TABLE OF CONTENTS

LIST OF FIGURES	xii
LIST OF TABLES	xvii
1.	INTRODUCTION	1
1.1.	Introduction	2
1.1.1.	The aquaculture and its sustainability	2
1.1.2.	Open issues when monitoring the aquaculture	3
1.1.3.	The information and communication technologies and the WSN	5
1.2.	Research goals	8
1.3.	Precedents	9
1.4.	Contributions	10
1.5.	Structure	12
2.	RELATED WORK	14
2.1.	Introduction	15
2.2.	Effects of the environmental parameters on fish	15
2.2.1.	Effects of temperature	15
2.2.2.	Effects of salinity	17
2.2.3.	Effects of photoperiod	22
2.2.4.	Effects of dissolved oxygen	25
2.2.5.	Effects of other parameters	27
2.2.5.1.	Effects of light:	27
2.2.5.2.	Effects of turbidity:	28
2.2.5.3.	Effects of pH	29
2.2.6.	Discussion on the effects of environmental parameters on fish	29
2.3.	Physical sensors for water quality monitoring for precision aquaculture	33
2.3.1.	Requirements of aquaculture sensors	34
2.3.2.	Temperature	36
2.3.3.	Salinity	38
2.3.4.	Dissolved oxygen	40
2.3.5.	Turbidity	41
2.3.6.	Discussion and future challenge on sensors for fish farms monitoring	43
2.4.	Current systems for aquaculture monitoring	46
2.4.1.	Data gathering systems	47
2.4.2.	Monitoring systems for fish farms	47
2.4.3.	Monitoring systems for general aquatic environments	50
2.5.	Related work on conductivity meters	52
2.6.	Related work on hydrocarbon detection	53
2.7.	Conclusion	55
3.	DEVELOPED SENSORS	57
3.1.	Introduction	58
3.2.	Salinity sensor	61
3.2.1.	First models	61
3.2.1.1.	Material and methods	61
3.2.1.1.1.	Based on a hall sensor	62
3.2.1.1.2.	Based on an inductive coil	62
3.2.1.1.3.	Developed tests	63
3.2.1.2.	Results	65
3.2.1.2.1.	Comparative of prices of the developed sensors and current commercial sensors	70
3.2.1.2.2.	Discussion	70
3.2.2.	The copper coils as conductivity sensors	71
3.2.2.1.	Material and methods	71
3.2.2.1.1.	Description of coils models	71
3.2.2.1.2.	Test bench	72
3.2.2.2.	Results	73
3.2.2.2.1.	Comparison of models and Discussion	76
3.2.3.	Studying the combination of solenoid and toroid	77
3.2.3.1.	Material and methods	77
3.2.3.2.	Results and Discussion	79
3.2.3.2.1.	Minimum cell volume	79
3.2.3.2.2.	Linear ranges and sensibility	80
3.2.3.2.3.	Verification process	82
3.2.4.	Evaluating the combination of two solenoids for conductivity monitoring in fish farms	83
3.2.4.1.	Background theory	83
3.2.4.2.	Test bench	84
3.2.4.3.	Results	85
3.2.4.3.1.	Physical characterization of the sensor	86
3.2.4.3.2.	First test: Changes in the number of spires maintaining the spires relationship	87
3.2.4.3.3.	Second and third test: Change the spires relation	87
3.2.4.3.4.	Forth test: Change the wire diameter	89
3.2.4.3.5.	Fifth test: Change the coil diameter	89
3.2.4.3.6.	Summary of tests for physical characterization of the sensor and election of prototype	90
3.2.4.3.7.	Determination of minimum cell volume	91
3.2.4.3.8.	Calibration	93
3.3.	Turbidity sensor	95
3.3.1.	Material and methods	95
3.3.1.1.	Background	95
3.3.1.2.	Design and development of the turbidity sensor	95
3.3.1.3.	Turbidity samples	96
3.3.2.	Results and Discussion	97
3.3.2.1.	Different turbidity sources	97
3.3.2.2.	Distinguish between turbidity sources	98
3.3.2.3.	Intelligent algorithm	102
3.3.2.4.	Verification process	103
3.3.2.5.	Comparison with current sensor systems and suitability for fish farms	104
