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   Abstract—The  finite/fixed-time  stabilization  and  tracking  con-
trol is currently a hot field in various systems since the faster con-
vergence can be obtained. By contrast to the asymptotic stability,
the  finite-time  stability  possesses  the  better  control  performance
and disturbance rejection property. Different from the finite-time
stability,  the  fixed-time  stability  has  a  faster  convergence  speed
and the upper bound of the settling time can be estimated. More-
over, the convergent time does not rely on the initial information.
This work aims at presenting an overview of the finite/fixed-time
stabilization  and  tracking  control  and  its  applications  in  engi-
neering  systems.  Firstly,  several  fundamental  definitions  on  the
finite/fixed-time  stability  are  recalled.  Then,  the  research  results
on  the  finite/fixed-time  stabilization  and  tracking  control  are
reviewed in detail  and categorized via diverse input signal struc-
tures  and  engineering  applications.  Finally,  some  challenging
problems needed to be solved are presented.
    Index Terms—Adding  a  power  integrator,  finite/fixed-time  control
and application, homogeneous theory, sliding mode control.
  

I.  Introduction

E SSENTIALLY,  most  of  practical  systems  in  nature
belong  to  nonlinear  systems  due  to  the  existence  of

unmodel  dynamics,  unknown  nonlinearity  and  disturbances.
In  the  past  decades,  for  different  kinds  of  nonlinear  systems,
such  as  strict-feedback,  pure-feedback,  non-strict  feedback,

interconnected  systems,  various  control  methods  have  been
developed,  e.g,  backstepping,  adaptive  control,  sliding  mode
control,  fuzzy/neural  network  technique  etc.  Among  them,  a
new recursive design scheme is developed for parametric sys-
tems with the strict-feedback form [1]. The earlier research of
pure-feedback systems employs the implicit function theorem
to design the virtual controller [2]. As for non-strict feedback
systems,  an  effective  tool  called  variable  separation  is  pro-
posed  in  [3].  For  the  case  of  unmeasurable  states,  the
observer-based design process is considered in [4]–[8].

As  an  alternative,  from  a  practical  standpoint,  the  settling
time is an important performance specification of a time-criti-
cal  system,  which  characterizes  the  corresponding  conver-
gent  speed.  Moreover,  in  order  to  obtain  the  better  perfor-
mance, the faster convergence is pursued in reality. A seminal
work  [9]  reveals  the  relationship  between  the  Lyapunov  the-
ory and the settling time. Reference [10] is the first method to
extend the  adding a  power  integrator  (AAPI)  technique to n-
dimensional systems and achieve a globally finite-time result.
The authors of [11] propose a new definition called the finite-
time input-to-state stability. Reference [12] defines the practi-
cally  finite-time  stability.  In  [13],  the  homogeneous  theory
(HT)  is  explored  to  address  the  finite-time  regulation  pro-
blem. More recently, a novel sufficient condition of finite-time sta-
bility  is  proposed  in  [14]  which  is  different  from  those  in
[9]–[13]. The authors of [15], [16] design different finite-time
optimal  algorithms.  For  an n-link  robot  plant  with  the  asym-
metric  saturation,  the  finite-time  trajectory  tracking  control
problem is addressed in [17] by using the fuzzy approximator
and  the  barrier  Lyapunov  function.  A  novel  integral  sliding
mode technique and a new measurement error are introduced,
respectively  in  [18]  to  cope  with  the  finite-time  consensus
problem for  multi-robot  systems.  Reference  [19]  investigates
the  finite-time  tracking  issue  via  proposing  a  novel  self-trig-
gered  technique.  For  the  high-order  stochastic  nonlinear  sys-
tems, authors in [20] establish a new Lyapunov function to ens-
ure that the designed controller can make it finite-time stable.

Although  the  finite-time  convergence  is  guaranteed  in  the
above results, the settling time is dependent on the initial con-
ditions and design parameters. In this sense, it limits the appli-
cations  of  the  finite-time  analysis  scheme  if  the  initial  infor-
mation is unavailable a priori. A benchmark result is shown in
[21]  where  the  fixed-time  stability  is  proposed  for  the  first
time.  Afterwards,  some  sorts  of  sufficient  conditions  of  the
fixed-time convergence are provided in [22], [23]. The fixed-
time control is extended to stochastic systems in [24], and the
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fixed-time  stability  in  probability  is  the  first  time  to  be
defined. The fixed-time stability issue is considered in [25] for
impulsive  systems.  Two  fixed-time  consensus  control  proto-
cols  are  constructed  in  [26]  on  the  basis  of  event-triggered
mechanism.  Further,  the  self-triggered  is  combined  with  the
fixed-time  cooperative  control  to  tackle  the  leader-follower
consensus  issue  [27].  The  upper  estimation  for  the  settling
time in fixed-time stabilization control  is  conservative,  there-
fore,  [28]  designs  a  novel  non-conservative  method  to  enha-
nce  the  settling  time  estimation.  The  novel  universal  barrier
function  and  adaptive  fixed-time  technique  are  introduced  in
[29] for multi-input multi-output (MIMO) systems. The multi-
agent  systems  are  driven  to  reach  the  agreement  simultane-
ously,  and a fact  is  revealed,  that  is,  the ratio of  each pair  of
states  is  constant  resulting  in  shorter  output  trajectories
[30]–[32]  investigate  the  fixed-time synchronization  problem
for  the  coupled  neural  networks,  respectively.  Recently,  [33]
gives  the  concept  of  practically  fixed-time  stability  for  the
first time. The finite/fixed-time stabilization and tracking con-
trol problems are simultaneously concerned in [34]–[36].

On  the  basis  of  the  aforesaid  discussions,  the  finite/fixed-
time  stabilization  and  tracking  control  possesses  some  good
performances in  both theory and practice.  As a  consequence,
in  this  survey,  the  finite/fixed-time  control  problems  are
investigated for various system dynamics, with the purpose of
presenting a review of recent advances. The remainder of this
work  is  organized  as  follows.  Some  preliminaries  of  the
finite/fixed-time  stability  and  boundedness  are  recalled  and
analysed  in  Section  II.  In  Sections  III  and  IV  (practically),
finite/fixed-time achievements are respectively introduced and
categorized predicated on diverse system types and input sig-
nal  form.  Several  challenging problems and promising direc-
tions are indicated in Section V.

Ri

R+ R≥1 R≥1
odd Q≥1

odd
(≥ 1)

(≥ 1)
ΩT ∥Ω∥

|·| ⌈·⌉b ⌈a⌉b = |a|b (a)
(·)

Notations: In  this  paper,  is  an i-dimensional  Euclidean
space. , ,  and  represent positive number, pos-
itive number greater than 1, positive odd integer number 
and  positive  odd  rational  number ,  respectively.  If  Ω  is
defined  as  a  vector  or  matrix,  then  and  stand  for  its
transpose and Euclidean norm, respectively. Besides, we write

 for the absolute value and  for sgn  with sgn
 being a signum function.  

II.  Preliminaries

Ahead  of  introducing  the  basic  knowledge,  we  first  recall
the  motivations  of  studying  the  finite/fixed-time  problem  as
follows.

