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Abstract— Redundant robotic systems allow for the simulta-
neous execution of multiple tasks. It is often desirable to have
priority between these tasks, such that lower priority tasks do
not interfere with higher priority tasks. Many existing methods
for task-priority control, while providing stability and strict
priority between tasks, do not take into account the overall
performance of the closed-loop system. This paper presents an
optimization-based framework for dynamic task-priority con-
trol of redundant robotic systems, providing strict priority be-
tween tasks while improving the performance of the closed-
loop system relative to a user-defined performance metric. The
method is based on using a nominal dynamic task-priority con-
trol law together with a hierarchical control Lyapunov function
based model-predictive control method. The proposed method
is validated in simulation on a redundant robotic system, where
it is shown to provide improved performance over existing dy-
namic task-priority control methods.

I. INTRODUCTION

Many robotic systems, including all vehicle-manipulator
systems, are redundant systems. Robotic systems are said to
be redundant if they have more degrees of freedom than what
is minimally required to achieve an objective. Redundancy
can be exploited in order to satisfy multiple objectives simul-
taneously. Objectives, or tasks, are often divided into groups
according to their priority, such as safety-critical, mission-
related or optimization tasks. Clearly, an optimization task
should not interfere with the execution of a higher-priority
mission-related task. As a consequence, the redundancy res-
olution algorithm must ensure strict prioritization between
different sets of tasks.

Redundancy resolution algorithms ensuring strict-priority
between tasks are known as task-priority controllers. Intro-
duced in [1], improved in [2] and generalized to an arbi-
trary number of tasks in [3], task-priority control has been
widely studied. While these task-priority methods decouple
the system, generating velocity or acceleration references to
be tracked by a dynamic controller, the operational space
formulation, introduced in [4], and further developed and ex-
tended in [5]-[7], directly assigns generalized joint torques
solving the redundancy resolution. Through the use of null-
space operators [8], [9], these methods achieve prioritization
between tasks such that lower-priority tasks do not interfere
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with higher-priority tasks. At the kinematic level, this ensures
that lower-priority tasks do not generate task-velocities in
higher-priority tasks. And at the dynamic level, this ensures
that lower-priority tasks do not generate task-accelerations,
or generalized task-forces, in the task-space of higher-priority
tasks. This property is of particular importance in cases
where some tasks are safety-critical while others are not.

Developed in works such as [10], [11], the Control Lya-
punov Function (CLF) has become a successful generaliza-
tion of the more than a century-old method of Lyapunov.
While a systematic way of finding CLFs does not exist, the
knowledge of one enables the design stabilizing controllers
for nonlinear systems by choosing controllers that satisfy cer-
tain conditions on the time derivative of the CLF. One such
controller, the pointwise min-norm controller, can be found
by pointwise selecting the value that minimizes the norm of
the control input [12]. The design of this controller can be
seen as an optimization problem where the cost is the norm
of the control input together with a constraint on the time
derivative of the CLF. A closed-form solution for this opti-
mization problem exists [12]. There also exist closed-form
solutions of extensions of this problem where the cost is also
a function of the state, satisfying certain properties [13].

When constructed as an optimization problem, constraints
on the time derivative of multiple CLFs can be added to solve
multiple tasks simultaneously [14], but without any priority
between tasks. If strict priority between tasks is required,
the method proposed in [15] achieves strict priority between
tasks by solving a hierarchy of quadratic programs where the
solution for the optimal control input is incrementally refined
to solve multiple tasks while constraining the solutions to
not interfere with higher-priority tasks.

The CLF-based methods can choose between a large num-
ber of feasible control inputs, but typically one is chosen by
minimizing a cost function pointwise in time. However, this
choice of control input might not be optimal when we con-
sider the same cost function integrated over a time horizon.
Receding horizon control, or model predictive control, em-
ploys a model of the system to predict the future behaviour
of the closed-loop system, both to achieve stability, and im-
prove performance. The method proposed by [13] combines
model predictive control, to yield improved performance with
respect to a cost function over a time horizon, with CLFs to
guarantee stability.

In this paper we present a framework for dynamic task-
priority control of redundant robotic systems based on CLFs
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priority levels, with strict priority between tasks at different
priority levels. Moreover, it uses ideas from model predic-
tive control to improve the performance of the closed-loop
system.

This paper is organized as follows. Section II presents
relevant background material. Section III presents the main
contributions of the paper. Section IV presents the design of
a nominal task-priority control law required in the method
proposed in Section III. Section V presents our results from a
simulation study where we apply the method to a redundant
robotic system. Finally, Section VI presents our conclusions.

