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This paper presents the design of an optimal robust algorithm for performance
control of an automotive electric power steering system. The proposed controller is
formulated based on a Sliding Mode Control (SMC) framework. A Genetic Algorithm
(GA) with six stages determines the sliding surface parameters of the control mecha-
nism. The Lyapunov criterion evaluates the stability of the system. The novelty of this
study lies in integrating the robustness of SMC with the optimization capability of the
GA to automatically tune the sliding surface parameters. Unlike conventional SMC de-
signs that rely on manual parameter adjustment, the proposed framework achieves fast
convergence and reduced tracking error without complex gain tuning. Furthermore, it
simplifies the controller structure and improves energy efficiency while mitigating the
chattering phenomenon that typically affects SMC-based systems. The performance
of the proposed controller is validated by numerical simulation. The computational
results show that tracking errors are significantly reduced (only about 0.101% for
𝑣1 = 30 km/h and 0.132% for 𝑣2 = 60 km/h) compared to conventional PID control.
Furthermore, power consumption is also significantly reduced. In addition, the influ-
ence of the chattering phenomenon is largely eliminated. This combination can be
applied to the control of automotive mechatronic systems.

1. Introduction

Automobiles are widely used today for many purposes, including transporting
goods, passengers, and others. A steering system maintains the safety and stability
of the vehicle during operation. To reduce steering effort and improve steering feel,
ground vehicles are equipped with Power Assisted Steering (PAS). PAS systems
are known in three main types: Hydraulic Power Steering (HPS), Electrohydraulic
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Power Steering (EHPS), and Electric Power Steering (EPS) [1]. According to Xia
and Jiang, the HPS system has been developed since the 1950s and has achieved
remarkable achievements over the past six decades [2]. However, this system has
limitations, including its bulky size, loud noise during operation, high energy
consumption, and lack of environmental friendliness. Therefore, it is usually only
equipped on heavy trucks or older vehicles. In [3], Nguyen presented the advantages
of the EPS system over the traditional HPS. He suggested that an EPS system could
be applied in family cars and small commercial vehicles. Compared with HPS
or EHPS, the energy consumption efficiency of the EPS system was significantly
improved [4]. According to [5], the assisted torque generated by an assisted motor
needed to be increased to ensure the steering efficiency for heavy cars. Therefore,
they were usually equipped with two independent motors to maintain the system’s
stability.

Several studies on EPS control have been published recently. Govender et al.
proposed a cascade control structure in [6] for rack position control. This controller
was formulated based on two loops: an inner loop with a state space controller and an
outer loop with a lead/integrator controller. Although the Bode criterion verified the
stability of the system, the desired error was quite large. Hassan et al. presented the
design of a Proportional-Integral-Derivative (PID) controller for performance con-
trol of a column EPS system (C-EPS) [7]. The control parameters were calculated
using a Binary Coded Genetic Algorithm (BCGA) such that the objective function
converged to zero. Overall, the algorithm structure was quite simple, and there was
no comparison with existing control methods. Two other optimization algorithms
called the Ant Colony Optimization (ACO) and the Particle Swarm Optimization
(PSO) were introduced in [8] to find the ideal parameters of the PID controller.
The computational results showed that the convergence time of the algorithm was
relatively early (about 20 iterations for PSO and 40 iterations for ACO). As a result,
the energy efficiency was only slightly improved (0.02 to 0.04 A). A fuzzy PI algo-
rithm for the phase compensation objective was introduced in [9]. The PI controller
parameters in [9] were tuned through dynamic parameters. The simulation results
showed that the EPS performance was improved compared to other conventional
control methods. A Back Propagation Neural Network (BPNN) mechanism for
tuning PID parameters was proposed in [10]. This method was highly effective in
improving the system quality. However, its performance was highly dependent on
the vehicle’s speed. Recently, Fu et al. introduced a dual-PID control mechanism
for controlling the EPS system of large commercial vehicles [11]. Simulation re-
sults in [12] showed that the performance of conventional PID control was worse
than that of other robust control methods. Zhao et al. compared PID control, H2
control, and H∞ control. In general, the performance of traditional PID controllers
could not meet system stability requirements [13].

