调度功能，可联动对应的管理摄像机。  

 详细记录开关灯时间，方便节能量计算。  

 控制系统失效时，能无条件保障照明。  

 对白天意外亮灯、晚上意外熄灯、远程控制器故障、配电箱门开关不正常，电压电流超限和

供电线路停电可报警。  

 软件能进行节能量分析并提供相关报表。  

 监测道路车流量的功能的扩展接口。  

该系统主要目标是依托于日常路灯管控系统平台为依托，以高效、强大的空间数据库和知识数

据库为支持，借助现代化的ZigBee、无线物联网等技术手段，建立基于网络化、可视化、智能的实

时开放式环境，集信息采集、反馈、控制、自定切换（时控与光控）、联动调度等功能化于一体，

形成可靠、便捷、自动调控的路灯节能管控系统平台。 

（2）项目研究的技术方案 

本项目针对多路段大功率城市照明监控管理设计和开发，在满足高质量照明需求的同时，实现

节能降耗的目的，同时具有远程控制、自动监测、故障告警及办公管理的功能，便怒人性化管理控

制以及路灯故障的发现和定位。如图 1 所示为基于 ZigBee 技术的物联网城市照明管理硬件架构图，

系统硬件架构主要分为三层，底层是数据采集和控制层，中间层为网络通信层，上层为系统监控中

心，构成了分布式无线遥测、遥心、遥控的自动化“三遥”功能，实现对路灯系统的遥测变量参数、



遥信设备状态信息、遥控路灯启/闭。 

 

 

系统运用集成化的思想采用 B/S 和 C/S 架构混合开发的模式，B/S 端为监控中心 Web 操作端，

C/S 端为下位机底层监听端。系统通过 B/S 和 C/S 端软件并行开发，达到了缩短开发周期和提高系统

运行效率的目的。C/S 模式的下位机监听软件，采用多线程开发语言进行处理操作，能够同时处理

下位机端发来的数据和上位机下达的命令，提高了系统运行效率。B/S 端软件提供不同功能接口和

业务模块显示数据库中的数据，在请求处理方面通过 Ajax 调用后台程序，后台程序获取数据库中的

信息参数再传回来。Web 端软件和下位机监听软件中分别采用了成熟的开源框架，两款软件中的数

据交互通过对数据库中的共用数据达到了同步的效果。下表为系统开发环境： 

 

 

 



 

 

类别 硬件环境 软件环境 

监 

控 

中 

心 

 

软 

件 

计算机型号：LENOVO Y460 操作系统：Win7 

CPU：Inter（R）Core （TM）i5 开发工具：MVS2008 

内存容量：4.00GB 开发语言：JavaScript、C# 

硬盘容量：300GB 数据库：SQL Server2008 

计算机型号：LENOVO Y460 运行环境：.NETFramework 

CPU：Inter（R）Core （TM）i5  

内存容量：4.00GB  

硬盘容量：500GB  

监 

听 

软 

件 

计算机型号：LENOVO Y460 操作系统：Win7 

处理器：Inter（R）Core （TM）i3 开发工具：Borland Delphi 7.0 

内存：2GB 开发语言：Delphi 

硬盘：500GB 数据库：SQL Server2008 

（3）实施效果 

新系统投入使用一年半以来主要改善了以下问题： 

（1）以往我市路灯监控系统信号输出延缓问题(原系统在信号同时输出情况下，第一条街和最后

一条街亮灯时间相差将近20分钟）和特殊天气时控和光控的自动切换问题(原系统在特殊天气下不能

实现智能化切换到光控模式中)。 

（2）提高亮灯率：系统投入运行后可以随时发现路灯运行中出现的问题，随时处理，提高亮灯



率。  

（3）延长灯具寿命：采用路灯智能控制的情况下。据测试，正常电压（220V）情况下，钠灯电

压为100V，电压升高后（230V-240V），钠灯电压可升至120V-150V；正常电压环境下降压节能运行

后，钠灯电压一般为85V，电压升高环境下，钠灯电压可保持在100V左右。从理论和实际使用环境，

采用调压控制节能可以延长路灯使用寿命。  

（4）节约人力、物力，提高了管理水平：可实时监控每盏路灯、每个路段及亮化工程点工作状

态，计算机可以及时对故障进行汇总，写入数据库，以便次日进行维修；利用动态实时模拟显示屏，

监视全区路灯，值班员在中央控制室就可以概览路灯现场运行情况，从而减少了巡灯的维护成本和

减轻了巡检人员工作强度，大大提高工作效率。另外，在恶劣天气时，根据各路灯控制智能终端采

集的数据情况加以分析，采取相应紧急措施，避免了交通事故的发生。  

（5）直接经济方面：投入使用新系统后，可在深夜行人稀少和交通量减少的情况下，执行“隔

二亮一”的照明方式，既给夜间出行的行人带来了便利又节约了大量的电费支出。在实现单控方面，

达到节能 5%以上。 

 

 

 



4．本研究的发现点、发明点和创新点 

该项目的主要研究成果是以日常路灯管控系统平台为依托，以高效、强大的空间数据库和知识

数据库为支持，借助现代化的ZigBee、无线物联网等技术手段，建立基于网络化、可视化、智能化

的实时开放式环境，集信息采集、反馈、控制、自定切换（时控与光控）、联动调度等功能于一体，

形成可靠、便捷、自动调控的路灯节能管控系统平台。 

本项目的关键在于改变以往我省路灯监控系统信号输出延缓问题（据调查，在信号同时输出情

况下，第一条街和最后一条街亮灯时间相差将近 20分钟）和特殊天气时控和光控的自动切换状态

（在特殊天气下不能实现智能化切换到光控模式中），改善现行的监控系统实现自动化、可视化、

智能控制，节省人力，并且一套系统可以适用于我省各县区，经济成本低，易于操作，可广泛推广。 

该项目的特色与创新之处： 

（1）集成式研究---在基础路灯管理技术系统平台的基础上进行 Zigbee 技术和无线物联网技术

的集成； 

（2）项目的创新点在于改变以往咸阳市路灯监控系统信号输出延缓问题和特殊天气时控和光控

的自动切换现状，改善现行的监控系统实现自动化可视化智能控制，节省人力，并且一套系统可以

适用于咸阳各县区，经济成本低，易于操作，可广泛推广； 

（3）该项目的先进性。本项目的先进性在于包括遥控、数据采集、无线通信、自动控制、地理

信息以及信息管理等，及一套完整的系统，而该系统又是更复杂系统的基础，因此还可以推广到类

似的项目，如城市污染管理、楼宇自动化监控、自来水供水控制、城市供电控制管理以及其它类似

领域。 

 

 



5.与当前国内外同类学科技术研究现状与水平比较 

在国外，很多国家已经使用计算机系统来进行对路灯的照明系统的控制和管理监控。比如法国、

新加坡、德国等国家，就是通过一个电脑实现自动化的控制管理，配合当天的日出日落情况节省能

源。在这些国家当中，就属以色列的耶路撒冷的监控系统最为典型。它的路灯管理信息传输方式利

用了 GSM、超短波两种信道自由切换，在当地城市建立一些地理信息中心站、监控站和遥测终端等

设备。在这些设备的帮助下，实现了对路灯供电系统故障进行自动排查的功能，根据情况自动调节

路灯供电系统功率来达到合理节能使用路灯的目的。另外，现在的欧洲尤里卡计划项目之一就是对

路灯电子镇流器和路灯远程监控系统的研发和设计。这个系统可以对每一个单灯进行控制和信息的

传输。这些是目前国外的路灯监控系统的一些情况。 

近些年随着全球人口和经济规模的不断增长，能源短缺和环境污染问题日益严重。“低碳经济”

