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Abstract
Based on the excellent performance of sliding mode control, this paper inves-
tigates the finite-time synchronization problem for fractional-order chaotic sys-
tems using terminal sliding mode control, and presents synchronization results
for achieving synchronization of fractional-order Sprott-C drive-response sys-
tems (with order 0<𝛼<1) with unknown parameters and disturbances. By con-
structing appropriate sliding mode surfaces, suitable fractional-order controllers
and parameter adaptation laws are designed for two cases: when the upper
bounds of the system’s unknown parameters are known and when they are
unknown. Combining relevant theories of fractional-order differential equations
and finite-time stability theorems, the conclusion that synchronization control
for this system can be achieved is proven, and accurate estimates of the upper
bounds of unknown parameters and disturbances are obtained. Finally, by se-
lecting appropriate parameters and through numerical simulations, the validity
and feasibility of the presented conclusions are verified.
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Abstract: Based on the excellent performance of sliding-mode control, this
paper investigates the finite-time synchronization of fractional-order chaotic sys-
tems using Terminal sliding-mode control. Synchronization results are presented
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for fractional-order Sprott-C drive-response systems (with order 0<𝛼<1) con-
taining unknown parameters and disturbances. By constructing appropriate
sliding-mode surfaces, suitable fractional-order controllers and parameter adap-
tive laws are designed for two scenarios: when the upper bounds of unknown
parameters are known and when they are unknown. Combining fractional-order
differential equation theory with finite-time stability theorems, the synchroniza-
tion control of the system is proven, and accurate estimates of the unknown
parameters and disturbance bounds are obtained. Finally, numerical simula-
tions with appropriate parameters verify the effectiveness and feasibility of the
proposed conclusions.

Keywords: fractional-order chaotic system; Terminal sliding-mode control;
synchronization; parameter estimation

0 Introduction
Chaotic systems are deterministic nonlinear dynamical systems that exhibit dis-
ordered behavior yet contain internal rules, widely existing in natural science
and social fields. Over two decades ago, Ott, Grebogi, and Yorke successfully
stabilized chaotic systems onto unstable periodic orbits. Subsequently, Ditto
and Roy completed experimental verification of chaos control, opening avenues
for research on chaotic circuit control, secure communication, and fluid turbu-
lence analysis. Currently, main approaches for chaos control include adaptive
control, fuzzy control, optimal control, neural network control, and sliding-mode
control. Among these, sliding-mode control has attracted significant attention
from scholars in recent years.

In conventional sliding-mode control, linear sliding surfaces are typically se-
lected. To achieve better performance, Xu et al. proposed the Terminal sliding-
mode control strategy, which enables systems to achieve complete tracking of
desired states within finite time. Literature investigated the design of nonsin-
gular Terminal sliding-mode controllers, achieving asymptotic synchronization
of chaotic systems with uncertainties. Tao et al. employed fuzzy rules to design
the switching term of Terminal sliding-mode controllers and adaptively adjusted
it through adaptive algorithms, realizing Terminal sliding-mode control for mis-
matched uncertain time-varying systems. Zhuang et al. addressed cases where
the upper bounds of uncertainties such as parameter perturbations and exter-
nal disturbances are unknown, achieving adaptive Terminal controller design
for MIMO systems. Yang et al. proposed a nonsingular Terminal sliding-mode
control method, improving the convergence speed when the system reaches and
maintains the sliding surface.

In recent years, fractional-order calculus has developed rapidly and been ap-
plied to fields such as anomalous diffusion, signal processing, quantum me-
chanics, and system control. Compared with traditional integer-order theory,
fractional-order nonlinear systems exhibit richer response characteristics and ro-
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bustness. Sliding-mode control also offers advantages including fast response,
strong robustness, and simple physical implementation. Therefore, applying
sliding-mode control to synchronize fractional-order chaotic systems can greatly
improve control efficiency. Based on this, literature studied sliding-mode con-
trol problems for integer-order chaotic systems with modeling uncertainties and
external disturbances. Deng et al. achieved synchronization of fractional-order
hyperchaotic systems using output feedback sliding-mode control. Literature an-
alyzed adaptive sliding-mode control for fractional-order (hyper)chaotic systems.
Li et al. designed a sliding-mode controller using fractional-order calculus the-
ory to achieve synchronization control of two uncertain fractional-order chaotic
systems while identifying bounds of uncertainties and external disturbances.
Literature investigated sliding-mode chaotic synchronization of fractional-order
Genesio-Tesi systems based on Lyapunov stability theory and Laplace trans-
forms of fractional-order calculus. Gao et al. combined adaptive control the-
ory with sliding-mode control theory, proposing a Terminal sliding-mode sur-
face with faster convergence than traditional ones, where the designed adap-
tive sliding-mode control law ensured system convergence to the sliding surface
within finite time. Thus, using sliding-mode control to synchronize fractional-
order chaotic systems holds important research value.

