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1. Introduction

The concern of the global warming issues for using fossil fuels is very high. The combustion engines in cats that use
these traditional fossil fuels make major car manufacturers transfer to produce electrical vehicles (EV). EVs are
considered clean and friendly to the environment. EV is required not just to operate on batteries but also is needed to
be smart. Four-wheel drive systems (FWDS) are considered smart vehicles which include many complex controllers to
drive them more efficiently and safely on the roads.

The major problems of FWDSs are the need for advanced control systems to control the speed and direction of their
four wheels continuously. Several control methods have been used in recent years to achieve the best control solutions.

The core point of the designed control method is the assurance of the rapid convergence of the system reactions to
zero with a finite settle downtime. When a bad controller is used, the required range of the controlled speed for FWDS
may be more than the velocity or acceleration upper bound limitations that the motors can produce. Then the control’s
instruction is not reliable, which leads to poor act and the system will be unstable(Runhua Wang et al., 2021).

One of the control methods used in a four-wheel drive system is a smooth control method, but the convergence
performance is not perfect, and the smooth control method is not an optimal time controller (Ariff et al., 2015; Shuai
et al., 2014; Rongrong Wang et al., 2015). On the other hand, a slide mode control has anti-disturbance performance
and fast convergence. But it is asymptotically stable and not continuous. This may lead to being chatter in a closed-loop
feedback system (Ginoya et al., 2014; Li et al., 2017). Due to the simplicity of the Proportional Integral Derivative (PID)
structure, it is one of the most used control methods for FWDSs. But PID controller has limitations when they are
tuned to deal with specific conditions and if these conditions are changed, the performance will be affected. Also, the
PID controllers do not work for nonlinear systems (Jeong et al., 2017; J. Wang, 2020; Zhou et al., 2018). Artificial Neural
networks (ANN) are the forming of the human mind which are used widely in control fields. The major difficulty of
ANN is working as a black box. It does not explain the way that the solution was done, and hence, decreases the belief
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in the network. (Chen et al., 2020; Kortylewski et al., 2021; Kraft et al., 2019; Tu, 1996). In contrast, the finite-time
controller in compatison to the mentioned controllers promises better performance.

The FTC is popular due to its excessive tracking precision, fast convergence, and powerful disturbance refusal. Due
to advantages of Finite-time controllers over other controllers in which they have excessive tracking precision, fast
convergence, and powerful disturbance refusal, lead them to a widely being used in different control areas. In latest
years, FTCs have gained more consideration from many researchers in the control area, who have expressed applications
in several procedures and systems (Fang et al., 2019; Meng et al., 2018; F. Wang et al., 2019)

This research aims to review previous works in the concept of finite-time approaches in the area of the controller
performance of FWDSs. This paper includes the following sections: The introduction is presented in section one.
Section two covers the four-wheel drive system mathematical model. Finite-time controller details in section three and
section four covers finite-time controllers in different areas of applications. Finally, the conclusion is given in section
five.

2. Four-Wheel Drive System Mathematical Model
FWDS has insignificant benefits in terms of dynamic performance, energy effectiveness, and active safety. Additionally,
the torque of the FWDS EV can be individually controlled and easily determined. Because the EV’s velocity is an
essential variable in dynamics control and stability, the estimation of EV’s velocity is done in general. Thus, there is no
doubt that estimating the accuracy of the EV’s velocity is necessary for reaching the high performance of the EV
controller(Xin et al., 2017) (Meng et al., 2019).

In FWDS, when a car steers, all four wheels turn at the same time. The lateral motion and the yaw of the FWDS can
be controlled by both front and rear wheels, which also decreases the steering force delay and controls the motion
trajectory (Meng et al., 2019). Figure 1 demonstrates the FWDS dynamic model.
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Figure 1. FWDS Dynamic Model (Ding & Sun, 2017).

Where 6 is the steering angle (8 = 0 for anticlockwise and 8 < 0 for clockwise), 3 is the EV sideslip angle; a and b are
the distances between the center of gravity and the front axle and rear axle. V is the velocity of EV; vy represents the
longitudinal velocity of EV; vy indicates the lateral velocity of EV. Fxf, Fyf, Fxr and Fyr are the front and rear wheels
tire forces.

The controlling of the speed and direction by both the front and rear wheels and controlling the motion trajectory can
be done with the use of FWDS.