逐渐成为各国的共识。照明又是城市中的能耗大户，因此照明节能问题很早就引起了很多国家特别

是发达国家的重视，也尝试了各种方案。城市路灯照明是城市基础设施的组成部分，首先要考虑到

交通安全问题，同时又要符合节能减排的要求，这就对城市路灯智能化控制提出了更高的要求。目

前常见的太阳能照明系统主要有一下几种的应用形式： 

（1）结合运动探测器等设备对不同地理位置的照明灯进行自动开启和关闭的控制。 

（2）结合调光和灯光亮度探测等设备，能够自动调节灯光的亮度，使得灯光亮度随着日照等

外界环境的影响而进行自动调节，使整个空间的照度保持在一个稳定的范围。 

（3）配合遥控装置，使得人们不需要移动位置就可以对各个方位的灯具进行控制。 

（4）能够通过系统的定时单元，实现对灯具的定时操作。 

 然而这些传统的路灯照明监控实现以上功能就存在了人力资源浪费大，灯具使用寿命短，无

法远程控制，不能自动开关盒调光，人工作业量大灯缺点，而且由于控制器对于蓄电池的保护不充

分而导致蓄电池很容易损坏。 

 现在的照明系统已经朝着设备微型化、控制集成智能化、无线网络化、节能环保化的方向发

展。在国内利用计算机技术控制照明已经是主流技术。ZigBee 技术已经比较成熟，但是在国外还

没有真正广泛应用在路灯智能控制上，在我国路灯智能化起步较晚，目前还处于初级阶段。针对目

前市场上的大多数太阳能路灯都是一盏盏鼓励的路灯，普遍存在着效率不高，可靠性不高，管理困

难，损坏或出现故障未能及时报修等问题。利用 ZigBee 技术与 LED 路灯的结合能很好的解决路灯

的这些问题。因为对于智能路灯照明系统这种通信的距离有限，传输的数据容量较小，只需要低的

数据传输速率，要求能实时传送信息，并且这些嵌入式终端设备只需要电池供电的要求，正是

ZigBee技术的便宜、低功耗、低传输速率的特点相对应，而且 Zigbee节点通过传感器采集周围环



境的信息并通过无线自组织网络汇聚到中心节点，正适用于路灯控制这种分散式检测、集中式管理

的应用场合。 

 

 



5．应用情况（经济效益、社会效益情况） 

科学技术越来越发达，在我们建设智慧城市的步伐中，国内众多的高科技智能产品在全国各大

城市广泛的应用，对于路灯照明行业同样如此。在智慧城市建设中，智慧路灯顺应了如今社会信息

时代的智慧产品，在提升照明的人性化同时提升了行人舒适度以及智能化为出发点，集合LED照明。

信息化的管理模式如，采集，传输，以及信息发布，数据处理和控制执行等多种物联网技术，通过

密集的城市路灯设备，构建成高效的公共管理网络。 

随着照明路灯技术的不断发展和技术不断创新，路灯的潜力价值不断深挖，智慧路灯的出现使

得路灯路灯管控方式变得高效节能了。与此同时，我国“智慧城市”建设快速发展，很多业内人士

意识到通过智慧路灯搭载多功能模块，可以为人们生活提供便捷服务。同时对于智慧路灯市场发展

空间有了很大广阔的市场前景。 

该研究经过对陕西省咸阳市路灯状态的调研，获知了咸阳市近 70000万盏路灯的分布状态，通

过对咸阳市路灯照明监控系统说明书的仔细阅读和对系统的运行情况的实地分析考查，获知该系统

采用时控的控制方案，主站自动遥控全市的全夜灯、半夜灯和景观灯的开关和关灯。操作前台机的

软件界面，可以设置和修改开关灯的光控照度值。系统可以根据不同类型的灯光控制要求，把全部

灯光设备分成若干个组，进行实现群控和组控，在特殊情况下可以按照运行软件的提示，运用前台

机的软件按钮，手动对全夜灯和景观灯进行遥控开/关操作。且我市路灯近几年在维护方面一直采

用的是配电箱分散管理,人工巡视的方式,管理和维护的效率低、成本较高。 

新系统是以日常路灯管控系统平台为依托，以高效、强大的空间数据库和知识数据库为支持，

借助于GIS和ZigBee、无线物联网等技术手段，实现了基于网络化、可视化、智能化的实时开放式

环境，集信息采集、反馈、控制、自定切换（时控与光控）、联动调度等功能于一体，形成可靠、

便捷、自动调控的路灯节能管控系统平台。新系统投入使用一年以来主要改善了以下问题： 

（1）以往陕西省咸阳市路灯监控系统信号输出延缓问题(原系统在信号同时输出情况下，第一

条街和最后一条街亮灯时间相差将近20分钟）和特殊天气时控和光控的自动切换问题(原系统在特

殊天气下不能实现智能化切换到光控模式中)。 

（2）提高亮灯率：系统投入运行后可以随时发现路灯运行中出现的问题，随时处理，提高亮灯

率。  

（3）延长灯具寿命：采用路灯智能控制的情况下。据测试，正常电压（220V）情况下，钠灯电

压为100V，电压升高后（230V-240V），钠灯电压可升至120V-150V；正常电压环境下降压节能运行

后，钠灯电压一般为85V，电压升高环境下，钠灯电压可保持在100V左右。从理论和实际使用环境，

采用调压控制节能可以延长路灯使用寿命。  



（4）节约人力、物力，提高了管理水平：可实时监控每盏路灯、每个路段及亮化工程点工作状

态，计算机可以及时对故障进行汇总，写入数据库，以便次日进行维修；利用动态实时模拟显示屏，

监视全区路灯，值班员在中央控制室就可以概览路灯现场运行情况，从而减少了巡灯的维护成本和

减轻了巡检人员工作强度，大大提高工作效率。另外，在恶劣天气时，根据各路灯控制智能终端采

集的数据情况加以分析，采取相应紧急措施，避免了交通事故的发生。  

（5）直接经济方面：投入使用新系统后，可在深夜行人稀少和交通量减少的情况下，执行“隔

二亮一”的照明方式，既给夜间出行的行人带来了便利又节约了大量的电费支出。在实现单控方面，

达到节能 5%以上。该系统实现对路灯的数字化监控管理，为城市照明节省大量的人力物力；系统采

用照明区域化管理，有利于统一协调，扩大管理范围，降低管理成本，提高照明管理水平；实现对

路灯监控报警，可缩短抢修周期降低维修费用，照明亮度和亮度策略的动态控制，节约照明能源，

避免不必要的照明浪费。 

（6）作为比较完整的计算机控制项目。本课题设计包括遥控、数据采集、无线通信、自动控制、

地理信息以及信息管理等，及一套完整的系统，而该系统又是更复杂系统的基础，因此还可以推广

到类似的项目，如城市污染管理、楼宇自动化监控、自来水供水控制、城市供电控制管理以及其它

类似领域，可以说，研究城市路灯监控系统会对今后开展其它工作和项目具有非常重要的指导意义。 

综上所述，随着城市照明数字化智能管理系统的逐渐成熟，其发展前景不可估量，不仅提升了

城市的照明效果，还充分体现了节能减排的理念，并且在物联网的基础上，将整个城市覆盖在现代

化的通信设备与通信网络当中，向感知型现代化城市迈进。 

 

 



 

6．申请、获得知识产权情况 

国别 知识产权类别 成果名称 申请号 授权号（批准号） 

中国 发明专利 一种路灯信号控制方法  ZL201610219267.9 

中国 实用新型 
一种基于 GIS 的路灯照

明控制系统 
 ZL201520655287.1 

中国 实用新型 
一种基于 ZigBee 的无线

路灯管控系统 
 ZL201620278752.9 

中国 
计算机软件著

作权 

基于 51 单片机的路灯故

障实时检测管理系统

V1.0 

2017SR676432 2261716 

中国 
计算机软件著

作权 

基于 GIS 的路灯照明监

控系统 V1.0 
2016SR181155 1359772 

中国 
计算机软件著

作权 

基于 ZigBee 技术的无线

路灯照明监控系统 V1.0 
2017SR676230 3361514 

     

     



四、项目主要完成人员情况表 

第 1完成人： 

姓  名 刘彦戎 性别 女 年龄 39 

所在单位 陕西国际商贸学院 文化程度 硕士 

从事专业 电子信息技术 技术职称 讲师 

参加本项目的起止时

间 
2017-01-01至 2018-12-31 

对项目的主

要创造性贡

献 

 在项目的开展过程中，根据项目设定目标，有效的规划项目组

成员的任务和职责，及时了解项目组成员的工作进度，并快速解

决项目组成员遇到的各个问题。在项目的框架设计方面，查阅各

种资料以确定项目的框架符合系统开发的要求，更有效，更简洁、

适用性更强的原则进行主流框架的选择，之后对于系统平台进行

有效测试，分别从功能测试和模块测试等方面对软件平台进行测

试，并结合咸阳市路灯管理处的资源，在渭城区 3条街道进行实

地应用，很大程度上改善了咸阳市路灯管理系统的现有故障问

题。 

声  明 

本人严格按照《陕西高等学校科学技术奖励办法》的具体要

求，对推荐书及其附件进行了审阅，确认全部内容和材料属实，

并符合相关保密规定。如有不符，本人愿意承担相应后果并接受

相应处理。 

 

本人签名：______________ 

    年    月    日      

 



 

