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[57] ABSTRACT

A method and system is disclosed for estimating a speed
of a robot tool center point at a specified time. The
method includes the step of receiving an input signal
representing the specified time for which the speed
estimate is desired. The method also includes the step of
processing individual motion segment data to create a
blended Cartesian velocity vector. The individual mo-
tion segment data represents at least one robot motion
segment. The method finally includes the step of trans-
mitting an output signal based on a scalar magnitude of
the blended Cartesian velocity vector. The output sig-
nal represents the speed of the robot Tool Center Point
at the specified time.

20 Claims, 6 Drawing Sheets
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METHOD AND SYSTEM FOR ESTIMATING
ROBOT TOOL CENTER POINT SPEED

CROSS REFERENCE TO RELATED
APPLICATION

This application relates to an application entitled
“Method And System For Path Planning In Cartesian
Space” filed on the same day as this application, having
the same assignee and which is hereby expressly incor-
porated in its entirety by reference.

TECHNICAL FIELD

This invention relates generally to methods and sys-
tems for estimating speed in Cartesian space. In particu-
lar, this invention relates to methods and systems using
a digital computer for estimating the speed in Cartesian
space of a device, such as a robot tool.

BACKGROUND ART

Many process-related robotic applications have de-
pendencies related to the Cartesian speed of a robot
Tool Center Point (TCP) due to some process activity
which takes place there. Typical examples of process-
related robotic applications include painting, welding
and sealant dispensing applications.

In the past, control environments based upon the
commanded TCP speed value have been used to pro-
vide process rate and/or amplitude control. The com-
manded TPC speed value is the speed which results
from processing the programmed TCP speed through
the motion control system.

Due to a variety of factors, the actual TCP speed
sometimes differs from the commanded speed, often
causing undesirable process results. One such undesir-
able process result might be the dispensing of too much
material such as paint or sealant.

Therefore, in order to minimize undesirable process
results, attempts have been made to estimate the actual
TCP speed. The estimated actual TCP speed could then
be used in place of the commanded TCP speed within
application control systems.

Some prior art devices, for example the GMFanuc
Robotics Corporation R model H controller, have at-
tempted to estimate the TCP speed based upon the
scalar acceleration values along linear motion segments.

These attempts met with limited success under the
strict requirement that deceleration must be completed
before the next linear segment could be started. This
requirement, however, is at variance with the actual
practice of motion paths which contain smooth and
continuous corners between consecutive motion seg-
ments, thus dictating that deceleration of the first seg-
ment is not complete at the time that the next segment
is started.

Other methods have estimated the actual TCP speed
based upon computations of the instantaneous TCP
velocity. These methods have been based on either
forward kinematics or Jacobian transformation. How-
ever, they tend to be computationally intensive and can
only predict current or immediately following values.
They cannot accurately predict the values of the TCP
speed for arbitrary times into the future, which in some
circumstances is desirable.

A related concern is that in practice, there is always
some period of time which the process requires before it
can respond to accommodate changes in its control
parameters. This response time is referred to as the
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actuation delay time (“ADT”) and can be as short as
tens of milliseconds, or as long as hundreds of millisec-
onds.

Typically, the ADT is of a similar order of magnitude
as the acceleration time of the robot. Consequently,
using only the instantaneous TCP speed for the TCP
speed estimation is not adequate in many instances to
avoid undesirable results. For example, in an application
following a sharp Cartesian corner with minimal decel-
eration, the complete deceleration/acceleration period
which occurs at the corner could complete before the
process could begin to respond to the changing TCP
speed control parameter.

Some of the related prior art used single-axis velocity
profile analysis to generate feedforward signals for in-
dependent axis servo control systems. However, this
did not address multi-dimensional analysis and segment
blending, nor the use of such control information for
application process control. Additional prior art in-
volved using external sensors (e.g. a stationary camera,
a tool-mounted flow sensor) to measure and/or cali-
brate application process flow rate, but failed to con-
sider the use of robot motion data.

Still other prior art used sensor means to monitor the
TCP speed relative to a process applicator nozzle in
order to adjust process flow rate accordingly. How-
ever, this art still is only capable of providing “instanta-
neous” data, and cannot provide predictions of future
TCP motion.

