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Adaptive RBFNN Control of Robot Manipulators
with Finite-time Convergence

Chenguang Yang, Runxian Yang, Jing Na and Fei Chen

Abstract—TIn this paper, a radial basis function neural network
(RBFNN) based adaptive control is designed for nonlinear robot
manipulators. Barrier Lyapunov function (BLF) technique and
terminal sliding mode (TSM) technique are seamlessly integrated
to achieve finite time convergence of both tracking performance
and NN learning performance. BLF is employed to ensure
position tracking error converge to a specified small bound in a
finite time, and TSM is used to guarantee finite-time convergence
of neural learning error to a small bound as well. Extensive
simulation studies are performed to illustrate the effectiveness
and efficiency of the proposed control method.

Index Terms—Robot manipulator; Adaptive control; Finite-
time convergence; BLF, Neural Networks

I. INTRODUCTION

With the increasing needs of robot by our modern society
and industry, the research of robot control technologies have
attracted enormous attention [1], [2], [3], [4]. In the recent
decades, many robotic researchers focus on study of control
design in the presence of various constraints since the violation
of these constrains may cause collisions and threaten the safety
of surrounding environment and the robot itself. In [5], an
adaptive controller was developed for robot manipulators to
constrained the operation in an circular area to guarantee the
safety. A robust adaptive position/force control scheme was
proposed to deal with the holonomic constraints of the mobile
robots in [6]. Recently, BLFs have been developed in nonlinear
control design to deal with the state and output constrains [7],
[8], [9], [10], [11], [12]. By adding constraints to the behavior
of the state variables or system’s outputs, tracking errors
are indirectly constrained with the BLF constraint control
method. A BLF-based controller was developed to control a
robot manipulator with uncertain dynamics and joint space
constraints [7].

The integral BLFs were synthesize in controller to prevent
the movement of joint to violate the predefined constraints. In
[9], BLFs were incorporated in the adaptive neural network
control for a class of nonlinear systems in the presence of
unknown functions. In [10], by applying a error transforma-
tion, a convenient BLF was constructed in a robust posi-
tion controller to achieve prescribed performance constraints
for a strict feedback nonlinear multiple-input-multiple-output
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(MIMO) dynamic system. A BLF is employed to deal with the
tracking control with full-state constraints for a n-link robot
with uncertain dynamics [11]. While in [12], an asymmetric
time-varying BLF was presented to ensure the control of strict
feedback nonlinear systems to satisfy prescribed constraints.
In practice, the transient performance is very important for
robot systems. This is because the transient characteristics (e.g.
overshoot and convergence rate of tracking errors, amplitudes
and frequency of control signals) could greatly influence the
system performance.

Inspired by the work in [12], this paper proposed a con-
troller for robot manipulators by utilizing the asymmetric
time-varying BLFs to ensure the tracking transient satisfying
a prescribed performance as well the joint constraints not
violated. Due to the complex configuration or mechanism of
the robot, little knowledge about robot dynamics parameters
are available in practical applications. Thus, the model free
controller design approaches have been widely studied and
NN based intelligent control has be regarded as powerful tool
to deal with these unknown dynamics [13], [14], [15]. In
[14], NN is used to approximate the hypersonic flight vehicle
dynamics in the tracking control of strict-feedback systems.
In [15], the RBFNN is used to compensate the complicated
nonlinear terms in the closed-loop dynamics of the robotic
system.

It is known that finite-time stabilization of dynamical
systems may give rise to a high-precision performance be-
sides finite-time convergence to the equilibrium. This can be
achieved by some continuous nonsmooth feedback controllers
in [16], the approach has been applied to control robot manip-
ulators in [17]. Applying RBFNN control method in infinite-
time for robotic system needs learning or renewing the weight
terms, which can be considered as the unknown parameter for
robotic system. The adaptive parameter estimation schemes are
proposed in [18], [19], which exponential and finite-time error
convergence are proved without using the derivative of the
system states. In [20], [21] neural networks were incorporated
into the TSM control design to relax the requirement of system
model knowledge and achieve FT error convergence. However,
it is noted that the parameter estimation was not addressed in
the aforementioned schemes.

Motivated by the above mentioned work, in this paper, we
combine BLF and TSM techniques together to design RBFNN
based adaptive control for robot manipulators with unknown
dynamics. A novel controller is developed with guaranteed
tracking performance in both transient and steady state stages,
and with finite-time convergence of neural learning perfor-
mance.