II. BACKGROUND MATERIAL

This section presents background material relevant to the
remaining parts of the paper. We start by presenting con-
trol Lyapunov functions (CLFs) and corresponding pointwise
min-norm control laws. We then give a brief overview of the
receding horizon CLF-based method from [13], that com-
bines CLFs with ideas from optimal control to improve the
performance of a nominal control law. Finally, we present the
hierarchical dynamic task-prioritization method using CLFs
from [15] that solves redundancy resolution, dynamic control
and control allocation simultaneously.

A. Control Lyapunov Functions

Consider a nonlinear control affine system
= f(z)+ g(x)u (1)

where f,g are locally Lipschitz, x € D C R", u € U C
RP is the set of admissable control inputs, and D and U
are closed. We define a control Lyapunov function similarly
to [16] as a continously differentiable candidate Lyapunov
function V' (z) satisfying

ar(flz]]) < V() < ao(|lz]])
JIEIfU [LiV(z)+ LyV(z)u+o(x)] <0, Yz #0

(2a)
(2b)

where o7 and ag are Ko, functions, and o is a continuous
positive definite function. That is, a CLF is a candidate Lya-
punov function for which the derivative can be made negative
pointwise by a choice of control input. Assuming we have a
CLF, solving the optimization problem

min v u
uelU (3)

st. LpV(z)+ LyV(z)u+o(z) <0

yields a pointwise min-norm stabilizing controller. By defin-
ing

Yo(z) =LV (x)+o(x) 4)
Wi (@) = [LyV ()] 5)

the optimization problem (3) can be solved [12], yielding the
min-norm controller

_ Yo(@)¥s(x)
w(z) = { @ity Ve do(e) >0 o
0 when ¢g(x) <0

B. Receding Horizon Control using Control Lyapunov Func-
tions

Since, by definition, the min-norm control law (6) only
minimizes the cost pointwise, we might want to improve
the solution by solving an optimization problem over a time
horizon. One method building on this idea is proposed in
[13]. This method starts by simulating the system following
the min-norm control law forward in time over a time horizon
from ¢ to t+ 7. Then, a receding horizon control problem is
solved to improve this solution. The receding horizon control
problem proposed by [13] is given by

t+T
71}(1‘) /t (q(sc(T)) + u(r) u(T)) dr
st #(r) = f(x(r) + g(a(r)u(r), V7 € [t,6 + ]
u(r) € UVt € [t,t + T
LV (x(t)) + LgV (z(t))u(t) + o(zx) <0
V(z(t+T)) <V (z*(t+T))

)

where ¢(z) is a continuously differentiable and positive
semidefinite cost function, V(z(t + 7)) <V (z*(t +T)) is
a terminal constraint on the value of the CLF at the end of
the time horizon, and x*(-) is the state along the trajectory
generated by following the min-norm controller.
C. Task Prioritization through Control Lyapunov Functions
For the nonlinear control affine system in (1) we define a
task as a function
y = h(z) e R™ 8)

that we want to drive to zero. The input-output dynamics for
such a task becomes

y\) = Loh(z) + LyL~ " h(z)u ©)
under the assumption that

LyLh(z) =0, 0<k<p-—2 (10)
LyLf ™ h(x) #0

Furthermore, by defining the transverse states n =
col (y, Uy ,y(pfl)) € X C R”™, and the internal dynamic
states z € Z C R™"7P™ the dynamics of the system (1) can
be expressed as

0= f(n,z)+3gn z)u

) 1D
= fZ(T/? Z)
Assuming we have a CLF V(1) that satisfies
inf [LyV(n,2) + LgV(n, 2)u+o(m)] <0 (12)

for all (7, z) such that n # 0, we can solve a similar opti-
mization problem to (3)
min  ulu
uelU
st. LgV(n,2)+ LgV(n,2)u+a(n) <0

13)

to get a min-norm stabilizing controller for the system (11).
A method for task-priority control based on CLFs is found
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in [15]. It considers the case where we have a system on
the form (1) and Z = Zl 1 Z; total tasks spread over
k priority levels with Z; tasks at each priority level i =
1,2,..., k. Each task, defined as an output y; = hi(x) €
R™i for ¢ = 1,2,...,Z that we want to regulate to zero,
has a corresponding CLF V;. We define the priority index
p € {1,2,...,k}, and the number of tasks up to and in-
cluding the priority level p as Z, = Z; + Zs + ... + Z,.
Given a priority level p, we define a set of indices of all the
tasks on all priority levels up to, and including, the current
priority level p as I, = {1,2,...,Z,}. We also define the
set of indices for the tasks at the next priority level p+ 1 as
J,={2,+1,Z,+2,...,Z,11}. The method starts by first
solving the optimization problem
. T 2
min - u’u + jezjh v;d;
S.t. LfIV,(nZ,zl)+L51V2(m,zz)u+al(m) <0 Viel