PID control only applies to systems formed by one input and one output. Irmer
and Henrichfreise proposed the Linear Quadratic Regulator (LQR) design for
controlling the EPS system [14]. The output signals were observed through Linear
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Quadratic Estimation (LQE). However, the description of the algorithmic structure
was incomplete. Furthermore, the method for selecting the optimal parameters was
absent. Inspired by the natural selection process, Liu et al. proposed using the
GA to find the ideal parameters for the system [15]. A Linear Parameter-Varying
(LPV) control mechanism based on H2/H∞ PI observer was proposed in [16] to
enhance the EPS quality. In general, the performance of linear control methods was
degraded under severe operating conditions compared to robust nonlinear control
methods [17].

Several robust control methods have shown high efficiency in controlling auto-
motive EPS systems. Nguyen introduced a combination of a Backstepping Control
(BSC) technique with fuzzy PI to eliminate steady-state errors [18]. This method
was applied to simple (formed by a linear dynamic model) and complex (formed
by a nonlinear dynamic model) systems [19]. However, the linearization of some
equations during the calculation process led to errors in practice. A robust control
mechanism based on Active Disturbance Rejection Control (ADRC) was presented
in [20]. However, the performance improvement was slight. Another study by Na
et al. showed that the output signals were negatively affected by chattering when
the system was directed by the ADRC mechanism [21].

A robust control method for the nonlinear object is known as the Sliding Mode
Control (SMC). In [22], Kim et al. proposed using a SMC mechanism for the EPS
model based on a disturbance observer. An experiment was conducted to verify
the performance of the system. Lee et al. designed an adaptive SMC mechanism
to control steering wheel torque tracking [23]. Although the tracking error was
improved, the chattering phenomenon occurred strongly, leading to the degradation
in system performance [22, 23]. An adaptive fuzzy SMC mechanism for reducing
the influence of chattering was proposed in [24]. Some solutions for combining
SMC with PID or SMC with BSC to eliminate the influence of chattering were
introduced in [3, 25]. Several robust fuzzy SMC and predictive SMC applications
have shown high effectiveness in controlling various mechatronic systems [26–28].
In general, the structure of the above algorithms was quite complicated.

Despite the progress achieved in EPS control, several challenges remain. Con-
ventional control techniques such as PID, LQR, or fuzzy-PI generally suffer from
performance degradation when the system operates under nonlinear or rapidly
varying conditions. Although SMC provides strong robustness, it often causes se-
vere chattering and may not fully guarantee convergence in all operating regions.
Meanwhile, many advanced hybrid or intelligent approaches proposed in recent
studies possess highly intricate mathematical structures, which make them difficult
to tune and implement in real-time applications. These limitations motivate the
development of a more compact and optimally tuned robust control strategy that
ensures both stability and practical feasibility under complex driving scenarios.

This paper introduces an optimal and robust control strategy to address the ex-
isting limitations. The proposed approach is built upon the SMC framework, while
the GA is employed to automatically determine the sliding surface parameters.
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This integration reduces tracking errors, suppresses chattering, and simplifies the
parameter-tuning process.

The key contributions of this work can be summarized as follows.
• A GA-based SMC structure is established, enabling automatic optimization

of the sliding surface parameters for minimal tracking error and improved
robustness.

• The control law is formulated concisely and computationally efficient to
facilitate real-time implementation.

• A unified algorithmic framework is presented to connect the GA optimization
process with SMC dynamics, allowing the method to be readily extended to
other automotive mechatronic systems.

• Extensive simulations demonstrate that the proposed approach achieves
higher accuracy, enhanced stability, and lower power consumption than con-
ventional PID schemes.

The content of the paper is organized into four sections. The literature review
and research gaps are presented in the first section. The following section shows
the mathematical model of the system. The performance of the proposed approach
is confirmed by simulation, which is described in the next section. The conclusion
section presents the achievements and some remaining drawbacks.