II. PROBLEM FORMULATION AND MODEL DYNAMICS
A. Problem Formulation

The control objective of this paper is to design a robot
controller such that the end-effector position ¢ could track
a desired trajectory g4 specified in the joint space, while
guarantee (i) the tracking errors could achieve predefined
transient performances. (ii) all the signals in the robot system
remain bounded.

B. Manipulator Dynamics

The dynamic equation of an n-link robot manipulator can
be described as follows:

M(q)§g+C(q,q)g+ Glq) =T (1)

where M(q) € R™*", C(q,q) € R™™™ and G(q) € R"
are the inertial matrix, Coriolis and centrifugal matrix and
gravitational force vector, respectively, n is the number of
robotic joints; ¢ € R™, ¢ € R™ and ¢ € R™ are the vectors
of the robot arm’s joint position, joint velocity and joint
acceleration, respectively and 7 € R"™ is torque applied on
the joints. The following properties will be used in the control
design and performance analysis. [15]

Property 1: The inertia matrix M(q) is symmetric and
positive definite.

Property 2: The M(q) + 2C(q,q) is a skew symmetric
matrix, i.e.,

vl (M(q) +2C(q, q’))v =0 VYveR" (2)

C. Preliminaries

In this paper, we use the RBFNN to approximate continues
function F'(z) : R™ — R as follows,

N
Fon(z) = Zwisi(z) =WTS(z) 3)

where Z € 1z C R™ is the input vector, wT ¢ RN:
is the weight vector, Ny is the number of RBFNN nodes,
and S(z) = [s1,82, - ,sn|T is the regressor vector with
s;(+) being a radial basis function. The most commonly used
Gaussian radial basis functions is used as follows:
—(Z — CZ‘)T(Z — Ci)
b;

and b; are distinct points in state space, and b; =
[bi1, bia, -+ , big) T is the center of the receptive field and ¢; is
the width of the Gaussian function, ¢ = 1,--- , N,. It has been
proven that, with sufficiently large node number, RBFNN (3)

can approximate any continuous function F'(z) over a compact
set {27 to arbitrary accuracy as

f(2)=W*TS(2)+e(Z), VZ €y (5)

5i(|1Z — cil|) = exp “

where W* is the ideal constant weight vector, e(Z) is the
approximation error such that |¢(Z)| < ¢* with constant ¢* >
0 for all Z € Q5.

Definition 1: [22] A vector S is persistently excited (PE) if
there exist 7" > 0, ¢ > 0 such that ftHT STS > .

Lemma 1: [23] If a function V(¢) > 0 with initial value
V(0) > 0 satisfies the following condition

V<—kVP, 0<p<l.
Then, V (t) =0, V¢t > t., for a certain ¢, that satisfies

V1=r(0)
‘= w(1-p)

III. CONTROL DESIGN

Let us defined the tracking error signals of the robot
manipulator as
Ce ={q—4d4a
. (6)
Gw=¢—«
where « is a virtual controller will be designed latter.
Then, the error equation can be derived from the robot
dynamics 1 and (6) as

My +CCy =7+ Fi(2) (7)

where Fy(z) = —(Ma+Ca+G) with z = [¢T, 4T, o™, a7,
G and C are the abbreviation of G(q),C(q,q), respectively.
It should be noted that Fy(z) € R™ is an unknown function
vector as the matrices M, C and the vectors G are unavailable.
Therefore, the function F}(z) can not be directly applied in
the controller design.
The following assumption is given

Assumption 1: The desired trajectory ¢4 is chosen so that
the S(z) is PE.
Define the symbols ¢ = 1,2, --
following contents.
To formulate the system (7), let us define three alternative
vectors as

,nand 7 = 1,2,3 in all

Fi(z) =—(Ma+Ca+ Q)
Fy(z) = MG, 8
F(2) = =My + CG,

where Fj(z) € R™.

Thus, the system (7) can be rewritten by

Ey(2)+ F3(2) — Fi(2) =71 9)

It is well known that RBFNN (3) is applied to approximate the
unknown dynamics function, an adaptive parameter estimation
method are designed [24] .

