
Table of Contents 

Abstract…………………………………………………………………………………...... iii 

Resumen……………………………………………………………………………………. v 

Resum………………………………………………………………………………………. vii 

List of Figures……………………………………………………………………………… xv 

Chapter 1………………………………………………………………………………… xv 

Chapter 2………………………………………………………………………………… xv 

Chapter 3………………………………………………………………………………… xv 

Chapter 4………………………………………………………………………………… xv 

Chapter 5………………………………………………………………………………… xviii 

Chapter 6………………………………………………………………………………… xx 

Chapter 7………………………………………………………………………………… xx 

Chapter 8………………………………………………………………………………… xxi 

List of Tables………………………………………………………………………………. xxii 

Chapter 1………………………………………………………………………………… xxii 

Chapter 2………………………………………………………………………………… xxii 

Chapter 3………………………………………………………………………………… xxii 

Chapter 4………………………………………………………………………………… xxii 

Chapter 5………………………………………………………………………………… xxiii 

Chapter 6………………………………………………………………………………… xxiii 

Chapter 7………………………………………………………………………………… xxiv 

Chapter 8………………………………………………………………………………… xxiv 

Acknowledgments…………………………………………………………………………. xxv 

Chapter 1:Introduction…………………………………………………………………… 1 

1.1 Introduction…………………………………………………………………………. 1 

1.2 Research goals………………………………………………………………………. 5 

1.3 Precedents…………………………………………………………………………… 6 

1.4 Main Contributions …………………………………………………………………. 7 

1.5 Structure of the dissertation………………………………………………..……….. 9 

Chapter 2: State of the art in Wireless Sensor Networks…………………………….... 11 

2.1 Introduction…………………………………………………………………………….. 11 



2.2. What is a sensor?......................................................................................................... 12 

2.2.1 Types of sensors………………………………………………………………….. 13 

2.3. State of the art in energy issues……………………………………………………….. 19 

2.3.1 Analysis of energy status and saving energy strategies based on applications….. 19 

2.3.2 Analysis and comparatives of energy consumption of different wireless 

technologies…………………………………………………………………………….. 22 

2.3.3 Power-saving mechanisms in WLANs from the protocols perspective………….. 23 

2.4. State of the art in monitoring of natural environments………………………………… 25 

2.4.1. Fire detection and verification……………………………………………………. 25 

2.4.2 Animal monitoring to prevent theft and attacks by wild animals………………… 27 

2.4.3 WSN for Vineyard Monitoring……………………………………………………. 27 

2.4.4 WSNs for detecting deficiencies in construction…………………………………. 30 

2.4.5 WSN for disabled and elderly people…………………………………………….. 31 

2.5. State of the art of WSN in indoor environments………………………………………. 33 

2.5.1 Related Work of indoor coverage measurements……………………………….... 33 

2.5.2 Related Work of interference measurements in indoor environment…………….. 35 

2.5.3 Related Work of wireless sensor positioning in indoor environments…………… 36 

2.6. State of the art in underwater wireless communications………………………………. 37 

2.6.1 Underwater communications based on acoustic waves…………………………… 38 

2.6.2 Underwater communications based on optical waves…………………………….. 41 

6.2.3 Underwater communications based on electromagnetic waves…………………... 43 

2.6.3.1 EM waves in freshwater……………………………………………………... 43 

2.6.3.2 EM Waves in seawater………………………………………………………. 44 

2.6.4. Miscellaneous of existing measurements of underwater wireless 

communications technologies…………………………………………………………… 46 

2.6.5. Existing measurements of underwater wireless communications based on 

electromagnetic waves…………………………………………………………………... 47 

2.7 State of the art of WSN for Underwater Applications………………………………….. 47 

2.7.1 Problems in Marine Fish Farms.…………………………………………………... 48 

2.7.2 Simulators for Marine Fish Farms……………….………………………………... 48 

2.7.3 Current Methods to Measure the Water Turbidity………………………………... 50 

2.8 Conclusion……………………………………………………………………………… 51 

Chapter 3: Energy issues in Wireless Sensor Networks………………………………... 53 

3.1 Introduction……………………………………………………………………………... 53 

3.2 Energy Issues in Hardware……………………………………………………………... 54 

3.2.1 Wireless Senor Node Hardware Structure.………………………………………... 54 

3.2.2 Characteristics and Requirements of a Wireless Sensor Node…………………… 56 

3.2.3 Hardware Availability……………………………………………………………. 56 

3.2.4 Energy Consumption in Transmission and Initial Consideration for 59 



Environmental Applications…………………………………………………………… 

 

3.3 Saving Energy in WSN from the Point of View of Protocols and Topology 

Configuration….………………………………………………………………………….... 

