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Abstract. In this paper, we investigate the tracking control problem for a class of brush direct current (DC)
motor systems driving a one-link robot manipulator subject to asymmetric full-state constraints. By constructing
a state-dependent nonlinear transformation function (NTF), we present an adaptive robust dynamic surface
control (DSC) strategy that can directly address both symmetric and asymmetric state constraints, so that there
is no need to convert the problem of state constraint into the constraints on tracking errors as necessitated by
the Barrier Lyapunov Function (BLF)-based existing works. Furthermore, by employing the first-order filter
and constructing a new coordinate transformation, the demanding feasibility condition imposed on the BLF
methods is removed, allowing the designer more freedom to select design parameters. Moreover, it is worth
mentioning that under the proposed nonlinear transformation function the extra condition on the constraining
function is not required. The effectiveness of the proposed control is verified via the Simulation results.
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1. INTRODUCTION

For the practical engineering systems [1-3]], they face challenges in constrained operation for stability and
performance, i.e., the permanent magnet brush DC motor systems [4-9]. These complexities have attracted
extensive research, leading to innovative strategies for state constraint control, advancing related fields. Be-
ginning with the control techniques, reference [4] introduced the concept of integrator backstepping control to
warrant the load position tracking performance for DC systems in the presence of parameter uncertainties. Rauf
et al. [10] employed a continuous non-singular terminal sliding mode control for the converter-driven DC motor
systems to guarantee the system performance. Based on the state observer technique, Yao et al. [11] presented
a output-feedback robust adaptive control method to cope with the structured and unstructured uncertainties.
However, in the aforementioned works the problem of state/output constraint is not considered in the control
design and stability analysis. If the constraint is not properly accommodated [[12-14], it might result in con-
trol inaccuracy, system instability, or even accident, rendering the underlying control problem for DC systems
extremely critical and challenging.

To solve the problem of state constraint and meanwhile to guarantee the closed-loop stability of the DC
systems, there are fruitful results in recent years. Reference [15] provided explicit expressions for the con-
trollability time and lower bounds based on low-dimensional system transformations so that the convex state
constraints can be ensured. Recently, BLF has been employed to handle state constraints for nonlinear systems
in Brunovsky form [[16]]. Such a function yields a value that approaches infinity whenever its arguments ap-
proach some limits. Inspired by this idea, the authors in [17] proposed a BLF-based adaptive control algorithm
for DC systems to guarantee the time-varying state constraints. By developing an extended disturbance ob-
server, Yang et al in [18]] developed a BLF-based adaptive control algorithm for DC motors in the presence of
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uncertain disturbance, so that the time-varying output constraints can be ensured. However, it is worth noting
that under the above BLF-based works, the original output/state constraints are handled indirectly by imposing
transformed constraints on the errors, which imposes extra requirements on the initial states. To handle this
problem, by employing the integral BLF, Liu et al. [[19,20] introduced an adaptive control approach to guarantee
the time-varying state constraints directly without the need of error constraint transformation. However, cur-
rent BLF based state-constrained control methods for DC motor systems may involve the feasibility conditions
on virtual controllers, in other words, the virtual controllers must satisfy certain pregiven constrained region,
which poses significant difficulty for the design and implementation of the corresponding control schemes. In
fact, as implied in the pioneering work [21], only if we are able to find a set of design parameters that satisfies
the conditions, the BLF based methods involving those parameters would be feasible. Clearly, the existence
of the design parameters satisfying the feasibility conditions is crucial for most existing BLF methods, which,
prior to the implementation, require offline constrained optimization to verify and to obtain the optimal design
parameters [22-24]]. This is a highly undesirable process. It is therefore highly desirable to remove such restric-
tive conditions for control design. Although the nonlinear transformation function has been proposed in [22]],
there is no guidance on how to design a robust adaptive control method for DC motor systems.

In this paper, inspired by the previous work [23]], we present a robust adaptive control method for the brush
DC motor systems turning a robotic load in the presence of state constraints without involving the demanding
feasibility conditions. The main contributions of this work can be summarised as follows:

* Firstly, by introducing a state-dependent nonlinear transformation function (NTF), the original state-constrained
system is converted into an equivalent “unrestricted” system, so that the corresponding proposed control
framework can directly address both symmetric and asymmetric state constraints, so there is no need to
convert the state constraints into the constraints on tracking errors;

* Secondly, by employing the first-order filter and constructing a new coordinate transformation, the demand-
ing feasibility condition imposed on the BLF methods is removed, allowing the designer more freedom to
select design parameters. Furthermore, it is worth mentioning that under the proposed nonlinear transfor-
mation function the extra condition on the constraining function is not required.