Let us define alternative vectors as

Fl(Z) = W}?Sl(z) + &1
FQ(Z) = W;ESQ(Z) + &2
F3(z) = W;?,TS?,(Z) + €3

(10)

where Wj € RNiXn s optimal weigh matrix; S;(z) =
|

[s{,sg, e ,sg\,j € RN are the corresponding regression
vectors in (4); €; = [gj1,€j2, - ,€jn)7 € R™ are the
approximation error vectors, and ||e;|| < &* with a positive
constant €*; N; are the numbers of neural node of the RBFNN
Fj (Z) B

We can define three new RBFNN functions Si(z) =
[Sf(z),0%27011\}3]T752(z) = [0’11\}1755"(/2)7011\}3]1“’ S3(z) =



[0%,,0%,,57(2)]" € RNa, N, = Ny + N + N3; and define
a new RBFNN weight matrix W*(z) € RNa*" a5

Wg,
wr=[ wyT wyT wiT T = | Wy,
A , M
WF1,1 WF1,2 WFl,n
= WF*‘z,l W;é,z W;‘:z n
WE&l W;;ii,? W;3,ﬂ

where W = [Wil Wil Wil 1T e RN with Wg.. €
RNi is the ith column of the jth RBFNN optimal weight
matrix W;ij

Then, the equation (10) can be further formulated as

FI(Z) = W*Tgl(z) +é1

Fy(z) = W* So(2) + &2 (12)
F3(2) = W* S5(2) + 3
Consequently, substituting (12) into (9), we have as
W' S(z)=1+¢ (13)

where € = €1 — €3 — €5 € R™ is RBFNN construction error
vector with ||€]] < &%, &* is a positive constant, S(z) =
Sa(2)+83(2) = S1(2) = [=57 (2), 55 (2), 55 ()] € RN is
a new RBFNN basic function vector.

Consequently, using RBFNN method, the system (13) can be

divided into n subsystems as
Wi S(z) =7+ (14)

where 7; and &; are control input and RBFNN approximation
error of the ith subsystem, respectively.

Cm’

Ti = —k2iCui — 0iCei — kaq |C | - WiTgl(Z) (15)
where ko; and ks; are designed positive constant, g; is
designed in (38), Co = [Ce1,Ce2, - ,Cen]” and ¢, =
[Co1,Coas -+, Con) T are defined in (6), W; is the estimate of

w.

To design the optimal adaptive estimation law of weight
vectors W;, an novel adaptive parameter estimation in are
introduced [24].

We first design the following filters

k§1f+§1f :gl, Slf|t:0:0[Na]
kézf + S5, =85, Sy, li=0 = O,
k§3f + 83, = 83, Sz, li=0 = O,

ktpi+ 750 =i,

(16)

Tiflt=0 = 0

where, k > 0 is a filter parameter, S;, = S;;(z) € RV« and
T¢; € R are the filtered variables, respectively.

The filter operations are applied to the equation (14), such that
a corresponding equation can be obtained as follows

Sy =8 25

Wi*T ( [

—‘y-S_'gf —§1f> = W*TS‘f =T +Ef (17

_ 5,—3 _ _
where Sy = =L +S3, — S, € RY is a new RBFNN
function vector, £y; can only be used for analysis from

kéf; + &pi = & with £4;(0) = 0. It is clear that the W;* can

be considered as unknown parameters in (17), which needs be

estimated as W; during control designation.
To accommodate parameter estimation, the matrix P €
RNaxNa and vector Q; € R'*Ne are defined as follows

P=—rP+8;S], P(0)=0y,xn,
Qi = —riQi +71:Sr, Qi(0) =0y,
R; = PTW, - @

Considering (17), it is clear that Q; = PTW; — u.; with

pieg = [y e g8 (r)dr € RNe in (18). such that the
parameter

Ri:PTWi*Qi :PTWZ'*PTW;+ME¢
= PTW; + piei

(18)

19)

wherg le; 1 bounded, definition (1) implies S, bounded, and
varepsilon,; is bounded according to (13), then, we have
[|peil] < & for a constant £ > 0.

Lemma 2: [18] The matrix P is positive definite satisfying
Amin(P(t)) > 4, for t > T and ¢ > 0,T > 0, provided the
NN function S(z) is PE in Definition (1).

The RBFNN weight estimation W; in (18) can be obtained by
designing the following adaptive law
2 p PTRz'
W; =T, <<mSI Vi ||Rz|| )
where I'; € RNe*Na ig a positive definitive matrix, and ~; is
a positive constant.