2. Mathematical models

The EPS systems are commonly divided into 3 types, depending on the position
of the assisted motor: column (C-EPS), rack (R-EPS), and pinion (P-EPS). This
paper only deals with the model of the C-EPS system. The structure of a standard
C-EPS system is shown in Fig. 1, including the steering column, steering wheel, a

Fig. 1. EPS structure
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pair of motor gear, rack and pinion, sensors, assisted motor, and Electronic Control
Unit (ECU).

The relationship between the steering motor angle and the steering column
angle is shown in following equations:

𝐽𝑐 ¥𝜑𝑐 + 𝐵𝑐 ¤𝜑𝑐 + 𝐾𝑐𝜑𝑐 =
𝐾𝑐

𝑁
𝜑𝑚 + 𝑇𝑑 , (1)

𝐾𝑐

𝑁
𝜑𝑐 + 𝐾𝑡 𝑖𝑚 − 𝑇𝑟

𝑁
= 𝐽eq ¥𝜑𝑚 + 𝐵eq ¤𝜑𝑚 +

𝐾𝑐 + 𝐾𝑟𝑟
2
𝑝

𝑁2 𝜑𝑚 , (2)

𝐾𝑡 ¤𝜑𝑚 + 𝐿𝑚¤𝑖𝑚 + 𝑅𝑚𝑖𝑚 = 𝑢(𝑡), (3)

𝐽eq = 𝐽𝑚 +
𝑟2
𝑝

𝑁2𝑀𝑟 , (4)

𝐵eq = 𝐵𝑚 +
𝑟2
𝑝

𝑁2 𝐵𝑟 , (5)

where 𝜑𝑐 is steering column angle, 𝜑𝑚 is steering motor angle, 𝑖𝑚 is assisted motor
current, 𝐵𝑐 is steering column damping, 𝐵𝑚 is steering motor damping, 𝐵𝑟 is
rack damping, 𝐵eq is equivalent damping, 𝐽𝑐 is the inertia moment of the steering
column, 𝐽𝑚 is the inertia moment of the steering motor, 𝐽eq is the equivalent inertia
moment, 𝐾𝑡 is torque coefficient, 𝑟𝑝 is pinion radius, 𝑅𝑚 is motor resistance, 𝐿𝑚
is motor inductance, 𝑁 is motor gear ratio, 𝑀𝑟 is rack mass, 𝑇𝑑 is driver torque, 𝑇𝑟
is road reaction torque, and 𝑢(𝑡) is control signal.

Driver torque (𝑇𝑑) is generated by the driver’s effort and is considered known.
In contrast, road reaction torque (𝑇𝑟 ), considered a disturbance, must be calculated
using a dynamic model. The variation of 𝑇𝑟 can be approximated by equation (6),
where 𝑑𝑐 is caster trail, 𝑑𝑛 is knuckle arm distance, 𝜆 is kingpin angle, 𝜃 is caster
angle, and 𝑇dis is the environmental disturbance.

𝑇𝑟 ≈ 𝑟𝑝𝑑𝑐
cos2(𝜆) cos2(𝜃)

𝑑𝑛
𝐹𝑦1 + 𝑇dis , (6)

𝐹𝑦𝑖 = −𝐶𝛼𝑖𝛼𝑖 , (7)

𝛼𝑖 =
𝑣𝑦 + (−1)𝑖−1𝑑𝑖 ¤𝜓

𝑣𝑥
− 𝛿𝑖 . (8)

Lateral tire force (𝐹𝑦) is approximated by (7) where𝐶𝛼 denotes stiffness and 𝛼
is the lateral slip angle. Equation (8) shows how to determine the lateral slip angle,
where 𝑣𝑥 is longitudinal velocity, 𝑣𝑦 is lateral velocity, 𝜓 is yaw angle, 𝛿 is steering
angle, and 𝑑𝑖 are axle distances. The relationship between 𝑣𝑦 and 𝑣𝑥 is denoted by
𝛽 and is expressed by equation:

𝛽 = arctan
𝑣𝑦

𝑣𝑥
. (9)
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The yaw angle is determined by equations (10) to (12), where 𝐽𝜓 is the yaw
inertia moment. These equations are formulated according to a linear dynamic
model (Fig. 2):