L Vi(nj,2j) + Lg;Vi(nj, 2z5)u+ oj(n;) < 6; Vj G(i]]i)
where 0; > 0 are slack variables for the CLF constraints
for tasks at priority level p = 2, and v; > 0 are constant
weights for the slack variables. This optimization problem
solves for a min-norm stabilizing input that satisfies (12) for
the Z; tasks at priority level p = 1, while attempting to solve
the tasks at the next priority level by including a slacked
version of the constraint. Assuming the system is redundant
with respect to the Z), tasks at priority level p, we can then
use the ideas from [15] to further refine the solution to also
consider the set of tasks at the next priority level. To do this
we, iteratively, for p = 2,3, ..., k—1, solve the optimization

problem
. T 2
inelgfl uu—+ Z 215
e 15
st. LgViu<LgViu, ; Viel, (13

L Vi + Lg,Viu+oj(n;) <6; Vicl,

where w;,_; is the optimal control input given by the opti-
mization problem for the previous priority level p — 1. This
effectively allows for strict prioritization between tasks at
different priority levels due to the constraint

Ly Viu< Ly Vi, , Viel, (16)

p—1
only allowing the tasks at priority level p to be solved if
it is possible without interfering with tasks at priority level
p — 1. It also allows for soft prioritization between tasks at
the same priority level through the weights {v;};cy, on the
slack variables. See the original article [15] for more details.

III. MODEL PREDICTIVE DYNAMIC TASK-PRIORITY
CONTROL

This section presents the main results of the paper, a
model predictive control-based method for dynamic task-
priority control, building on the ideas behind the method
for receding horizon control using CLFs found in [13] and
the CLF-based task prioritization framework found in [15].

Assume we have a system model on the form (1) and a set of
Z tasks with corresponding CLFs distributed over k priority
levels as described in Section II-C. Additionally we define
the set of indices for all the tasks as T = {1,2,...,Z}.
Assume the existence of a (potentially suboptimal) nominal
task-priority control law u = r(z). At time ¢t we use the
system model and the nominal control law to simulate
the system forward in time over the interval [t,t + T,
where T > 0 is the prediction horizon. We then solve the
optimization problem

T
min / e (x(r), u(r
u(+) J+t

s.t.

(1) = fla(r)) + g(z(r)u(r), V7 € [t,t + T

u(t) € UVt € [t,t + T]

Ly Vi (ni(t), 2:(t)) + Lg, Vi (i (1), 2i(1)) u(t) + 03 <0, Vi € I
Ly, V; (ny (1), = <>>+ngv (ny (), (D) u(t) + 05 < 8. ¥5 € Iy
Vi(m(t+T),z(t+T)) < Vi (nolt +TzNﬁ+ﬂ%WegD
where ¢1 (x,u) is a continuously differentiable and positive
semi-definite cost function, 7;,(t+7") and 2}, (t+1') are the
values of transverse and internal dynamic states for the task
with index [ at time ¢+ T following the nominal control law
u = k(x) over the interval [t,t+T]. Now, let uj(-) and z7(-)
be the control input and the state along the optimal trajec-
tory found by solving (17). We then, similarly to the method
from [15] presented in section II-C, try to further refine the
solution to also consider the set of tasks at the next priority
level. This is done by iteratively, for p = 2,3,...,k — 1,
solving the optimization problem

. T )
r11t1(11)1 /f cp (2(7),u(r)) + Z v;05(T) | dr

J€lp
S.t.

