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Abstract—In this work, we formulate and solve the problem
of inverse optimal adaptive prescribed performance control
and consider its application to compliant actuator-driven robot
manipulators. A definition and sufficient conditions for this
problem are introduced and derived based on adaptive control
Lyapunov function method. An auxiliary system is constructed
and incorporated with prescribed performance bounds so as
to design a new class of inverse optimal adaptive controllers
for the control system. By exploring the links between inverse
optimality and stability, it is proved that the proposed controller
ensures both inverse optimality and prescribed transient perfor-
mance of the control system. Above developments are illustrated
via an application to robot manipulators driven by compliant
actuators. The inverse optimal adaptive control problem for
robot manipulators with guaranteed transient performance has
not been addressed in the literature.

I. INTRODUCTION

Inverse optimal control refers to the problem of searching a
potential performance criterion for which a given control law
is optimal, and it receives growing interests in many fields
due to its wide applications from robotics to biomechanics
(e.g., [1]-[4]). Inverse optimal control theory was motivated
by the discovery found by Kalman that the optimal control
laws with desirable properties are not rigidly tied to a
single performance index and the most important aspects of
optimality hold independently of the choice of the perfor-
mance criterion [5]. In general, existing literatures on inverse
optimal control can be classified into two major categories,
one is known as inverse reinforcement learning [6], which
aims for learning the cost function from the observed optimal
behaviours or trajectories, the other is inverse optimal gain
assignment [7], which solves the optimal control problem but
avoids the need to solve the Hamilton-Jacobi-Bellman (HIB)
equations. In this work, we focus on the latter category.

The problem of inverse optimal gain assignment was first
proposed and solved by Kirstic et al in [7]. Instead of finding
the optimal control law based on a given cost function, the
inverse approach proposed in [7] searches for not only the
optimal control law but also the underlying cost functional
simultaneously. With such an approach, the need of solving
the HJB equation, which leads to a computational bottleneck,
is avoided. In [8], Deng et al proposed a new criterion on
inverse optimal stabilization and designed the inverse optimal
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controller directly without recourse to an auxiliary system
as constructed in [7]. In regard to the systems with partial
unknown dynamics, in [9], Li et al formulated the inverse
optimal adaptive tracking problem and solved this problem
by using adaptive control Lyapunov function method [10].
In [11], an inverse optimal adaptive tracking approach was
proposed for spacecraft systems. Above pioneering works
ensure global results and are effective for the systems whose
dynamics are completely known or only some parameters
are unknown. With respect to the systems with unknown
functions that cannot be linearly parameterized, intelligent
approximation tools, such as fuzzy logic systems (FLSs) and
neural networks (NNs), are used to deal with the uncertain
dynamics. But the inverse optimal designs developed in [7]—
[9], [11] are not compatible with the fuzzy/neural control
strategies. The reason is that solvability of the inverse optimal
problem needs asymptotical or adaptive stabilization of the
control system, which cannot be achieved by fuzzy/neural
control. To address this issue, a criterion on inverse optimal
practical stabilization was proposed in [12], which makes
great senses to extend the results in [7]-[9], [11] to inverse
optimal fuzzy/neural control.

Prescribed performance control enjoys many desirable
properties beyond asymptotic tracking control since it guar-
antees a better transient response for a system with uncertain
dynamics, such as a faster convergence rate and a smaller
maximum overshoot of the regulation or tracking error [13],
[14]. Prescribed performance control was originally present-
ed in [15] and then extended in [16] based on prescribed
performance bounds (PPB). The major idea of the PPB
technique is to construct a new transformed system by incor-
porating the performance bounds into the original nonlinear
system. Then by establishing the boundedness property of
the transformed system, prescribed transient performance of
the control system is then achieved.

With the growing role of robotics in practical implementa-
tions, the importance of improving the control performance
of robots in regard to different performance indexes has also
grown. These facts provide the main motivations for inverse
optimal adaptive prescribed performance control considered
in this paper. However, although the problems on inverse
optimal control and prescribed performance control have
been extensively investigated individually, very few results
are reported on solving the inverse optimal control problem
for uncertain nonlinear systems with guaranteed transient
performance. The major difficulty lies in two aspects: i) most
existing inverse optimal adaptive designs (e.g., [7], [9], [11])
require to construct an auxiliary system first and the control
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design is developed for the auxiliary system. It implies that if
we combine the PPB technique with inverse optimal design
in [7], [9], [11], the obtained prescribed performance results
are only for the auxiliary system but not the control system;
ii) the approach in [8] avoids the need to design an auxiliary
system and the control design is for the control system, but
it requires the controller to be of some specified forms. It is
difficult to ensure existing prescribed performance controller
to be of such forms.