𝑚
(
¤𝑣𝑥 − ¤𝜓𝑣𝑦

)
= 𝐹𝑥1 cos 𝛿 + 𝐹𝑥2 − 𝐹𝑦1 sin 𝛿 , (10)

𝑚
(
¤𝑣𝑦 − ¤𝜓𝑣𝑥

)
= 𝐹𝑦1 cos 𝛿 + 𝐹𝑦2 + 𝐹𝑥1 sin 𝛿 , (11)

𝐽𝜓 ¥𝜓 =
(
𝐹𝑥1 sin 𝛿 + 𝐹𝑦1 cos 𝛿

)
− 𝑑2𝐹𝑦2 . (12)

Fig. 2. Vehicle dynamics model

An SMC control mechanism is proposed in this work. Let the state variables
be in order: [

𝑥𝑖

]T
=

[
𝜑𝑐 ¤𝜑𝑐 𝜑𝑚 ¤𝜑𝑚 𝑖𝑚

]T
. (13)

Taking their derivatives, we get:

¤𝑥1 = 𝑥2 , (14)

¤𝑥2 = −𝐾𝑐

𝐽𝑐
𝑥1 −

𝐵𝑐

𝐽𝑐
𝑥2 −

𝐾𝑐

𝐽𝑐𝑁
𝑥3 −

𝑇𝑑

𝐽𝑐
, (15)

¤𝑥3 = 𝑥4 , (16)

¤𝑥4 =
𝐾𝑐

𝐽eq𝑁
𝑥1 −

𝐾𝑐 + 𝐾𝑟𝑟
2
𝑝

𝐽eq𝑁2 𝑥3 −
𝐵eq

𝐽eq
𝑥4 +

𝐾𝑡

𝐽eq
𝑥5 −

𝑇𝑟

𝐽eq𝑁
, (17)

¤𝑥5 = − 𝐾𝑡

𝐿𝑚
𝑥4 −

𝑅𝑚

𝐿𝑚
𝑥5 −

1
𝐿𝑚

𝑢(𝑡). (18)

The steering motor angle is the controlled object and is denoted by 𝑦, according
to equation (19).

𝑦 = 𝑥3 . (19)

Taking the derivative of equation (19) many times, we get equations (20)–(22).
The symbols 𝑎𝑖 are explained according to equations (23) to (27).

¤𝑦 = 𝑥4 . (20)
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¥𝑦 = 𝐾𝑐

𝐽eq𝑁
𝑥1 −

𝐾𝑐 + 𝐾𝑟𝑟
2
𝑝

𝐽eq𝑁2 𝑥3 −
𝐵eq

𝐽eq
𝑥4 +

𝐾𝑡

𝐽eq
𝑥5 −

𝑇𝑟

𝐽eq𝑁
, (21)

𝑦̈ =

5∑︁
𝑖=1

𝑎𝑖𝑥𝑖 + 𝑓
(
𝑇𝑟 , ¤𝑇𝑟

)
+ 𝐾𝑡

𝐽eq𝐿𝑚
𝑢(𝑡) = 𝑎(𝑥) + 𝑏𝑢(𝑡), (22)

𝑎1 = −
𝐵eq𝐾𝑐

𝐽2
eq𝑁

, (23)

𝑎2 =
𝐾𝑐

𝐽eq𝑁
, (24)

𝑎3 =

𝐵eq

(
𝐾𝑐 + 𝐾𝑟𝑟

2
𝑝

)
𝐽2

eq𝑁
2

, (25)

𝑎4 = −
𝐾𝑐 + 𝐾𝑟𝑟

2
𝑝

𝐽eq𝑁2 −
𝐵eq

𝐽eq
−

𝐾2
𝑡

𝐽eq𝐿𝑚
, (26)

𝑎5 = −
𝐵eq𝐾𝑡

𝐽2
eq

− 𝐾𝑡𝑅𝑚

𝐽eq𝐿𝑚
. (27)

The error between the reference and real signals is denoted by 𝑒, according to
equation (28). Taking the third derivative of (28), we get equation (29).

