








Figure 4: Inlying matches between two consecutive
frames used to compute the R and t parameters
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Figure 5: Global orientation angle

as the distance at which the 3D point representation of
these features are located with respect to the camera po-
sition; this effect is depicted in Figure 4. On the other
hand, 3D points close to the camera will enable the algo-
rithm to estimate an appropriate translation estimation;
whereas, features far from the stereo camera will allow
to obtain better rotation estimation.

Besides, another important aspect that affects the ve-
hicle localisation is the number of turns achieved along
the trajectory since the orientation errors affect the ve-
hicle localisation in the rest of the trajectory.

In order to compare the motion estimation using
both methods (using the 3D points locations only and
applying the optimisation method to refine the rotation
and the translation vector between two frames), the

generated trajectories are superimposed on a satellite
view as it is detailed in Figure 6. In this case, the path
with label 3D points represents the vehicle localisation
based on the 3D points locations; whereas the trajectory
given by the label LM was obtained after applying the
optimisation process.

From Figure 6, it is clear that the localisation before
taking the first roundabout is better estimated after op-
timising the R and t parameters. However, along the
trajectory estimated on the bottom of the satellite view,
the localisation of the vehicle was not much improved by
refining the rotation and translation parameters. Never-
theless, in the last part of the path, the motion estima-
tion is improved using the optimisation process. Note
that the final position estimated is much closer than the
one using the set of 3D points only.

Figure 6: Satellite view using Google map to compare
the vehicle localisation along the driven trajectory

The third experiment was conducted selecting only a
random sample of 7 points from the whole set of 3D
points. This approach allowed us to decrease the com-
putational cost necessary to estimate the rotation and
translation. Selecting only these points from the com-
plete data set provides correct results as it can be seen in
Figure 6 by the line with no label. Because the 7 points
are sampled randomly, the first parameters R and t esti-
mated could lead to a significant large reprojection error.
It could also lead to a bad initialisation for the disparity
space homography matrix computed using these values
and applied to those features from the previous left im-
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age. As a result, the number of iterations required by
the optimisation process to minimise this error would
increase in order to provide the best rotation matrix
and translation vector that describe the motion between
those two frames. Therefore, there exists two important
factors to be considered. Firstly, a trade-off between ac-
curacy and computational cost when the localisation is
obtained based on the complete data set or based on a
set of seven points sampled randomly. Secondly, an ap-
propriate selection of the seven points sampled from the
complete data set that will lead to a decrease in the num-
ber of iterations required by the Levenberg-Marquardt
algorithm.

6 Conclusions

In this paper a system for egomotion estimation based
on features extracted from a video sequence was pre-
sented. First, the motion estimation was obtained using
the 3D point location represented by features tracked in
a video sequence. In this case, the vehicle localisation
was seriously affected by the depth error when the trian-
gulation process was accomplished. In order to alleviate
this issue, a second method, which was based on the
disparity space and optimisation algorithm such as the
Levenberg-Marquardt method, was presented. This led
to better results in the localisation of the vehicle which
was conducted over a long distance in an urban-like en-
vironment.

We proved that the egomotion estimation can be com-
puted by selecting randomly a sample of seven points
from the complete data set of 3D points. Although it
provided appropriate outcomes while the computational
cost was reduced, a more suitable method to extract
these samples and to reduce the number of iteration
in the optimisation process should be adopted. Finally,
these three results were compared by displaying the gen-
erated trajectory on a satellite view of the area where the
vehicle was driven.

7 Future Work

As a future work, different environment representations
should be studied in order to mitigate the errors in the
egomotion estimation. As a result, these representations
would allow us to close loops and to decide whether the
vehicle has previously visited a certain place. Moreover,
this localisation method based on stereo vision will in-
corporate information from other sensors that will make
the autonomous vehicle capable of navigate in different
environments. Finally, colour information provided by
the stereo camera will be used to model the terrain that
will be navigated by the mobile platform.
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