The remainder of this paper is structured as follows: Section 2 delineates the problem formulation alongside
pertinent preliminaries and assumptions. Section 3 articulates the development of a control scheme tailored to
address state constraints. Section 4 validates the efficacy of the proposed algorithm through simulation results.
The paper culminates with Section 5, which provides concluding remarks. Throughout this paper, R denotes
the set of real numbers, Ry := [0, +e0) denotes the non-negative real numbers, and R"*" denotes the set of
m x n real matrices. ||-|| represents the Frobenius norm for matrices and Euclidean norm for vectors, | - | is the
absolute value of real numbers. N is a set including all positive integers.

2. PROBLEM FORMULATION AND PRELIMINARIES

In this paper, we consider the bursh DC motor systems driving a one-link robot manuipulator as the follow-
ing form [4]:

Mg+ Bg+ Nsin(q) =1, 0
LI = u, —RI — Kzq,
where 5 ) 5
J mL ML 2MR b mLG MLG
M:7+ —+ + ,Bziszi_i_i’
Ky 3Ky Ky 5Ky Ky 2Ky Ky

where J € R is the rotor inertia, m € R, M € R, and L € R are the link mass, load mass and link length,
respectively, G € R is the gravity coefficient, b € R is the coefficient of viscous friction at the joint, g € R is the
angular motor position, / € R is the motor armature current, and Ky € R is the coefficient which characterizes
the electromechanical conversion of armature current to torque function, R € R is the armature resistance, Kp
is the back-emf coefficient, and u, € R is the input control voltage.
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Let x; = ¢, x» = ¢, x3 = I, u = u,, then the system in (I]) can be transformed to the following strict-feedback
form:
)C'l = X2,
Xy = gox3 + Oysin(xy) + 62x2, (2)
X3 = g3u+ O3xp + O4x3.

where x1,x,x3 denote the system states, u € R and y € R represent the control input and system output, re-

spectively, g» = %, g3 = %, 0, = 7‘71\’, 6, = 773, 0; = _TKB, and 6; = %R. In practice, the considered permanent

magnet brush DC motor is subject to the following full-state constraints defined by:
xi € Dj:={(t,x:) € Ry xR Ky (1) <xi < Kin, K, Kin € R}, 3)

where x;, (i = 1,2,3) is the system state, x;(0) € D; is the initial value of state. The lower constraining function
K;; and upper constraining function kj;, belong to:

0 :={Ky(t) :R" - R, k(1) : R* - R | x(¢) < k(1) } “4)
which are governed/generated dynamically by:

kil :ilil(thil)a Kil(o) GQZ'[, i= 17273 (5)
Kin = han(t, k), Kn(0) € Quy, i=1,2,3, (6)

for all (t,x;;) € Ry xR, j =1,h, where k;(0) and x;;,(0) are the initial values of constraining functions, and
Qi1, Qi are some known bounded compact sets. For practicality, the stability assumption is extended to hold
for all (¢, k; j) such that x;;, k;;, and K;; are continuous and bounded. It is important to highlight that the
state constraints introduced by (3)—(6) are inherently dynamic and asymmetric, which differs from the existing
studies that deal with symmetric and static state constraints or predefined time-varying constraints.

In this paper, we propose a robust adaptive control methodology for nonlinear DC motor systems as ar-
ticulated in so that: 1) all signals in the closed-loop systems are bounded; and 2) the time-varying yet
asymmetric state constraints (3) are guaranteed without involving the demanding feasibility conditions.

To this end, we impose the following assumptions.

Assumption 1. There exist positive constants y; such that x;, () — k() > ; >0, i=1,2,3.

Assumption 2. The reference trajectory and its derivatives up to second order are known and bounded. In
addition, there exist time-varying functions & (¢), Ky, (¢) satisfying & (¢) < K4,(¢) and positive constants 6,
6, such that th(t) — K'dh(l) >6; >0, K'dl(t) — K’U(l) > 6; >0, and ya €Uy = {(t,yd) S [0,00) xR: Kdl(t) <
va < Kan0)}-

3. MAIN RESULTS

3.1. Nonlinear transformation function

To prevent the system states from violating the constraints dynamically generated by (3)-(6), we introduce
a nonlinear transformation function, defined as follows:

Definition 1 [22]]. A scalar function p of the variable x on an open region U is a nonlinear transformation
function (NTF) if it can be used to handle the constraining all cases simultaneously without the need for chang-
ing the function structure; and It exhibits the property that p — Foo as x approaches the boundary of U and
satisfies p < B for all x € U’ C U under x(0) € U, where B represents some bounded constant and U’ is a closed
interval.

