出國報告(出國類別：其他/開會) 
「智慧感測網路技術與服務發展計畫-

2013無線感測網路國際會議」出國報告

服務機關：國防部軍備局中山科學研究院電子系統研究所

       姓名職稱：張豐裕聘用技士

       派赴國家：波蘭
       出國時間：102年09月06日至102年09月13日
       報告日期：102年09月23日
	國防部軍備局中山科學研究院出國報告建議事項處理表

	報告名稱
	「智慧感測網路技術與服務發展計畫-2013無線感測網路國際會議」出國報告

	出國單位
	中山科學研究院

電子系統研究所
	出國人員級職/姓名
	     聘用技士張豐裕       

	公差地點
	波蘭克拉科夫
	出/返國日期
	102.09.6 / 102.09.13

	建議事項
	1. 將無線傳輸資源分配方法(FPGA協定方式) ，搭配Zigbee無線技術主軸，藉此增進無線感測傳輸率，且降低功率損耗，進而提升無線感測網路技術效益。

2. 將無線感測網路以自主佈點模式作為主軸，也就是說節點放置點自我學習，無須人工設定任何參數即可運作，利用雲端技術管控各節點位置佈點及功能定義，進階可做節點資料傳輸分流，以增進無線感測傳輸率。

	處理意見
	1. 本計畫配合國家政策參與經濟部技術處計畫執行，對於資料量的傳輸及功率的損耗、網路交換協定等之理論與實現方法，將納入研究發展之方向，並深入探討加速訊息傳送協定等新技術，配合科專計畫任務執行。

2. 無線感測網路佈建已廣泛應用於各個領域，未來將根據科專計畫方向，配合執行將自主佈點應用於無線感測網路架構，應能有效提升無線感測網路節點資料傳輸分流以增加效率。
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	1.報告編號：
	2.出國類別：

     其他

	3.完成日期：

  102.09.23

	4.總頁數：
56


	5.報告名稱：「智慧感測網路技術與服務發展計畫- 2013無線感測網路國際會議」出國報告


	6.核准

  文號
	人令文號
	102.06.07 國人管理字第1020009579號

102.05.30 國備科產字第1020007469號

	
	部令文號
	

	7.經        費
	新台幣：129,526 元 

	8.出(返)國日期
	102.09.06至 102.09.13

	9.公 差 地 點
	波蘭克拉科夫

	10.公 差 機 構
	FedCSIS (計算機科學與資訊系統聯合會議)

	11.附      記
	


行政院及所屬各機關出國報告提要

	出國報告名稱：「智慧感測網路技術與服務發展計畫- 2013無線感測網路國際會議」         
              出國報告

                                    頁數 56   含附件：■是(否

	出國計畫主辦機關/聯絡人/電話


	出國人員姓名/服務機關/單位/職稱/電話

張豐裕 中山科學研究院 空用電子組 技士 034712201 ext:329798

	出國類別：□1考察□2進修□3研究□4實習■ 5其他

	

	出國期間：                       出國地區：
102.09.06 / 102.09.13            波蘭克拉科夫

報告日期：

101.09.23
分類號/目

關鍵詞：FedCSIS、WSN

內容摘要：
    此篇報告主要介紹參加2013年計算機科學與資訊系統聯合會議 (FedCSIS))所主辦的2013年無線感測網路國際會議 (WSN'13) 所搜集到的資訊及實質的效益。此次研討會邀請來自科技業界研發人員以及學界的教授代表等共同討論。無線感測網路利用相互關聯的特性，使用簡單的組件分佈於空間網路中，提供相當廣泛的應用於軍事，工業，交通，農業，醫療保健等。在未來WSN的增長空間是可以預期的，會議內容針對無線通訊系統目前的發展現況、短距無線網路技術、網路資訊交換協定、多節點無線通訊系統以及發展瓶頸等都有詳盡的探討。
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「智慧感測網路技術與服務發展計畫-2013無線感測網路國際會議」出國報告

1、 目的

本年度係本院執行經濟部「智慧感測網路技術與服務發展計畫」科專計畫之第四年，為了解國際間應用各式無線感測網路(管理能源和控制感測網路、資源分配網路、無線感測網路的安全和監測技術)於居家數位生活感知相關技術的發展，有必要派員依據計畫目標規畫，參加計算機科學與資訊系統聯合會議(FEDERATED CONFERENCE ON COMPUTER SCIENCE AND INFORMATION SYSTEMS (FedCSIS))所主辦的無線感測網路國際會議 (International Conference on Wireless Sensor Networks (WSN'13) )，收集最新的無線感測網路資訊，以利擴展現有研究架構，加速先進無線感測網路與應用技術開發並提昇科專產品之競爭力。

2、 過程
    9月6日晚上23:30搭機前往德國法蘭克機場，透過轉機於9月7日下午抵達波蘭克拉科夫。當日下午和晚上研讀網路下載的相關資訊，研究抵達會場所經之交通路線，並準備課程所需與資料。9月8日早上搭乘公車前往會場辦理報到事宜，當日下午即參與研討會論文課程。2013年計算機科學與資訊系統聯合會議於波蘭礦業冶金學院（AGH University of Science and Technology）舉行。會議研討除參加無線感測網議題外，還會參加人工智慧及創新的網路系統和應用議題，了解目前各國發展的最新情形、無線通訊技術及人工智慧的實際應用現況，在此次的會議中均有來自業界以及學界的多方先進進行論文講演。
2013年計算機科學與資訊系統聯合會議為期四天，9月8日當日開始發表專題演說，9月9日至9月11日每天依照論文發表主題分類，每個主題約一至兩個小時進行數篇論文發表與討論，我參與的主題為有關無線感測網路國際會議專題講演及論文發表，圖(一)為會議海報及地點指示，圖(二)為會議研討室：
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圖(一)  FedCSIS2013會議海報及地點指示
[image: image2.jpg]



圖(二)  FedCSIS2013會議研討室
	國防部軍備局中山科學研究院出國人員工作計畫表

	日  期
	星

期
	行      程
	公差地點
	工    作    項    目
	備 考

	
	
	出發
	抵達
	
	
	

	102.09.6
	五
	台灣

桃園
	
	
	1、 去程搭機


	飛機上

	102.09.7
	六


	德國
	波蘭


	波蘭
	一、抵達德國法蘭克福機場待轉機。

二、抵達目的地波蘭克拉科夫。

三、研討會主題相關文件研讀。
	夜宿波蘭

	102.09.8
	日
	
	
	波蘭
	1、 研討會報到

2、 參加無線感測網路國際會議之研討

3、 蒐集感測電路、感測網路及濾波器系統在數位生活領域之應用。
	夜宿波蘭

	102.09.9
	一
	
	
	波蘭
	一、參加管理能源和控制感測網

    路之研討，
二、蒐集最新無線感測網路之訊息處理應用解決方法及節能成果差異。
	夜宿波蘭

	102.09.10
	二
	
	
	波蘭
	一、參加無線感測網路的資源分配之研討，並蒐集相關技術之應用範例。

二、參加無線感測網路的安全和監測技術研討，並蒐集相關技術之應用範例。
	夜宿波蘭

	102.09.11
	三
	
	
	波蘭
	一、參加感測網路的軟體應用編譯技術之研討，並蒐集相關技術之應用範例。

二、參加感測網路之性能模擬建模技術，並蒐集相關技術之應用範例。
	夜宿波蘭

	102.09.12
	四
	波蘭
	奧地利
	返國
	一、回程波蘭克拉科夫搭機。

二、抵達奧地利維也納機場待轉機

三、搭機前往桃園機場。
	飛機上

	102.09.13
	五
	
	台灣

桃園
	返國
	抵達桃園機場
	


所參與之無線感測網路(WSN)會議論文：

9月8日(WSN論文發表)

1. Wireless Indoor Positioning System for the Visually Impaired(視障人士室內無線定位系統), P. Wawrzyniak, P. Korbel 
2. Requirements on automatically generated random test cases(自動產生隨機測試案例之需求), Thomas Arts, Alex Gerdes, Magnus Kronqvist
3. Development of Special Smartphone-Based Body Area Network: Energy Requirements(基於特殊智慧型手機的身體面積網路的發展：能源需求), J. Púchyová, M. Kochláň, M. Hodoň
4. Time synchronization in Wireless Sensor Networks(無線感測網路之時間同步), K. Daniluk
5. Resources placement in the 4-dimensional fault-tolerant hypercube processors network(4維容錯處理網路之資源配置) ,Jan Chudzikiewicz, Zbigniew Zieliński

6. How to Develop a Biometric System with Claimed Assurance(如何開發生物識別系統與權利保障) ,Andrzej Bialas
9月9日(WSN論文發表)

1. An Approach for Developing a Mobile Accessed Music Search Integration Platform(行動裝置的音樂搜尋整合平台之開發方法) ,Marina Purgina, Andrey Kuznetsov, Evgeny Pyshkin  

2. Cloud Computing System Based on Wireless Sensor Network(基於無線感測網路的雲端計算系統) ,Wen-Yaw Chung, Pei-Shan Yu, Chao-Jen Huang, 09:00-10:40
3. Approaches of Wireless Sensor Network Dependability Assessment(無線感測網絡的可靠性評估之途徑) ,A. Coronato, A. Testa
4. Similarities in Spaces of Features and Concepts: Towards Semantic Evaluations(在空間的功能和概念的相似性：邁向語義評估) ,Wladyslaw Homenda, Agnieszka Jastrzebska
5. Wireless Sensor Based Monitoring and Content Management System for Agricultural Application(基於無線感測器監測和內容管理農業應用系統) , Wen-Yaw Chung, Meo Vincent C. Caya, Chien-Lin Chen
6. Improving the Usability of Wireless Sensor Network Operating Systems(改善無線感測網路系統的實用性) , A. Elsts, L. Selavo
9月10日(WSN論文發表)

1. Mobile Applications Aiding the Visually Impaired in Travelling with Public Transport(行動應用幫助視障人士乘坐大眾運輸), P. Korbel, P. Skulimowski, P. Wasilewski, P. Wawrzyniak
2. Wireless Sensor Network Based Soil Moisture Monitoring System Design(基於無線感測器網路的土壤水分監測系統設計),  Wen-Yaw Chung, Jocelyn F. Villaverde, Janine Tan 
3. Metering devices remote monitoring system Web-interface(量測元件的遠端監控系統之網路介面), A. Lagunov, N. Gerasimov, D. Fedin
4. Dependence of Kinect sensors number and position on gestures recognition  with Gesture Description Language semantic classifier(Kinect感應器數目和位置之利用手勢識別描述語義的分類), T. Hachaj, M. Ogiela, M. Piekarczyk, 
5. Analysis of radio beacon placement on the accuracy of indoor positioning system(無線電信標的位置分析在室內定位系統的準確性), K. Piwowarczyk, P. Korbel, T. Kacprzak
9月11日(WSN論文發表)

1. An FPGA-Based High-Performance and Low-Power Wireless Embedded Platform(基於FPGA的高性能和低功耗無線嵌入式平台) ,Khurram Shahzad, Peng Cheng, Bengt Oelmann
2. A constructivist approach to a mobile learning environment(行動學習環境的建構方法), Dawood Al Hamdani, Cherif Branki
3. User Positioning System for Mobile Devices(行動裝置使用者的定位系統), 
    本人於早上09:00報到且進行第一天的論文研討會議，以上本人所參與過的議程中，選取七篇與智慧感測網路技術與服務發展計畫關聯性高之論文作為摘要概述。
視障人士室內無線定位系統(Wireless Indoor Positioning System for the Visually Impaired) 【附件一】由羅茲科技大學電子研究所Piotr Wawrzyniak教授主講，主要描述在本文中提出了一種原型無線網路，協助視障人士在室內區域導航。該系統的主要目的是提供準確可靠的位置資訊，以及為使訪問者得知附近位置相關資訊，節點的網路中工作在粗略和精確兩種模式下，提供用戶位置估計的基礎，使用由節點發送的數據，以獲得額外的服務，例如檢索前後有關位置資訊。
    特別基於智慧型手機的身體面積網路的發展：能源需求(Development of Special Smartphone-Based Body Area Network: Energy Requirements)【附件二】由日利納大學管理科學與資訊學院技術控制系 Jana Púchyová 教授主講，主要描述近年來，智慧型設備在世界各地不同年齡的人之間變得非常流行，非常重要的是使用在健康方面的應用。特殊身體面積網路（Body Area Network,BAN）監測目前正在開發中。基於Android平台的智慧型手機被採用作為主要控制內部的感測網路星形結構，智慧型手機及單個感測器節點的功率消耗，是其中的關鍵限制之一，在本論文中，網路傳輸之間的所需的能源需求數據進行了詳細分析。
基於無線感測網路的雲端計算系統(Cloud Computing System Based on Wireless Sensor Network) 【附件三】由台灣中原大學電子工程研究所 Wen-yaw Chung (鍾文耀) 教授主講，主要描述在本文中，系統提供了一個整合農業系統監測資訊的無線感測網路（WSN），如溫度、濕度、酸鹼值（pH值）等其目的是為了讓客戶端可以方便及更快速度獲得更多的關於其他農產品傳輸感測器節點的資訊，無線感測網路將收集的各種由前端的感測器感測到的參數，在客戶端就可以使用互聯網來要求這大量數據存儲到Web服務分佈式的SQL，這是我們所提出的雲系統的數據庫。此外這項工作中提出雲計算服務的概念，好處包括基本的處理器合理的存儲容量，適用於只需要任何的智慧型設備，可以即時監控任何地方的農田資訊，如果客戶端的設備有上網的能力就可以充分利用我們的雲端服務。
基於無線感測器監測和內容管理農業應用系統(Wireless Sensor Based Monitoring and Content Management System for Agricultural Application) 【附件四】 由台灣中原大學電子工程研究所 Wen-yaw Chung (鍾文耀) 教授主講，主要描述在本文中提出了一種基於ZigBee 集成晶片的無線感測器網路系統，執行在溫室環境中的監控管理功能。TI CC2530晶片在感測器如溫度、相對濕度和光強度感測器之硬體中扮演重要的角色，內容管理系統開發軟體是使用開放式軟體Joomla。該系統提供了的半即時監控的環境，以每五分鐘時間紀錄的參數。此外它還提供了一種監測圖形和平均值參數，特別是日照的其最高和最低值，此系統已在台灣的有機農場實施和測試，並且培育蔬菜作物，系統性能顯示了對精密農業和其他領域的潛在的應用。
基於無線感測器網路的土壤水分監測系統設計(Wireless Sensor Network Based Soil Moisture Monitoring System Design ) 【附件五】由台灣中原大學電子工程研究所 Wen-yaw Chung (鍾文耀) 教授主講，主要描述土壤水分是在土壤中的水的量。有效率的進行光合作用極為重要，礦物質和其他營養物質通過植物蒸發作用的輸送，因此正確的灌溉對植物生長是非常關鍵的。本文提出了一種土壤監測系統，包括市售土壤水分感測器(EC-5)，低功耗nRF24L01的無線收發器，MPC82G516A微控制器。從EC-5感測器節點檢測到的土壤含水量將被傳輸通過2.5GHZ無線信號的調變送出，接收解調後將數據傳輸透過RS232到電腦。系統中採用的關鍵部件是成本低及靈活性佳。由於功率只有一個指令時間，因此開發部件MPC82G516A微控制器消耗功率極低，此外EC-5 感測電極還具有安裝方便等優點，有利於農場的更換，此開發系統提供了一個更好的數據無線傳輸和處理，使得農場具備有效灌溉調度的基礎。
無線電信標的位置分析在室內定位系統的準確性(Analysis of radio beacon placement on the accuracy of indoor positioning system) 【附件六】由羅茲科技大學電子研究所Krzysztof Piwowarczyk主講，主要描述本文討論了無線網路終端定位在室內環境中影響精度因素的估計，它加入了參數可以使用於的無線信標描述定位的品質。也提出了一種電腦輔助軟體，參考建築物內放置無線信標節點，並顯示演算法進行的示範性的模擬結果。
   基於FPGA的高性能和低功耗無線嵌入式平台(An FPGA-Based High-Performance and Low-Power Wireless Embedded Platform) 【附件七】由瑞典中部大學電子設計系Khurram Shahzad主講，主要描述傳統的無線感測器節點設計低功率消耗模組，能夠提供計算效能與通信有限頻寬，普遍適用在低取樣率的間歇性的監測應用。然而高取樣率的感測器節點監測應用，可以執行高資料量感測器處理，同時保持低功耗的特點。在本文中一個高性能和低功耗的無線硬件平台，憑藉其小型化的尺寸和模組化結構，使成為一個可定制的無線感測網路層，它可以被用於各式各樣的應用。此外可提供靈活性動態配置和電源管理的介面，針對不同的應用有助於優化性能和功耗。
3、 心得
此次參加2013年計算機科學與資訊系統聯合會議 (FedCSIS))所主辦的無線感測網路國際會議 (WSN'13)，其工作目標是蒐集有關無線感測網路(WSN)的相關資料，以及了解市場的最新技術發展，這些資料可加速「智慧感測網路技術與服務發展計畫」之無線短距通訊技術與無線感測網路資訊交換協定的發展，以增進計畫的效益，對於目前科專計畫面臨的瓶頸與問題希望獲得進一步的解決方法，加速科專計畫產品研發速度。同時和與會人員面對研討無線智慧網路技術，了解學術研究先進或國際大廠在未來思維著重於何處，取得應用技情與商情重要資訊分類與整理，具體執行成果綜整報告如後所述。

