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A Novel Visual Servoing Approach For Keeping Feature Points Within The
Field-of-View
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Abstract - In this paper, an éye-in-hand visual servoing strategy for keeping feature points within  the
FOV(field-of-view) is proposed. We first specify the FOV constraint which must be satisfied to keep the feature points
within the FOV. It is expressed as the inequality relationship between (i) the LOS((line-of-sight) angles of the center of
the feature points from the optical axis of the camera and (i) the distance between the object and the camera. We then
design a nonlinear feedback controller which decouples linearly the translational and rotational control loops. Finally, we
show that appropriate choice of the controller gains assures to satisfy the FOV constraint. The main advantage of our
approach over the previous ones is that the trajectory of the camera is smooth and circular-like. Furthermore, ours can

be applied to the large camera displacement problem.
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1. Introduction

The aim of eye-in-hand visual servoing is tc regulate
the pose(position and orientation) of the camera at the
desired pose relative to the object. In visual servoing, it is
critical to keep the feature points of the object within the
FOV of the camera through the whole period of servoing.

In IBVS(Image-Based Visual Servoing), the errors
between the initial and desired positions of the feature
points on the image plane are computed and the feature
points are controlled to move to the desired positions on
the image plane. Nonetheless, since IBVS does not control
the camera motion in the Cartesian space directly, it
sometimes reveals unnatural trajectories in the Cartesian
space, such as camera retreat[1], and even might not
converge to the desired pose[2].

On the other hand, in PBVS(Position- Based Visaul
Servoing), the error between the initial pose and the
desired pose in the Cartesian space are computed, but
there is no direct control the feature points on the image
plane. Therefore, the feature points might get out of the
FOV. In (3], a switching control strategy among position-
based control strategies and backward motion is proposed
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to resolve this problem. However, the camera motion

‘night not be natural. In fact, the camera could be
retreated excessively far from the object.

In this paper, .a visual servoing approach for keeping
the features within the FOV is proposed. In our approach,
knowledge of ‘the full 3D CAD model of the object is not
required. Instead, knowledge of the distance between the
object and the camera at the desired pose; and the size of
the object is required. However, such information can be
acquired through some off-line teaching process. In our
approach, both the feature points on the image plane and
the camera pose in the Cartesian space are considered
simultaneously. Hence, the trajectory of the camera is
smooth while the feature points remain within the FQV.
Some simulation results using a 6 degree-of-freedom
robotic manipulator show the validity and the practicality

of our approach.
2. Preliminaries

First, we introduce some nomenclatures used in our

development. Let X and Y be any two frames. Then, we
denote the coordinate of a vector p and a point P in the
work space with respect to frame X is denoted by
XpE R® and *Pe R3, respectively. And the rotation
Y with respect to the frame X is
denoted by XRYE R**3. Next we define some frames

needed in our development. We will often denote the

matrix of frame
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Fig. 1. Various frames used in our development

current camera frame. C, the desired camera frame C*,
the current LOS frame L, the desired LOS frame L~ the
object frame (), and the robot base frame B.As can be
seen from Fig. 1., the origins of the LOS frame and the
the Euler angles

camera frame are colocated und

A .
€ _ [61, €, e;}T represent the angular displacements of

frame L with respect to frame C. Here, the frames O
and B are assumed to be fixed on the ground.
For spherical

practical convenience, we use the

coordinate system to express Opg as follows.
pe=f.(r.0,0) i [rsinfcos¢ rsinfsing reosd]” o)

We also introduce the new parameters p, p* as follows.
o(t) ﬁ r(t)/r, o i T/, 2

where Ty is the radius ot the object sphere. Then, we

define the state vector z(t)E RS by
2(8) 2 [p(t) 8(8) 6(t) €, (t) ¢, (t) €. (1)]7 @

and the current pose of the camera is represented by x
uniquely. Now suppose that we have k feature points. In
case of planar objects, the homography matrix & can be
determined. And we can determine uniquely the quantities
of & from H at each frame.

3. Main Results

In visual servoing applications, we often need more
information beyond the image data from the camera. Some
PBVS approaches might require the 3D CAD model of the
object to estimate the camera posef4]. On the other hand,
the IBVS approaches need the depth estimation to
calculate the image Jacobianl[5]. We here use the ratio of

(i) the distance between the camera and the object and (ii)
object size.
The FOV(Field-of-View) of a rectangular shaped CCD

camera can be described by the following set str

‘() . ﬁ {I:{: ;‘/ 1] [I’ER“ - L.l'lll < & < L.l'"l - Ly’ill < "l; < Lym} (4)

Ty
where L,,, and L, are some positive constants. Control

variables chosen in our approach for keeping the feature
points within the FOV are the boresight errors and the

scaled distance (p, €, 6,/) Therefore, we need to convert
the physical constraint of the FOV to a more useful form.
22 N2 | (5)

where

20 2 {loe, e )TERY,(e,c) < p e 6 )7€ER) (6
Here, the set {2, and the function f; are the constraints
for €., €,. Now we can easily show that all image feature
points are whithin the FOV if and only if
[p(t)e, (t) €y N'e §2y. Futhermore, we can also show
that the set {2, is an open convex subset of R>.

Considering visual servoing task, first. we take a
teaching image of target object, and at the beginning of
servoing we take initial image of target object. Using
these two images, we can check the visibility constraint,
that is z;, m*E.QQ. If these two image satisfy the visibility.
condition, and we control the robotic fna'ﬁipﬁlator to'follow
v k then
z(t)€2, which means that all image feature points are

whithin the FOV,

straight line trajectory in 7€, —€, space,

4. Controi Scheme

Now, we propose the following nonlinear feedback
controller. '
C *

Ry SERYEN ~ ~ .
[c s ?}:L l{zd-t-lg,(xd—a:)%-lfif(xd—z)dT} )
RB‘UJC .
o | .
where L is the estimates of L™ ' and K,,K; are
diagonal matrices with proportional and integral gain. Here,
the integral term is turned on when the camera reaches
around the desired pose to compensate for the off-set
uncertainties of the system.

The desired trajectory .’;I,g (t) is given by
28) 2 3+ & (O 2)s(t) ®

where s(t) is some trajectory such as well~known
S-curve.

—323—



5.. Experimental Results

In this section, experimental results are presented.
Visual servoing system consists of a Sony XC-50 camera
with Matrox meteor-1I frame-grabber, Samsung MMC
controller with Pentium4 3.2GHz,
6~-dof robot manipulator. Object is planar with 10 feature
points which are white circles with black background. The

and Samsung AS-3

state £ 1s shown in Fig. 2 and Fig. 3 and it shows that
this experiment has large positional and
displacement. Even though it has large

rotational

camera
~ ~ ok
displacement, state T follows T,; and converges to  and

the feature points in image plane is kept within FOV in
Fig. 4.

6. Conclusion

-In this paper, a new visual servoing -approach for
keeping feature points within the Field-of-View is
presented. Through some experimental results, we have
shown that our approach keeps the feature points within
the FOV, even though camera displacenient is large.
Furture work is to. consider singularity -avoidance and to
adapt. our. approach to dynamic controller instead of
kinematic controller in-this paper.
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Fig. 2. Final, current, and desired trajectory value of
states 7,0,¢.
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Fig. 3. Final, current, and desired trajectory value of

states €, €, €..
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Fig. 4. Trajectory of feature points in image plane. White
rectangular if FOV boundary and "o’ denotes the
initial position and "+’ denotes the final position.



