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The electric vehicle (EV) has nowadays become a suitable alternative to
clean and sustainable energy emissions in transportation, so researchers have
become interested in modeling and controlling the electric vehicle.in this
paper, an optimal robust integral signum of the error (ORISE) controller is
designed to control the actuator speed of an electric vehicle. The actuator
type of this vehicle is three-phase induction motor (IM). By reducing the
discrepancy between the desired and actual output, the standard salp swarm
algorithm (SSA) is utilized to find the optimal suggested ORISE parameter.
The suggested controller tested by different desired velocity trajectory.
Simulation results demonstrate that the ORISE have high performance, fast
and accurate tracking for the EV speed, compare with PID controller that the
output speed suffer from chattering and has higher oscillation. In particular,
the SSA-based ORISE controller is superior to the proportional-integral-
derivative (PID)-based SSA method in terms of no steady-state error and
smallest overshoot (0.002% with ORISE while 0.05% with PID) prevention
for electric vehicle (EV) speed despite the better results of settling time and
rising time obtained in PID (1.532s and 0.785s) respectively while these
values were (1.574s and 1.915s) respectively, in ORISE. The MATLAB
(R2020a)/Simulink environment is used for all projects.
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1. INTRODUCTION

The automotive sector, and particularly the electric vehicle (EV) sector, is having a period of
significant redeployment. With so many advantages that electric vehicles (EVs) provide, many firms have
begun to base their new automobile models on electricity. An eco-friendly framework that combines zero
emissions, excellent power efficiency, and minimum noise pollution underpins the dominance of EVs in the
transportation sector [1], [2]. The usage of EVs lessens a country's dependency on foreign oil imports, and on a
personal level, they are more cost-effective than gasoline due to the low maintenance needs of electric motors
and low energy prices [3]. Tax breaks and bonuses help to significantly lower the cost of operating an EV. Due
to their integrated operation with sources of clean energy, electric vehicles' advantages on economic matters
are increased even more [4] as well as the potential to offer supplementary services to the grid [5], [6].

Due to their excellent combination of affordability, dependability, and performance, induction
motors are currently the most popular alternating current or AC equipment. Several methods, ranging from
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the low-cost constant voltage/frequency ratio strategy to the complex sensorless control schemes, can be used
to manage torque in induction motors. These effective strategies are being used in electric automobiles [7].
The rapid development of power electronics and micro-computing has led to substantial advancements in the
control of AC electric machinery as well as in real-time implantation applications facilities. Induction motors
(IMs), in particular, have a number of built-in benefits, including ease of use, dependability, affordability,
and nearly maintenance-free electrical drives [8]. However, since they exhibit large nonlinearities and several
characteristics, most notably the rotor resistance, vary depending on operating conditions, controlling high
dynamic performance in industrial applications continues to be a difficult task. However, due to its simplicity
of operation and the fact that torque and flux were naturally decoupled and could be controlled separately by
the torque and the flux, both of which produced current, the direct current machine (DC) over time evolved
into the only electromechanical source for variable speed applications [8]-[10].

The robust controller is one of the numerous types of techniques that are used to control the
induction motor. A system's capacity to reject shocks or uncertainties in order to behave as closely as feasible
to its normal operation is referred to as robust control. A robust control system maintains a certain level of
stability or performance in the face of external disturbances. When designing and analyzing control systems,
robustness is an important quality that must be considered [11].

Previously, there were many research that used robust control approaches for controlling the
induction motor or the electrical vehicle such as, in 2015, Nasri et al. [12] introduce in their research a new
approach on the sliding mode control that can be applied on four electric vehicle independent wheels. In
2020, Pourseif and Mohajeri [13] presented that the permanent magnet synchronous motor is controlled using
robust control approaches. This method is more effective since it performs well even when the vehicle's load
torque disturbs it, as well as despite measurement noise, changes in system parameters, and high-frequency
uncertainty in both structured and unstructured forms. The control goal is to regulate and maintain the
vehicle's speed and motor torque in the intended references for the driver. In 2021, Zand et al. [14] explained
the super twisting sliding mode control (STSMC) that is being given is intended for direct torque and flux
control for three-phase induction machine speed control. In order to ensure the stability of the drive control
system while it is subject to disturbances, Lyapunov's theory has also been utilized. In 2021, Jin et al. [15]
offers a constrained robust Heo controller architecture for an in-wheel independent drive active suspension
system for electric vehicles while taking control constraints and parameter volatility into mind. Compared
with earlier research. The induction motor of the electrical vehicle is controlled by an optimal, robust integral
signum of the error controller, the parameters of which are determined by SSA.