𝑒 = 𝑥3ref − 𝑥3 , (28)
𝑒 = 𝑥3ref − 𝑥3 = 𝑥3ref − 𝑦̈. (29)

A linear sliding surface (𝜎) is chosen according to equation (30); 𝑘1 and 𝑘2
are constants to satisfy the Hurwitz stability condition. Equation (31) is obtained
by taking the derivative of the sliding surface.

𝜎 = ¥𝑒 + 𝑘1 ¤𝑒 + 𝑘2𝑒 , (30)
¤𝜎 = 𝑒 + 𝑘1 ¥𝑒 + 𝑘2 ¤𝑒. (31)

Equation (32) provides information about the choice of a Lyapunov control
function, satisfying the condition of being positive definite. Taking the derivative
of 𝑉 (𝑥), we get (33).

𝑉 (𝑥) = 1
2
𝜎2, (32)

¤𝑉 (𝑥) = 𝜎 ¤𝜎. (33)

Substituting equations (22), (29), and (31) into (33), we get:

¤𝑉 (𝑥) = 𝜎 (𝑥3ref − 𝑎(𝑥) − 𝑏𝑢(𝑡) + 𝑘1 ¥𝑒 + 𝑘2 ¤𝑒) . (34)
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The control signal 𝑢(𝑡) is chosen as (35), with 𝐾 being a positive constant.
Combining equations (34) and (35), we get (36). Combining (32) and (36), the
system is considered stable.

𝑢(𝑡) = 1
𝑏
[−𝑎(𝑥) + 𝑥3ref + 𝑘1 ¥𝑒 + 𝑘2 ¤𝑒 + 𝐾sat(𝜎)] , (35)

¤𝑉 (𝑥) = −𝜎𝐾sat(𝜎). (36)

Choosing coefficients 𝑘1 and 𝑘2 is crucial because it affects the system’s per-
formance. In this paper, we propose using GA to determine the control parameters.
An algorithmic flowchart is presented in Fig. 3, which consists of six stages [29].
The evaluation and initialization process is performed in the first stage. The initial
values are determined in this stage and are listed in Table 1. The goal of this work
is to find the optimal parameters. This goal is changed to finding the extrema of the
function 𝐹 (𝜗), described in (37), to simplify the optimization calculation.

𝜗 =

[
𝜗1 𝜗2 . . . 𝜗𝑛

]T
. (37)

Fig. 3. Algorithmic flowchart

The solution of the extremum problem is then encoded into chromosome
strings in the second stage. In this work, we propose a binary encoding method
to speed up the computation. A natural selection process is performed to find
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Table 1. Initialization parameters

Parameters Value
Generation number 1000
Population size 20
Stall generation number 700
Mutation probability 0.1
Crossover probability 0.9

individuals with high fitness. These individuals are identified by finding the fitness
of the function 𝐹 (𝜗), according to calculation.

𝐽 (𝜗) = fitness
(
𝐹 (𝜗)

)
. (38)

The crossover process is carried out in the next stage. A two-point crossover
method is proposed for this purpose. Offspring chromosomes are formed by com-
bining the parental chromosome segments. The mutation process occurs in the
fifth stage. According to equation (39), the mutation probability (𝑎𝑀) is inversely
proportional to the length of the chromosome chain (𝐿𝑐). The value of 𝑎𝑀 should
be chosen appropriately to avoid population disturbance.

𝑎𝑀 ∼ 𝐿−1
𝑐 . (39)

The obtained results are compared to determine their convergence. The com-
putation stops only when the optimal values are found, i.e., those that minimize the
tracking error, according to equation (40).

𝑒
convergence
−−−−−−−−→ Minimum →

{
𝑘1optimal

𝑘2optimal
. (40)

In general, the algorithmic information flow is described as follows:
Step 1: Initialize GA parameters (population size, generation number, crossover,
and mutation probabilities).

Step 2: Generate an initial population of sliding surface parameters.
Step 3: For each individual, compute the fitness function.
Step 4: Apply selection, crossover, and mutation to form a new population.
Step 5: Update and evaluate the new population until the termination criteria are
satisfied.