Now we construct such a state-dependent NTF as follows:

_ M —Ku X1 — Ky
)C]-Kll(t) th(t)—)q’

(N

P1
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and _
Xi — Kij Xi — Kjp, .
, 1=2,3 (8)
xi— k(1) Kn(t) —x

pi=

with the initial states satisfying x;(0) € U; and the constants k;; and k;, obeying the following inequalities:

Ki(t) < K,
©)
Kip, < Kin(t)
It is clearly seen that the proposed NTF p; as defined in (7)-(8)) satisfy the property in Definition 1, i.e., for
any initial states x;(0) € U,
pi — —oo if and only if x; — (1), (10)
pi — oo if and only if x; — K, (7).

Therefore, it can be deduced that for any initial conditions x;(0) € U;, as long as the values of p; are confined
within the specific bounds via the appropriate control, the system states will persist within the respective regions
U;. In other words, the state constraints are guaranteed. Inspired by this insight, we now turn our attention to
addressing the challenge of dynamically imposed asymmetric state constraints by preserving the boundedness
of p;.

Note that the expression of p; as given in (7)—(8) can be rewritten as:

pi = piXi + Piz, (11)
Where Ki— Ky +Kp—K Ki K, — KilK;
P ) ™ P G k) 2
Taking the derivative of p; in (TI]) w.r.t. time yields:
pi = MirXi + Mi2, (13)
i1 = X} — KK = (KinKi + Kip ki )xi — (Ko + I'Ciz)x?_ (14)

(xi — Kt ) (Kin — x:)? (xi — Kt ) (Kin — x:)?

As pr = p21X2 + P22, then one has

Xy = Mj (15)
P21
we further have
. _ 1 P22
pr=unx2+ U2 =M | —pP2—— | + U2 (16)
P21 P21

where the fact that x; = x; is used.

3.2. Control design & stability analysis

We now focus on constructing the control framework for DC motor systems in the presence of state con-
straints. Since backstepping technique is the most effective method for strict-feedback/pure-feedback sys-
tems [25H28]], then we can conduct the control design with backstepping technique step by step in this work.
To directly handle the dynamic yet asymmetric state constraints and to remove the feasibility conditions on the
virtual controllers in the existing works, we employ the following coordinate transformations:

21 = P1 — Pa,
22 = P2 — 0y, (17)
73 = p3 — O3y,
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— —K Yd—Kjjp
where pg = y;iK’ul(ll) * K|Z(’)*”y¢1
following first-order filter:

is a computable function for control design, @;r, i = 2,3, is the output of the
{ &r0np+ 0y = pa1oy, (18)
E3037 + Qs = P3100,
where o and o are the virtual controllers which will be designed later.

To facilitate the control design, we define the following filtered errors:
{ Y2 =0 — P2104, (19)
y3 = 03¢ — P3107,

then it is seen from and that
pi=zi+0if =zi+yi+piuti-1, i=2,3. (20)

Step 1. According to (19), the equation of (T6) can be written as:

. 1
P1 =M [(Zz+y2)+061—pzz] + U2, (21)
P21 P21

then the derivative of the first virtual error z; = p; — py with respect to time is

. . 1 .
21 =P1— Pa = 1101 + U1 [(Zz+Y2)—pzz} + W2 —Pa (22)
P21 P21

where

Pa = M1aYa + Hod,
yi — K11 Kin
Ya = %11)*(Kip —ya)?’
(Kinki + Kinku)ya — (Kin + Ki)y3
(va — &11)*(Kin —ya)?

