
The WRAP Board is an embedded PC which is produced by PC Engines [1] (WRAP stands for Wireless Router Application 
Platform) that can be purchased off-the-shelf. It is practically a 486er embedded PC. The technical data can be seen in the table 
below.

The sensor node prototype consists of two units:
The WRAP Board that serves as a wireless mesh network node and computing unit.
The sensor board, which samples the data by analogue-digital-converters and provides them together with GPS readings to 
the WRAP Board. 

A wireless sensor network consists of a large number of small devices. These devices which are called “Sensor Nodes” 
communicate with each wirelessly and are deployed within the observation area to build a “Wireless Mesh Network”. Equipped 
with the according sensors, they can detect and process e.g. temperature, pressure or acceleration.

The equipment of the nodes (in means of kinds of sensors, computing power, bandwidth) and the structure of the network 
(density of nodes, availability of shortcuts, number of sinks) totally depend on the latter usecase (Community Mesh Network, 
City Information System, …).

The Sensorboard for the node prototype has been developed and is further improved upon at the GFZ Potsdam. It consists of 
four analogue/digital converters that sample the accelerometers for earthquake detection, as well as another possible sensor 
(for example temperature or groundwater level), a GPS unit that provides time and geographical coordinates and an USB 
interface. The technical specifications can be seen below.

The WRAP Board runs OpenWRT as operating system, a Linux distribution suited for embedded routers. On that we are using 
and developing the following software components:

The Parser program that handles the data from the Sensorboard and provides them to the other software components for 
archiving and evaluation.
A SEEDLink server for data archival and later retrieval of the complete ground motion data.
Algorithms to detect P-Waves, create Shakemaps and do collective early warning decisions.
Routing Software (OLSR) to form a self-organizing wireless mesh network.
Provide time synchronization throughout the network.
Software for node and network management and software updates.
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Picture and technical data of the Sensorboard

Exploit the both WLAN-cards to either:
• Decrease interference within the network (via orthogonal – or multi-channel routing) or
• Increase reliability of data delivery (by sending redundant information in different frequency-bands).

Modify OLSR or develop a routing-mechanism adjusted to the special requirements for early warning.
Test and evaluate best strategy for a minimal-latency alarming protocol.

Within the SAFER-project, we develop an earthquake early warning system based on a mesh network of wireless sensors. A 
testbed of up to 50 nodes is to be distributed at Istanbul. Equipped with GPS and a 3D-accelerometer, the nodes sense 
vibrations and assign them to a specific location. Through using distributed algorithms, the nodes cooperatively detect the P-
wave of an earthquake and immediately bring out the warning before the S-wave arrives. The warning messages reach a control 
center through sinks (Sensor nodes connected to the Internet), where immediate actions can take place.

After a serious earthquake each node propagates data (like its own maximum acceleration) through the network, thus
cooperatively producing a “shake map”. This data can be directly accessed by connecting to any node. Furthermore, one can 
make queries to the network in the field, which makes fast decision making far easier.

Internet

In this poster we outline an alternative technology for earthquake early warning. Our approach comes as a a self-organizing ad-
hoc wireless mesh network, made up of a multiplicity of low-cost sensor-nodes. The high number and dense arrangement of 
the stations offer new possibilities for decentralized high-resolution information acquisition.
The following table compares various aspects of both approaches.

BIOS

Connectivity

Possible expansions

User interface

Safety Features

Power consumption

Storage

DRAM

CPU

tinyBIOS Version 1.11 from PC Engines

1 Ethernet channel (National DP83816),
2 miniPCI slots, 1 serial port

LPC bus for adding more serial ports
ISA style I/O, GPIO and I²C bus

Three front panel leds, 
console I/O redirected to serial port

Watchdog timer built into CPU
LM77 thermal monitor prevents overheat

About 3 to 5 W at 12 V DC
(excluding miniPCI cards)

CompactFlash card

128 MB SDRAM

233 MHz AMD Geode SC1100 (486er core)

Picture and technical data of the WRAP Board

Number of A/D-Channels 4

Effective Number of Bits 18.5

Input Voltage Range +/-5 V

Input Impedance

0.6 µVBit Weight

100 sps (up to 400 sps)Sample Rate

20 HzSignal Bandwidth (-3dB)

>80 dB@80Hz or higherStop-Band Attenuation

30 Hz Low Pass 2nd Order ButterworthAnalog Anti-Alias-Filter

GPS NMEA Messages & PPSTiming

+/-5 ms@100spsTiming Accuracy

USB (2x Virtual Com-Port)Digital Output

-20…+70 °C (-40…+85 °C)Temperature Range

+5 V (USB) or 9…18 V (onboard DC/DC)Power Supply

50 mA@5V + 70 mA@5V for GPS ModulePower Consumption

100 mm x 80 mmBoard Size

50 kΩ

OLSR is the chosen routing protocol for our network. A routing protocol is responsible for deciding which paths messages take 
from one point to another. OLSR is a proactive self-organizing routing protocol for ad-hoc wireless mesh networks and suits 
the needs of our Self-Organizing Seismic Early Warning Information Network. Prominent features of OLSR are:

Proven to be capable of running with hundreds of nodes, with further optimizations theoretically scales up to thousands of 
nodes (but that heavily depends on factors like network load produced by the applications above).
Uses advanced ETX metric where other routing protocols use simply hop-count metrics.
Used by several mesh networking communities (like freifunk.net in Berlin or Funkfeuer in Austria) and so actively
developed and enhanced by users worldwide.
Proactive, so it is faster in finding routes through the network.
Standardized at the IETF (Internet Engineering Task Force) by RFC3626 and it’s open source.
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At the PC side we are currently using Seisgram2K (a Seedlink client) to extract and display the full ground motion data for later 
evaluation. We also plan to develop network management software for managing the network during deployment and 
monitoring while it is running. 

Screenshot of Seisgram2k reading the data from one of the sensors. Screenshot of a network graph with link qualities produced by OLSR. 
A similiar graph will be included in our monitoring and management software.
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Testbed at the Humboldt Universität zu Berlin is up and running with 10 nodes,
extension of testbed and others testbeds at GFZ and Istanbul will follow.

Under optimal conditions data packets travel faster than seismic waves
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Alert, Decision Making and Data Retrieval in a Wireless Sensor Network
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