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Abstract: This paper presents designing an attitude motion control strategy for a half-car model
using an anti-jerk predictive controller. Anti-jerk predictive controller based on active aerodynam-
ics surfaces is employed to deal with the anticipated future road maneuvers and improve vehicle
ride performance by canceling out external jerks acting on the vehicle body. The body jerks are
produced during vehicle traversing on a double lane-change maneuver, acceleration, or braking.
The control strategy helps the vehicle to achieve a realistic operation of the active aerodynamic
surface to improve the vehicle’s ride performance, i.e., ride comfort and road holding during
cornering, acceleration, or braking. The anti-jerk predictive controller is developed based on the
predictive control strategy, which predicts future road inputs and uses them to compensate for
the vehicle’s attitude motion. The simulation results show that the proposed control strategy
effectively reduces the effects of vehicle body jerks transmitted to the passengers, improving ride
comfort without degrading vehicle handling. The anti-jerk predictive controller successfully tracks
the desired attitude position by canceling the external body jerks.

Keywords: anti-jerk control; predictive control;braking; half-car model; attitude motion tacking;
lane-change maneuver;

1. Introduction

The significant advancements achieved to enhance vehicle ride performance over
the past few decades have significantly contributed to the automotive industry. The
two essential components of a vehicle’s ride performance that have received the interest
of numerous researchers are ride comfort and road-holding capability [1,2].  Ride
comfort is related to the unpleasant vibrations of the vehicle body transmitted to the
passengers. Road holding means reducing oscillations in the usual wheel load to im-
prove the tire’s traction on the road during different maneuvers [3,4]. Separating these
vibrations caused by various factors such as uneven road surfaces, centrifugal forces
during cornering, or inertial forces during braking or acceleration on the car’s body
influences ride performance. [5-7]. Although the ride comfort and vehicle tire traction
on the road has substantially increased, automobile engineers are still concerned about
driving on various maneuvers. Hence, an appropriate control systems framework is
essential that can easily address these two aspects to enhance ride performance. In order
to address the trade-off between the two components of ride quality, the research on
the applications of aerodynamic surfaces-based control strategies has gained significant
impetus to improve vehicle performance.

The applications of active aerodynamic surfaces (AAS) installed on the vehicle
sprung mass have attracted automotive engineers to improve ride performance. Active
aerodynamic surfaces-based control strategies can significantly increase negative lift
force with increased vehicle speed, effectively improving ride performance. Savkoor
[6-10] published early primary research on the applications of AAS, using several control
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strategies to reduce the heave and pitch angle of a truck cabin. In [11], Doniselli et al.
investigated how aerodynamics affected a high-speed car’s ride quality on a randomly
contoured route. The recent research on sports cars by [12-16] used various control
approaches to investigate the applications of AAS to improve ride comfort. Active aero-
dynamic control (AAC) strategies are also effective in improving the lateral performance
of a road vehicle. The AACs are employed to manipulate the aerodynamic surfaces
to generate varying negative lift forces to enhance the vehicle’s handling capability
[17-19]. In our previous work [20], we have analyzed that the aerodynamic surfaces
can generate negative lift force to improve the ride quality of a vehicle considering
pitch and roll dynamics. Though these researches effectively improve ride performance,
their performance depends on AAS’s idealistic moments. The major challenge with
vehicles equipped with AAS is the realistic motion of aerodynamic surfaces installed on
unsprung mass. The negative lift force generated by AAS is useful for increasing the tire
grip on the road, but it can be detrimental to ride comfort. Due to high speed, the sharp
movement of aerodynamic surfaces will result in high vehicle body jerk and acceleration,
severely affecting passenger ride comfort. Therefore, an appropriate solution to reduce
the adverse impact of the vehicle body jerk on passengers to ensure better ride comfort
and road-holding capability is aimed towards an anti-jerk control strategy.