Step 6: Use the optimal parameters obtained to construct the SMC law and validate
performance through simulation.

This procedure links the optimization and control design processes, allowing
reproducibility for similar applications.
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3. Simulations

The quality of the proposed controller is confirmed by simulation. The system
specifications are mentioned in Table 2.

Table 2. Vehicle specifications

Symbol Value Unit Symbol Value Unit
𝐽𝑐 0.062 kgm2 𝐽𝑚 0.0004 kgm2

𝐵𝑐 0.063 Nms/rad 𝐵𝑚 0.0043 Nms/rad
𝐾𝑐 130 Nm/rad 𝑑𝑐 0.03 m
𝑁 18.5 – 𝑑𝑛 0.3 m
𝐾𝑡 0.05 Nm/A 𝜃 3 ◦

𝑟𝑝 0.005 m 𝜆 10 ◦

𝑀𝑟 28 kg 𝐶𝛼 35500 N/rad
𝑅𝑚 0.46 Ω 𝑑𝑖 1.2/1.6 m
𝐵𝑟 3300 Ns/m 𝑚 1400 kg
𝐿𝑚 0.005 H 𝐽𝜓 3060 kgm2

The change in driver torque is illustrated in Fig. 4a, and the effect of environ-
mental disturbances is shown in Fig. 4b.

Fig. 4. Known inputs: (a) driver torque, (b) environmental disturbances
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Simulation is performed for two cases: 𝑣1 = 30 km/h and 𝑣2 = 60 km/h. The
results from the proposed controller (SMC-GA) are compared with those of PID
and the reference control. Some symbols mentioned in the following figures are
explained: SCA is steering column angle, SCS is steering column speed, SMA is
steering motor angle, and SMS is steering motor speed.

3.1. Steering at speed 𝒗1

Fig. 5 shows the output variation over time when the car moves at low speed
𝑣1 = 30 km/h). Looking at Fig. 5a, one can see that the SCA signal tends to
change according to the steering law with different errors. If the system has a
failure, the RMS error increases to 3.034. Regarding the system controlled by the
conventional PID controller, the RMS error is 0.319 rad. In contrast, the tracking
error is significantly reduced to 0.004 rad once the SMC-GA method is utilized to
control the system.
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Fig. 5. Change in outputs over time (𝑣1): (a) SCA value; (b) SCS value; (c) SMA value;
(d) SMS value

Under the influence of environmental disturbances, the SCS signals are slightly
vibrated, causing the error to increase (Fig. 5b). According to the calculation results,
the RMS error of the PID controller is 11.248%, which is much higher than that
of the proposed controller (only 0.840%). A sharp decline in performance is seen
when the control system fails, causing the RMS error to increase to 80.274%.

The value of SMA is more significant than SCA’s, while their changing trends
are similar (Fig. 5c). The calculation results show a slight tracking error, only about
0.101% when the SMC-GA technique controls the EPS system. In contrast, this
value increases to 8.299% when the traditional PID technique is applied to control
the object. The window plot in Fig. 5d shows that the RMS error between SMC-GA
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and reference signals is negligible, while the error of the traditional PID controller
is up to 11.080%. Overall, the signals obtained by the proposed controller follow
the reference signal with high accuracy.

The assisted motor current and assisted torque evaluate the power-assisted
performance of the steering system. The variation of the assisted motor current
(𝑖𝑚) is illustrated in Fig. 6a with three signals: SMC-GA, PID, and the reference.
The motor current obtained by the proposed controller tracks the reference signal
better than that of the PID controller. At some points, the signal overshoots. This is
due to the excitation by environmental disturbance pulses (Fig. 4b). The calculation
results show that the RMS error of the PID controller can reach 24.241%, while
that of the SMC-GA is only 9.426%. The influence of the assisted torque on the
driver torque is illustrated in Fig. 6b. The value of the assisted torque rises as the
driver torque rises, and vice versa. This value reaches saturation once the driver
torque exceeds its maximum limit. The signal obtained by the SMC-GA controller
tracks the reference signal with a small error. These findings aid in showcasing the
effectiveness of the suggested controller.
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Fig. 6. Power steering performance (𝑣1): (a) assisted motor current, (b) assisted torque