(1) = f(z(7)) + g(x(7))u(r), V7 € [t,t + T

u(r) e UVt € [t,t + T

Lg. Vi (mi(t), 2i(8)) u(t) < Lg; Vi (mi(t), zi(t)) () Vi€ T

L Vi (0 (t), 25(8)) + Lg; Vi (nj (£), 2 () u(t) + 05 < 65 Vj €y
Vilm(t+T), 2t +T)) <Vi(njp1(t+T), 2,1 (t+T)) Vi (Elg)
where ¢, (z,u) is a continuously differentiable and positive
semi-definite cost function, uy,_;(-), 77, () and 2, (-)
now are the optimal control input, transverse and internal
dynamic states along the optimal trajectory found by solving
the previous optimization problem for priority level p — 1.
This scheme can be seen as a receding horizon variation of
the pointwise optimization problems (14)-(15), but with some
modifications: We are constraining the solution to satisfy the
CLF condition, but only for the first time step. Additionally,
a terminal constraint on the Lyapunov function value for each
task is added. This constrains the solutions to those where
the value of the Lyapunov function for each task at time
t + T is smaller what is would be following the nominal
control law u = k(). The proposed method is summarized
in Algorithm 1.

+ Z Z{jéf(r)) dr

J€lp
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Algorithm 1 Hierarchical Model Predictive Dynamic Task-
Priority Control using Control Lyapunov Functions

INPUT: t, T, x(t), x(z), {cp(x,u)}peqa,... k}» 1VitieTs
{Vitier
OUTPUT: uj_,

Simulate the system forward in time over [¢,t + T'] using
the nominal control law x(z) to obtain {n;y(t + T')}ier
and {z7,(t + T)}icn
Solve (17) to obtain uy, {n;,(t + T)}hier and {27, (t +
T)hier
forp=23,....k—1 do

Solve (18) to obtain wu;, {nzp(t+T)}leT and {zip(t+
T)}le’Jr
end for
return u;_,

IV. CONSTRUCTING A NOMINAL TASK-PRIORITY
CONTROL LAW

In this section we construct a dynamic task-priority control
law, based on input-output feedback linearization and min-
norm controllers, for use as the nominal controller required
in the method proposed in Section III.

A. Dynamic Task-Priority Control

Many robotic systems can be modeled as a second-order
system on the form
(19a)
(19b)

T, = F(ml)x2
To = M($1)71 (u—C(x1,22)2 — G(21))

with state variables x; € R™!, zo € R™ and control input
u € RP, where M (x1) is the inertia matrix, C(z1,x2) is the
Coriolis-centripetal matrix and G(z1) is a vector of gravita-
tional forces. For a task

yi = hi(z1) € R™ (20)
we define the task error as
Ui = hi(x1) — hig € R™ (21)

where h; 4 € R™ is the desired value for task y;. The task-
error derivative is

O0x; @2)

Oh

~———
Ji(l‘l)

and the task-error dynamics are given by

(23)

i = Ji(x1)dg + Ji(21, 20) 2o (24)

For readability we omit function dependencies for the rest
of this Section. In the case where we have one task, 1, it is
clear that if we define u = J{f Fy, where F is a generalized
task force, we can rewrite the task-error dynamics as

Aiji+ Ay (AM7H (Coa +G) = ) = F1 - 29)

where

Ay = (WMD) T ermixm (26)

If the system (19) is redundant with respect to the task y;,
we can define a null-space operator

N=1-Jl'Jl (27)
where J; is a weighted pseudoinverse of .J; given by
Ji= M T (AMLT) T e R (28)
Importantly, it can be shown that /N satisfies
JMIN=0 (29)

making it possible to solve an auxiliary task in the null-space
of y; by using the input [4]

u=J ' Fy + Nt (30)

where 7 is some input solving the auxiliary task. This
achieves strict priority between the tasks in the sense that
the auxiliary task never generates an acceleration in the task-
space of the first task, y;, due to the property (29).

B. Extension to k Tasks

The scheme presented above in Section IV-A can be ex-
tended to a set of k tasks [5] by defining null-space operators
N; recursively as

Ny =1

, 31)
Niy1 = (I = NpJETE) Ny

where J, is a dynamically consistent pseudoinverse defined
as the weighted pseudoinverse

Ji=M1JFA; € RT™ (32)
and A; is the task inertia matrix given by
A= (SNTMINT) T
. (33)
= (SiM~'N;JT)
This null-space operator can be shown to satisfy
JMTIN; =0 Vi<j (34)
Thus, for a set of k tasks, using the control law
k
u = Z Nj JjTTj
j=1
71
T2
[ N N G3)
T(:cl) Tk,‘
N
= T(l’l)’r

where 7, € R is a generalized force in the task space
of task ¢, achieves priority between tasks in the sense that
generalized task forces do not generate accelerations in the
task-space of higher-priority tasks, due to property (34).
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C. Input-output Feedback Linearization for Task-Priority
Control

The dynamic task-priority method presented above is used
in [17] to design an input-output feedback linearizing control
law. Using the control law (35) the input-output dynamics of
the system are given by