 

63 

3.3.1 Group-based Wireless Sensor Networks.…………………………………………. 64 

3.3.2 Protocols…………………………………………………………………………... 67 

3.3.2.1 Efficient MAC Protocols…………………………………………………….. 67 

3.3.2.2 Efficient Routing Protocols………………………………………………….. 75 

3.4. Optimizing Configurations in Network Devices. Measurements in actual devices…… 86 

3.4.1 Measurements in Wireless Access Points ….………………………..…………. 86 

3.5 Conclusion…………………………………………………………………………….... 91 

Chapter 4: Wireless Sensor Nodes for Environmental Monitoring…………………… 93 

4.1 Introduction…………………………………………………………………………….. 93 

4.2 Sensor Deployment for Natural Environmental Monitoring…………………………… 94 

4.2.1 Wireless Sensor Network Deployment for Rural and Forest Fire Detection and 

Verification……………………………………………………………………………. 94 

4.2.1.1. Radio Design, Number of Devices Needed and Channel Distribution Plan.. 96 

4.2.1.2 Hardware Deployment……………………………………………………….. 99 

4.2.1.3. System Design and Operation Mode………………………………………... 102 

4.2.1.4. User Interface……………………………………………………………….. 104 

4.2.1.5. Performance Test……………………………………………………………. 105 

4.3 A Wireless Sensor Network for Vineyard Monitoring…………………………………. 112 

4.3.1. Wireless Sensor Network and Wireless Sensor Node Deployment……………. 114 

4.3.1.1. Analytical Network Model for Node Placement …………………………… 115 

4.3.1.2. Wireless Sensor Node………………………………………………………. 120 

4.3.1.3. Camera………………………………………………………………………. 124 

4.3.1.4. Rotation System…………………………………………………………….. 125 

4.3.2. Sensor Network Traffic Measurement………………………………………….. 127 

4.4 Intelligent Wireless Sensor Network to Detection and Protection of the Attacks to the 

Sheep and Goats ………………………………………………………………………. 129 

4.4.1 Sensor Network………………………………………………………………….. 129 

4.4.1.1 Monitoring system of heart rate and body temperature…………...………… 130 

4.4.1.2 Placement of sensors on the animals………………………………………… 134 

4.4.1.3 Design of the network topology…………………………………………….. 134 

4.4.1.4 System algorithms………………………………………………………….. 136 

4.4.2 Performance Study………………………………………………………………. 138 

4.5 Deployment of Wireless Sensor Nodes to Detect the Cement Degeneration in 

Constructions..………………………………………………………………………... 141 

4.5.1 Node Description………...……………………………………………………… 143 



4.5.1.1 Sensor description…………………………………………………………… 145 

4.5.1.2 Temperature sensor………………………………………………………….. 145 

4.5.1.3 Vibration sensor……………………………………………………………… 146 

4.5.1.4 Humidity sensor……………………………………………………………… 147 

4.5.1.5 Gyroscope sensor……………………………………………………………. 148 

4.5.1.6 Electric power system………………………………………………………... 149 

4.5.1.7 Multisensor Node……………………………………………………………. 150 

4.5.2 Adequacy of the Sensor Nodes to Protect them from the Environment…...…… 150 

4.5.3 Decision Algorithm…...…………………………………………………………. 151 

4.5.4 Position of the Sensors in the Structure……………..…………………………... 152 

4.5.5 Wireless Sensor Network..………………………………………………………. 154 

4.5.5.1 Developed topology………………………………………………………….. 154 

4.5.5.2 Network operation and its performance……………………………………... 155 

4.5.5.3 Web interface for data query………………………………………………… 158 

4.6 Development of Wireless Sensor Nodes for Taking Care of Disabled and Elderly 

People…………………………………………………………………………………. 158 

4.6.1 System Operation………………..………………………………………………. 162 

4.6.2 Performance Test…………………..……………………………………………. 165 

4.6.2.1 System operation performance………………………………………………. 165 

4.6.2.2 Alarms……………………………………………………………………….. 170 

4.6.2.3 Decision rules by mixing alarms…………………………………………….. 171 

4.6.2.4 Ad hoc Network routing protocol……………………………………………. 176 

4.7 Conclusion……………………………………………………………………………… 179 

Chapter 5: Wireless Sensor Development for Monitoring in Indoor Environments…. 181 