For practical systems, random and external disturbances objectively exist due
to modeling errors and operating environments. Considering these factors, this
paper proposes a new fractional-order sliding surface and designs a Terminal
sliding-mode synchronization algorithm. It proves that the error dynamical
system can converge to equilibrium within finite time, thereby achieving syn-
chronization of fractional-order Sprott-C drive-response chaotic systems with
unknown parameters and disturbances, while simultaneously estimating the un-
known parameters and disturbance bounds online. Finally, MATLAB numerical
simulations verify the correctness and effectiveness of the proposed synchroniza-
tion scheme.

1 Model Establishment and Preliminaries
This paper studies a generalized fractional-order Sprott-C chaotic drive system
with unknown parameters:

⎧{
⎨{⎩

𝐷𝛼𝑥1 = −𝑎𝑥2
𝐷𝛼𝑥2 = 𝑥1 − 𝑥3
𝐷𝛼𝑥3 = 𝑎𝑥1 + 𝑥2

2 − 𝑥3

where 𝑥1, 𝑥2, 𝑥3 are system state variables, and the fractional order 𝛼 satisfies
0 < 𝛼 < 1.

The corresponding fractional-order response system with unknown bounded ran-
dom disturbances and external perturbations is selected as:
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⎧{
⎨{⎩

𝐷𝛼𝑦1 = − ̂𝑎𝑦2 + 𝑟1(𝑡) + 𝑢1(𝑡) + 𝜔1(𝑡)
𝐷𝛼𝑦2 = 𝑦1 − 𝑦3 + 𝑟2(𝑡) + 𝑢2(𝑡) + 𝜔2(𝑡)
𝐷𝛼𝑦3 = ̂𝑎𝑦1 + 𝑦2

2 − 𝑦3 + 𝑟3(𝑡) + 𝑢3(𝑡) + 𝜔3(𝑡)

where 𝑦 = (𝑦1, 𝑦2, 𝑦3), 𝑟𝑖(𝑡) and 𝜔𝑖(𝑡) (for 𝑖 = 1, 2, 3) represent unknown
bounded random disturbances and external perturbation terms with unknown
upper bounds, and 𝑢𝑖(𝑡) are sliding-mode synchronization controllers.

For the uncertain terms and external disturbances, we make the following as-
sumption:

Assumption 1. There exist unknown bounded positive constants 𝑟𝑖 and 𝜔𝑖
such that the random disturbances and external perturbation terms satisfy:

|𝑟𝑖(𝑡)| ≤ 𝑟𝑖, |𝜔𝑖(𝑡)| ≤ 𝜔𝑖, 𝑖 = 1, 2, 3

where ‖ ⋅ ‖ denotes the Euclidean norm. This assumption is reasonable in prac-
tical applications since all real signals are bounded.

Let ̂𝑟𝑖 and 𝜔̂𝑖 be the estimated values of the unknown upper bounds of random
and external disturbances, satisfying the following adaptive laws:

{
̇̂𝑟𝑖 = 𝑘1𝑖𝑠𝑖, ̂𝑟𝑖(0) = ̂𝑟𝑖0
̇𝜔̂𝑖 = 𝑘2𝑖𝑠𝑖, 𝜔̂𝑖(0) = 𝜔̂𝑖0

, 𝑖 = 1, 2, 3

where 𝑘1𝑖 and 𝑘2𝑖 are adaptive gain coefficients.