第 2完成人： 

姓  名 商莹 性别 女 年龄 39 

所在单位 陕西国际商贸学院 文化程度 硕士 

从事专业 电子信息技术 技术职称 副教授 

参加本项目的起止时

间 
2017-01-01至 2018-12-31 

对项目的主

要创造性贡

献 

 在本项目开展过程中主要负责通过网络调研、市场调研等方式

对项目进行了调研工作，分析了项目的可行性，并对项目系统进

行了全面分析，通过分析了解掌握了各组成部分的功能及具体要

求，并结合功能需求进行了硬件系统的设计，进行了硬件系统的

测试工作。 

声  明 

本人严格按照《陕西高等学校科学技术奖励办法》的具体要

求，对推荐书及其附件进行了审阅，确认全部内容和材料属实，

并符合相关保密规定。如有不符，本人愿意承担相应后果并接受

相应处理。 

 

本人签名：______________ 

    年    月    日      

 



 

第 3完成人： 

姓  名 王丽君 性别 女 年龄 37 

所在单位 陕西国际商贸学院 文化程度 硕士 

从事专业 物联网通信技术 技术职称 高级工程师 

参加本项目的起止时

间 
2017-01-01至 2018-12-31 

对项目的主

要创造性贡

献 

 在项目的开展过程中主要负责检验传感器的特性和传感器的主

要功能模块，针对此系统，结合传感器的工作状态，对由传感器

组成的系统进行功能测试，调试过程中若出现故障，寻找出现故

障的原因，及时解决。实测过程中记录各种实验数据，为本研究

的成果奠定基础。 

声  明 

本人严格按照《陕西高等学校科学技术奖励办法》的具体要

求，对推荐书及其附件进行了审阅，确认全部内容和材料属实，

并符合相关保密规定。如有不符，本人愿意承担相应后果并接受

相应处理。 

 

本人签名：______________ 

    年    月    日      

 



 

第 4完成人： 

姓  名 刘斌 性别 男 年龄 47 

所在单位 陕西科技大学 文化程度  

从事专业 计算机科学 技术职称 副教授 

参加本项目的起止时

间 
2017-01-01至 2018-12-31 

对项目的主

要创造性贡

献 

 在本项目的开展过程中主要负责软件项目的详细设计、编码和

内部测试的组织实施，对该软件项目兼任系统分析工作，完成分

配项目的实施和技术支持工作。并参与需求调研、项目可行性分

析、技术可行性分析和需求分析等工作。 

声  明 

本人严格按照《陕西高等学校科学技术奖励办法》的具体要

求，对推荐书及其附件进行了审阅，确认全部内容和材料属实，

并符合相关保密规定。如有不符，本人愿意承担相应后果并接受

相应处理。 

 

本人签名：______________ 

    年    月    日      
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urban street lamp monltormg system′ SO aS to effrfuve]y reduce the power consu呻On of street ]anaps and reahze the

mte耻gent control of street lamps Accordmg to the smulatlon experment of the systen“ can be seen血at the system has
eXCellent perfomance′ remarkable energy saving effect and good application va山e.

Z咖帕′粥C助卿砌切s砌切四在咖砷班阴
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Wlth the contmuous progress of urbanizatlon m China′ urban rfustrue山re construction has become an lmPOrtaut

COmponent of urban developme吐Stree=amps play an皿POrtant role in people's producfrorty llferfeffrO′ Public

SeCurty and so on ⋯om a certan point of vleW, the level of management and control of the stree=amp can

reflect血e degree of αV山zatlon of血e city to a certain extert12] Wlth血e development of modem communieatlon

teChnofogy nd the promotion of informatlon technologwhe street lamp monftormg system in mgiv血es of

Chma has acheved a hlgh degree of automation wlth the mcreasing populatlon of our countrythe population

and scale of c血es are also incTeasin& and the problems of energy consumptlon and envlr゜nmental poHution are

becoming mcreasingly promment The tradrtional stm lamp morutormg system has血e shortcommg of low

POWer utlhzatlon′ Which becomes an urgent problem to be soIved m urban developme叫3'. The lamps and

lanteus of tradfronal crty hghting in our couty mostly adept lamps such as metal hahide lamp and mcandesceut

]amp wlth山冉I energysonsumptlon The lamps and lantems not only have low山mmous effidenty b山also have

Short servICe hifeThe street lamp monfroring system is not mtemgent enough Whether it lS血e swltCh operatlon of

血e street lamp or the bnghtness adys血ent of血e street lamp′ lt is difficult to rea11Ze血e mte皿gent regulation and

COntrol M At血e same tme′ Cha has no perfu street comprehensIVe moritormg system to the sttw lamps

COnStructed′ SO lt lS dffult to keep abreast of血e current voltage and power of the street lamps Judgmg the

ru_g state of the street lamp IS SⅢ m a relatively backward level [5' Thereforerit is necessary to use血e

modem mformatlon technology to deslgr urban s吨Iamp enerev savmg nd monhormg system, SO as to
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improve energy-SaVing lamps cfty efficiency, realize intelligent monitoring supervision and promote血e

development and construction of “smart cfty”.

State ゜f the Art

Street lamp monitoring system reahzes automatic control and communication′ SO aS to realize血e intehigent

monitoring and management of street lamps based on integrated technologies of modem information technology

and computer technology by using remote monitoring system and distributed data acquisition 【6]. As early as

1990s, foreign c゜untries have begun to carry out intehigent nghting system research and successfully developed a

fairly intehigent ligh血g inteuigent control management system. Among血em′血e Panasonic home bus system

and the Swiss I￣Bus bus are typical representatives. These systems have achieved good results in practical

applications, and have gradua11y been widely used M. Wi血血e continuous development of modem wireless

COmmunication technology′血e tradiitional wired transmission has been gradua11y replaced by wireless. The new

wireless intelligent light control system has better advantages. 1t not only has lower cost′ but also has very good

adaptab耻ty, and it is easy to install and flexible [8]. From由e aspect of data transmission,血e development oi

Street lamp monitoring system in our country can be divided into four stages: (1)血e first stage is血e end of the

1980s. The control of street lamps basicauy adopted血e 220V strong electricity to carry on血e wired transmission;

(2)血e second stage is from血e eariy to血e middle of twentieth Cen血ry 90s. This stage was controlled by

telephone lines and power lines; (3)血e third stage is from血e m主ddle to血e end of 1990s. At耻s stage, 230MHz

SPeCial charmel was used to realize wireless data trausmission; (4)血e fourth stage is from twenty-first Century to

date. Based on血e GPRS/CDMA communication mode provided by China Telecom, mobile and China Unicom,血e

Wireless network data transmission is carried out [9].

Meth゜d゜l゜gy

彻丸聊Ne批?o脑,咯仅咖R゜砌聘S砌助昭Des略抑

The design of street lamp wireless mohitoring system is achieved based on Zigivee network. The stree¨amp co而Ol

terminal and血e street lamp monitoring sub-Station have to assemble a network to achieve effective and regular

COmmunication. There are two steps to bu五d a network by using Zigbee. Firstly, a Zigbee network is constructed

by using coordinator; SeCOndly′ O血e‥Outing nodes can be added to血e network according to血e coordinator's

Permission. 1f each node wants to successfu11y establish a Zigbee network’it must be required血at血e node is a

FFD device and conourrently has血e Zigbee coordinator capab址ty. The nα1e can′t cormect wi血other networks. 1f

it has been cormected to other networks′血e node can only become sub-norle of血e network.

When血e coordinator builds血e network′ it needs to confirm血e c∞rdirrator firstly. 1f血e node is a FFD device, it

needs to be fur血er judged whe血er or not it has joined ano血er network. A beacon frame is transmitted via an

active scan. 1f血e beacon is not monitored within血e given scan period′血e FFD device can be used as a

COOrdinator to form a new Zigbee network. On血is basis, a beacon frame is con血uously broadcast [101. After血e

COnfirmation of血e coordinator, charmel scanr`mg lS neCeSSary. Scarming can be done by using two ways of active

SCarming and energy scanning. 1n order to avoid possible d主s血rbances‘由e c∞rdinator first performs血e charmel

energy detection′ Whfle血e energy is used to sort血e charmels in an inαemental fashion. 1f血e detected energy

Value exceeds血e allowable energy level′血e chamel is deterInined to be unavailable and should be discarded.

O血erwise, it may be marked as an available chamel [叫. After compledng the active scan, a relatively quiet and

less Zigbee device charmel is selected in血e scan results.

When血e charmel value is selected′ the coordinator selects a PAN ID for血e network. This iden舶er is unique in

血e charmel′ and its range is ≦0×3FFF. 1n血e street lamp monitoring system,血e network group identifier is

COnSidered as group nunber of Zigbee network. h addition,血ere are 16-bit sh゜rt address and 64-bit extended

address in these networks 1121. The short address is assigned by血e c∞rdinator, and血e extended address is

determined by吧耽. The short address is used in the street lamp mohitoring system. 1n血e same Zigbee network’

Short address is unique. 1f a new node is added to血e network,血e short addresses are assigned by the parent
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node. Upon completion of血e coordinator network,血e routing node can be added to血e network. When血e

parent node is success删y selected and it becomes its child node′ a chort address can be obtained at血e parent

node. The source node is able to know血e destination node of血e data transmission through趾s short address.