The lateral motion can be described as:

m(vy +1.vy) = - = @KpbK)r + 2K8-2(Kr-K, ) M
and the motion of yaw stated as:
Ii = 2aK8- = (a?Ke-b?K,)r + 2(aKe-bK, ) @

where Kf and Ky denotes the front and rear wheels cornering stiffnesses respectively (Ding & Sun, 2017).
3. Finite-Time Controller
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The idea of finite-time control dates back to the Fiftieth of last century when the idea of finite-time stability (FTS) was
introduced by Kamenkov (Kamenkov, 1953). In 1965, Weiss and Infante (Weiss & Infante, 1965) published a very
comprehensive analysis of FTS for nonlinear systems, with the perception of finite-time stability. Soon thereafter, Weiss
and Infante published an addition of FTS to nonlinear systems in the presence of perturbation signals and developed
the idea of Bounded Input and Bounded Output (BIBO) finite-time stability (WEISS & INFANTE, 1967). Nowadays,
generally BIBO known as finite time-bounded (FIB) stability (F. Amato et al., 2015). (Wu, 1969) protracted several of
the present analysis outcomes on Finite-Time Stability for continuous-time to discrete-time systems.

In 1997, Dorato, Abdallah, and Famularo (Dorato et al., 1997) presented a study on the strong Finite-Time Stability
proposal for linear systems. They used linear matrix vatiations to find state-feedback control rules. Additional linear
matrix variations based on design outcomes for linear systems were existing in Amato ¢f /. (F. C. D. Amato, 2003). In
2002, Abdallah ef al. proposed methods which are depending on statistic learning for Finite-Time Stability design with
static output feedback. Lately, discrete-time FTS design methods was used in the control of ATM nets and systems with
net-control (Mastellone et al., 2000).

(Sun et al., 2017) suggested a new control strategy to unify the structure of Lyapunov utilities for a finite-time stability
statement. The design of an FTC was done for steering of four-wheel of an EV to improve the stability of the EV
(Meng et al., 2018). A finite-time controller was designed to stabilize the electric vehicle in case a tire had blown out
(Meng et al., 2019). (Lin et al., 2019) examined the bounded finite-time of a neutral type switched systems with delay in
time-vary.

A system is thought to be finite-time stable when bounded with the initial condition, its state does not overdo a definite
threshold during an identified period (Osiris et al., 2018). The finite-time control problem concerns the design of a linear
controller which guarantees the FTS of the closed-loop system. (Francesco Amato et al., 2000)

The next explanations deal with several FTC difficulties.

The definition of FTS: Given positive scalars €y, Cp, T, with ¢; < €y, and a positive definite symmetric matrix function
['(t) is between [0, T], the time-varying linear system:

x(t) = A(Dx(D), x(0) = xo 3)
is supposed to be finite-time stable (FTS) with respect to (Cq, €z, T, T'(t)), if
X3 T(0)x < ¢; = x(O)TT(D)x(t) < ¢, Vt € [0,T] 4)

3.1. FTC via State Feedback:
For the time changes the linear system

x(t) = A(D)x(t) + BOu(®) + G(w(t),x(0) = xq 5)
where w(t) is the disturbance, u(t) is the control input. A state feedback controller in the form

u(t) = K(t)x(t) ©)
The closed-loop system is found by connecting (3) and (4)

x(t) = (A(t) + B(t)K(t))x(t) + G(Hw(t), x(0) = xq (7

3.2. FTC via Output Feedback:
Assume the system with linear time-varying

x(t) = A(Ox(t) + BOu(t) + G(Ow(t),x(0) = xq ©)
y(© = COx() + HOw(t) ©)
A dynamic output feedback controller in the form

%c(8) = Ag (D% (1) + B (Dy (1) (10)
u(t) = Cx(Oxc (1) + Dx(Dy(t) (11

where X (t) has the similar dimension of x(t), such that the closed-loop system is initiated by connecting (8), (9), (10),
and (11).

