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Trajectory Data Generating Method for Higher Speed and Higher Accurate
of Mechatronics Servo Systems

8 K F
(Dae Won CHUNG)

Abstract -~ Reference trajectory generation plays a key role in the computer control for accurate position control of machine. Generated
trajectories must not only describe the desired tool path accurately, but must also have smooth kinetic profiles in order to maintain higher
tracking accuracy, and to avoid exciting the natural modes of the mechanical servo control system. To achieve higher accurate position control, a
method of limiting accelerating and decelerating speed data of reference trajectories is proposed to draw the path with an assigned accuracy

without any complex operations.
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1. INTRODUCTION

For the machine action of mechanical servo systems
industrial robot arms and NC machines, the
objective referenced trajectory data have been directly used
as the input data. In the most cases for higher accurate
position tracking, the motion could be realized usually to

such as

maintain as the minimum level of speed. But a required
speed of servo system movement much depends on the
Generally
speaking, the higher the speed of machine operation is
required, the less accurate the control performance is
obtained. This means that it is very difficult to achieve
both the most accurate and the highest speed control of

design purpose of servo system motions.

servo systems. However, in case of existing modeling
errors, the control performance is deteriorated and a slight
overshoot of the trajectory is also observed. This kind of
overshoot should be avoided for the desirable performance
in the industrial robot arms.

In this paper we proposed a new method by limiting
the accelerating and decelerating speed data of objective
referenced  trajectory data improve the
properties(accuracy and speed) of position control of the
mechanical servo systems. The currently available methods

input to

are usually capable of making suitable speed data so as to
satisfy a given accuracy of position control. This method
conquers the overshoot problems even if there are some
modeling errors in a given system.
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2. BASIC PRINCIPLE AND METHOD

2.1.BASIC PRINCIPLE

The successive straight lines usually approximate the
objective trajectory path of mechanical servo system. The
position moves the trajectory following the input command
of position and speed. The basic idea is to limit only
acceleration and deceleration of the speed data from the
desired speed to improve accuracy of position control. To
obtain the accurate position, the actual speed around the
comers of the approximated reference path must be slow.
We should have to limit the accelerating and decelerating
the speed data of given trajectory as slowly as possible
while maintaining the position data at the desired
trajectory. For this requirement, we proposed to limit the
accelerating and decelerating speed at the near corner of
reference tracking paths.

2.2 PROPOSED METHOD

Let’'s think about a straight lined path length L which
is one of the approximated objective lines. The mechanical
servo system may be represented as the independent one
input and output system of each approximated objective
line. We describe the mechanical servo system by a
second order model with the simple approximated model in
Fig. 1{1,2].

From Fig. 1, we may obtain the input and out transfer
function of Laplace transformation in the equation (1).

Y(s)=— 2t p
© S +Ks+K K, () )
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Figg. 1 The second ordered simple model of a servo system

where, R(s) is objective referenced input data, Y(s) is

ouput of the given system, Kp 4 Kvare the position loop
gan and the velocity loop gain, respectively. To achieve

the accurate position control of machine, we should have

to limit the accelerating and decelerating #he speedidatanofun

given trajectory as slowly as possible while maintaining
the position data at the desired trajectory. This is basic
priaciple to achieve high accuracy while maintaining the
hich speed as fast as possible. Then, the speed will be

recuced from the desired speed Vi to minimum speed

Viin. Therefore, the speed of given machine is described
at the corner of reference path as;

dr(t)
= =V, -
v(t) - L, —at @)
where, q= Ve Voin

a

r(t) = Iv(r)dr:th-»%atz 3)

We may obtain the input trajectory of equation (3)
frcm equation (2). f we put "®=90 for simplicity of
T

determining {2 and by the substituting the Laplace

traasform of equation (3) into equation (1), the actual

traveled distance Y(*) is obtained by the inverse Laplace

traasformation as equation (4);

L, a) 1 _a ¥
Dr——at’ +|V, +— |t + -2t e
Y0==3 [" K] KK, K K, @

P

where, transient terms are small and neglected under the

assumption of 1o ) 327,

wheare, 7= means the maximum

2
K,~ K2 -4K K,
timce constant of given machine.
Our objective is that the position of the given machine
T

reaches the assigned point at time ‘s with desired
accuracy. Then, actual moving position of machine will be

as follows;
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y)=r(T,)-R (5)

where R is the allowable position deviation between the
actual position and the objective referenced position at the
time 1a. By substituting (3) and (4) into (5) and solving

for Ta, we may obtain the following equation (6).