The specific process of routing nodes to吐e network is chown in Figure.1.

FIG. 1 THE FLOW CHART OF ROUTENG NODES ADDED TO THE NETWORK

The new rou血g node has to join血e cu世ent netWOrk. On血e basis of confirming血at血e node is not joined to

o血er nodes,血e surrounding parent device nodes are actively scarmed. When血e rou血g node scans血e beacon

on血e chaLrmel, the relevant information in血e neighbor's table can be recorded. 1f a node wants to leave血e

network, it is first necessary to send a reques=o terminate血e relationshrty to the parent node of血e child node.

when血e parent node receives血e request and succeeds in processing it‘ it sends an association response to the

child node. The child node can leave血e network after receiving it.

3.2 sys'助正日仍砌柳化Des略″

h血e street lamp wireless mohitoring system′ each street lamp is regarded as a basic unit and each road lamp post

is provided with a street lamp control module. The urit mod山e can monitor血e nlrming status of each street lamp

in real time, and exeoute the commands issued by血e user effectively′ so that血e wirdess communication of the

street lamp can be better carried out. The ha工dware components of the street lamp control terminal are LED street

lamp driving control unit′ VOltage and current information monitoring unit′ and RF module unit and power

module. The specific hardware struc加e is shown in Figure.2.

Antenm

FIG. 2 HARDWARE STRUCTURE DIAGRAM OF STREET LAMP CONTROL TERMENAL
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Ouly血e MCU microcontroner has enough storage space can it better communicate with the RF module′ ProCeSS

and store data packets′ and it is血e terminal device CPU of血e whole street control system. h additionit also has

Very POWe血data processing capabiELes′ thus taking血e ARM Cortex-M3 keme1 32 bit miαOCOntro11er. 1t has

Storage SPaCe Ior 20kRAM and 128kROM. Storage space is large and血e maximum cIock speed can reach 72Mrk

There are 9 communication interfaces′ 5=/O ports and 7 timers. At血e same time, it also has血e characteristics of

low power consumption′ low cost and small size The general silkworm pupa is powered by 3.3V and supports

The wirdess transceiver of the whole street lamp monIto血g system is a radio frequency unit. 1t caIIL reaha血e

Wireless data transmission of血e intemal terminal equipment of Zigbee network. 1t has many advantages, Such as

Iong transmissi゜n distance′ Small transmission loss′崎rehiab耻ty, mu帕rate, intehigent data control and low

POWer COnSumPtion. When instalhig stree¨amps′血e distance is usually around 30m. 1t is necessary to ensure血at

the transmission distance of血e RF module is far enough to maintain good and stable commuhication between血e

Street hights. When血e anterma height is l.5m and baud rate is 960bps in血e open area,血e transmission distance

of 600m can be achieved. The video mod山e has血e kind of interface血at contains血e three TTL, RS232 and RS485

interfaces. When in use′ the user can select one according to demands. The definition tables of血ese three RF

module interface are shown in Table l.

TABLE I RF MODULE INTERFACE DEFINmoN TABLE

Interface name

GND

A(TXD)

B(TXD)

vCC

sLEEP

TEsT

DGND

RXD′rTL

m①月TL

The street lamps select

Function descri

Power ground

RS-485 A or TXD of RS_232

RS-485 B or RXD oi RS_232

Power supply @C)

Sleep control

Intema¨esting

Signal ground

Data reception

Data em主ssion

LED street lamps. Compared wi血血e

十3v ‘-+5.5v

TTL

Remarks

Active low level

tradiitional high-PreSsure SOdiun lamp,血e

Street lamp driving control urut has血e advantages of high luminous efficiency′ energy SaVing, long Hfe, green

envirorment and safe as weⅡ as reliable. The LED street lamp control panel is used fo正ED lamp switch contro1.

And恤e RS485 protocol is used to communicate effectively between血e LED driver control panel and血e moderate

NMCU. The啪tional street lamp uses血e electron hight field radfation luminescent′ SO血e趾ment is easy to

bum out and easy to form血e hight atterruation. Because of血e encapsulation o‘ epoxy resin, LED hight lamp can

Withstand higher mecharical shock and vibration. 1t is not eas五y broken and血e average ife reacI`eS more血an loo

thousand hours′ Which can greatly reduce its maintenance costs. LED stree=amps do not contain harmful metals___ _l_

LED

」
￣ ￣￣ ￣

￣￣.￣ ￣ .￣￣..￣￣￣￣￣-‘--￣. -'`J'■...uヽ鼻」. J」'|`_'●'⊥l=

Such as mercury′ and do not produce harmful substances when血ey are sαaPPed.

匈钟助S‘昨聊抡Des咕″

The software layer of wireless sensor network can be divided into three layers‥ hardware abstraction layer,

application layer and system service layer. The hardware abstraction laye- Of血e system shows power module

Wi血upper shield′ data acquisition module′ MCU miαOProCeSSOr mod山e and o血er hardware details. The system

SerVice layer mainly performs血e task scheduling of血e opera血g system′ SuPPOrtS the transport protocol and

implements血e routing algorithm. Zigbee network data transmission has three ways. The thee approaches are

from the contro¨erminal of血e street lamp monhors to血e substationrfum mohitor sul’Station to血e street hight

COntrol terminal′ and peer to peer data transnrission between control teninals of street lamps. According to血e

tranSmission direction of data stream′ data transmission can be divided into submission and repo血g. Among

them′血e reporting reiers to血e transmission of data sent from血e street lighting control terminal to the street

lamp mohito血g substation’and from monfroring substation to血e stree=amp management center血rough血e

GPRS transmission. The submission is reverse′ and various commands are sent to血e street lamp control terminal

from血e stree¨amp management center and carried out.
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Once血e node is powered, initialization is performed. These operations indude timeTS, Serial ports, I/O buttons,

and o血er initialization configurations. The initialization of血e operating system is fo110Wed,血us allowing the

SyStem to enter an in血nite loop state. 1n order to minimize node power loss, each stage is kept dormant at血e血me

of initialization, Which w皿take up less CPU resources. When血e interrupt is generated, it triggers血e task to be

Performed. CPU allocates resources forit and executes ∞rreSPOnding communication service subroutines.

The street lamp m゜nitoring substation is a device equipment of血e street lamp control terminal and血e street lamp

management center′ and it is an indispensable bridge. 1n趾s system′血e coordinator is used as血e street lamp

monitoring substation′ and血e system data exchange and transmission are carried out. Because血e street lamp

COntr゜l terminal and the street lamp management center construct respectively血e GPRS network and血e Zigbee

network wi血血e street lamp monito正ng substation. Therefore′血e nodes of血e station monitoring subsystem

must be eq证pped wi血GPRS communication mod山e and RF module simultaneously. When the initialization of

血e device MCU is completed′血e GPRS module is further initialized and cormected to血e GPRS network based on

血e GPRS protoco1.

Res山t Analysis and Discussi゜n

The basic unit of血e street lamp energy-SaVing monitoring system is the street lamp control terminal′ Which

directly determines血e communication ab耻ty between nodes and the communication performance of血e system.

The whole system management uses the street lamp management center to realize血e man-maChine interaction.

Therefore,血e function comprehensiveness and operation friendliness of血e street lamp management center

SyStem directly affect血e application of the system. The implementation of the street lamp management center

interiace functions and communication performance testing is carried out.

Firstly‘血e numbered code is used to download to血e MCU in血e street monitor substation′ and vein relaxing

Serial dchugging assistant is used to see whe血er血e network is successfu1. The test of network serial port is shown

in Figure.3. 1t can be seen from Figure.3血at coordinator b正Ids network successfully, and sets up血e network

number. Each PAN iden雕er accounts for 2 bytes in size. The system出ocates a 64-bit extended address and

network address OxOOOO to the coordinator.

FIG. 3 SCHEMATIC DIAGRAM OF COORDINATOR SETrING UP NETWORK SERIAL PORT TEST

h order to verify血e performance of r゜u血g algorithm in血e system′ Simulation experiments are carried out by

using NS2 software. The average packet defivery rate is used to judge血e reliab耻ty of network data transm主ssion.

