




4.4 Effect of Quaternion On Algorithm

As discussed in Section 3.5, the purpose of quaternion is to replace DCM with

a simple vector. Hence, it leads to use all sigma points for propagation and update

cycles at once, consequently, decrease the computational cost of the algorithm. Since

it has less round-off errors, it is also desired to have less error than that caused by a

DCM rotation.

Although not given in Table 4.1, propagating and updating all sigma points at

once using an array of DCM (see Section 3.5) were also applied to the algorithm. The

timing results were little faster compared to DCM-Based UKF Algorithm results.

But, applying non-linear function to a set of DCM matrices at once was still too

slow and required further improvement on the algorithm. That is why it is replaced

with quaternion to get rid of arrays. The results are generated using a Windows XP

operating system with 2 GB DDR2 RAM and Matlab 2007b software. The type

of computer processor was Intel Centrino Duo and the speed of the processor was

1.83 Ghz. It is also noted that Matlab software works faster using matrices while it

might not be same for all other programming languages. The following results are

attained:

Table 4.1: Time Comparison

Simulation EKF Algorithm DCM-Based Quaternion-Based
Time UKF Algorithm UKF Algorithm
10 sec. 30 sec. 75 sec. 34 sec.
30 sec. 93 sec. 210 sec. 105 sec.
60 sec. 178 sec. 410 sec. 198 sec.
100 sec. 302 sec. 697 sec. 334 sec.
650 sec. 1895 sec. Almost 7200 sec. 2250 sec.

As expected, quaternion allowed more elegant way to represent sigma points and

that decreased the computational cost and spending time for both simulation and ex-

periments (see Table 4.1). The fact that EKF algorithm is propagating and updating

only the mean through the nonlinear function while UKF algorithm propagates a set
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of sigma points (almost 100 sigma points propagated and updated) causes EKF algo-

rithm the fastest one. The results of quaternion-based UKF algorithm are also similar

to EKF results while DCM based UKF algorithm shows a very slow performance.
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V. Conclusions

In this research, a new approach is presented for fusing optical and inertial sensors

to be used in environments where GPS signals are not available. Previous research

presented a statistically rigorous method to tightly couple imaging and inertial sen-

sors using an extended Kalman filter. Unfortunately, the estimator demonstrated

divergent characteristics during longer-term navigation profile which was attributed

to the cumulative destabilizing effects of linearization errors. To address this known

weakness of the extended Kalman filter, an image-aided navigation algorithm based

on the unscented Kalman filter was designed.

The most significant conclusion for this work was reducing the level of diver-

gence. The filter was evaluated and compared using a combination of simulated and

experimental data. During the evaluations, the stability of the unscented Kalman

filter was shown to significantly outperform the extended Kalman filter. In addition,

the unscented Kalman filter maintained an accurate and consistent position error

estimate.

Besides reducing the level of divergence, it was also desired to maintain the

efficiency of the EKF. Unfortunately, the unscented Kalman filter was not efficient.

Thus, a change was needed to make the algorithm faster. The UKF propagates and

updates all sigma points to move next image time while the EKF makes it only for

one point (the mean). Instead using one sigma point each time, it was intended to

use all sigma points at once. The only obstacle was DCM which was replaced with

quaternion to represent rotation with a single vector. Consequently, the optimized

UKF algorithm’s speed was comparable to the standard EKF algorithm.

5.1 Future Work

In addition to this research, there other issues to exploit the synergy of imaging

and inertial sensors. Besides, there is a potential drawback of the UKF for this

application to be investigated. The presence of a systematic bias in the position and
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