Case 1[10]:  Consider a scalar system
 

χ̇ (t) = −χ 1
3 (t) , χ (0) = χ0 (1)

χ ∈ Rwhere  stands for the system state. It is obvious that the
solution of (1) can be described by
 

χ (t, χ0) =


sgn (χ0)

(
χ

2
3
0 −

2
3

t
) 3

2

, 0 ≤ t∗1 <
3
2
χ

2
3
0

0, t∗1 ≥
3
2
χ

2
3
0

(2)

which  reveals  that  all  solutions  approach  zero  in  the  finite

time due to the existence of  fractional  power 1/3.  Yet,  it  is  a
fact that if the state keeps far away from one, then the conver-
gent rate will become slow, which prompts the following case.

Case 2 [37]: Consider a simple plant
 

χ̇ (t) = −χ 1
3 (t)− χ (t) , χ (0) = χ0 (3)

χ ∈ Rwhere  represents  the  system state.  The  solution  of  (3)
can be expressed by
 

χ (t, χ0) =

 sgn (χ0)
[
χ

2
3
0 +1− e

2
3 t
] 3

2
e−t, 0 ≤ t∗2 < t̄∗2

0, t∗2 ≥ t̄∗2

(4)

t∗1 > t∗2 t̄∗2 = (3/2) ln
(
1+ χ

2
3
0

)
−χ (t)

which implies  based on [38] with ,
i.e.,  a  faster  convergent  rate  can  be  attained  because  of  the
adding term .

χ (t) > 1
χ (t) < 1

−χ (t)

Remark 1: According to (3), it is apparent that on one hand,
when ,  the  plant  (3)  attenuates  exponentially.  On the
other  hand,  when ,  it  will  reach  the  origin  in  a  finite
time. The above analysis solves the problem in Case 1. More-
over, if  is removed from (3), then (3) is reduced to (1).
Thus far, whether a faster response can be obtained or not is a
natural question, which generates Case 3.

Case 3[38]: Consider a polynomial feedback system
 

χ̇ (t) = −χ 1
3 (t)− χ3 (t) , χ (0) = χ0 (5)

χ ∈ R
χ (t, χ0) = 0 t ≥ t∗3 χ0→∞t∗3 = (3

√
2/8)π

where  denotes  the  system  state.  It  follows  from  [38]
that  for  and lim .

Remark 2: Due to  the  complex structure,  the  specific  form
of  the  solutions  and  settling  time  of  (5)  is  omitted  in  this
paper,  which  can  be  seen  in  [38].  Besides,  combining  one
fractional exponent with the one larger than 1, the higher con-
vergence rate may be achieved. It is worth noting that the set-
tling  time  has  an  upper  bound  without  depending  on  the  ini-
tial  conditions.  Furthermore,  two situations in (3) and (5) are
unified in [39] (see Lemma 3 for details).

Because of the enlightenment of the above examples, a mass
of  researches  on  the  finite/fixed-time  stability  have  been
achieved, and some representative definitions and lemmas are
given as follows.

In general, an autonomous system is given by
 

χ̇ (t) = f (t, χ (t)) , χ (0) = χ0 (6)
χ ∈ Rn f : R+×D→ Rn

f (t,0) = 0 t > 0
where  stands  for  the  state,  is  locally
Lipschitz  continuous  with  for  all .  If f is  dis-
continuous, then the solutions of (6) can be understood in the
Filippov  solution  framework,  which  can  be  seen  in  [40]  for
details.

χ = 0
U

T (χ0) :U\{0} → (0,∞)

Definition 1 [9]: The equilibrium  of (6) is said to be
finite-time stable if there are an open neighborhood  of the
origin  and  a  function ,  such  that  the
following statements hold.

1) Finite-time convergence:
 

lim
t→T (χ0)

χ (t, χ0) = 0, and χ (t, χ0) = 0 for any t > T (χ0) .

Υε
Υδ U

2)  Lyapunov  stability:  For  each  open  neighborhood  of
the origin, there is an open subset  of  including the ori-
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χ ∈ Υδ\{0} f ∈ Υε t ∈ [
0,T (χ0)

]
T (χ0)

U =D = Rn

gin such that for each ,  for all ,
where  is called settling time or convergence time. Fur-
ther,  the  equilibrium  is  globally  finite-time  stable  when

.
Inspired  by  Case  1,  Case  2  and  Definition  1,  several  lem-

mas are obtained based on [10], [37], [39].
C1

V (χ) c > 0 0 < α < 1
Lemma  1  [10]: Assume  that  there  exists  a  function

,  and  such that
 

V̇ (χ)+ cVα (χ) ≤ 0, ∀χ ∈ U\{0} (7)
holds.  Then,  the  origin  is  finite-time  stable  and  the  settling
time satisfies
 

T (χ0) ≤ 1
c (1−α)

V1−α (χ0) (8)

χ0 U =D = Rn V (χ)for  all .  If  and  is  radially  unbounded,
then the origin is globally finite-time stable.

V (χ) c > 0 k > 0 0 < α < 1
Lemma 2  [37]: Suppose  that  there  is  a  Lyapunov  function

, ,  and  such that
 

V̇ (χ)+ cVα (χ)+ kV (χ) ≤ 0, ∀χ ∈ U\{0} (9)
holds. Then, the equilibrium is finite-time stable and the con-
vergence time is given by
 

T (χ0) ≤
ln

(
1+ (k/c)V1−α (χ0)

)
k (1−α)

. (10)

U =D = Rn V (χ)
Similarly, the origin is globally finite-time stable if and only

if  and  is radially unbounded.
On the basis  of the previous analysis,  the convergence rate

in (9) is faster than that in (7), and they can be unified by the
following framework.

V (χ) c > 0 k > 0 0 < α < 1 β ≥ 1
Lemma 3 [39]: If  there exists  a  continuously differentiable

function , , ,  and  such that
 

V̇ (χ)+ cVα (χ)+ kVβ (χ) ≤ 0, ∀χ ∈ U\{0} (11)
T (χ0)holds. Then, the origin is finite-time stable and  is cal-

culated by
 

T (χ0) =


1

c (1−α)
+
V1−β (χ0)−1

k (1−β) , β > 1

1
β (1−α)

ln
[
1+

kV1−α (χ0)
c

]
, β = 1.

(12)

χ0
T (χ0) χ0

Remark 3: It can be easily deduced from (8), (10) and (12)
that  the  convergence  time  has  certain  limitation,  i.e.,  it
depends  on  the  design  parameters  and  initial  conditions.  In
this  sense,  there  exist  two  problems,  one  is  that  the  settling
time will  become long if  the system initial  value  is  large.
Another  is  that  may  not  be  computed  when  is
unknown.  Fortunately,  a  pioneering  technique  named  fixed-
time stability is proposed in [21], and the corresponding defi-
nition and lemmas are shown as follows.

Tmax
T (χ0) ≤ Tmax χ0 ∈ Rn

Definition 2 [21], [41]: The origin of (6) is said to be fixed-
time  stable  if  it  is  globally  finite-time  stable  and  the  settling
time has an upper bound, i.e., there exists a positive  such
that  for any .

