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Abstract—This paper presents a general solution to the con-
touring problem of industrial robot arms, under the constraints
of assigned Cartesian velocity and joint torque/acceleration. The
proposed solution is an off-line trajectory generation algorithm
and, therefore, it possesses significant industrial implications, as no
hardware changes are needed for its implementation. According
to the proposed method, maximum utility of joint torque/accelera-
tion is guaranteed bound to the assigned velocity constraint. In the
proposed method, a realizable trajectory is generated from the ob-
jective trajectory and it is compensated for delay dynamics using
a forward compensator. The proposed method has been experi-
mented with Performer MK-3s (PMK-3s) industrial robot arm in
that optimum contouring has been realized.

Index Terms—Assigned velocity constraint, delay dynamics
compensation, industrial robot arm, off-line trajectory generation,
torque/acceleration constraint.

I. INTRODUCTION

T HE MAIN objective of this paper is to realize the optimum
performance of industrial robot arms in contouring op-

erations. Contouring problem under the assigned velocity and
torque/acceleration constraints is the subject of this research.
The proposed solution is an off-line trajectory generation algo-
rithm so that it could be incorporated with the servo controllers
of industrial robot arms without major changes in existing hard-
ware architecture.

The origins of robot manipulators date back to the 1940s,
when Walters invented “machina,” the first robotic manipulator.
Then, Devol invented the first industrial robot, “Unimate” in
the late 1950s. Since then, industrial robot arms have prolifer-
ated and in today’s automated industries, robot arms are well
employed in various tasks on the factory floor. There are two
application categories where industrial robot arms are usually
employed: 1) positioning and 2) contouring. In positioning, the
end-effector of the robot arm is moved from a start-point to an
end-point, whereas in general, there is no major concern with
the course of motion it takes in between the two stated points. A
typical positioning application ispick-and-place.In contouring,
the end-effector is supposed to move along a given Cartesian
trajectory, obeying a given course of motion. Some typical con-
touring applications are welding, cutting, and painting.
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In both categories, high-speed and precise operation is desir-
able. In positioning, precision refers to how close the end-ef-
fector follows the straight-line drawn from the start-point to the
end-point; whereas in contouring, precision refers to how close
the end-effector follows the realizable trajectory.

In general, robot arm operations are carried out in two phases.
The first phase involves off-line trajectory generation, in that,
taught data (time-based sequences of joint position) are gener-
ated. In the second phase, joint servo motors are simultaneously
actuated by the servo controller according to the taught data se-
quences.

Specifications, constraints, and performance evaluation of
industrial robot arms are defined more in Cartesian space
than in joint space. Nevertheless, the motion of the robot
arm originates at joint servomotors. Furthermore, dynamics
are modeled together with torque/acceleration constraints in
joint space. Therefore, robot arm operations possess equal
considerations in both Cartesian and joint spaces. Coordinate
transformation between these two spaces is possible with
forward and inverse Jacobian transformations. Using this
technique, Witney [1] proposed resolved motion in that joint
motions are combined and resolved into separately controllable
end-effector motion in Cartesian space. Paul [2] and Taylor
[3] explained general trajectory generation methodologies in
both Cartesian and joint spaces where knot-point selection,
interpolation between knot-points, and issues such as error of
interpolation and computational burden in real-time coordinate
transformation have been discussed. Luhet al. [4] explained
trajectory generation with kinematic constraints though it
had not been implemented experimentally. In order to avoid
computational burden in real-time coordinate transformations,
Luh et al. [5] proposed approximate joint trajectories in that
cubic and quadratic polynomial functions have been used with
least square fit so that the approximation error is reduced. In
this effort, trajectory approximations are unconstrained, and
a sufficient number of knot-points are required in order to
maintain the entire operation within the constraints. Trajectory
generation algorithms proposed by Shinet al. [6], [7], look ob-
jectively similar to ours but significantly complex, and require
a comprehensive set of link/joint parameters though some of
them are not specified for general industrial robot arms.

There are plenty of trajectory generation algorithms devised
by many researchers against the contouring problem. Never-
theless, the appropriate industrial constraints have not been
sufficiently addressed yet. In [8], we addressed the contouring
problem under torque constraint where constraint of assigned
velocity had not been considered. In [9], we addressed posi-
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tioning control with the constraints of assigned velocity and
joint torque/acceleration.

