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Abstract. In this paper the motor algebra for linearizing the 3D Euclidean motion of lines is used as the oretical
basis for the development of a novel extended Kalman filter called the motor extended Kalman filter (MEKF). Due
to its nature the MEKF can be used as online approach as opposed to batch SVD methods. The MEKF does not
encounter singularities when computing the Kalman gain and it can estimate simultaneously the translation and
rotation transformations. Many algorithms in the literature compute the translation and rotation transformations
separately. The experimental part demonstrates that the motor extended Kalman filter is an useful approach for
estimation of dynamic motion problems. We compare the MEKF with an analytical method using simulated data.
We present also an application using real images of a visual guided robot manipulator; the aim of this experiment
is to demonstrate how we can use the online MEKF algorithm. After the system has been calibrated, the MEKF
estimates accurately the relative position of the end-effector and a 3D reference line. We believe that future vision

systems being reliably calibrated will certainly make great use of the MEKF algorithm.

Keywords: computer vision, Clifford algebra, geometric algebra, kinematics, dynamics, rotors; motors, screws,
Kalman filter techniques, extended Kalman filter, visual robotics

1. Introduction

The registration of the motion of a moving object or
the computation of the motion between measurement
frames in front of an observer is fundamental for vari-
ous tasks in visual robotics, such as camera calibration,
hand-eye calibration, tracking, object collision avoid-
ance and surveillance. The most basic of the 3D geo-
metric primitives of the visual space for motion com-
putation are points (corners). These local features are
sensitive to noise and quantization errors that jeopar-
dize the motion estimation. Alternatively, the use of
lines (edges) or global features such as planes or sur-
faces makes the motion estimation process more robust,
however, the computational cost is increased especially
in the case of planes or surfaces. Since an artificial ob-

*To whom correspondence should be addressed.

server relies on image sequences, only the projected
motion of points, lines, conics, curves or surfaces is
distinguished. Using this information we can then com-
pute the actual motion of the object.

In this work we are interested in the estimation of the
actual rigid motion of an object or more generally the
motion between the coordinate axis of the observation
frames using 3D observation, as depicted in Fig. 1.
We can describe the position and orientation of the
coordinate frame B; relative to the frame A by using
a state vector X;. This state vector satisfies a dynamic
model known as the plant model

X = ®1Xi-1, W)), (1)
where W; denotes random noise with zero mean, nor-

mally distributed statistics and with known statistics.
The measurement of a line of a scene L; is corrupted
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Figure 1. Coordinate frames for observation of rigid motions.

by noise with known statistics, zero mean, normally
distributed and uncorrelated with respect to W;. The
relationship between the measurements and the state is
given by the following measurement function model

SLo,Li, X;, Vo, Vi) =0. (2)

In this noisy scenario the task we have is to find the
best estimate of the state variable vector X, s

In the literature we distinguish two main groups:
the least squares solutions or batch and the recursive
methods [20]. The key characteristic of these meth-
ods is whether they compute the translation and ro-
tation transformations simultaneously or decoupled.
Arun et al. use point sets by means of least-squares
fitting [1] to estimate the rotation and translation sep-
arately. In contrast Bayro-Corrochano and Daniilidis
use the motion of lines to estimate the motion dis-
placement components simultaneously [6, 10] for solv-
ing the hand-eye problem. Zhang and Faugeras, us-
ing Pliicker line sets, propose an analytical solution in
terms of least-squares to estimate the motion displace-
ment separately [22]. All these approaches are used for
static motion estimation.

The application of the Kalman filter as a recursive
minimum variance estimator has been popular since
the sixties [16, 17, 21]. In order to estimate dynamic

motion parameters, the authors used the Kalman filter
together with different types of state variable repre-
sentations. For instance, Bar-Itzhack et al. used point
sets for the quaternion extended Kalman filter to esti-
mate the dynamic rotation [3], and Zhang and Faugeras,
used line segments with their midpoints to estimate all
dynamic motion parameters with a standard extended
Kalman filter [22]. Recently, Azarbayejani and Pent-
land [2] applied the extended Kalman filter for the es-
timation of motion and structure using relative orien-
tation constraints in terms of quaternions.

In this paper, we present the development of a novel
extended Kalman filter in the geometric algebra frame-
work. This recursive filter has the virtue of estimat-
ing simultaneously the translation and rotation compo-
nents. This characteristic has not been achieved with
the Kalman filter before because the authors could not
overcome the singularities when dealing with Pliicker
lines. The key idea for the filter design is to work in the
4D geometric algebra, called motor algebra, and to rep-
resent the motion of the measurement frames as a mo-
tion of lines. The paper shows that the motor extended
Kalman filter is an attractive estimation approach, par-
ticularly in case of dynamic motion problems.

The paper is organized as follows: Section two out-
lines the geometric algebra. Section three introduces
briefly the 4D motor algebra. Section four is devoted to






































