In this paper, we consider the problem of inverse optimal
adaptive prescribed performance control for strict-feedback
systems and its application to robot manipulators driven by
compliant actuators. Our contributions are listed as follows.

o A definition and sufficient conditions for inverse opti-
mal adaptive prescribed performance control problem
are introduced and derived based on adaptive control
Lyapunov function method.

e An auxiliary system is constructed and the prescribed
performance bounds are incorporated with the auxiliary
system to design a non-adaptive controller. Then a new
class of inverse optimal adaptive controllers is designed
for the control system based on the proper design of the
non-adaptive controller.

« Above developments are applied to design an inverse
optimal adaptive prescribed performance controller for
robot manipulators driven by compliant actuators.

The rest of the paper is organized as follows. Preliminaries
and problem formulation are given in Section II. The main
results are presented in Section III. Applications of the main
results to robot manipulators driven by compliant actuators
are shown in Section I'V. Conclusions and future research are
presented in Section V.

II. PRELIMINARIES AND PROBLEM FORMULATION
Consider a class of strict-feedback systems as follows
177 = Z‘H—l + 9T¢7(f1), 7= 17 ey — 1

T —

Y =1, (D
where x; € R for ¢ = 1,...,n is the system state, T; =
[z1,...,7;]T € R is the state vector. ¢;(Z;) € R™ is a
smooth function with ¢;(0) =0 and § € R™ is an unknown

parameter. y € R and u € R are the system output and input,
respectively.

Definition 1. The inverse optimal adaptive prescribed per-
formance control problem of (1) is solvable if there exist
positive functions E(x,0), M(x,0) and R(z,6), a constant
€ > 0, and a feedback control law u = w(z, 0) updated by
0 = 9(z,0), which solves the adaptive control problem of
(1), minimizes the cost functional

(t)) 4+ 0(t)To(t)
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and the regulation error satisfies the prescribed performance
bounds all the time.

Problem 1. In this work, the problem of interest is to solve
the inverse optimal adaptive prescribed performance control
problem of (1).

To address Problem 1, we design the following decreasing
function 7(t) = (110—"nec)e ™ +100, Where 179 = 1(0), 0c =
1(00), a > 0 is a design parameter. The objective of Problem
1 is to ensure the inverse optimality and the regulation error
&(t) = y(¢) remains in the prescribed performance bounds

—omn(t) <&(t) <omn(t), t>0 3)

all the time, where o,,,,05; > 0 are design parameters. To
ensure (3), we design a smooth and increasing function

O'Me("f"!‘w) — O'me_('YJ!‘w)

S(y) = , 4)

e(vtw) 4 e—(v+w)
where w = M The function S() has the following
properties: i) S(0) = 0; i) —o,, < S(v) < opr; and iii)
lim S(y) = —op,, and lim S(y) = opr. With these
y Yoo
properties, the performance condition (3) can be expressed
as £(t) = n(t)S(y). Since n(t) # 0, and the inverse function
S~1 exists and is

Y(t) =S~ o p(t)

1 1
=3 In [aMp(t) + O'mO‘M} —5 In [UmUM — O‘mp(t)]
)
We call y(¢) as a transformation error and p(t) = £(¢)/n(¢).
Obviously, if the initialization £(0) satisfies —o,,7(0) <
£(0) < ommn(0) and ~(t) remains bounded, the condition
(3) holds and tlim &(t) = 0 is achieved if tlim ~v(t) =0 is
—00 —o0
followed.

ITII. INVERSE OPTIMAL ADAPTIVE PRESCRIBED
PERFORMANCE CONTROL
Define the state error variables
G =7
Ci =T — Qi—1, Z:2aan (6)

Revisiting the definition of the transformation error -~y in (5),
we have

. 0S8, 7
Y= p=AG+ o+ 670 — L1, (7
dp n
Whe'rfe A = 2%7(0”}4_/) + UMl_p). Then we construct an
auxiliary system of the control system (1) as follows
i T2 o1 0
&g T3 ¢3 o r 0
Ty 0 T 1