This paper is structured as: i) The modeling of electric vehicle is presented in section 2; ii) In
section 3, the details of the suggested ORISE controller are given; iii) Section 4 presents the salp swarm
optimization methodologies; iv) The section devoted to presenting the results obtained in section 5; and v) A
conclusion is provided in section 6.

2. MODELING OF ELECTRIC TRACTION SYSTEM ELEMENTS

Figure 1 shows electric traction system with induction motor (IM) and voltage inverter [16]. The
electric traction system consists of several key components, including an IM and a voltage inverter. The
following subsection provides a detailed illustration of each component.
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Figure 1. Block diagram of electrical traction chain
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2.1. Energy source

For the purposes of this study, the simplified model takes into account the key characteristics of the
lithium-ion battery, such as its voltage, current, and capacity. The sophisticated battery model described in
has been modified [17]. By using this simplified model, we aim to gain a better understanding of the behavior
and limitations of the lithium-ion accumulator battery in practical applications.

2.2. SPWM Inverter

An inverter controls the power frequency of an AC motor in order to control the motor's rotational
speed. In the absence of an inverter, the AC motor would begin to run at full speed as soon as the power
source was turned on. Circuits for power electronic inverters commonly use sinusoidal pulse width
modulation (SPWM), a widely used control method. It offers advantages like low switching losses, a cleaner
output, and ease of usage. Sinusoidal pulse width modulation (SPWM) is the AC driving technique that is
most frequently employed. This suggests that it should have a stiff source at its input and a voltage source
inverter (VSI) at its output [18]. Each power bridge device, which consists of two power switches and two
freewheeling diodes, has three outputs in a practical (VSI). The inverter gets electricity from a DC voltage
source via an LC filter. As seen in Figure 2, the three output legs of SPWM can be thought of as three distinct
push-pull amplifiers.

By first producing a carrier triangle signal and three modulating signals to determine the angular
speed (w,t), and then by comparing the two signal sets to produce switching signals for three push-pull
devices. When the switches' output is (V,,, V3,0, Vz0), the three phases of the load neutral (V,,,, Vyn, V.r) €an be
obtained by implementing (1).
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Figure 2. Three phase voltage source inverter

2.3. Traction motor

The motor in use is a three-phase induction motor (IM) with sinusoidal pulse width modulation
(SPWM) control, powered by a voltage inverter. One of the most well-known induction motor models
created from its equivalent circuit is Krause's model, which is based on a transformation of the stator's
currents and magnetic fluxes to a reference frame "d-q" that rotates in tandem with the rotor [19]. The three-
phase parameters (voltage, current, and flux) are transmitted via axis transformation, and as the rotor position
varies, the coupling coefficients between the stator and rotor phases change continuously (d-q axes stationary
frame). The rate of rotation of the rotor and stator, as well as the acceptance of all simulated variables in the
stationary frame to account DC values [20]. Figure 3 shows schematics of an I.M.'s per-phase equivalent
circuits in a two-axis synchronously rotating reference frame.

In Figure 3 "wgs wes", "War¥e" d-q axes elements flux linkage of the stator and rotor.
"Vas Vgs" » "Var Vgr" d-q axes elements stator voltage, rotor voltage, ", "iys igs" and "ig,ig," stator current and
rotor current respectively. "Ly, ,L,;" Stator and rotor inductance. "R R," Stator and rotor winding
resistance. w,. Rotor speed. L,,, Magnetizing inductance. "w," Synchronous speed. From the figure we can get
the (2) and (3) [17]:
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The development torque T, can be calculated using the (4) by combining the effects of the air gap flux and
rotor current [, and solving the variables into a stationary frame with dqg-axes.

T, = (z) (g) (q’dr iqr — Ygr idr) (4)

It is formed in (5) that the dynamic torque equation of the rotor where T}, is the electric vehicle load torque
and J is the rotor's inertia [21].
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Figure 3. IM equivalent circuit is d-g axes elements

2.4. Mathematical model of vehicle load

Figure 4 shows an electric vehicle that is in equilibrium with respect to all of the forces acting on it
while it is moving. Balancing and optimizing these forces are crucial for the efficiency and performance of
electric vehicles. Manufacturers and designers must consider these forces to enhance the vehicle's energy
efficiency and overall performance.

2.4.1. Aerodynamic force

These forces shown in Figure 4 are resulted from body friction of the vehicle with the inclined path
as well as air. They are functions of the protrusion of the frontal shape area such as mirrors, sides, ducts and
any other factors. The component as shown in (6).