The estimation errors are defined as:

̃𝑟𝑖 = 𝑟𝑖 − ̂𝑟𝑖, 𝜔̃𝑖 = 𝜔𝑖 − 𝜔̂𝑖, 𝑖 = 1, 2, 3

The error between drive-response systems (1) and (2) is:

𝑒(𝑡) = 𝑦(𝑡) − 𝑥(𝑡)

Thus, the error dynamical system is:

⎧{
⎨{⎩

𝐷𝛼𝑒1 = − ̂𝑎𝑒2 + ( ̂𝑎 − 𝑎)𝑥2 + 𝑟1(𝑡) + 𝑢1(𝑡) + 𝜔1(𝑡)
𝐷𝛼𝑒2 = 𝑒1 − 𝑒3 + 𝑟2(𝑡) + 𝑢2(𝑡) + 𝜔2(𝑡)
𝐷𝛼𝑒3 = ̂𝑎𝑒1 + ( ̂𝑎 − 𝑎)𝑥1 + 𝑦2

2 − 𝑥2
2 − 𝑒3 + 𝑟3(𝑡) + 𝑢3(𝑡) + 𝜔3(𝑡)

For convenience, we introduce the following assumptions and lemmas:

Assumption 2. The unknown parameters 𝑎𝑖 satisfy the constraint condition:
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|𝑎𝑖| ≤ ̄𝑎𝑖, 𝑖 = 1, 2, 3

where ̄𝑎𝑖 are positive constants.

Lemma 1 (Finite-time Stability Theorem). Assume there exists a contin-
uous positive definite function 𝑉 (𝑡) satisfying the differential inequality:

̇𝑉 (𝑡) ≤ −𝜀𝑉 𝛼(𝑡), ∀𝑡 ≥ 𝑡0, 𝑉 (𝑡0) ≥ 0

where 𝜀 > 0 and 0 < 𝛼 < 1. Then for any given 𝑡0, 𝑉 (𝑡) satisfies:

𝑉 1−𝛼(𝑡) ≤ 𝑉 1−𝛼(𝑡0) − 𝜀(1 − 𝛼)(𝑡 − 𝑡0), 𝑡0 ≤ 𝑡 ≤ 𝑡fin

and

𝑉 (𝑡) ≡ 0, ∀𝑡 ≥ 𝑡fin

where the finite time 𝑡fin is given by:

𝑡fin = 𝑡0 + 𝑉 1−𝛼(𝑡0)
𝜀(1 − 𝛼)

2.1 Finite-Time Terminal Sliding-Mode Control
Referring to the design of traditional integer-order sliding surfaces in literature,
this paper improves and extends it to fractional-order cases by designing the
following Terminal sliding surface:

𝑠𝑖(𝑡) = 𝐷𝛼−1𝑒𝑖(𝑡) + 𝜃𝑖 ∫
𝑡

0
sgn(𝑒𝑖(𝜏))|𝑒𝑖(𝜏)|𝜂𝑖𝑑𝜏

where 𝜃𝑖 > 0, 0 < 𝜂𝑖 < 1 are gain coefficients. Differentiating this expression
yields:

̇𝑠𝑖(𝑡) = 𝐷𝛼𝑒𝑖(𝑡) + 𝜃𝑖sgn(𝑒𝑖(𝑡))|𝑒𝑖(𝑡)|𝜂𝑖

The unknown parameter upper bounds ̄𝑎𝑖 are divided into two cases: known
and unknown. For different scenarios, appropriate controllers will be designed
respectively to achieve sliding-mode synchronization control of the fractional-
order drive-response Sprott-C system.

Case 1: Known Upper Bounds of Drive System Parameters
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The adaptive update law for unknown parameters is designed as:

̇̂𝑎𝑖 = −𝑐𝑖𝑠𝑖, ̂𝑎𝑖(0) = ̂𝑎𝑖0, 𝑖 = 1, 2, 3

where 𝑐𝑖 are positive constants.

Theorem 1. On the Terminal sliding surface (6), the trajectory of error system
(5) reaches the equilibrium point in finite time:

𝑡fin ≤ 𝜃min
𝜃min − 𝜂max

(
3

∑
𝑖=1

|𝑒𝑖(0)|𝜃min)
𝜃min−𝜂max

𝜃min

where 𝜃min = min{𝜃1, 𝜃2, 𝜃3} and 𝜂max = max{𝜂1, 𝜂2, 𝜂3}.