5.1 Introduction……………………………………………………………………………... 181 

5.2 Tools Used in the Measurement Process……...………………………………………... 183 

5.2.1 Software Used in the Test Bench………………………………………………... 183 

5.2.2 Hardware Used in the Test Bench……………………………………………….. 183 

5.2.3 Measurements in Scenario 1: CRAI……………………………………………... 184 

5.2.3.1 The building …………………………………………………………………. 184 

5.2.3.2 Description of UPV wireless network….……………………………………. 186 

5.2.3.3 Coverage measurements…………………………………………………….. 186 

5.2.3.4 Comparative study of three wireless signals………………………………… 191 

5.2.4 Measurements in Scenario 2: Garage……………………………………………. 199 

5.2.4.1 Coverage measurements for garage…………………………………………. 200 

5.2.4.2 Testbench description for interference measurements………………………. 208 

5.2.5 Measurements Comparison for Both Scenarios and Sensor Placement in Indoor 

Environments………………………………………………………………………..... 211 



5.2.5.1 Method for estimating the best position of wireless sensors in indoor 

environments………………………………………………………………………… 
213 

5.3 Conclusion……………………………………………………………………………… 216 

Chapter 6: Underwater Wireless Communications based on Electromagnetic Waves. 219 

6.1 Introduction…………………………………………………………………………….. 219 

6.2 Signal behavior of EM waves in fresh water…………………………………………… 221 

6.2.1 Experimental setup………………………………………………………………. 221 

6.2.2 First study: Measurements at 16 °C, 18 °C, 20 °C and 22 °C ...……………….. 223 

6.2.2.1. Measurements for 16 °C ……………………………………………………. 224 

6.2.2.2. Measurements for 18 °C ……………………………………………………. 226 

6.2.2.3. Measurements for 20 °C ……………………………………………………. 229 

6.2.2.4. Measurements for 22 °C ……………………………………………………. 232 

6.2.3 Second study: Performance Results at 26ºC…………………………………….. 234 

6.2.3.1Performance of BPSK modulation and analytical study for 1Mbps data 

transfer rate…………………………………………………………………. 
234 

6.2.3.2 Performance of QPSK modulation and analytical study for 2 Mbps data 

transfer rate………………………………………………………………….. 
236 

6.2.3.3 Performance of CCK modulation and analytical study for 5.5 Mbps data 

transfer rate…………………………………………………………………. 
237 

6.2.3.4 Performance of CCK modulation and analytical study for 11 Mbps data 

transfer rate………………………………………………………………….. 
238 

6.3 Summary of Best Results and Comparison with Other Studies…..…………………… 239 

6.4 Mathematical Model 243 

6.5 Conclusion……………………………………………………………………………… 246 

Chapter 7: Application of WSN in marine environment……………………………….. 247 

7.1 Introduction…………………………………………………………………………….. 247 

7.2. Problem Description………………………………………..…………………………. 249 

7.3. Seabed Depositions Estimation …………………………..…………………………… 252 

7.4. Wireless Sensor Node for Depositions Monitoring…………………………………… 254 

7.4.1. Sensor Nodes Operation………………………………………………………… 254 

7.4.2 Sensor Mobility Model………………………………………………………….. 255 

7.4.3 Sensor Nodes Distribution………………………………………………………. 257 

7.5. Low Cost Turbidity Sensor……………………………………………………………. 259 

7.5.1 Our Proposal………………………………..………………………………….... 260 

7.5.2 Cost of OurTturbidity Sensor……………………………………………………. 261 

7.5.3 Test Bench and Measurement Results…………………..………………………. 261 

7.5.3.1 Used elements……………………………………………………………….. 261 

7.5.3.2 Obtained results……………………………………………………………… 263 

7.5.3.3 Verification…………………………………………………………………... 264 



7.6. Fish Feeding Simulation …………..…………………………………………………... 265 

7.7 Conclusion.……………………………………………………………………………... 269 

Chapter 8: Conclusion……………………………………………………………………. 270 

8.1 Introduction……..……………………………………………………………………… 270 

8.2 Conclusion and contribution……………………………………………………………. 271 

8.3 Future works and research lines………………………………………………………… 272 

Bibliography……………………………………………………………………………….. 273 

 