U.S. Pat. No. 4,922,852 to Price discloses an appara-
tus for dispensing fluid materials. This invention uses a
tool speed motion sensor to determine the speed of the
tool across the workpiece. The determined speed is then
used in feedback to directly adjust the dispensing rate.

U.S. Pat. No. 4,947,336 to Froyd discloses a multiple
independent axis motion control system. This invention
uses feedforward velocity components to control the
velocity of multiple independent actuators. An overall
Cartesian speed estimate is not produced as each of the
velocity components is handled separately.

U.S. Pat. No. 5,049,796 to Seraji discloses a controller
for robotic manipulators. This invention uses a model-
based feedforward controller which contains any
known part of the manipulator dynamics that can be
used for on-line control as a portion of an electrical
robotic control system. The method and system of
Seraji are limited to control of robot manipulators and
fail to consider external process control. In addition, the
invention of Seraji does not provide any output signals
for such external process control.

In summary, the prior art methods and systems have
the following shortcomings:

1) They are computationally intensive.

2) They do not provide accurate speed estimates
incorporating variable specified times, in particular
the prediction of the TCP speed for arbitrary times
into the future.

b 3) They fail to provide the TCP speed informa-
tion—based upon planned robot motion data—to
external application control systems.

4) They often require additional external equipment
to generate the application process control signal
thus adding cost to the overall robot system.

In view of the prior art, there is a need to develop an
efficient and accurate means of providing actual future
TCP speed estimates that overcomes the above short-
comings.


http://www.fastio.com/

5,373,221

3

SUMMARY OF THE INVENTION

The present invention described and disclosed herein
comprises a method and system for estimating a speed
of a robot tool center point at a specified time.

It is an object of the present invention to provide a
method and system for estimating a speed of a robot
tool center point at a specified time wherein method
provides the speed estimate based on a variable applica-
tion delay time.

It is another object of the present invention to pro-
vide a method and system for estimating a speed of a
robot tool center point at a specified time wherein the
speed estimate can be provided as an output from a
typical robot control unit to an external application

~ control system.

ClibPDF -

In carrying out the above objects and other objects of
the present invention, a method is provided for estimat-
ing a speed of a robot tool center point at a specified
time. The method of the present invention includes the
step of receiving an input signal representing the speci-
fied time.

The method also includes the step of processing mo-
tion segment data. The motion segment data represents
at least one individual motion segment where a motion
segment is the trajectory between two taught positions.
The motion segment data is processed based on the
specified time to create a blended Cartesian velocity
vector.

The method finally includes the step of transmitting
an output signal based on the magnitude of the blended
Cartesian velocity vector. The output signal represents
the speed of the robot tool center point at the specified
time.

In further carrying out the above objects and other
objects of the present invention, a system is also pro-
vided for carrying out the steps of the above described
method.

The objects, features and advantages of the present
invention are readily apparent from the following de-
tailed description of the best mode for carrying out the
invention when taken in connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view showing a typical sealing
station including an industrial sealing robot;

FIG. 2 is a schematic block diagram of a computer-
based servo system in accordance with the present in-
vention;

FIG. 3 is a diagram showing a typical sealant dispens-
ing robot and application control system;

FIG. 4 is a diagram showing the movement of a
robot along a programmed path;

FIG. 4b is a graph of programmed TCP speed and
actual TCP speed versus time;

FIG. 5is ablock diagram of a double linear filter with
inputs and outputs illustrated graphically;

FIG. 64 is a graph of a typical X-axis velocity profile
that can be generated using the output of the double
linear filter;

FIG. 6b is a graph of a typical Y-axis velocity profile
that can be generated using the output of the double
linear filter;

FIG. 6c is a graph of a typical Z-axis velocity profile
that can be generated using the output of the double
linear filter;
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FIG. 7ais a graph of a typical X-axis velocity profile
for a first motion segment;

FIG. 7bis a graph of a typical X-axis velocity profile
for a second motion segment;

FIG. 7cis a graph of a blended X-axis velocity profile
that can be generated by vectorially summing the veloc-
ity profiles of FIGS. 7a and 7b.