4. Finite-Time Control: Approaches and Review

This section discusses serval papers that show the use of finite-time controllers in different areas of applications.
Starting from the spacecraft area; A finite time neural scheme control is used by (Tao et al., 2021) for spacecraft with

attitude tracking presentation using finite-time performance function to guarantee parametric uncertainty, external

disturbance, unmeasurable flexible vibration, and the saturation of actuator. The finite-time controller guarantees that

errors of tracking can be converged to a given range within a determined time, which is not dependent on the initial

conditions. The resultant control is then protracted by a neural network compensator to remove the disturbance and
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overcome the unlimited actuator saturation. Finally, the results and the numerical simulations prove the stability,
effectiveness, and robustness of the used controller.

For motor control; the authors of (Du et al., 2021) designed a finite-time controller to resolve the speed regulation
control problem of a permanent magnet synchronous motor under the control input constraints. The work of this paper
was in two aspects. First, abounded finite-time feedback control method is designed to develop the scheme and sidestep
the saturation limitation problem. The second part is to develop the scheme’s disturbance rejection capability. The
proposed finite-time control-based speed regulation controller scheme is shown in Figure 2. The authors claimed that
their results show the effectiveness in disturbance rejection.
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Figure 2. Finite-Time Control Based Speed Regulation Controller (Du et al., 2021).

An adaptive recursive terminal sliding mode (ARTSM) controller was recommended in (Shao et al., 2020). The
recommended controller assured that the tracking error converges to zero in a finite time. Additionally, by choosing a
suitable initial value for the integral controller component, the proposed controller was forced to begin on the sliding
surface at the starting time such that the completion time is decreased. Analysis of stability was also showed the
verification of the convergence of finite-time and without error of tracking of the closed-loop scheme in the suggested
control system. Experiment outcomes demonstrated the efficiency of the proposed control system in terms of reduction
of tracking errors and fast disturbance refusal as authors claimed in their work.

The main aim of the work (Gonzalez-Garcia et al., 2021) was to reduce the power that was consumed by the controller
of the Unmanned Underwater Vehicles BlueROV2 model. The reduction was done by implementing a model-free high-
order sliding-mode finite-time controller as shown in Figure 3. Results showed that the finite-time convergence to zero
faster than other controllers such as PID, Feedback Linearization, and Lyapunov-Based. So, the proposed finite-time
controller was up to 50% in the power consumption reduction when compared to other mentioned controllers.

The authors of (Mei et al., 2020) have improved an FT'C for various integrator nonlinear systems that are subjected to
saturated input control of an agricultural vehicle straightforward line tracking scheme. A saturated FTC with an
adaptable saturation level was considered by imposing a series of saturation tasks on the unsaturated control system as
shown in Figure 4. The mathematical evidence indicated that with the presence of the control system, the states of the
system will be determined to a specified region which was driven by the level of saturation. The outcomes from
simulations of the paper showed that the saturated output could be adjusted by using this finite-time controller when it
is unsaturated.

In (Liang et al., 2021) an FTC was suggested for turbo-generators in the existence of limited disturbances and
unidentified scheme dynamics. The constant boundaries on the system states and multi-terminal sliding mode were
suggested to improve the transient performance. Then, the uncertainties of the scheme were solved by the neural
network. Similarly, the essential free of chatter property can be reached by the margin layer. In conclusion, the output
of the finite-time stability in the system was verified by using Lyapunov analysis, and simulation outcomes had exposed
that the suggested control system could improve both stable accuracy and transient stability in the existence of
unidentified external disturbances.
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Figure 3. Model-Free High-Order Sliding-Mode Finite-Time Controller (Gonzalez-Garcia et al., 2021).
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Figure 4. Block Plan Of Control System (Mei et al., 2020).

The article (Nguyen et al., 2019) demonstrated a fuzzy problem of crane structure and boundedness FTS via the sliding
mode control technique. Because of the robust coupling of control input, the fuzzy method was applied to linearize the
crane structure. Swinging of crane plates and hook which were due to the outer disturbances of the friction and air
resistance were solved by using boundedness FTS sliding mode control technique. The simulation results showed the
effectiveness of the sliding mode controller technique with finite-time procedure over other present procedures such as
similar proportional integral differential (PID) controller, developed neural network procedure, and linear quadratic
regulator (LQR).