Y1 JIM T (21) bi(z1,22)
2 -1
Y2 JQM T(.’El) bg(l‘l,l‘g)
X = . T4+ (36)
i -1
i JeM =T (241) br(x1,22)
i A(z1) b(z1,22)
where
—1 't
bi(ml, 1‘2) =—J;M~ " (Cxs+ G) + Jixo 37
and
Jl A'Iil-]lT 0m.1 Xma Om,l Xmsg Om,] Xy,
T MYIT BMTINGIE Opysms O
Alzy) = | JsMUJT JsMINgJT JsM~ N JY O s
T M~JT S MTINGJT  BMTINsJT . S MTINGJT

38)
due to the property of the null-space operator (31) that
JiM~IN, = 0 for i < k. Assuming [17, Theorem 1] is
satisfied, a feedback-linearizing control law given by

7= A" () (1 — b(x))

can then be used to transform the system to m = Zle m;

fully linearized and independent single-input single-output
systems

(39)

Z?:l H1
Y2 2
=1 (40)
ﬂk 12

D. Nominal Min-Norm Control Law

Since all tasks are relative degree two, we define 7; =
col (§;, §i). Using the input-output feedback linearizing con-
trol law (39) to transform the system to the form (40), the
dynamics of 7; become

0 = Fymy + G 41

with F; and G; given by

Omi Xmy;

Omi Xmy; 0m1 Xm; Imixmi

We can then construct rapidly exponentially stabilizing con-
trol Lyapunov functions (RES-CLFs) following [18] to sta-
bilize each task at a rate ¢; by using the candidate control
Lyapunov function

Ve,(ni) = 0} Pe,mi

L7 0 L7 0
r=lit TlelW 7]

(43)

where
44)

and P, = P! > 0 is the solution to the continuous time

algebraic Riccati equation
F'P;+ P.F; — P.G,G] P+ Q; =0 (45)

for some positive definite matrix );. We then choose the
function o;(n;) for each task as

oi(m) = TVilm)

K2

(46)
where v; = ;za“((%; > 0. Using this, a min-norm controller
i = k;(x) can be designed as in (6) for each task, where
k;(x) now is given by

Pi,0(x)i1(x)
— st when ¥ 0(z) >0
/ﬁi(.]?) = 1[}:1:1(:”)1/’11(93) ,(/} ’0( ) (47)
O When 1,[}7;70($) S 0
with
Vio(x) == L Vi(ni) + oi(n:) 48)
Yin(@) = [Lg, Vi ()]
where
Ly Vi=n! (F/' P, + P F)mi (49)
Lg,Vi = 2n] P.,G; (50)

The full nominal task-priority control law u = x(x) is given
by

k(@) =T (21) A7 (2) (1 — b(x)) Gh

which solves the task-priority control problem with strict pri-
ority between tasks at different priority levels.

V. CASE STUDY: TWO-LINK MANIPULATOR ON A CART

We will now consider a two-link manipulator on a cart,
where mg, m, and msy are the masses of the cart, first and
second link of the manipulator. Let I3, I> be the moments of
inertia around the mass-center of each link, and [y, 5 be the
distance from the start of each link to the center of mass. Fi-
nally, Ly, Lo are the total lengths of each link. We assume the
system is fully actuated such that the we can directly control
the force on the cart and the torques applied to the joints. Let
x1 = col(p, 01, 0s), where p is the horizontal position of the
cart and 64,60 are the angles from vertical of the first and
second link, respectively. Letting x5 = &, the dynamics of
the system are described by the nonlinear second-order dif-
ferential equation on the form (19) with F(z1) = I5x3 and

mo +my + ma (maly +maLy) cos by mals cos Oy
M(z1) = | (myly + maLy) cos 0y myl? +mol? + I, maLyls cos (0 — 02)
maly cos by maLils cos (67 — 62) mal3 + Iy

0 - (Tﬂlll +77L2L1)Sin01él —TTLQZZ 8111926"2 )
C(x1,22) = |0 0 ) moLqlesin (61 — 63) 02
0 —maoLylysin (6 — 62) 6, 0 1
0
G(.I‘l) = 7(771111 +m2L1)gsin91

—magls sin Oy
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It can also be expressed on the form (1) by defining x =
col(zy, z2) and

fla) = {Ml(m) (Clor,aa)s +Glar))) 2

o= 155
A. Tasks

The first task we will consider is the cart position defined
as

(53)

y1=p (54)

The second task we will consider is the position of the end of
the second link, which we will call the end-effector, defined
by

