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THE INFLUENCE OF THE LENGTH OF TRAJECTORY OF SCARA
MANIPULATOR DUTY CYCLE ON ELECTRICITY CONSUMPTION

D. Cekus’, D. Skrobek™

Abstract: The paper presents the using of Particle Swarm Optimization (PSO) method to determine the
shortest trajectory of the end-effector of SCARA manipulator. It has been assumed that the obstacles occur in
the workspace, but the transfer above them is impossible, therefore the problem is considered in two-
dimensional space. In the PSO algorithm the impact of the inertia weight of the length of the searched
minimal trajectory has been shown. For found out trajectory the electricity consumption required to execute
a duty cycle of SCARA manipulator has been determined. Only theoretical considerations were conducted.
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1. Introduction

Lots of engineering problems have the form of optimization tasks. So-called heuristic methods are helpful
for complex optimization problems. In this paper, using the Particle Swarm Optimization (PSO) method
(Kennedy el al., 1995), the optimal trajectory between two defined points for the SCARA manipulator
(Fig. 1a) has been determined. In the analyzed problem, the manipulator has to perform a duty cycle
consisting in the movement of the end-effector between two points, but obstacles appear on the path
(Fig. 1b). It was assumed that the height of the obstacles prevents the transfer of the elements above them
which the problem reduced to the two-dimensional space.
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Fig. 1: SCARA manipulator: a) kinematic diagram; b) exemplary working environment.

Determination of the minimal path allows for shortening the time of working cycle, but not to minimize
energy consumption, as shown in subsequent chapters of this paper.

2. Formulation and solution of the problem

The first stage of the work is to determine the shortest trajectory of the duty cycle. For this purpose,
the PSO method has been used. The following parameters of the PSO algorithm have been adopted:
the number of iterations (It) = 200, the population size = 150, the number of points creating the path
(without the start and end point) = 10. Using the PSO method, the results also depend on the so-called
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“the inertia weight". In this work, the inertia weight was calculated according to the equation (Ao et al.,
2010, Ting et al., 2012, Lin et al., 2003, Storn et al., 1997):

W=Ww, ex;{—a( It ij (1)
0 Maxlt) |

where: wy = 0.9; It - the current iteration, Maxlt - the maximum number of iterations, a - local search
attractor, b - global search attractor. In the present study, the optimal trajectory has been determined for
three different values of the parameter a and b (Fig. 2).
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Fig. 2: The value of the inertia weight during subsequent iterations of the PSO algorithm.
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For the accepted value of parameters of inertia weight, the following lengths of trajectory have been
obtained: 1407.0379 mm (for w,), 1407.0066 mm (for w,) and 1406.8273 mm (for ws). The shortest
trajectory (for ws) with the selected positions of arms L; and L, is shown in Fig. 3. The position of
manipulator arms has been calculated on the basis of inverse kinematics (Cekus et al., 2015).
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Fig. 3: The determined shortest trajectory with the selected positions of arms L; and L.

The next stage of the research was to determine the electricity consumption of manipulator drives for
the calculated trajectories. It was assumed that for the initial time t = 0 s, the electricity consumption is
equal to zero (E. = 0 J). Total electricity consumption (Kucuk, 2013, Posiadata et al., 2015, Ur-Rehman
etal., 2010) is integral of function of total instantaneous power (P;) within the limits of the considered
time <0, t>:

Ec = [ Rydt. )

It is accepted that the execution time (t;) each operating cycle is equal to 100 s, despite the different
lengths of trajectories.

The total instantaneous power is the sum of the momentary power of individual drives:

R=>P. 3)
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When the drive is in motion, i.e. the angular velocity exists, the momentary power of a single drive is
defined as follows:

R =R®+RO+REN. 4)
Otherwise, the instantaneous power is constant.

The first component of the sum (4) is responsible for losses arising from the winding resistance of the
drive. The second component of the sum (4) defines the losses caused by self-induction. The third
component of the sum (4) determines the power used to generation of electromotive force.

R® =RIZ, RO =L Iii;], R® =Ly, (5)

where: R - resistance, L — inductance, U - electromotive force.

Values occurring in equations (5) characterizing the electric current are functions of time and depend
linearly on the instantaneous angular velocity of the drive (Fig. 4b) and the instantaneous torque on the
motor shaft (Fig. 4b):

! :ki(l)%’ U; = ki(U)(biUif (6)

where: u; - axle ratio, k" - torque sensitivity factor, k"’ — back emf. constant, ¢, - the angular velocity,
M; - moment of motor.
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Fig. 4: The angular velocity (on the left), torque on the motor shaft (on the right).

The electric energy consumption of manipulator for adopted the inertia weights is presented in Fig. 5.
Aside from drive parameters, the center of gravity position of each arm has the influence on the electricity
consumption of manipulator. The change of center of gravity of manipulator arms causes the change of
angular position, angular velocity and angular acceleration, which has the impact on the change of torque
on individual drive (Fig. 4).
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Fig. 5: Electricity consumption.
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Total electricity consumption in the examined time (100 s) is equal to: 34915.78 J (for wl), 37222.13 ]
(for w2), and 36400.73 J (for w3). Based on these results, it can be stated that the minimum energy
consumption is not the smallest for the shortest trajectory. It is associated with the change of the center of
gravity of manipulator members during of the duty cycles. Therefore, for minimizing the consumption of
electricity apart from seeking the optimal trajectory should pay attention to the value of moments of
motors.

3. Conclusions

The use of one of the heuristic algorithms - the Particle Swarm Optimization method - to determine the
optimal trajectory of SCARA manipulator end-effector has been presented in the work. The task was to
calculate the shortest path connecting two defined points avoiding obstacles.

In the calculations the influence of changes of the inertia weight parameters adopted in PSO algorithm on
the length of the determined trajectory has been presented. For the obtained trajectories the electricity
consumption has been computed. The demonstrated results allowed to conclude that the inertia weight
does not significantly impact on the length of the trajectory, while the length of the trajectory has the
influence on the energy consumption. However, the lowest electricity consumptions does not occur when
the trajectory is minimal. Therefore, the minimization of length of the trajectory to cover by the end-
effector of manipulator cannot be the sole determinant during the optimization of the electricity
consumption. In this case, first of all, pay attention on the displacement of the center of gravity of arms
manipulator during the working cycle.

This work contains only theoretical considerations, but the results of subsequent works will be verified
experimentally on four degrees of freedom manipulator that is mounted on a Mars rover (Pierzgalski et
al., 2017). Optimization problems will concern a duty cycle in three-dimensional space and will analyze
the solutions obtained by other heuristic methods, e.g. the genetic algorithm (Cekus et al., 2015).
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