The calculation results for the first case are summarized in Table 3. Note that
these data have been rounded from the original base values.
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Table 3. Simulation results (𝑣1)

RMS error
SMC-GA PID failure Failure

Value Percent Value Percent Value Percent
SCA (rad) 0.004 0.109 0.319 8.278 3.034 78.717
SCS (rad/s) 0.062 0.840 0.833 11.248 5.948 80.274
SMS (rad/s) 0.409 0.301 15.072 11.080 109.813 80.731
Current (A) 0.844 9.426 2.169 24.241

3.2. Steering at speed 𝑣2

The following investigation is conducted when the car moves at an average
speed (𝑣2 = 60 km/h). As the speed rises, the power assist performance declines,
causing the output values to decrease. The results illustrated in Fig. 7a show that
the RMS errors of the SCA are 0.203 rad and 0.005 rad for the PID and SMC-
GA control, respectively. A significant decrease in the values is seen when the
control system fails, increasing the RMS error to 70.355%. Under the influence
of environmental disturbances, the SCS signals vibrate, leading to system errors.
Looking at the window plot in Fig. 7b more closely, we can see that the RMS error
increases to 9.581% for PID control and 3.382% for SMC-GA control.
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Compared to the first case, the assisted motor performance degrades as the
speed increases. As a result, the assisted motor current error increases to 34.057%
(PID) and 22.837% (SMC-GA) (Fig. 8a). This error is caused by the difference
between the ideal and real models (the ideal model is unaffected by environmental
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disturbances). Although the error of the SMC-GA controller is significantly lower
than that of the PID controller, it is still considered a limitation that needs to be
addressed. In this case, the assisted torque produced by the electric motor tends
to track the desired signal with a small error (SMC-GA). In contrast, the error of
the PID controller is more considerable, causing a severe degradation of system
performance (Fig. 8b).
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Fig. 8. Power steering performance (𝑣2): (a) assisted motor current, (b) assisted torque

Table 4 provides information on the results obtained in the second case. These
figures have been rounded.

Table 4. Simulation results (𝑣2)

RMS error
SMC-GA PID failure Failure

Value Percent Value Percent Value Percent
SCA (rad) 0.005 0.193 0.203 7.359 1.940 70.355
SCS (rad/s) 0.181 3.382 0.512 9.581 3.908 73.104
SMA (rad) 0.067 0.132 3.378 7.406 35.817 70.960
SMS (rad/s) 0.291 0.400 9.294 9.516 72.130 73.853
Current (A) 0.948 22.837 1.414 34.057
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Despite its advantages, the design process of the proposed controller presents
several challenges. Selecting appropriate GA parameters such as population size
and mutation probability is nontrivial, as overly large populations may increase
computation time, whereas small ones can cause premature convergence. Moreover,
balancing robustness and chattering suppression requires carefully defining the
fitness function. Finally, real-time implementation may face hardware constraints
when the computation of the GA runs concurrently with system dynamics.

4. Conclusion

This paper presents an efficient control mechanism for the EPS system. The
proposed method is based on the SMC framework with sliding surface parameters
optimized by the GA to improve the system’s performance. Compared with some
existing SMC algorithms, the structure of the proposed algorithm is more straight-
forward, making the calculation and practical application easier to approach. A nu-
merical calculation is done to validate the quality of the proposed controller. The
calculation results show that the system error is significantly reduced when the
proposed method controls the automotive EPS system. In addition, the influence
of chattering has also been largely eliminated.

Although the proposed control provides superior performance compared with
conventional methods, certain drawbacks remain. The optimization process in-
creases computational demand, which may limit real-time applicability in real
applications. In addition, the control parameters are optimized for specific op-
erating conditions. As a result, their effectiveness may decrease when vehicle
dynamics vary widely. Future research will therefore focus on developing adap-
tive or learning-based extensions of the GA–SMC approach to enhance real-time
performance and adaptability under diverse steering scenarios.
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