By virtue of Definition 2, it is not hard to see that Case 3 is a
fixed-time  stable  system.  Afterwards,  the  sufficient  condi-
tions  of  fixed-time  stability  are  introduced  by  the  following

lemmas.
Lemma 4 [22], [23]: Consider two scalar systems

 

χ̇ (t) =

−γ1χ
2− p

q (t)−γ2χ
p
q (t) ,

−γ1χ
m
n (t)−γ2χ

p
q (t) ,

χ (0) = χ0 (13)

p > q > 0 m > n > 0 γ1 > 0
γ2 > 0
where  and  are  odd  integers, ,

. The origin of (13) is fixed-time stable and the settling
time respectively satisfies
 

T (χ0) ≤ Tmax =


qπ

2
√
γ1γ2 (q− p)
n

γ1 (m−n)
+

q
γ2 (q− p)

(14)

T (χ0)from which it can be observed that  just relates with the
designed parameters.  Therefore,  the  settling  time can  be  pre-
given. Further, a criterion of fixed-time stability based on the
Lyapunov theory is acquired in [21].

C1 V (χ) :
Rn→ R+∪{0}

Lemma 5  [21]: Assume  that  there  is  a  function 
 satisfying

 

V̇ (χ) ≤ − [
γ1Vp (χ)+γ2Vq (χ)

]k (15)
γ1 > 0 γ2 > 0 p > 0 q > 0 k > 0 pk < 1 qk > 1

χ = 0
where , , , ,  and , .
Then,  the  equilibrium  is  fixed-time  stable  and  the  set-
tling time is estimated by
 

T (χ0) ≤ Tmax =
1

γk
1 (1− pk)

+
1

γ2 (qk−1)
(16)

which can be further refined in the following lemma.
C1

V (χ) : Rn→ R+∪{0}
Lemma  6  [22]: Suppose  that  there  is  a  function

 such that
 

V̇ (χ) ≤ −γ1Vp (χ)−γ2Vq (χ) (17)

γ1 > 0 γ2 > 0 p = 1− (1/2γ3) q = 1+ (1/2γ3) γ3 > 1
χ = 0

where , , , , .
Then,  the  equilibrium  is  fixed-time  stable  and  the  set-
tling time is given by
 

T (χ0) ≤ Tmax =
πγ3√
γ1γ2
. (18)

Remark 4: It is well known that the asymptotic stability for
autonomous system indicates the uniform asymptotic stability.
But, the relationship between finite-time stability and uniform
finite-time stability is a little complex. For this case, [42] and
[43] introduce the corresponding definitions, respectively.

T (χ0)
χ (t, χ0) = 0 t ≥ T (χ0)

Definition 3 [42] : If the origin is globally uniformly asympto-
tically  stable  and  there  is  a  time  moment  such  that

 for any . Then, it is said to be globally
uniformly finite-time stable.

T χ (t, χ0) = 0
t > T

T

Definition 4 [43]: If there is a time  such that 
for any  from any initial condition. Then, it is said to be
uniformly  finite-time  convergent  to  the  origin.  However,
when  can  be  explicitly  expressed,  it  can  be  called  fixed-
time convergent.

Remark  5: In  practical  applications,  the  unknown  param-
eters,  unmodeled  dynamics,  uncertain  functions  and  distur-
bances  are  inevitable.  Hence,  it  is  so  difficult  to  obtain  the
finite-time  stability  and  fixed-time  stability  under  the  above
definitions.  Fortunately,  the  concepts  of  practically  finite/
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fixed-time  stable  are  provided  in  the  following  definitions,
thanks to the endeavor of scholars.

T (τ, χ0) ∥χ (t)∥ < τ t ≥ T (τ, χ0)
Definition 5 [12]: If there is a positive constant τ and a set-

tling  time  such  that  for  any ,
then the system (6) is said to be practically finite-time stable.

T (τ, χ0)
T (τ, χ0) ≤ Tmax χ0 ∈ Rn

Definition  6  [33]: If  the  system  (6)  is  globally  finite-time
stable and the setting time  has an upper bound, i.e.,

 for  any ,  then  it  is  said  to  be  practi-
cally fixed-time stable.

κ1 δ > 0 0 < p, ϵ < 1
Lemma 7  [12]: Consider  the  system (6),  assume that  there

are ,  and  such that
 

V̇ (χ) ≤ −κ1Vp (χ)+δ
holds. Then, the trajectory of (6) is practically finite-time sta-
ble and the settling time is computed by
 

T ≤ V
1−p (χ0)
κ1ϵ (1− p)

.

κ1 κ2 δ > 0 0 < p, ϵ < 1
Lemma 8 [44]: The system (6) is said to be practically finite-

time stable if there are , ,  and  such that
 

V̇ (χ) ≤ −κ1V (χ)−κ2Vp (χ)+δ
holds, and the settling time is bounded by
 

T ≤ 1
κ1 (1− p)

ln
[
κ1V1−p (χ0)+ ϵκ2

ϵκ2

]
.

K∞
κ1 κ2 C1 V (χ) : Rn→ R+

Lemma  9  [33]: For  the  system  (6),  if  there  are  func-
tions  and , a  function  satisfies
 

κ1 (∥χ∥) ≤V (χ) ≤ κ2 (∥χ∥)
V̇ (χ) ≤ −κ1Vp (χ)−κ2Vq (χ)+δ

δ <min {(1− ϵ)κ1, (1− ϵ)κ2}

κ1 κ2 δ > 0 0 < p < 1 q > 1 0 < ϵ < 1where , , , ,  and .  Then,  the
plant  (6)  is  practically  fixed-time  stable  and  the  convergent
time is estimated by
 

T ≤ Tmax =
1

ϵκ1 (1− p)
+

1
ϵκ2 (q−1)

.

A  great  deal  of  achievements  of  finite/fixed-time  stabili-
zation and tracking control will be introduced in the next two
sections.  

III.  Finite/fixed-Time Control and Its Applications

In  this  section,  we  will  take  the  system  form  (i.e.,  normal
nonlinear  system  and  engineering  system)  and  input  signal
type (i.e., discontinuous input signal, continuous input signal,
smooth  input  signal)  as  the  main  line  to  present  recent
progress with respect to the finite/fixed-time stability control.  

A.  Normal Nonlinear Systems
According  to  continuity  of  the  input  signal,  the  finite-time

control  schemes  are  broadly  divided  into  several  categories,
e.g.,  terminal  sliding  mode  control  (discontinuous),  AAPI
(continuous),  HT  (continuous),  state  scaling  technique
(smooth), etc.