此行赴波蘭克拉科夫參加研討會的工作目標是參與論文的研討及資料的蒐集，為增進對市場的最新技術的了解，透過論文的研討可過濾出與無線感測網路相關的論文發表，例如：視障人士室內無線定位系統、基於無線感測網路的雲端計算系統、基於FPGA的高性能和低功耗無線嵌入式平台等七篇相關無線感測網路論文做摘要敘述，以增進後續傳承的效益；在此舉幾篇與現階段工作關聯性較大的論文做心得分享。
3.1 視障人士室內無線定位系統
    旨在協助視障人士獨立旅行和移動導航，定位系統結合了接近感應和數據庫檢索方法，在一個大的辦公室進行的實驗，平均定位誤差不超過4.47米，定位結果可作為前後有關的用戶定位的區域辨識。智慧手機作為用戶終端的使用，使得有可能將結果呈現語音郵件的方式給用戶，未來延伸作品可朝向多系統定位，從使用一般可用的私人無線網路、公共Wi-Fi或移動行動電話網路等。此論文有個關鍵技術是利用粗略和精細兩種模式下進行無線感測節點佈建，先從大範圍佈建相對房間位置點，再由精細佈點模式讓視障人士辨別是否以到達目的地，利用兩種方式交叉的演算方式可得知各個佈建點的相對精確位置，平均誤差不到4.47米，本篇論文節點的網路工作運作方式如以下圖(三)整合佈建，利用多點定位法可求知圖(四)多點定位示意圖之紅點交叉區定位點，標示出黑點其座標位置(粗略定位)，黑點之感測點發射微小信號以利視障人士辨別目的地是否到達(精細定位)。
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圖(三)  整合佈建
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圖(四) 多點定位示意圖
    以往在無線感測網路佈建是以單個演算方式利用RSSI計算彼此相對位置，此篇論文藉由各種模式所發射的功率大小辨別其定位點，有助於往後執行無線短距通訊技術與無線感測網路資訊交換協定的發展，提供有效的佈點方位辨別技術，具有極佳的參考效益。
3.2 基於無線感測器網路的土壤水分監測系統設計及於基於無線感測器的監測和內容管理農業應用系統
    此兩篇的內容皆有助於將來科技農業的發展，為整合兩篇論文內容以下圖(五)綠屋感測節點，圖(六)綠屋感測節點雲端監測控制表示之：
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圖(五) 綠屋感測節點
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圖(六) 綠屋感測節點雲端監測控制
    不同於以往有機農場是以人工監測控制，若以無線傳輸感測資料至監控中心，也必須以人工收集資料並且須至節點地點調控感測元件，此兩篇論文以自動控制方式透過先進的雲端技術，搭配電腦終端軟體整合資料分析，調節出最佳合適的環境供給有機植物生長，可確保品質的一致，並且可節省大量的人力資源及降低成本，將來延伸可以整合上篇論文：視障人士室內無線定位系統技術，可移動任何感測節點，無須再設定固定點資訊，即可自動為感測節點的精確位置進行佈置，並且可降低感測節點佈置的數量以降低成本，為無線感測網路另闢一條有機科技農業的商機。
3.3 成果
此次參加2013無線感測網路國際會議成果如下：
1. 藉由此次的研討會可直接獲取無線感測網路隨機佈點之交叉演算技術，提供目前科專計畫在海軍建案所需的船艦移動點隨機佈置方法，此成果也可對下一期的智慧家庭聯網整合應用技術之科專計畫技術發展上有極大的幫助。
2. 以往的無線行動設備最關鍵的技術無疑是電源供應，藉此行的會議可獲取節省電
    池電源的損耗及增加資料量的傳輸的技術，此成果將可作為下一期的科專計畫之
    智慧電源管理技術的重要依據。
3. 科技農業中的雲端設備控制向來是智慧感測網路中關鍵技術之一，藉此行的會議可直接獲取該論文的雲端管控程序流程，此成果將可對未來的智慧家庭科專計畫中的雲端管理有極大的效益。
4、 建議事項
    此次參加2013年計算機科學與資訊系統聯合會議(FedCSIS)所主辦的無線感測路國際會議(WSN’13)，目的是蒐集有關無線感測網路(WSN)的相關資料，以及了解市場的最新技術發展，這些資料可加速「智慧感測網路技術與服務發展計畫」之無線短距通訊技術與無線感測網路資訊交換協定的發展，以增進計畫的效益。

1. 將無線傳輸資源分配方法(FPGA協定方式) ，搭配Zigbee無線技術主軸，藉此增進無線感測傳輸率，且降低功率損耗，進而提升無線感測網路技術效益。

2. 將無線感測網路以自主佈點模式作為主軸，也就是說節點放置點自我學習，無須人工設定任何參數即可運作，利用雲端技術管控各節點位置佈點及功能定義，進階可做節點資料傳輸分流，以增進無線感測傳輸率。
附件一
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Absiaci—The paper presents a prototype radio nevnork.
aiding the viually mpaired (0 navigaie In Idoor aras. The
main parpose of the sysiem s 1o provide accurale and relable
Tocaton aformation aswell o cpable acces o focatio reated
conlext Information. The nodes of the network operate in (wo
modes proiding basis for hoth rough and precke wer podtion
estimation The data transmitied by the nodes are wsed (0 get
‘acoess (0 oddiional services, e 0 retrew posidon rehied
Comkxt informaton.

Tndex Termo—Contet-aware services, ndoor radio comm-
nication, loction servies, persooal communication networks,
pervasive computing, radic savigation, wireles senso etworks

1. INTRoDUCTION

HERE ARE about 285 million visually impaired peaple
living swound the world [1]. The inabilty to s the
sumounding cavironment strongly affects the. possbility of
uilzing public spaces, including uban areas, trasportation
systms and public buikdings [2]. Recently, 8 number of
electonic sysiems aiding the visually impaiscd i travel and
‘mobilty have been developed [28]. Most of these systems
requite sceurste information on cument user location. Ob-
tining precse information on wser location can facilitae
acoess to public senvices offerd in lage buildings (c.. cty
hals, hospitals) by siding 10 locae rooms or by giving a
remote guidance on how 1o get 1o the targer destinaiion.
Contemporary sselie navi
positioning services suffc
pedestrians in typical outdoor scenirios and thus are often
incorporated in cectronic vl aids (ETA) for the visualy
impaied. However, the use of saellt positoning sysems is
limitd to outdoor sress only. The GPS positoning sccurscy
o decreases i dense wban crvironments where multipath
propagation and strong sgnal atenuation esut n insuficint
qualiy of satellte beacons, Thercfre, there is a eed (o
develop dedicated systems aiding the blind and the visually
impired in urban navigaton. Most of lectronic mability aids
offered on the market make use o local networks of eference
satons that tansmit afrared [3] or radio signals [4], [5],
6], The wansmitcrs arc used 1o idemify various points of
inerest (POI) like bus stops, emances 1o public buldings,

i ek wa iy e by the Nus Cene o Besmech sl
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etc. One of the first indoor positioning systems that used
o beacons and Received Signal Strength Indicator (RSST)
messumments was the RADAR system developed by Mi-
crosoft Research in the beginaing of the 217 centary [9). From
that time the problem of indoor pesitioning and navigation
s been widely addressed around the word [10-22], Henee
‘maintaining low deployment and malntenance costs is among
the most importan objectves of the rearch, majorty of the
soluions reportd i th lteatue ely on racio signal srength
measuements. Sigaal strength readouts can be inc
o location services in at least two ways. Fint of al, rdio
wave indoor propagation models can be wsed o determine
the possibl location of the erminal. This approsch requires
detaied descripton of the propagation environment and thus
s ifficlt to implemeat. Another spproach involes the e of
database search methods 0 calculate wer positon. Therefore,
s pecesary to provide reference RSSI measarements (i
measurements taken in predefined locatons) that are stored in
the refercoce database, and which are then used by location
cstimation algorithms. In the paper, we preseat a wirtless
indoor poritioniag system developed 38 a part of 3 complex
solution sding the visually impairedin independent travel and
mobily.
IL SYSTEM ARCHITECTURS

“The architeture of the proposed indoor positioning sy tem
conssts of a local localization server, a local dutabase server
a1d an optonal global localization server A wide range of
portable uscr devices (PDAS, smartphones, sotcbooks, ¢c.)
operating in diffrent witeless networks may be used a5 stem
terminels. The terminals should have the capabilty to mcssure
stength of the signals trnsmited by system reference st
tions mounted insid a bulling. Thus, 3 dedicaed software
or hardware is ecessary to make use of e measurment
data, especilly to pass the resuls to the local positioning
server The tasks of the local poskioning server rc: o kecp
information about the layout of the area it rves (e.g an
offce bulding). 1o make the use of local database cagine
o store rference mesurement dats, and to compu the
probable use location based o1 the RSSI messurement values
reported by the terminal. Morcover, the local serve is also
rsponsible for communication with the global localization
server, i availabe. The global localization server can be also
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used to deliver new posiioning algorthms. The architecture of
e proposed system s shown in Fg. 1. Al the components of
the sysiem communicate using XML/ISON and SOAP-based
Web Services.

L. WIKELESS POSITIONING TECHNIQUES

A variety of techniques can be employed (o estimae the
positon of a wireles network leminal. n majory of sysems
measurements of signal paramelers tansmitied by system
reference stations are used. Then, the postion of the terminal
s estimaed based on calculation o distances of the erminal (o
atleast some of he eference podes.The most commnly used
signal properties include propagation tme, angle of arival,
and received signal srength (101

A, Proximity Desecton
“The most straightforward method toestimate the position of
a radio terminal i to determine whether it is within the cov-
erage of som: reference taton. The accuracy of positoning
with this approach srongly depends on the range of reference
ransmittrs. However, when roference stations transmit ignals
with relatvely low power, the position of the user terminal
may be wel approximaed by the known location of the rfer-
ence transmiter. This approach is caled proximity detection.
Practical implementation of this positioning echnique nvolves
intalaion of many reference nodes. often called rado tags.
. due (0 simpl tag’s construction the overal system
instalaion cost migh remain low. This technique offes good
accuracy, however it strongly depends on the number of
installed refrence tags. The idea of posiioning sysiem using
proximity detection is shown in Fig 2.

B, Database Search-based Indoor Posiioning

Distance estimation technigues involving radio wave prop-
agation modeling are widely used i positioning sysiems.
Howover, due very high complexity of indoor radio wave
propagation environment, applicabilty of these methods is
limited o oudoor areas. In typical indoor scenarios, strong
‘maliath propagation effects make it impossible 0 nambigu-
ously relale measurd signal parameter value o a disance
from the ransmitier. Even along short propagation paths.
signal paramers may exhibit very stron vaiabiity. Another
factor limiting performance of positioning mthods s time
variabilty of indoor radio channel characeritcs. For exam-
pl. depending of the time of the day. the offices may cither

Fig 2 Pty dtcion  rsention of o o o e erinl
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be crowded or almost empty what may result in significant
changes of the reported values. Therefor, ther is a need (0
seatch for new positioning meihods for indoor applications.
One of the approaches that is adequate for indoor sysems
assumes the use of comelation analyss of reported signal pa-
rameter values with some rofrence data rcorded at prodefined
locaions. As database scarch methods ray on evaluation of
Similaiy of measured signal charactristics a actual location
o the reference datas, these methods are o so prone 0
‘malipath and shadowing effect s the methods based on radio
wave propagation modeling. Despite of he fac that dalabase
comeation methods may be based on analysis of any available
signal parameters, most of practcal implementations involve
received signal strength measurements. The advantage of the
use of RSSI is thal most of contemporary radio receivers
provide possiblity to monitor RSS! level and a wide range
of devices can be used with a positioning system without &
need 10 implement any hardware modifications. The use of
database search methods makes i also possible o reduce the
influence of RSSI time variablity by the ue of normalizaton
1o the value read from a given reference signal source.