®)
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where V' is a Lyapunov function candidate chosen as

|
;5 ©)
I' > 0 is a design parameter. Let = [z1,29,...,2,]7,
f(g_jn) = [IQ,SCg,...,:I}n,O]T, q)(i'n) = [¢l7¢27"'7¢n]T,
g = [0,..0,1]7, N = [n,9,...n0n= DT L a0 = 0 and
Znt1 = 0. Then the Lie derivatives LV = f (mn) and
LyV = %Y ®(z,,). Specifically,
s S - 500
Jj=1 8 ’
(10)
LV =620 +ic& (a1
[} 181‘ 1 1Pq
av 62 1 QCQ aIQ’L 1
R e ¢ 12
5 Zc (12)
v . i P01 ()
WN 77 ZCZZ&T](] 1 ) (13)
where ¢; = ¢; — Z; ! 839; Lg; for i = 1,...,n. From (5),
one has g—;l = gz ;f =\ Based on (10)-(13), we have
. n 1—1 8@
V = AGza + A0 ¢ + ZQ‘ (Ci-i—l + 0i — a;__l-rj-i-l)
i=2 j=1
n B ag
+Z<i0T¢i (>\<1¢T+Z<L )ZCJ o
i=2
d 692 1

1 + . (14)

Yoy

1)
=1 j= lan(j

Before designing the virtual controller o;, we rearrange the
under-braced term 7 as

—FZC@(ZCJ Tag] -

+Z<J Tﬁgz 1)

00i—1
T i1 T
—TAG9] ZC 5y = —F;m, (15)
where 7; = ZJ eT 891 ! +(AC1¢T+ZJ QC] ¢T) 281
For the definition of 7;, We have 71 = 0 and 7 = (/\Cl o1+
Cap2) T 92" since gy = 0 and 23;12 ¢l =4 89‘ L =0 fori=
2. Now we design the virtual controller g; as follows
c x
01 = 71TC1 — 071 + iy (16)
n
2
Do dor
- _ _ _ 9T e )
02 = —ca2(o — A(1 9¢2+a $2+FTQ+281(] 1,7(3
(17)

0i = —iGi — Gi 1—9T¢1+Z Ooi- a1+ I

an 1 j

Z LA 3, ... (18)
Substituting p; into 1%4 (14), we have
n—1
V== il +alu+ A+ Ar + Ay, (19)
i=1

where A¢ = (o1 — Iy Ay = 076, — Z?;ll a%zzlxi+1
and A, = =Y, ;g{;‘ })n(i) With the definition of 7;,
we see that As can be rewritten as Zz 103G Now we
analyze A, and show that A, vanishes at {, = 0. If (; =0,
thenfy—Cl—Oatl—Oq% ¢1 = 0 and o7 = 0.
If (o =¢G =0,then z;y =0, zo = (o + 01 = 0 and

¢2—¢2— ¢1—0Letn1—77and772—nandwe
8(_8’yp_ _ 901 _ Qo1 _ 0 c1g

have 8171 Bp %ng _/\yl =0, 677;1 8171 8771( 81 t+

1 1 — o1 __

HnQ) = 77(3771)‘ Clam) - 7”2 O, (971 = o =

f]l =0and g2 = —c2(s — A(1 — 9T¢52 + 691 T2 + 'y +
Z? 1 0778(J11> nY) = 0. For the similar analy51s we see that
if (,, =0, then ¢, = 0and 2 = x5 = - - -z, = 0. Thus, A,
can be also rewritten as A, = Y | ﬁzg}-. From the analysis
for A;, we see that A, also vanishes at ¢, = 0 and thus
it can be rewritten as A, = > | ¢;(;. Now we design the
auxiliary controller u as

—R((,0) "¢, (20)
where
—1
R(¢,6) = [cn+z O"Jrgzc““) } .o

The main results are summarized in the following Theorem.

Theorem 1. Consider the control system (1). If the controller
u (35) asymptotically stabilizes the auxiliary system (8), then
the adaptive feedback control

u* = —kR(C, é)flcn,
d =TL,V

K> 2 (22)
(23)

solves the inverse optimal adaptive prescribed performance
control problem of (1) by minimizing the cost functional

J(u) = lim {%V(g,é) n %éTé
t ~ ~
+/ [M((,O) +uTR(<,9)u] dv}, (24)
0
where

M(C,0) = —2 [Lfv + L¢V(9 + F(Z‘;) )

- LgVR_ngV} +r(k —2)L,VRIL,V.
(25)