1) Discontinuous Input Signal: Among masses of discontin-
uous  methods,  the  terminal  sliding  mode  control  (TSMC)  is
extensively  applied  to  obtain  finite/fixed-time  results.  Refer-

ences  [45]  and  [46]  put  forward  TSMC  strategy  for  the  first
time. However, the early TSMC has two shortcomings, one is
that TSMC will  converge slower than SMC if the state is  far
away  from  the  equilibrium.  The  other  is  that  the  unbounded
control  input  is  generated,  i.e.,  the  singularity  problem.  In
order to address both of two issues, [47] proposes the fast ter-
minal  sliding  mode  control  (FTSMC)  to  deal  with  the  first
problem by combining TSMC and the idea of  traditional  lin-
ear sliding surface. For handling the singularity problem, [48]
introduces  the  nonsingular  terminal  sliding  mode  control
(NTSMC).  It  is  a  fact  that  the  approaches  in  [45]–[48]  are
easy  to  produce  the  unexpected  chattering.  Therefore,  the
boundary layer technique [49],  continuous TSMC [50],  high-
order  SMC [51] are raised one after  another.  In recent  years,
there are some new developments in TSMC. In the context of
second-order  systems  with  time-varying  uncertainty,  [52]
investigates a novel FTSMC method by using the global slid-
ing surface. Reference [53] focuses on the adaptive finite-time
output feedback control problem for a kind of nonlinear frac-
tional order systems. Utilizing the Taylor series expansion and
NFTSMC, the nonaffine system is changed as the affine form,
which  simplifies  the  design  of  finite-time  controller  and  dis-
turbance  observer  in  [54].  In  [55],  a  more  flexible  design
method of  adaptive  global-TSMC is  proposed and two adap-
tive laws are used to estimate the upper bounds of uncertain-
ties  and  disturbances,  respectively.  For  the  discrete  system,
the  definition  of  Grunwald-Letnikov  fractional  order  and
TSMC  method  are  integrated  to  design  a  fractional-order
TSMC with high tracking accuracy in [54].

From a new perspective,  the authors  of  [56]  design NTSM
controller so that the system state is globally fixed time stable.
Reference [57] introduces a compound robust control scheme
for uncertain second-order systems. For a multi-motor driving
system, the high-gain compensator is used to handle the dead-
zone  and  SMC is  exploited  to  realize  the  fixed-time stability
in  [58].  In  [59],  the  fixed-time  synchronization  problem  is
solved  for  fractional  order  chaotic  systems  in  line  with
NTSMC. A novel sliding surface and a sinusoidal function are
combined to ensure fixed-time stability and deal with the sin-
gularity problem in [60]. Compared with [60], a faster conver-
gence method is derived from the following lemma.

Lemma 10 [61]: If a differential equation can be expressed
as
 

χ̇ = −αχ
[

1
2+

m
2n+

(
m
2n−

1
2

)
sign(|χ|−1)

]
−βχ

p
q (19)

α > 0 β > 0 m > 0 n > 0 p > 0 q > 0
m > n p < q

where , ,  and , , ,  are  odd
integers  satisfying  and ,  then,  (19)  is  fixed-time
stable.

Remark 6: Due to discontinuity of SMC method, this char-
acteristic  leads  to  an  undesirable  chattering  issue.  Reference
[62] employs boundary layer technique to do with it, i.e.,
 

u (t) =


S (t)
∥S (t)∥ ρ̂, ∥S (t)∥ > ε

S (t)
ε
ρ̂2, ∥S (t)∥ ≤ ε
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ε > 0 S (t)
ρ̂

where  is  the  bounded  layer,  is  the  sliding  surface
and  is  an  adaptive  law  (see  [57]  for  details).  Although  a
large number of approaches, such as trending law [63], filter-
ing  [64],  sigmoid  function  replacement  [65],  etc.,  are  pro-
posed to decrease the chattering, it cannot be eliminated, which
urges the development of continuous controller.

p−

2)  Continuous  Input  Signal: By  researching  in  depth,  the
AAPI  and  HT become two dominating  finite/fixed-time con-
trol  schemes  with  continuous  input  signal.  Reference  [10]
extends the AAPI to finite-time control  for  the first  time and
solves  the  global  finite-time  stabilization  problem  for n-
dimension nonlinear systems, which is a landmark result. The
globally finite-time stability of a family of upper-triangle sys-
tems  is  obtained  for  the  first  time  in  [66]  based  on  the  top-
down  and  bottom-up  technique.  In  [11],  a  concept  of  the
finite-time  input-to-state  stability  is  defined.  Recently,  some
researchers devote to expanding AAPI to a class of high-order
(also called normal form) nonlinear systems, i.e.,
  χ̇i = χ

pi
i+1+ fi

(
χ̄i

)
χ̇n = upn + fn

(
χ̄n

) (20)

i = 1,2, . . . ,n−1
χ̄i =

[
χ1, χ2, . . . , χi

]T fi
(
χ̄i

)
pi ∈ R≥1

odd
R≥1

odd ≜ {
a
b | a ≥ b

pi

pi ∈ Q≥1
odd

pi pi

to  achieve  finite-time  stability,  where ,
 and  is a nonlinear function. Among

them,  [67]–[69]  consider  the  situation  of  where
, a and b are  positive  odd  integer  numbers}.

However,  is  required  as  positive  odd  rational  number  in
[70],  [71],  i.e., ,  which  has  the  wider  application.
Further,  a  more  flexible  is  considered  in  [72],  i.e.,  is  a
positive real number. A new fast finite-time controller is pre-
sented with less conservatism in [73]. In addition, the authors
propose a global finite-time stabilization project for nonlinear
systems with unknown control direction in [74] where a logic
switching  rule  is  formulated  to  overcome  the  trouble  caused
by  the  unknown  control  direction.  A  novel  finite-time  con-
troller  is  designed  in  [75]  where  the  desired  convergent  rate
can  be  obtained  by  only  adjusting  parameter c.  In  the  above
methods,  an  assumption  that  all  states  are  measurable,  is
made,  which  may  be  hard  in  real  applications.  As  a  conse-
quence,  [76],  [77]  take  globally  finite-time  output  feedback
control  into  account  for  second-order  continuous  but  not
smooth  nonlinear  systems.  A  high-gain  observer  is  provi-
ded and a lemma of local finite-time stability is proposed in [78].

In comparison with AAPI, HT is simpler in terms of design-
ing process and controller structure. One of the earliest finite-
time controls based on HT is introduced in [79],  in which an
important conclusion is gained, i.e., a system is finite-time sta-
ble if and only if it is asymptotically stable and the degree of
homogeneity  is  negative.  But,  the  designed  method  of  [79]
can  not  be  used  to  tackle  the  nonhomogeneous  systems.  In
consequence, a new theorem is proposed in [13], [80], i.e., if a
nonhomogeneous system can be divided into a homogeneous
system and a nonhomogeneous term as well as the nonhomo-
geneous system, homogeneous system, nonhomogeneous term
satisfy  the  asymptotically  stable,  finite-time  stable  and  spe-

V̇ ≤ −cV (υ+ς)υ

cific  constraints,  then,  it  is  finite-time  stable.  The  aforesaid
theorem is also called the extending homogeneous theorem. It
is a pity that [13], [79], [80] can not give the explicit form of
the settling time. Thereupon, after a lot of effort, the relation-
ship  between finite-time stability  with  HT and the  Lyapunov
theory is established in [81], which can be generalized as if a
homogeneous system is finite-time stable, then .
By the aforementioned theorem, the convergence time can be
easily computed. Enlightened by the above theorems, various
finite-time control solutions are inquired. To be specific, [82]
concerns  the  finite-time  stability  of  homogeneous  switched
system. The results documented in [83] resolve the finite-time
problem  of  homogeneous  stochastic  nonlinear  system.
Besides, the finite-time observer is extended to Lipschitz sys-
tems together with multi-output in [84]. For a kind of nonlin-
ear  systems  with  time-varying  coefficients,  [85]  pays  atten-
tion  to  the  output  feedback  control  problem  and  designs  a
finite-time convergence observer.