€. Proposed Posironing Technique

“The proposed implementaion of & wireless indoor posi
tioning system involves received signal strength (RSSH) mea-
suremens 10 estimate terminal position. It makes se of the
‘advantages of both aforementioned approaches, . proxim-
ity detection and database search methods. Honce proximity
detecton is most effective and accurate when ama served
by a singl reference ta is elatively small, th tags should
be equipped with radio trnsmiters supporting low transmit
power modes. On the other hand, database search method
accuracy increases wih the number of sources of reference
Signal. In tha case. he nodes should be capabie 1o transmit
Rference signals ovr rlatively large areas. Moreover, the
covorage arvas of neighboring transmitors should ovarlap, It
i worth mentioning, hat posion information retumed in the
fom of absolue geographical coordinaes of the user i not
the most expecied outpu from indoor navigation and posi

tioning sysiems. Geographical coordinals are more suitable
for ouldoor positioning, mainly due (o casy inkgration with
GIS systems. Morcover, in indoor applicatons accurate and
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Rliable alitude estmation is required. Athough in outdoor
sconarios the use of absolute alitude sbove ground or sea
evel as alitude descrptor is the most comenient, i indoor
scenarios floor index should be considered as the natural way
of expressing in-building alitude of traveling people. There-
fore. the proposed indoor positoning system makes use of
aabased context-relaied postoning. Area-based positioning
systems provide end users with coniext nformation rlated (o
the curent zone of the building. The system ouput data set
includes but is not fimied to:
« floor index or name G applicable).
« zone within a buiding (e.g “north wing"),
< room or office number or its name (.2, “kilchen” or
audiory no. 416°),
« additonal site-relted information (ike name of curent
lecture in an audiory room).
Moreover, the proposed sysiem retums absolute coordinates
of the user terminal (o ensure backward compatibily

IV, EXPERIMENT RESULTS

The prootype sysiem was buill with the use of Texas
Instrument’s CC1110 radi transceivers operating in 865 MH2.
unlicensed band and transmiting with output povwer ranging
from -30 dBm 0 +10 dBm. The reference nodes and the user
erminal were equipped with omnidirectional aniennas having
422 dBi gain. The receiver sensitivity was -110 dBm. The
Rference nodes were mounied i an offce building as shosn
inFig. 3. All network nodes were wilzing SimplciTl protocol
o communicate with cach other. The est premises consised
of about 41 meters long and 3.5 meters wide corridor with
doors leading 10 several offices and laboratores. n order 0
valate the positoning aceuracy of the implemented methods.
 number of experiments have been conducted. The goal of
the frst experiment was (o estimale the size of the zones
coverad by the reference nodes when packels are being sent
with thelowest available ransmitpower, . -30 dBm. During
e experiment one of the tags has been placed n the building
enirance area while the second one served as data rceiver
‘Measurements of Received Signal Strength Indicalor (RSST)
have been recorded along 36 metr long path. The cxperiment
was repeaed twice in order (0 examine system behavior in
Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) condi-
tions. The resuls of the frst phase of experiments have been
sammarized fa Fig. 4. As (he resull of the experiment the
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maximum radus of the zone cosered by a single reference tag
was estimaled to be about 25 meters for LOS, and about 10
meters for NLOS conditions.In practical system application,
node proximiy wil be deteced only when the RSSI values
exceed prodefined threshold valwes. It must be also noied
tha the use of miniaturized radio tag modules equipped with
coramic antemnas will resull in significant decrease of the
coverage area of a singl tag. The goal of the nextexperiment
was 1o evaluate door identifcation accuracy with the use of
database search methods. Refernce Points of nierests (POI)
have been distibuted at the entrance doors 10 the ooms as
shown in Fig. 3. The database search algorithms has been
used 10 determine the user positon on the basis of RSSI
measurements from five reference tags distributed in the test
promises. Results of the experiment have been summarized in
Table 1 and Fig. 5.

As presented in Table 1 daabase search method resulled
in’ mean positioning emor of 4.47 meters and 2.38 meters
for 50 % of cases 1 s worth (o mention tha for 29.76 %
of analyzed test cases user posiion was delermined correcty
berefore 25 % error rate counts 0) and for another 15.45 %
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[image: image10.jpg]of cases user position was estimated at neighboring door.
Cumulative Distribuion Function is presented in Fig. 5. It
an be noticed thal maximum posiioning error in conducied
‘experiment reached 20 meters (for a single case) and for 90 %
of cases positioning error was lower than § meters

V. SYSTEM USER INTERFACE.

Indoor positioning sysiem presented in the artick is a part
of a complex solution designed for aiding the blind and the
visually impaired in independent mobility and travel. There-
fore, described positioning sysiem shares components fike
reference tags or user ferminals with the remaining partof the
system. The use of Text-To-Speech enabled smartphone as a
‘mobile electronic aid makes it possible o provide the visually
impaired users with voice messages presenting position relaied
informaion ¢.g. description of rooms the user s passing by,
Moreover, an interactive plan showing part of the building
where usar was localized is simultancously displayed on the
screen of the mobile phone. This function makes the system
suitable for a wider group of target users. Displaying addi-
tional conext-melated informalion may be helpful in effective
navigation in large and unknown buildings.

VI CoNcLusion

In this paper indoor positioning system for short range radio.
‘communications network has been proposed. The system is
a part of complex solution designed for aiding navigation
of visually impaired in independent ravel and mobility. The
positioning system combines proximity sensing and database
search methods. The experiments conducted in 3 large office
building resulted in average positioning ermor not exceeding
447 meters. Positioning rsulls are retured as contextual
information regarding the area where the user was localized.
“The use of smartphone as @ use terminal makes it possible ©©
present the results {0 the users in the form of voice messages.
Future development works assume incorporation of multi-
system postioning. As the resull, the positioning methods
implemented in the system will benefit from the use of data
from generally available radio networks, like public Wi-Fi or
‘mobile celluar telephony networks.
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附件二
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Absiract—i ecent ears, smartdevices became very poplar
amon people of all ages around the world. Very imporian is
especally their usage in bealth applicatons. Special Body Area
Network (BAN) for the stres monlorin s currenly being deel.
oped ithin he authors' depariment. Andraid.based smariphonc
i cmployed a the moin cantrol uni of the sensor network bui
on'the Star rchiteture. Since the pover consumpion of the
Smart-phone 35 well 25 of the single sensor node is one o he
ey imitations of the network, specil attntion has o be ghen
o i, o this atike, energy requisements necesary for the data
ransmsion among the network is amalysed in detal For this
purpos, communication soluton basd on 2.4 GHz proprictry
R transcciver i mplemented:

1. INTRODUCTION

HESE fst movig, uid times we e n brin song

ifrent helh ks 1 e poope's e pric,
e growiag number of peops suteing from stes, which
Inducs Hgh umber of sovers diseases uch 3 cardlovas:
i e, mpared immne ysem, s, e uker
s, ndosion. esdaches, migaies and depesion,
onsofihe typial problms of nowadays. Many poie do ot
oAz s caough it thelr curmo sss vl bl
for e besth, Threom, s ncessy fo hav the sess
Isue under conrol nd macage I somebo. Fo s ason,
i paper presnts he propoed sysem for momioing
Vit Sgns of & Duman bty that rs relsed 1 (e sies
s The sysem 1 b 0 the etworkin prncps o
Body Area Network (BAN). The sensor nodes around a human
oy s communicae s coodinaed son crea BAN
111 BAN rquiments incuds low ety spcications and
10 at s e for vatous pplcatos Includin e
feld of e+l (1, 21 [5) Wesabe spor comporents
bl monioring anywtec, syt and durin itk e
of cties (o o, a ok, indors. owdoor, durg
poms, ey Mostly. comprbensve bt e s aied
in comparison with the traditional diagnosing methods [3].
In ainon, prompt e Keitction ity ods o
Scoesil estmen v n cuseofserious s L. Mosty,
4 conal and mos pvertl nework node 1 he coonlinsor
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of the network 1, (3] The network coordinator for this appli-
cation has been chosen (0 be a smartphone. The resson for this
‘comes from smartphone featurs - embedded microprocessor,
touch screen, capabiliies 1o perform cals (emergency calls).
send short text messages and connect 1 (he ternet 2],

‘Various such sysems, using the smariphone asets, have
been already intoduced. In 6], @ special body monitoring
system for detection of the human body temperature by
termopile sensor, electrical activity of brainwaves by elec-
trocardiogram and electical activiy of the heart by elecro-
encephalogram have been introduced. Smartphone had been in
this case used as the communication gateway interfacing the
sensors” data with the remote monitoring server, n spie o ts
‘management and localstorage functions.

In 7], more complex telemedical system measuring ECG,
heart ate, heart ate varabilty, pulse oximetry, plethysmog-
raphy and fal detection was presenied for the purpose of
the patients” physiological parameters outsde_the clinical
environment monitoring and recording. The smartphone was
except the common featurs used for the daia visualization
and patient’s ocalization maters in onder 1o the emergency
‘communication with a clinical server wil be guaranteed on a
certain level of qualty.

‘An agent-based approach was presented in (8]. A muli-
agent architecture for mobile health monitoring interacting
doctor and patient beyond the episodes of vists i presenied,
imvlving a team of Java-based iteligent agents that collate
patient’s dta through Bluetooth compliant monitoring device
and recommend actions [ patients and medical staf in a
‘mobile environment. Agents a the smartphones are also able
o monitor the patients emvironment through an integrated
VGA camera 1o track patient actions and relay images back
1o medical sta.

System i 9] Is devoted (0 the monitoring of the athetes
during thlr training process providing them information sbout
the body response (0 fatigue. Different sensors are wilzed
‘within the sysiem, including th photoplethysmographic (PPG)
sensor for the heart beat-variability monitoring that i used for
the arthythmias or areral senosis and ocelusions detecton,
and the earlobe sensor for he tissue impedance measurement
that defining an amount of physical effort due o the fons’





[image: image12.jpg]concentration analysis. WHilst the smartphone was employed
as the main conlrol uni for the data collection and analysis,
tbe sysiem provide non-invasive method for the alhietes mon-
itoring without interfring their rining.

Energy optimization through scheduled communication,
Blwtooth parameter tning and protocol opumization was
stessed within the sysem in [10]. There was developed
a Bluctooth-based body sensor network consisied of one
smartphone as the network coordinator, muliple sensor nodes
for the human body monitoring. and a wristwalch as the
user interface. Since the Blustooth is characterized by large
power overbead. s duty cycle was minimised, The developed
platform was supplied with & set of APIs for aplications
on the phone 1o manage the network, colket data from the
sensors. and inkeract wilh users via the waich. Data from
sensors, which had been most time in a skep mode, were on
account of the measurment request reported 10 the Inemet
server o (0 the phone which could perform its own analysis
displayed afterwards through the wristwatch

In (1], the design and implementation considerations of
a smartphone-centred pltform for low-cost continuous health
monioring based on commercial-ofF-te-shelf wircless wear-
able biosensors were introduced. The platform approach was
implemenied uilizing PPG biosensors and different smart-
‘hones o measure heartrate, breathing rate, axy gen saturtion,
and estimae obsiructive skecp apnea.

“The st pat of the article describes radio frequency so-
Iutions and their comparison in order 1 btter evaluate their
‘power consumption requirements. Smartphone connectiviy is
investigatd in the following part. The next section discussas
the mere composition ofthe network, as wellasthe principles
of communication and timing in the network. Effors to
duce enerzy requirements are described in the st pa. The
‘Proposed snsors are ble (0 capture the emperature, humidity
and heartrte characeristcs. Such, valus are able (o detect
i a human is under the stress Thus. by the analysis of these
‘parameters, the level of human's sress can be found out

1L RADIO FREQUENCY SOLUTIONS

An important task of the sysiem design is 10 sclect the
‘proper commanication mean for the BAN. If one considers &
sloction of wireless connectivity for a smartphone, (w0 major
technologies come o mind. The frst i TEEE 802.11.4 (WiF),
which s very powertul bu it s abe 0 drain out the battery in
a quite short time. The second option for smartphone wirless
connection is IEEE $02.15.1 (Blugtooth). On the subect of
the energy consumption, boih standards. require significant
amount of energy and considerably reduce the smarphone’s
lifetime {121

Except mentioned technologies, there ae also other possi-
bilitis which are much more suiable fo the BAN purposes,
especiall in the frame of power consumption. In [7]. IEEE
802.15.4 Zighee platform was implemenied within the devel-
oped BAN due to the cnergy-saving reasons. Hower, though
is Zighee primarily appoinied for the low-power, Iow-cosL,
‘maltihop networks, it does not exactly meet demands of IEEE

TABLE |
BAN CourLaxT TRANSCEVEXS Cugen Cossurrion
Coumaisin i DirAENT Powin Mooes ron ProrRie sy 2 Gz
TSN B Raio Mogers

B e N | wRRRAA
Sony TS
TBLE 1

TS STEs-oN- i CURRINT Cosumrrion Comison
Dirriars Powe Moot

e o] st | s v | Gones o | cc
s | 0o | orm | swmn | som
Pover 2 | 0750 | 1954 | as0uA [ asun
Povcroon s | o5 | omen | wwn | amen

802156 standard for wireless communications supporting
ultrarlow power devices operating in o around the human
body. Therefore, propritary radio functoning on 2 4GHZ ISM
was chosen for the BAN purposes. This choico allows def-
initon of the unique low-energy-consuming communication
protocol which can be further modifed according to the atest:
Rkase of the BAN sandrd. Several embedded soluions
ar available on the market nowadays. The Table 1 brictly
compares the currentconsumption of the selected transcevers
for 2.4 GHz ISM band.

“Transceiver solution requires & microcontroler (MCU) o
process the measured data and to iniiaize wireess commu-
nication. Furthermore, additonal space on the PCB (prinied
circuit board) i required when taking advantage of the stand-
alone transceiver interconnected with MCU via some inertac.
As the sensors ought o e as small & possible we decided
1 investigate sysim-on-chip (SoC) 2.4 GHz. RF: soluions
as well. Whilst Texas Instruments (1) is probably the best
producer of such soluions in the sen of curent consumption.
seleced SoC represenatives ffom TI family were chosen for
‘comparison in Tabe I

‘Common features of these SoCs and transceivers include
low-cost 2.4 GHz radio soluton, ultra-low povwer require-
ment, suitability for portable applications and several ad-
vanced low-power operating modss in order (0 ave the powe.
Since ulra-low power requirements ae necessary fo proposed
applicaton the power requirements parametr was ey part
of the communication subsystem sclction. All values fn the
“Tabl I are average values o the current consumpiion based
on the datasheat information.

‘Along with the tabe, i is possble 0 conclude tha the best
‘power consumption requirements had the fist So solution T1




[image: image13.jpg]CC2S11. Therefore, the main MCU that s connected dicetly
o the smartphone via USB, functioning s the commanication
gateway for the BAN, has been chosen the mentioned CC2511

“This chip was, however, unsuiable for the sensor nodes since
it hcks the most important communication inefaces - SPland
7] Thus, it was necessary to sect ancther SoC soluton.
that comprises thes peripherals. The second best soluton
provided in the Table I was TI CC2545 that had 3l desred

ipherals and featues satisfying the sensors”claims [20]

L. SARTPHONE US CONNECTIVITY CONSTRAINTS

Universal Seril Bus (USB) was employed as the main
commanication inteface a5 wel as the power source for the
communication gateway board - control node (Fig. 1 and
Fig. 2) - since it provides bus-power. That is one of the key
advantages, because the device oblains power from the bus
and 10 exta cabls s required. In the following subsections,
e ecessary basics of the USB inkrconnectivity mandgement
will be summarzed,

A, USB Device Types

“The device specifles it power consumption in 100 mA load
anits in the configuration descripor [21]. The device cannot
increase ts power consumption above the declared amount of
load units. Three clsses of USB devicasexist (221

« Low-power. bus powered devices (LPBPDs) - draw all
necessary power from the bus and cannot draw more han
one load unit Thisclass of devics has o be designed to
work in 440 V up to 8 maximum 525 V voltage range.
Therefore, many devices require LDO rgulaors:

« Highpower bus powered devices (HPBPDs) - al neces-
Sary power is drawn from the bus and cannot dra more
than one unitload until it has been configured. Afler the
confguration, he device may drsin up o five load units
(max. 500 mA) provided n the configurston descriptor.
Stch devices have to operst in 440 V - 5,25 V volizge
range. When operating at a full unit load, the minimal
volige level is 475 V. Once again, a LDO regulator is
needed for many devices:

« Selfpowered devices (SPDs) - may draw up t one load

rom the bus and the rest of the necessary power
may deiv from an extemal source. One load unt allows
relisble detection and enumeraton of the devices without
mainlsccondary power applied;

No USB device, whether bus powered or self-powered
can drive the bus (in sense of the power) If the power is
ot the device has 10 seconds (o remove power from the
pull-up resistors on the USB data pins that are used for
speed identification. Another very important consideraton for
implemeniation i he inrush curren that has 10 be limited.
“The inrush cument coniributes o the capacitance of the device
between the USB. power and the USB ground [22]. The
mximum decoupling capacitance staid in USB specifications
i 10 4F. When the device disconneets, 3 large volage peak
may oceur, Therefore, s lesst 1 uF decoupling capacitance
has 1o b implemented for safe USB operation 211,

i 1. Con it - smsrptonscomection

B. USB Suspend Mode

Support for suspend mode is mandatory for all devices.
During this mode, additonal constains apply. The maximum
suspend curent is proportional to the load unit. For one load
unit the maximum suspend curent is S00 A [21] This
includes cument from the pull-up resstors on the bus, Another
consideation for many device s the 3.3 V regulator, Regular
Voltage regulstor has average quiescent currens around 600
1A 1221, For one unt lod it is necessary to implement morc
efficent and sophisticaed voliage regultors. In most cases
mictocontroler clock has 10 be stopped or slowed down (o
fall within the 500 A limit [22],

A USB device will enter suspend when ther is no ativity
onthe bus fo greater than 3.0 ms. Then, the devie has another
7 ms 10 shut down and draw 1o more than the designaled
suspend current [21]. In onder to maintain connecied, the
device has to provids power to its pull up spoed selecton
resistors also during suspend mode.