Proof. Substituting u (35) into the auxiliary system (8), we
have

VZ—Z;CiCE—Zéi(Q_

i=1 =1

a; + B + o

Ci

2
Cn> (26)
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for all # € R™. From (9) and recalling that g = [0, ..., 0, 1]T,
we have L,V = (,. Then by denoting W(Cﬂ) =

=3 Fa = (G — At )2, we have

Lfv+L¢v[9+r(?9/

)] - rvEo Y = i)

Thus, M (¢,0) > 2:W (¢, 0) is positive-definite and 7 () is
meaningful. Substituting (22)-(23) into (24), it yields that

J (u)

t
-k AT Ly
_tgrglo{%V((,e)Jrre 0 25/0 (LfV+L¢V9
. t
+Lun+mfé)dv+2n/ [L¢V9 L¢VF(8V>
' a0 0 a0

ov : ' 2 —1
—0|dv + 26LgVu+ k"LyVR LGV
00 0 ' ' ‘
+ uTRu) dv}
= 26V (¢(00), §(c0)) + ;é(oo)Té(oo) — 2% / av
0

— 2 /OO %éTédt + /oo(u —u)R(u—u")dt.  (27)

0 0

Thus, J (u) achieves its minimum at u = u* and J () min =

26V (¢(0),0(0))+ ”9( )70(0). Choose a Lyapunov function
candidate for (1)

= o 1 T A

= V(¢.6) + 5:070. (28)

The time derivative of V is

- ov
V= —%M(C 0)+ LyVo — L¢VF( 89)
OV i 1 -pi 1 R

_Fr 17, 0+ =0T0< ——M .

5 JVR 9V+899+F9 0 < o (¢, 0)
(29)

From (29), we see that all the closed-loop signals (i, ...,
(n and 6 remain bounded. Since v = (y is bounded, the
regulation error ¢ satisfies the performance condition (3).
Since p; is a function of the bounded signals (; and 0, xo =
(2 — o1 is bounded. By the similar analysis, all the states
z1,..., Ty are bounded. Thus, the inverse optimal adaptive
prescribed performance control problem of (1) is solved. The
proof is completed. ]

IV. APPLICATION TO COMPLIANT ACTUATOR-DRIVEN
ROBOT MANIPULATORS

In this section, we use Theorem 1 to design an inverse
optimal adaptive control approach for compliant actuator-
driven robot manipulators with prescribed performance.

Consider an n—link robot manipulator driven by a com-
pliant actuator modeling as follows

B(q)i+ K(q,9)q + G(g) + F(¢) = C(a—q)

Ja+Cla—q)=u (30)

where ¢ € R™ and a € R™ denote the joint and actuator
angular position, respectively. © € R"™ is the control input.
B(q) € R"™™ and K(gq,¢) € R™*" are the inertia matrix
and centripetal-coriolis matrix, respectively. G(q) € R™ and
F(4) € R™ are the gravitational torque and friction torque,
respectively. J € R"*™ and C' € R™*" are the inertia and
stiffness matrix, respectively.

Property 1. B(q), K(q,q) and G(q) are first-order differen-
tiable and besides, B(q) is symmetric and positive definite.
J and C' are constant, diagonal and positive definite.

Property 2. The functions Cq + K(q,¢)q + G(q) + F(q)
can be linearly parameterized such that —[C'q + K(q,q)d +

G(q)+F(q)] = [031p21, 93222, -+, V3, 020] " € R™, where
fori=1,...,n, pg; € R™ is a known function and ¥J; €

R™: is an unknown parameter.

Assumption 1. The parameters C' and J, and the function
B(q) are known for control design.

By denoting 1 = ¢, 2 = ¢, x3 = « and x4 = &, the
plant (30) can be written as a strict-feedback system

$.1:172

iy = B7(z1) {Cl‘g — Oz — K(Z2)xe — G(21) — F(xz)}

.’I'Jg = X4

g = J—l[u—(}(xg—xl)] 31)
By denoting ¢1 = ¢3 = ¢4 = 0, ¢2 = o, wWhere
02 = [p21, ey )T € R™, 0 =diag(V21, V22, ..., 02,) €

R™™*"™ and defining the state error variables as in (6), we
construct the auxiliary system (8) for (30) and design the
virtual controllers o;(¢, 8) for i = 1,2,3 as follows

o1 = —% + 2 (32)
do1
02 = B(z1)C™! { c2la — A — 0T o + 87352
2 oy
1
+I'ry +21W77 ])} (33)
1=