Recently,  both  AAPI  and  HT  methods  have  been  intro-
duced to do with fixed-time control problems. In the presence
of  the  input  deadzone  and  disturbances,  the  authors  in  [86]
propose  a  fixed-time  almost  disturbance  decoupling  strategy
for  time-varying  nonlinear  systems  according  to  AAPI.  The
attitude  tracking  issue  of  a  rigid  spacecraft  is  considered  in
[87],  and  an  adaptive  fault-tolerant  regulator  is  designed  to
make sure the fixed-time convergence by making use of AAPI
technique.  Considering  a  kind  of  master-slave  systems,  the
authors of [88] focus on the fixed-time synchronization issue
and  the  fixed-time  controller  and  observer  are  designed.  A
global control strategy is investigated for uncertain strict-feed-
back systems, in which AAPI is utilized to achieve fixed-time
stability in [89]. On the basis of AAPI and switching idea, the
fixed-time regulation control of a family of uncertain nonholo-
nomic  systems  is  figured  out  in  [90].  In  terms  of  the  output
feedback  framework  in  [91],  the  fixed-time  controller  is
designed  by  taking  advantage  of  bi-limit  HT  and  Lyapunov
methods.

Remark 7: Noted that for the HI method, the required condi-
tions  are  too  demanding  and  the  system  model  needs  to  be
fully  known,  which  are  hard  to  realize  in  practice.  AAPI  is
appropriate  for  any systems and does not  generate  the singu-
larity  problem,  however,  its  design  process  is  quite  compli-
cated. Moreover, the initial control effort may be large due to
carrying out many inequality scaling in most cases. In the face
of  this  situation,  scholars  propose  the  smooth  control  strate-
gies.

3)  Smooth  Input  Signal: Until  now,  the  finite-time  results
based on the smooth control have been few. The major meth-
ods include the state scaling technique, constraint thought and
several  new  methodologies.  An  absolutely  novel  scheme  is
developed in [92] by means of a scaling of the state, and two
new  definitions  are  given  based  on  a  function  that  grows
unbounded towards the terminal time. On the strength of [92],
Wang  and  Song  [93]  extend  the  idea  to  the  multi-agent  sys-
tems.  Furthermore,  the  authors  of  [92]  compare  in  detail  the
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traditional finite time control (with power feedback) with that
in [92] from the point of control structure, convergence time,
anti-disturbance ability, etc. Based on [92], [94] designs finite
time output feedback controllers for a class of nonholonomic
systems.

On  the  other  hand,  motivated  by  the  thought  of  prescribed
performance  control  (PPC),  a  natural  question  is  that  how to
find a monotonous function converging to a small region in s
finite-time.  For  this  case,  [95],  [96]  introduce  the  correspon-
ding  definitions  and  the  specific  function  form.  It  follows
from [95],  [96],  two families of preassigned finite-time func-
tion (PFTF) are given by
 

ϱ (t) =


(
ϱ0−

t
T f

)
e

(
1−

T f
T f −t

)
+ϱT f , t ∈ [0,T f )

ϱT f , t ∈ [T f ,+∞)

(21)

and
 

ϱ (t) =


(
ϱτ0−τλt

) 1
τ +ϱT f , t ∈ [0,T f )

ϱT f , t ∈ [T f ,+∞)
(22)

where  the  specific  parameters  can  be  seen  in  [95],  [96].  In
addition,  the  methodologies  in  [95],  [96]  are  also  applied  to
pure-feedback nonlinear systems [97], power systems [98] and
TCP/AQM network [99], etc.

Remark  8: On  the  positive  side,  the  convergent  time  does
not depend on the initial conditions and design parameters in
the smooth control techniques. Meanwhile, similar to [95] and
[96], [100] and [101] can also achieve the prescribed time tar-
get. Yet, the real convergence may be attained in preference to
the settling time, which means that it can not be designed via
the user. Inspired by [102], a new time transformation method
should  be  developed  in  the  future.  Besides  the  above  resear-
ches, the finite/fixed-time design method is also extended into
plentiful engineering plants (see Section III-B for details).  

B.  Application in Engineering Systems
In this subsection, we pick several representative engineering

systems,  such  as  Euler-Lagrange  systems  (ELS),  multi-agent
systems  and  unmanned  autonomous  system,  to  elaborate  the
application situation of finite/fixed-time control.

1)  Euler-Lagrange  Systems: The  ELS  [103]  can  be
expressed by
 

M (q) q̈+C (q, q̇) q̇+G (q)+F (q̇) = τ (23)

q̇ q̈
M (q) C (q, q̇)

G (q) F (q̇)

where q,  and  denote  the  position,  velocity  and  acceler-
ation, respectively.  and  stand for the inertia matrix
and  centripetal-Coriolis  matrix,  respectively.  and 
represent  the  gravity  vector  and  friction  vector,  respectively.

As is well-known, a lot of engineering systems can be mode-
led or transformed to ELS, such as robotic manipulators, marine
surface  vessels,  etc.  To  this  end,  from  a  practical  point  of
view,  it  is  significant  to  investigate  the  finite/fixed-time con-

L2

trol  problem for  (23).  For  the  networked  ELS,  a  new frame-
work is presented in [104] for finite-time cooperative tracking
control by employing SMC. Relied on HT, a finite-time proto-
col is formulated to obtain finite-time tracking goal for multi-
ple  Euler-Lagrange  (EL)  dynamics  in  [105].  Without  the
velocity  measurement,  [106]  solves  the  globally  finite-time
regulation  issue  inspired  by  the  energy-shaping  architecture
and HT. Reference [107] considers the  consensus problem
for ELS with disturbances, and an experiment on the manipu-
lator is  utilized to elucidate the effectiveness of the proposed
result. For ELS with both disturbances and input quantization,
a novel fixed-time controller is presented by means of distur-
bance observer, backstepping and potential function scheme in
[108].

