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Analysis of task decoupling characteristics of null space projector with
uncertainty from modelling error

Wonbum Yun!, Jinoh Lee? and Sehoon Oh*

Abstract— Methods for designing a multitask controller for
redundant robots are often implemented by a null space
projector. Although null-space projection-based controllers can
achieve the task decoupling performance among prioritized
tasks, it is vulnerable to uncertainty due to modeling errors,
in practice. Accordingly, this paper provides analytical proof of
the task coupling effect caused by the uncertainty and verifies
it through a simulation.

I. INTRODUCTION

To design the multitask controller for the redundant robot,
coupling between each tasks should be eliminated properly.
To decouple the tasks, methods with the null space projector
have been proposed [1] [2]. The null space projector has the
effect of preventing a task coupling from the lower priority
task which intervenes the task that has high priority. In this
respect, the null space makes it possible to decouple tasks by
setting priority to each task. The null space projection-based
task decoupling controller has been applied to researches
for controlling the robot which has a massive number of
redundancy such as humanoids [3].

In order to decouple the tasks properly, it is important to
know the exact dynamic and kinematic models of the robot
which is used to design the null space projector. However,
it is hard to obtain the precise mechanical properties of the
robot in practice. In this sense, difference between estimated
null space and the real robot’s null space due to modeling
error makes coupling effect between tasks. The task coupling
effect caused by uncertainty should be considered for guar-
anteeing task decoupling performance, but it is not treated
as an important issue yet.

In this paper, the performance of the task decoupling con-
troller with uncertainty from modeling error was specified
precisely. First, the characteristics of the task decoupling
controller with a null space projector are organized, and the
effect of uncertainty is specified. Second, the characteristics
of the controller affected by the uncertainty classified as kine-
matic and dynamic modeling errors are analyzed analytically.
Finally, the above features are shown through numerical
analysis.
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Fig. 1. Block diagram of tasks : from control forces to task responses.
Red box is the null space projector that blocks task coupling effects.

II. PRELIMINARY AND FUNDAMENTAL
A. Prioritized control

Prioritized task control prevents coupling force from tasks
with lower priority by using null space projection. The input
torque for prioritized task control is as follows:

=1+ NJ(tf + Nj (¢ + - NI z¥) (1)

The null space projector for controlling i level task is
Ni@=1 _Ji+Ji 2
Jr=w w1yt (3)

1
J[+ is pseudo inversion of jacobian matrix and the weighting
matrix, W, satisfies JJ* =T [2].
To yield the second-order error dynamics, the control force
is designed as follows:
Fr= A (50 + kg — %) + k,(x¥ = x))) 4)
Control torque of i level task is designed as
o= JE G)
With the null space projector, the ‘consistency’ that the task
does not be affected by other tasks can be implemented.
III. MAIN RESULT
A. Dynamic consistent null space projection

A state in which the acceleration response of a certain task
does not be affected by the control torque of other tasks is
called ‘dynamic consistency’ [4]. The i level task response
represented in fig. 1 is defined as follows:

%, =LA@+ N ) ©)

The null space projector is represented as estimated value
N, and A is the joint space inertia matrix of the robot.



Substituting (6) with (2) and (3) and using the weight-
ing matrix as the joint space’s inertia matrix(W =A), the
response of i level task from i+1 level task’s torque becomes

Xiip1 = LA I = TTAT AN | (7)
With the perfect estimation (fi =A, fi =J)),
JATNI - TTANTATY =0 (8)

Where A; is i level task’s inertia matrix. In this sense, the
response of i level task is not affected by the control torque
of i +1 level task.

B. Effect of uncertainty

The dynamic consistency of the controller is guaranteed
in a situation where modeling error does not exist. However,
it is almost impossible to make the estimated model match
the actual model precisely. Therefore, when controlling a real
robot using the null space projector, uncertainty should be
considered. In this sense, the dynamic uncertainty on the
robot’s mass and COM, and the kinematic uncertainty on the
link length of the robot and misplacement of joints should
be considered.

The inverse matrix of the robot’s inertia matrix and the
jacobian matrix considering modeling error are defined as
follows:

AT = AT Ey, Ji=0+ By )
Substituting (7) with (9)

%01 = (i + E A + EpU = JTAJ AT (10)
and developing (10), the response becomes

Xjip1 = (LA + EYT = JT AT AT (11)

E=E A"+ JE;+E E;, (12

Even the tasks are decoupled with dynamic consistency
of the estimated value, the error term (E(I — fin\ifiA‘l))
remains unless E; and E,; disappear. Therefore, the coupled
response of the controller is as follows:

%= LA™ T+ E( - JTAJ AT (13)

IV. NUMERICAL ANALYSIS AND VERIFICATION

To evaluate (13), numerical analysis was conducted. A
simulation using a planar 4-DOF manipulator and the dy-
namics obtained by the recursive Newton-Euler method is
implemented in a matlab. Gravity and coriolis&centrifugal
forces are completely compensated to confirm the task cou-
pling effect.

Three tasks were assigned, where only the second task
was set to move along the cubic trajectory. Note that the
uncertainties were considered as +10% quantities of both
dynamic and kinematic parameters

Fig. 2 shows the effect of coupling torque generated from
the second task. In the case without uncertainty,the control
torque of the second task does not affect the response of the
first task which has high priority. It can be seen that the third
task which has the lowest priority cannot follow the desired

go.es4—
« £ 0652
@ 5 065F
- § 0.6481
—~ S 0646
> 0.644 T 7 T T )
05 1 15 2 25 3
time(sec)
—~0.4921
€
% €
& S od4or
EA
Q 0.4881
> . 7 7 ! )
05 1 15 2 25 3
time(sec)
L E
85
w3
> r )
25 3
time(sec)
—0.105
E
é _5 0.1F
o ‘g 0.0951
e o
© 2 009
> | | | | )
05 1 15 2 25 3
time(sec)
‘—thoul Uncertainty = With Uncertainty - Desired trajectory‘
Fig. 2. Result of numerical analysis : first and second graphs show the

results of the first task, i.e., the highest priority task.The third and the last
plots show the results of the second and the third tasks, respectively which
has lower priority.

trajectory (black line) since it is affected by control torque of
the tasks that have high priority. In the case with uncertainty,
it can be shown that the first task with the highest priority is
affected by control torque from the tasks with lower priority
due to uncertainty from modelling error.

V. CONCLUSION

Using the null space projector for the priority control
is considered as one of a basic tools to control redundant
robots. However, studies to ascertain whether the method
guarantees its effectiveness are not taken seriously. This
paper aims to provoke the uncertainty issue of using the null
space projector as a task decoupling controller. In this sense,
this paper covers the null space projector’s task decoupling
characteristics and the effect of uncertainty. With analytical
solution and simulations, the effect of uncertainty on task
coupling property of the null space projector was proven in
this research.
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