Proof. When the error system moves on the sliding surface, the sliding surface
and its derivative must satisfy 𝑠𝑖(𝑡) = 0 and ̇𝑠𝑖(𝑡) = 0. From equation (8), we
obtain:

𝐷𝛼𝑒𝑖(𝑡) = −𝜃𝑖sgn(𝑒𝑖(𝑡))|𝑒𝑖(𝑡)|𝜂𝑖

Choose the Lyapunov function:

𝑉1(𝑡) = 1
2

3
∑
𝑖=1

𝑒2
𝑖 (𝑡)

Taking its time derivative yields:

̇𝑉1(𝑡) =
3

∑
𝑖=1

𝑒𝑖(𝑡)𝐷𝛼𝑒𝑖(𝑡) = −
3

∑
𝑖=1

𝜃𝑖|𝑒𝑖(𝑡)|𝜂𝑖+1 ≤ −𝜃min

3
∑
𝑖=1

|𝑒𝑖(𝑡)|𝜂max+1

Using the inequality (∑𝑛
𝑖=1 |𝑥𝑖|𝑝)1/𝑝 ≤ ∑𝑛

𝑖=1 |𝑥𝑖| for 0 < 𝑝 < 1, we have:

̇𝑉1(𝑡) ≤ −𝜃min (
3

∑
𝑖=1

𝑒2
𝑖 (𝑡))

𝜂max+1
2

= −𝜃min(2𝑉1(𝑡)) 𝜂max+1
2

According to Lemma 1, the error system reaches the equilibrium point in finite
time 𝑡fin.

Theorem 2. Assume the upper bounds ̄𝑎𝑖 of unknown parameters in the drive
system are known. Under the adaptive laws (4) and (13) for unknown parame-
ters and disturbances, and the control law (14), the drive-response systems (1)
and (2) achieve sliding-mode synchronization control. The control law is:
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⎧{
⎨{⎩

𝑢1(𝑡) = − ̂𝑎𝑒2 + ̂𝑎𝑥2 − sgn(𝑠1) ( ̂𝑟1 + 𝜔̂1 + 𝜂1|𝑒1|𝜃1)
𝑢2(𝑡) = −𝑒1 + 𝑒3 − sgn(𝑠2) ( ̂𝑟2 + 𝜔̂2 + 𝜂2|𝑒2|𝜃2)
𝑢3(𝑡) = − ̂𝑎𝑒1 − ̂𝑎𝑥1 − 𝑦2

2 + 𝑥2
2 + 𝑒3 − sgn(𝑠3) ( ̂𝑟3 + 𝜔̂3 + 𝜂3|𝑒3|𝜃3)

where the gain coefficients 𝜂𝑖 > 0 can adjust the synchronization convergence
speed. The estimation errors are denoted as ̃𝑎𝑖 = 𝑎𝑖 − ̂𝑎𝑖.

Proof. Construct the Lyapunov energy function:

𝑉2(𝑡) = 1
2

3
∑
𝑖=1

𝑠2
𝑖 + 1

2𝑘1𝑖
̃𝑟2
𝑖 + 1

2𝑘2𝑖
𝜔̃2

𝑖 + 1
2𝑐𝑖

̃𝑎2
𝑖

Taking its time derivative and substituting the parameter update law (13) and
disturbance adaptive law (4) yields:

̇𝑉2(𝑡) ≤ −
3

∑
𝑖=1

𝜂𝑖|𝑠𝑖| ≤ −𝜂min

3
∑
𝑖=1

|𝑠𝑖|

where 𝜂min = min{𝜂1, 𝜂2, 𝜂3}. Using the inequality relation, we obtain:

̇𝑉2(𝑡) ≤ −𝜂min
√

2𝑉 1/2
2 (𝑡)

According to the finite-time stability theorem, the error system reaches the
equilibrium point in finite time 𝑡fin, meaning the error system (7) reaches the
sliding surface in finite time.

2.2 Terminal Sliding-Mode Control
The above theorems guarantee that the error system can reach the equilibrium
point in finite time. This section discusses the stability of the error system on
the sliding surface.

Case 2: Unknown Upper Bounds of Drive System Parameters

When the upper bounds of unknown parameters are unknown, the adaptive
update law for unknown parameters can be designed as:

̇̂𝑎𝑖 = −𝑐𝑖𝑠𝑖 − 𝑙𝑖sgn(𝑠𝑖), ̂𝑎𝑖(0) = ̂𝑎𝑖0, 𝑖 = 1, 2, 3

where 𝑙𝑖 > 0 are feedback parameters, and the meanings of other parameters
are consistent with those in adaptive law (13).
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Theorem 3. Under the adaptive laws (4) and (15) for unknown parameters
and disturbances, and the control law (16), the drive-response systems (1) and
(2) achieve sliding-mode synchronization control. The control law is:

⎧{
⎨{⎩

𝑢1(𝑡) = − ̂𝑎𝑒2 + ̂𝑎𝑥2 − sgn(𝑠1) ( ̂𝑟1 + 𝜔̂1 + 𝜂1|𝑒1|𝜃1 + 𝑙1)
𝑢2(𝑡) = −𝑒1 + 𝑒3 − sgn(𝑠2) ( ̂𝑟2 + 𝜔̂2 + 𝜂2|𝑒2|𝜃2 + 𝑙2)
𝑢3(𝑡) = − ̂𝑎𝑒1 − ̂𝑎𝑥1 − 𝑦2

2 + 𝑥2
2 + 𝑒3 − sgn(𝑠3) ( ̂𝑟3 + 𝜔̂3 + 𝜂3|𝑒3|𝜃3 + 𝑙3)

Proof. Construct the same Lyapunov energy function as in Theorem 2:

𝑉3(𝑡) = 1
2

3
∑
𝑖=1

𝑠2
𝑖 + 1

2𝑘1𝑖
̃𝑟2
𝑖 + 1

2𝑘2𝑖
𝜔̃2

𝑖 + 1
2𝑐𝑖

̃𝑎2
𝑖

Taking its time derivative and substituting the disturbance adaptive law (4),
parameter update law (15), sliding surface derivative (9), and controller (16)
yields:

̇𝑉3(𝑡) ≤ −
3

∑
𝑖=1

(𝜂𝑖|𝑠𝑖| + 𝑙𝑖|𝑠𝑖|) ≤ −𝑙min

3
∑
𝑖=1

|𝑠𝑖|

where 𝑙min = min{𝑙1, 𝑙2, 𝑙3}. Therefore:

̇𝑉3(𝑡) ≤ −𝑙min
√

2𝑉 1/2
3 (𝑡)

Integrating both sides with respect to time and applying the comparison prin-
ciple gives:

𝑉3(𝑡) ≤ (√𝑉3(0) − 𝑙min√
2

𝑡)
2

Thus, when 𝑡 ≥ √2𝑉3(0)
𝑙min

, 𝑉3(𝑡) decreases monotonically to zero. According to
LaSalle’s invariance principle, when 𝑡 → +∞, 𝑠𝑖(𝑡) → 0. Combining Barbalat’s
lemma, we know 𝑒𝑖(𝑡) → 0 for 𝑖 = 1, 2, 3. This means sliding-mode synchroniza-
tion of systems (1) and (2) is achieved even when the upper bounds of unknown
parameters in the drive system are unknown.

Furthermore, from fractional-order calculus theory, 𝐷𝛼𝑒𝑖(𝑡) → 0, which implies
that the drive-response systems (1) and (2) achieve Terminal sliding-mode syn-
chronization.
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3 Numerical Simulation
This chapter presents numerical simulations to verify the above results. To avoid
chattering phenomena in sliding-mode control, two methods are commonly used
in practical engineering applications: (1) dividing the controller into continuous
and switching components to eliminate switching amplitude; (2) using high-gain
methods to replace the sgn(⋅) term with saturation functions or similar functions.
In the simulation experiments, this paper adopts the second method, using 𝑠𝑖

|𝑠𝑖|+𝜀
(where 𝜀 = 0.001) to replace the sgn(𝑠𝑖) term, achieving good control effects.

When the fractional order 𝛼 = 0.97, the Sprott-C system exhibits chaotic be-
havior with two equilibrium points 𝐸1 = (10, 10, 1.7) and 𝐸2 = (−10, −10, 1.7).
The chaotic attractor is shown in [Figure 1: see original paper]. For simulation
convenience, the uncertain terms in the system are taken as:

𝑟1(𝑡) = 0.2 sin(3𝑡), 𝑟2(𝑦) = 0.15 sin(2𝑦), 𝑟3(𝑡) = 0.3 cos(𝑡)

External disturbances are:

𝜔1(𝑡) = 0.2 sin(𝑡), 𝜔2(𝑡) = 0.3 cos(𝑡), 𝜔3(𝑡) = 0.4 sin(𝑡)

In the simulation, disturbance initial values are ̂𝑟(0) = (0.1, 0.2, 0.3) and 𝜔̂(0) =
(0.7, 0.5, 0.3). Without loss of generality, the disturbance bound tuning param-
eters are 𝑘11 = 𝑘12 = 𝑘13 = 1.1 and 𝑘21 = 𝑘22 = 𝑘23 = 0.9. In sliding surface
(8), parameters are (𝜂1, 𝜂2, 𝜂3) = (0.5, 0.5, 0.4) and 𝜃 = 0.2.