.uld:(

Hog =

Then the derivative of the quadratic function %z% is

2121 = o +Ay, (23)

with

1 .
Ay =zl (Zz+y2)—% +z112 — 21P4

21 21
Upon employing Young’s inequality, one has

1 > 1 55
i —22 S gl 521+ (24)
oo 11[)221 Ly
1 1
ZINHE}Q < phzi+ 4}7)%7 (25)
21
2
1
—m,uu% < Zjui (Zi) +Z’ (26)
1
2112 < Z%,U]zz + Z’ (27)
) ) 1
—21Pa <P+ (28)

Z.
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Hence, A; can be upper bounded by
1 1 3 1
A < 2P — 29
187 1+82,U]1p21Z122+4p2 y2+4+4g2 (29)
where
pn\? 2
= Pg + i + Uy ( ) + Ui (30)
P21
is a computable function. Then can be further expressed as
'<ua+2<I>+u1 +1 +3 ! (31)
2121 S UM 0 + 3P T &2 2z
1 11p2112 4p2, Y27y 4
The virtual controller ¢ is designed as
1
o =— (—c1z1—2u®Py) (32)
U1
with ¢; > 0 being a design parameter.
Substituting the virtual controller as shown in (32) into (31)), we have
< L o ! (33)
2121 < _CIZ 82 Z Z -+ —
1 11p2112 4212 47 4g,
Choosing the first Lyapunov function candidate as:
1, 1
Vi== 34
Sa+ 3 (34)
then the derivative of V; along (33)) is
1% + < +gouf ! +— ! 3 + ! + (35)
1 =212 +y2y2 < —ClZ &2 lez — +2)2.
! 'p2, ap2” i
Noting that
Vo= —(paay) = —g +hi(-),
where £ is a continuous function over the compact set, then one further has
n<(f-L) 2w (36)
y2y2 & 4 & Y2 )
then (35)) can be expressed as
. 1 1 1 1 3 1
Vi<-azi+g& iz +( +-— ) S+ S+ —+h (37)
1 1 glan21 122 I 4p21 & 2ty 4g, 1
Let
L_1 +— ! +&
& T4 4p3, 2

with & > 0 being an arbitrary constant, we arrive at:

V) < &5 y3 + gopt? ! +3+ ! + 1.
1 —0111— 2)’2 82011 Z112 A
p21 4  4g,
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Step 2. Differentiating the second virtual error z; = p> — 0, we obtain

2 = P2 — Oy = o1 Xy + Hop — Gy = Moy [gox3 + Oy sin(xy) + Oaxa] + oo — Oy (38)
As |
P32
x 4ys) o — 2
3= 1 ( 3 y3) 2 p31

then one has

1 . .
2 = U1 [82 ' E(Za +y3)+ 8200 —gzzz? + 0y sin(x;) + szz] + U — Qo

(39)
= 218200 + U2 [&(23 +y3) — 2P | 6 sin(x) + 92)62] + U — Gy
P31 P31
and
2% = 1822200+ A (40)
where
Ay = 2oy [;)g:l(& +y3—p32) + Oy sinx) + 92962] + 22120 — 22005,
Choose the second the Lyapunov function candidate as
Vo=Vi+z5+-3+7b 41)

2 2 2r

where r > 0 is a design parameter, by =by — 132 is the parameter estimate error with b, = max{g», 65, 1} being
an unknown parameter and b being the parameter estimate. Its derivative is

S+ 1} + 2182220 + AL+ y3¥3 — *bzbz (42)

o _ 1 — 1
Vo =Vi+ 22200+ y393 — —baby < —c1z1 — &y5 +
r 4 4

where A2 Ay +g2ﬂ11 pz le2
Note that

g2 1 82
Dl =73 < g313 2E+ 22
a1 21p31 251 4er

82 2.2 2 1 2
2M21—y3 < gy + 53,
P31 4p3,

2

P32 82
— == < 2=
ZZ.UZIP P32 = gzzzuzl <p31> + 4

. - 1
22 (Ho2 — Gof) < 8223 (o2 — Gp)* + —

4¢,’
then we have : :
AS < 22225 ®r + 83145 57 + T+ —5)3 (43)
P31 4p3,
where by = max{g>, 9&, 1}, I = 2g2 + + 4g3 and
& P32 1452 2 9 PRV 2 L 2
2= M3+ 13, P + (1423)" p3) + (22 — G2p) +N11'p2 1
21

is a computable function.
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Therefore (d2)) can be further rewritten as

1
+ 1 + 1121822200 + 20253P0 + 8313 — Z223 +1I

VZ —CIZI 82y2+ +—
4  4g p31
LI S (LA - S R 44
+4p321y3+(4 83))’3-1' 2 P 202 (44)

Choosing the virtual controller oy as

1 N
0 =— (—szz — szzCDz) (45)
H21

with ¢; being a positive parameter and by being the parameter estimate that is updated by
I;Q = rzzg(bz — 62252, 132 (0) Z 0 (46)

where 62 >0, 32(0) is the arbitrarily chosen initial estimate b (t).