USB specfication determines frame packet sart as well as
periodical sending of keepalive packets. This prevents an idke
bus from entering suspend mode during the dat sbsence. High
speed bos has micro-frames sent every 125.0 s, fll speed
bus sends frames each 1.0 ms and low speed bus sends the
Keepalive frames every 1 ms only in the sbence of any o
speed duta [2

IV. CHARACTERISTIC OF THE PROPOSED BAN

Proposed etwork for the vital funcion monioring senses
thre characeristics of human body, assuming that the sress
can be determined with change of swealing, beart.raie and
body temperatue. Due 1o the reasons of epergy-saving, tem-
perature and humidity was being monitored each time period
o temperaturehumidity module (TH modul), with the time
period set 1o 1s. I a significant change from the normal
Value was spoted, the control node/cenral unit (CU) sent he
information to oximeter module (O module) for the need of
heart rate measurement, In case that the strss was indicaed
also from heart rae, signal s sent 1o the smartphone and
acconding 1 the stress rae, the smartphone application wil
choose fom avalable methods and will offe suiable activity
for sress dismantle.

‘Communication siructure of the BAN modules was based
on the star network architecture, where the cenral uit iner.
connecting whole BAN was set 10 be CU. More about the
architecure of BAN was writen in [2], [3. The interfaces
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tiized withithe particulr nodesare depicid i Fig. 2 The
ceniral unit was connecid tothe smartphone through USB.
For tempersture a1d humidity monitoring, HIH-6131.021-
001 sensor is used. The sensor goes nto ke mode when not
{aking 3 messurement snd consuming only 1 A of paver.In
fll operation consumes 1 mA and the ime of pover-on to
data resdy is 60 ms 23], Standard way ofthe pulse oimetry
‘with emiting diods and photodeecto is used fo the heart.rte
messares in s fingetp.

. TIMING AND COMMUNICATION SLOTS

Aforementionsd modules communicate with cach other in
window slots (TDMA). CU which calets infomaion from
sensor modules, i esponsibl not only for measured data
valustion but s for synchronization of measuring modules.

Because the sim i (o decrease the encrgy requiements,
€U i active in communicaton sos or each module. Then it
evalusis dat, sends them o smariphone and gocs ino seep
mode for the next communication peiod

In Fig. 3 ime disgram for TH module is depicied. The
module slecps and wakes in the time ¥y, [s] before mea.
surement. Wy, depends on the wake.up-ime of the selecied
core 1 CCIS4S necessary fo geting from pover mode 3 (o
acive mode 2 wel as o the assurance constant value, Vi
was et 10 150,15, Because the measurement i reqired before
each communication skt the RX/TX iniialization is made al
the same time as the measurement is made. Messurcment of
used temperature humidity sensor HIH-6131-021-001 s ready
ater My, — 60 ms. The measurement s sent o core through
SP intrface and the data sre concermed for sending. Duta
processing and communication of the core ith the sensor
last for 4 [l I data do ot get over the change limit, the
data are not sent, only information about good condition of
module i sen in packet OK . Type of communication afler
data processing s visbke in the Fig. 3 with respt o the Table
IV. Aferast commnicationin coresponding commurication
perod the module returns back (o the seep modk.

Messured data are procesed in CU. If the values are in
the scope where the strss was not ideniiid, CU_sends.
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only OK. packet to 0 module in comesponding time skt
and the O module docs hot measure heart ot Becase
measuringis energy-demanding, in this way it s ssured that
energy consumpiion is suppressed. Time flow of oximeter
commnicaion period is depicted in Fig. 4. O module does
ot measure before cach communication it but it needs to
wake up in the Gime ¥, before the packet aives from the
CU. W, = 650 us depends o th sbily of module o change
from power mode 310 actve mode, o th time necessay for
the actvtion of eceiving as well 35 on the subsumption of
the sssurance consiant.

Because he communication wih each modue i diffeent,
for communication purposes ot the same packets re used
Form of the packet is visile in Table I, sccepible types of

pocket and ength of data are menioned in Table IV.

Because the communication under the communicaton rse
. = 1Mb/s i imed to be accomplished within the system,
the time for communication of worst cas is when the packet
size PS = T (according to Table 1l nd IV) s sent. The
length of communication it t, s et -

L= peea )

~ 005,

whers A s assurance consant for resynchronization snd s
set 10 055, A assures,that also when the erytal inaccuracy
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il occur, the communication in coresponding time ot will
be possbk.

Becase he communicationis performed between the nodes
with two ifeent cores CC2511 nd CC2545, they asciltors
have diflcrentcrystalfeguency (focasn. focases)and ccu
rcy (accccas. accccase) . Time of commanication period
s 36t 10 15, eror ofcrystl forcore CC251 Agsy i et o
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It means tht the synchronization is necessary aier 73249
cyckes. As was mentioned, cyce for TH measure i long |
second. so the synchronization is wsed 2 times 3 dy.

‘When eachof sensing modules need o synchronce, i sends
the synchronizaion packe o CU. The type of synchronization
packets ae mentoned in Table IV

VI Es

Low power consumpion is ne of major condion in many
spplications. Amount of required energy s very important

RGY savING ¥ TH soDULE

in moritorng applications where sn effort o achive long
operation ime s emphasized. I is not only the problem
of spplicaions from BAN arca. but also from many other
‘menitoring applicatons in th feld of wircless sensor etwork
24

One of the possbility st use skeep mode as was mentionsd.
i previous part. For TH module, communicaion priod ass
15 and i visbl in Fig. 3. TH module is actve for time £

Yo+ M+ i+t ©

~ 00665

ad skeps for i, = 0.0345. Concerming the consumptions
liked in Table I, sverage curent Jyvy for TH node was
estimsed s 2.1 According to used batery CR2450 which
capacity is 600m.A%, the TH module should operate more
than 12 days.

VIL Concuusion

s paper presents the smariphone-based Body Area Net-
work for moritoring of human via signs regarding the strss
stuation. In patculr, enrgy requiements are discuswd. The
results showed that the designed BAN is able o last up o
2 weeks without sny intervention. On the other hand the
smartphone in not capable of such long lftime. Therfore,
il now. the weskest lnk of the network is the smarphonc
and the coondinaor module attached to it Thi applicaton s
cligile for cHealth sector s wel s general wellness o wrve
s frontline in cardovaseular discase detction. The future
work is focused on implementation of the developed sysiem
imo differen. applicaton felds of modem I, primariy
o the fied of inllgent trsnsportation systems siming the
problematic o th prolessional drvers’ behaviour on the rosd
with the comparison 10 ther actual sress eve.
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附件三
[image: image17.jpg]Cloud Computing System Based on Wireless Sensor Network
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Abstract— In this paper, the sysem presents an integrated
wircess sensor network (WSN) to monitor the information of
the agriculture systems,such s temperature, humidit, pondus
ydrogenii (pH) value...et. The purpose i 1o le the client can
oblain information about other agricultural sensor nodes more
conveniently and faster. A WSN will cllect the value of various
parameters which can be sensed by the front-end sensors o the
hostend. At the cient sids,they can use the internet o request
web services (o store this big data into_distributed SQL
databases which are in our proposed cloud sysem. In addition,
this work presents the concept of cloud computing and services.
“The benefits o this system include basic computing hardware
‘and reasonable storage capacities are only necded, suitabke for
any smart device which can monitor the real-time farmiand
formation anywhere. The customers can fully use our cloud
Servi f devices are with the abilty of surfing the internet.

1. INTRODUCTION
IRELESS sensor network (WSN) is a large number
of sensor nodes which consist of a wide

‘communication network. Usually, it can achieve small size,

low cost, low power consumption, fewer network

components and other features casily. In recent years, it was
quickly used in agriculure, industy.  environmental
protection and other felds.

‘With the development of hardware limitations, in pursuit
of a betier performance and enhancing greater computing
capabiliy, people tum (o find other techniques to achicve
this goal. Therefore, the “Cloud” in response 1 this new
concept was bomn. In fact, as carly as the Internet appearcd
the “Cloud” has already been cxisied silently for our

In recent years, the “Cloud” concept become more and
more popular, businesses are scrambling 10 get the
connection with the “cloud computing”. There are also many
types of the cloud computing platform like Google. Amazon,
IBM, and Microsof...etc. However, the significance of the
clouds was gradually blumed. Cloud is not a specific
technology but a concep.

Pei-Shan Yu
Institue of Electroni
Chun-Yuan Christian University,
Chun-Li, Taiwan, RO.C
Email: collin102] @hotmaiLcom

Chao-Jen Huang
Industrial Technology Research
Institut, Hsin-Chu, Taivan, R O.C.
Email: cphoton@itr org.tv

incering,

In order to flfillthe clouds, so software designers collect
alot of echnology 10 achieve the idea of cloud.

ILCLOUD CompuTiNG

Cloud refers 1o the network. In the beginning, engincers
drew a network diagram by cloud to represent Wide Area
Network, which they do not know how many computers and
network routers o build up 1] So tothe cient, thy just ike:
through the cloud to do interact with other sides.

A Distributing Computing

According (0 lieral interpretaion [2]. the distributed
computing is o scater the whole work uni into small picces
units. After scatiring into picees, they will be given (o the
other slave compuiers (o do the computing. and then throw
back to the master computer.

Reauest

e
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Through this technique, the cloud computing can achieve o
similar degree of the “Super compuler”. The diference
betwesn them s that super computer my cost substantal
amount of money, gather 3 o of techniques (0t it become
e, But with the technology of distributed computng, i you
have one physical host computer and more than one
higher-leve slve serer computers, you can use disributing
‘compating o gt th almost the same computing capabiliy.

B Virwalization Technology

Vinuslization is  kind of softwars technology which can
apply to many fields. I fac,the concept of cloud sppeared
very carly [3], bt due o lack o network banduidth, storage
space s not cnough, 3nd vinuslizaion technology is ot
maturs cnough, so the cloud i insability in the carly,lack of
Rexibily.

However, due 1o the development of virualization
echnology. it acceersts th devclopment of clouds Tn the
past,our compating posr was based on personsl compuers
Tocally. but through vinualzation technology we can now use
clowd computing power which il be cenirlized

“The proposed cloud system design is one master server
computer and vinal out four slve server computers. We
will dispese the data o th storage space in he four slave
server computrs, and our distibuted computing will also
e these fourslave rver compuers (o work.

L Damamase Dsiay

A Database Concept

Database refers (o 3 particular subjct or a theme that
collcts mliple and complex dats in the computer. As the
Storage siucture, the database can be broadly divided ino:
Hicrarchical, Network, Relationa, and Objectorieted. We
wse relational datsbase in our project. Relsional database
cmphasizes the dat independence concept data is recorded
for processing the unts and recorded it n  tabular form as .
table. Then each tble il be stored in 3 region asembld as
a database. When you use them, the relstionship between
those tables can be wed to find out the associked

information o work on the process of finding dta.
B Stored Procedure

Seord Procedur (SP)_could_divide into_four
instrctions ¢ nser, Updte, Delete, Select i the database.

These basic insuctions <an also control the data in the
database. It could sk combine more complex instrctions 50
that the user can handlc data more eicenty. I this project,
we use T-SQL 1o write the dtabase instructions. Every time
When you access a regular database, it has 10 check the
syotax and costs 3 lot o ime. So we take anoter echnology
that s stored procedure: which is writin by T-SQL. Stored
procedure will process the compositon and check the symtax
by T-SQL and it wil be stored. Afie that you just ecd o
wse it dircty

IV, Wen Seavice Desio

A Web Servce Concept

With XML, SOAP, WSDL (Web Service Descripion
Language), UDDI (Universal Description. Discovery and
Incgration) appeared one by one, Web Services,
service-oriented software, new generation of distributed
computing technology was bom. Web Service through the
open type standand (ex XML, SOAP.. etc) of Web
communicstion protocol snd the data form 0 provide service
1o others spplicaion. Web Service s reusable comporents
that can be. published, discovered and invoked scross the
Web 4]

<

iif

=

Fi 4. St pcstus s conept.

s basic function i t response the clling from the client
o the server. s purpose s to ket the application from
different platom can intrcommuicate, As writing he
program you can iput the vale t the program, and then the



[image: image19.jpg]program could request the Web Service to compute. The
Project use O (o design the user inkeface, on the platform
‘which built on the basis of NET can do the integraton and
applicaion.

B. Relaed Technologies

XML, Extensible Markup Langusge, is 3 langusge form
and a Kind of syntax which people can casy t0 read and the
‘compater program also can essy o identiy. It extended from
SGML (Standard Generalized Markup Langusge). XML was
devloped by the XML Working Group, the organization
formerly knovwn as SGML Editorial Revicw Board, so XML
s reviewed by a group of SGML experts. XML docs not
replace HTML, HTML focus on how the il sppears in the
browser, XML documents focus on how 1o fepresent in
Strctured way.

SOAP, Simple Object Access Protocol, SOAP i a kind of
protocol defnes the way of XML data eliver and variey of
ransmmission protocols, like HTTP, FTP, SMTP, and TCP.
SOAP use XML as the format of the data ransmission, and

combine with the trnsmission protocol  which
above-mentioned 0 send he message.
€. LNQ0-5QL

LINQ is a kind of method (o lnk different program
language. Before doing LINQ, SQL daabase and program
Iangusge can't esiy o commmmicate. LINQ could do the
object orienied programme, it coukd ket the T-SQL language

easy o read inthe C#, where the basic langusge is difference,

and it couldalso suomatically coresponding the dta type.

V.UstR CoxTRoL CRNTER
The relationship between user control center and web
service are divided im0 two directions: “data” and
Panorama Map”.
A Data Curve
Due (0 the large amount o data which from tempersture,
humidity, and pH value..etc. So we sicsed these i the
sl machine, and then catch the daa by the web servie,
Aufirst, we will get the display window siz o the web
servie, catch the quanity of the data from the database, and
then cloud side il compute the result which fit o present on
the sercen. 15]

B. Panorama Map.

Because the farm we monioring maybe from the whole
Taiwan even the whole world, so we reference the operating
way how Google map excuted. At first, program will send
e st ismction o et the cloud side Koy the wse side’s
display window sie. and then cloud will compute the image
el and throw back o the wser conirol cenier.