The simulation envirorment is as follows conαetely. The communication distance is 15m′ and血e distaLnCe

between nodes is lom. The network range is 50 * 50m′ and血e packet size is 70Byte. The maximum number oi

nodes a110Wed by血e parent node is 4. The maximum number of routers is 4‘ and血e maximun network dep血is

3. The sim山ation time is 5min The specific sim山ation results are shown in Figure.4. 1t can be seen from Figure.4

血at血e system routing algorithm has a higher average packet delivery rate′ Which is at 99.5% up and down wi血

Very high reliab址ty and avahab址ty basica11y.
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Every function test of the strect lamp management centeris further carried out. street of a coastal dty is selected as

a teSt POint and a total of 16 street lighting nodes are arranged. The strect lamp nodes are represented as U fonts,

aIlid血e 16 nodes are considered as a group. 1t can be seen through the funclfoutest of the stree=amp management

Center血at血e main furtious can be obtained of血e street lamp management center are as fouows‥ (1)血e street

lamp control terminal can be contro皿ed separately′ and any street lamp node is operated on / off at血e main

interface of血e management center. The co世eSPOnding street lamp node wfll be displayed as on / off state; (2) the

Sta血s information of血e stree=amp node can be displayed in real一血e′ induding the curren⋯age and power

of血e node. A graph can be drawn based on耻s′ SO aS to evaluate the operation of血e node scientifica皿y; (3)

malfunction and burglar alarm furtion. When血e situations血at overvoltage′ OVerourrent and wire is cut occur,

血e str(se¨amp management center sends out alarm information automatica皿y.

The energy saving effect test of urban street lamp energy saving monhO血g system based on zigbee wireless

COmmurfeation technology is carried out. The opening / cIosing time of strect lamps in diffdent periods is
COnt10皿ed. The deta五s are shown in Table 2.

TABLE 2 LIGⅢ MODE TIME DISTRIBUTION MAP

interval contro1.
The total work time

18‥00-22:00

22‥ 00 - 24:00

0:00 - 04‥ OO

O4:00- 05:00

05‥00-06‥00

Table 2 iden雕es血e

240

120

240

60

60

Strategies of time

18‥OO of the first day noon to o6‥00 0f血e second day moming.

Of血e street hights is 12 hours, from

Base on耻s′ POWer SaVing of per strect lamp at ut power is 2xi卒主轧vth, and power.onsu呻On is

]2半扑h. As a resul世power consu呻On per street lamp is about o.32 kW巾day. 1f tho ,radihona1

125w rated high pressure sodiun lamp is used′血e power consumptitm of 12h working time is l.5 kW.h. 1t can be

Seen through comparison that after adopting血e street lamp wireless monItoring system′ the power consumption

Can be saved by l.18 kW.h per dayrdnd the energy saving effect is obvious.

in order to reduce血e increasing energy consumption of血e street lamps wi血the city urbanization con血uing to

Promotg and improve skm effectiveness and intelligent control of intemgent control of modem city streethe

urban street lamp energy saving mohito血g system based on zigbee wireless communication technology was

ProPOSed. The system can reaha data transmission and communieation based on zigbee wireless communication



and GPRS. Each street hght control mod山e lS the basIC unlt of血e street lamp wlreless morutoring system. The

COmmunicatlon data network lS used to achleVe血e mformatlon monltO血g of LED stree=amp driving alr Ce11,

VOltage and currentThreless sensor network software lS divlded mto ha Iayers hardware abstractlon ltry

aPPllCatlon layer and system service layer. Among血em′ One of the most mportant lS the stree=amp monftoring

Substatlon. As a trauslt devICe′ it lS an mportant bridgr of strm lamp control termmal and strect lamp

management Cente正t can be seen according to simulation test of the system by using NS2 software血at血e

aVerage delivery rate of血e system is kept in the range of 99.5% with higher rehabfty and avaflabiHtyid can be

seen from the power consumptun analysIS Of a smgle stree=amp血at compared to血e tradltlonal hlgh-PreSSure

SOdfum lamp′血e LED stree=amp based on血e stree=amp wlre]ess monItormg system can save =8 kW h per

dayAnd has very remarkable energy saving effect A恤ough thlS deslgn mtroduces the deslgn of血e stree=amp

monito血g subsystem and血e street lamp control terminal in deta⋯ere are s删some deficiencies in their
rehiab址ty tes血g.

This work is supported by血e shaanxi province in 2017 by血e science of natud science on血e prgiv Based on

the technology of Zlgbee wlreless s蛔Iap energy saving contro] system research PrQ'ect ou 7JMOr l l )
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Abstract. The current street monitoring is more traditional way, backward management and 
inefficient. Now on the street lamp monitoring system research is the use of wireless network 
technology and GIS technology to achieve automatic monitoring of street lamps, but the lack of 
street lamp system logic structure analysis. According to the physical model of street lighting 
facilities, the paper analyzes the logic model, and designs the visualized streetlight monitoring 
system by C / S mode. In the system, the user can quickly find the location of the street controller 
through the map, and bulk control of a range of lights off, thus breaking the current simple way to 
control the street, the real realization of the picture to see the lights, Lights, lights to view the 
service. 

Introduction 

Street lights are an important part of municipal facilities and street lamp monitoring system is a 
very important indicator of the level of urban modernization. The traditional street lamp monitoring 
system mainly relies on artificial or timed clock to control the switch, because each section carries 
out the independent control of the section, and there is an error between the timers, which causes 
the street light to open and close is not unified, and because of the lack of the corresponding 
detection means cannot monitor the working state, management backward, inefficient. Therefore, 
the use of new management methods and technology to achieve street lamp monitoring is the urgent 
need for street construction and management. At present, the research of street lamp management 
system mainly introduces wireless network technology and GIS technology to realize the automatic 
monitoring of street lamps. However, these studies only describe in detail the design method using 
wireless network and GIS technology, the lack of analysis of the topology of the street lamp, and 
the logic model of the streetlight system is not clearly given, which seriously affects the operation 
efficiency of the monitoring system. In order to solve these problems, the author uses the database 
technology to analyze the physical model of the streetlight system and establishes the relational 
structure model of the system. On the basis of the relationship between the street and light system, 
the system database is established and the visualization of the streetlight system is realized by GIS 
technology monitor. 

Present Situation Analysis of Visualization Technology of Street Lamps 

In recent years, with the development of the city, the installation of various types of street lighting 
facilities in the continuous improvement, and, urban lighting has evolved from a simple lighting 
function to beautify the urban environment, improve the image of the city an important part of 
investment. The larger the city, the more the amount of street lighting facilities, coupled with 
various types of supporting facilities, such as control boxes, cables, etc., together to build a large, 
complex urban street lighting system. With the completion of the construction of the entire street 
system, the monitoring and management of the various street lighting facilities in the whole system 
is also a huge project, especially to monitor the system when the street lamp facilities failure, should 
achieve rapid positioning, repair. How to ensure the city's street lamp system efficient and safe work, 
to achieve a variety of street lighting facilities visualization, information monitoring and 
management has become a hot research. 
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Traditional street lamp management mainly take semi-automatic or manual way, although to a 
certain extent, to achieve real-time monitoring of street lamps, but fundamentally speaking, still did 
not achieve visual monitoring, the main information transmission instability and other three aspects: 

With the continuous expansion of urban roads, street lamps and other equipment more and more, 
its function tends to be complicated, showing a massive and discrete data characteristics, which 
greatly increased the workload of street monitoring. As the monitoring unit lacks the scientific 
information transmission and the gathering plan, causes the street lamp terminal equipment to 
obtain the information hysteresis, the perception is not flexible, the data transmission speed is slow, 
the data wrong package and so on. 

The number of street monitoring terminals and the geographical position are superior, showing 
the cross state, because of this, in the design of street monitoring system, usually ignore the visual 
display equipment running state of work, making it impossible to real-time monitoring of street 
lamp operation, Process, there is no control and monitoring functions of organic unity, which cannot 
directly through the system platform to master the working status of street lamps. 

The traditional street lamp monitoring methods are mainly inductive control, photoelectric 
control, always control to semi-automatic and manual management, focusing on a section of the 
street lights to monitor, cannot be very good to achieve a single street lamp control, especially in the 
visual aspects lack of certain accuracy. Currently used in street lamp monitoring technology mainly 
Zig Bee technology and communication technology, but it is only used in voltage, signal wave 
stability of short-distance communication, the scope of application is small. 

The number of facilities: a city in the size of the road or the district are basically equipped with 
street lighting facilities for lighting, coupled with the matching control box, cable, the total amount 
is calculated in million units, The amount of information is huge: each street lighting facilities have 
a certain amount of attribute information, such as geographical location, power, controlled 
information, monitoring information, due to the huge amount of its own facilities, so the amount of 
attribute data is also quite large. Spatial location characteristics: street lighting facilities are 
basically based on urban road network design and laying, so with the geographical space 
characteristics, especially in the monitoring system in the early warning information positioning, 
spatial features more obvious. 