As discussed by [21], the term "jerk" is considered a better performance parameter
for measuring ride comfort than acceleration and is widely used in engineering appli-
cations. For example, its consideration as ride comfort parameter in amusement rides
[22-24], elevators [25], ships [26] and buses [27]. The jerk is considered an important pas-
senger ride discomfort parameter in vehicles and is extensively discussed in automotive
engineering. Anti-jerk controllers are commonly employed in electric vehicles to reduce
the longitudinal jerk to enhance ride comfort and drivability [28,29]. Hence, anti-jerk
control strategies have inspired many researchers to enhance ride comfort by reducing
the longitudinal jerk produced during starting of electric vehicles. A non-linear model
predictive-based anti-jerk cruise controller is developed in [30] for electric vehicles to
reduce the longitudinal jerk to improve passenger ride comfort. In [31] model predictive
anti-jerk controller is developed to overcome the trade-off between ride comfort and
vehicle handling. In [32] anti-jerk controller is developed for a hybrid electric vehicle
to reduce the jerk produced during the clutch start. To track the intended velocity with
the least jerk and improved road safety, [33] employed a linear quadratic-based anti-jerk
controller. [34] utilized a low-jerk suspension control technology to improve ride comfort.
A backlash-based anti-jerk controller is employed in [35] to reduce the jerk during clutch
engagement. However, these anti-jerk control strategies minimize the longitudinal jerk
to improve ride comfort. While the research on improving vehicle performance during
lateral or vertical motion is very limited, and the early efforts by Hrovat and Hubbard
[36,37] implemented an anti-jerk control strategy to enhance the ride comfort during
vertical motion of a quarter car model. Where an augmented performance index is
introduced to include the jerk rms term in addition to other outputs to improve the
ride comfort, their results for one degree of freedom (DOF) quarter car model showed
a reduction in rms jerk at the cost of an increase in rms of heaving acceleration, tire
deflection, and rattle space. In [38], they further investigated the application of opti-
mal anti-jerk controller for a two DOF quarter car model. They predicted a maximum
reduction in rms jerk can be obtained at the cost of a modest increase of 23% in rattle
space and a significant increase of 127 % in tire deflection. Hence, such significant
improvement in ride quality can be achievable at the penalty of vehicle handling. In
[39], using a semi-active suspension system we have implemented a preview-based
anti-jerk control strategy to improve ride comfort without degrading the road-holding
capability under different road conditions. Despite the exciting results to the researcher’s
knowledge, the previous anti-jerk methodologies only focus on enhancing ride comfort
using conventional active or semi-active suspension systems. Moreover, the high speed
of vehicles can also limit the application of these conventional methodologies. Therefore,
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in [40], we have implemented an active aerodynamic-based anti-jerk control strategy on
a half-car model to improve the vehicle performance under different road conditions,
i.e.,, bump input and asphalt road. However, load transfer effects during lateral motion
are not considered, which greatly impacts passengers’ ride comfort during cornering
braking or forward acceleration.

Leaning the vehicle body against the vehicle body forces during lateral or longitu-
dinal motion is very useful to mitigate the load transfer effects to enhance ride comfort.
For example, in [41,42] used an anti-roll bar methodology to reduce the impact of load
transfer during cornering. In [43,44], tilting control systems were developed to improve
vehicle safety during cornering. In [45], we have designed a preview-based attitude
controller to reduce the load transfer effect and track the desired roll and pitch position
during cornering or forward acceleration to enhance ride quality. Similarly, in [6], using
a conventional active suspension system, an attitude motion controller was developed
for vehicles with active passenger seat systems to improve ride comfort and vehicle
handling. In [20], we implemented an AAC strategy to tilt the vehicle body against
centrifugal or inertial forces to track the desired roll or pitch position to enhance ride
performance. But the main essential issue with aerodynamic surfaces is their abrupt
moment which can cause discomfort to passengers. Therefore, it is important to achieve
realistic motion of aerodynamic surfaces to reduce the vehicle body jerk during attitude
motion.

Motivated by these perceptions, in this paper, four degrees of freedom half car
equipped with aerodynamic surfaces is considered to explore the applications of the
aerodynamic-based anti-jerk optimal control strategy, which is comprised of a feed-
forward control strategy in addition to the state feedback controller. The feed-forward
control can anticipate the force required to track the desired attitude angle. The state
feedback controller can adjust the force to minimize error and jerk. Our main goal
is to achieve realistic motion of aerodynamic surfaces to minimize vehicle body jerks.
Anti-jerk optimal control with known predicted information regarding the future road
maneuver is proposed to enhance the ride comfort during cornering, braking, or acceler-
ating. The difference between braking and cornering is that the braking performance is
dependent on the vehicle’s speed only while cornering performance is dependent on the
speed of the vehicle as well as the radius of curvature. The proposed optimal predictive
control strategy can generate anticipating actions against future road maneuvers. Direct
detection from sensors attached to the vehicle can provide information about future
road maneuvers. The rest of the paper is organized as in section 2; the problem formula-
tion is presented. Section 3 represents the proposed optimal anti-jerk control strategy,
while section 4 discusses the simulation results, followed by a conclusion with future
recommendations.