(20)

A. Predefined Tracking Performance

As mention above, for tracking errors (. in (2), our
controller design objective is to make ¢(t) track a prede-
fined trajectory ¢q(t) while guarantee (.(t) satisfying the
predefined transient performance. At first, let us define a
smooth decreasing performance function which could de-
scribe the transient performance of tracking errors as ¢(t) =

[QJ)I (t), ¢2(t)> e 7¢n<t)]T

(P01 — Poo1)e™ ™ + poot
(po2 — Poc2)e™ 2" + pooa

ot) = : 1)
(pOn - poon)e_ant + Poon
where  (po1,poz- -+ s pon)s  (Poc1; Poc2s s Pocn)  and
(a1,aq9,- - ,ay) are properly chosen positive constants.

The performance functions ¢, ¢2, ---, ¢, are smooth,
bounded and positive functions with lim;_, oo @i(t) = poos-
To ensure the tracking error satisfying the prescribed tracking
transient, we depicted the bounds of the tracking errors as
—B19(t) < (e < Ba0(t), where 1 and (o are positive design
constants. The functions (51¢;(t) and —f2¢;(t) describe the
tracking transient performance with a; regulates the lower
bounded of the required convergence rate of tracking errors,
while 1pp; and —fB2pp; define the maximum overshoot and
undershoot of the tracking errors. Thus we can regulate the
transient performance and the steady-state stages by properly
select the function ¢; and the designed parameters (31, [3o.



B. Stability Analysis

Theorem 1: Consider the robot manipulator (1) with the
tracking error (6), employ the global NN controller design
(15) with the NN weight adaptive law (20) and the prescribed
transient performance (21), then, we have all the tracking
signals are UUB and the tracking error coverage to a small
neighborhood of zero; the predefined transient and tracking
performance is guaranteed.

Considering the following Lyapunov function
V=Vi+V+V; (22)

V} is designed according to the work in [12], we will proceed
the controller design using backstepping technique. Let us
designed an asymmetric time-varying barrier function as

" /h; 1 1—h; 1
Vi = —1 1
! 2(2“1@1* 2 “12)

i=1

(23)

where £,; and &; are designed by applying coordinate trans-
formations on the tracking error (., we have

_Vdcd”.@ﬂ

B 11 P12’ " P1n
_ [ Cel CeQ . Cen } (24)
B ©o1” P22’ " pan

&= hi(Cei)&pi + (1 — hi(Cei))&ai

where 1;(t) = —B1¢i(t), p2:(t) = Badbi(t), i =1,2,---,n
Eais Epi are ith element of the vectors &,, &, respectively, and
h;(C.) is defined as

_ 1 Cei Z 0
V5 and V3 are considered as follows:
1
Vo = S(o MG,
2 (26)
Vs = §RiTP*TF;1P*TRi
where I'; is defined in (20).
The time differentiation of (23), we can obtain that
. n 1 .
o= > <hi1_2_§bi§bz’> 27
i=1
+ Z < i 52 gaz&az) (28)
According to definition of &,;, &;, we have
. - h; P2
Vi= 7&71 Cm Ceii ) (29)
' 422((1_51)1) ( <P2z')
9011
+ gaz CG’L CEZ ) (30)
Z ( 531)90 1z ( l)
Substituting (6) into (27), we have
. - i Pai )
i= 71 2N Cvi + a; — Cez
1 ;(u—&m( ox)
E . (€2))
+Z < ol (Cuz"‘az _de_Ceiiiz_))

Then, we design a virtual controller as

o = Ga; — k15Cei + 04 () Cei (32)
where
Pti D2
oi(t) = 24 2+ kg (33)
( ) \/( <P1i) <P2i)

kq; and ki1; are designed positive constants. Notice that the
following inequality holds

oit) + i P (1= h) P2 > 0 (34)
P1i P2i
Substituting (32) into (31) yields
: - hi&pi (1 — hi)€ai )
Vi = + vi
' ; <((1 — & (1— 37:)901i)<
- hi&pi Cei — hi)€ai Cei
— Z ks ( §b2 G + (1 )§ G )
= 1 =& w2 1-& o
n (35)

- hi gbz 9021
- Z ( fbl)@m( Cm 2i ))

- ( - i)gai L)Oll )
+ 71 2N et
; ((1 - gi)%z( c i)
And in terms of (34), we have

V<

= hi (1—hy) k1i€? > (36)
+ etSvi T
EQ(Q@f—@» W) -
Noting that the following inequality exists,
& 1 _
1) > In(1 ) V)& < 1. (37)

Substituting (37) into (36), and using the p; to represent
hl/(@%z P’L) + (1 —h; )/(9011 - Cm))’ we can obtain that

n

. k1
msz(( gﬁ%@%)

i=1

(38)