‘We design seven parametes to operat the map, they are
user contol center’ dsplay windors width and height, X and
¥ coondinates of resent location map. X and Y coordinaes
P e e R p e

‘When user zooms in or out the map. user control center
Wil send the new map ierarchy parameter (0 the cloud to
regain the map. As the map s displayed maximized, it will
Show with the sensor information and images of famland.
When elick the sensor,the wsr will gt this information and
daa

€ Interfsce

Design ofthe data cunve is divided into three parts, ntial
satc and dynamic parts. No matie user sar the wser control
center or change the window siz, he coding of niial status
willredrave the screen. I will st thewindow sz, split
the X axis, and then use the amount of the data number which
et fromthe web service to calculate the niial screen size.

e

P 6 LNQ-SQL comept

Dipiy

[ T ———

The design of the relationsl database has two concepts:
one s tha the data n the database should ot be maltiple
repettons and the other one is that two separaied bl
Should be established at & comeet elation to make sur the
consstency. The good design of a database depends on the
characterisics of the datahase, Because of the reated
characteisic, the data duplicat between the tabes can be
reduced a Jot This design results in saving the storage space




[image: image20.jpg]and esablished at a corret relaton. Then we dow't need fo
modify cach data as we needed.

VL Coxciusion

“The system proposed an intemet dtabase design by using.
the SQL database, LINQ-o-SQL technique, web service,
vinalization technology and CF interface. By using this
paper’s method, the client end can monitor the environment
of the agricutural place at any place. Major clements arc
wirless network applcations, C 4 _inerface, cloud
‘compuiing system, database design, web service, and user
control center.

Data packets were via a USB connection to the host end
and transmitid the value of various parameters which can be
sensed by the frontend sensors. The numbers of WSN nodes
can have more than 600,000 and each node can retum the
value every one sccond. Therefore, the database will become.
cnomous. In order to let client end obisin information
quickly. this resarch develops the system that previously
mentioned sbout. € # interfsce will be designed to display
the data curve to ket the client monitoring the environment
and do the adjustment t have 3 beter production. Besides,
sensor data wil be uploaded 1 the cloud datsbase (o let the
client use our Cloud Servie as long s user’sdisplay facilty
‘with the ablity of connecing 1 th inermet.
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附件四
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Absract—This paper presents a Zigbee-based wireless
sensor memmork syitem  with an_integrated hardware
implementation and content  management function for
web-based monitoring in 3 greenbouse envisoument, The
Zighee i based on the TL CC2E30 System on Chip and
composed of kev sesors such 3 2 (emperature, relative
humidity and light inensits senor. The content management
system i based on open source software Jooml. The system
provides the semi-rea fime monitoring of fhe enviroumental
parameter: with an epoch time of fve minutes. In addiion, it
Sl provides 2 monitoring graph and the mean value of the
parameter being measure with its High and Low value for 3
particular day monitoring. The proposed system has been
Emplemented and tested i Dai-Vun Organic Farm in Tainan
that cultvate vegetable crope, the system performance showed
the ol aplcions o precion arclue +nd otber

1 ITRoDUCTION
‘GRICULTURE is considered one of the most impor-
fant sousces of ncome and food production worldiide

Agricultural actvifes are affected by environmental fctors

Such s ambient and surface temperatur, reltive humidity

and light intensify in fum. these factors have significant im-

pact in the production and qualiy of agricultural crops.

Therefore. it is important to monitor environmental parame-

ters and niake effctive use of the resources through the de-

sign and implementation of 3 greenouse monitoring 575~
tems,

Greenhouse production systems have become the alfema-
tive production practice to saisfy the consumer demand of
bealibie. safer and higher quality produce in a ear-round.
manner, while implementing envisonmentally Siendly meth-
ods that make eficent use of resources such 2s land, water,
1abor, capital and energy:. However, they are highly depen-
dent on energy. skilled Iabor, effective management and in-
creased knowledge of growing specifc crops [1]. [2]. The
main purpose of such systems is 10 produce a high quality
produce at high production sates, consistently. in an eco-
somic. efficient a3 envisonmentally sound manner. To
achieve this level of productiviy. accurate moniforing and
control of several aspects of the crop including plant health.

‘srowth rate, development and plant growih-mode, must be
implemented during the production cycle.

In terms of nefvork fechnology, many studies consider the
ciscuit implementation of the Zigbee fechnology. the fech-
nology of choice for wieless sensor nevork due 10 ifs
Iow-porver consumplion requirement, flexible nerwork scale
and cost effectve design specifications. Reference [3] used
CC2430 System on chip (S0C) based on Zighee technology
and integrates environmental sensors that monitor soil tem-
perature; soil humidity, air temperature and relative humid-
iy, ambient light, and carbon dioxide for greenhouse appli-
cation. Reference (4] used wieless microconiroller INS121
that implements a Zigbee compliant sensor node. and inte-
erated SHTL. TSL2550. M2SP10 that measte tempera-
fure, elate Iunidity. and huinance respectively: Gathered
data from a greenhouse wit were stored in a flash memory
in sleep-mode and seat back (0 the coordinator afer waking
up. The use of WiFi technology was also explored. How-
ever, the protocol usually uilized a PC-based system in-
tended 2s a substiute for wired LAN with a rather high
pover consumption sequirement for 3 tireless sensor node
implementaion [3). (6]

IL SYSTEM IMPLEMENTATION

4 System Arehtiecnre

The sreentiouse envisonmental monitoring sstem based
on  ireless sensor nefwork consists of the sensor nodes,
the coordinator node, the semote compute. and the web-
server. The sensor node consisis of the environmental sensor
such a he temperae,selative humity and light sty
seasos that measures patcular parametes iside the gien-
howse. The coordinator node serves 3 the communication
ridge beneen th remote computer a0 the isless sensor
nodes. i s 2o sesponsible in the creaton of the Zigbee
nefork that adds other nodes n the sstem.

The data from the sensor sodes are sored in he remote
computer database which is based on the MySQL platform
a1 the sysem s being hosted i remote Webserves which
consiss of an Apache Webserver, MySQL database and
PHP. Hypertext Preprocessor. The sysem block diagran is
et 1
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In the webserve. 3 content massgement systess (CMS)
s been imstalled to mansge the publibing. editing. snd
modifring conteat 25 well 2 miatensace Fom a ceaal in-
tesface 7). Toomla CMS platorm has been istalled i the
webrerve.

B. Whstesz Sencor Node Component:

“The wirless semser node shon i fig. 2 i composed of
SHTIO diitl ity and temperanve senser, ISL29023
o egrated amibient sad infrred fight to digita] converer
and the maia core componeat T1 CC2530, which is 3 rue
epstemon-clip (SoC) solvion for IEEE S0215.4, Zighee
3nd RFACE applcstcns [5)

Fip 5 A 703 et Sesrtion

Sl
(0 —

Fi 4 onrtaer ot Block Dispns

€. Monitoring System dpplicaron
The desktop monitring system application showa in fig.
5. moning in the remote computer getsthe dara comting rom
e semsor node via the coordinsor node aad the seril
RS232 iterface comnected o the computer. It is aio ze-
sponsible in storing of dat i the database server The appl.
cstion program f made Som Vial Basic Express 2010,

Fi 2 Sesr o ik D

SHTIO is 2 temperature and relaive humidiy sensors
asacruced by Servsionl9]. which mesive temperane.
‘vith 3 range o a3 10 pls 125 degree Celons, nd
messure relaive humidity rasge fom 0 o 100 percent
ISLI9023 is an sanbien igh semsor samuacrred by Later-
1 Coumpeny (10], which < mesuve dsostion with
range from 1 1 64000 I, It can be conteolled by CC2530
through 1C bus imerface,

‘Coerdiaator node comsists of CC2530 and PL23O.
PL2303 ic USB to UART tsmsceiver The cocrdiaator node.
e wed to creste 8 Zighee network receve dots from snd
send dat 10 greeabonse sensor nodes, then forvard 1 re-
mote computer. The coondiaatr node also wes the seasor
ode PCB bt instead of enviscamental sensor the USB to
UART trsmsceiver s been otegrsted to erve s 5 ik be-
oveen the remote computer sad the TS,

)
e -~ el 2706 (] 7574 "
=l ot AnRuasan  Ashusen  sndamsar
b BHZ | EEE w & () | ] (] |
v [om]  wasw (o] wise
o)

Fip. 5 Monsonig Sy Applascs Coneot

The spplcston controls i fie. 5 shows that the epoch
e for the sensor node can be adjuted though the utore-
port setting control. The read buton check the curent
epoch tine. or check whether he set seporting ha: been suc-
cessfhlly updated in the semsr node. The wite buton vp-
e the epoch iue embedded i the semsr node

D, Coment Management and Monitoring Syztem

The content sumagement system shown in fig 1is based
on the Joomla CMS platform. I consistof rontend showed
g 6, which & sendly svailsble for client machines ox
wers of the website. a0d the backend showed in g 7
wherein the maistensnce, publishing. diting and modifring
of the website content as been made.

The Jocmla CMS plaform sdvammges e the
esse-oFase, extensibilty ad mostof all t s an open sovce
solstion et is fecly availsble 10 everyone (111 Witk this



[image: image23.jpg]regard. ntegration ofthe CAS pltiom became  vital com-
‘ponent of the Wieless Sensor Network Moniorng Syters.

Tntemet comnecton s a requirement i accessing the web-
sit in 2 clent machine.Intene disconnection does ot in
sy way afict the IS monitoring. because intemet con-
Bection is not a reguirement for WS, and the remoe com.
puter wanamision of environmental st

-°a

&

R

The website frontend page shown i fig 6 provides a wser
browsing inerface nd the adaunisator backend shown i
527 offers the necessary tools nd applicstons for the
‘maintenance and editing of the website: The adamimscator
am create wsers that are auhorized to manipulate and main-
ta the ebate The sdssmierater o decde which aricle
or section that a particular group of uses can acces in the
webste. The monitoring section of the system can be
iewed solely by speciicuser o it ca be made publc.

o exvizonmenal e sored e s s wd 0
st I ot gt vt oo . o
3 gaph. Aot s g 0 o meaned vae o
e et €y montoring vt comped and mcded 1
e sepor. Sord dts e dne s remeed wing

10 o o exonsmenal pane.

‘The data from the TSN has been presented in the CMS
platforn. e $ shows the temperanze monitoring With tme
interalforeach data of ive mizutes.

Erpre—

The graphs demonstrated i ig. 10 show the last thimy
seading for the particnls environments] parameter. The
Mean. High, nd Low measured value was based on the ur-
sent running data sent i the dvsbase and t i not st been,
based o the Lt iy reading.

Fi. 10 igh iy Mesioring

E. DatTin Organic Farm

Dai-Yim Organic fam s at the junction of Longtan and
‘Guanxi. Taiwan (R.0.C) which has an altinde about 250
meters. T had been verified and cerufied by Tuvan's -
ganic production asociaton in June 03, 2008, Currently,
fam culivang are i §8 hectares, (1.6 hctazs for green-
owse, 7.2 hectarer fo opes Geld). There are sppromtely
100 tpes of crops culivated each year. Approximately 2000
bags it being harvestper day: Dai-Yom Organic Fam target




[image: image24.jpg]market are organic shaps, organic supemmarket sud fie din-
sestsrants There ae approsimately 150 loations i the
province seling their products
‘Dui-Tim Fams provides igh quelit and bigh throughput
of vegetable crops smmually: with tis regard Dai-Tom accu-
‘mlatesvital information n th feld of organc fuming and
e TSN plays 4 vitl role i the smenstorizg. storaze snd
amlysis o the data from the grecnhouse fam. The main
£oal i the repeatabiliy ofthe process where high qulity
i high yield i the form will be msiotain o can be opt-
mized. Resuls and finding will be made svailble trough
he content management system. and farmers, sudents, =d
sesearcherscan be benefited in information that we can pro-
wide.

it 11D v O e

I FuruRe woRk:

“The wieless sensor network i conposed of three sensors
which are the temperature, elative iy and ligh nten.
ity sénsors, We axe i the process ofiezrating other sen
sors: carbon dioride, soil moisture and pH sensors. Soil
Moisture sensor will be inegrated n the sytem for imiga.
on scheduling purposes, while the pH sensor will be wsed
n detenmining the alkaliity and aciduty o the imgation .-
ter: vasious crops have diffrent B of ater o 2ol requie.
ment. Carbon dioxide senr i one of the importan factors
@t affect plant growth, monitoring of the carbon dioside
il be il snformstion in the Das- Vi orzasic fam.

Advancement i the fied of smarphone and cloud com.
puting techielogies paves a way fo 8 new approach ofpro-
“iding infomnation and services. With this regard. we are
taking into consderstion of integrating smarphons spplice-
tion that will maximize the capability of our Environsmensal
Monitoring System. and offer cloud computing serices.

The Conent Management Systems can be extended not
only inthe greenlouse envisonmental monitoing but e can
5o extend it capablityin deeloping “Smat Home” Mon-
horing snd swomston.
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附件五
[image: image25.jpg]Wireless Sensor Network Based Soil Moisture Monitoring System
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the sl 1t
plays a crucial role for effiient photosynthesi, respiration,
transpiration and_ transportation of minerals and_other
nutrienis through the plant.  Proper irrigation schedule i
very critial to plant growth. This paper presents a sol
moisture monitoring system which comprises of commercialy
available sl moisture sensorDecagon EC-, low_power
BREMLO wirdess transcciver,  and  MPCRZGSIG
microcontroller. The sensed soil muisturecontent from the
EC-S sensor node will be transmitied (o the coordinator
25GH wirdless signal. The coordinator will transmit the data
1 the computer using RS232 interfuce. The key components
wsed in the proposed system are low cost and more fleible. The
locally developed MPCS2GS16A microcontroller consumes low
power due to its 1T instruction time. In addition, the EC-5
sensing electrode also has advantages of casy installation and
replacement i the farm The devcloped sysiem provides a
betier data transmitted and processed wirclesly and it can
serve s a basisfor effcent irrgation scheduling.

L INTRoDUCTION

IRELESS sensor metwork (WSN) s now used in

broad area of applications such as. industrial
monitoing. healthcare_application, home automaton and
wffic_conrol The implementaton of wireless_sensor
network does not only concenuate on theapplications
meniioned. Farmers can take advantage of the advancement
of technology. Inelligent farming is now implemented to
‘monitor the status o the field environment. The parametrs
that are monitored in the grecnhouse ar (emperatue,
elaive humidity. light intensity and others tht have effect
on the quality o produce.

One factor that affets the quaity of crops s the content
of water in the soil, also called soil moisture. I is @ major
component of the soil ative o plant growth If the soil
moisure is optimum for plant growth, planis can readily
absorb water. Imigation schedule is necded to meet the
increasing demand of food. Soil moisture can b categorized
based on the volumelric water conient. This will deermine
e saturaton lev! of the soil |1 Moder imellgent
agriculure uses wirclss transmission 1o monior  other

parameters in the greenhouse such as temperature, humidity
and other environmental information [2].

One primary concern on wirckess transmission s the
power consumption [3]. The problem with other wircless
transceiver like Zighoe and Bluctooth is the pover
consumption. As the range of the (ransmission becomes
Tonger, the module needs more power (0 transmit the data.
Anothér consideration also i the cost of the sysiem. In this
paper, our group implements a low power 2.4 GH wircless
transceiver for soil moistur: moniloring and irmigation
scheduling in agricultural greenhouse. The wircless sensor
nework module was developed in our lab was low cost
because our group used locally commercial componens and
design our own sensor and coordinator node circuit board.