2. Problem Formulation
2.1. Vehicle Model

A schematic diagram of four degrees of freedom half-car model is shown in Figure
1, which can be considered as a longitudinal model in a forward direction or a lateral
model during cornering. The proposed model is comprised of two unsprung masses
and one sprung mass. The unsprung mass consists of masses m; and my, a damper
with damping coefficients bs, and bs,, spring with stiffness coefficients ks, and k;,, and
tire stiffness coefficients k;, and k;, at right and left side respectively. In contrast to
conventional active suspension systems, two aerodynamic surfaces mounted on the
sprung mass provide the necessary negative lift forces u; and u; to enhance ride comfort
and road-holding capability. The hypothetical body forces f1, f, acting on the vehicle
body during cornering, braking, or forward acceleration. The parameter values of
the addressed model are shown in Table 1. The mathematical model is derived using
Newtonian methods. The equations of motion for the sprung mass acceleration and roll
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Figure 1. Four DOF lateral half-car model with active aerodynamic surfaces

Table 1: Parameter values of a four DOF half-car lateral and longitudinal model

Symbol Lateral Model Longitudinal Model Unit

M 500 500 Kg
I 274 1222 Kgm?
my, my 25 25 Kg
ks, ks, 10 10 kN /m
ktl/ ktz 1 1 kN/m
51 Dsy 1 1 kKN/m
a 0.74 1.25 m
b 0.74 1.1 m
h 0.70 0.70 m

or pitch angle are given as follows:

Mic=fi+fitur+u+fi+fo 1)

0 =a(fy+ui+f1) —b(fi +uz + f2) ()

where Z; sprung mass displacement, M is the sprung mass, 0 is the attitude angle of the
vehicle body, I is known as moment of inertia, f; and f; are right and left side suspension
forces given in equations (3) and (4), respectively.

fr = bsl (Zl _ ﬂg - Zc) + ksl (Zl _ ﬂg - Zc) (3)

fi = bs, (22 + b0 — Zc) + ks, (z2 + b0 — 2) )
For the unsprung masses, the equations are given as:

miz; = —(kt, (21 — zo1) + fr) 5)

mazy = —(kt, (22 — zo2) + f1) (6)

The mounted suspension points on both sides experience two hypothetical disturbance
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Figure 2. Schematic diagram for deriving the desired roll angle of a vehicle traveling with 120km /h
speed during cornering.

forces, f1 and f,, with equal magnitudes but opposite directions. Equations (7) and (8)
can be used to explain the forces acting on the body during the vehicle’s roll and pitch
motions, respectively. As shown in the following equations, namely, during roll motion,
f1 can be termed as f,, and f, is comparable to f,,, whereas, during pitch motion, f; is
equal to fp, and f; is equal to f,.

fria = ‘FCOS(@S) — (::_ghb) sin(6;) 7)
_le_ mgh .
fPl,z F (a+ b) sm(QS) ®)

where the centrifugal or inertial force F occurs during cornering, vehicle acceleration, or
braking. Additionally, ¢ represents the gravitational force, and 65 represents the slope of
the road.

2.2. Desired Roll Angle

The schematic Figure 2 shows how to compute the desired roll position of the
vehicle body during cornering.

mgsin (05 + 60,4,) = mac, cos (0s + 64,) )
Rearranging the terms we get

doa tan(6,,) + tan(6s)

¢ 1—tan(6;)tan(6,) (10)
6,4, represents the desired roll angle which can be obtained as:
Acq — g tan(6s)
— S/ 11
04, = arctan <g T e tan(8y) (11)

where a., is called centrifugal acceleration.

2.3. Desired Pitch Angle

Figure 3 displays the optimal location for pitch on a sloped surface. When driving
on a road with slope s, it is preferable for the car’s body to be parallel to the horizontal
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Figure 3. Schematic diagram for deriving the desired pitch angle of a vehicle traveling with
120km / h speed during acceleration or braking.

axis of the road. Equations (12) to (14) describe the calculation to determine the desired
pitch angle.

mg sin (65 + de) = mdj; COS (de) (12)

Rearranging the terms we get

agﬂ = tan(6,,) cos (65) + sin (05) (13)

The desired pitch angle obtained is given as:

04p = arCtan(gcc;lsm(Gs)) — 0 (14)
The roll angle 6, specified in equation (11) and the pitch angle 6, specified in equation
(14) is calculated to counteract the external lateral and longitudinal forces that affect
the passenger’s ride comfort. Throughout the vehicle’s motion, hypothetical body
forces acting on both suspension mounting points have equal magnitudes and opposite
directions. These forces are examined in the context of a car driving on a banked road,
with particular attention paid to the magnitudes of hypothetical body forces during
roll and pitch motions. To accomplish this, the jerk of control forces produced by the
aerodynamic surfaces cancel out the derivative of these hypothetical body forces.

