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Chapter 1
INTRODUCTION
1.1 Statement of Purpose

The goal of this project is to develop a low-cost tsunami warning system for use in impoverished regions where tsunamis pose a threat. This report, which is broken into 7 chapters, details the design and experimental process of an online sensor suite used for tsunami detection. We begin in Chapter 2 by first considering the method of communications used to provide the sensor suite with an online reporting capability. The MATLAB code, which was written for pressure data analysis, was tested for simultaneous analysis of three separate data sets from three depth sensors in the sensor suite. An explanation of the code and the data analysis is articulated in Chapter 3. Chapter 4 provides a discussion of the control parameters that will be utilized for the decision process – distinguishing the passing of a tsunami wave. Finally, existing tsunami warning communications infrastructure and its problems are discussed in Chapter 5. 
Chapter 2

METHOD OF COMMUNICATIONS

2.1
Communication system selection
The ZIGBEE is a wireless personal area network (WPAN) technology based on the IEEE 802.15.4 standard. ZIGBEE is targeted at radio-frequency (RF) applications which require a low data rate, long battery life, and secure networking. The ZIGBEE was chosen for this project over other WPANs, such as Bluetooth and wireless USB because it was cheaper, simpler to use and has a lower power requirement.
ZIGBEEs are used for wireless monitoring and remote control solutions. Unlike Bluetooth or wireless USB devices, ZIGBEE devices have the ability to form a mesh network between nodes, which are embedded in sensors for automation and control. Meshing is a type of daisy chaining from one device to another. This technique allows the short range of an individual node to be expanded and multiplied, covering a much larger area. One ZIGBEE network can contain more than 65,000 nodes (active devices). 
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Fig. 2.1. Diagram of ZIGBEE network set-up.
Chapter 3

SENSOR SUITE DATA ANALYSIS
The sensor suite comprised of three Keller America depth sensors, an 8-bit Rabbit microprocessor, two ZIGBEE units and a laptop. The depth sensors are lowered into and rigidly held in place at three different areas in a wave tank. The wave generator produces a shallow water wave that propagates down the wave tank and pressure readings are recorded by the sensor suite. The data collection process is done through a Dynamic C code which uses a loop to record 3000 pressure and its corresponding time data points from each pressure sensor. This set of measurements is then saved as a .out file, which is wirelessly transferred to the laptop via the ZIGBEE network for data analysis. Data analysis is performed using MATLAB (code attached as Enc. 1).

The following graphs were generated from the data analysis:
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Fig. 3.1.

The pressure and time data from each pressure sensor are normalized and averaged to produce 3 separate waveforms.
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Fig. 3.1.
As the wave passes above each pressure sensor, the height of the water column over the sensor changes in a sinusoidal fashion as a function of time. This measurement relates to the depth of the sensor. The pressure sensor reads the pressure experienced at that depth and outputs a voltage. This pressure is a combination of static pressure from the water column above the sensor and dynamic pressure generated from the kinetic energy of the wave. As such, the sensor voltage output is related to the sensor pressure reading. This graph is a fourth order curve fit that exhibit the output sensor voltage in relationship to the depth.
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Fig. 3.1.

A relationship between static pressure and sensor voltage was established by creating the sensor application curve. Using this information, sensor voltage derived from static pressure was subtracted from the sensor voltage data relating to pressure readings. This plot describes the output sensor voltage relating to dynamic pressure as a function of depth. 

The minimum value of the sensor voltage reading relating to dynamic pressure is 110mV. This value correlates to a pressure equivalent to 11 cm of water depth according to the sensor application curve. Since the maximum depth the sensor was approximately 85 cm (depth of sensor = 80 cm, maximum wave height = 5.0 cm), an 11 cm spike in water depth pressure reading will be significant in detecting the shallow water wave.