_ | Tee| _ | P + L Sin(6‘1) + Lo sin(92)

b2 = Yeo|  |he+ L1cos(61) 4+ Lacos(hs)

where h. is the vertical position of the center of the cart.
The last task we consider is the angle of the first joint

(55)

Y3 = 04 (56)

B. CLF Design

We now want to design the CLFs required in the optimiza-
tion problems (17)-(18). Since all tasks have relative degree
two, we can define 7; = col (§;, ;) which is governed by
the differential equation

where F; and GG; are defined as in (42). We can then construct
RES-CLFs identically to (43), to stabilize each task at a rate
€;. Thus, for these CLFs we have

+ 2] PGy (= J:M 7 (Coa + G) + Jiz) (58)
L;, Vi = QUiTPeiGiJiMflu

To solve the continuous time algebraic Riccati equation (45)
for P; we chose Q; = Iam, x2m; Where m; is the dimension
of each task. We use the same functions o;(7;) as in (46).
We choose the values

€1 = 3, €y = 4, €3 = 4 (59)

for the tasks y1,¥ys,ys defined in Section V-A. We use the
same values ¢; for the CLFs defined here for the CLFs used
in the nominal controller designed in Section IV-D.

C. Model Predictive Task-Priority Control Law
We spread the three defined tasks on three priority levels
p = {1,2,3} such that

L={1}, L={12} (60)

and

Ji={2}, J.={3}

in the optimization problems (17)-(18). As the nominal con-
trol law for Algorithm 1, we use the input-output feedback

(61)

linearizing task-priority control law (51). The cost functions
in (17)-(18) are chosen to be

cep(@,u) = pulu+ Z Xini () i ()

i€, Ul

(62)

for all priority levels p € {1,2,3}, where ¢ > 0 and \; >
0 are constant weights. These quantities effectively penalize
tracking-errors and large control inputs, respectively, over the
prediction horizon. We choose ¢ = 0.1 and A; = 50 for all
i €I,UJ, and all p € {1,2,3}. We use a relatively short
prediction horizon of T' = 0.5s

D. Comparison with the Nominal Min-Norm Control Law

Here we compare the proposed method, using the con-
troller designed in Section IV-D as a nominal controller, with
only using the nominal min-norm controller from Section IV-
D. We set the desired value for each task over the simulation
as a series of steps Ah; 4 from the start value y(z(0)) for
each task. These steps are chosen to be

t |0 50 100

Ahl,d 1.1 0 -1 63

Ahgq | [1,0]7 [0,0.1)7 [-1,-0.1]7

Ahs g 0 0 0

and the initial state z(0) of the system is initialized to
Om
2(0) = | Frad (64)

7 rad

Figures 1 - 4 show results in simulation comparing the
proposed method with the nominal min-norm task-priority
controller. In Figures 1 and 2 we can clearly see that the
proposed method achieves faster convergence to the desired
value for the first two tasks y; and yo, with only a small
overshoot for the second task. As seen in Figure 4 there are
small spikes in the control input due to the fact that the de-
sired value changes discontinuously, but from ¢ = 25 s the
control input is in fact similar to, or smaller than, using the
nominal controller.

— =My
—y, Proposed
— v, Nominal

0.5

Position|m]

—0.5

—10 b —

—

. . . . .
0 50 100 150 200
T|s|
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E. Comparison with a PD Control Law

We now compare the proposed method, using the con-
troller designed in Section IV-D as a nominal controller, with
a control law using the input-output feedback linearizing con-
trol law (39) together with a PD control law for each task.
The PD control law is given by

(65)

We let K,; = 1 and Ky; = 5 for all tasks. We use the
same initial value for z(0) and desired set-point values as in
Section V-D. As we can see from Figures 5 - 7, the proposed
method has slightly faster convergence to the desired value
than the PD control law. The spike in control inputs at ¢t =
0 s is slightly larger, but the spikes at subsequent set-point
changes are smaller.

pi = —Kpifi — Ka il

VI. CONCLUSIONS

This paper has presented a hierarchical model predic-
tive dynamic task-priority control method using control Lya-
punov functions, allowing for an arbitrary number of tasks
spread over an arbitrary number of priority levels with strict
priority between tasks at different priority levels. The method
uses model predictive control to improve the closed-loop
performance of the system relative to a user specified cost
function. The proposed method is verified in simulation on a
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redundant robotic system where it shows good performance
compared with existing dynamic task-priority control meth-
ods, without requiring higher control-efforts.
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