In this paper, we have combined the two stated researches and
realized a general solution to the contouring problem of indus-
trial robot arms under the respective constraints. Experimenting
with Performer MK-3s (PMK-3s) industrial robot arm, the ef-
fectiveness of the proposed method has been demonstrated.

II. OVERVIEW OF INDUSTRIAL ROBOT ARMS

A. System Architecture of Industrial Robot Arms

A system schematic of a general industrial articulated robot
arm is shown in Fig. 1(a), together with its world coordinate
system in Fig. 1(b). In Fig. 1(a), the base, and first three links are
shown. The hand of the robot arm possesses few concentrated
joints for end-effector orientation control. For positioning and
contouring in three-dimensional (3-D) space, only the first three
joints are necessary. Fig. 1(b) shows a two-dimensional (2-D)
world coordinate system together with a wire-frame of robot
arm link configuration. Industrial robot arms are devised with
independent joint controllers based on the decoupled joint dy-
namics, and driven by PID servo systems. Servo systems possess
joint servomotors, which are actuated with current or voltage
controllers that implement torque control of joint servomotors,
according to the resident PID control algorithm. Required input
to the servo controller is termed as taught data; is
the joint index. Typically, taught data is the time-based profiles
of joint position or velocity. Reference input generator gener-
ates taught data and is issued to the servo controller as a varying
reference input in real-time servoing.

B. Robot Arm Kinematics

Robot arm kinematics is twofold: forward kinematics and in-
verse kinematics (or arm solution). Forward kinematic equa-
tions determine Cartesian position and orientation of the
end-effector, given the arm configuration in joint coor-
dinates. Kinematics reduces to a unique solution as given by

(1)

(2)

for the robot arm shown in Fig. 1(a). Lengths of the first two
links are denoted by and , whereas is the horizontal
displacement of the first joint from the origin of the selected
world coordinate frame, as shown in Fig. 1(b).

Inverse kinematics solves for the arm configuration in joint
coordinates, given the position and orientation of the end-ef-
fector in Cartesian coordinates. Unlike kinematics, inverse kine-
matics are ill-conditioned and cannot be formulated as a closed
explicit solution, except for simple manipulators. Inverse trans-
formation method [10] is a general solution for inverse kine-
matics and due to the same reason it is extremely time con-
suming, hence, troublesome in real-time applications. It further
requires decision equations to eliminate redundancy. Based on

– representation [10], Paulet al. [11] proposed an explicit
closed form arm solution for simple robot arms. The simplest
among different arm solution schemes is the geometric approach

Fig. 1. PMK-3s industrial robot arm. (a) System schematic. (b) World
coordinate system in two-dimensions.

proposed by Leeet al. [12] which could be applied to most in-
dustrial robot arms in the form of an explicit solution. For the
robot arm illustrated in Fig. 1, inverse kinematics is given by

(3)

(4)

where

C. Joint Dynamics of Industrial Robot Arms

Industrial robot arms are employed in predetermined opera-
tions and, therefore, the nonlinear torque disturbances such as
centripetal and Coriolis torques as well as gravity loading can
be precomputed or estimated. These nonlinearities are usually
weakened by way of appropriate mechanical design and/or by
specifying operational limits, usually for velocity and accelera-
tion. In industrial robot arms, inertia change due to the change in
arm configuration is not considered significant. Instead, a linear
relationship between joint torque and joint acceleration is as-
sumed. Based on this assumption, modeling of joint dynamics
and kinematic control can be conveniently realized. It further re-
duces joint torque constraint to its corresponding constraint in
joint acceleration.

Almost all industrial robot arms are kinematically controlled.
Caccavaleet al. [13] proposed such a kinematic control scheme
in joint space for a preplanned trajectory in Cartesian coordi-
nates. Kinematic control of industrial robot arms is based on the
decoupled, linear servo model, which is widely used in today’s
robotic applications. A comprehensive analysis of this model
can be found in [14]. The two-link version of this dynamic
model is shown in Fig. 2, together with assigned velocity
and joint torque/acceleration constraints. Joint dynamics is
governed by the two servo parameters and . These
parameters are well known in industry as gains of position loop
and velocity loop, respectively. The determination procedures
of these parameters can be found in [14]. According to this
model, linear joint dynamics is given by

(5)
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Fig. 2. Joint dynamic model for a two-link industrial robot arm.

in that and are Laplace transforms of and
, respectively. From (5), linear joint dynamics in time do-

main can be written as

(6)

in that and are acceleration and velocity of joint vari-
able . However, subjected to torque/acceleration saturation
shown in Fig. 2, (6) could be rearranged, as given by

sat (7)

where

if

if

if

in that is the torque/acceleration limit.