2.4. Aerodynamic Forces

This paper aims to improve a vehicle’s ride performance using an active aerodynamic-
based anti-jerk control strategy. By smoothly operating the aerodynamic surfaces, vary-
ing downward control forces can be produced, allowing the configuration of the AAS
to deal with its distribution. This distribution significantly impacts the vehicle’s ride
performance, enabling adjustments to the sprung mass system vertical load to influence
suspension deflection, vehicle body acceleration, and tire deflection. The AAS generate
the necessary control forces are given as follows:

1

uy = 50*0SCigi () (15)
1

ty = 5005 Cpag (1) (16)
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The lift coefficient Cj;¢; and drag coefficient Cyy,¢ of the airfoil depend upon a number of
variables, including the air density p, vehicle speed v, surface area S, angle of attack «,
shape, and surface roughness. Differentiating equations (1) and (2) to obtain equations
of heaving and angular jerk as given in (17) and (18) to design an anti-jerk controller
with constantly known predicted information.

MZ.=fi+fr+iq+ia+fi+fo (17)

16 = a(fr + 1) = b(fy +1i2) + f1 + f2 (18)

This study presents a novel anti-jerk predictive control approach designed to re-
duce the root-mean-square value of control jerk while enhancing the performance of
aerodynamic surfaces. The optimal controller aims to minimize a cost function given
in equation (19) consisting of heaving and angular acceleration, suspension and tire
deflection, the difference between the actual and desired attitude angle, and jerk terms
for the control inputs multiplied by weighting constants p1, p2, 03, p4, 05, p7, respectively.
These weights establish the optimal distribution of the optimized criterion’s various
components.

[ - Tim e [ (0122 + 20 + p(z + a0 — 1) + pa(zc — b0 — 25)2 19)

+04(0 — 04)% + p5(z1 — z01)? + p6 (22 — z02)? + p71i1? + pr1ix?)dT

3. Optima Anti-jerk Controller Formulation
3.1. System Description

Continuous-time state-space model of the proposed half-car model can be repre-
sented as.

x(t) = Ax(t) + Bu(t) + Dw(t) (20)

where x(t) represents the system’s state vector,u denotes the control jerk input, and w(t)
is known as the disturbance jerk acting on the vehicle body.

X:[ZC Ze  Ze 0 9 9 Z1 — 20, Zq 22 — 20, Zy 21 Zz}

i=[n ) w=[0 0 fi £

X¢=[0 006 0000O0O0 0 0

The constant matrices A and B have the appropriate dimensions as reported in our
previous work [40]. The elements of the disturbance matrix D are given in Appendix A

3.2. Anti-jerk Controller Design

The performance index presented in equation (19) can be written in matrix form
regarding the difference between the desired and current state, the jerk control inputs,
and jerk disturbance inputs.

= lim 5 Jo (= xa)TQ(x = xa) +2(x — xa) "Now +2(x — x4) "Ny 1)
+a’Ra + 2w Mya + w! Myw)dt

The Matrices Q, R, N1, N», M1, and M; refer to positive definite matrices as given in
Appendix A. If the pair (A,B) is assumed to be stable and (A,Q) is detectable, then the
anti-jerk controller can be derived by minimizing the performance index described in
equation (21).
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Figure 4. Block diagram consists of feed-forward to detect future road maneuvers and feedback
controller to reduce the tracking error.

u=—R((B"P— N{)x+ N{xq + M{w + B'gg) (22)
where P is the solution of Algebraic Riccati Equation (ARE) given in equation (23).