2)  Multi-Agent  Systems: Due  to  a  fact  that  the  multi-agent
systems  (MASs)  have  extensive  applications  in  numerous
fields,  the  finite-time  control  problem of  MASs  has  received
wide  attention  during  recent  years.  In  [109],  two  cases,  i.e.,
the  finite-time  consensus  issues  of  leaderless  and  leader-fol-
lower  MASs  subject  to  disturbances  are  discussed,  respec-
tively.  The  heterogeneous  MASs  without  velocity  measure-
ments  including the first  and second-order  agents  are  studied
in  [110]  by  combining  the  homogeneous  domination  with
AAPI method. A novel family of observer-based control appro-
aches  are  investigated  and  the  finite-time  containment  track-
ing issue is also addressed in [111]. The authors of [112] dis-
cuss the finite-time synchronization problem, and employ the
HT and  observer  to  achieve  the  final  consensus.  In  the  pres-
ence  of  disturbances,  the  integral  sliding  mode  protocols  are
designed  to  obtain  accurate  finite-time  consensus  in  [113].
Under the directed topology, the fixed-time consensus issue is
tackled  for  second-order  MASs  by  designing  a  new  sliding
surface  in  [114].  In  [115],  two  new  fixed-time  coordinated
tracking controllers are proposed and a distributed observer is
designed.  For  a  kind  of  high  order  integrator  MASs,  a  cas-
cade  control  structure  is  presented  with  the  aid  of  the  fixed-
time  distributed  observer  to  complete  consensus  tracking
objective  in  [116].  The  fixed-time  bipartite  flocking  issue  is
resolved well  in [117] by utilizing the balanced signed graph
theory and fixed-time stability theory. In [118], the consensus
observer  is  designed  for  MASs  with  high  order  integrator
dynamics,  and  the  finite-time  and  fixed-time  observation  is
achieved by only choosing one parameter.

3)  Unmanned  Autonomous  Systems: With  progress  in  sci-
ence and technology, the unmanned autonomous systems have
rapidly developed due to the requirement of academics, indus-
try  and  military  [119].  In  this  subsection,  the  main  object  of
unmanned autonomous systems contains the unmanned aerial
vehicles, unmanned ground vehicles and unmanned underwa-
ter/surface  vehicles.  Furthermore,  since  the  finite/fixed-time
control  technique  can  achieve  better  transient/steady-state
performance and stronger robustness, it promotes the combina-
tion finite/fixed-time with unmanned autonomous systems.

a)  Finite/fixed-time  control  of  unmanned  aerial  vehicles:
Firstly, it follows from the Newton-Euler equation that a gen-
eral unmanned aerial vehicle (see Fig. 1) is introduced by 
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Ṗ = RV

V̇ = −ge3+
F
m

RT e3

Θ̇ = TΩ
JΩ̇ = −Ω× JΩ−Ga+M (24)

by which, the attitude model can be extracted as
 

ϕ̈ =

[
θ̇ψ̇

(
Jy− Jz

)
− Jr θ̇ϖ−dϕϕ̇+Mbx

]
Jx

ϕ̈ =

[
ϕ̇ψ̇ (Jz− Jx)− Jrϕ̇ϖ−dθθ̇+Mby

]
Jy

ϕ̈ =

[
ϕ̇θ̇

(
Jx − Jy

)
−dψψ̇+Mbz

]
Jz

(25)

where  the  physical  meaning  of  parameters  can  be  seen  in
[120], [121].

The  distributed  finite-time  containment  protocol  of  unma-
nned  aerial  vehicles  is  formulated  well  in  [122]  in  spite  of
considering the  input  constraint  and actuator  fault.  The colli-
sion avoidance problem of unmanned aerial vehicles is hand-
led via a fast finite-time technique in [123] where a time-vary-
ing collision avoidance model and a disturbance observer are
built, respectively. In view of the undesired switching topology,-
[124]  establishes  a  finite-time formation  strategy for  the  first
time. For a UAV helicopter with a dynamic leader, an adaptive-
finite-time reconfiguration regulation issue is tackled in [125],
and the presented approach does not rely on any global infor-
mation. The finite-time tracking problem of the 12-rotor UAV
is considered in [126], and the influence of input saturation is
compensated  and  active  disturbance  rejection  control  is  used
to improve the robustness. For the input-delay plant in [127],
the  digital  controller  and  compensator  are  established  for
available  states  and  unavailable  states,  respectively.  Further,
the fixed-time results are shown in [128]. A novel aerial trans-
port model is established in [129], and the parcel distribution
problem  is  solved.  In  [130],  an  optimized  topology  is  per-
formed to effectively address the time-varying connectivity of
unmanned  aerial  vehicles  (UAVs)  in  the  multi-path  fading
channel. The visual servoing control issue of quadrotor UAVs
is  considered  in  [131],  and  a  new  sliding  mode  surface  is
designed to realize the fixed-time controller.

b) Finite/fixed-time control of unmanned ground vehicles:
For  the  unmanned  vehicle  systems,  we  emphatically  dis-

cuss  two  cases,  i.e.,  one  is  the  non-holonomic  mobile  robots
(see Fig. 2) and the other is the vehicular platoon system (see
Fig. 3) in  intelligent  transportation  systems  and  automated
highway  systems.  Firstly,  the  dynamics  of  non-holonomic
mobile robot (NHMR) is generally expressed as
 

ẋ = vcosθ
ẏ = vsinθ

θ̇ = ω

v̇ = u1

ω̇ = u2

where  the  specific  meaning  of  parameters  can  be  seen  in
[132], [133]. The fast finite-time controller and dynamic output
feedback  are  investigated  in  [133].  The  finite-time  formation
of  the  multiple-NHMR (MNHMR) is  formed on  the  basis  of
the integral SMC method and the rigorous stability analysis is
made in [134]. According to the model characteristics and the
finite-time  technique,  the  consensus  of  MNHMR is  achieved
in [135].
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Fig. 2.     Non-holonomic mobile robots [132].
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Fig. 3.     Vehicle platoon running in a straight line.
 

Furthermore, in recent years, inspired by the real road prob-
lem such as the congestion, pollution, fuel waste and security,
the  vehicular  platoon  control  in  the  intelligent  transportation
systems has been researched well. The common model of con-
nected  and  automated  vehicles  is  a  third-order  system [136],
which is  more accurate  than the second-order  model  and can
be described as

Model 1: Position-velocity-force model
 

ṗi (t) = υi (t)

υ̇i (t) =
1
mi

[
Fi (t)−Kd,iυ

2
i (t)−dm,i

]
Ḟi (t) =

1
τi

ci (t)− 1
τi

Fi (t) . (26)
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Fig. 1.     Unmanned aerial vehicles [120].
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Model 2: Position-velocity-acceleration model
 

ṗi (t) = υi (t)

υ̇i (t) = ai (t)

ȧi (t) =
ci (t)
miτi
− 1
τimi

[
2Kd,iτiυi (t)ai (t)

+ai (t)mi+Kd,iυ
2
i (t)+dm,i

]
. (27)

Model 3: Linearized position-velocity-acceleration model
 

ṗi (t) = υi (t)

υ̇i (t) = ai (t)

