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The OSDT Android Sensor Pod project is a collaboration between computer scientists, 

ecologists, and marine scientists for developing an embedded controller for applications 

in marine biology and limnology.  Funded by the Gordon and Betty Moore Foundation, 

this project involves a combination of software and hardware developments together 

with science deployments at the Moorea Coral Reef (MCR) LTER Network, the North 

Temperate Lakes (NTL) LTER Network, and the Palmyra Atoll. The goal is to develop a 

next-generation smart sensor controller for embedded and mobile applications and 

conduct field experiments at coral reefs and fresh-water lakes. As part of the project, we 

ported the OSDT middleware to the Android platform and developed new software for 

configuring and managing real-time embedded applications. The OSDT-Android 

controller manages sensor interfaces, data acquisition, on-board processing, and data 

transmission over multiple types of radios, including Iridium satellite, cellular, Bluetooth, 

and long-distance wireless. When combined with a Droid cell phone or tablet, the OSDT 

Android controller becomes a robust sensor pod that can be configured to serve as a 

cluster head or gateway node in complex sensor-based systems. The OSDT Android 

sensor pod is developed in Java.  It is easily reprogrammable.  It includes software for 

scheduling sensor operations and communications.  It is designed to support on-platform 

event detection and real-time control. The science deployments will incorporate a variety 

of sensors, including pH, PCO2, dissolved oxygen, temperature, and pressure.  Two 

important science issues will be investigated: (1) ocean acidification at coral reefs, and 

(2) the effects of lake mixing on invasive species.  

Power Consumption 

 

25% of lost in 5V 

conversion 

Total Power Consumption in 24 hours (W): 147.15 163.98 

Total Amps in 24 hours (A): 12.26 13.67 

Power Reserve/Generation 

Number of batteries 2 

Batteries voltage (V): 12 

Batteries current (Ah) 55 

Total Amps-hour (Ah): 110.00 

Total Watts-hour (Wh): 1320.00 

Time to recharge the batteries 

(hours): 
33.00 

Number of solar panels: 2 

Watts per solar panel: 20 

Total solar panels (W): 40.00 

Total solar panels (A): 3.33 

 

Power Budget 

 

Recharge to 24 hours (hours): 3.68 4.10 

 

 

Total power needed in 72 hours (W): 441.45 491.95 

Total Amps needed in 72 hours (A): 36.79 41.00 

Time to recharge for 72 hour deployment (hours): 11.04 12.30 
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Sensors 

The Sensor Pod integrates hardware devices for computation, communications, and power 

management.  The Droid phone hosts the Android OS, DataTurbine, and Control and 

Communications Software.  The Inductive Modem Module provides one type of sensor 

interface. The Serial to Bluetooth Converters connect various hardware components to the 

Droid phone. Dimensions: 12ò X 12ò (not including radios). Not shown: Solar Panels 

 

Generic Sensor Network Architecture 

 
Cluster heads and gateway nodes provide the building blocks for complex distributed sensor 

systems. They consolidate control and communication services into modular platforms that 

can be organized into complex networks. The DataTurbine middleware provides a uniform 

integration framework for data acquisition and management over challenging networks. The 

Android platform provides a software environment (operating system, software libraries, and 

development environment) for mobile and embedded applications. The new Sensor Pod 

developments leverage DataTurbine and Android to create a new platform for robust and 

scalable sensor network applications. 

Sensor Pod Buoy Controller Hardware 

Power Budget and Management  

Sensors and Science Deployments Overview 

XML Configuration and Control 

The Sensor Pod is currently configured 

to maintain adequate system power 

indefinitely under reasonable 

operational scenarios. With 2 batteries 

the system will remain powered for 8 

days without any charge from the solar 

panels (1320 Wh / 163.98). A complete 

recharge takes approximately 4 hours 

depending on solar intensity. The 

system is easily extensible to additional 

batteries and solar panels for other 

classes of deployments.   