Chapter 4

DECISION PARAMETERS

The goal of the project was to design a tsunami warning system that could reliably detect the existence of shallow water waves. Existence of dynamic pressure and its characteristic pressure range have been identified as possible decision parameters. Other possible decision parameters are the existence of low frequency, high amplitude signals and abnormal spikes in sensor voltage readings. A suitable combination of design parameters will be investigated in this project.
Chapter 5
COMMUNICATIONS INFRASTRUCTURE

5.1
Background 
An early warning system for tsunamis is already in operation in the Pacific Ocean and consists of a network of seismograph and tidal gauges linked via satellite to monitoring centers based in Alaska, US, and Hawaii. Seismographs provide the first line of defense, alerting monitoring staff to any earthquakes large enough to produce a tsunami. But not every such quake produces these deadly waves, so tidal gauges that record changes in ocean depth are then used to determine whether a tsunami is actually on its way. However, a problem with the system is that three in four tsunami alerts are false alarms. Evacuations in such cases are costly and can breed complacency.
5.2
Current realities
Detection and prediction of tsunamis is only half the work of the system. The most important part of the tsunami early warning system is the ability to get the information to people who are in immediate danger. It is hence vital to have a reliable and timely communications system and to educate people about what to do after the alarm is raised. Primary responsibility for this rests with governments and most of the 27 nations bordering the Indian Ocean have been setting up individual programs for issuing tsunami alerts to their own people. Thailand, India and Indonesia are forging ahead with their own systems and Australia, Malaysia and Singapore are planning to develop warning capacities. Thailand has opened a disaster warning centre which currently receives data from Hawaii and Japan. Thailand is also installing a network of 76 siren towers along part of its coastline and recently staged a tsunami simulation exercise for emergency services. India has also set up an alert centre which is monitoring data from seismographs and 11 tide gauges. The UN is helping countries with other long-term measures including teaching tsunami awareness in schools, training decision-makers and broadcasters, and making sure information is available in all local languages and [image: image4.emf]74 76 78 80 82 84 86
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Fig. 6.1. Siren tower at Patong beach in Phuket province, Thailand.
Fig. 6.2 Simple Tsunami Warning.
Chapter 6

ZIGBEE – SENSOR SUITE OPERATION

6.1
Data Collection and Transmission

A Dynamic C code was written to allow digital information relating to the output voltage of the sensor suite to be collected and wirelessly transmitted to a remote laptop using two ZIGBEE units. This code was carefully written in order to afford the best time resolution for the data sampling in order to best detail the voltage changes experienced by the sensor suite. Voltage data from each sensor in the sensor suite was channeled through a MCP604 buffer in order to eliminate the loading effect caused by the Rabbit microprocessor. Each voltage output was digitized using the Analog-to-Digital converter on the Rabbit microprocessor. The sample time was collected in attendant with the digital sensor voltage data collection. All four data points (3 voltages, 1 time) were arranged into an ASCII string and sent to serial port B on the Rabbit microprocessor for transmission via the attached ZIGBEE unit. The Dynamic C code is as follows:



#define CINBUFSIZE 255

#define COUTBUFSIZE 255

#use "ES308_SBC.LIB"









// Library of useful functions

int i, N_S1,N_S2,N_S3;

float t;

void main()

{

char str[10000]; 

ES308_Init();


// initialize hardware

serBopen(57600);

// initialize serial port B

while(1)


{


i = 1;


// voltage/time data collection


for (i=1;i<=10000;i++)



{


 // respective integer N returned from A/D channels for each sensor
N_S1 = (int)(Norm_Fast_Get_AD_Val(1));


N_S2 = (int)(Norm_Fast_Get_AD_Val(2));






N_S3 = (int)(Norm_Fast_Get_AD_Val(3));






// recorded time in milliseconds

t = (float)(MS_TIMER);









sprintf(str,"$,%d,%d,%d,%10.3f,%d,!\n",N_S1,N_S2,N_S3,t,i);



// data wireless transfer



serBputs(str);



}

 SecDelay(60);


}

serBclose();

// terminate serial port B operation
}
6.2
Data Receipt and Analysis


A MATLAB code was written to manipulate the ASCII string that was wirelessly transmitted to the remote ZIGBEE unit attached to the laptop. The code changes the digital data recorded on the ASCII string to analog data for analysis. The maximum value of each voltage data set will be found and used as the peak of the cosine wave. The voltage readings are then normalized to become pressure information. Using the time data, the depth of the sensor and hence the static pressure that the sensor experienced are calculated and subtracted from the pressure data to arrive at the dynamic pressure results. The dynamic pressure results were subsequently averaged. A string of if-tests are then applied to the averaged results to determine the congruency of the dynamic pressure results derived from each of the three sensors. A negative result produces a null result. A positive result will activate another averaging function and test to check if the dynamic pressure experienced is above the threshold value, which has been set to the expected minimum tsunami dynamic pressure value. If the threshold has been surpassed, a warning signal is activated. 