3.4.	Hydrocarbon  sensor	105
3.4.1.	Material and methods	105
3.4.2.	Results	106
3.5.	Conclusion	107
4.	IMPLEMENTATION IN FISH FARMS	110
4.1.	Introduction	110
4.2.	A system to control the salinity and water level in the fish farms facilities	112
4.2.1.	System description	112
4.2.1.1.	Salinity Sensor	112
4.2.1.2.	Wireless module	114
4.2.1.3.	Sensor to measure the water level	115
4.2.1.4.	Signal generation	116
4.2.1.5.	Server implementation collect data	118
4.2.2.	Autonomous System to Control Automatically the water Salinity	120
4.2.3.	Real Measurements and network test	122
4.3.	WSN for monitoring the turbidity in fish farms	125
4.3.1.	System description	125
4.3.1.1.	Turbidity sensor development	126
4.3.1.2.	Employed Node	127
4.3.1.3.	WSN deployment	127
4.3.1.4.	Architecture	128
4.3.2.	WSN Performance	130
4.4.	System for monitoring the cage, the water quality, and the fish behavior	134
4.4.1.	Materials and Methods	134
4.4.1.1.	Architecture	134
4.4.1.2.	Sensors	136
4.4.1.2.1.	Water parameters	136
4.4.1.2.2.	Tank parameters	138
4.4.1.2.3.	Feeding parameters	139
4.4.1.2.4.	Other sensors	139
4.4.1.3.	Node	140
4.4.2.	Results and discussion	141
4.4.2.1.	Results of the water quality sensors	141
4.4.2.2.	Results of the tank sensors	143
4.4.2.3.	Results of the fish behavior sensors	144
4.4.2.4.	Comparison with other systems and price of the employed components	148
4.5.	Automatic system for the adjustemnt of the feeder process to the fish demand	149
4.5.1.	System description	149
4.5.1.1.	Scenario description	150
4.5.1.2.	Node and sensors description	150
4.5.2.	Results and discussion	151
4.5.2.1.	Calibration of the feed detection system	151
4.5.2.2.	Calibration of fish presence sensor	155
4.5.2.3.	Verification process	156
4.5.2.4.	Simulation of feeding process	159
4.5.2.5.	Comparison with current systems	161
4.6.	Conclusion	161
5.	IMPLEMENTATION IN OTHER ENVIRONMENTS	164
5.1.	Introduction	165
5.2.	Proposed System for estuaries and mangrove forests	167
5.2.1.	Proposed system	167
5.2.1.1.	Salinity Sensor	168
5.2.1.2.	Wireless module	169
5.2.2.	Server deployment for data gathering	171
5.2.3.	Real Measurements and network test	172
5.3.	Application of the WSN for oceanic climate monitoring	174
5.3.1.	Proposal Description	174
5.3.1.1.	Multisensor buoy	174
5.3.1.2.	Design of wireless node	175
5.3.2.	Sensors for marine parameters monitoring	176
5.3.2.1.	Water temperature sensor	176
5.3.2.2.	Water Salinity Sensor	178
5.3.2.3.	Water Turbidity Sensor	182
5.3.2.4.	Hydrocarbon detector sensor	184
5.3.3.	Sensors for Weather parameters monitoring	186
5.3.3.1.	Sensor for environmental Temperature	186
5.3.3.2.	Relative Humidity	187
5.3.3.3.	Wind speed and direction	189
5.3.3.4.	Solar Radiation sensor	193
5.3.3.5.	Rainfall Sensor	195
5.3.4.	Mobile platform and Network Performance	197
5.3.4.1.	Data acquisition system based on Android	197
5.4.	Smart system for detecting and track pollutants in water	200
5.4.1.	Proposed System	200
5.4.1.1.	Proposed sensor node	200
5.4.1.2.	Designed Algorithm	202
5.4.2.	Network Performance	204
5.5.	Conclusion	207
6.	CONCLUSIONS AND FUTURE WORK	209
6.1.	Introduction	210
6.2.	Conclusions	210
6.3.	Future work	211
6.4.	Fulfillment of the objectives and difficulties founded during the process	212
6.5.	Publications derived from the PhD	212
Bibliography	215
[bookmark: _GoBack]