D. Constraints and Criterion of Trajectory Generation

The optimum performance of industrial robot arms should be
realized within the limits of set constraints. In most practical
cases, these constraints are: 1) maximum joint torque/acceler-
ation and 2) assigned velocity . The constraint of joint
torque/acceleration states that

(8)

Actually, refers to the power amplifier current rating. It is
also the saturation limit of the servo drive.

Contouring operations are specified with the assigned ve-
locity , the most effective end-effector velocity for the partic-
ular application. Assigned velocity is usually determined con-
sidering many technical factors and therefore treated as a set
specification. Assigned velocity constraint states that

(9)

in that stands for the end-effector velocity.
The objective of trajectory generation is to realize accurate

contouring performance bound to the constraints (8) and (9). If
acceleration saturates in real-time servoing, end-effector devi-
ates from the trajectory it is supposed to trace, and results in
poor contouring. To assure accurate contouring, it is therefore
necessary that joints be actuated bound to (8). Further, optimum

operation could be realized if joints could be actuated at the edge
of acceleration limit, more longer.

III. T RAJECTORYGENERATION FOROPTIMUM CONTOURING

PERFORMANCE OFINDUSTRIAL ROBOT ARMS

A. Generation of Realizable Trajectory

1) Realizable Trajectory for a Corner:The objective trajec-
tory is only a set of Cartesian points; start-point, all corners,
and end-point in most cases. It is, therefore, necessary to plan
the end-effector motion profile considering the objective trajec-
tory, all specifications and set constraints. A trajectory gener-
ated such a way could be used to realize the desired motion of
the end-effector; thus, it is termeda realizable trajectory.

Objective trajectory could be decomposed into straight-line
segments and corners, in Cartesian space. It is proposed that
corners and straight-lines be generated separately and merged
together to obtain the realizable trajectory. Generation of tra-
jectory corners requires special consideration as contouring at
corners always gives rise to poor performance. A sharp corner
can never be realized as it is in [8] and is therefore rounded up,
as shown in Fig. 3. In Fig. 3, is a sharp corner. According
to the realizable trajectory, end-effector takes the path along the
circular arc from to . The error at the corner is therefore.
Referring to , . The relationship
between radius of arcand error is then given by

(10)

In order to express in terms of , (10) could be rearranged as
given by

(11)

The radius of arc and tangential velocitycould be determined
from specifications. The relationship between Centripetal accel-
eration , radius of arc , and tangential velocity is described
by the theory of circular motion and is given by

(12)

There are two categories of industrial applications. One of
them specifies a lower limit, for the tangential velocity,
while the other specifies a maximum limit for the corner
error. In addition, the maximum Cartesian acceleration of the
end-effector, is usually specified by the manufacturer
[14].

Case I— : In this category, having in
(12), could be decreased while . Thus, there exists
a lower bound for as given by

(13)

Then, using (13) on (11), corresponding lower bound forcould
be determined as given by

(14)
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Fig. 3. Realizable trajectory at a sharp corner.

Case II— : In this category, according to (11), there
exists an upper bound foras given by

(15)

Corresponding upper bound forcould be determined by sub-
stituting (15) on (12) with , as given by

(16)

Referring to Fig. 3, end-effector makes
; as it moves along the circular

curvature from to . Since and are known, the corner
could be generated, as given by

(17)

Using inverse kinematics given in (3) and (4), corner trajectory
from to could be transformed into corre-

sponding joint trajectories .
2) Realizable Trajectory for a Straight-Line:A set of knot-

points is located along the straight-line segment. Interknot dis-
tance is constant in most practical cases and, it is generally
determined using assigned velocity and command time in-
terval . Command time interval is a manufacturer specifica-
tion, whereas, assigned velocity depends on the particular ap-
plication.

The set of Cartesian knot-points is transformed into joint
space using inverse kinematics given in (3) and (4). Trajectory
generation for straight-line segments is carried out in joint
space, taking one knot-lap (two consecutive knot-points) at a
time, and repeating it along the entire straight-line segment.