2
- 0
03 = =33 — B(x1)C ™G — 0" ds + Y %ijj#l
i=1
3

+PT3+28

where ¢; € R fori = 1,2, 3,4 is a positive design parameter.
Then the auxiliary controller u(x, ) is designed as

w=—JR(C,0) s,

902 o)

] 1)77 (34)

(35)

where

o7 o,
RGO) = [ea +z A
and the function ®; satisfies the equation Z?:lq)igi =
—Clz1 — x3) + ¢ — Iy + 0Ty — 30, %xi—&-l -

(36)
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2?21 %n(i). Choosing a Lyapunov function candidate

V(c,0) = Z?Zl 1¢7'¢; and applying the controller u, we
have
4 4
. 1 & D 12
V=— Ze; e — 2N — ¢,
PR LD DL bt

=1 i=

(37

By Theorem 1, we see that the adaptive feedback control

u = —kJR(C,0) T K >2 (38)
6=T3Gdi (39)
1=2

solve the inverse optimal adaptive prescribed performance
control problem of (30).

In the following, we use an example to demonstrate the
established results.

Example 1. Consider a double-link robot manipulator driven
by series elastic actuator (SEA), in which F'(¢) = 0 (zero
damping). The dynamics of

_ bll b12 N\ kll k12 N\ Gl
B(Q) - |:b21 b22:| ’ K(Q7 Q> - |:k21 k22:| ’ G(Q) - |:G2:|

are b1y = c11 + 262 €08 g2, b1z = bay = G21 + S22 COS g2,
bao = o1, k11 = —22(2q1q2 + ¢3) singa, k12 = ko1 = 0,
koo = —c22¢7 sin g2, Gy = cos(q1 + g2)magLya + 12 cos @
and Gy = magLys cos(q1 + g2), where q¢ = [q1, q2]7 are the
joint position of the links, g = 10m/s? is the gravitational
acceleration and ¢;; for ¢,7 = 1,2 are parameters given as
G11 = ma L3y +mao(L3 + L3y) + 01 +lo, Go1 = maLiy + 0o,
si2 = g(miLin + moly) and oo = moly Ly, where
m1 = 1.1kg, my = 0.4kg are the link mass, L; = 0.37m

and L, = 0.285m are the link length, Lg; = 0.185m
and Lo = 0.1425m are the length to the mass center.
¢, = lkg:m? and ¢, = 0.8kg:m? are the inertial tensor.

The inertia and stiffness matrices are J =diag(Jy, J2) with
Ji = Jy = 0.1562kg-m? and C =diag(Cy,Cs) with
Cy = (Cy = 29.4Nm/rad. The nonlinear functions in
Property 2 are ©21(q, ) = [q1, G1(2q1q2-+¢3) sin g2, cos(q1+
g2),cos 1] € R* and ©22(q, 4) = [q2, 24 sin g2, cos(q1 +
¢2)]T € R3, which are known for control design. The
parameter vectors a1 = [C1, —S22, Mag L2, s12]7 € R* and
Yoy = [Co, —622,magLy]T € R are unknown for control
design.

Control objectives and parameter selections. Our goal
is designing an inverse optimal adaptive control law so that:
i) all the signals in (30) are bounded; ii) inverse optimality is
achieved; iii) the joint position ¢ = [q1, g2]” converges to ze-
ro and, ¢; and g9 satisfy the performance bound: o,,m:(t) <
q1(t) < oy (t) and opn2(t) < g2(t) < opmne(t) all the
time, where 7;(t) = 1.5e=% + 0.05, n2(t) = 1.5e~¢ + 0.1,
om = 0.5 and ops = 1. Recalling the performance function,
we can choose a smaller 7y to acquire a smaller overshoot,
and choose a larger a to acquire a faster convergence, and
choose a smaller 7., 0,, and oj; to acquire a smaller
tracking error. To achieve this goal, we choose the parameters
c1=c3=3,c3=cq =1, T =diag(0.1,0.3) and xk = 2.