ȧi (t) =
1
τi

ci (t)− 1
τi

ai (t) (28)

where  the  physical  meaning  of  corresponding  parameters  in
(26)–(28) can be seen in [136]. Under different topologies, the
pinning  control  of  the  connected  vehicle  string  is  considered
in  [137]  where  the  finite-time  stability  and  consensus  of  the
system are analysed with the help of the Lyapunov theory and
LaSalle’s principle. An interesting work is made in [138], that
is,  the  platoon  travels  on  a  hilly  road,  and  computes  road
grade in finite-time. Based on SMC and finite-time technique,
the  bidirectional  platoon problem is  introduced for  a  class  of
connected vehicle systems with multiple disturbances in [139].
In  spite  of  existing  vast  results  on  vehicular  platoon  control
during  recent  years,  the  corresponding  finite/fixed-time  pro-
blem has not yet been solved well and is still worth discussing.

c) Finite/fixed-time control of unmanned underwater/surface
vehicles:

The unmanned underwater/surface vehicles (see Fig. 4) can
be  deployed  for  many  marine  applications,  such  as  salvage,
environment  monitoring,  maritime  search,  etc.,  and  provide
the  unique  capability  to  perform  a  variety  of  assignments
without  risking  human lives  in  complicated  sea  surroundings
[140]. A representative unmanned underwater/surface vehicle
can be expressed by
 

η̇ = R
(
ψ
)
υ

Mυ̇ = −C (υ)υ−D (υ)υ−ϕ (η,υ)+τ+τd (29)
where  the  parameters  can  be  seen  in  [140].  For  the  system
(29),  [141]  uses  the  NFTSM  in  conjunction  with  the  finite-
time  disturbance  observer  to  construct  an  accurate  tracking
controller.  Under  the  internal-external  disturbances  and  arbi-
trary  sideslip,  a  new  line-of-sight  guidance  path  following
algorithm is created, and by a non-smooth auxiliary dynamics,
the  errors  have  the  finite-time  convergence  performance  in
[142]  where  a  novel  virtual  sideslip  angle  is  defined.  In  the
presence  of  actuator  faults,  a  finite-time  fault  estimator  is
designed in [143]. For the multiple surface vessels, a new fault
tolerant  formation  controller  is  created  and  a  series  of  time-
varying  barrier  Lyapunov  functions  are  established  in  [144].
The  NTSM  is  introduced  to  achieve  the  finite-time  conver-
gence of marine vehicles together with complicated input sat-
uration by combining with the radial basis function neural net-
work in [145]. Moreover, a globally finite-time tracking prob-
lem of unmanned underwater vehicles is addressed on the hor-
izontal plane in [146]. A fixed-time controller that can be used

to  deal  with  a  large  model  uncertainty  is  investigated  for
autonomous  surface  vessels  in  [147]  and  no  instruments  are
utilized, such as filter,  approximation and estimation. For the
compound  disturbances,  the  disturbance  observer  is  selected
to  cope  with  them,  and  a  novel  fixed-time  architecture  is
developed to obtain the global stability in [148]. Owing to the
influences of the waves and wind, the disturbance observer is
investigated to tackle them and a fixed-time sliding technique
for the underwater vehicles is designed in [149]. In [150], both
the  extended  state  observer  with  fixed-time  convergence  and
AAPI  are  considered  to  address  the  fixed-time  output  feed-
back problem.

Remark 9: Most of the aforesaid applications of finite/fixed-
time control only consider simulation results instead of experi-
mental  results.  Fortunately,  [151]  has  applied  the  proposed
methods  to  some  real  platforms,  for  instance,  the  quadrotor
UAV  experimental  platform  in  [151].  In  [152],  [153], the
finite-time output-feedback approach and the terminal sliding-
mode method are applied to a vehicle active suspension plant,
respectively.  The  Stewart  platform  established  by  ELS  is
given in [154]. The distributed finite-time consensus issue for
MASs  is  addressed  and  the  proposed  technique  is  also  illus-
trated  by  real-time  experiments  based  on  the  Pioneer  P3-DX
and the FireBird VI robots in [18]. However, the correspond-
ing experimental results are still very a few. Besides, in prac-
tice,  the  corresponding  finite/fixed-time achievements  can  be
used by adjusting parameters for different systems, which can
refer  to  examples  given  in  [18],  [151]–[154].  In  addition,  in
comparison  with  the  traditional  asymptotic  stability,  the
finite/fixed-time stability possesses the faster convergence and
the  better  robustness,  which  accords  with  practical  require-
ments.

Remark 10: Apart from the aforesaid application fields, the
finite/fixed-time  technique  has  been  applied  to  many  other
scenarios,  such  as  image  encryption  [155],  Chua’s  circuit
[156],  robot  system  [157]  and  electric  power  network  [158],
unicycles formation [159],  etc.  In addition,  it  is  worth noting
that some frontier and hot researches should be considered, for
instance  how  to  use  the  finite/fixed-time  control  to  do  with
cyber-physical  system  problem  and  how  to  apply  the  finite-
time  method  to  solve  the  practical  issue,  e.g.,  the  coopera-
tively fast fire fighting of multi-UAVs.  

IV.  Practically Finite/Fixed-TIme Control

Motivated by Remark 5, the practically finite/fixed-time sta-
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ble  is  easier  to  be  achieved  and  may  be  in  accord  with  the
actual situation. Thereby, in the last few years, PFTS has been
developed  rapidly  and  more  and  more  outcomes  spring  up.
Reference [12] is the first time to concentrate upon the notion
of the practically finite-time stability in the process of study-
ing the attitude control of rigid spacecraft. Afterwards, Wang
et al. make use of adaptive fuzzy/neural network control to get
abundant  results  for  stochastic  nonlinear  systems  [160],
switched  nonlinear  systems  [161],  nonlinear  systems  with
time-varying  failures  or  unknown  hysteresis  [162],  [163],
quantized  nonlinear  systems  [164].  Via  introducing  the  com-
mand filter technique, Zhao et al. develop a series of significa-
tive  results  with  respect  to  practically  finite-time  problems
[165]–[167].  In  [168],  the  authors  adopt  the  reduced-dimen-
sional  observer,  backstepping  and  sign  function  methods  to
solve an event-triggered output feedback control problem. By
exploiting dynamic surface control and AAPI, a low-complex-
ity  semi-globally  practical  finite-time  control  is  addressed  in
[169].  By  relying  on  the  PFTF  (22),  a  practically  finite-time
almost  disturbance  decoupling  issue  is  tackled  in  [170].  An
adaptive  practically  finite-time  controller  is  constructed  for
nonstrict  systems  with  input  saturation  and  dead-zone
depended  on  AAPI  technique  in  [171].  A  modified  barrier
Lyapunov function is  established to  cope with  full  state  con-
straints issue in [97] by transforming a pure-feedback system
into an affine nonlinear system. For sake of saving resources,
in  [172],  a  new  adaptive  finite-time  fuzzy  controller  is  built
for Hamiltonian systems. Under the architecture of the cyber-
physical  topology,  the  transient  stability  of  power  systems  is
improved  by  using  the  finite-time  control  scheme,  and  the
New England 39-bus system is served as a simulation experi-
ment  in  [173].  An  adaptive  neural  network  finite-time  con-
troller is designed for a nonlinear system with powers in [16]
where  the  parameters  are  optimized  by  minimizing  the  cost
function.  The  fuzzy  control  and  dynamic  surface  control  are
synthesized  to  figure  out  the  semi-globally  practical  finite-
time  issue  of  MIMO  systems  in  [15].  In  the  presence  of  the
state constraint, output constraint and fault-tolerant, the adap-
tive finite-time control problems are addressed in [174]–[178].
A novel distributed finite-time strategy is introduced in [179]
where  the  bounded  assumptions  of  parameters  and  nonlinear
functions  are  removed.  The  finite-time  event-triggered  prob-
lem of large-scale nonlinear systems is solved in [180].