0=Ql+ATP+ PA, — PBR™'BTP (23)
where

An=A+BR'N
Qu=Q—- N RN}

The block diagram for the proposed anti-jerk control strategy is shown in Figure 4.
The control strategy is composed of two parts, fee-forward part BT gg to provide an
anticipated action against vehicle body jerks, and feedback part —R~!((BTP — N] )x +
Nx4 to reduce the tracking error between actual and desired attitude angle. The vector
gr satisfies

gr = /O 4 e~ A T((PDy — Ny)W () — (Qp + PBRINT )xq(1))dt (24)

where D, = D — BR™'MI, N, = N - N\R™'MT, and A = A, — BR™!BTP is called
asymptotically closed-loop stable matrix. The closed system equation can be obtained
by putting equation (22) in (20) as given in (25):

% = Acx + Dyw — BR !NT'xq — BR 'BTgg (25)

4. Simulation Results and Discussion

In this section, the simulation result are discussed, which are conducted using
MATLAB 2022b installed on a Samsung Core™ 5-6400 CPU @ 2.70 GHz to perform
simulations of a vehicle’s attitude motions while traveling at a speed of 120 km/hr. The
different scenarios are considered to investigate the effectiveness of the proposed anti-
jerk predictive control strategy (AJPC). In the first case, the simulations are conducted
for lane-change maneuvers to evaluate the performance of the proposed AJPC to track
the desired roll angle and improve ride comfort and road-holding capability. For the
second case, pitch motion simulations are performed during braking and accelerating
the vehicle to analyze the proposed control strategy’s impact on minimizing oscillations
in the vehicle body’s vertical motion and tire deflection. The control strategy successfully


https://doi.org/10.20944/preprints202305.0142.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 May 2023 d0i:10.20944/preprints202305.0142.v1

9 of 21

mitigated the external centrifugal and longitudinal jerks acting on the vehicle body
and helped to achieve the desired attitude motion. Comparing the performance of
anti-jerk predictive control and predictive control (PC) without jerk using the root mean
square error (RMSE) method, the AJPC outperformed the PC without jerk in terms of ride
comfort and road-holding capability. The findings imply that prioritizing high weighting
for control jerk can have a detrimental effect on vehicle performance. Although the
impact on desired attitude angle tracking is minor and unlikely to affect overall vehicle
performance significantly, it is worth noting that the objective of this research is not only
to enhance both ride comfort and vehicle handling simultaneously but also to achieve
more realistic operation of aerodynamic surfaces.

4.1. Roll Angle Tracking

This section presents simulation results for a half-car model equipped with aerody-
namic surfaces, traveling at a constant speed of 120 km/h during a double-lane change
maneuver. The performance of the proposed AJPC is investigated in the presence of
centrifugal jerks acting on the vehicle body during a double lane change maneuver.
Figure 5 illustrates the simulation results for the desired roll angle tracking of the vehicle,
which show that the tracking performance of the proposed AJPC is slower than that of
the PC without jerk, mainly due to the slower motion of the aerodynamic surfaces, as
shown in Figure 9. The simulation results for the vehicle body jerk are shown in Figure
6, which shows the proposed control strategy successfully reduces the heaving and
rolling jerks during cornering. This can also be verified from Table 2, where compared
to the predictive control, the proposed AJPC reduces the heaving jerk by 18% and the
rolling jerk by 21%. Hence confirms an improvement in ride comfort. Figure 7 shows the
heaving and roll acceleration simulation results. The proposed AJPC strategy resulted in
lower heaving and roll acceleration than the PC strategy without jerk. Table 2 further
highlights that the proposed AJPC strategy reduced heaving acceleration by 14% and
rolling acceleration by 27%, thus enhancing ride comfort. Figure 8 shows the tire and
suspension deflection simulation results. The results indicate that the tire deflection
causes high overshoots for PC without jerk, weakening the tire’s grip on the road while
turning on a double lane-change maneuver. Table 2 indicates 7% enhancement in road
holding capability for the proposed AJPC strategy. Figure 9 shows the results for the
jerk control input, where the controlling jerk for the proposed AJPC has minimum over-
shoots, confirming that the smooth and realistic operation of the aerodynamic surfaces
has a great impact on the vehicle’s ride performance. Therefore, the proposed AJPC
strategy improved ride comfort while maintaining the aerodynamic surfaces’ realistic
motion at the cost of slower desired attitude motion tracking.

Table 2: Root mean square error (RMSE) values for roll motion.