It is proposed that at least one joint be driven with the max-
imum acceleration within a knot-lap. This criterion is known as
maximum joint acceleration criterion (MAC). It harnesses the
system servo capacity and realizes the maximum utility of joint
acceleration so that the assigned end-effector velocity could be
achieved very quickly. As MAC criterion is employed, end-
effector velocity increases gradually, and assigned velocity is
reached at some point on the line. Assigned velocity is the most
favorable operating velocity which is specified after considering
many aspects. Therefore, once it is reached, it is desirable to

Fig. 4. Realizable straight-line segment. (a) In Cartesian space. (b) In joint
space.

Fig. 5. Velocity profiles of a realizable straight-line segment. (a) Velocity
profiles of forward and reverse paths and location of switching points att = t

andt = t . (b) End-effector velocity profile.

maintain it longer. To maintain the assigned Cartesian velocity,
assigned velocity criterion (AVC)is employed.

However, end-effector has to be decelerated from assigned
velocity to tangential velocity as it reaches a corner, or it should
be decelerated to final standstill at the end-point. This decelera-
tion is known asmaximum deceleration criterion (MDC)and it
is implemented by applying MAC criterion in the reverse direc-
tion. Using MDC criterion, it is possible to locate the point on
the straight-line where AVC criterion has to be altered to MDC
criterion. Thereby, it is possible to maximize the length of as-
signed velocity travel.

Fig. 4(a) illustrates a realizable straight-line segment .
The path is known asforward pathand it is generated with
MAC criterion. is known asreverse pathand it is gener-
ated with MDC criterion. Points and are the switching
points where trajectory generation criterion is altered. At,
MAC criterion changes to AVC criterion. And at , AVC cri-
terion changes to MDC criterion. Fig. 4(b) illustrates the same
information in joint space.

Fig. 5(a) shows how end-effector velocity is maintained
along the forward and reverse paths, assuming standstill at
both ends. End-effector velocity increases in both forward and
reverse paths as MAC criterion is applied. Assigned velocity
is reached at on the forward path and at on
the reverse path. Trajectory between switching points is
termedmiddle pathand it is generated in Cartesian space with
AVC criterion. Fig. 5(b) shows end-effector velocity profile
after the entire straight-line segment is generated.

Fig. 6 illustrates trajectory generation algorithm for straight-
line segments diagrammatically. The forward path and reverse
path are generated with MAC criterion applied in forward and
reverse directions, respectively. Then,and are located on
the line where constraint (9) is violated. The trajectory between

and is generated with AVC criterion. Finally, the three
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Fig. 6. Generation of realizable straight-line segments.

paths (start), (middle), and (end) are joined so
that the entire straight-line is generated.

Similar approaches have been proposed by Shinet al. [6],
[7]. However, these reported works have been carried out only
for positioning control tasks and at the same time without con-
cerning assigned velocity constraint. Therefore, trajectory gen-
eration had been confined to joint space. In our previous work,
Munasingheet al. [9] promoted [15] by considering assigned
Cartesian velocity constraint. Somehow, it addressed only po-
sitioning control and in this research, [9] is further extended to
contouring operations.

Criterion of Maximum Joint Acceleration (MAC):The MAC
criterion is explained as follows. Assuming uniform maximum
acceleration motion the minimum interval each joint
would take to move fromth knot point to th knot point
( th lap) is determined by

if

if
(18)

where

if

if

in that is joint velocity at th knot point. Angular dis-
placement in th knot-lap is and

is the uniform joint acceleration inth lap. It is required
that the end-effector be moved as quickly as possible. Yet, none
of the joints should lead to acceleration saturation. Therefore,
optimum interknot interval for th lap is set to the max-
imum of as given by

(19)

Then, optimum joint accelerations for th lap are deter-
mined by

(20)

Then th lap is generated, as given by

(21)
where . This procedure is repeated with
successive laps so that forward path is generated fromto

(Fig. 4). Using the same procedure in the reverse direction,
reverse path is generated from to (Fig. 4). While MAC
and MDC criterions are employed, Cartesian position is also
calculated using (1) and (2). The end-effector velocity is also
calculated differentiating (1) and (2) as given by

(22)

(23)

where Jacobian is given by

Then, as shown in Fig. 5(a), switching point is
located at where . Similarly,
is located at where .