2 T T T T
——joint position ¢i(t)
3 --+= lower performance bound o, (t)
1 -‘.\ 0_00% _____________________ _]—- upper performance bound o (¢)H
AN 0
N -0.05
N5 17 19 21 23 25\, —————————— -
0 [| ppaerrrmr s sy (Mppempesseeseseasesetpetnagpay.
1 N N N N
0 5 10 15 20 25
Time (s)
Fig. 1. Evolutions of the joint position g1 (¢).
2 T T T
——joint position ¢(t)
c‘ --+= lower performance bound o,,1(t)
1F gi _]—- upper performance bound o2 (t)H
N -
L LS _17 1o 21 23 15.>. Pyl
0 e T T T T T T T e T T
.'/‘
1 N N N N
0 5 10 15 20 25
Time (s)
Fig. 2. Evolutions of the joint position g2 (%).
2 2

== |==joint velocity ¢ (t) —joint velocity ga ()

=N TN
4 04
-0.8 0.4
1 2 3 4 5 6 1 2 3 4 5 6
4 -
0 5 10 15 20 25 0 5 10 15 20 25

(a) Time (s) (b) Time (s)

Fig. 3.  Evolutions of the joint velocity ¢(t) = [d1(t),d2(2)]T. (a)

evolutions of ¢1(t); (b) evolutions of ¢2(t).

0.37 Iy

[—actuator position o ()]

0.1
-0.6

— - [—actuator position a(t)]

=}
(S}

-J

0 5 10 15
(a) Time (s)

0.5
20 25 0 5 10 15
(b) Time (s)

20 25

Fig. 4. Evolutions of the actuator position a(t) = [a1(t), az(t)]T. (a)
evolutions of aj (t); (b) evolutions of aa(t).

10 10

——inverse optimal controller u; = uj(t)
5= inverse optimal controller uy = uj(t)

——non-optimal controller u; = o4 (t)
5 — mnon-optimal controller uy = g (t)
ie

0 5 10 15 20 25 0 5 10 15 20 25
(a) Time (s) (b) Time (s)

Fig. 5. Comparison of the inverse optimal controller and typical controller.
() inverse optimal controller u = u* with v = [ug,u2]” and u*
[u{,ug]T; (b) typical controller u = g4 with u = [u1,u2]” and o4
[941 s Q42}T.
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2 T T T T
h ——joint position ¢;(¢) with guaranteed perscribed bound
! — joint position ¢;(¢) without guaranteed perscribed bound|
1 +-—-1 ---- lower performance bound o, (t) H
l‘ i — = upper performance bound o1 (t)
&\‘ 1 o ——————
S A e ——
O oprmrmamamamas, e
N B e f-=~-
H 1
-1 f-—--= E
2 17 19 ,21 23 25
0 20 25
Fig. 6. Inverse optimal controller of the first robot link with and without

the performance bounds.

2

——joint position gs(t) with guaranteed perscribed bound

— joint position go(t) without guaranteed perscribed bound|
--+- lower performance bound o,,m2(t) H
— = upper performance bound o7(t)

===

(=]
,?a
Ii

[P | S —

19 21 23 25
15 20 25

Time (s)

Fig. 7. Inverse optimal controller of the second robot link with and without
the performance bounds.

Simulation results. Simulation results are shown in
Fig. 1-Fig. 5. The joint positions of the robot manipulator
are shown in Fig. 1 and Fig. 2. We see that both the outputs
¢1(t) and ¢2(t) converge to the origin ultimately and remain
in the prescribed bounds all the time. The joint velocity
¢ and actuator position o are shown in Fig. 3 and Fig. 4,
respectively. The inverse optimal controller »* is shown in
Fig. 5 (a).

Comparisons. To further illustrate the effectiveness of the
proposed approach, two comparisons are carried out. We
apply the typical adaptive backstepping design in [20] to
the system (30), in which the controller is not an inverse
optimal one. For a fair comparison, all the parameters are
the same as given above. Comparative results are shown in
Fig. 5 (b). Obviously, a larger control effort is needed than
the inverse optimal controller shown in Fig. 5 (a). Moreover,
we also apply the inverse optimal controller proposed in
[7] to (30). For a more apparent result, parameters of the
performance bound are modified as 7;(t) = 5e=5 + 0.05,
n2(t) = 5e=®* + 0.1, 0,, = 0.5 and oy = 1. Simulation
results are shown in Fig. 6 and Fig. 7. It is obviously that by
incorporating the performance bound into the inverse optimal
design, a better transient performance is achieved.

V. CONCLUSIONS AND FUTURE WORKS

In this work, we solve the inverse optimal adaptive pre-
scribed performance control problem. An auxiliary system
is constructed and incorporated with prescribed performance
bounds to design a non-adaptive controller. Then a new class

of inverse optimal adaptive controllers are proposed based on
the non-adaptive controller.

Extension of our results to tracking control will be consid-
ered in future. Moreover, safety is important for robot con-
trol. Inverse optimal safety control motivated by pioneering
works [21] and [22], [23] is a future research line.
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