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Autonomous Sensor Center Position Calibration
with Perceptron Sensor
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<Abstract>

A linear laser-vision sensor called 'Perceptron TriCam Contour' is mounted on an industrial
robot and often used for the various application of the robot such as the position correction
and the inspection of a part. In this paper, a sensor center position calibration is presented for
the best accurate use of the robot-Perceptron system. The obtained algorithm is suitable for
on-site calibration in an industrial application environment. The calibration algorithm requires
the joint sensor readings, the Perceptron sensor measurements on a specially devised jig which
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is essential for this calibration process. The algorithm is implemented using Hyundai 7602 AP
robot such that the Perceptron's measurement accuracy is increased up to less than 1.4 mm.

1. Introduction

In order to extend the use of a industrial robot to more sophisticated tasks such as position
correction, visual servo and inspection of 3D part, a linear laser vision sensor called 'Perceptron
TriCam Contour Sensor' is often mounted on a robot hand. Perceptron is a fusion sensor of
laser and vision, and gives more accurate measurements under the variation of environment than
the conventional vision systems. The sensor measures by capturing the shape and position of
the projected laser line as it strikes the contour of the surface being measured. The software
calculates two dimensional resuits(Y, Z) with respect to the sensor cootdinate.

Whenever a sensor is mounted on a robot, it is important to determine the kinematic
relationship between the sensor coordinate frame and the hand coordinate frame for the accurate
measuring and robot positioning. The related kinematic parameters are 3 rotation parameters and
3 translation parameters. The problem of determining these parameters is often referred to as
sensor center position(SCP) calibration. In this paper, the Perceptron is mounted on a robot
hand and SCP calibration is presented for the best accurate use of the robot-Perceptron system.

Autonomous robot calibration is defined as the automated process of determining a robot's
model by using its internal sensors[1]. In this case, a kind of constraint must be deduced from
the configuration of the calibration system: task constraints utilizing laser line tracking[2], plane
constraint using a trigger probe[3], closed-loop constraints using robot joint readings and camera
measurements[1,4] and plane constraint with implicit loop method[5]. The presenting SCP
calibration can be understood as an autonomous robot calibration with consideration of the
Perceptron sensor. The jig suitably devised for the Perceptron allows the closed-loop constraints,
only using robot joint readings and Perceptron readings. Therefore, the calibration scheme can
be implemented autonomously and is suitable for on-site calibration in an industrial
environment.

In this paper, autonomous SCP calibration is presented for the best accurate use of the
robot-Perceptron system. The problem of SCP calibration is formulated in Section 2. Section 3
shows the special jig for the Perceptron measurements and its related parameter identifications.
In section 4, the obtained algorithm is implemented to show its effectiveness, using Hyundai
7602 AP robot and its results are discussed in terms of the Perceptron's measurement accuracy.

2. Autonomous SCP Calibration

Unlike the robot calibration with external end-point measurements[6,7], autonomous calibration
uses only robot's internal sensors and instead, requires the existence of internal constraints
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deduced from the whole calibration system. And also no human intervention during
measurement phase is allowed such that low cost and on-site calibration is possible in an
industrial environment.

Figure 1 shows the current considering system. The Perceptron sensor is mounted on a robot
hand and the transformation parameters from the robot hand coordinate to the sensor coordinate
should be identified for accurate sensor measurement and precise robot positioning. Suppose
that one Perceptron sensor measurement on the specially devised jig is enough to identify the
transformation parameters from Perceptron sensor coordinate frame {P} to the jig coordinate
frame {J}. Next section will show in detail how it is possible. In this situation, fix the jig on
any convenient place inside the robot workspace, and measure on the jig by the Perceptron
according to the various configuration change of the robot up to n configurations. For each

configuration, an angle set @ is recorded and the 6x! position vector x is computed from
the robot base coordinate to the same fixed {J}, using both the nominal values of robot
kinematic parameters and the transformation parameters between {P} and {J} obtained in next

section. The difference of the real position vector x* and the computed position vector is
expressed as

40 offset

2= = dx; = [Jold® = [Ja T i Ju i Jal j’,g' = 12,....n (1)
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Figure 1. Autonomous SCP Calibration System
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where @, a,d is the twist angle, link length and link offset of DH parameter notation,
respectively, and J is the conventional Jacobian and it is assumed that joint angle error set
from nongeometric factors is assumed as a constant vector @4, . That is, the true joint angle

set is the addition of joint sensor reading set and the offset vector.

For elimination of the unknown x* , the subtraction of the :” equation from the first

equation of (1) results as

(0= x)—(x;—x") = x,—%2;, = [Jpld® — [JpJ4® i = 2,3,...,n )

The (n-1) vector equations of (2) can be augmented into single matrix equation as shown in
Eq. (3) and is expressed in a simple notation as shown in (4).