Criterion of Assigned Cartesian Velocity (AVC):The
AVC criterion can be explained as follows. The
length of the middle path is calculated by

and mean velocity is
. Then, according to uniform acceleration

motion, end-effector takes time
to travel the middle path. The uniform Cartesian acceleration
in the middle path is then and it
is fixed as , , and are known. This acceleration
is used to move the end-effector within the middle path
so that the velocity continuity could be achieved at both
forward–middle ( ) and middle–reverse ( ) switching
points. Then, according to the uniform acceleration motion
with , middle path could be generated as given by

(24)

(25)

in that specifies Cartesian velocity components
at . Angle
whereas is the total travelling time. The “middle” path is then
transformed into joint space using (3) and (4).

Finally, all corners and straight-line segments are connected
together and that generates the entire realizable trajectory in full.

B. Compensation of the Realizable Trajectory for Delay
Dynamics

Delay of joint dynamics causes poor contouring. Therefore,
it is proposed that the realizable trajectory be compensated for
delay dynamics using a compensator, as illustrated in Fig. 7.
Delay compensated trajectory is the taught data which is
used as the input to the servo controller in real-time servoing.
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Fig. 7. Delay dynamics compensation with a forward compensator.

With reduced delay in dynamics, the realizable trajectory could
practically be realized. With the major concern to the conve-
nience in industrial implementation, an algorithm for delay dy-
namics compensation has been devised by Gotoet al.[16] based
on the pole placement regulator theory. It has also been syn-
thesized to a forward compensator , as shown in Fig. 7.
Second order compensator dynamics is given by

(26)

in that numerator coefficients are

where regulator poles, and is the observer pole. The
details of determination procedure of regulator poles ,
and observer pole of the compensator can be found in [16].

IV. I MPLEMENTATION OF THE PROPOSEDMETHOD OF

TRAJECTORYGENERATION

A. Conditions for Simulation and Experiment

Objective trajectory was specified by Cartesian points (0.350
m, 0.100 m), (0.410 m, 0.150 m), (0.280 m, 0.300 m), and (0.350
m, 0.350 m). Assigned velocity was set to [m/s] and
joint acceleration limit was set to [rad/s ], ,
2. Corner error was specified by [m]. Cartesian
acceleration limit was set to [m/s].

The objective trajectory and realizable trajectory in both
Cartesian and joint spaces are shown in Fig. 8. Switching points
are labeled with , and segments of the realiz-
able trajectory could be classified according to the generating
criterion as (MAC),
(MDC), (AVC), and (corner). Time stamping
of the realizable trajectory is as follows: 0.000 [s], 0.712
[s] , 1.182 [s] , 1.758 [s] , 2.294 [s] , 2.848 [s] ,
3.344 [s] , 3.894 [s] , 4.490 [s] , and 5.770 [s] .
End-effector velocity and joint acceleration profiles of the
realizable trajectory are shown in Fig. 9.

A conventional method has been devised for comparison with
the proposed method so that the performance could be eval-

Fig. 8. Experimented trajectory. (a) In Cartesian space. (b) In joint space.

(a) (b) (c)

Fig. 9. Realizable trajectory. (a) End-effector velocity. (b) Joint 1 acceleration.
(c) Joint 2 acceleration.

uated. In the conventional method, trajectory is generated as-
suming [m/s] uniform end-effector velocity along
the objective trajectory. No special consideration or treatment
is given for trajectory corners and straight-line segments. In ad-
dition, no compensation for delay dynamics is incorporated.

PMK-3s industrial robot arm was selected to carry out the
experiment of the proposed method. Referring to Fig. 1, the
lengths of PMK-3s arm are [m], [m],
and [m]. Referring to Fig. 2, servo parameters of
PMK-3s are [1/s] and [1/s], .

B. Results and Evaluation

The results are shown in Fig. 10. The following interpreta-
tions can be drawn according to the results obtained for the con-
ventional method.

1) Joint 1 acceleration saturation indicated by in
Fig. 10(c) and that of joint 2 indicated by in
Fig. 10(d) cause end-effector velocity fluctuation indi-
cated by in Fig. 10(b). It further causes overshoot
and hence poor performance at the first corner as indi-
cated by in Fig. 10(a).