FIG. 8a is a graph of the programmed velocity pro-
file for a using robot the present invention;

FIG. 8b is a graph of the actual velocity profile for a
robot using the present invention; '

FIG. 8cis a graph of the estimated velocity profile for
a robot using the present invention;

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to the drawing figures, there is illus-
trated in FIG. 1 an industrial sealing robot 10 having an
arm 11 equipped with a sealant dispenser 12 at a sealing
station, generally referred to at 14. A sealant dispenser
12 is attached to the industrial sealing robot 10 at the
robot face plate 13. Sealant is dispensed out of the seal-
ant dispenser nozzle 15 at the tool center point 19 which
describes the position of sealant application.

A car body 16 is located on a track 17 and the sealant
dispenser 12 dispenses sealant on the car body 16 in a
controlled fashion. Estimating the speed of the robot
tool center point 19 allows the correct amount of seal-
ant to be dispensed on the car body 16, thereby increas-
ing the quality and efficiency of the sealing process.

Referring to FIG. 2, the reference numeral 18 sche-
matically designates a positionable member or load of a
robot control system generally referred to as 70 accord-
ing to this invention. The positionable member 18 could
take the form of the robot arm 11 and the sealant dis-
penser 12, as in the illustrated embodiment, or any other
position-controlled member. A conventional AC servo
motor 20 is rigidly coupled to the positionable member
18 via a shaft 22 and is adapted to be energized by a
servo controller 24 for effecting movement of the load
18. The motor 20 is also coupled to one or more sensors
26, including a position feedback sensor such as a re-
solver or optical encoder, which provides an electrical
signal indicative of the motor position on a line 28,
motor velocity on a line 30 and motor acceleration on a
line 32. Alternatively, one or more of the sensors 26 can
be replaced as long as the appropriate position, velocity
and acceleration signals are generated.

The reference numeral 34 generally designates a com-
puter-based control unit according to this invention for
controliing the output 27 of the servo controller 24 so as
to move the load 18. The control unit 34 represents an
aggregate of conventional elements, including a central
processing unit, a crystal controlled clock, read-only
and random access memory, digital and analog input-
/output ports and D/A and A/D converter channels.
The control unit 34 also supports a user interface 36,
which may include a teach pendant and/or a video
display terminal, to facilitate operator input of com-
manded positions and system parameters.

The control unit 34 can also be viewed as including a
path or trajectory planner 38 and an interpolator 40.
The planner 38 receives a correct position of the load 18
on the line 28 and a command or destination position
signal on a line 42 from the user interface 36. In turn, the
planner 38 outputs trajectory parameters on a line 44 to
the interpolator 40. The interpolator 40 takes the trajec-
tory parameters, performs path interpolation and out-
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puts a smoothed velocity command on a line 46 to the
servo controller 24.

In general, the planner 38 plans for the velocity in-
puts to the cascaded filters based on distance, program
velocity and corner adjustments specified by the user.
Means of adjusting corner rounding distance both glob-
ally (affecting the entire robot program) or locally (af-
fecting a particular motion line in a robot program) are
provided. The interpolator 40 takes trajectory parame-
ters 44 from the planner 38, runs these through a set of
cascaded filters to obtain smooth Cartesian velocity
output profiles which are converted into smooth joint
velocity commands 46 which are output to the servo
controller 24.

In addition, the interpolator 40 can be used to provide
an output signal 60 which represents an estimate of the
Cartesian speed of the tool center point in accordance
with the method and system of the present invention.
The speed estimate can be the basis for generating a
process parameter which the controller uses to control
the operation of the sealant dispenser 12.

FIG. 3 illustrates a typical sealant dispensing robot
system consisting of a robot control unit 34, an applica-
tion process controller 61, which in the case of the
example embodiment is a dispensing equipment control-
ler, arobot arm 11, and a sealant dispenser 12. The robot
control unit 34 sends an output signal 60 to the applica-
tion process controller 61, many examples of which are
available to those skilled in the art. This in turn gener-
ates a flow control signal 62 which controls the flow of
material from the sealant dispenser 12.

FIG. 4a generally illustrates the movement of a robot
arm 11 along a typical programmed path having two
motion segments 21 and 23. The robot arm 11 is
equipped with a sealant dispenser 12 which is attached
to the robot face plate 13. Sealant is dispensed through
the dispenser nozzle 15 at the tool center point 19 as the
robot arm 11 is moved along the actual path trajectory
25.

The motion segment data includes segment endpoint
positions, commanded speed values, and acceleration
and deceleration information. Data of this type is gener-
ated for each of any number of consecutive robot mo-
tions and may in fact describe overlapping or blended
robot motion segments which represent a programmed
robot TCP path or a portion thereof.

