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A 891 0 0 -—98 -—-14 -—-13 -—23 —32
B -2 135 4 8 146 287 332 17
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tive of signals without averaging made it worth.
However, correlation coefficient is very clear around
the correct rotation after averaging and derivation.
An example from different combination of moving
average and derivation that affect estimation error of
robot heading angle is shown in Table 1. In the table,
“A" declares applying cross correlation method with-
out moving average and derivation. “B” is cross corre-
lation with derivation, “C” is cross correlation with
moving average filter and “D” is by using both. It is
clear the moving average filter alone didn't have
affects on result and the affect of derivation is better
than moving average but yet not helpful. However,
the result is much better after averaging the signals
and applying cross correlation on derivatives of signals.
Moreover, this algorithm helped in finding the correct
rotation angle when there are two tall objects in oppo-
site direction of camera. When there are two objects
in opposite side, the inclination affects the horizon
edge so that the rotation error comes up to about 180°.
Table 1 illustrates this situation made wrong estima-
tion in 2m and 8 m baseline length but averaging and
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Fig. 9 Effect of moving average filter and derivation
on cross correlation coefficient

derivatives succeed in finding it out and giving ac-
ceptable answer. Furthermore, this Table shows the
rotation estimation error raise gradually by increas-
ing the baseline length that its explanation might be
in the affect of different view on objects. As much as
the stereo vision pair images has been captured with
far distance from each other, the changes of angle
view to 3-dimention objects and environment will be
bigger and distinguishing the same point with cross
correlation method will be difficult. Consequently, the
result is increasing the error.

Thus far, cross correlation was applied on 2 com-
plete images. To further decrease the processing time
and improve the accuracy, cross correlation was im-
plemented on a selected part of the image, in addition
to the moving average filter and derivation. Never-
theless, using the partial image increased the rotation
estimation error whereas the moving average and
derivation applied on horizon edge together. The best
improvement was while using moving average alone
and in long baseline length. In short baseline length,
it didn’'t have significant improvement and error
remained almost the same. Figure 10 shows the result
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Fig. 10 Effect of using partial image on cross cor-
relation results with different baseline length

of using partial image on different baseline length as
the same time as applying moving average. From
10% until 100% of one image correlated with whole
otherimage. And the cross correlation on horizon line
had the best result around 70% of the image. In this
work, the left part of the image was chosen randomly
without any preference. It is possible that selection
based on the application of a special algorithm could
result in higher accuracy, but this is beyond the scope
of this study.

Figure 11 presents the estimating heading angle by
utilizing the Sum or Direct method described in sec-
tion 3 part 4. The result of experiment for Sum method
has shown of all image and partial image until 70%.
Unexpectedly, the result of Sum method is better than
direct method. The explanation might be hidden in
this fact that the changing view to scene in slightly
long distance affects the accuracy of cross correlation.
Additionally, the rotation estimation error could be of
positive or negative values, so the final error value
might be decreased.

Usually in image processing based methods, the
time of analyzing is relatively long and it becomes
more serious when the used image is high resolution.
The proposed method decreased the time of data
analyzing by combining the image processing with
signal processing method. Therefore, it is fast enough
to use in real time navigation, besides the estimated
heading angle error is fairly small. For clarifying, it
should be said that one degree heading angle will
result less than one meter error in fifty meters dis-
tance.

V Conclusion

The objective of this research was to estimate the
horizontal heading of robot in real time navigation
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Fig. 11 Comparison of estimation error of heading
angle obtained using Direct method and Sum
method in partial image

using the horizon line of pair spherical images with-
out using any corresponding or optical flow. An omni-
directional camera with high resolution image was
used as the sensor to take a panoramic view and
generate spherical image. Using an omnidirectional
camera that remain scene structure within the camera’s
field of view through a considerable amount of motion,
made possible to use horizon line for estimating the
heading parameter. The horizon line was extracted
by thresholding of sky in the image. Then, the hori-
zon line averaged with moving filter and its deriva-
tion was found. The cross-correlation method applied
to two derivative signals came from pair stereo vision
system and the-horizontal heading angles was es-
timated. The error for estimated rotation angle was
less than 2 degree in 10m baseline length and experi-
ments showed that the summation method can im-
prove the result of estimated heading angle. At the
end, the method of estimation absolute heading angle
provided for the GPS-incorporated robot. This method
is easy and its accuracy is fairly high enough to
navigate the robot tractor autonomously in the meadow
application.
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