Let us take the derivative of V5 in (26), substitute (1) and (6)
into (39), we can obtain that

1 . .
= 3¢ MGy + (MG,

1 : . .
:§CUTMCU+CZ(7'7C’(17G7MQ) (39)

= (T+ Fi(2)

where Fj(z) have be described in (7).
Substituting the control input (15) into (39) as

V=Y (m + Coi(WES1(2) = WiTS(2) + si)) (40)

i=1

where i = szCrm k?ﬂ |< QzCezgvz
According to the Young’s mequallty, the following relation can

be easily obtained

1
~e; 1)

1
o< 22
Cvzglzf 2 m+2



Substituting (41) into (40), and considering ||e;|| < £*, we
have

n
. e 1 1

Vo< mi = CuiW 81+ 5Coy + 5272 42
2_1,:1 (7] C i 1+2<'u2+2€ ( )
Differentiating the second equation of (26) with respect to
time, we can obtain V3 as

. n 1 0(P7TR)
= ITp-Tp 12— _—* 4
According to (18) and (19), we have
oP~TR;) O(W; + P~ Tpg)
ot B ot
(44)

_W pTpTp-T /-Lez'i‘P fei
7W +uEZ—W + flei

where fio; = P~ Tji.; — P~TPTP~ Ty € RN,
Substituting (44) into (43), and considering the equation (19)
differentiation of V3 can be written as

Vs = Z (RTPTT7 (Wi + i)

i=1

=> <RiT P N3 (CoilSh —

i=1

= Z (RTP T¢piSh —

=1

PR
TR *““”)

[P TPR, )
IRl

+> RIPTIT; e
i= 1

<3 (Gl Ss + Gl P51

=1
n

-2 (v

i=1

i — [P | | Ral )
45)
Let us combine (38), (42) with (45),
k1
1-— 5.2
+ 3 (Rt sl TS )

i=1

. . . n 1 1
VithatVs< Z (‘ — kil + 5(31' + 2512)

Mz

((vi = IPTTT A DI Rl

1 2
1 <(k2i - 5) vi)
k1i 1 4
1(1 g 2 >

( _||P TF 1,&62”)”]%”)

.
Il

A
|
="

Mz]

.
I

=1

((k3t H/’ngipiT‘ng)KviD

<M§

1=1

(46)

According assumption (1), and noting that e; and S; are
bounded with ||¢;|| < &* and fHTS ST >uT>0,.>0,
then, u.; and fi; are bounded in ﬁnlte time interval. Con-
sidering the lemma (2), P is bounded in magnitude, thus
||uLP~TS,|| and ||[P~TT; 'fi|| exist and are bounded as
long as all closed-loop system parameters are suitably chosen.
Then, the equation (22) is semiglobal stability for enough large
k1i, Vi, and ks; and ko; > % we have

V§i<(k2i— )i—)éo

The inequation (47) further implies lim;_, ., (, = 0. Thus,
the control error (, converges to zero and all other signals in
the closed-loop are bounded.

To further prove finite-time convergence, we substitute (26)
into Vo3 = V5 + V3, thus

(47)

Vos = %CUT M¢, + %RiTP*TF;lP*TRZ— (48)

Then, the time differentiation of (48) is written as

. n 2
Vas <> (—kzicgz ksi Cus
=1

— 0iCeiCvi + Cm‘fli)
| Cvil

+ > (Gl P~
i=1

n n

<Y —k2iC =Y ((i = 1P e Ril )
1=1

i=1

TSill = (v = 1P~ el DI RS )

= > (ks = 0ileil = " = |u& P77 51]])[Guil)
i=1 (49)
The bounded analysing for ||uL,P~7S;|| and ||[P~TT; " fii|
represented above as long as all closed-loop system parameters
are suitably chosen. Then, Va3 is semiglobal stability for
enough large ~; and ks;, the semiglobal stability of (49)
follows such that

n
’ 2
Vag < = kaiGly =
i=1

with ky = [ka1, ko2, - -+, k2p).
The inequation (49) can be represented as

n

=D (ki = 0ilGeil =& =[5 P~ SuIDIGui)

=1
n

- Z ((y
= 51)

According Lemma (2) and the Lyapunov function Va3 in (48),
the inequation (51) can be rewritten as

V23 < ICVng

—CokaCy <0 (50)

Vaz <

i = 1P~ Al DI IR

(52)
with [ = 1/2 and

n

K= > (min[(ksi —

i=1

—e* = |lnEi P~ S )

Xy 2/)‘ma$(M)v

(vi = IP~TT il /2/2(071) 1)

0 ‘Ceil



Noting the inequation (52) and applying Lemma 1, we have
Vo3 = 0,Vt > t. with the finite-time

te < 2KV, (0) (53)

Consequently, combination V' (22), 1% 47), Vo3 (48) and Vgg
(52), finite-time convergence of the tracking error (., ¢, and
R to zero is guaranteed, which implies lim;_,oc W7 P = p..
This complete the proof.