It is difficult to realize the spatial location of early warning information: Because the monitoring 
and early warning information has strong spatial position characteristics, the current monitoring 
system can only be used in the form of text difficult to achieve spatial analysis function: In order to 
rationalize the deployment of staff and equipment, usually need to analyze the entire street lamp 
system in the early warning of the fault (such as the address text description), that failure, cannot do 
warning failure of the spatial location of visualization and positioning; it is difficult to meet the 
requirements of information sharing: the establishment of street light monitoring and early warning 
information platform to achieve the street lights monitoring system of digital information 
construction, the development of street light monitoring and alarm system is the development trend 
of the entire industry, and the current street monitoring system of various data and data organization 
decentralized, management unstructured, difficult to achieve data sharing requirements. 

System Function and Its Design Research 

The streetlight monitoring subsystem is a visual display of the streetlight status, which monitors the 
state of the street lamp in real time. The subsystem is the main subsystem of the streetlight 
monitoring system. The subsystem also provides two functions of status query and data query. State 
of the query is divided into communication test, current query and mode query three functions. 
Communication test for testing the upper and lower computer communication, you can understand 
which the next bit machine can be successfully controlled, which under the machine communication 
problems cannot be remote control, so that maintenance personnel in a timely manner. The current 
query can query the current of each detection channel corresponding to each lower computer, and 
can truly reflect the working conditions of the load by the current value so that the operator can 
understand the field control situation. The mode query is a query on the mode of operation of the 

Advances in Engineering Research, volume 150

20



lower computer so that the operator can understand the working mode of the lower computer and 
avoid the misoperation of the lower computer when the host computer is restarted. The data query 
subsystem contains basic information queries and thematic queries. Basic information query refers 
to the user through the road name, interest name, such as a certain building, you can quickly find 
the location of the data on the map where the space and can view the surrounding data information. 
Special information query refers to the user on the electronic map users click on a street or a 
distribution box, you can view the basic information of the street or distribution box. 

Street lighting system equipment is very complicated, according to its operating characteristics 
can be divided into simple equipment, complex equipment and lines. Simple equipment is with 
headlights, siege lights and high pole lights, complex equipment, box-type change, landing table 
box, distribution room and wiring wells. Line lights have power lines, street lights control lines, 
power lines are divided into the main power lines, power lines, power lines, including sub-supply 
lines and branch lines. 

Street lights in the state will consume a lot of power, energy in the lack of modern society, how 
to achieve energy-saving emission reduction is a hot research. Therefore, the system considers how 
to minimize the consumption of energy in the case of sufficient pedestrian demand. Each circuit of 
the distribution box is not controlled by the geographical position of the continuous distribution of 
street lamps, but the control of the street lights separated by two lights, a street on both sides of a 
distribution box by the three circuits control. In addition, the system uses the control system at 
intervals of two lights, in general, every night from 17:30 to 19:30, street lights separated by two 
lights, that is, control the road on both sides of the distribution box circuit all the way in the "open" 
State; from 19:30 to the next day 1:30, at this time more pedestrians on the road, in order to fully 
meet the needs of pedestrians, all lights are in the "light" state; from 1:30 to 6:00 the next day, Two 
lights of the control program; daily 6:00 to 17:30, street lights are in the "light off" state. 

MapX is MapInfo company to provide users with a powerful map analysis of the ActiveX 
control products. Because it is a Windows operating system based on the standard controls, which 
can support the vast majority of standard visual development environment such as C #, Delphi, 
VisualC + + and so on. Programmers in the development process can choose their own most 
familiar with the development language, easy to map function embedded in the application, and can 
be out of Maplnfo's software platform to run. The basic operation of the electronic map includes the 
zoom display of the map, the mouse to achieve the map of the zoom, zoom, roaming and other basic 
operations. 

As the display scale grows, the map display layer increases accordingly, displaying the map 
content more and more rich and detailed. Data query, according to the query results, the map 
according to a certain scale to the query results, and make the query results highlighted highlight. 
The design of the street monitoring system using C / S mode, the client uses C # as the development 
language, the use of VisualStudio 2008 platform for the second development of MapX. Realize the 
real-time monitoring of street lamps, visually display the working status of street lamps and 
distribution boxes. In addition, the system also provides users with a friendly man-machine 
interface to help users easily use the system. The server of the system uses SQLServer, according to 
the relationship between the street lamp system structure model, the establishment of street 
monitoring system database for the system storage and provide GIS data and street lamps, 
distribution boxes and other equipment data. In the GIS database side, the database through the 
spatial data engine SDE through the window of the street color (gray light "light off", green said 
"light"), you can clearly get the work of the various lights. This interface gives the physical 
structure of the distribution box model and you can directly through the operation of the distribution 
box to change the work of the street lights to achieve the visualization of street lights. 

Conclusion 

The system uses GIS and database technology to complete the street lamp monitoring system design, 
the system not only uses the relational database to organize data, but also provides a visual street 
light status detection interface. However, due to time, knowledge and technical reasons, the system 
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there are some shortcomings. Function: the system module function is not very comprehensive, 
cannot edit the elements of the layer, the query only supports accurate query, does not support fuzzy 
query. Technical aspects: The system does not consider the actual use of lights and distribution 
boxes in the communication problems, in the future work should be introduced wireless 
transmission module, enhance the practicality of the system. 
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Figure 9. BCF-ONDP-NPAT packet analysis diagram in September 2016

From table 2 and figure 8-10, BCF-BCF-ONDP achieves higher accuracy in network packet analysis in

different months. 1l1e maximum percentage is 1.584%, and the minimum 1s ·1.072%. The analysis results are

relatively stable. 

6. CONCLUSION

A network packet analysis method based on capture and filtering is proposed in this paper. This method

uses BCF multi-scale preprocessing network data packet sequence. Then, the BCF technique is used to improve

the accuracy of ONDP in the preprocessing of frequency domain subsequences. The experimental results show

that the method can master the change rule of the impact burr in each frequency band of the network packet

sequence, which has good analysis accuracy and generalization ability. 
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Abstract 

Aiming at the problem of energy consumption dissipation in self - adaptive sensor networks, a self - adaptive 

sensor network model was constructed. a multi - phase multi - field coupling algorithm is introduced based on 

the analysis of energy equalization routing. The algorithm starts from the overall energy consumption of the 

adaptive sensor network and takes into account the cooperation between nodes. The multi-phase coupling 

function of energy and reputation value is defined, and the state transition probability of node forwarding is 

given. Energy adjustment is carried out according to the income function to solve the equilibrium coefficient 

between energy and benefit - multi-field equalization, and the node energy balance consumption is realized, 

extending the life cycle of the network. Simulation is carried out using the probability simulation tool to verify 

that there are multiple equalization points in the model. It also shows that the model can promote the 

cooperation between nodes and maximize the life cycle of the self-adaptive sensor network. 

Key words: Multi-phase multi-field coupling, multi-field equalization, energy consumption,routing algorithm 

1. Introduction

Self-adaptive sensor network consists of a large number of micro-sensors, sensor nodes not only limited 

energy, the field work environment also led to the replacement of the node and charging difficulties, these 

factors make the design of wireless sensor networks to consider minimizing node energy consumption The 

Self-adaptive sensor network is different from the traditional wireless network, all of its nodes to the 

convergence node to transmit data, are many-to-one communication network. The distance to the convergence 

node may lead to the uneven use of energy, so that the local node premature death, causing changes in the 

network topology. Topological changes lead to changes in routing queries, the nodes transmit power and 

transmission range should also be made accordingly Adjust, so that the increase in network energy consumption 

caused by the overall network life shortened, waste of energy is not exhausted nodes, is not conducive to the 

"green network" construction. Therefore, in the design of wireless network to ensure network quality of service 

(QoS), to study the problem of uneven energy consumption, to avoid premature death of the node, the effective 

global energy management, to achieve the "green network" purposes. 

Self-adaptive sensor network has the following characteristics: (1) node energy consumption only with the 

node in which the current state and the action taken, and the node has nothing to do with the historical energy; 

(2) Only the effective participation of all nodes in the collaboration can help to achieve the maximum network

life in the global scope, but the cooperation and forwarding of the nodes will bring about the energy

consumption, and thus reduce the life of the node itself, so that the node itself and the global network The

existence of life of the game. Therefore, based on these two characteristics of wireless sensor network energy

consumption, we use the multi-phase multi-field coupling theory to model the energy dissipation behavior of

self-adaptive sensor network nodes, find more equilibrium points, let the remaining energy Nodes involved in

doing more work, so as to maximize the purpose of extending the network life.

According to the above ideas, this paper analyzes the research status of energy consumption in 

self-adaptive sensor networks, establishes multi-phase multi-field coupled energy consumption balanced routing 

model, and constructs the revenue function of income and energy. The existence of multiple equalization points 

is proved by the nature of the income function. As a unified framework of energy consumption, data forwarding 

and node cooperation, the multi-phase multi-field coupling model can effectively reduce the complexity of 

energy balance problem research. 