ILSYSTEM OVERVEEW

“The WSN sail moisture monitoring system is composed
of sensor node and coordinator. Fig. 1 shows the system's
block diagram. The sensor node is comprises of the EC-5
sensor, MPCS2GSIGA microcontroller, and nRE24LO1
transcgiver. The EC-5 sensing electrode gives vollage input
o the MPCS2GS16A microcontroller. The analog 1o digital
converter (ADC) of the microcontroller will process the
vollage input inlo digital forms and send it to nRF24LOL
The sensor nod transmits the data o the receiver node. The.
Receiver node is connected o the computer via RS232 as
shown in right side of Fig. 1. The transmited data will be
stored i the database 1o categorize the soil moisture content.
“This will also be the basis for water irrgation scheduling

=

B o pleb
=i -
Bl v

Fig. 1 WSN Soil Moisnuse Sysemn's Block Diagrans.
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A Decagon EC-5 Sol Moisture Sensor

“The EC-S s commercially avsilabe sl moisure sensor
provided by Decagon Duvices. It measures the dikectric
constant of the soil in a frequency domsin technology. It
s 70 M1z frequency 1o make i nsensitive 10 5ol texure
141 1 measure volumetric watr conent from 0 to 100% in
determiing the sl moisture. The volumeric water content
of saturated soilrange from 40% to 60%. The range varies
on the different type of soi. Fig. 2 shows the EC-S sensing
clectrode and enclosedciruitry.

S

LT —]

“The circitry of the sensor readout compries of three
comporenis namely: the phase detctor, osclltor and the
bufer 1] The phase detector is comnected o the
ransmisson line of the sensor and the output o the bufTer
circuit A low pass filler is included 1o give an output
Voltaz that s constant and proportional o the diferce in
phase betwcen the inputs of the phase detector, Oscilltor
ciruit provides an outpot with the desired frequency. It also
fncludes an astable mulivibrator the gives coninuous ste
o the oscllaor

“The EC-S sensor was designcd to installcasily in the soil,
There is no eed o di the soil. To plce the ECS i the soi
just push it il the desied depth s shown i

Fip 353 Sumple slain 6]

B Megawin MPCRGSI6A

“The MPCS2GSIGA is compatible with the instrucion set
of 801 microcontoller 1dle mode and Power-Down Mode
are the two power saving modes of MPCS2GSIGA that
reduce the power consumption. Ancther feature of this
microcontroller 1o lssen the power consumplion i that it
can operate in  lower speed by using the S-itsystem clock
6] There is o eed for externl anslog to digitl converter
(ADO) circuit becauss ithas it own 10-bit ADC.

. aRE2LDL

“The oRF2ALOI is 3 2.4GHz wmnsesiver for low pover
wireless application. It s power mode and standby mode
a5 part of the power management feawre of the chip [7]
Because it has a built n sta machine, i can switch to four
modes of operstions. I the power down mode the chip
consum less curent because the nRF2ALOT is disabld but
il the egisersfrom the Serial Peripheral Intrface (SPD) are
present and can be activated anytme. In the Rx mode, the
ARF2ALOI act s & rceiver, This i the active mode of the
chip where it consumes power. The Tx mode transmit the
packet. This s in the active made when the packet i ready
o transmi. It remains i the Tx mode undl it fnished to
transmit all the packet. The standby mode minimizes the
curent consumpion but the crysal osciltor is sl active.
il entr in the standby mode if thre the Rx mode or Tx.
mods i not active. The mode of operation is based on the

el diection rlsying transmission method [8] as shown,
g

-
S~
a7
=
eyassracas

IV, MerHopoLooy

The sensed soil moistre values in this paper used
volumetric wte content. Volumetrc water contet is the
ato of the volume of wter and the otal sample volume of
diy soil. The soil sample used to gt the calibraion curve of
the EC-5 sensor came from Dai-Yun Organic Farm 9. In
cting the calibation curve of the EC-S sil moisture sensor
our group used the standard direct method of determining
the sil moisare 101

“The anslog daa obtsincd from the charscterstic cuve
seved as the voltage input of the analog o digital converter
of the MPCA2GS16A microconroler. The microcontroller
is programmed using Keil Wisiond IDE based on the




[image: image27.jpg]obiained calibration curve of the EC-5 sensor. The wirckess
transceiver nRI24L01 is connected to the MPCB2GSIA
microcontrollr fo transmit the data 1o the recciver node
Using Tera Term terminl emlator, the transmitied data can
be viewed to the computer monitor nd sor i the datbse.
The stored values will be used in making the irigation
schedule of the greenhouse. These values determined the
volumetric water conent of the soil. The volumetric water
content vl be the basis of the condition of the soil. There
are four clasifications that will be considered in the
imigation scheduling namely: dry soil, slightly moist soil,
moist soil and wet soil. With this regards, the farmer can
decide how frequent water i needed in the farm

A low cost wirless sensor network nod is llustrted in
Fig 5. The network module can be integrated into diflerent
sensors. The components ar locally available making it kess
contly with the other snsor nodes availsble in the market.

PIC126629 with

rogranming
Progranming Itefoce  for MPCRIGSIGA

Fi  Wisios ResiverNodk o 5]

A repester node is also integrated in this wirckes sensor
network 10 extend the range of ransmission distance nd 1o
resolve th line of sight problem occuring in the WSN. In
order to maitain the low power consumption of he sysiem
a skep mode and active mode is established in the repester
node. The repeater node willentr the skep mode afer the
st packet i transmited o the main coordinator,

V.Reswrs

The result of the calibraton curve is depicted in Fig 6.
The sccuracy of the output values were compared to the
output reading of the ECH20 uilty software connecied o
the EmSKR data logger. The output eading of the two devices
showed tha the output voltage is proportional (o the water
content ofthe soi. The sauration level of the soil starts from
35% and 40%. These values obtained from the sensor node
will serve as the basis for imigaion scheduling. Fig 7
illustrated the sample output window of the ECH0 uility
software,

o

Fi 6 Cramcrisicorcalbrationcome

(s )




[image: image28.jpg]“The ouput of the wirckss sensor network is shown in
5. The transmitted data were dislayed in the computer
monitor. These values are stored i the database for
eveloping a wser interfoce design forimigation schedule

i 8 Ter Term Wil Transmission O

VL Conciusion

“This paper implemented a low cost wircless sensor
network system for soil_moisture monioring. The
fexibilty of the sensor node and transceiver node (o
inegrsie o olher type of sensor was tested and
implemenicd on this work The characeristic curve
proved the accuracy of the sensor in determining the soil
moisture content. I also showed that volumetric water
content can be used to monitor and schedule the iigation
in the agricultural greenhouses more fficienty.

VIL FUruRE woRk.

“The volumetic waer content of the soil moistue can b
classified nto four caiegoris. Dry soil lghtly moist, mo
and wet are the possible classification of the soil moistre 0
betir undersiand the values. Fuzzy logic approsch will be
use 10 detemine the soil moisture characeristc. The design
of the graphical user inteface s alo being considered. This
system can also be integrate in 2 web design applicaton o
inclue in the parsmeters of the precision sriculure.
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附件六
[image: image29.jpg]Analysis of radio beacon placement on the accuracy
of indoor positioning system
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Absiact—This paper discuses factors inflacncing ccuracy
of etimoting localzation of radio petworks terminal i indoor
Cmimnment, It

for computer aided reference radin saions
placement nsid the builings and shovs the esulls of exemplary

jons caried out wih (i e of proposed slzorihme.
Index Terms—inoor_pesitoning systems, Location. Based
Services, wirees local area etworks, radilacaton

1. INTRODUCTION

OWADAYS many telecommunication systems wse -

fomation about location of mobik: terminal rom GPS
and GSM/UMTS systems o esimate user terminal location.
But these systems have common defect, both do. not work
indoors. These imittion results fom srong signdl atenuation
inroduced by the outer walls of buikdings and from the
strong mulipath propasation ffects preset n indoor areas. To
overcome these problems there e created dedicated systoms
ke sensor etworks and used dedicated networks ke WLAN,
Bluetooth, Zighee, RFID, UWE to work in a small area by
having a lower signal srength which causes small signal
terference in comparison {0 outdoor solutions. Many of
these netvork sysems are used in dally life o0 exchange
information between terminals. But due o the growing inerost
i localization in indoor emvironmen, a problem arises bow
o fast and corme locale reference landmarks, taking into
consderationsize of the aea in which localizaton s possble,
number of reference nodes and desired localization aceuracy. If
e place referenice nodes corectly we can s these sysems
for example to help a blind or visualy impaired person o
move inside the buiding, or to belp a disabled person (o
reach the medical room. Anotherimportant feld of pplication
of postioning systems includes navigation in industrial and
manufactaring acilts [1]

“This artile discusses the factors nflvencing on locaion ac-
curacy i indoor emvironment based on the RSS (Received Sig-
nal Siregth). Then, it explains how to evalate the guaity of
the reference staton disribution based o the atorementioned
factors. Next, it presents an algorithm which improves qualiy
of placement of the reference nodes taking into consideration
the atorementoned assessment methods. Then it deals with the
osults of the simulations in exemplary rooms with obstacles

1L, FACTORS INFLUENCING LOCALIZATION ACCURACY.

A Lack of signals from minimum three reference radio sta-

“This i the most important factor tha influences the possbil
iy 1o estimate unknown position of the mobile erminal. When
we have information about the disiance from one reference
Sation, we can only say thatthe erminal is somewhere around
the circke with rdius being equal to this distance. If we
have information on the distances from two reference stations,
we can limit our sarching to two. poinis resulling from
intersection of two circls. To obtain unambiguous nformation
about position of the terminal, information rom at keast thre
Reference staions s required.

B, Adverse reference nodes geometry

Distance measurements between rference statons and lo-
calized terminal s not noiskes. The sze of noise depend
on the strength and types of signal used and environment
surounding reference statfon. All it caused a disance mea-
surements eror, that is shown as ring around the sation,

Fig. 1. As aresult of imposition of three rings, we can indicate
common areas where (he terminal is likely o be localized in.
“This area s called the ara of uncertainy, Fg. 1.

Fig 1 Locabsicn e for il geomety of elres sk ) s
It € e ol ) e o o8 gt .

“The siz of the area of uncertainty represents, in @ sense, the
ertorof Iocaizaton. The uncertanty are i the smallest when
the localized terminal s placed between th reference tations
and the angles between adjacent stations are equal. On the
contary, the biggest area of uncertanty s created when the
reference stations e placed along th line. This resuls in the
highest eror of unknown terminal localization
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Mulipath propagaion suls n impos
of the same Signal rachin the receiver. The signal compo-
et el skong differnt pahs and exhbit ittt pover
el and phas shifs. This Ieads o e srong fctuations
of sgnal power. depending on the disance hetween he
ransmite and e receier 31,131, This fctor b  pricular
imporance n he localzaton metbods based on the recivcd
signal srngth and phase messurements (4, 151 A graph
hown in Fig. 2 prests the el o signal atention a5
@ funcion of e istance betwen the anennas. Fctustions
ofthe sgnal pover esul fom rsringof o s divct
nd mced ones.

alll
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However, in a real indoor environment, the transmiting and
Rceiving antennas are surtounded by walls and fumishing. In
such conditons signal refleced from the obstacls reach the
eceiver. propagating along many diffrent pahs. thus having
diffrent phases. The number of inertering waves can be
very high and diffcull to estimate. In fat,there is no visible
elationship between rceived signal strength and the distance,
‘which makes dificull o determine the distance using the RSS
method corectly. As a resul, the calculied posiion shows
significant errors. Another problem is the cortect estmation
of rflection coefficient of the radio wave for the obstack. A
huge coeficient variation dependent on the material which the
obiacle is made of prevent from the accurate calculation of
the radio wave reflcted from the obstacke alenuation.

. Radio signal anenuarion in non line o sigh case.

I a line of sight (LOS) between localized object and
Roference sttion exists, we can assume thal the measurement
of signal srength is not affected by additionalerors resulling
from unspecified signal atlenuaton and elays due (0 reflec-
tions.Inindoor environment i s ofen not possble (0 provide
the LOS conditions i the enire foom. In non lie of sight
case (NLOS), the signal reaches the receiver with additional
attenuation fesuling in the increase of the localizaion errr.

E Incorrec or inaccurate signal propagation model

Incormectly chosen mode of radio wave propagation, based
on RS method, can be a source of signiicant errors in
erminal position calculation. The choice of appropriae prop-
agation model should sticly depend on indoor environmental

conditions. In practice, there is no ability to ensure that we
choose the proper mode, orresponding o lemporary environ-
mental condition. For this purpose there are commonly used
‘empircal models, based on & large number of messurements
and staistical surveys.

1L ASSESSING THE DISTRIBUTION OF REFERENCE
STATIONS

A Evaluarion of reference nodes geomerry

To evaluste reference siations geometry in rlation o the
ocalizad point we used two fctors have been used: the st
factor we propose s a simple fomula determined on the
rigonometric formulas. The second one is a madifed factor
HDOP (Horizontal Dilution Of Precision) used in GPS sysiem
1o asess the layout geometry of salits [6], 71, (8] Fig. 3
showsthecase wherethe erminal position s determined based
on signals coming ffom four reference stations (according
.

A

13
BN

Fig 3. o dimensons ocasion shems.

In Fig. 3 the angle 4 formed between the siraight line passing
through the localized terminal and a line parale o the x axis
ar marked.

We assume that s the angle between neighboring reference
sations

a=l-0y, ay=la-0y, oa=bi-s; ()

“The factor g) s obtained on the basis of rigonomelric
fommulas:

O ST PAINET A
where:

o ®
and

an - the angle between the siraight lines connectng the
locaized terminal with neighboring reference stations,
7~ number of staions within the range of the teminal being
localized.

The classification of the assumed geometry indexes is
presented in Table L This index. measures th effct of the
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“The second factor that can be used 1o evaluae the disr-
bution of radio siations is HDOP index, which is typically
used 10 asses the potental localization eror of GPS salllte
navigation sysiems. HDOP facor for the three-dimensional
case can be derived from marix A:

o o o
A-|lga gl @
where,
R VeGP G 6
g

R, - the distance between the coordinates (5. v, =) of the
Rierence sttion and coordinaes (z, . 3) of object (0 be
localized. Introducing malrix Q:

Q- ©
A- @

the HDOP index o two dimensional case is dtermined.
HDOP = \[E+ & ®

Based on the HDOP index, we can specify geometry index
factor according (o Table 1 ]
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B Qualit of radio signal in non line of sight case

“Toevaluatethe quality of radio signals reaching the eceivr,
‘we additionaly assumed the critrion of maximum acceplzbie
aditional signal atlenuation due 10 the presenc of obstackes
between the localized terminal and a reference station. We
asumed the following classifcaion of radio propagation
condiions:

- condiions are considered (0 be ideal when there is no
‘additional attenuaton in radio pah caused by obstaces.

« condiions ar very good. f the additional atenuation in
radio path caused by obstacles does not exceed 2 dB. for
each staton,

« conditions are good. i the additonal altenuation caused
by an obstacle exceed 20B is from 0% 10 25% number
of sations

« condiions are bad, if the additonal atienuaton caued
by an obstcle s grealer than 2 dB s from 25% (0 50%
number of stations,

« conditions are vry bad. i the additional signal atienua-
tion caused by obsiacles is grater than 2 0B from more
than S0% of the tations.

IV, ANALYSIS OF THE REFERENCE NODES
PLACEMENT

A Assunprions

“The following assumpiions regarding (he assessment of ef-
erence radio sitions placement have been taken into account
in the anicle
« In every par of room. radio signals from al keat three
reference radio stations should reach the receiver. It is
also assumed tha the number of stations wilhin range
should not exceed four. The increase of the number
of stations does not necessarily improves the location
accuracy but significanly fncreases the cost of network
constuction.
« “The power levels of the received signals should excaed
some minimum threshold level
- Reference stations should be as far separaed as possible,
which allows 0 reduce the splial densiy of the stations.
« Another important aspect s (o provide direct visiily
of reference staions (LOS) at each point in the room.
Allematively, signal atenuation due (0 the obstacles
Should not exceed the assumed maximum keel.
« Inthe ideal case he angles between the reference sations
in relation o the terminal position should be equal.