X1 X Jo—Ja
X1~ %3 — | Ja—Ja
5 o a0 ®)
X1 Xp Jor— Jon
dx = C4@ (4)
Applying the iterative least square algorithm to Eq. (4) leads to the procedure as bellow
1) Compute Jdx; and C; for dx; = C; 4®; based on the current nominal values

0;, a; d; a;
2) 40; = (CTC)~'Cl 4x;
3) @iy = 0;+A40;

4) Repeat above steps until 4@ becomes the considered tolerance value near 0.

In order to prevent the inevitable transient singularity, step 2) can be replaced by

40 = (CTCHAI) " 'CT4x where [ and A is an identity matrix and a weight value,
respectively. Selection of a weight value affects the convergence characteristics of the above
algorithm and the switching technique can be considered[8].

3. Design of the Jig for the Perceptron and Transformation
from {P} to {J}

In the last section, we assumed that the transformation parameters from {P} coordinate frame
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to {J} coordinate frame could be identified by using each Perceptron's measurement. Therefore,
a jig must be designed such that 6 transformation parameters from {P} to {J} is possible to be
derived from Perceptron's measurement values, whenever the laser line of the perceptron is
projected on the jig. And then, the fixed jig coordinate frame is possible to be expressed with
respect to the robot base coordinate frame.

Various shapes of jig satisfying the above requirement could be considered, but the shape of
the jig is selected as a triangular pillar due to its ease of manufacturing. The jig is constructed
by connecting a fine string to the vertices of the regular triangle made by drilling on up and
bottom plates of the triangular pillar and is shown in Fig. 2. The selection of the fine string
allows easy image processing of the projected laser line, because the intersection points of the
laser line and fine strings can be recognized as the points of our measurement.

Based on the jig shown in Fig. 2, the algorithm which identify the transformation parameters
between {P} and {J} will be explained now. The jig coordinate frame {J} is placed on front
vertex of bottom plate of the triangular pillar. Its x-direction is consistent with the upward
direction of the triangular pillar and its z-direction is into the page shown in Fig. 2. When the
projected laser line of the Perceptron is set to intersect with 5 fine strings of the jig, the
Perceptron captures 5 point images and gives the two dimensional results (y, z) for each point
with respect to the sensor coordinate frame {P}. Those points are A, B, B', C, C' as shown
in Fig. 2 and their {P} coordinate descriptions are shown as

*A=10,"v,, *2.], "B=[0,"ys, "2,], B'=[0,"ys, 241,
pC=[0,pyc; ﬁzc]n DC:[pryc'y pzc']-
And also, {J} coordinate descriptions of A, B, C are

A new coordinate frame {P'} is set by translating the origin of {P} frame to the point A.
The expressions of the points A, B, C, B’ and C' with respect to the new {P'} frame are as

follows
#A=10,0,01,
"B=10, 5= "y, %25 "2,] =10, "3, *24],
PC=10, "v.= "o, '2o— "2] = 10, y., "2, )

"B =10, *yy—"v,, 25 2,1 =10, "yy, P24,

p’C’z[O, pyc'_ pya, pzc'_ pza] Z[Ov p’y(:'9 bzc']-
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Fig. 2. The Shape of Jig

Another new coordinate frame {J'} is set by translating the origin of {J} frame to the point A.
The expressions of the points (A, B, C) with respect to the new {J'} frame are as follows

A =100, 01 7B =l ~2 Ba, o= 2 Da ©)

Set the distance between A and B to /; , and between A and C to /, . They are expressed

as ,, = ¥ P3i+ %20, L, = \ Py + 2%, respectively. From the triangular relationship

between these distances and the length of the side of the triangle, a, the equations are easily
obtained as =6, = cos_l(—lg-), 4, = cos“l(li). Here, the four sign combinations of
1 2

6, and @, represent the four different measurement configurations between the Perceptron and

the jig. In order to determine the current real measurement configuration, we use the
intersection points (B', C') of the laser line and the diagonally connected strings. The distances

to the point A from the points B' and C' are set to o) and d, respectively. They are

expressed as dy=V "y} + 2% | dy=V "y%+ ?2%. Recalling that these 5 points are made

by the projection of single straight laser line gives the following equality relation as

hl = h — dICOS(el)% - a’lsin(Bl) = dzCOS(Hz)—Z - ngin(Hz) (7)

Now, the true values of 4, and 0, satisfying Eq. (7) can be determined to be consistent with

a real measurement configuration. Once the true values of 4, and §, are determined, The
unknowns hz and h3 shown in Eq. (6) can be determined by using the following equations as
hy=1, sin(0)) and hy=1I, sin(@,), respectively. The both origins of {I'} frame and {P'}

frame are identical at the point A, and thus the rotation relationship as *P= fR]P can be

applied to the points B and C as
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Fig. 3. Calibration System Fig. 4. The Jig as an Object of Measurement
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Eq. (8) can be expressed in detail as 6 equations with 6 unknowns. They could be
analytically solvable. The additional orhogonality condition of rotation matrix allows to
determine all components of the rotation matrix for {P} to {J}. And then, the translational
parameters from {P} to {J} can be determined by applying the following equation to the point
A as
,,0
Ya
*a,

hy
*Pig = 'P ~ IR'P = - fR[ 0 } )
0

Now, we develop the algorithm of transformation parameters from {P} to {J} which are
indispensable to the considering autonomous SCP calibration for the Perceptron. However, the
success of the algorithm considerably depends on not only the accuracy of the Perceptron
measurement but also manufacturing precision of the jig. Therefore, both must be increased as
high as possible.