Let - =3 + 2 + &7 with &5 > 0 being a positive constant, then substituting the virtual controller and
P31
adaptive law as shown in (5)—0) into (@4), we have

2

1
chzk—sz Z y%+th+le+g3u21 > —-2333, 47)
k=1 k=1 31

62 2
2ry b

with I'h; = %—i—é—i—l’
Step 3. The derivative of the third virtual error z3 is
23 = U31 (g3u~+ 0312 + 030x3) + l3p — G35 (48)

Choosing the Lyapunov function candidate as

1,
V3 523 + V2 + b (49)

where 53 = by — by is the parameter estimate error with b3 = max{632, 1} being an unknwon constant and bs
being the parameter estimate, r3 > 0 is a design parameter.

Noting that the derivative of %z% is

2323 = g3M31z23u + 23131 (03132 + 630x3) + 23 (U32 — O3f)

then differentiating V3, we have

2
1~
Z ckzt — —bz Z AVES Z h+To1 + gstaizau+ Ay — —b3b3 (50)

k=1 =1
where A} = z331 (631x2 + O3x3) + 23 (32 — Oa7) + 83143, pz Bz

Since

1 1
331 (83130 + O32x3) < g3z313, 63 <X§ + x5+ 2) + Py

. . 1
23 (3 —o3yp) < g3z§ (U32 — 063f)2 + @7
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then one has

1
Al < 303305+ ——, (51)
2g3

where b3 = max{67,1} is an unknown constant and

D3 = 13, (x%+x%+1)+(ﬂ32—063f) +ﬁmz%z% (52)
31

is a computable function, then one further has

2
2 1
—I;lckzi 7 Z &L +I;1hk + Ty + g3tz 23U + g3b323° D3 + 2er Ebb (53)

The actual controller is designed as

1 o
u=—/(—c3z3 — b3z3P3) (54)
Uz

where ¢3 > 0 is a design parameter and bs is updated by
23 = F3Z§(133 — G3CI33ZA73, Z)g (0) >0, (55)

where 63 > 0, b3(0) is the arbitrarily chosen initial estimate b3 (¢).

Now, we are ready to state the following result.

THEOREM 1. Consider the permanent magnet brush direct current (DC) motor systems (1)) subject to the
asymmetric state constraints (3)), if the actual controller (54), the virtual controllers (32) and (43) as well as
the adaptive laws are applied, under the Assumptions 1-2, we can deduce that: 1) all signals in the closed-loop
system are bounded; and 2) the full-state constraints are guaranteed without involving the feasibility conditions.

Proof. Substituting the actual control law « and adaptive law l;3 into (53)), one has

2 ~,
Z oz — Z;—"bi—x.skyk+2hk+r3, (56)

k=2 <"k k= k=1

with I3 = a1 4 5 + 7 b2 then we have

2g3

V3 < —YV3+A3 (57)

where Y = min{c,0;,2€;}, k=1,2,3; j=2,3, and A3 = Y7, h? 4+ T'3. With the above analysis, we now
can proceed to prove the following results. 1) We first prove that the boundedness of all signals is ensured.
According to (56)), it can be concluded that V3 converges to the set Q) = {V3]|V3] < %} as time goes by, which
further implies that z;, by, 133 yo, and y3 are ultimately uniformly bounded. Then, it is obvious that p; iS Le,
so oy and o are bounded due to the fact that in (24). It follows that the state x; is bounded. According to
(T4) and (30), we can get u;; and ®; are bounded. Following the same procedure, we can conclude that all
the internal signals are bounded. 2) Next, we prove that the full-state of the system satisfies the asymmetry
constraint. Due to p; € L., it obtains that for any initial value k;;(¢) < x;(0) < Kj;, the system state remains in
the constrained region K (¢) < x;(¢) < Kin(t) forz > 0.

