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1. Introduction

Fireswarm [1] ...
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2. Swarm Console - Eagle Vision and Almende

Eagle Vision Swarm Console

The Eagle Vision Swarm Console is based on EagleEye software developed by Eagle Vision for
People Logistics. People Logistics involves everything concerning registration of the movements
of humans. The system can for example be used for security or in retail situations. See figure
2.1 for an example. This application was chosen as base for the swarm console, as it provides
similar functionality. For example displaying events on a map sent to the program through a
network connection. The software is windows based and developed in Visual C++ with use of
the MFC application framework.

Figure 2.1: Example of People Logistics application based on EagleEye software.

The swarm console has three functions. The first function is to alert the user of a possible fire
and display this event on a map. The second function is to display the status UAV swarm. The
third and last is to control the swarm by sending commands to a single UAV or the whole swarm.
After a preliminary discussion with the Bergen fire department the following user interface was
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developed.
Figure 2.2 displays a screen shot of the interface. In the center an interactive map is shown.

This map is based on OpenStreetMap data and is scrollable and zoomable. The map displays
the position and heading of the UAVs and the position of fire events.

Figure 2.2: Interface of the swarm console developed by Eagle Vision.

Top right the status of the UAVs is shown. A line is displayed for every UAV which displays
the current status of the UAV. If one of the lines is selected the text area under the UAV status
list will show a detailed view of the status of the selected UAV. Furthermore the selected UAV
is surrounded by a red rectangle in the map component.

On the left the data of the last or selected fire event is shown. When an event is received
from the ground station a fire icon is shown on the map and the text area on the left side of the
interface shows the details of that event including the probabilities that a sensor has detected a
fire. If an image is available for the current event the image will be shown in the top left of the
interface.

Controlling the swarm is done by sending messages to the swarm or individual UAVs. Figure
2.3 shows the dialog to send these messages. This dialog is used to for example send the allowed
flight area to the swarm or command a single UAV to land.

The data is received by using two TCP/IP connections. The first is used to listen for small
high frequency messages like UAV status updates and Fire events and to send command messages
to the swarm. The second used is used to receive images captured by the UAVs. Fire events and
images will be combined by the swarm console.

Almende Swarm Console

The swarm console that Almende made is web based, see figure 2.4. It uses the Google Maps
API on the client side and Node.js on the server side. This way the swarm console was quickly
realized. A REST interface is provided to another process on the server that actually is connected
to a boosted radio and sends the messages (in the proper format) into the air, this process is
describe in the next chapter.
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Figure 2.3: Command message dialog.
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(a) Zoomed out for overview.

(b) Zoomed in to see the way points.

Figure 2.4: Example of the swarm console.
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3. Architecture - Almende

This chapter describes the software architecture that is running on the Gumstix. It contains
the software that performs swarm coordination, fire detection and keeps radio contact with the
ground station. The software consists of AIM modules that are linked to each other via TCP
or shared memory. The modular approach makes it easy to interchange, reuse, move, add or
remove modules. This enabled us to easily replace the simulated auto pilot with a module that
interfaces with the real auto pilot. We could also run a simulation where the modules of one
UAV was running on a Gumstix and connect it to the simulator on the desktop PC. A complete
overview can be found in figure 3.1. We will explain the whole architecture in four parts.

Radio modules

In order to know the state of other UAVs, the state has to be sent via the radio. For the potential
field based control, the Vitelec radio was used. This radio enables all UAVs to broadcast 28 bytes
messages at 4 Hz. This broadcast, however, may not reach all UAVs directly, so the UAVs also
need to relay messages of other UAVs, creating a mesh network. Therefore, we chose to describe
the state in 14 bytes, such that a UAV can send its state and relay the state of another UAV
at the same time. In those 14 bytes, we could still fit the position, rotations, speed, fly mode,
battery state, auto pilot state and future path of the UAV. The ground station needs to be able to
control the swarm and thus sends command messages instead of state messages. This command
contains the fly height, coordinates of the fly zone, landing parameters and a command that can
tell the UAV to return home or land immediately. Next to these message types, there is also a
fire message type, which contains the location and probability of a detected fire, which fits in 7
bytes.

As can be seen in figure 3.2, the radio module sends received radio messages to the storage
modules, where they are unpacked and stored. A small history of state messages of other UAVs
is kept up, so that messages that have been received before can be ignored. Ground station
command messages are treated in a similar way. Fire messages are added to the fire map.

The message selector module prioritizes the messages and selects which messages to broadcast.

Path planner and auto pilot modules

The software on the Gumstix gets most of its state information from the auto pilot. The interface
module reads the data and sends it to the state storage module. The potential generating modules
use the different storage modules to modify the potential field, which is used to plan a path. When
a new path is planned, it is sent to the state storage and to the auto pilot, see figure 3.3.
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Figure 3.1: Software architecture of modules running on the Gumstix on board of the UAV.
Arrows indicate flow of data, fat arrows use shared memory. White boxes are other hardware.
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Figure 3.2: Radio messages are sent to the correct storage module. The message selector uses
the storage to choose what to broadcast.

Fire detection modules and FireWave

There are different sensors to detect fire, each sensor has its own interface and detection module.
As shown in figure 3.4, the camera has these two modules combined, since copying image data
would be inefficient. The fire detector modules calculate the fire probability as a 2D gaussian
function, for which they also need the current state of the UAV, and update the fire map.
The FireWave radio broadcasts the current UAV state and the fire probability at the current
position, which are read from storage. When there is a high fire probability and the ground
station commands the UAV to send an image of that fire, the Salland interface module will
retrieve the image from cache and send it to the FireWave radio in small parts.

Ground station

This ground station modules, which interfaces with the GUI and radio, also consists out of AIM
modules, see figure 3.5. Some modules could simply be reused from the UAV modules, like the
swarm and fire maps. Instead of sending its state, the ground station sends commands to the
UAVs.
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Figure 3.3: The auto pilot sends the latest state to storage. The potential field gets updated and
is used by the path planner to calculate a new path. The resulting path is sent to the auto pilot
and state storage.
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Figure 3.4: Each sensor has its own fire detection module, result is added on the fire map. Images
of probable fires are cached, such that they can be transmitted later. The FireWave radio sends
the current UAV state, current fire probability and can send a selected image.
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Figure 3.5: Ground station modules. Radio messages are sent to the correct storage module and
the GUI. The message selector uses the storage to choose what to relay and gets the ground
station command from the GUI.
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4. Conclusion
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