The authors in (Runhua Wang et al., 2021) proposed an adapted visual tracking control for a mobile robot using a
single attached camera and by choosing proper control parameters for both speed and accelerate saturation limitations
could be certain. The authors proposed a first-order filter speed control system to guarantee the speed halts at the upper
boundary. By using the FT'C theory, the acceleration-level control system was improved to track the speed input in a
certain time. The control block diagram is shown in Figure 5. In this work, the authors used a Pioneer-3DX type mobile
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robot, a DMK23G618 model camera for testing the proposed controller. Experimental outcomes showed the efficiency
of the suggested control system in saturation limitations.
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Figure 5. Tracking Control Diagram (Runhua Wang et al., 2021).

A control scheme combining impedance and finite time was proposed by (Hu et al., 2020) in which they used position
tracking for robot movement in uncertain environments. The control structure was separated into two integral loops:
an outer loop was for controlling the impedance force in order to remove the error of force tracking, while an inner
loop was for controlling the position tracking. A control strategy for controlling the robot environment is shown in
Figure 6. The Matlab/Simulink simulation results showed that the proposed control can achieve a good tracking effect
in all uncertain environments.

Figure 6. Control Block Diagram (Hu et al., 2020).

The article (Zheng et al., 2019) proposed an analysis of the stability and an improved robust FTC for a mobile robot
system with problems of undefined angular and linear speeds and time-changing limited disturbance. The article (Zheng
etal., 2019) proposed an analysis of stability and an improved robust FTC for a mobile robot system which had problems
of the unmeasurable angular and linear velocities, and time-varying bounded disturbance. They also proposed a solution
for solving these problems by using state feedback control laws with a reduction in a sharp change of initial values in
state variables. The closed-loop scheme was asymptotically stable and the state errors were converged to modifiable
limits by using the Lyapunov—Krasovskii approach. The simulation was done to illustrate the efficacy of the suggested
approach.

In four-wheel drive systems, several researchers have discussed them. The authors in (Meng et al., 2018) designed a
finite-time convergence controller to control an EV run by four-wheel motors to eliminate uncertainties and keep the
sideslip angle to be zero value. The simulation was done by the Carsim software and MATLAB/Simulink to prove that
the considered Four-Wheal System (FWS) finite-time convergence control system could track the chosen model, reduce
some uncertainties, and retain the sideslip angle to be zero value. The simulation results and from the comparison to
the slide mode controller technique showed that the proposed technique has a good control result for the active FWS
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of an electrical vehicle. The article (Meng et al., 2021) recommended a lane-tracking controller using a non-smooth
finite-time control technique. A lane-tracking control prototype was built and a tracking scheme and error weight
superposition technique to track error computing for the lane-tracking control were suggested by depending on the
given information of the used lane line. The construction of the lane-tracking control is demonstrated in Figure 7. A
non-smooth FTC was built for the lane-tracking with the use of the direct Lyapunov technique. The simulations
outcomes exposed that the suggested controller is better than the PID controller to keep the vehicle moving in the
wanted lane with the different kinds of roads (straight, constant curvature, varied curvature, and S-bend). The work
(Meng et al., 2019) studied the problem of a tire blowout controller via output feedback for an EV that is driven by
four-wheel motors. To report the problems in approximating the unmeasurable state, unidentified factors, and
disturbances for the electric vehicle, a finite-time observer was presented. The tire blowout simulation was done for
vehicle speeds: 60 km/h, 80 km/h, and 120 km/h, respectively, to show the validity of the designed controller. The
simulations results showed that the validation of the proposed finite-time output feedback controller for the Electric
Vehicle Driven by Four Wheels Independently (EV-DFWI) tire blowout control.

/
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Figure 7. Construction of the Lane-Tracking Control (Meng et al., 2021).

g
5. Conclusion

To control the speed and direction of the four-wheel drive system serval controller schemes are available to implement.
The smooth control method is one of the good methods but its convergence act is not faultless and not an optimal time
controller. While the slide mode control has anti-disturbance performance and fast convergence. But the slide mode is
asymptotically stable and not continuous that could cause the chattering in the closed-loop feedback system. The PID
control is one of the most applied controlling strategies for FWDSs due to their simple structure. But the PID controller
does not work for nonlinear systems. ANN is also used widely in control fields but it works as a black box. It does not
give an explanation of the way how the solution has been done. The controller techniques for controlling the speed and
direction of the four-wheel drive system should be fast convergence of the control, continuous control performance,
and solve the external disturbances. These can be done by using the Finite-time controller approach.
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