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Fig. 3. Measured angle versus real angle during smaétf roll. Real roll angle (degrees)

Circular mask and angle calculated on PIC microcontroller.
Fig. 4. Measured angle versus real angle for roll with tuehak. Circular
mask and angle calculated on PIC microcontroller.

PIC controlled the CMUcam to configure white bf_il_ance IV. CONCLUSIONS AND FUTURE WORK

and to set the range of colors that would be classified as

sky pixels. The CMUcam generated a binary image as a So far, all of the development of this method has
result and the software on the PIC polled the CMUcam fobeen carried out using simulated or recorded views of
the image. It was then processed on the PIC..Details the horizon, and many of the problems that need to be
removed pending Patent applicatiorand finally to calcu- overcome before real flight trials can take place have yet
late the horizon angle via Equation 2. (Thetan function to be addressed. These include adaptive white balance and
that this necessitates was implemented by a truncated seri&xposure control to deal with harsh and changeable lighting
approximation. This truncation will contribute slightlp t conditions. Also, this method relies on the assumption that
the resulting error values.) the horizon forms an approximately straight line in the
L image. In many circumstances this assumption will fail.
The amount of time it takes process the sky and grounf@let%ods need }c/o be developed to detect an?j deal with the

cl_asses and calculate the horlzon angle40);u§ per 8 . situations that will occur when this method is not reliable.
bit chunk on the 20 MHz PIC. This was achieved using : . )
The tested frame-rate of this equipment is not yet

assembler language programming for the critical inner IooP st enough, at about only one frame per second. This

of t_he_ plxel decode_r. A faster microprocessor with a gooqsa due mainly to factors to do with the current testing
optimising C compiler could do it all in C.

environment, not the camera, nor the processing being

Figure 3 shows the angle calculated on the PIC during done on the PIC. The camera is capable of better than
smooth360° roll. (The first data point is markedkjected frames per second at the current spatial resolution and with
and not used in the error calculation only as a precautiomppropriate optimisation (and/or a faster microprocgssor
as the first measurement was found to often be anomalotle PIC software is capable of keeping up with that rate. A
due to the nature of the communications between the Pl@rget frame rate of at leaStframes per second is sought.
and the Matlab software on the PC.) Note the RMS error The microprocessor being used in trials is not the
of 3.9° which is close tol% of the full range of360°. fastest nor most powerful in its power/size class. Lack
Contrast this figure to figure 4 which shows the anglesf a hardware multiplication facility slows it considergbl
during a roll manoeuver where a randgitter of up to  (although this is not a real impediment as the nature of
+100 pixels was applied to the synthetic horizon image tdhe algorithm is such that multiplication is required only
simulate disturbances of up to approximatelj0° of pitch  once per frame.) The fact that the author had to resort to
and yaw, which was as much as could be applied withoudssembler language programming in order to achieve the
having the horizon leave the view. Figure 4 shows, by itsequired processing speed in the critical sections suggest
remarkable similarity to figure 3 and by the similar RMSthat a faster microprocessors or DSPs with pipelined archi-
error of 3.5°, just how little effect the disturbances had ontecture and hardware multiplier could be used to improve
the roll angle measurement. the speed of the implementation. Further trial®etails



removed pending Patent applicationlead the author to
expect a reduction in RMS error of about 50%, frdfnto
2°.

The camera being used could also be improved, and
there is a second version of the CMUcam now available
that has improved resolution and includes a frame buffer
(which although not required for this method, certainly
promises greater flexibility for other methods.)[RI]. Othe
cameras could of course be used, with the appropriate
provision of a digital interface, although this could regui
the binarisation of the image to take place in the vision
processor. This is not an expensive process and can be done
on the fly. Indeed, the author is in the process of developing
an interface to allow any analog camera to be connected
to a programmable logic device in order to implement the
algorithm.

The above challenges and suggested improvements not
withstanding, the elegant and resilient method described i
this article promises to be a useful computer vision tool
that can be brought to bear on some of the problems of
autonomous flight.
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