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Neural network and adaptive algorithm-based
fractional order sliding mode controller

ZHANG Bi-tao†, GAO Fu-rong, YAO Ke

(Guangzhou HKUST Fok Ying Tung Research Institute, Guangzhou Guangdong 511458, China)

Abstract: In this paper, a fractional order sliding mode scheme based on neural network self-adapting algorithm is

proposed for dealing with the chattering phenomenon existing in conventional sliding mode controller under the existence

of parameters variation and external disturbance. Firstly, the fractional order sliding mode control law is designed using

equivalent control technology. And a switching control method is obtained to drive the system state to reach the given

sliding manifold at any initial condition. Then the neural network and adaptive control algorithm are designed to abate

the chattering of sliding mode controller. The stability of control system is analysis by Lyapunov stability theory finally.

Experiments demonstrate that the proposed neural network self-adapting based fractional order sliding mode controller not

only achieve better control performance than the conventional sliding mode control system, but also is robust with regard

to system parameters variation and external disturbance.
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2 (Design of fraction-

al order sliding mode controller)
, :

ẋ1 = x2,

ẋ2 = f(x) + bu+ d(t),
(1)

: x1,2 , f(x) , u

, |d| � ψ

, b . r(t),

e(t) :

e(t) = r(t)− x1,

ė(t) = ṙ(t)− x2.
(2)

, .

:

.

(s):

s = c0D
−r
t (e) + ė, (3)

: c ∈ R
+, 0D

r
t (·) , 0, t

, r , [16]:

0D
r
t f(t) =⎧⎪⎪⎨

⎪⎪⎩
1

Γ (n− r)

� t

0

f (n)(τ)

(t− τ)r+1−n
dτ, n− 1 < r < n,

dn

dtn
f(t), r = n,

(4)

n .

,

,

.

,

.

(3) ,

ṡ = c0D
1−r
t (e) + ë. (5)

(1)−(2) ,

ṡ = c0D
1−r
t (e) + (r̈ − (f + bu+ d)). (6)

( |d| = 0), ṡ =

0, ue:

ue =
1

b
(r̈ + c0D

1−r
t (e)− f). (7)

us:

us =
η

b
sgn s, (8)

η > ψ + bεmax.

u:

u = ue + us =
1

b
(r̈ + c0D

1−r
t (e)− f) +

η

b
sgn s. (9)

,

:

v = sat(u) =

⎧⎪⎨
⎪⎩
uup, u > uup,

u, |u| � uup,

−uup, u < −uup,

(10)

v = u− δ, (11)

δ .

3 (Design of neural

network algorithm)
,

, uup.

, .

:

hj = exp(
‖x− ci‖2

2b2j
), (12)

δ = W ∗Th(x) + ε, (13)

: x , i i , j

j , h = [hj ]
T

, W ∗ , ε

δ , ε � εmax.
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δ̂ , Ŵ ,

x = u,

δ̂ = ŴTh. (14)

W̃ = Ŵ −W ∗,

δ − δ̂ = W ∗Th+ ε− ŴTh =

(W ∗T − ŴT)h+ ε =

−W̃Th+ ε, (15)

, (11), :

v = u− δ̂ =
1

b
(r̈ + c0D

1−r
t (e)− f) +

η

b
sgn s− δ̂. (16)

4 Lyapunov
(Design of self-adaption control law based

on Lyapunov stability)
Lyapunov :

V̇ = sṡ+ λW̃T ˙̃W. (17)

(11) (6),

ṡ = c0D
1−r
t (e) + (r̈ − (f + b(u+ δ) + d)). (18)

(16)

ṡ = −ηsgn s− b(δ − δ̂)− d =

−ηsgn s+ bW̃Th− bε− d. (19)

(17),

V̇ = sṡ+ λW̃T ˙̃W =

−η|s|+ sbW̃Th− sbε− sd+ λW̃T ˙̃W =

−η|s|+ W̃T(sbh+ λ ˙̃W ). (20)

:

˙̃W = − 1

λ
(sbh), (21)

V̇ = −η|s| − s(bε+ d) � 0, (22)

, .

,

s = c0D
−r
t (e) + ė = 0. (23)

r

c0e+D1+r
t (e) = 0. (24)

, c0 > 0,

e [17].

5 (Experiment verification)
,

.

TMS320F28335

,

.

, ,
[17]. ,

:{
ẋ1 = x2,

ẋ2 = −56x2 + 162u.
(25)

, (r =

−0.75) (r = 1) :

s = 36 0D
−0.75
t e(t) + ė(t), (26)

s = 35e(t) + ė(t), (27)

(16)

(21),

(r = 1).

ci = [−8, − 4, 0, 4, 8], bj =

6, c = 6, η = ψ + 0.5, γ = 10.

1 2

.

1

, . :

1(a)

; 1(b)

, .

1(c) ; 1(d)

. 2(a)

,

; 2(b)

(c)

. 1 2,

,

. ,

,

.

(a)
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(b)

(c)

(d)

1

Fig. 1 Experiment results of fractional order sliding mode

controller

(a)

(b)

(c)

2

Fig. 2 Experiment results of integral order sliding mode

controller

6 (Conclusions)
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