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1. Introduction

What?

Redundant robot manipulators are those
having more degrees of freedom (DOF) than
required to perform the given tasks.




1. Introduction

Why?

Advantages of redundant robots:
(1) Can avoid obstacles

(2) Can avoid singularities and physical limits

(4) Can achieve repetitive motion

B)Opti mi ze various perfor

Thus, motion planning and control of redundant
robot is an appealing area in robotics research.




1. Introduction

Question?

For a given end-effector task, how to find the
joints at any instant?

-- Inverse kinematics problem.

A vital and challenging issue !!!




1. Introduction

Mathematics:

Give forward kinematic equation

r = f(6) — at the position level

Inverse kinematics problem-
need to solve it

o(t) = f~1(r(t)) — solve it at the position level

Note that f is a continuous nonlinear

mapping function. il




1. Introduction

Difficulty:

It is very difficult (even impossible) to find an
analytic solution to such a nonlinear and
underdetermined function.
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1. Introduction

Robot Kinematics Equation

r= f(0) I at the position level I difficult to solve it
= J(0)0 i at the velocity level imost solve i1t at t|
obtain the acceleration solution directly
‘ I pseudo-inverse method is the most used method.

, , . I few paper discusses it at this
r—J(0)0 =]J(6)8 1 atthe acceleration level level, can obtain the acceleration

, Solution directly.
o

O . . _
our method I we use quadratic programmlng I l
method at acceleration level. |
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1. Introduction

Our Work 1

-- Can remedy not only the joint -angle-drift phenomenon but also the
joint -velocity -drift phenomenon.

-- Is derived from a second -order dynamical system, which is proved
to be globally exponentially convergent to the equilibrium point.

-- Present, develop, and investigate two RNNSs for solving the resultant
QP problem.

-- Physical experiments verify the physical realisability and efficacy of
the proposed ALDF scheme and the two RNN QP -solvers.

[1] Zhijun Zhangand Yunong Zhang, fADesi gn and-lewbdpftdreci(AbeFH)t at i on ¢

scheme solved by two r dETContradTheory & Applicaidns, vok &, noolt |dp.§5-¢2, i
2013. AL




1. Introduction

Supplementary explanation

The joint - drift phenomenon/non - repetitive problem is that the joint
variables may not return to their initial values after completing a closed
path in the workspace.

Harm: may i nduce a problem that the
predict [5]; and it is then | ess
configuration via self -motion after every cycle.
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2. SIXx-DOF PRJ Robot System

1@ desired path tracking ‘

s

quadratic-programming design |

personal

computer . _!} y
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ﬁ_} I dynamical system :
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Figure 1: Process of redundancy resolution at
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3. ALDF Inverse Kinematics

Theorem 1 For scalar parameters vy > 0 and
vy > 0, the vector-valued error &(t) € R™ of the
second-order dynamical system &(t) = —uv, &(t) —
vaé& (1), starting from any initial conditions &(tg)

and &(tg) € R™, converges exponentially to zero.
Here, &(t) denotes the first-order derivative of &(t)
with respect to ¢, and &(t) denotes the second-order

derivative of &(t) with respect to .
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3. ALDF Inverse Kinematics

Theorem 2 Considering the end-effector mo-
tion, the acceleration-level drift-free scheme can be
designed as

minimize  ||0(t) + o||3/2,
subject to  J(0)0(t) = 4,
with o = v,0(t) + v2(6(t) — 6(0)).

Note that v, and v, should be nonzero.




4. RNN QP-Solvers

4.1 A new neural network model

Qu= Qu v (Qu p 7

where design-parameter v>0 should be set as large as
hardware permits or set appropriately for simulative or
experimental purposes, and

o Nia
y(g=iltexp( V)1 exq y el¢ 1

—) CD:

t1-exp( Y 1 exg YV

with e=Qu -p R oA
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4. RNN QP-Solvers

4.2 Gradient neural network (GNN) Model

u= vQ {fQu g

where design-parameter v>0 and activation function

array Y (Care defined the same as the ones in the
previous new neural network model.
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Figure 5: Circuit schematic which realizes GNN. *




5. Simulations and Comparisons

(1) The task is to track a circular path;
(2) The initial joint variable

g(0)=[ p#10, HO, /g0, /¥®, /1P, /]
(3) The design parameter v=10¢

ccccccc




5. Simulations and Comparisons
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Figure 6. Joint-drift phenomena
when v, =0 and v, = 0.




5. Simulations and Comparisons
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Figure 7. Joint angle and velocity profiles
when v, =4 and v, = 4. ik




5. Simulations and Comparisons
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Figure 8: Motion trajectories, desired path

and end-effector trajectory.
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6. Experimental Verification

Figure 9: Snapshots of the robot end-effector
tracking a line path.
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