
Software
The software stack responsible for the sampling, data transfer, and storage of the
water parameter data all runs under Linux on either the embedded computer (PMP)
or a server maintained by the Computer Science Department for this purpose. That
server also holds the database (Infobomb) where the readings are archived. All the
software that runs on both the server and the PMP's is open source. Members of
the HIP group are responsible for developing and con�guringthe software. The
most important part of this software stack is Infobomb. Infobomb consists of a web
interface written in Python and Django, which provides access to the data stored
in a mySQL database. Infobomb provides an environment whichallows a user to
view the data in a browser, without having to connect to the database and execute
SQL commands.

On top of being a front end to the database, Infobomb providesa reliable data
transfer from the PMP's to the database. Infobomb can store data from different
projects and does not need to be recon�gured each time a new project is added. The
data in Infobomb is reliable in that, Infobomb detects corrupt data, out of range data
and duplicate data. This is done by calculating an MD5 checksum on the client and
then sending it along with the data to the server. The sever then re-computes the
checksum and compares it against the submitted checksum on the server side.

Visualization
infobombThe infobomb stack provides the underlying gathering and transport
mechanism. This makes it possible for the units to automate the process of caching
data locally for a con�gurable time period, packaging the data, reliably transferring
it to the central server. The server side of the infobomb stack manages the insertion
of the data into the schema and accounting tasks. The graphs are rendered by a
series of dynamically generated PHP scripts. infobomb alsomanages the serial-
ization of the sensors and the readings making it possible toswap sondes and still
track �eld-time, readings,etc. for calibration purposes.

MashupThe picture is a satellite view of Springwood lake, superimposed on the
picture is a trail of thumbtacks that marks the path taken through the lake, and the
times underneath the graph with the line pointing to the corresponding location
indicate the time that the location in question was sampled.The data on the chart
corresponds to the time, which corresponds to the location,this enables us to gather
data from all around the lake, and by looking at where we were and when we
were there, we can take the raw data and arrange it into a tableshowing the exact
data displaying the presence or absence of, or the quantity of pH, Conductivity,
Dissolved Oxygen, etc.

Future
Much work remains to be done in terms of effective visualizations of the data. We
have developed scripts that make the process of generating the mashup somewhat
easier than doing it completely by hand but not enough so thatit is straight-forward
for a non-technical person.

Now that the design and engineering work is complete we plan to organize and
publish a reference design under an open content license. Wehave begun to ex-
amine how we might engineer a low-cost turbidimeter designed for our sampling
locations.

For more information seehttp://cs.earlham.edu/ ˜ hipThis mashup was built using Google Earth (standard edition), GNUplot, and the GNU Image Manipulation
Program (GIMP).
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Hardware
The HIP group uses off-the-shelf hardware to develop inexpensive, simple, durable
and reliable portable monitoring platforms (PMPs). The brains of the unit are en-
closed in a weatherproof Pelican case which is customized for mounting the dif-
ferent components of the unit. The case has has 3 main components which are the
small single board computer (TS-7260), a charge controller(Phocos CML10-2), a
cellphone (Motorola RAZR V3) and a battery (EP28-12 B.B. Battery). The case
is carefully modi�ed to allow the attachment of external devices while continuing
to be weather-tight. The external components of the PMP include a solar panel
(Sharp NE-8OE-NJE) and a sonde (YSI-600R). Each of the components has a spe-
ci�c function and is important to the overall functionalityof the unit. The solar
panel is the power source for the unit, it its attached to the charge controller and
it charges the battery which in-turn powers all the other components of the unit.
The charge controller monitors the battery's charge levelsand charges the battery
when necessary. At the same time, the charge controller distributes power from the
battery to each component of the unit. The sonde consists of several sensors which
are responsible for sampling the water for the different parameters. In our software
architecture, the sonde is controlled by the single board computer, however, the
sonde is capable of sampling and storing data independentlyas well. When probed,
the sonde reports the data values to the computer which stores them in a �le. The
computer probes the sonde at a set time interval and is programmed to transmit the
data to the database at another set time interval. The computer transmits the data
by activating an integrated GSM modem in the cell phone and then connects to a
server in the CS network. The computer can also receive software updates via this
link.

Typical �eld-deployable water parameter measurement devices with the capability to store and transmit readings via the public switched telephone network are very expensive and almost always
use proprietary software. Here we present a simple, inexpensive design based on commodity off-the-shelf hardware, open source software, and an industry standard water sonde.

Each unit is powered by a small solar panel which charges a battery which is housed in a waterproof case with a single board computer and charge controller. The unit communicates data via an
embedded cell phone. All of this makes it possible to deploy the unit in remote locations without power or wireline/wireless data service.

The units measure, record, and transmit the water's temperature, conductivity, oxidation-reduction potential, salinity, total dissolved solids, dissolved oxygen, and pH. To analyze the reported
parameters we built a simple mashup with Google Earth which visualizes the data.
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