B Simularon software

“To examine the impact of the reference stations placement
on the localization accuracy, a dedicaled simulation software
has been developed. The software allows evaluation of
Rference nodes placement for an assumed two-dimensional
mom layout using the crieria presenied in Section 1L Apart
from the assessment of the reference nodes placement, he
software allows to optimize the initial locations of the nodes
ettt ol o plaenta]



[image: image32.jpg]colicients. We implemented an iterative slgorithm based
on the idea described i [9], [10]. Every placement of the
reference nodes can be described with an overall sysem of
a so-called “encrgy functon” The energy of the system is
‘compuied as the sum of th energies assigned o est locaions
in the room. The test locations are. randomly distibuied
witin the area under investigation, and the energy assigned
o a singl location is 2 funcion of coeficienis defined in
Section L

Y (@@ +aQtasQs+

B

Q) ©

where:
- an overal system energy.

Q- value of quality facor,

ax - weight quality factor,

N - number of all measurement points,

- measuring point number,

“The model of the sysiem is based o resilience phenomenon,
. when the distance between the two neighboring refrence
nodes incresses, the force repeling these nodes decrases
The goal of he algorithm is to minimize the overall sysiem
enerzy and to maximize cocflcients deseribing the qualty of
the reference nodes placement. Inevery teraton, the software
estimates reference nodes placement quality coeffickents s
well 35 system energy and forces repeling the neighboring
nodes. Additionlly,  random Brownian motion of the nodes
is assumed to minimize the ris of stopping the optimization
algorithm in some local minima. As 3 resul, new positons
of the eference satons are stimated.

x
V=Y @byt B) V)

a0,

staton in range
b - cocfcent
distance between satons
Vi - Brown motion vector
The fow diagram of the reference nodes placement optimiza-
tion algorithm implemented in the software is presenied in
Fig. 4

In the simulaions, o calculate signal atenuation and o
estimatethe distance between tbe antennas a Mulli-Wallindoor
radio_propagation model [21, [3] was used. For distances
< Im we assume free space signal propagtion loss:

1(d < 1)ap = 10+ 20log(d) an

For distances d > 1m we compute the propagation loss with
the e of the Multi-Wall model:

LarwldB) = 40+ 10-4log@) + 3 (1es+ ) (12)

I.I.I.I.I I

i Refrence st plcemen cpimistion gy

whe
L - signal atenuation,

d - distance berwaen the antennas,

- number of walls on the signal propagation pah,
S - type of wall maerial is made,

Sr - number of wal types,

Lucs - attenuaton of a single wll,

. Simulasion resuls

Firsty, we ry to see the relationship between placement
of the reference staions and the size of the area where the
eminal can eceive signals from at least thee of the beacon
satons. For the simulations we assumed an example of 25 m
25 m room lsyout and th follawing slgorithm parameters:
transmit pr lvel is equal to 5 dBm snd minimum received
signal srengih required st the receiver anienna equal 10 -
85 dm. Fig. 5 and Fig. 6 present resuls of the reference
satons placement. Black rectangles denoke obstacks and blue
circles indicae eference stations. Awas where the quality
requirements are not met are marked with crosses
To assess localzation conditions, we evaluate qualiy erria
for st poits distributed in the area of the room fayout. The
test points are located randomly in the room and the number
of points is determined by the program user. The higher the
number of points,the greater the accuracy but also the longer
the computation time. Fig. 7 shows sample resuls obtsined
for the scenario presented in Fig. 6, and the bars indiate
percentage of the room area as 3 functon of & number of
visible eference staions.

“To valuate the performance of eference stations placement




[image: image33.jpg]Fi 5 Exarps et of Tl ssons o No. 255 25

Fi 9. Th e of e e s s otz

optimizaton sgorithm, we performed a seres of simulations
for sample room layout and for various intal placements of
the satons. Fig. 8 and Fig. 9 show th intal onditons and
optmization rsults for the same room layout s i Fig. 6.

V. SUMMARY

In the paper, we described parametes that can be used
1o cvaluste the qulity of eference modes placement and is
influcnce on the network erminal positoning accuracy. We
also presnted a software for computr aided opimization
of the refeence stations of ndoor positioning sysiems. The
Software implements sn opimization algorithm based on re-
ilicnce phenomenon and Brownisn motion model. The esuls
of simltions carid ot for sample room lyouts proved the
sutabily of the proposed approach o finding such locations
of the reference stations that maximize posiloning quality
crtri, Howeve, it must e noted that the resltng eference
Staions placement depends on the intial positions of he




[image: image34.jpg]odes. The goalof the further research s o evaluae results the
optimization of reference sttions placement for sample real
life scenarios. Measurement campaigns veriying simulation
resuls are planned in a universty campus buildings. The
measurement data will be also used to further adjust the
proposed algorithms.
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附件七
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Abstract—Traditonal wireess sensor nodes are designed with
Tor-power modules hat offer Emited computatonal performance
and communicaton bandvidth and thereore, are geneeally ap-
plicable o low.sample rate intermittent mnitoring applications.
‘Nevertheles,high-sample rate monitoring applicatons can e re.

lized by desiguing scusor odesthatcan perform ighthrough.

it sensor processing, while maiatsining low-power character-
ftcs. I thi paper, a bigh e and lowporer wireless
ardware plaform s preseated. Wih it compact sze and modu-
lar structure enabling there (o be an integrated customized sen.
or ayes it can be used or 3 wide variety o applicaions. I ad.
diton, the fexibilt provided through dinamicall configursble
intrfaces and power management,belps optiizing performance
‘and power consumption for different pplicatons.

Eepwords—FPGA,  wireless  platform,  bigh-throughput,

1 BermoducTion

ITH the adveat of Iow-cost, Low-poves, and misistuve

size electronics, wireless sensor nodes have emerged a3
4 Iow-cost altemative to fixed wised-based sensing solvtions.
These nodes are typicaly designed wsing a low-power mi-
cro-controller a radi transceiver, and o or micre sensors to
‘measuse a pasticulr physical pheacanence. Based ou the lim-
ited computations] performance, communication bandwidth.
and lfetime, these nodes have traditonally been applied t par-
ticular low-sample rae intemsinent menitoring applications ia
@fferent ield [11-[4] However, their potential advastages have
provided the motivation to explore them in relston to
bigh-sample rate spplicaions.

Given the imited bandwidth and high-poweer consuamption
of radio transceivers that re typically wed in these nodes, the
‘major challenge lies in transaniting a large amonat of data gen-
erated by high-sample rae spplications. In order to overcome
this challenge, esearchers have proposed in-sensor processing
[SH18] in which, s datais processed locallyin a sensor node,
and oy results are treasmuted wielessly. Therefore, it re-
dnces communication sctivity and the associated povwer con-
sumption. However, it s observed that ypical low-porwer mi-
cro-controllers inegrated in semsor nodes, ofien lack
bigh throughput performance when complex mathematical and
signal processing algorithms ae involved. Therefore, 10 meet
the demands of bigh computsticnal perfommance, the prototype
desiga reported in [5) employs a high-thxoughput micro-con-

troller for in-sensar data processing, in additon t a low-power
S-bit micro-connoller n (6]  Field Progranmable Gate Amay
(FPGA) based in-sensor processing solution is demonstrated in
reation 1o an image processing spplcation. In [7] and [5].
FPGA-based commercial evaluation ks and micro-controller
based wireless nodes were used to imvestigate their perfor-
susnce snd energy conmumption for high-sample rate spplica-
tions. Based on the presented results n these aricle, it caa be
concluded that high-throughput processing requirements can
oaly be fulfiled trough an FPGA, however, by accurately dis-
tibuting the processing. commuication snd control specific
asks on a micro-controller ad an FPGA, tis possible o opt-
mize both the performance sad porwer consuaption for an ap-
plication

By asalyzing the publshed Hteranue relating to highper-
Sommance wireless nodes, it was fouad that there ave oaly e
such nodes, 9] and [10] that are able be used for high-through-
put in-sensor processing. Both nodes e very sinulr in thes
design. as they are built o  simslar layered structure and they
integrae simlar modules. For example, each bas 2 sensor
Iayer, a processing layer consisting of micro-contoller aador
n FPGA, 2 commumication Iayer o enable wireless comamuai-
cation and,in additon, to a povver supply laser. On both nodes,
the processing layer consists of 3n FPGA that can be wsed for
incsensor procesung Howeves, both these FPGAs (Spar-
tanIE. 20d Spartn-IIE) were buil on 3 technology that s
o a decade old and therefore, does ot offr the high-perfor-
‘mance and low.power consumption that s the case with the
modemn FPGAS. Apart from that,ier module commuicstion
interfaces such 33 betveen FPGA and micro-controler, and be-
toveen wiseless trmsceiver snd micro-contoller re Sxed in
these nodes and theefore, canaot be r-configured for differeat
applications without modifying the hasdhvare design. Addition-
aly, the compactuess of these nodes is compromised because
of the extra heigh, resultng from the interface conpectors o
both sides of a layer and also sacking of fous layers on top of
each other to form a complete workiag aode.

To oxescome the sbove mentioned problems, we bave de-
veloped s high perfomace, low-porwer and compact wieless
embedded platform. the SENTIOF that is shown in Fig. 1 It
itegrates a micro-contrlle, an FPGA, an SRAM,a FLASH,
and 8 adio ransceiver on 3 single prited circuit board (PCE),
while providing easy infegration of 3 customized sensing layer,





[image: image36.jpg]in order 10 wse itin differeat applications. The SENTIOF is de-
sigaed withthe following key chasactristcs.

Fipae 1. e SENTIOR plcors.

High-Performance n sddiion o sequental processog ca-
pabilties,there st be support for bardware acceleration ia
exderto pefom computstionaly intensive processing.

‘Low-porwer The tegrated componeats <howld be opersble
at diferent clock requencies 50 : o optinize the power con-
svanption snd performance. I addition. the platfors st sup-
port 8 dymamic porves managemeat to switch-off umused com-
poneats.

‘Sensor integration The platform must support exsy ite-
sration of spptication dependentsensors Therefore, in addiion
to diffeent power supply valtages, o lsge mumber of in-
put-output itesfices Som  micro-contoller sud FPGA should
be provided for this puupose.

‘Flesibilit In addition t0 the eas integration of sensrs ei-
e with 3 micro-comroller, FPGA or both. the pltform st
support the eay realization of spplication dependeat comamai-
cation beteen the micr-contoller 0d the FPGA.

‘Compact size The platform should have souall dimensions
5o that it can be deployed in applcatons with space con-

“The details regarding the design. perfomance and power
consumption of the SENTIOF are the mai ocus of this paper.
The remaining sections are rganized as ollows. Section T de-
scibes the hardware design sspects of the SETNIOF. Section
L devoted to soffware elated detsil.In section IV, the per-
Sommance sad the porer conuption analysis sze preseated.
while concluding remarks are ivea secton V.

IL HarpwisE Desion

A sinplified design ofthe SENTIOF.sepresenting ol major
componeats and thei interconnections i shown ia Fig. 2. With
e exception of power source, al other companeats ae fate-
srated in the SENTIOF platior, which is iscussed i deail
i the following.

A Plateform Components

Based o the functional description of the ategrated
components, the SENTIOF can be diided o difeent Iogical
i, such a5 processing. commusicaton, memery, power

‘management and sensor interface, and can be then described.

; T

Fie 2. Achincun depcionof e SENTIOF

Processing Unit

In orde to achieve a high-computational performance, o
processing resources, 3 32-bit micro-contoller ATUC3BOSI2
(1], 30d a Spastan6 FPGA XCESLXI16-2CPGI96 (12] are
integrated i the SENTIOF.

‘The miceo-controllr provides high computatons] capabili-
ties by mesns of 8 compact single-cyel instmucion set nclud-
ing DSP instrctions aad an operatonal clock frequency of vp
to 60 Mz Addionatly, it iacludes an extensive set of n-
put-output (10) intrfaces and  somber of ow-porver modes
in order 10 optmize the powes consvuption for an application.
The micto-contollr can be used fo process the application
dats, esd the semsor'sdat, saco commumicate withthe adic
trnsceiver in onde to trmsat or receive dataresult In i
ton to its spplcation dependént dsta processing. the i
cro-contrller performs al the contel speciic operations ach
a5 powes and FPGA configuation managemeat and therefoe,
acts 358 central control uait inthe SENTIOF.

The sicro-conroler can be used 5 the ausn processing
it fo a wide varety of mositcring applicaions. Howeer, i
rder o achieve s bigh-throughput comsputsions] peformasce
s requiced in many bigh-ssmple rte spplications, e FPGA s
ategrated i the SENTIOF. Due o haxdvave paalllsm. it i
possible for multiple independent fasks o be realized wsing
edicated hasdvare logic in the FPGA, which thus be per-
Sormed simultaneously at bigh speed. In additon. the re.con-
Sguabilty of the FPGA allows syuthesizing diferent algo-
st with optinized contsol nd daa patis, without modiy
ing a0y real s, The selected FPGA i esiched with s
Scieat amovat of basc logic cell. in addiion 1o tber re-
sovices such as block RAM, ulply-and-accvmnlator (MAC)
it snd PLLS. A sommmary of these esovsces s given in To-
bleL
Radio transceiver

In order to_ emble wirless commumication in the
SENTIOF, s [EEE 802154 compliant low-power radic



[image: image37.jpg]tramsceiver, CC2520 [13] is integrated in the design The
wansceiver operates at the 2.4 G license fiee band md
provides a maximun throughput of 250 kbps. n addition (0 6
reconfigwable GPIOs for optionsl command and igtemupt
siguals the radio wamsceiver includes 8 SPI inteface to
commusicste wd exchemge dsta eiher with the
ncro-contioller o with the FPGA. The intertace to both the
micro-coatroller snd the FPGA is achieved by means of
‘muliplexer de-mulplexer switches and is thesefore, able o be:
configured dymamically. This additional flexbility can be

‘micro-controller, all other components on the SENTIOF
platform ave porwered with 33V, The boost convertor that can
be adjusted 10 provide up fo 6.V, is included for exieral
devicessensors that may require 4 higher voliage than is
provided by atached DC porver source e, typically a .6V, In
addition to 2 DC power source, the SENTIOF can also be
powered thzongh a USB iaterfce. This provides s added
advantage of contiauous long term powes during an application
development proces.
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High-sampling rate spplications generally process a luge
amouat o saw dat, 2ad generte both intenmediate 20d finals
el that maust b stoed in fst memcries in order to achieve
a high performaace. Therefor, in addition (0 a 96 LB of
‘SRAM i the micro-contoller aad 89 KB in the FPGA. 2 4 MB
of additional SRAM, CY62177DV30 [14] s integrated in the
'SENTIOF. The low-porver SRAM, intecfaced with the FPGA.
provides 8 16.it wide data path for sead snd it operations
st can b performed in 55 .

‘The FPGA requires e-configuration each time it is pow-
ered-on. Therefore, a bigh-speed aud low-power FLASH based
configuration memory, W2SQS4BV [13][14] i wsed for this
puapose. The selected FLASH memory provides a rapid access
e of 85 Mz sud a quad seril peripheral inteface (SPI,
hich ensbles the configuration of the FPGA in the s
time. In addition fo the configuaton daa of 4 Mb, te 64 Mb
FLASH con be used o store spplicsion dats.

