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Figure 3: Treadmill apparatus used for verifying and
calibrating FPGA flow sensor.

tion. The speed of the belt can be varied by changing the
voltage supplied to the motor. Various textures can be
simulated by changing the pictures affixed to the belt.
By comparing the magnitude of the optic flow output
from the sensor with the known speed of the belt, it is
possible to determine a scale factor which when applied
to the sensor output yields an optic flow in radians per
second, rather than pixel shift per frame.

6 Flight Test

The sensor was fitted to an 8kg Hirobo ‘Eagle’ elec-
tric helicopter shown in figure 4. The Eagle heli-
copter is a test bed for control and sensor research at
UNSW@ADFA. The Eagle avionics comprises an in-
house designed Inertial Measurement Unit, MPC555 mi-
crocontroller based autopilot, PC104 flight computer,
NovAtel GPS, Honeywell magnetometer and a bluetooth
modem connection to a ground control station. The Ea-
gle platform is described in detail in [Garratt et al, 2006].

The prototype optic flow sensor was fitted to the front
of the Eagle helicopter in a downwards looking orienta-
tion. The sensor was interfaced to the flight computer us-
ing RS232 communications. The sensor was configured
to transmit the average lateral and longitudinal optical
flow components calculated at 36 equally spaced points
in the image to the flight computer. The optic flow data
was transmitted to the flight computer at 50 fps. The
average of the flow vectors for each frame was recorded
with synchronized GPS and inertial data using the flight
computer logging system.

For the purposes of this experiment, highly accurate
carrier phase DGPS measurements were available to pro-
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Flight Computer and 
Inertial Unit

GPS Antenna

Figure 4: Eagle helicopter used for flight tests.

vide a benchmark. We used a NovAtel OEM4-G2L GPS
card which was mounted adjacent to the flight computer.
The OEM4 card was used with differential corrections
from a nearby base station fitted with another NovA-
tel OEM4 card. In the real-time kinematic positioning
mode, the card provides us with 20Hz position and veloc-
ity with an accuracy of 1-2cm Circular Error Probability
(CEP).

The Eagle was flown backwards and forwards at up
to 4m/s at approximately constant altitude. The fused
GPS/inertial longitudinal velocity and the average lon-
gitudinal optic flow for all flow vectors was recorded.
The results of the flight test are shown in figure 5. In
these results, the optic flow was multiplied by a scale
factor to match it to the GPS velocity. The scale fac-
tor depends upon the height of the helicopter above the
ground and the angular resolutiuon of each pixel. The
scale factor can be determined from calibration using the
treadmill arrangement. The results show a clear corre-
lation between the optic flow due to the translation of
the helicopter and the measured GPS velocity. Discrep-
ancies can be attributed to a number of factors which
include the unevenness and slope of the ground and the
variation in height above ground during the flight.

Optic flow is created by both translations and rota-
tions (pitch, roll and yaw). An additional source of er-
ror therefore arises from not correcting for the pitch rate
of the helicopter as the helicopter has to be pitched to
change from backwards to forwards motion. If the optic
flow sensor was to be used for flight control, the rate gy-
roscopes in the helicopter can be used to correct for the
effects of rotation rates. This has been done in previous
experiments where optic flow has been used for terrain
following [Garratt and Chahl, 2007] and control of hover
[Garratt and Chahl, 2008].
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Figure 5: Benchmarking of optic flow versus GPS during
flight test.

7 Conclusion

In this project, a small embedded vision sensor has
been developed using Field Programmable Gate Array
(FPGA) technology. The sensor computes optic flow us-
ing the image interpolation algorithm to provide flow
vectors at 36 equi-spaced locations in a 1024×768 pixel
image. The sensor has been tested in flight and bench-
marked against GPS measurements of velocity. A small
form factor (70mm×55mm) and low-weight for the sen-
sor makes it ideal for implementation on a small flight
vehicle.
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