Control Based on Linear Algebra for Mobile
Manipulators

Victor H. Andaluz, Edison R. Sasig, William D. Chicaiza and Paola M.
Velasco

Universidad de las Fuerzas Armadas ESPE Sangolqui, Ecuador, e-mail:
{Vhandaluzl,erssigs, wdchicaizal pmvelascol}@espe.edu.ec

Abstract. This paper presents a control algorithm based on linear algebra for trajectg

bile manipulator robots. The proposed control algorithm considers the kinematicg

approximated by the Euler method, the control actions for an optimal oper: e system are ob-
tained solving a system of linear equations. In addition, the stability of the is anajyZed by concepts
of linear algebra, where it is shown that the control error tends asymp, ly . Simulation results

show the good performance of the proposed control system.
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1 Introduction

the most usua’
manipula

ey are useful in multiple applications in different indus-
ds, such as mining, construction, rescue missions or for peo-

ear mapping characteristic of neural networks and robust control are in-
in an adaptive control algorithm for mobile manipulator robots with non-
linearities, perturbations and non-holonomic constraints all at the simulation level.
he project carried out in [4] suggests a fuzzy PD controller to adjust the parameters
in line depending on the state of the dynamic system. Other advanced control strat-
egies are implemented for example in [5] introduces a constrained predictive control
algorithm for a holonomic mobile manipulator robot. Restrictions such as accelera-
tion, velocity, position, and avoiding obstacles are considered.
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The control based on linear algebra is a novel technique whose main feature is
that there is no need for complex calculations to achieve control signal and simplic-
ity in performing mathematical operations [6, 7, 8]. In addition, the algorithm is
easy to understand and implement, allowing direct adaptation to any microcontrol-
ler without the use of an external computer [9]. Because it is not a complex algo-
rithm it can run on controllers with low processing capacity [10].

In this work the control based on linear algebra is applied for tasks of trackin,
of trajectories in mobile manipulator robots. The controller is based on the kine
ics of the system formed by a robotic arm mounted on a mobile platform. Thg
ture of the control law consists of a particular solution that meets %e rais %

)

tive. Additionally, the stability is proved through linear algebra gonc@p
validate the proposed control algorithms, experimental results are i c% dis-
cussed. ‘ 5

This article is organized into 5 Sections. Section 2 presengit! kinematic
model for the mobile manipulator robot. The design of the g@htrol
jigSec R

ithm is pre-
sented in Section 3. The discussion of results is show: and finally the
conclusions of the paper are presents in Section 5.

2 Mobile Manipulator Modelin

In this section, the kinematic mogel bile manipulator is presented. For this
purpose, the mobile manipylator conffguration is defined by a vector

aq=[g, g, - q,] =[a;

I" of n independent coordinates called gener-

sional vegtor 4l coordinates h=[h h, - h T [11].

f a mobile manipulator gives the location of the end-effector
e robotic arm configuration and the platform location [11]. The
inematic model of a mobile manipulator gives the derivative of its

The kine mo

h(t)=J(a)v(t) (1)

where h=[h h, - h1is the vector of end-effector velocity,

v=[y v, - v, =[v; V] isthe vector of mobile manipulator velocities in
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which contains the linear and angular velocities of the mobile platform and con-
tains the joint velocities of robotic arm and J (q) is the Jacobian matrix that defines

a linear mapping between the vector of the mobile manipulator velocities V(t)and

the vector of the end-effector velocity [12].

3 Controller Design

In this section, the control law based on linear algebra theory and numeric
ods is presented. Futhermore, the stability is proved through linear a&bra d

3.1 Kinematic Controller %
Through the Euler’s approximation of the kinematic b%&ﬂnobﬂe manipu-

lator (1), the following kinematic model discrete is o

h(k+1)=h(k)+T,J )
where, values of h at the discrgte ti = kT, will be denoted as h(k), T, is the
sample time, and K e 0 1,2,3,4, t by the Markov property and to adjusting
the performance of the propoged control law [13], the states vector h(k+1) is re-

placed by,
@ (k+1)=W(h, (k)-h(k)) 3)

atrix and its values are obtained in Sect. 3.2, these con-

where,

stants satis (th s Wy s W, ) <1, allowing to reduce the variations in state

varigbles h, 1s the desired trajectory.

en, frot (2) and (3), the following system of linear equations is obtained, which

t each sampling instant to calculate the control actions.

Jv=b 4)

wherev=[u(k) (k) ¢ (k) d,(k) (k)] and
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hxd (k +1)_th (ehx (k))_hx (k)
b:Ti s (k+1) =, (8, 0)) =, (K)
" g (k+1) = w, (e, (k) —, (k)

From (4), which is a set of three equations with five unknown variables, its solution
by least squares is obtained by solving the normal equations.

h (k+1)—w, (e, (k))—h, (k)
hye (k+1)—w, (ehy (k))—h, (k) )
hzd

(k+1)-w, (e, (K))—h, (k) \
4 Simulation Results &t

In order to assess and discuss the performance h@oller based on linear

Ve =37 (37 )1%
0

algebra. It’s developed a simulation platfor bile manipulator on Matlab®
platform. This is an online simulator, which allow. 1s to view three-dimensional
environment navigation of a mobile ipulator.

To check the performanceo\he ntrgl system presents in (5). Two tests are
implemented: the first desired,tfajectory T8r the end-effector of the mobile manipu-

h, ], where h, =0t, h, =03sin(03t)

orm starts at g, =[0m -02m Orad] ; the ro-

botic arm d Zrad -z rad]T, Figures 1 to 4, represent the experi-
mental rﬂ&
0 = ’DEsir;;i End-Effeetor’

Trayectory

45

.. Current End-Effector
_Trdyectory-.

=< 0 x [m]

¥ [m]

Fig. 1 Stroboscopic movement of the mobile manipulator in the
trajectory tracking experiment
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Figure 1, shows the desired trajectory and the current trajectory of the end-effec-
tor. It can be seen that the proposed controller presents a good performance. Figure
2, shows the evolution of the tracking errors, which remain close to zero, while

Figures 3 and 4 show the control actions.
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Fig. 4 Joint velocity commands to the robotic arm
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:

The second desired trajectory is described by h, =[hxd hy hzd] , Where
h, =0.7+sin(0.4t), h, =sin(0.2t) and h,, =0.37+0.1sin(0.2t) . In this experi-
ment, the mobile platform starts at ¢, = [0.8 m -01lm = rad]T ; the robotic arm

atq,=[0Orad zrad -z rad], The following figures illustrate the simulation re-

sults.

Curfent End-Effect
Trajectory -

05

7 [m]

N

Fig. 5 Stroboscopic movement of the mobile manipulator in the
trajecto; cking experiment

Figure 5, shows the desired tgajectory. the current trajectory of the end-effec-
tor. It can be seen that the prgpdsed controller presents a good performance. Figure
6, shows the evolution of the king errors, which remain close to zero, while
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Fig. 6 Control errors of the mobile manipulator
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Fig. 7 Velocity commands to the mobile platform
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6 Conclusions

[rad/s]

In this work1

and numegica, ods™or trajectory tasks of mobile manipulators robots. The
structure o algorithm consists of a particular solution that meets the
stated ofjjecti e stability and performance of the proposed control algorithm

was demofstrated analytically through concepts of linear algebra. The simulation
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