For long tenn data stormge, the SENTIOF is designed t0
support a micro-SD card n a simular maner to that for the -
o ransceiver,the iterface to the SD card can also be dsmam.
cally configured either o the micro-contiole or (0 the FFGA.
it s interfsced to bl these processing it trovgh
plexer de-multipleser svitches.

Power

‘The SENTIOF is povwered by mesns of  single DC power
souce, with output voltage between 3.6V and 6V. This DC
voltage is fed 1o the SENTIOF and is then requlated snd
converted to fou differnt levels as shown in Fig. 3. In elation
o these four veltages, the 12V segulsted voltage i veed to
porwer the FPGA's core while the 1 SV is used fo power the
radic transcever and the core of fhe micro-conirller. Apart
Srom the radio transceiver, the cores of the FPGA and the

External nerface

The exterual iatesface provided through the 127 man-pitch
connectors serves hvee puposes. Firsly, it provides  large st
of 105, both rom the micro-contrlle snd the FPGA, i addi-
tion 10 all regulated poweer sotices i orde to integrate 4 cus-
tomized sensor bossd with the SENTIOF. Secondls,the JTAG
interfaces sequised to progrsmuconfigne each of the mi-
cro-conteoler, the FPGA. 2ad the FLASH memory Srom the
compute are also made accessible through tis extermal inter-
face. Lastly, the application specific commmication require-
‘ments benween the micro-controllr and the FPGA can also Rl
Slled through this teface.

B. PCBDesign

i order 10 ensure 3 high-performance and low.production
cost, special consideration was given to the PCB design. This
inciudes the separation of different grovad planes, the mii-
mization o race length benween the high-speed devices, it
ing the design t2 5 reduced munber of lyers, snd svoiding mi-
cxo and buvied i,

To mininize noise i relaicn fo all the diffeent types of
componets, four grovad planes ae wsed. A generic growad
plane, GND, is sed to connect ground plane of the DC porwer
Sotuce 1o other planes thuongh 0 Obm resistors, 35 show in
Fig. 4. In these planes, the digital grovnd, DGND serves 33 3
semum parh for il digital ccmponeats including the FPGA, i
cxo-controler, SRAM etc. The porwer grovnd. PGND is wed to
minimize (ke oise from otber planes oo the power supply
componets.As ther ase uo analog componeats mouated on
the SENTIOF.the anslog grouad AGND is not used. Howeres,
itis provided to ensure that analog seasors can be reiaby in-
terfaced with the SENTIOF.



[image: image38.jpg]I relation ol the componeats movated on the SENTIOF,
it the FPGA that has the highest pin couat of 196 pins, which
sre packed into Sx8 man BGA package orgmnized in 14 % 14
fows and coluanns. The 0.5 mm Borizontal and vertical pia
pitch resuling Som this small oorprint was 3 challnging fc-
tor, 3¢ i detennined the routing snd clessaace roles n addition.
1o the mber of the roing layers. For exsupl, if the map-
fxcturer's guidelnes segarding the PCB design of the FPGA
[16] ave sty folored, the i requires a miniuen of 7 BCB.
lagers wing micro-vias, while restictng the trace width and
clearance 10 0.075 mm. The production cost of the reslting
PCB i then significanty higher in companson to  equivalent
PCB with  vaa diameter of more thaa 0.15 mm, and a trace
‘width and clesrance of 0.1 mm or o,

AGND

DGND

over supply

PGND.

Fifce . Gromd plse wed i e SENTIOR

Therefore, o elax the production requisements, he vin-in.pad
option was used for the FPGA. This allowed o wse lager pad.
size and, evearually, arger via ole diamete of 0.2 mm, 4 min-
o trace widh snd clesraace of 0.1 mun. In addiion. it also
elped toseduce the PCB design o 6 layers nd without the ne-
cessity of buried v

Among other componeats, it was the rdio transceiver that
cequised the stitest sbservation of the manufsctuser's guide-
tines in order fo ensure proper functonalit. Therefoe, the
lagout of the radio wansceiver was completely matched with
he refereace layout. In addiion to providing sn interace for
a0 exterl antenaa, 2 PCB antenna is also incorporated fo the
radio ransceiver

G Pysical Stucture

The size of the PCB is 65 x 40 mum, with $ mm ofinerfce
eight on one side that s sed 10 atach a sensar modale. A se-
sor module comprising of one or more seasars, is lectically
conmected with the SENTIOF platform thuough 3 rigid and
sxong beader iterface. In addition. two mowsting boles are
crested in order 1 provide strctueal seinforcement of the plt.
fomm and the sensor module, which may be reqired for certsia
spplicaicns

L Soprwazs Desioy

In order > use the SENTIOF for s spplicaion. supporting.
softase st be developed for both the micro-controlle snd
the FPGA. Curreatly, his s achieved using o diffrent soft-
e development envircaments, the AVR32 Studio and the
Xilnx ISE for the micro-conteolerand FPGA, respectively:

The iegrated development environment for e mi-
cro-controler that can be obtained from Atmel's website free
of charge and it itegrates 2 software Samework and a GNU
tool chis allowing easy and sspid sppliation development in
C/Co=. To futher enlince the sofhware development process
f the micro-controlle i selaton to the SENTIOF, application
programming interfaces (APLS) are developed for all control
‘ad dots tranefer speciic operstions inchuding povver manage-
‘meat, radio conmusication and reading siting o SD card

‘The Xiliax ISE Design Suite iategiates all th fools 10 up-
port complete design development strting from a RIL de-
sign specifcation to the generaton of @ programming fle for
the FPGA. I also includes  wide vasiey of TP cores that can
be itegrated into  design. thus resulting i rapid development
In relsion o the SENTIOF. we bave developed inteface API:
Sor both the SRAM and the FLASH, which can be se-veed in
other desigas. Siilar APL: £ the radi trsnsceiver and the SD
card teace will oo be developed inthe e S,

IV. Peasomaiaxce 40 POWER CONSUMPTION
Avarvss

The SENTIOF was designed to achieve  bigh computa-
tonal performance and low power constmption gosl, nd
these were casuved st each developament stage incluing achi-
tecturs] decsions, componen selecton. and PCB layont. Per-
Sormance of both the micro-contrller snd the FPGA i depen-
deat on s wderlying spplication. Therefore, & mencse of
Clock requency; on which these fwo can be operated, is ds-
cused for analyss purposes. However, the precsely measured
power consuamption for various actvities i wsed for analyss i
et section.

D. Clock faquency.

The micro-controlle can ether be clocked rom sn ifernal
oscillator produciag a clock frequency of about 115 KHz or
from an extemal oscilator produciag 16 Mz of clock fe-
quency The clock from the intemal scilator is ofte 00 slorw
Sor 8 computaionaly itensive spplicaion snd therefore, may
be sed in either very low-speed spplications or duving sleep
modes. Howeses, to schieve different performance levels, the
mcro-controller can be opersted at 8 wide fequency sange,
with 3 vpper Lt of 60 Mz In such cases, the desced Se-
quency can be syuthesized from a 16 Mz exterual oscillator

y usiag a buitin Phase Locked Loop (PLL) i the micro-con-
otler

Dusing the SENTIOF desig it was observed that the avail-
able osclltors with frequencies higher than 19 MHz, 5 is re-
qiced in the FPGA, consuune  significant amovat of power
thst s adesirable in a low-porves platfom. Therefre, 2 lobal
clock generation feate of the micro-coatroller was instead.




[image: image39.jpg]‘used to provide the clock for the FPGA. The frequency of this
mput clock can be futher increased o 375 MHz using a PLL
inthe FPGA

E. FPGA Configuration

In order to conserve power, it may be desirable to switch
offthe FPGA foridle tie perods in an application. Howerer,
upon pover-up, it st be reconfigured o resue its job. The
(rejconfiuration for the FPGA integrated in the SENTIOF is
accomplished by loadiag nearly 3.6 Mb of configuration data
o the FPGA. from the associted FLASH memory. Depend-
ing upon the clock frequency and the bus width optons that are
seleced to configue fhe FPGA. the acnual configuation time
can vary from one application fo nother.

“The minimum configuration time of 15,16 ms was ecorded
by applying a maximum supported speed of 66 Mriz and 2
mainmuen bus wideh option o 4 bits,also known s quad SPL

F. Power Consumprion

The porwer consumption in the SENTIOF can be optimized.
through dmamic power management, where all major compo-
nes including the micro-contrller, FPGA, SRAM, FLASH,
and the radio ransceiver can be switched fo low-power modes
at run fime. This allows a reduction i the pover consumption
of each componen fo a miioum level, fypically from tens of
micro-watts 0 2 e milli-vans depending vpon the achial
component. Thesefore. to further the power con-

In sleep mode, the average current drawn by the SENTIOF
from a 3.0V supply source was measured o be 95 A Dusing
this mode,both the 1 8V and 3 3V voltage regultors which re-
ained fully functonal fo ensure the requird voltage fevels fo
the micro-contoller were respansie for nealy 70% of the re-
ported curent consumption
Active mode

‘Unlikethesieep mode,the power consunnption ofthe SEN-
TIOF during it actve mode is dependent on an frequencies
and the time dusation fo which iffrent companents are ac-
five. Nevertheles, fo provide a rough idea. the cument con-
sumpton was measured for  mumber o spplication scenrios
ivolving almost al the major components on the SENTIOF,
and is summarized in Tabe I1 Each reported value represents
the total amovat of ureat that was dawn by the SETNIOF for
a comesponding scentio, fiom a 3.6V power source

TARE 1L TiE AVERAGE CURBENT CONSAGTRN OF T SENTIOF RoR

< A e
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sumption during the idle state,the SENTIOF is designed to -
namically switch-offon the FPGA, SRAM, FLASH, aad SD
card 35 they consume siguificant pover i ther low-pover
modes. To realize this power onoff mechanism, 2 very
fow-parwer metaloxide semiconductor (MOS) fransisor is
‘used 35 2 switch befween the porver supply and the porver con-
nection of the componeats. The transisor is then switched
onoff through the micro-contrlle, which performs all control
specific operations including power munagement. It should be
noted that radio transceiver that typically consumes 15W i
Iow-power mode and. it s not enzbled t0 be switched cnoff
‘using MOS transcever,asthe MOS transisor consumes aimost
the same amout of power as that of the radio fransceiver in
fow-pawer mode and therefore, 10 sigificant power can be.
conserved by the pover onoff miethod.
‘Depending on the applicaion, the SENTIOF may be in ac-
tive mode, where it perfors data acquisition, processing.
andor sesult ransmission. or if may be in sleep mode for cer-
ain time duration before it is operational again. The pover
consumption n these modes differs ignificantly and therefore,
it discussed with fespect 0 these o modes i the following.

Sleep mode

In sleep state, with the exception of the micro-controller,
other compones including the FPGA. SRAM, FLASH. and
the SD card are sitched-of. The micto-contrller bowerer,is
swiched 10 a fow-pover mode known as DeepStop. n which it
s 00t cnly able to keep tack of the sleep curation by using real
time counter (RTC),but i aso capable of switchiag all compo-
‘neats including it o the active sale.
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[image: image40.jpg]For applicaion scenaros 1. 2, and 3 given in Tabe IL. the
‘micro-controller was in the active state performing a siple ad-
dition operaion sepeatedis. Apart from the 3.3V and 18V volt-
age segulators that are sequired to provide pover fo the mi-
‘ro-contoller,al other modles were in the offstate. The mi-
cro-controller was clocked through a 16 MEz exterual osila-
tor, and then synthesized to 20 MHz and 60 MHz through an
intermal PLL.

“The average cuent dravn by the SENTIOF while config-
uring the FPGA fiom the associated FLASH is given in Sce-
o 5. Scenarios § and 9 fstthe current consumption When
the FPGA performs read and write operations on the SRAM
‘Other important scenarios inciude 15 and 16, in which the ra-
dio transceiver s operated in receive and trausmit modes fe-
spectively.

V. ConcLusion

In this paper, we presented 2 highperormance and
lowparver wieless hardriare platform. SENTIOF that is capa-
bleof performing high-hroughput n-scaso processing, 35 -
icallyrequied orhigh-sampe rte moitoring appictions.

“The SENTIOF integrates 2 micro-contrlkr, an FPGA, an
SRAM. 2 FLASH. and 3 ao transcever on 2 single PCB in
ordertosealze  high performance compact wirelss platform.
“Thi applicatin independeat platform allows for the itegra-
tion ofany kind o sensors hrough a applicaton specific and
customized sensr layer In addiion. the dymamic porer maa-
agement and reconfgurable architechwe can be exploited o
optinize performance and parver consumption according 0
iferent applications.

“The flexibility provided through dymamically configurable
intefaces,_customizable_conmuication. between. the -
cro-contolerand the FPGA. and dymamic porver management
can alo be used o explore efficient architectues for different
‘monioring applications

REFERENCES
U] R G Lus L Lunde . B s0d L Rebl, & Baiew o
iir S Tl ad Appbctins i Apiios wa o
b St of e A nd Comet T EEE Jowma s
St 5., 202005
[ Shanms & Chki 1 U, By, “Sgplisocs ofwisiss
prietot e g o Mo e

vl Confrece oo Elaccese Conpue Teaelogs (CECT)
LT, H10 Apal 01

) S HLee'S Lee H Somg snd HS Luw “Wades sessor setmok
desm for ool mliey pplionen: Reme Lipescile
vt EE_ Conirancs o0 My Conmmmietin

ILCOM 2005717 16.21 O 2005

[4) A Prawlopalon 38 X G. Bouwhic “A Suer cn Weasble
SemsrBoed S G Hoslth Monsoring md Progmes” IEEE
Tamscaons o S, Mo, 228 Comomancs, Pt €. Apphistons
£2dRaren, 040,501, p 112 T 2010

5] 3.B Lomh A oo ofwilas s st oo o
il o Phloghcsl Tromactons of e sorl Sovse
A Matmncal Phval nd Ecpieenag Scasces, ol 365, 75
SES b 15,200

6] €5 Bios LY P 2 Do w4 QB Mg A ot
FrGhbuns i shin et
R T e B e T
i

0] K G, M o AT Mtk M. O, . Lovl,snd 3.
Thimieg. Bl of Tk Fasiousy b iwae
S oy 3 Wave, Comers B i e
ol e ot S s Cominy
Els Eagmeanng FARELEC, 7 27151 57 3pd 01

(8] K Shbond P Chrg3 s O, At et o3
ot o 54l povs s oo et EEE
SRR N RS AT

(5] 1 Pl T s i A do oo, °A Rl PG Bd
e fr oo Node . Waess S w14
Soub Cotes o Pogammie Lo 73520 326 o
b

(00]3.5. B K Deae. 3. OFhun 1. B, K. M R 124
i Do of F rogat ek s
o et sl o nbin o Ebeper Jowrd o
o G, ol 3, o 13 . IISHE A
b

01) ATEUCBOSE S o, G A, 2003, O] At
fusnieriny

03] Sprons XCLSEIEACRGISS md CELTET FGGISC, S
o C: s o, 015, O] ralibe e s o

(1S Dal T Tes s, 005 (Ose]
St esson.

L g —
(O] At e o

[15] W2SQS4BY, Tachumg Ciy 25, T Wisbond Ehcss, 2015
Onie] bl oo o

[16]“Sparan§ FRGA PCB Duign 20 P s, S o, Ci: e
1o 2013, {Onkine]. Avadble i comn





系統識別號








PAGE  
第21頁，共 56 頁

有機農場綠屋感測節點
溫濕度及光照感測元件
土壤感測系統



精細節點範圍
粗略節點範圍
多點交叉定位區域



雲端自動控制
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