1
Frreo = EpACdvz (6)

2.4.2. Rolling force

The tire's traction on the road results in what is called rolling resistance, which is primarily caused
by. Other factors generating friction are the bearing and gearing systems that play a role in this matter.
Rolling force resistance is nearly constant and proportional to vehicle weight, depending on vehicle speed.
This force can be represented (including the above affecting factors) as in (7).

Fiire = Wprmyg @

2.4.3. Hill climbing force
The most needed force to find is the driving force of the vehicle up (climbing force), in which it is a
combination of the weight of the vehicle acting along the slop. However, this force can be represented as (8) [22].
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Fslope = mgSln(ﬁ) (8)

The fourth force also affected that is called acceleration force as show in (9).

== ©

E =
acce dt

We obtain finally the total forces effected on the electrical vehicle as show in (10).
F= %pACdvz + Wwmg + mgsin(B) + md—?] (10)

Where v denotes the velocity of the EV, A denotes the head of the vehicle or truck, m denotes the
mass of the electrical vehicle, p,.,. denotes the rolling resistance coefficient, g denotes the acceleration of
gravity, p denotes air density, and 8 denotes the angle at which the machine climbs a slope, or the climbing
angle, and last but not least, C; denotes the coefficient of the drag operation.

As shown by (11) [23], the consequence of the force (F), which is a torque, will provide a result that
is unfavorable to the motor that is doing the driving.

T, =F (E) (11)

Where G stands for the gearing ratio and r for the radius of the electric vehicle tires. Additionally, T, is used
to signify the torque that the EV driving motor will deliver.

Figure 4. The action of forces on a moving vehicle on inclined road [24]

3. THE ROBUST INTEGRAL SIGNUM OF THE ERROR CONTROLLER

The robust integral signum of the error controller (RISE) is suggested in [25], it is used with an
unknown nonlinear system. Using the integral signum of the error distinguishes the RISE control system
from first order sliding mode control. This concept allows for asymptotic monitoring and prevents chattering
plague in traditional sliding mode controllers [26]. What distinguishes the RISE controller only the error is
required for constructing it (the mismatch between the system's output and its reference points tracking).
Despite external disruptions and modeling errors, the goal of the control method is to guarantee that the
actual output, Ya(t) tracing the desired signal Yd(t). The difference between the two signals is given by (12).

e(t) = Ya(©) —Ya(®) (12)

The main objective of control is to provide a continuous robust control law that ensures the error
(the difference between the planned input and the actual output) asymptotically converges to zero, is |el| —
0 as t— 0. Auxiliary error signals, represented by the notation ei€R where i = 1, . . n the superscript n
denotes the order of the system. For the three-phase electric vehicle, where n=2, the auxiliary error is
defined in (13) and (14) as [27]:

er (1) = k(Y (&) —Y,(®) (13)

e(t) = kpeq () +é,(0) (14)

So, the auxiliary error signal is given by [28]. Then, the RISE controller is given by following control signal
(15) [29].

u() =k, + 1) [ez(t) — ey(t,) + afot e,(0) da] + fotﬁ * sat (ez(a))da (15)
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Where the normal saturation function is sat(.) and the controller parameters are k,, k,, k,, o, BER, these
parameters are determined by SSA, which will be detailed in the next section. To guarantee that u(t,) = 0,
the e, (t,) term was applied.

4.  SALP SWARM ALGORITHM (SSA)

The SSA is a meta-heuristic method that Mirjalili and colleagues recently proposed in 2017 [30]. It
takes its cues from the way salps swarm together in the ocean. Using the stochastic method SSA, a
population of initial random solutions is created, and to start the optimization process, this population is then
improved over time through two stages—exploring and exploiting. In the first stage, the search space is
investigated to find the most promising areas. In the second stage, better solutions are discovered by looking
in the general area of unusual solutions. The random population (salp) division divides the salp chains
mathematically into two classes. In a group of salps, the first salp is referenced as the leader, while the
following salps are referenced as followers. To update the leader's position, apply (16)-(17).