2. Multi-phase Multi-field Coupling Sensor Network Model Construction

In the self-adaptive sensor network, the energy consumption of the node is only related to the current state 

and the action taken by the node, which is independent of the energy consumption of the node. Therefore, the 

behavior has multi-phase multi-field. Therefore, it is possible to introduce the multi-phase multi-field coupling 

to study the energy balance of wireless sensor networks. It should be noted that node mobility in Ad-hoc 

networks is an important factor affecting network performance, while nodes of adaptive sensor networks vary 
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Not so, this article does not consider the mobility of nodes. 

In order to solve the problem of energy dissipation using multi-phase multi-field coupling, we need to 

establish a multi-phase multi-field coupled energy equalization routing model in accordance with the real 

environment and reduce the complexity of energy analysis. To this end, Coupling model of hypothesis and 

formal definition. 

Assume1: there are N sensor nodes randomly distributed in the area of area l mS  , the transmission radius 

of each node is r. 

Definition1. The multi - phase multi - field coupling model is a five - tuple  A,U ,R,W ,P  , where: 

(1)A={a1,…,an}  is the set of participating nodes, ia  is the i -th routing node, among为them 1 i N  ;  

(2)U={0,1} A presents the state of the routing node in each stage, where 1 indicates that the node is willing 

to cooperate and 0 indicates that the node does not cooperate; 

(3) R ={
1aR ,…,

naR } is the set of gains for all nodes, 
iaR  is the revenue of node ia , where 1 i N  ;  

(4)  
1 na aW W , ,W  represents the energy set of all nodes, for each node ia , its energy contains two 

parameters 
i icos ta aW W  and 

i iremaina aW W , respectively, that node ia  consumption and residual energy, 

where 1 i N  ;  

(5)P node forwarding data probability, 
i ja aP P  said node ia  to forward the probability of information 

to node ia , where1 i , j N .  

Under the initial condition, the node realizes the information of the global node from the acquisition by 

notifying the neighbor's own information. The cost of the broadcast of the node is the energy consumed by the 

broadcast. Since the energy consumed by the broadcast is small and only occurs at the time of networking, the 

residual energy after the broadcast is approximately equal to the initial energy, which is no longer discussed later. 

In order to discuss the superiority of the multi-phase multi-field coupling model, the determination of each 

parameter in the model is carried out first. At the same time in order to describe the concise, later we use i that 

i-th routing node, that is, i instead of  ia . 

 

2.1. Determination of participating nodes 

Assume 2. In the multi-phase multi-field coupling model, the experimental area is l×l, the transmission 

range of each node is 2

CS r , and the node position in the communication range obeys the binomial 

distribution 

Under the above assumptions, the number of nodes in the communication range is c Cm S  Where ρ is 

the average density. 

Proof. It is assumed that the probability that the source node has k nodes is 
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Proof finished. 

Assume3. In the multi-phase multi-field coupling model, the vertical component of the node index is not 

taken into account, and the node coordinates are represented by two-dimensional scalar. The coordinates of node 

i are  x, y , the coordinates of the source node are  0 0x y , and the destination node coordinates is  E Ex y . 

Theorem 1. The number of nodes that meet the assumptions 1, 2, and 3 is 22

2
qm r





 . 

Proof.as showed in Fig.1 The area surrounded by arcs is known by the integral 

formula 2 22'S r r  ,        2 2 2 2 2 22 2
2

2 2

'

qm S r r r r r r
 

     


 
     .  over. 

 



Boletín Técnico, Vol.55, Issue 16, 2017, pp.228-236 

 230 

 
Figure 1. Node communication range 

 

The eligible node should be met: 

       
2 2 2 2

0 0 0 0E Ex x y y x x y y       and        
2 2 2 2

0 0E E E Ex x y y x x y y       A collection of 

nodes that point to the destination node 

          2 2 2 2

0 0 0 0q E EA x,y x x y y x x y y        and         2 2 2 2

0 0E E E Ex x y y x x y y       , 

Where q qm A . 

Definition 2. The set of participating nodes satisfying the above two assumptions is p pm A  

where
p q CA A A . 

Under the initial condition, the node set satisfying the node i communication range is iA . In the 

self-adaptive sensor network networking stage, the node through the broadcast notice of the neighbors of their 

own information. In order to carry out the network performance analysis by using the multi-phase multi-field 

coupling model, it is assumed that the energy consumed by the nodes by broadcasting their own information 

under the initial conditions is[Wcost1,Wcost2,…,Wcostn],Wcost1≈Wcost2≈…≈Wcostn. Since the initial energy is equal, the 

remaining energy of the nodes is almost equal after consuming [Wcost1,Wcost2,…,Wcostn], and the broadcast energy 

is ignored without affecting the network performance. 

 

2.2. Determination of other parameters 

Definition3. Participate in node 
i pa A  state set U  value of 1 or 0. The state matrix 

is  1u mB u , ,u ,  0 1is , . 

Under the initial condition, the residual energy of the node is constant and the energy consumption is 0, 

that is, 
remainiW const ,

cost iW =0. After the data transfer, the residual energy of node i is 

remaini remaini cost iW W W      (4) 

Since the transmission power and the communication distance obey the exponential increase of the parameter  , 

2 4  when γ = 2, the energy hole problem is inevitable; When   = 4, it is difficult to achieve the complete 

energy balance of the whole network area due to the limitation of the maximum transmission distance of the 

node. Therefore, select   = 3, so 3

cos t i lW c  and 
cost i mW data , that is  

3

cos t i W l mW k c data       (5) 

Where. Wk is the energy dissipation factor and mdata  is the size of the data. The energy dissipation matrix is 

1

T

cos t i cos t cos t mBW W , ,W    , the energy residual matrix 1

T

remain remain remain mBW W , ,W    , lc  is the distance 

from the source node to the destination node 

Define 4.the revenue value of node i 

 '

i i l mR R R c ,data       (6) 

Where '

iR  represents the revenue value of node i after the next iteration 

Under the initial condition, the income value iR  = 0. R  represents the compensation income value, 

which is the function of the actual communication distance lc  and the size mdata  of the transmitted data. Point 
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to increase the revenue value by forwarding the information .As the cost of forwarding information for the 

energy consumption, then
i cost iR tW , where t is the compensation coefficient. From formula 5 we know: 

3

i W l mR t k c data       (7) 

let R Wk t k  ,thus 

3

i R l mR k c data        (8) 

Where, Rk  is the correction compensation factor. The income matrix is  1

T

R mB R , ,R   

Defination5. The number of participating nodes is 
pA  and the number of elements is m. The node 

forwarding probability matrix is a diagonal matrix, i.e. 

       
1

2

0 0

0 0

0 0 m

P

P
P

P

 
 
 
 
 
 

, and
1

1
m

i

i

P


 , 

Where iP  is the probability that the node i forwards data to the next neighboring node is a function of the source 

node k's revenue value kR  and the remaining energy 
remainiW  of the node i to be forwarded. 

 i k remainiP f R ,W     (9) 

Specifically calculated as 

   
1

m

i k remaini k remain j

j

P R W R W   


      (10) 

Here 
remain jW >0; otherwise iP =0. Where α is the yield weight, β is the energy weight, and α+β=1. 

 

3. Multi-phase Multi-Field Coupled Sensor Routing Strategy 

 

In the adaptive sensor network, the energy of the node determines the life of the network. If the number of 

nodes is too many, the transmission between the nodes will be interrupted and the life of the network will end. 

At this time, the energy of some nodes is not consumed, resulting in the waste of energy. Multiple multi - field 

coupling strategy is as much as possible to make the network nodes evenly consumed, to maximize the life of 

the network. 

 

3.1. Strategic choice 

Self-adaptive sensor network node in order to ensure the operation of the network system needs to 

consume their own energy for data forwarding, but because of their own energy constraints make the node is not 

willing to forward, so there is a life of their own life and network life between the games. In the multi-phase 

multi-field coupling model, we need to find this game equilibrium, that is, multi-field equilibrium point. In the 

multi-phase multi-field coupling model, the income value iR  and the residual energy
remainiW  are defined, 

When the node carries forward the data forwarding to increase its income value iR , according to (10), the next 

node i to forward the probability of iP , iP , that is, the node in the game to take the strategy. This strategy mainly 

balances the energy consumption of the nodes, thus prolonging the network lifetime, which reflects the balance 

of the residual energy of the nodes in the form of network lifetime, and the variance  
remain iWD B  in the 

multi-phase multi-field coupling model. When the variance is the smallest, theoretically equals zero, the 

network lifetime TWSN is the longest. The following is the definition of the self-adaptive sensor network life used 

in this paper. 