Case 1: Known Upper Bounds of Drive System Parameters

The upper bounds are taken as ̄𝑎1 = 10, ̄𝑎2 = 100, ̄𝑎3 = 1.7. System initial
values are 𝑥(0) = {0.8, 0.2, −1.9} and 𝑦(0) = (1.6, 1, 4). Unknown parameter
initial values are ̂𝑎1(0) = 7.41, ̂𝑎2(0) = 97.9, ̂𝑎3(0) = −1.92. Parameter adaptive
law coefficients are 𝑐𝑖 = 1 for 𝑖 = 1, 2, 3.

Using the predictor-corrector numerical algorithm, the synchronization simu-
lation results are shown in [Figure 2: see original paper] and [Figure 3: see
original paper]. [Figure 1: see original paper] shows the chaotic attractor of
the fractional-order Sprott-C system at 𝛼 = 0.97. When controller (14) is ap-
plied to the drive-response systems (1) and (2), the system errors are shown in
[Figure 2: see original paper]. The errors converge to zero within finite time,
indicating that the drive-response network (1) and (2) achieves Terminal sliding-
mode synchronization. Meanwhile, the unknown parameters of the drive system
are accurately estimated, as shown in [Figure 3: see original paper], where all
unknown parameters converge to their true values.

In fact, when the fractional order 𝛼 = 0.98, the Sprott-C system remains chaotic,
coexisting with two unstable equilibrium points 𝐸1 and 𝐸2. Selecting initial val-
ues 𝑥(0) = (0.5, 0.3, 1.2) and 𝑦(0) = (3, 1.5, 5), with unknown parameter initial
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values ( ̂𝑎10, ̂𝑎20, ̂𝑎30) = (10.57, 99.7, 0.53) and other parameters unchanged, the
simulation results are shown in [Figure 4: see original paper] and [Figure 5: see
original paper].

Case 2: Unknown Upper Bounds of Drive System Parameters

When the upper bounds of unknown parameters are unknown, synchronization
of systems (1) and (2) can be achieved using controller (16). Fixing the same
parameters as in Case 1, the feedback parameters are 𝑙1 = 0.2, 𝑙2 = 0.15,
𝑙3 = 0.2, with initial values 𝑥(0) = (2.6, 1.2, 3) and 𝑦(0) = (1, 0.2, 0.2). Unknown
parameter initial values are ( ̂𝑎10, ̂𝑎20, ̂𝑎30) = (12.3, 102.8, 3.16), and 𝑐𝑖 = 0.1 for
𝑖 = 1, 2, 3. With system order 𝛼 = 0.97, the error evolution curves and unknown
parameter estimates are shown in [Figure 6: see original paper] and [Figure 7:
see original paper].

[Figure 8: see original paper] shows the evolution curve of the system gradually
approaching equilibrium point 𝐸1. With fixed feedback parameters and system
initial values, unknown parameter initial values are selected as ( ̂𝑎10, ̂𝑎20, ̂𝑎30) =
(4.56, 95.6, 2.15) with 𝑐𝑖 = 2 for 𝑖 = 1, 2, 3. The system can stabilize to equilib-
rium point 𝐸2, with simulation results shown in [Figure 9: see original paper].
The unknown parameter estimation curves and error evolution curves are shown
in [Figure 10: see original paper] and [Figure 11: see original paper].

Through the above numerical simulations, we observe that the estimated values
of unknown parameters and random (external) disturbances all approach their
true values, and the drive system (1) and response system (2) achieve finite-time
synchronization, fully demonstrating the effectiveness of the designed synchro-
nization controller and unknown parameter identification rules. Moreover, the
synchronization time in simulations matches the theoretical calculation from
Theorem 1.

4 Conclusion
The purpose of studying chaos control is to better manipulate the dynamics of
nonlinear systems within a larger scope for human benefit. This paper employs
fractional-order controllers to synchronize fractional-order controlled objects,
investigates the Terminal sliding-mode control problem for uncertain fractional-
order Sprott-C systems with unknown parameters and bounded disturbances,
designs sliding-mode dynamic surface functions, achieves sliding-mode synchro-
nization control of the constructed drive-response system, and estimates un-
known parameters. Numerical simulations finally verify the validity of the
conclusions. The methods and conclusions in this paper have certain univer-
sality and can provide references for synchronization control research of similar
fractional-order chaotic systems.
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