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Abstract — Wireless sensor networks (WSNs) have been growing rapidly in the past few 
years. Lots of research has been done on WSN communications, WSN power conservation, 
WSN routing algorithms, etc. However, most research mainly focuses on terrestrial sensor 
networks. Researches on underwater sensor networks are limited. It's very important to 
conduct research on underwater sensor networks because they can benefit many areas of 
science and industry such as water quality monitoring, ocean graphic data collection, 
disaster detection and prevention, oilfield monitoring, etc. 

1. Background of Water Quality Monitoring 

Water is a limited resource and essential for agriculture, industry and creatures existence on earth 
including human beings. Water quality monitoring is essential to control physical, chemical and 
biological characteristics of water. For example, drinking water should not contain any chemical 
materials that could be harmful to health; water for agricultural irrigation should have low 
sodium content; water for industrial uses should be low in certain inorganic chemicals. In 
addition, water quality monitoring can help with water pollution detection and discharge of toxic 
chemicals and contamination in water. In most of the river/lake water quality monitoring systems, 
the following parameters are monitored: 

1.1 Potential of hydrogen (pH)  
pH is a measurement of the concentration of hydrogen ions in the water. A pH sensor 
measures how acidic or basic the water is, which can directly affect the survival of aquatic 
organisms. pH range is from 0 (very acidic) to 14 (very basic), with 7 being neutral. Most 
water pH range is from 5.5 to 8.5. Changes in pH can affect how chemicals dissolve in the 
water. High acidity (such as pH of less than 4) can be deadly to fish and other aquatic 
organisms. 
 

1.2 Dissolved oxygen (DO) 
Dissolved oxygen is the amount of oxygen dissolved in water, measured in milligrams per 
liter (mg/L). DO measurement tells how much oxygen is available in the water for fish and 
other aquatic organisms to breathe. The ability of water to hold oxygen in solution is 
inversely proportional to the temperature of the water. For example, the cooler the water 
temperature, the more dissolved oxygen it can hold.  
 

1.3 Temperature 
Temperature measures the warmth or coldness of the water. Temperature is a critical water 
quality parameter since it directly influences the amount of dissolved oxygen that is available 
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to aquatic organisms. Temperature measurement can also determine the kinds of aquatic 
organisms that can survive in the water. 
 

1.4 Conductivity/TDS 
Conductivity is the ability of the water to conduct an electrical current, and is an indirect 
measure of the ion concentration. The more ions present, the more electricity can be 
conducted by the water. This measurement is expressed in microsiemens per centimeter 
(uS/cm). The amount of mineral and salt impurities in the water is called total dissolved 
solids (TDS). TDS is measured in parts per million. TDS tells how many units of impurities 
there are for one million units of water. For example, drinking water should be less than 500 
ppm, water for agriculture should be less than 1200 ppm. 
 

1.5 Turbidity 
Turbidity is a measure of the clarity of the water. This measurement determines how many 
particulates are floating around in the water, such as plant debris, sand, silt, and clay, which 
affects the amount of sunlight reaching aquatic plants. Excess turbidity can reduce 
reproduction rates of aquatic life when spawning areas and eggs are covered with soil. 
Turbidity is measured in Nephelometric Turbidity Units (NTU). 
 

2. Underwater Sensors 

Varieties of underwater sensors are available in nowadays. The table in Appendix lists the most 
popular brands of underwater sensors and their characteristics. 

3. Underwater Sensor Network Related Works 

Sensor networks are originally designed and deployed on the ground. Underwater sensor 
networks recently attract an increasing interest from the researchers who mainly focused on 
terrestrial sensor networks before. Numerous underwater sensor networks have been deployed 
for water quality monitoring applications. SmartCoast [1] is a wireless sensor network for water 
quality monitoring project which arms to develop a wireless sensor network featuring “plug and 
play” sensor platforms, novel sensors and low power consumption communications. Zigbee 
communication standard is used in the sensor network to meet the low power consumption 
requirements. A customized sensor board with 6 “plug and play” sensor interfaces is developed 
in this project to sense temperature, pH, conductivity, depth and turbidity. The sensor node is put 
into an IP68 waterproof case. In the Fraser River water quality system [2], a commercial buoy is 
used as the water quality monitoring station. On the buoy, six 55 watt solar panels, eight 100Ah 
12V batteries, a water quality sonde (YSI6600 ADV), and a WM500 (an intelligent controller for 
sensor data collection and distribution) are installed. YSI6600 ADV is a multi-parameter water 
quality sonde that can sense CTD, DO, turbidity and current signals. The buoy station transmits 
real-time data to the station at shore by using cellular Code Division Multiple Access (CDMA) 
Internet Protocol (IP) modem (Air Link CDMA EVDO). In the deep water (oceans/seas) sensor 
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networks, radio communication is impractical since radio waves are weakened significantly in 
salt water. Almost all sensor communications in oceans/seas use acoustics. The Micromodem 
developed by the Woods Hole Oceanographic Institution [3] is often used in oceans/seas 
underwater communications. There are lots of high-cost commercial acoustic modems are 
available too such as LinkQuest and Tritech. MIT’s AquaFleck [5] sensor node is an example of 
using acoustic modems for underwater communication. AquaFleck also uses autonomous 
underwater vehicles (AUVs) to provide mobility. AUVs carry sensors on them and can move to 
different locations and depths for collecting samples. Although acoustic communication is 
widely used in oceans/seas underwater networks, it suffers from long propagation delay, multi-
path and fading problems. In [4], a study of the acoustic communication design challenge is 
presented.  