4. Implementation and Results

In this section, the obtained method for the SCP calibration of the Perceptron is implemented
using Hyundai 7602 AP robot and its results are discussed in terms of the Perceptron's
measurement accuracy. Fig. 3 shows the experimental set-up for data collection. The jig for
Perceptron measurement is manufactured with its error tolerance 0.1 mm, shown in Fig. 4. The
last 3 joints of the AP robot are used to reduce the positioning error of the robot occurred by
the error of its link lengths and link offsets. For this implementation, the jig is placed at 3
locations as A, B, C, respectively and 7 sample configurations were taken at each location for
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Table 1. Calibration results
Rot(Xe) | Rot(Ys) | Rot{Zg) Trn(Xs) Trn(Ye) Trn(Zg)
calibrated parameters | ; sorj0| | 5710 | 2250287° | ~168786 | 755423 | 1165369

design values 0° 0° 20° -17 -76 117
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Fig. 5. Comparison of Computed Distance Values between the Calibrated- and the
Uncalibrated Case about 7 Sample Points at Each Position A, B and C

the data collection of the Perceptron's measurement. The SCP calibration results(3 rotation
parameters and 3 translation parameters) are shown in Table 1 with the initial design values for
mounting the jig on the robot. For the effectiveness of the presented calibration method, a of
base frame of the robot to the origin of {J} coordinate frame at each location A, B, C is
computed respectively, using both initial design parameters and its calibrated parameters. (Here,
suitable evaluation of the calibration results is necessary. Therefore, each distance from the
origin the base frame of the robot is the initially fixed 4* joint coordinate frame, as addressed
before.) The results are shown in Fig. 5. It can be easily observed that the deviations from
their average values in calibrated case are quite small in comparison with those in uncalibrated
case. The maximum deviation, 1.4 mm, in the calibrated case in comparison with that, 5 mm
in uncalibrated case shows the effectiveness of the presented autonomous SCP calibration
method.

5. Conclusion

An autonomous SCP calibration method for the Perceptron sensor has been developed with
the specially designed jig. The method allows automated process of implementation and is
suitable for on-site calibration in an industrial environment. The effectiveness of this method
was shown through the real implementation using Hyundai 7602 AP robot such that the
Perceptron's measurement accuracy is increased up to less than 1.4 mm in comparison with that
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of the uncalibrated case. The success of the method quite depends on the manufacturing
accuracy of a jig and then special care must be taken with manufacturing it. Therefore, our
future work will investigate jig-free autonomous SCP calibration for the Perceptron..

6. References

1. D. J. Bennett, D. Geiger, and J. M. Hollerbach, "Autonomous Robot Calibration For
Hand-Eye Coordination", The International Journal of Robotic Research Vol. 10, No. 5,
1991, pp. 550-559. '

2. W. S. Newman and D. W, Osborn, "A New Method for Kinematic Parameter Calibration
via Laser Line Tracking", Proc. IEEE International Conference. on Robotics and
Automation, Vol.2, 1993, PP. 160-165.

3. X. L. Zhong, and J. M. Lewis, "A New Method for Autonomous Robot Calibration",
Proc. IEEE International Conference. on Robotics and Automation, 1995, PP. 1790-1795.

4. H. Zhuang, L. Wang and Z. S. Roth, "Simultaneous Calibration of a Robot and a
Hand-Mounted Camera", Proc.IEEE International Conference. on Robotics and Automation,
Vol.2, 1993, pp. 149-154.

5. M. Ikits and J. M. Hollerbach, "Kinematic Calibration Using a Plane Constraint" Proc.
IEEE International Conference. on Robotics and Automation, 1997, pp. 3191-9196.

6. D. Whitney, Lozinsky, and J. Rourke, “Industrial Robot Forward Calibration Method and
Results”", ASME Journal of Dynamic Systems, Measure and Control, 1986, pp.1-8.

7. M. R. Driels, L. W. Swayze, and L. S. Potter, "Full-Pose Calibration of a Robot
Manipulator using a Coordinate Measuring Machine", International Journal of Adv. Manuf.
Technol., 1993, pp.34-41.

8. L. Keimar and P. K. Khosla, "Automatic Generation of Kinematics for a Reconfigurable
Modular Manipulator System", Proc. IEEE International Conference. on Robotics and
Automation, 1988, pp. 663-668.

— 485 —