= (Kv - Kp )(Vd - len)
T KK (K R~Voy) (6)

By decelerating the speed during the time interval Ta, we
may be able to maintain the desired accuracy of the
position of machine.

nimiNext, we derive ther speedianound the ustarting: point of

the strait line L. In order to maintain the required
accuracy at the corner of the approximated objective path,

the speed up to time T,=3

is assigned at the minimum
speed Vmin. Then, the machine is accelerated from the
minimum speed Vmin to the desired speed Vi during time
interval- ]:z When the speed is accelerated to the desired
speed Va, the speed may be fixed at the desired speed Ya

during the time interval Tv. The time T, is calculated
from the fact that the integral of the speed equals to the

moved length of line L as follows;

T = L —'3Vminr_ (Vd + Vmin)Tn
. v, @

As a result, we may obtain the required speed data at
each stage of movement as follows;

v

min

=4 et ;(’ =30 @)
d

V,—a(t-3c-T,-T,)

These may be illustrated the desired input speed of time chart in
the Fig. 2, 3 and 4.

2.3.PARAMETER SELECTION CRITERIA

In order to determine Ja in equation (6), we must
select the parameters Vs Vinin and R. The desired speed
Vi depends on the purpose of servo systems. We select

the minimum speed Vmin by the objects and/or the trade
off between efficiency and accuracy of machine.
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Fig. 2 Input speed data for the straight lined path

r(6)

Fig. 3 Reference position trajectory data of a line

a(t)
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Fig. 4 Maximum acceleration and deceleration data
The position deviation parameter R is selected by
considering the objective of position control and some
restrictions. The first restriction is that the acceleration of
the point of corners must be less than the maximum
acceleration of the servo motor of mechanical actuator,
which is described by;

"R e 9)

a

where “max is the maximum acceleration of the servo

motor. The second restriction is that R must be bigger

than the steady-state velocity error at the speed Vain of

|4

min

K

Py
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ie, V. (10)
> nun
k> K
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As a result, the position deviation parameter R must

be selected so as to satisfy the restrictions of (9) and (10)
as follows;

(11)

3. PERFORMANCE EVALUATION

3.1. COMPUTER SIMULATION

In order to evaluate the performance of proposed
method, computer simulation has been done under the
conditions and operating data in Table 1.

Table 1. Selection parameters for simulation
symbol Description Value Units
K, Velocity gain 58 1/sec
L Travel distance 4 cm
v, Desired speed 4 cm/sec
Vo Minimum speed 1 cm/sec
Ao Maximum acceleration 422 cm/sec’
R Deviation parameter 0.2 cm

To assure the effectiveness of the proposed method in
speed and accuracy, we compared the proposed method
with conventional method. The conventional method is that
the inputs of path and speed data are the same as the
objective one. Another method is that the path input is the
same as the objective path and the speed is assigned as

the minimum speed Viain.
3.2 EVALUATION

At first, we evaluate the accuracy by comparing the
deviation of the following trajectory from the objective
trajectory at the ending point of line L. The deviation of
proposed method is assigned by the deviation parameter
R. The deviations of other methods are calculated from
the steady-state velocity error of the system (1) at the
speed as

Y Homir ;
X and K, respectively. In the computer



s‘mulation, the deviation parameter is obtained as 0.2 [cm]
for the proposed method, 0.4lcmlfor conventional method,
01llcm] for minimum speed method, respectively. The
proposed method is much smaller than the conventional
method. And the minimum speed method is the smallest
accurate following path but the speed is slowest as we
see in the Fig. 56,7 and 8.

Next, we evaluate the operating time of three methods.
The total operating time of the proposed method is

1,=T,+2T,+37  whereas the time of other methods are

L L
¥, and V.,
respectively. The time of proposed method is almost same
as the time of conventional method when the distance of
the objective line is long enough. The operating time in
computer simulation is obtained 1.37sec for proposed
method, 1.0 sec for conventional method, and 4.0 sec for
minimum speed method.

the proposed method is better than
conventional and minimum speed method on the points of
view of high accuracy and higher speed. The other
advantage of the proposed method is the ability to adjust
the desired speed of servo system appropriately to get the
desired speed and accuracy.

odtained from division of the distance as

As a result,

We further discuss the robustness of the proposed
method. The servo system (1) is assumed to be adjustable
to have no overshoot in the following trajectory. If some
n.odeling errors exist, the taught speed is different from

tre optimal taught speed because the parameters, 7:7..1.4
ir equation (8) is different from the optimal parameters.
However, the proposed method has no overshoot even if
tle modeling errors exist under assumption of the taught
pusition is the same as the original one.

Position Response of Proposed Method
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Fig. 5 Position Tracking Response of Proposed Method
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Position Response of Minumum Speed Method
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Fig. 6 Position Tracking Response of Minimum Speed Method

Position Response of Desired Speed Method
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Fig. 7 Position Response of Desired Speed Method

Position Response of Each Method
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Fig. 8 Position Response Comparison For Each Method
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4. Conclusion

We propose a method of limiting acceleration of speed
data on speed information. It has the characteristics of
higher accuracy and higher speed of mechanical servo
system than any other available methods. The method is
to modify the speed data to achieve an accurate trajectory
close to the objective one. The simulation result shows the
usefulness of the proposed method, which can be
effectively and easily applied to position control problems
without any changes of the hardware in general
mechanical servo systems.
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