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Robust 3—D Motion Estimation Based on Stereo Vision and Kalman Filtering
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Abstract

This paper deals with the accurate estimation of 3-—D pose (position and orientation) of a moving ob-
ject with reference to the world frame (or robot base frame), based on a sequence of stereo images taken
by cameras mounted on the end —effector of a robot manipulator. This work is an extension of the previ-
ous work[1]. Emphasis is given to the 3—D pose estimation relative to the world (or robot base) frame
under the presence of not only the measurement noise in 2—D images| 1] but also the camera position er-
rors due to the random noise involved in joint angles of a robot manipulator. To this end, a new set of dis-
crete linear Kalman filter equations is derived, based on the following: 1) the orientation error of the ob-
ject frame due to measurement noise in 2—D images is modeled with reference to the camera frame by an-
alyzing the noise propagation through 3—D reconstruction; 2) an extended Jacobian matrix is formulated
by combining the result of 1) and the orientation error of the end —effector frame due to joint angle errors
through robot differential kinematics; and 3) the rotational motion of an abject, which is nonlinear in na-
ture, is linearized based on quaternions. Motion parameters are computed from the estimated quaternions
based on the iterated least—squares method. Simulation results show the significant reduction of estima-
tion errors and also demonstrate an accurate convergence of the actual motion parameters to the true val-
ues.
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Fig. 1. Stereo vision system
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quaternion. 2 %€ t}g3
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» 218130 [+6RS| 3 quaternion o]k A, 4 (30)&
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Pooz 98 4 A (1]

QA 02 Ay Jerant.
279 9

¢ =q+ Q[d(Iol dgs d(Im][ (31)
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’ 1 < .
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kol A3 7Hgstang & X(AE, F Z
% N(k)Z o3, 4 (32)8 th&a} o] T

base coordinate frame

a8 3: & 3|M o EgjAall EXE 3N cfER|Ao Mu}
Fig. 3: Propagations of true and nominal rotation matrices
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Z(k)=X(k)+ C(k)-Nk (33)

V. A28 25 24 (System Dynamics Model!)

2N E 28 19 2HH L A1 Ala"le] dFE 2%
Fo FEd 93l opigE nih 3 W4 = (differential ro-
tational velocity) & =3 &, o]A& ZAR 3l9 02 &
At ENFHEA Y 2 NS dF3e &5 TAHYE
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1t A= g

s

—
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el

tol
{0

a¥ 3% &7 63} AN B EAF A 2™ A
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(3 ) #i), E}EW 349 34 we R\,zQ} A 274
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