In FIG. 44, the robot arm 11 has been programmed to
move along one program path which contains two mo-
tion segments 21 and 23. The first motion segment 21 is
defined by points P1 and P2, and the second motion
segment 23 is defined by points P2 and P3. The actual
path trajectory 25 illustrates that the actual motion of
the robot arm 11 at the corner of this path, defined as
P2, is programmed to be continuous. The robot arm 11,
therefore, will not come to a stop directly at P2 prior to
moving to P3, but will instead begin moving toward P3
before reaching P2, thus following the arc of the actual
path trajectory 25.

FIG. 4b illustrates the variation between the speed of
robot TCP 19 as programmed and the actual speed of
robot TCP 19 as it follows the actual path trajectory 25
of the path depicted in FIG. 4a. The programmed speed
is represented by the solid line and the actual speed is
represented by the dashed line.

As shown in FIG. 45, the graph of the programmed
speed indicates that robot arm 11 attains the pro-
grammed speed instantaneously upon beginning to
move along the programmed path. This graph further

wavw.lastio.com

10

20

25

30

40

45

50

60

65

6

indicates that the programmed speed is maintained con-
stant until the robot arm 11 reaches the end of the pro-
grammed path when the robot arm 11 instantaneously
decelerates to a stop.

Unlike the programmed speed graph, the actual speed
graph reflects the physical constraints of the robot arm
11. The actual speed graph indicates that upon begin-
ning to move along the actual path, the robot arm 11
gradually accelerates to the programmed speed. As the
robot arm 11 performs the continuous corner between
the two motion segments, the actual speed graph indi-
cates a slight deceleration. After rounding the corner,
the actual speed graph shows that robot arm 11 acceler-
ates to resume the programmed speed until reaching the
end of the programmed path when the robot arm 11
gradually decelerates to a stop.

The present invention accommodates the process
actuation delay times by accurately estimating the TCP
speed at any user-specified time, including specified
times into the future on the order of typical process
actuation delay times where the specified time is the
input signal to the robot control system. The ability of
the present invention to provide an estimate is only
limited by the total duration of all currently queued
robot motions provided to the robot controller. The
present invention can accurately estimate the TCP
speed at any user-specified time in the past as well.

This invention achieves its accuracy and reliability by
basing the estimate on the corresponding actual robot
motion segment data, including the programmed Carte-
sian velocity and the segment blending (or overlap)
information. The motion segment data is processed
using prior art means to determine corresponding ve-
locity profiles which are then summed to generate the
blended Cartesian velocity vector.

All such segment data is time-stamped to facilitate
blending during times of segment acceleration or decel-
eration, and to provide an index by which the specified
times may be used to accomplish the desired estimation.
The magnitude of the resulting blended Cartesian ve-
locity vector is then used as the TCP speed estimate.

To accurately describe the acceleration and decelera-
tion of a robot performing a programmed motion seg-
ment, the present invention uses a double linear filter
illustrated in FIG. 5. Filter 1 uses data describing the
programmed velocity profile as input and creates out-
put data describing a velocity profile having three re-
gions: an acceleration region, a constant velocity region
and a deceleration region.

The output data created by filter 1 is used as input for
filter 2. Filter 2 creates data describing a commanded
velocity profile. The commanded velocity profile has
seven regions: three regions within each of the accelera-
tion and deceleration areas, plus a constant velocity
region.

FIGS. 6a-6¢ show a set of typical commanded veloc-
ity profiles which result from the double linear filtering
technique illustrated in FIG. 5. V,, V;, and V;in FIGS.
6a, 60 and 6c, respectively, are the commanded Carte-
sian velocity components of a typical motion segment,
and are shown here to illustrate the acceleration, con-
stant velocity, and deceleration regions of a typical
commanded velocity profile. The time values of TO
through T7 within each graph identify the boundaries
of these regions.

The commanded velocity profiles of FIGS. 6a-6c,
however, are not typically available within a robot
motion control system until the time of actual robot


http://www.fastio.com/

5,373,221

7

motion, which is too late to be used for the purpose of
estimating a future TCP speed value. Therefore, the
present invention uses the programmed velocity data,
which is part of the motion segment data and is avail-
able once the motion segment planning begins, and the
acceleration/deceleration region timing information,
which is also part of the motion segment data, to gener-
ate the commanded velocity profile information.

