




Fig. 2. Experimental Setup

B. Experiment Results

The proposed predictor is tested in a series of experiments.
In order to see the performance of the observer, three different
sets of experiments are made. In the first two sets, computer
generated references were used to drive the master system
while in the third set random references generated by a human
operator are used as the input of master system. Each set of
experiment included one experiment with 100ms delay and
one experiment with 50ms delay for all of the input channel,
control channel and the predictor respectively

1) Experiment Set I (Sinusoidal Computer Reference): For
this set of experiments, a computer generated reference of
sin(2t) is imposed on the master system. The tracking of
that reference on the master manipulator is achieved via the
use of DOB in the inner loop and PD control in the outer
loop. In order to generate the slave system motion prediction,
the velocity response from the master system is used. The
results of sinusoidal system reference is shown in Fig. 3. An
important fact about the sinusoidal reference is that, due to
the continuous structure of motion, the overshoots are in the
minimal level.

2) Experiment Set II (Triangular Computer Reference): For
this set of experiments, a computer generated triangular refer-
ence with a slope of 0.02m/s is used on the master system.
Like the sinusoidal experiments, tracking of the reference is
attained by PD+DOB controller structure. In order to generate
the slave system motion prediction, the velocity response from
the master system is used.

Selection of triangular reference trajectory has a special
purpose. Since the predictor acts like an accumulator for a
period equal to the time delay, it becomes sluggish when the
master system exhibits a constant velocity behavior for a long
time (i.e. for a period greater than the time delay). Once this
sluggish form is settled in the predictor, the reflection of the
change in motion can only be seen after the period of time
delay. So, unlike the sinusoidal case, in the triangular reference

0 1 2 3 4 5 6
−0.015

−0.01

−0.005

0

0.005

0.01

0.015

Time (s)

P
o

si
ti

o
n

s 
(m

)

Prediction of Sinusoidal Reference with 50ms Delay

 

 

Master Position

Slave Position

Predicted Master Position

0 1 2 3 4 5 6
−0.015

−0.01

−0.005

0

0.005

0.01

0.015

Time (s)

P
o

si
ti

o
n

s 
(m

)

Prediction of Sinusoidal Reference with 100ms Delay

 

 

Master Position

Slave Position

Predicted Master Position

Fig. 3. System Response for Sinusoidal Reference

the change in the structure of motion creates an overshoot that
is directly proportional to the slope of constant velocity regime
and the amount of time delay used in the predictor. Right after
the delay time, however, the predictor converges to the correct
prediction of new reference and hence master-slave tracking
can be achieved. The results of triangular system reference is
shown in Fig. 4.
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Fig. 4. System Response for Triangular Reference

3) Experiment Set III (Random Operator Reference): For
this set of experiments, random references generated by a hu-
man operator is used. So, the master system is left without any
computer input and the operator is allowed to move the master
robot. Like the two other experiments, velocity response of
the master system is used to generate the slave system motion
prediction. The results of random system reference, shown in
Fig. 5, clearly indicate the power of the proposed structure in
predicting the motion for a predefined period of time delay.
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Fig. 5. System Response for Random Reference

VI. CONCLUSION

In this paper, a structure is proposed for the prediction of
the master system motion to be used in time delayed control
systems. The proposed structure makes use of the current and
past system data and a discrete predictor to integrate further the
system input for period equal to the time delay. Derivation of
the predictor is made with the assumption of a nominal system
enforced by DOB. The results obtained from the proposed
structure is validated via a series of experiments including
different motion structures and different amounts of time delay.

VII. FUTURE STUDY

Further work is planned to investigate the implementation of
the proposed predictor over a bilateral control system and carry
out the corresponding analysis to have full synchronization
between master and slave systems in time delayed bilateral
control.
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