IV. SIMULATION STUDIES

In this section, simulation studies are carried out to illustrate
the effectiveness of the proposed adaptive RBFNN control
algorithm (15). In the simulation, we employ a 2-link ma-
nipulator model whose dynamics is given by [11]:

M(q)i+Cl(a.4)i+G(a) =7 (54)
where ¢ = [q1, g2] is a vector of joint variables, and
6w = | (55)
) = | b e | 56
Clg.q) = g; g;; ] (57)

The plant parameters are chosen as follows:

Gu = (milez +mali)gcosqr + maleagcos(qr + q2)
Ga1 = maleagcos(qr + q2)

Myy = mql? +mo(l3 + 1%+ 20l cosg) + I + I
My = m2(l22 +lileg cos q2) + Ip

My = maol? + I

Cui = —malilea(Gr + Go2) singa

Ci2 = —malilea(g1 + G2) singa

Cor = malileigrsings

Cyy = 0

with my; = 2kg, mo = 0.85kg, 1 = 0.35m, I = 0.31m,
I, = 0.061kgm? and I, = 0.020kgmy, and m; and [; are the
mass and length of link ¢, [.; is the distance between ¢ — 1th
joint and the <th link’s mass center, « = 1,2. And I; is the
inertia of link 4.

The reference trajectory ¢q; is chosen as ¢4 =
[sin(0.5t), 2cos(0.5¢)]T, where t € [0,¢s] and t; = 15s. The
initial state are set as ¢ = [—1,3]. While to guarantee the
transient performance, the prescribed performance functions
are designed as ¢1(t) = (1 — 0.05)e~t + 1, ¢o(t) = (1 —
0.03)e~t + 1, i.e. the tracking error are bounded by

—B19i(t) < z11(t) < B29i(t)

with ;7 = 1, B2 = 1. The control gains are selected as
k1 = [20,20]T, ko = [10,10]7,k3 = [30;30], the gains of
NN adaptive laws are chosen as I'y = 0.01Iyx, xn,, I'2 =
0.01In, xn,, and the parameter v = [1;1]. The simulation
results are shown in Figs.1-4. As shown in Fig.1 and Fig.3,
we see clearly that the ¢1, g2, ¢1 and ¢y could effectively

i=1,2 (58)

follow the reference trajectories, which means that the pro-
posed controller can achieve a good tracking in the presence
of unknown manipulator dynamics. While Fig.2 shows the
tracking errors (.1, (.2 coverage to a small value close to zero
quickly. The simulation results in Fig.2 also illustrate that our
proposed adaptive RBFNN with time-vary-BLF controller has
guaranteed the tracking errors always remain in the predefined
region and the prescribed transient performances are never
violated. While the corresponding control input is depicted
as shown in Fig.4.

q, (rad)

time (s)

q, (rad)

time (s)

Fig. 1. Position tracking g1 and g2

¢, (rad)

time(s)

¢, rad)
Nk O kN
e

time(s)

Fig. 2. Tracking performance of the position errors (. and (,

o
o

——\dotq_1
- = =\dot q_{d1}}

o
S

\dot q_2 (rad)

h o o

\dot q_2 (rad)

L
0 5

time (s)

Fig. 3. Veloctiy tracking ¢1 and g2

V. CONCLUSION

In this paper, we have investigated the adaptive neural net-
work control for robot manipulators with unknown dynamics.
Controller designed using adaptive RBFNN and time-varying
BLF techniques achieves predefined transient performance and
guarantee finite time convergence of RBFNN learning. Leak-
age terms, functions of the estimation error, are incorporated
into the adaptation laws to avoid windup of the adaptation



time(s)

time(s)

Fig. 4. Control input 71 and 72

algorithms. Simulation results have demonstrated the effec-
tiveness and efficiency of the proposed control scheme.
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