As shown by FIGS. 64-6¢, the time values TO
through T7 of each velocity profile are initially deter-
mined as relative offsets to T0. These time values are
converted to absolute system time values once each
corresponding motion segment has been provided to
the robot motion control system.

At that time, a segment start time Ty is assigned to
each segment i, and times T1 through T7 are converted
to absolute system times T1' through T7’ respectively.
This provides the reference means for the estimation
time indexing, since it is then known that the actual
robot motion associated with segment i will begin at
system time Ty

The estimation time TesAt) used to compute the TCP
speed estimate at system time t is derived as:

Tesk)=1+Tst

where t is the current absolute system time, and T, is
the user specified time which is typically the application
process delay time. Thus, for any system time t, the
values of the estimation time T and segment start
times Tg; can be used to determine a time index along
each motion segment velocity profile.

A scale factor s{t) is then computed for each motion
segment i at time t as a percentage of the segment’s
corresponding programmed velocity V; as:

sit)="1(1,0)

where f(t,i) is a function of the current system time t and
the acceleration region data T0-T7 for segment i such
that the scaled velocity Vi(t) for segment i at system
time t can be computed as:

Vi(t)=s{)*Vpi

where the scaled velocity Vi(t) represents the estimated
value of the commanded velocity vector value V(t) for
segment i at system time t.

Values of si(t) will thus increase from 0.0 during each
segment’s acceleration region, the region bounded by
time indices TO and T3. Within the constant velocity
region, the region bounded by time indices T3 and T4,
the value of s{t) equals 1.0 noting that there may exist
some motions during which constant velocity is not
reached. Values of s{t) will decrease once again to 0.0
during each segment’s deceleration region, the region
bounded by time indices T4 and T7.

FIGS. 7a-7c¢ illustrate the blending of the X-axis
components of the commanded velocity profiles for
two motion segments. FIGS. 7qa is a graph of a typical
X-axis velocity profile for the first motion segment.
FIG. 7bis a graph of a typical X-axis velocity profile for
the second motion segment.

FIG. 7c shows that the scaled velocity vectors V{(t)
of FIGS. 7a and 7b as representative example motion
segments i=1 and 2 over a range of system times
t=Ts1 to t=T7, are vectorially summed, in other
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words blended, to generate a blended Cartesian veloc-
ity vector V(t) as:

) = Z V{)
]

This example can of course be extrapolated to include
velocity vectors V{t) for all motion segments i which
have non-zero velocity values for each system time t.

The TCP speed estimate Spd(t) for system time t is
then computed as the magnitude of the blended Carte-
sian velocity vector V(t):

Spd(t)=|V(Tesdt)!

evaluated for time Tex(t) which in the case of a speed
prediction will be slightly ahead of the system time t, as
computed earlier, thus achieving the desired prediction.
FIGS. 8a-8¢ show the relationship between the cor-
responding programmed, actual, and estimated TCP
speed profiles. The value of Ty used in FIG. 8C is posi-
tive. A positive value of Ty indicates the estimated TCP
speed represents a prediction of future TCP speed. A
zero value of specified time T indicates the estimated
TCP speed represents the current actual TCP speed,
and a negative value of T indicates the estimated TCP
speed represents a historical value of the TCP speed.
The present invention, therefore, uses the concept of
determining the amount of Cartesian axis acceleration
in effect at any given time as a percentage of command
velocity for each motion segment for the desired time.
The vector sum of these scaled Cartesian velocities is
the estimated robot Cartesian velocity. The magnitude
of this vector is the TCP speed estimate, depicted as line
60 of FIG. 2.
The preferred embodiment of the present invention
generates a process parameter or output signal which is
based upon and is proportional to the estimated TCP
speed estimate value through on-line processing of real-
time motion data. The method uses a positive value of
Ts: which is equal to the equipment delay time of appli-
cation processing equipment being used. The resulting
TCP speed parameter is then used as a control input for
the application process control system. In the case of a
dispensing application, the dispensing flow rate can
then be adjusted to compensate for estimated future
changes of the TCP speed.
Other embodiments of this invention include on-line
processing of historical motion data to generate the
TCP estimates, off-line processing of motion data which
results from pre-processing robot program information.
What is claimed is:
1. In a system including a robot controller and a robot
tool center point speed estimator, a method for estimat-
ing a speed of a robot tool center point at a specified
time, the method including the steps of:
receiving at the robot tool center point speed estima-
tor an input signal representing the specified time;