 

Software Architecture 

While coral reefs have undergone unprecedented changes in community structure in the 

past 50 years, they now may be exposed to their gravest threat since the Triassic.  This 

threat is increasing atmospheric CO2, which equilibrates with seawater and causes ocean 

acidification (OA). Key to understanding this process is measurements by OA-related 

sensors including pH, PCO2, temperature, and pressure. The deployment of OA-related 

sensors at MCR and Palmyra Atoll and the collection of measurements from these sensors 

will provide valuable insights into OA and lay the foundation for larger more rigorous OA 

studies in the future.  The ability to measure these phenomena in-situ and in real-time 

represents a significant advance in our ability to monitor key environmental processes.  

The OSDT Android Sensor Pod will provide a critical building block for enabling new 

science experiments on OA and the results will be applicable to other coral reef 

researchers and members of CREON.   

Rainbow smelt, a cool water fish species, once established, lead to the demise of native fish 

species such as yellow perch and cisco (or lake herring) due to competition for food resources 

or direct predation. In addition, walleye are unable to reproduce successfully in lakes where 

smelt are present leading to reduced populations of this important recreational game fish. A 

new approach to eliminating rainbow smelt takes advantage of the differences in thermal 

tolerances between smelt, yellow perch, and walleye. Smelt require cooler water temperatures 

than either yellow perch or walleye and consequently live in the deeper, cooler parts of lakes. 

By experimentally mixing a lake during mid-summer we can warm the deeper waters of a lake, 

eliminating the cool water habitat required by the smelt. Key to the success of this experiment 

is collecting associated measures of lake processes, including dissolved oxygen, chlorophyll, 

and temperature at multiple depths. The OSDT Android Sensor Pod will be deployed as the 

sensor and communications manager on a suite buoys for the lake mixing experiment. The 

scientific results will provide important insights into lake processes and serve as a model for 

future sensor deployments in GLEON.    

 

Ocean Acidification at Coral Reefs 

Lake Mixing to Eradicate Invasive Species 
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The OSDT Android Sensor Pod includes an integrated suite of software services running on 

the Android platform. Android provides a software stack for mobile devices that includes an 

operating system, middleware, and key applications. The Sensor Pod software architecture 

is built around the Open Source DataTurbine (OSDT) middleware. The OSDT acts as a 

message bus between software components and provides a suite of services for data 

management, buffering, routing, synchronization, and monitoring. The dtController is a 

custom Android activity that performs lifecycle management of software services (shown as 

blue ellipses) running on the Android platform. The DAQ (data acquisition) service is an 

OSDT source that communicates with sensors and ingests sensor data into OSDT channels 

(shown as Data In) over Bluetooth. The dtHarvest services multiplex the sensor data into 

CSV-formatted OSDT channels (shown as Data Out). Various OSDT sink programs (e.g., 

UDP Caster, UDP Capture, Blue Iridium, and Blue Serial) read the Data Out channels 

and send data out over multiple radio interfaces.  

Battery 

<InstrumentList> 

<Instrument> 

<name>seaFET</name> 

<id>1</id> 

<serialnumber>10.0.100</serialnumber> 

<imaddress>01</imaddress> 

<commandsetlist>  

  <commandset> 

    <startdatetime>08/07/2011:10:00:00</startdatetime> 

    <enddatetime>08/10/201123:00:00</enddatetime> 

    <frequency>60</frequency> 

    <command> 

      <numberofretries>3</numberofretries> 

      <timeout>40</timeout> 

      <osdt-server-address>localhost:3333</osdt-server-address> 

      <osdt-source-name>seaFET01ctd</osdt-source-name> 

      <osdt-channel-mapping>temp,pressure</channel-mapping> 

é 

Instrument 

Configuration: ID, Serial 

number, etc.  

Commands: start/end time 

and sampling frequency 

Commands: timing information, parsing 

information, IM address information 

DataTurbine related 

operations: source name, 

channel names 

The Sensor Pod can be dynamically reconfigured by modifying a global XML configuration 

file. Common management tasks can be accomplished efficiently by on-the-fly changes to 

this file, e.g., adding/removing sensors, changing sample rates, modifying communication 

policies. This greatly simplifies system configuration and management tasks and enables 

new science experiments that require real-time adaptive control. 