Although numerous underwater sensor networks have been deployed for water quality 
monitoring applications, most of them are built with expensive commercial sensors and therefore 
they cannot deploy enough sensor nodes to cover the monitoring area they’re interested. 
Compared to terrestrial sensor networks, underwater sensor networks are more expensive and 
sparser in employment. Commercial water quality sensors like Seabird sensors or Greenspan 
sensors cost more than US$1,500 per unit. Most of the underwater sensor networks are sparsely 
deployed because of the economic costs of individual nodes and the large area to be surveyed 
(especially in the case of oceans/seas deployments). 

4. Project Description 

This project focuses on river/lake water quality monitoring with low-cost sensor nodes using hierarchical 
communication structure. Therefore, a large number of the sensor nodes can be deployed to cover a large 
monitoring area with enough density. The ultimate goal of this project is to implement a hierarchical 
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water quality sensor network structure to reduce the cost of water quality sensor networks and 
increase the density of the sensor node deployment. As the following figure shows, the sensor 
network consists of one super-node and a number of small sensor nodes. Each small sensor node 
has a low capacity solar panel and two low-cost sensors (one temperature sensor and one 
dissolved oxygen sensor) connected and uses a low-power Zigbee radio for data transmission. 
The super-node has a high capacity solar panel and 5 sensors connected and uses a powerful 
long-distance 802.11 Ethernet radio for data transmission. The whole network is divided into 
several clusters based on signal strength. Each cluster has a head node and the cluster nodes send 
data to the cluster head node. The cluster head nodes send the gathered data to the super-node 
(sink). All the small sensor nodes use the low-power Zigbee radios, and the long-distance 
Ethernet radios are used between the super-node and the station at shore.  

LEACH [6] routing protocol is suitable in this application. LEACH is one the most popular hierarchical 
clustering algorithms used in wireless sensor networks. The key idea of LEACH is to form clusters of the 
sensor nodes based on the received signal strength. LEACH is a distributed protocol and doesn’t require 
global knowledge of the network. Each cluster has a head node and the head node routes data of the 
cluster to the sink. This mechanism saves power because only the cluster head nodes do the data 
transmissions to the sink nodes and all the nodes in each cluster only need to send the data to the 
respective cluster head. The cluster head nodes compress the received data from the cluster nodes and 
send the aggregated packets to the sink node in order to reduce the amount of data sent to the sink node. 
Therefore, power consumption is further reduced and the lifetime of the sensor network is increased. The 
estimated optimal number of the cluster head nodes is 5% of all the sensor nodes. In order to evenly 
distribute the power dissipation, the cluster heads are rotated over time.    

5. Approach  

By this quarter, the first phase of the project has been implemented. A small sensor node is setup 
and it has the capability of collecting real-time data from a temperature sensor. An Intel XScale 
PXA270 powered microcontroller board is used for signal processing. The PXA270 board 
operates at 5VDC and consumes 1248 mW at full power mode (168mW at suspend mode). The 
PXA270 board has both RS232 interface and A/D converter so it can interface to both the 
commercial sensors that normally use RS232 ports to output data such as Seabird sensors or YSI 
sensors and small low-cost sensors that normally use analog signals (4-20mA or 1-5v) to output 
data such as Vernier sensors. A development pc has been setup with Windows Embedded CE 
V6.0 and Visual Studio 2005 installed. The Power Builder tool provided by Windows CE and 
the PXA270 Board Support Package (BSP) were used to configure and build the Windows CE 
OS image for the target board (PXA270 board). Once the Windows CE OS image was built, it 
was written to the flash on the target board. Then, all the device drivers and peripherals on the 
target board such as USB keyboard/mouse, audio, network were tested and confirmed working 
properly. a Vernier temperature sensor (cost US$40) is chose in this project because of its low 
cost. Vernier temperature sensors use 1-5VDC analog interface to output real-time sensor data. 
The range that the Vernier temperature sensor can sense is from 5°F to 230°F and the power 
consumption is 0.15mA@5VDC.         
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After the target board has been running Windows Embedded CE V6.0 operating system, I take 
advantage of Microsoft Windows environment by using the most powerful Microsoft 
programming language such as C++, C# and VB.Net in Visual Studio 2005 for implementing the 
application that reads real-time data from the temperature sensor and displays the real-time data 
on the 3.5” LCD of the microcontroller board and the application running on a laptop computer 
that simulates a super-node. Visual Studio 2005 provides an easy and friendly integrated 
environment for developing and debugging source codes. The applications are programmed in 
VB.Net because of its simplicity of use. The application running on the PXA270 board is a 
multi-thread program. One thread reads real-time data from the sensor’s analog output interface 
via the A/D converter on the board. Another thread sends real-time sensor data to a super-node.  

The super-node application program is running on a laptop computer that simulates the super-
node. This application receives real-time temperature sensor data sent from the PXA270 board 
via a 802.11 wireless network and displays the real-time data on the laptop. 

The sensor data is displayed and updated in real-time on the 3.5” LCD of the PXA270 board and 
on the laptop like the following figures show. 
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6. Conclusion 

This project proves that low-cost sensors can be used in underwater sensor networks and the 
Microsoft Windows CE can be used in the Intel Xscale PXA270 board for signal processing. A 
high-level programming language like C++, C# or VB.Net can be used for programming the 
applications that read real-time sensor data and transmit sensor data between a sensor node and a 
super-node. The real-time sensor data can be read by the Intel Xscale PXA270 board via its A/D 
converter. The sensor data can be transmitted from a sensor node to a super-node in real time via 
a 802.11 wireless sensor network. 

7. Future Work 

To reduce power consumption at the sensor node, the program running on the PXA270 board 
needs to support the dynamic voltage scaling (DVS). A fully functioned sensor node (with solar 
panel, battery, buoy and all necessary accessories) will be setup and tested in a real underwater 
environment. The LEACH hierarchical routing algorithm will be implemented for the 
underwater sensor network.  
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Appendix (Underwater sensors) 
 

 