Fy+ ¢y ((uby = 1) * ¢; + 1by) if ¢; < 0.5

X = (16)
Fy = cy ((uby = 1) * ¢; + ;) if ¢; > 0.5
¢ = Ze_(l}?t)2 an
For updating the followers' location, (18) (Newton movement law) is used.
X = %(in +X1) (18)

Where in and X]-i represent the leader and followers' positions in the jth dimension, respectively, and i > 2.
The food supply locations in the j-th dimension are represented by F;. The parameters c, and c; are
distributed at random within the range [0 1]. The symbols ub; and lb; stand for the upper and lower
boundaries of the search space in the j-th dimension. The letter t stands for the current iteration. The
maximum number of iterations is considered to be T [31]. The integral time squared error (ITSE) (integral
time-weighted squared error) is the cost function employed in this study and is given by (19).

Fitness = ITSE = fot t * e(t)? (19)

Where e(t) represents the difference in EV speed between the desired input and the actual speed.

5. RESULTS AND DISCUSSION

Utilizing the MATLAB 2020a program, simulations of the proposed ORISE controller in
comparison to PID are run. A PC running Windows 10 with a Core i7 processor clocked at 2.40 GHz and 8
GB of RAM is used for this. The control system simulated in MATLAB/Simulink, the parameters of the SSA
that achieve better solution for both ORISE and PID are listed in Table 1. Fixed linear and bang-bang
trajectories are used to test the overall controlled system. Table 2 lists the ORISE and PID controller's tuned
parameters by SSA.

5.1. Simulation results of the fixed linear trajectory

To assess the step responsiveness of the entire system (the EV controlled by ORISE controller
compared to PID based on SSA), a fixed input signal is employed. Figure 5 displays the simulation results,
and Table 3 summarizes the time response criteria. These results show that the PID controller based on SSA
that suffer from chattering and has higher oscillation (maximum overshot M, > 5%), compared with ORISE
controller that improved speed response and minimum or no oscillation (maximum peak Mp,< 2%). Figures 6
and 7, respectively, display the ORISE and PID control signals.

Figures 8 show the torque load responses of comparison between PID and ORISE controller. The
starting torque is large when compared with the steady state condition, which is needed to overcome the
motor inertia before the speed reach to the reference value. The electromagnetic torque is related to the load
torques with ripple as shown in figures.
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5.2. Simulation results of bang-bang linear trajectory

In Figure 9 the test's outcomes are shown. The outcomes demonstrate that the two proposed
controllers are precise and quick to react while tracking the vehicle's speed to the intended speed, however
the PID controller also suffers from chattering, making the system unstable in comparison to the ORISE
controller which makes the system stable. The findings for both linear and nonlinear courses produced show
how effective the suggested ORISE controllers are at driving an electric vehicle.

The outcomes of the tests mentioned above showed that the suggested ORISE controller is suitable
for usage as an EV controller. It has the ability to deal with input changes of any kind, including rapid sharp
changes. This is due to the fact that the suggested controller's dependability in controlling the induction-
motor for various input types is confirmed by its extremely short rising time, settling time, and modest
steady-state error.

Table 1. The parameters of SSA algorithms Table 2. The optimal parameters of
for two controllers the two controllers

Parameters of SSA PID controller RISE controller PID Values RISE Values
No. of iterations (N;) 50 50 parameters parameters
No. of search 10 5 K, 21.4207 ky 6
agents/universes (n) K; 2.6969 k, 2.2276
No. of variables (Dim) 3 5 K, 1.4351 k, 2.3344
Lower bound (lb) [1050.1] [11111] o 5.1867
Upper bound (ub) [40 15 10] [10 10 10 10 10] B 7.4657

Table 3. Comparison between the performances of ORISE and PID controllers

Speed Maximum Delay time Peak time settling time rising time steady state
controller overshoot M, (%) tq(sec) tp(sec) ts (sec.) t, (sec.) error
PID-SSA 0.05 0.504 1.312 1.532 0.785 0.005
RISE-SSA 0.002 0.491 1.574 1.915 0.821 0.002
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Figure 6. The control signal of PID for linear path
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6. CONCLUSION
In this paper a control system of electric vehicle using 3-Phase VSI and SPWM is developed and

simulated in MATLAB-Simulink. An optimal RISE based on SSA is demonstrated in this paper. a technique
is used to provide a more reliable controller for this system (with accurate speed tracking and minimal lag);
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the controlled speed of the electric vehicle based on the ORISE controller is more closely with desired input
speed than PID controller. with high accuracy either in flat roads or curved. In this work, The simulation
results of the fixed linear trajectory test it has been shown that ORISE controllers perform better than PID
controller because they showed lower overshoot but PID lower in rising time. The project can be extended
further in the future by switching out the induction motor for another motor for the electric vehicle system,
such as a switched reluctance motor, brushless DC motors, etc. It can also be implemented using FPGA
technology or any other technology.
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