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Figure 9: Moving Target, Information Gain vs. Grid
Based

target mean better represents the real target position
when using a yagi antenna. For this simulation the grid
based guidance was used and the path is only shown for
the tracking phase.
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Figure 10: Moving Target, Omni vs. Directional An-
tenna

7 SOFTWARE / HARDWARE IN
THE LOOP TESTS

7.1 SIL Setup

The hardware setup for the software-in-the-loop simu-
lations consists of one PC running the aircraft dynam-
ics, ground station and piccolo autopilot simulators, one
PC running the simulated onboard pc-104 under QNX
[Krten, 2008] and one PC running the windows version
of the Momentics Ide, all connected via gigabit ether-
net. The simulated aircraft dynamics closely represent
the dynamics of the plane used in the real flight experi-
ments.

7.2 HIL Setup

In the hardware-in-the-loop simulations the ground sta-
tion and piccolo autopilot simulators are replaced by
the real autopilot hardware. Communications to the
groundstation take place over a radio link. The onboard
computer communicates with the piccolo autopilot via
RS232. As a PC104 was not available at this time, the

PC from the SIL simulations is used again as an on-
board computer. Sensor and aircraft dynamics are still
simulated.

7.3 Modifications

The software used in the simulation stage had to be
slightly modified to run on QNX. Because the tests were
carried out for the grid based planer only, the simulated
UAV model was not required anymore, as position and
orientation information is directly acquired from the pic-
colo autopilot. Instead of using only position and bear-
ing of the UAV (as in the dubin’s car model used in
the simulations before), now a full 6-DOF information
is used to calculate antenna elevation and azimuth with
respect to the target. The aircraft dynamics were ne-
glected in the simulations done before, but now have to
be taken into account as the piccolo heading controller
has a limited bandwidth. Therefore the rate of sending
heading commands to the autopilot is now limited. The
filter is not running at a fixed frequency anymore, but
as fast as possible. Time results for the SIL simulations
are a ∆t with mean 17ms and standard deviation of 7ms
on the a 3Ghz x86 PC. Main reasons for the variation
are the simulated autopilot (which is not running on a
realtime OS), the resampling step and the random injec-
tion step, which only take place when a certain thresh-
old is reached. Time results for the HIL simulations
were a mean of 43ms and standard deviation of 22ms.
The main reason for the lower update rate is the limited
telemetry data report rate of the autopilot. The CPU
load is only about 30 percent because most of the time
the filter has to wait for new telemetry data before it
proceeds to the next step. Sometimes telemetry data
packets are dropped causing longer delays. This has to
be investigated further.

7.4 Results

As expected results from the software/hardware-in-the-
loop simulations are very similiar to the simulations done
previously using the same parameters. No significant
differences caused by changes in the environment can be
observed.

8 Conclusions

A fast and low cost approach for searching a radio tagged
animal using a sensor which gives neither direct bearing
nor range information was presented. It is capable of
handling the highly nonlinear and non-Gaussian mod-
els and by adjusting the number of particles and grid
resolution it’s possible to adapt it to the computational
resources available.
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Figure 11: Hardware-In-The-Loop Simulation

9 Future Works

The grid based guidance algorithm sacrifices optimality
for real time behaviour. Although the information gain
planer has some potential, resource constraints reduce its
effectiveness. The search algorithm is only usable with
one target at the moment, but it could be easily modified
for tags on different frequencies when using one particle
set for each target as shown in [Chung and Furukawa,
2009]. Furthermore use of multiple UAVs might be an
option to significantly reduce search time, but there is
only basic work done on this topic at the moment. The
antenna model does not incorporate polarisation as it is
assumed that its effect can be neglected in the current
setup. This assumption might be wrong and therefore
some work should go into this. The next step are flight
tests using the real sensor setup. The receiver, antenna
and tags are already ordered and the aircraft (a 1:3 scale
Piper J-3 Cub which was already used for several UAV
missions) is prepared to carry them. The first flight tests
shall verify if the model assumptions are correct.
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