Remark 1. The control implementation in this work is straightforward. For example, for the actual control
law u as shown in (54)), we only need the variables y3;, z3, @3, and the parameter estimate l33. As z3 is defined
in (T7), then it is easy to obtain the corresponding value; (3, can be obtained via (14)); ®3 can be computed via
(52); and the parameter estimate b3 can be guaranteed via integrating the adaptive law as shown in (53). With
the similar procedure, the virtual controllers o, o, and the parameter estimate 132, can be computed easily.
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4. SIMULATIONS

To verify the effectiveness of the proposed control scheme, we consider the permanent magnet brush DC motor
systems (I]), where the detailed values of system paarameters are given as: K =0.9, J =1.625- 1073, m=0.506,
M=01,L=0.1,R=0.023, b=1625-103,L=2-10"°,R=5, Kz =Ky, B= KL; and the gravitational
acceleration G = 9.8. In the simulation, the system states are required to remain in the following asymmetric

sets:
xi € Upi={(t,x;) € Ry xR | Ky(r) <xi <kin(t)}, Ky € R, ki € R} (58)

for i = 1,2, 3, where the constraining functions are governed dynamically by:

ki1 = —0.4+0.2sin(r), &1(0) = —0.3

K12 = —0.25exp(—t) —0.25sin(¢) +0.25cos(¢) + 1.2, k12 =0.6
K21 = —0.5sin(¢) +0.3cos(t) — 1.8, k1 =—0.3

Ky = —0.6exp(—t/2) —0.2sin(r) +0.4cos(t) + 1, k»n =0.6
K31 = —0.5sin(r) +0.3cos(t) —2, &3 =—0.3

K32 = —0.6exp(—t/2) —0.2sin(r) +0.4cos(t) + 1, k3 =0.6.

(59)

In the simulation, the reference signal is given as y; = 0.1 +0.5sin(¢). In order to guarantee the full-
state constraints, the initial values of the DC system must be within the constrained sets, therefore, they are
chosen as: x1(0) = 0.3, x2(0) = —0.2, x3(0) = —0.6. The initial values of the parameter estimates are given as
132 = 133 = 0. The design parameters are chosen as: ¢; = 1.65, ¢, =2.5,¢c3=1.1,0,=0.2,06, =0.1, 03 =0.1,
n=2,7%=0.01, 5 =0.001, & = 10, and & = 0.0002.

Under the actual controller (54), the virtual controllers (32) and (43) as well as the adpative laws, the sim-
ulation results are shown in Figs. 1-5, in which the trajectories of x1, x;, and x3 under the dynamic asymmetric
state constraints are plotted in Figs. 1-3, from which it is observed that the not only the system states are
effectively constrained within the constrained regions, but also the systems states are bounded.

05 ~ o -7 ~

Time(sec)

Fig. 1 — The trajectories of x; and y; under constraint.

Furthermore, the evolutions of the virtual controllers are plotted in Fig. 4. It should be stressed that, if the
BLF methods are applied, one has to ensure that the feasibility conditions on virtual controllers ¢;, i = 1,2, must
be satisfied, i.e., —kj; < o; < Kj;. To this end, the offline optimization process must be implemented to obtain
the optimal design parameters. However, this is a demanding condition. If the states are to be constrained in a
small set, such a optimization solution may not exist (namely, the optimal design parameters do not exist). To
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Time(sec)

Fig. 2 — The trajectory of x, under constraint.

—_—1T3
- =K3

- ~. = = =kKan

=2F N o N 1

_3 i i i i

Time(sec)

Fig. 3 — The trajectory of x3 under constraint.

solve this issue, in this work a novel state-dependent nonlinear transformation function is developed, based on
which we construct a different coordinate transformation and we only need to ensure the boundedness of the
virtual controllers (rather than to guarantee that the virtual controllers must be within the constrained regions),
which has been verified from Fig. 4. It is seen that, although the trajectories of the virtual controllers are
not confined within the constraining regions (making traditional BLF/IBLF methods invalid/inapplicable), the
proposed control can still ensure that the asymmetric full-state constraints imposed dynamically on the states
are not violated as observed from Fig. 4. Moreover, the evolutions of the virtual errors are plotted in Fig. 5,
which are also bounded.

5. CONCLUSION

In this paper, we introduce a robust adaptive control strategy for the permanent magnet brush DC motor
systems in the presence of asymmetric full-state constraints. Firstly, by constructing a state-dependent nonlinear
transformation function, we convert the problem of state constraint into the stabilization of a new variable.
Secondly, by employing the first-order filter and constructing a new coordinate transformation, the demanding
feasibility condition imposed on the BLF methods in the existing works is removed, allowing the designer more
freedom to select design parameters. The effectiveness of the proposed control is verified via the Simulation
results. It is worth noting that the virtual controllers and the actual control law are designed by using the
backstepping technique, it is somewhat complicated as it contains some partial derivations, some parameter
estimations, system states and other related nonlinear functions, then how to reduce the computational burden
represents an interesting topic in future work.
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