processing at the robot tool center point speed esti-
mator individual motion segment data representing
at Jeast one motion segment based on the specified
time to compute a blended Cartesian velocity vec-
tor, the blended Cartesian velocity vector approxi-
mating actual robot tool center point Cartesian
velocity at the specified time;

transmitting from the robot tool center point speed

estimator an output signal based on a magnitude of


http://www.fastio.com/

ClibPDF -

5,373,221

9

the blended Cartesian velocity vector, wherein the
output signal represents the speed of the robot tool
center point at the specified time; and

calculating a control parameter based on the output

signal, wherein the control parameter generally
relates to rate control of a process located at the
robot tool center point.

2. The method of claim 1 wherein the step of process-
ing includes the step of computing segment Cartesian
velocity profile data associated with the specified time
based on the individual motion segment data, the indi-
vidual motion segment data including programmed
velocity data and acceleration/deceleration region tim-
ing information.

3. The method of claim 2 wherein the step of comput-
ing segment Cartesian velocity profile data includes the
step of retrieving the individual motion segment data
from a memory.

4. The method of claim 2 wherein the step of process-
ing further includes determining a command velocity
associated with each motion segment.

S. The method of claim 4 wherein the command ve-
locity is a function of a programmed velocity.

6. The method of claim 4 wherein the step of process-
ing further includes calculating at least one scalar value
corresponding to the specified time based on the seg-
ment Cartesian velocity profile data.

7. The method of claim 6 wherein the at least one
scalar value is computed as a percentage of the associ-
ated command velocity.

8. The method of claim 6 wherein the step of process-
ing further includes calculating at least one scaled-
velocity vector based on the command velocity and the
at least one scalar value.

9. The method of claim 8 wherein the step of process-
ing further includes summing the scaled velocity vec-
tors to calculate a blended Cartesian velocity vector.

10. The method of claim 9 further including the step
of calculating a control parameter based on the output
signal, wherein the control parameter generally relates
to rate control of a process located at the robot tool
center point.

11. A system for estimating a speed of a robot tool
center point at a specified time, the system including:

means for receiving at a robot tool center point speed

estimator an input signal representing the specified
time;

means for processing at the robot tool center point

speed estimator individual motion segment data
representing at least one motion segment based on
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the specified time to compute a blended Cartesian
velocity vector;

means for transmitting from the robot tool center

point speed estimator an output signal based on a
scala magnitude of the blended Cartesian velocity
vector, wherein the output signal represents the
speed of the robot tool center point at the specified
time; and

calculating a control parameter based on the output

signal, wherein the control parameter generally
relates to rate control of a process located at the
robot tool center point.

12. The system of claim 11 wherein the means for
processing includes means for computing segment Car-
tesian velocity profile data associated with the specified
time based on the individual motion segment data, the
individual motion segment data including programmed
velocity data and acceleration/deceleration region tim-
ing information.

13. The system of claim 12 wherein the means for
computing segment Cartesian velocity profile data in-
cludes means for retrieving the individual motion seg-
ment data from a memory.

14. The system of claim 12 wherein the means for
processing further includes means for determining a
command velocity associated with each motion seg-
ment.

15. The system of claim 14 wherein the command
velocity is a function of a programmed velocity.

16. The system of claim 14 wherein the means for
processing further includes means for calculating at
least one scalar value corresponding to the specified
time based on the segment Cartesian velocity profile
data.

17. The system of claim 16 wherein the at least one
scalar value is computed as a percentage of the associ-
ated command velocity.

18. The system of claim 16 wherein the means for
processing further includes means for calculating at
least one scaled velocity vector based on the command
velocity and the at least one scalar value.

19. The system of claim 18 wherein the means for
processing further includes means for summing the
scaled velocity vectors to calculate a blended Cartesian
velocity vector.

20. The system of claim 19 further including means
for calculating a control parameter based on the output
signal, wherein the control parameter generally relates
to rate control of a process located at the robot tool

center point.
* * * * *
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