2) Joint 1 acceleration saturation indicated by in
Fig. 10(c) and that of joint 2 indicated by in
Fig. 10(d) cause end-effector velocity fluctuation indi-
cated by in Fig. 10(b). It further causes overshoot
and hence poor performance at the second corner as
indicated by in Fig. 10(a).

3) At the end of the operation, acceleration saturation occurs
at both joints as indicated by in Fig. 10(c) and
in Fig. 10(d). It causes a significant end-effector fluctu-
ation as indicated by in Fig. 10(a) which lasts for
about 3 [s] before the final standstill.

On the contrary, much better performance has been re-
alized by the proposed method as shown in simulation and
experimental results in Figs. 10(e) and 10(i), respectively.
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(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

Fig. 10. Contouring results of conventional proposed methods.

Fig. 11. Contouring error profiles of conventional and proposed methods.

End-effector velocity profiles in Figs. 10(f) and 10(j) show
that the assigned Cartesian velocity constraint is not violated.
According to the acceleration profiles in Fig. 10(g)–(l), both
joints are driven bound to acceleration limits within the entire
operation. More importantly, at any given instant, one of the
two joints is driven with the limiting acceleration, except at
corners and middle paths.

Fig. 11 illustrates contouring error profiles for conventional
and proposed methods and Table I summarizes the performance
quantitatively, in that stands for root mean square error
(RMSE) and is the time requirement for both methods to
complete the operation.

According to Fig. 11 and Table I, the proposed method has
reduced time requirement significantly to about 46% that of the
conventional method as calculated from the simulation results.
At the same time, RMSE has been reduced to about 6.3% in the
same respect.

C. Discussion

In industry, robot arms are modeled with the decoupled, linear
servo model and controlled by PID servo controllers. Therefore,
it is required that trajectory generation algorithms be devised on
this basis so that the consistency between the proposed method
and industrial setup is maintained and, therefore, the proposed
method would bring about strong industrial implications. Most
similar algorithms found in scientific literature have been de-
vised on the basis of Lagrange–Euler and/or Newton–Euler [10]
dynamics, or their extensions. Such models and their control al-
gorithms are relatively complex and require long computational
time and high costs for digital signal processing electronics. It
is also required that many link and joint parameters of the robot
arm be known though some of them are not possible to measure
or estimate reliably. Usually, such algorithms are not simple and
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TABLE I
COMPARISON OFRESULTS

conventional
(simulation)

proposed
(simulation)

proposed
(experiment)

[mm] 2.630 0.164 0.185

[s] 12.060 5.600 5.450

robust enough for the rough use and together with the high cost
and requirement of skilled labor cause them to be infeasible for
most industries to date.

Even if the objective trajectory is modified with considera-
tions to the constraints and desired performance, the delay of the
joint dynamics would cause poor performance. In the proposed
solution, this problem has been eliminated by incorporation of
a delay compensator.

The proposed method is perfectly consistent with the mod-
eling and control methods of most industrial robot arms. It re-
quires link lengths and two servo parameters for each joint,
which can be accurately determined by simple tests as explained
in [14]. With the proposed method, the speed of the control
loop can be raised toward its servo controller limit, as there is
no additional computational burden involved. There is no addi-
tional cost associated with the proposed method and it is simple
enough for the practitioner to comprehend, operate, and trouble
shoot. Though illustrated with a two-link robot arm, the pro-
posed trajectory generation method can be extended and applied
to a higher number of links as well.

In the middle path, Cartesian acceleration is very small
and, therefore, velocity profile is more or less uniform. Hence,
proposed method assumes without a further verification that
constraint (8) remains satisfied within the middle path. At the
middle path, joint accelerations could be computed by

(27)

in that elements of matrices are given by

The above relationship could be obtained by differentiating

(28)

V. CONCLUSION

The realizable trajectory is the optimum trajectory under
assigned velocity and torque/acceleration constraints. The pro-
posed trajectory generation method operates on both joint and
Cartesian spaces and generates the realizable trajectory by con-
necting piece-wise segments, which are generated separately.
Therefore, it is possible to cope with almost any constraint
and/or specification, irrespective of the space where it actually
exists. The proposed trajectory generation algorithm has been
synthesized in such a way that it can be an off-line block in the
entire robot arm control system. This is of utmost importance
since in this configuration it is possible to plug this algorithm
into the existing servo controllers straight away. For the same
reason, it is expected that the proposed trajectory generation
algorithm would bring about strong industrial implications.
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