Definition6. Self-adaptive sensor network life TWSN refers to the time interval from the network topology to 

the arbitrary node to collect data cannot be directly or indirectly transmitted to the convergence node and the 

transmission process cannot be restored. In the multi-phase multi-field coupling model, the network lifetime is 

related to the variance  
remain iWD B , The smaller the variance, the more balanced the remaining energy of each 

node in the network, and the longer the lifetimeTWSN of the network. 

 

3.2. Calculation of energy 

The residual energy of the node is 

1 2remain

T

W remain remain remain NB W ,W , ,W       (11) 

For any node i, the energy expectation matrix consumed by the first transmission is 
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   (12) 

The residual energy expectation matrix is 

   1 2 1 1remain i cos t m cos t mE W cos t , ,cos t P W , ,P W       (13) 

The residual energy expectation matrix after each transmission is 

     
' '

remain i remain i cos t iE W E W E W    (14) 

Where  
'

remain iE W  is the energy remaining after the data is transmitted,  remain iE W  is the current energy, 

and  
'

cos t iE W  is the energy consumed by the transmission. 

Defines the energy residual matrix of the final node: 

1 2remain

T

W remain remain remain NB W ,W , ,W        (15) 

The iterations 
remainWB  are calculated by the following equation (14). 

 

3.3. Calculation of income value 

Under the initial condition, the income matrix is 

 1 2 1

T

N
R cos t , ,cos t


    (16) 

For any node i after the transfer of the income matrix is 

 1 1 1

T

i mR cos t R , ,cos t R        (17) 

Similarly, the income matrix of all nodes 

 1 2 1

T

N
R cos t , ,cos t


    (18) 

The existence theorem of multi-field equilibrium in stochastic game: When the number of states and 

actions is limited, there is a Markov perfect equilibrium in stochastic game. 

Theorem 2. In the multi-phase multi-field coupling model with the total number of sensors N, for 

P , *P  (* denotes a specific element in the set), the TWSN is maximized. That is, there are multiple 

equalization points, where TWSN is the life of the sensor network,  * * *P f ,   

Proof.Enegy residual matrix: 

1 2remain

T

W remain remain remain NB W ,W , ,W      (19) 

remainWB is the function  ofα,β. 

For the entire network, if the node mortality rate is  0 1   , then the node i's successful transmission 

rate of ' , then 

   

   

4
1 1

4

l l C'

l l C

N S S

N S S


 



 
   


     (20) 

If the distance between the source node and the destination node is L, the communication distance is r and 

the minimum number of communication times is NTimes, thus NTimes=[L/r]+1, Where [x] represents the largest 

integer greater than x 

In the case of mortality rate ε, the probability of successful transmission from the source node to the 

destination node 

 1 TimesTimes
N' N        (21) 

Consider the two cases, the node's balanced energy consumption: 

(1) no node death situation 

At this time the whole network did not appear node death phenomenon, the remaining energy mean and 

variance were 

  1
remain remain

N

W W remain i

i

E B B W
N

      (22) 
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2

remain remain remainW remain i W remain i WD B E W E B E W E B    
 

  (23) 

Standard deviation is 

         
remain remainW WB D B  . 

The standard deviation reflects the degree of discretization of a data set, which is the measure of the 

amount of energy consumed. If the energy consumption is more uniform, the standard deviation is also smaller, 

the longer the life of the network. When  
remainWB  = 0, the network lifetime is the longest. Since 

remainW  is a 

function of α, β, from the above formula,  
remainWB  is also a function of α, β. From the definition of standard 

deviation,  
remainWB  is a concave function. Since α + β = 1, so  

remainWB  is a one - dimensional function of 

α, when  
remainWB  = 0, that is, the minimum value should be satisfied 

 
  

0
remain

remain

' W

W

d B
B

d





     (24) 

The solution α * of this equation satisfies the value of   0
remainWB  , that is, the solution satisfying the 

game model. According to α + β = 1, find  * *,   is a multi-field equilibrium point. 

(2) node mortality rate is ε 

From the formula (20) know, at this time the success rate of node transmission Λ. If you need to ensure the 

the forwarding function node is 

1 2remain

T
'

W remain remain remain NB W ,W , ,W      (25) 

Where m has the number of remaining nodes 1 2remainW NB W ,W , ,W     × 90% of the forwarding 

function in this case: 

  1
remain remain

M

W W remain i

i

E B B W
N

      (26) 

       
2

remain remain remainW remain i W remain i WD B E W E B E W E B    
 

     (27) 

Among them 0 i M  . 

Standard deviation is    
remain remainW WB D B  , and   0

remainWB  . 

Similarly, the multi - field equilibrium point  * *,   is obtained when   0
remainWB  . 

In the multi-phase multi-field coupling model, the main research satisfies the above two cases, the network 

lifetime reaches the longest process, the node forwarding probability Pi is determined, and A  iP f ,  , 

Finally, the multi-phase multi-field coupling model has a multi-field equilibrium point of  * *,  , and each 

node forwarding information is adjusted according to Eq. (10) to maximize the network equilibrium energy 

consumption and extend the network life cycle TWSN. 

 

4. Experimental Simulation and Correlation Comparison 

 

4.1. Experimental scenario 

The experimental scenario is shown in Table 1. 

Table 1. Simulation scene files 

parameter Setting 

Node coordinate range 100m×100m 

Communication radius 20m 

Data length 100bit 

Node energy consumption 50nJ/bit·m3 

Node initial energy 1000J 

Node initial revenue value 50 
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Income compensation 0.0005/bytes 

 

In the simulation, two nodes are randomly selected as the source node and the destination node, and the 

source node and the destination node are randomly acquired at the end of the data transmission. 

 

4.2. Node distribution 

Multi-phase multi-field coupling model, because the cooperation of the node will consume its own energy 

consumption, is not conducive to their own survival, so the node cooperation and energy there is a contradiction. 

The model uses the revenue value of the node to represent the degree of popularity of the node. If the high value 

of the income indicates that the node has a lot of energy to forward, the node will give priority to the node when 

it needs to forward the information. According to the above evidence, there is a balance between the energy and 

the income value of the node - multi-field equilibrium point. The simulation results are shown in Fig.2. 

 

 
Figure 2. shows the trend of the residual energy of the node with α 

 

When (α,β)=(0.6,0.4, the variance smallest, the variation range of variance is also the smallest in the 

simulation process. The weights (α, β) = (0.6,0.4) are the multi-field equilibrium points of the model, i.e. (α *, β 

*) = (0.6,0.4) 

 

4.3. The residual energy of the node and its variance 

The residual energy and its variance of the nodes are shown in Fig. 3. The residual energy curves of nodes 

under GTEBR and multi-phase multi-field coupling are given. It can be seen from the graph that the energy 

residual fluctuation of nodes in the multi-phase multi-field coupling algorithm is smaller than that of GTEBR, 

which is more favorable for the balanced consumption of node energy, which can effectively prolong the 

network life cycle. Through a number of experiments and (20), we give a comparison of the residual energy 

variance in the two cases, as shown in Fig.3. 

 

 
Figure 3. Comparison of remaining energy in nodes 

 

4.4. Average hops 

Figure 4 shows the variation of the average number of hops of the algorithm with the number of 
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simulations. It can be seen from Fig.4 that the multi-phase multi-field coupling algorithm is superior to the 

GTEBR model in the average hop count, and the EAMHR routing algorithm is optimal. This is because 

EAMHR is the shortest path route, without considering the node's energy balance problem, but requires the 

shortest path in the case of data transmission. Although the EAMHR algorithm improves the speed of node data 

transmission, it is not conducive to extending the network life cycle. Multi-phase multi-field coupling model and 

GTEBR algorithm fully consider the life cycle of the network, the network life cycle is an important feature of 

the real network, both models extend the network lifecycle to the maximum extent, and the game algorithm is 

less than the average number of hops of the GTEBR algorithm. Therefore, the network life of the multi-phase 

multi-field coupling algorithm in terms of network life cycle and data transmission delay Cycle is better than 

GTEBR algorithm. 

Figure 4. Comparison of average hops 

5. Conclusions

Based on the energy balance routing, this paper introduces the multi-phase multi-field coupling into the 

energy consumption of self-adaptive sensor networks, and establishes the energy consumption of multi-phase 

multi-field coupling. Based on the multi - phase multi - field coupling, a multi - phase multi - field coupled 

adaptive sensor network routing algorithm is proposed. The algorithm is used to study the energy balance by 

introducing the probability model, and the multi - phase coupling function of energy and profit value is defined 

in the payment function. The multi-field equilibrium of the model is calculated by the income function, and the 

equilibrium coefficient between the energy and the income value is found out. Experiments show that the 

proposed model can balance the network energy and strengthen the cooperation between nodes, can extend the 

life cycle of the network, realize the low-carbon energy saving of the adaptive sensor network, and promote the 

popularization of the green network. 
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