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Figure 2 Front end for still images and text transmission.
Powered via solar-recharging battery (see Fig. 3).

Abstract
Spread spectrum radio technology provides a portable,
robust, relatively low-cost means to transmit digital data for
distances of up to 20 miles, and is being used increasingly in
remote data collection. Here we apply these tools to
problems and opportunities confronting field biologists,
especially taxonomists. Using off-the-shelf components, we
have developed communication chains in three contexts:
i)‘live’ communication, with images, from a collector in the
field to systematists anywhere in the world, ii) remote
observation of opening flowers, and iii) ‘live’
communication between students in a classroom and a field
biologist.

Goal
To develop hardware and software systems for field to lab
communication over spread spectrum radio, using costeffective, off-the-shelf components.
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Figure 1 Schematic of hardware chain.
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Introduction
As global biodiversity disappears, the need to record species occurrences and behaviour, and biodiversity patterns
becomes ever greater. However, time spent by biologists in the field is limited and expensive. No one individual can
master all fields of systematics, and know when a species in an unfamiliar taxa should be recorded or collected. Being
able to draw on the expertise of the global systematics community in real-time (or at least very rapidly) would greatly
increase the efficiency of the field-worker. The technology for real-time global communication over the internet now
exists. We are developing models to extend this network to the most remote areas of the earth, where land-lines and
cell-phone networks do not reach, and at a cost that is not prohibitive (Fig. 1).

Text and Still Images
For text and still image communication, we needed a portable ‘front-end’ computer and considered a laptop to be too
bulky. After much experimentation with a PalmPilot, we settled on an Agenda linux PDA (www.agendacomputing.com;
$250; Fig. 2). This can be connected via the built-in serial port to any digital camera with its own serial connector: we
chose a Canon S10 ($350). Compiling software for the Agenda is (relatively) easy, and we use Salvatore Sanfilippo’s
s10sh program to download images from the camera to the PDA. GPS data can be captured by the Agenda using the
serial cable of a Garmin eTrex ($165).
With the data on the handheld, a connection must be made over the wireless link. The heart of all models we have
developed is a FreeWave data transceiver (www.freewave.com). We chose the 900 MHz unit over the 2.4 GHz one, the
former having a longer range (up to 20 miles: see their FAQ; DGR-115 plus antennae; $1,270 x 2). These wireless radios
operate over a spread spectrum of frequencies, meaning they can achieve great range at low power, and are completely
secure. They effectively act just as a long serial cable, operating at up to 115.2 kBaud. A linux laptop at the other end
runs a PPP daemon on the serial port, and waits for the connection request from the handheld, via the radio link. Once
the connection is established, files can be uploaded with rsync or ftp. If the laptop is also connected to the internet, via a
modem or ethernet, files on the handheld can be directly uploaded to a webserver anywhere, and a web page created ‘on
the fly’ (Fig. 3). A user anywhere in the world can then reply to the webserver, and the message can be forwarded to the
fieldworker.

Moving Images

$180
$765
$400

Many applications might require the transmission of moving images from an unattended camera: a wireless webcam.
To use the FreeWave long-distance serial link, a moving image camera is needed that could communicate via serial
cables. The Axis 2100 webcam (www.axis.com; $400) was the best choice for us because of its ability to run as an
autonomous image server (with embedded linux OS), and to be configured remotely. Its serial port continuously
awaits a PPP connection request, and so an interrupted link can be made to be self-resetting: the laptop ‘calls’ the
camera over the FreeWave link. Streaming images are then viewed in any web browser. The in-camera server can
also be configured to take single images that update on refreshing the web page. Perhaps the most useful option is to
download images via ftp to a web server or data archive.
Power in the field for a permanent installation of the moving image server can be supplied via a rechargeable
12!V !DC battery, connected to a solar panel. The complete front end is easily carried to the field location (Fig. 4).

Costs
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Text and Image front end:
Webcam front end:
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Figure 4 Front-end for wireless transmission of moving
images. Camera and transceiver powered by solarrecharging battery.

Applications

This system was initially developed to enable rapid
communication between collectors in the field and
systematists anywhere in the world (WAGES: ‘Wireless
Access to Global Expertise in Systematics). However, there
are many alternative situations where two-way data
communication could be useful. These include:
Remote access to large databases. Interactive
computer-based keys are rapidly being developed for many
groups of organisms. The databases that hold the taxa
character matrices are often large, especially if images of the
taxa are included. With a wireless link, the field unit need not
store the entire database, and can therefore be a small PDA.
See www.phylodiversity.net/palmkey and ./borneo for
interactive handheld keys. Data collected in the field can also
be uploaded rapidly if its incorporation into a database is
time-sensitive.
Monitoring floral development. The webcam is ideal
for capturing a series of stop-frame images to record slow
phenomena. The camera can be modified to accept a range of
closed-circuit TV lenses, including macro lenses.
Monitoring nest activity. Alternatively, continuous
monitoring is possible of ‘fast phenomena.’ The axis webcam
can also be set with an infrared trigger, so the system can be
made to record only when there is activity on the nest.
Educational connection between collectors and
schools. If the field laptop is connected to the internet, then
students anywhere can monitor the field activity, and if the
fieldworker is willing, can interact directly with the work. We
hope to experiment with this possibility using existing
relationships between the Yale Peabody Museum and New
Haven schools.
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Further Information
www.phylodiversity.net/etherbio