On the other hand, the concept and lemma of the practically
fixed-time stability are given in [33].  A new triggered mech-
anism  called  team-triggered  strategy  is  proposed  by  incor-
porating self/event-triggered control in [181] where the practi-
cally  fixed-time  consensus  for  double  integrator  systems  is
obtained.  Two  sufficient  conditions  are  devised  to  fulfill  the
practically fixed-time stability for a family of impulsive swit-
ched systems with discrete-time in [182]. Under the existence
of  bias  faults,  [183]  discusses  an  adaptive  practically  fixed-
time  tracking  method,  which  can  effectively  cope  with  the
asymmetry  Laplacian  matrix.  The  time  base  generator  is
extended to the fixed-time tracking control in [184], by which
the  magnitude  of  initial  input  signal  can  be  reduced,  and  a
novel  result  is  shown.  In  the  presence  of  uncertain  functions
and  disturbances,  a  time-varying  formation  project  is  deve-

loped  under  practically  fixed-time  framework  for  high-order
agent  dynamics  in  [185].  For  the  uncertain  robotic  systems
with n links,  a  singularity-free  fixed-time  fuzzy  controller  is
designed and an appropriate barrier Lyapunov function is con-
structed  in  [186].  In  [187],  a  time-varying  transformation  is
defined as
 

zi =

(
T
T − t

)τi
xi

τi = n− i+1 i = 1,2, . . . ,nwhere  with ,  by  which  practically
fixed-time stable problem is converted into an asymptotically
stable  issue.  A criterion  of  semi-global  practically  fixed-time
stability is introduced in [188].  

V.  Conclusion and Future Challenging

The theoretic fundamentals on the finite/fixed-time stability
and boundedness have been introduced, and then an overview
of relevant achievements of finite/fixed-time stabilization and
tracking control has also been conducted. Besides, in terms of
the existing literature, there are some problems that need to be
solved.  As a consequence,  several  challenging issues deserve
to be highlighted as follows.

1)  Preassigned-Time or  Free-Will  Arbitrary  Time Control:
As pointed out in [38], the fixed-time control results in a con-
servative  estimation  of  the  convergence  time to  some extent.
In [92],  a  time-optimization technique with the terminal  con-
straint is introduced to stabilise nonlinear systems on the basis
of time-varying feedback gains. In [14], a new sufficient con-
dition  of  the  free-will  arbitrary  time  convergence  is  derived
from the following non-autonomous differential equation:
 

ẏ =


−ς (ey−1)

ey
(
T f − t

) , if t0 ≤ t < T f

0, otherwise
ς ∈ R≥1 T fwith  and  being a settling time independent of ini-

tial  values  and  any  parameters.  Moreover,  it  follows  from
Remark 8 that the real convergence of the existing pre-defined
time  methods  may  be  reached  ahead  of  the  settling  time,
which leads to the consequence that it  can not be determined
by the designer. Therefore, a new technique called time trans-
formation  is  proposed  in  [84].  However,  the  corresponding
results  are  discussed  only  for  the  first/second-order  systems.
Then, how to extend it  to high-order systems and more com-
plex ones is a promising work. Besides, how to design a novel
sufficient condition of the arbitrary time by seeking a new dif-
ferential equation is also an interesting work.

2)  Finite/Fixed-Time  Control  With  Less  Complexity  and
Conservatism: As  Remark  7  said,  the  design  process  of  the
AAPI technique is complex including the choice of Lyapunov
function, i.e.,
 

Wk
(
χ̄k

)
=

w χk

αk−1

[
[s]

1
rk − [
αk−1

(
χ̄k−1

)] 1
rk

]2−rk+1 pk
ds

and  many  inequalities  scaling  (see  (11)–(19)  in  [39]  for
details), which generates a quite conservative controller and a
large input signal. Then, a nature question is how to design a
simplified scheme with less conservative.

3) Finite/Fixed-Time Stability: The finite/fixed-time stability
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is able to be achieved due to the existence of fractional power
[10], [37], [39]. Up to now, there are three main forms, which
can be described by
 

V̇(x) ≤ − cVα(x)

V̇(x) ≤ − cVα(x)−bV(x)

V̇(x) ≤ − cVα1 (x)−bVα2 (x)
c > 0 b > 0 0 < α1 < 1 α2 ≥ 1where, , , , .

V̇(x) ≤
−cVα1 (x)−bVα2 (x)−mVα3 (x) m > 0 α2 = 1 α3 > 1

Inspired  by  the  above  results,  whether  the  case 
 with ,  and 

can converge faster  than the above cases or  not  is  worth fur-
ther investigating.

4)  Finite/Fixed-Time  Cyber-Security  Control: With  the
rapid development of network systems, the cyber-security has
gradually  been  a  first-line  problem  [189],  [190].  It  is  well
known that the estimation and filtering methods can be used to
address  the  unavailable  state.  But,  in  the  face  of  the  cyber-
attacks,  it  is  deserving  to  investigate  an  approach  of  protect-
ing  networked  systems  without  losing  convergent  perfor-
mance.  Especially,  how  to  develop  finite/fixed-time  regula-
tion with cyber-attacks is a future direction.

5)  Practical  Finite/Fixed-Time  Stabilization  and  Tracking
Control: The  practical  finite/fixed-time  design  in  [33],  [164]
has  the  singularity  problem under  the  conventional  backstep-
ping  framework.  Although  the  dynamic  surface  control  or
command-filtered  scheme  can  avoid  the  repeated  calculation
of virtual control signal, it should exist, which leads to that the
singularity  issue  has  not  been  well  solved  to  some  extent.
Therefore,  how  to  design  a  new  practical  finite/fixed-time
control  scheme to  eliminate  this  problem based  on  the  back-
stepping needs to be investigated further.

6) Finite/Fixed-Time Event-Triggered Control: It should be
emphasized  that  most  of  the  existing  finite/fixed-time  stabi-
lization and tracking control  approaches rely on the consecu-
tive  transmission  or  the  periodic  sampling,  which  will  waste
communication resources. In recent years, the event-triggered
strategy has exhibited its superiority on reducing the transmis-
sion  frequency  [191],  [192].  Hence,  it  is  necessary  to  seri-
ously  construct  an  event-triggered  strategy  in  the  context  of
finite/fixed-time control from the initial time to the exact set-
tling time in the future.

7)  Finite/Fixed-Time  Control  of  Time-Delay  Systems: For
time-delay systems or hybrid systems with actuator faults, it is
necessary  to  explore  the  finite/fixed-time  stability  by  using
adaptive control [193] and human-in-the-loop technique [194]
since the relevant results are very a few.
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