Parameter PC without jerk AJPC
Heaving jerk 100 82.11
Roll jerk 100 79.23

Jerk controller 100 40.25
Heaving acceleration 100 86.38
Roll acceleration 100 73.12
Tyre deflection 100 92.67

Suspension deflection 100 99.83
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Figure 5. Desired roll angle tracking of a half-car traveling on a double lane change maneuver
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Figure 6. Heaving and rolling jerk of a half-car traveling on a double lane change maneuver with
120km / h (a) Heaving jerk (b) Rolling jerk
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Figure 7. Heaving and rolling acceleration of a half-car traveling on a double lane change maneu-
ver with 120km /h (a) Heaving acceleration (b) Rolling acceleration
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Figure 9. Control jerk of a vehicle traveling on a double lane change maneuver with 120k /h

4.2. Desired Pitch Angle Tracking

In this section, the simulation results are carried out for the half-car model when
traveling with 120km /h considering two different cases. In the first case, the simulations
are performed while accelerating the vehicle in the forward direction. The accelerating
force will generate inertial forces to produce a backward pitch motion, resulting in
discomfort to the passenger. The optimal solution is to adjust the vehicle’s forward pitch
to cancel the inertial effects that occur while accelerating the vehicle. This will make
passengers feel comfortable, with the ideal pitch angle being zero. Figure 10 displays the
simulation results for desired pitch angle tracking, demonstrating that compared to the
anti-jerk predictive control strategy, the predictive control strategy exhibits outstanding
performance in tracking the desired pitch motion. The poor tracking by the proposed
AJPC strategy is due to the realistic slower motion of the aerodynamic surfaces as shown
in Figure 14. However, the operation of the aerodynamic surfaces is very effective in
improving the vehicle’s ride quality. For example, as shown in Figure 11, both the
heaving and pitching jerks are reduced in the case of AJPC, which shows that compared
to PC without jerk, the proposed AJPC strategy successfully improves the ride comfort.
Similarly, comparing the rms values in Table 3 indicates that the proposed AJPC strategy
has a 16% lower heaving and 9% pitching jerk. The reduction in the rms values validates
a significant improvement in ride comfort. Similarly, Figure 12 shows the simulation
results for heaving and pitching accelerations. This indicates that compared to the PC
without jerk, the proposed control strategy has lower heaving and pitching acceleration.
This can be verified from Table 3. Figure 13 shows the simulation results for tire and
suspension deflection, which shows that while improving the ride comfort, the tire’s
grip on the road is not degraded for the AJPC strategy. Table 3 also shows that both tire
and suspension deflection for the proposed AJPC strategy and PC strategy is almost
identical. Hence we can conclude that using high weights for the control jerk inputs can
successfully improve ride comfort without degrading road-holding capability at the cost
of slow attitude motion tracking.
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Table 3: Root mean square error (RMSE) values for pitch motion during accelerating.

Parameter PC without jerk AJPC
Heaving jerk 100 84.10
Pitching jerk 100 91.31

Jerk controller 100 63.32
Heaving Acceleration 100 85.80
Pitching Acceleration 100 93.78

Tyre deflection 100 99
Suspension deflection 100 100
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Figure 10. Simulation results for desired pitch angle tracking of a half-car during acceleration
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Figure 11. Simulation results heaving and pitching jerk of a half-car during acceleration (a)
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Figure 12. Simulation results heaving and Pitching acceleration of a half-car during acceleration
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Figure 13. Simulation results for tire and suspension deflection of a half-car during acceleration
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Figure 14. Simulation results for control jerk of a vehicle during acceleration

For the second case, the simulation results are carried out for the half-car model
while braking when traveling on a sloped road. During braking, the braking force will
generate inertial forces to produce a forward-pitch motion that can cause the passenger
discomfort. The optimal solution is to adjust the vehicle’s backward pitch to cancel
out the inertial effects that occur while braking. This will allow passengers to feel
comfortable with the ideal backward pitch angle. Figure 15 displays the simulation
results for desired pitch angle tracking, which show that when compared to the anti-
jerk predictive control approach, the predictive control technique displays remarkable
performance in tracking the appropriate pitch motion during braking. The realistically
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slower motion of the aerodynamic surfaces leads to the poor tracking of the suggested
AJPC approach, as shown in Figure 19. However, using aerodynamic surfaces effectively
can significantly enhance a vehicle’s ride quality. Figure 16 shows the simulation results
for heaving and pitching jerks, indicating that the proposed AJPC successfully reduces
these jerks to improve ride comfort. Comparing the rms values in Table 3 shows that the
proposed AJPC approach has a 12% lower heaving jerk and a 3 % lower pitching jerk.
Figure 17 shows the heaving and pitching acceleration results while braking the vehicle.
The results indicate that compared to the PC without jerk, the heaving acceleration for
the AJPC is 11% lowered, and pitching acceleration is 13% lowered. This confirms an
improvement in ride comfort. The simulation results for tire and suspension deflection
are shown in Figure 18, demonstrating that while the AJPC method enhances ride
comfort, the tire’s grip on the road is not compromised. Thus, we can conclude that the
proposed AJPC successfully improves ride performance at the cost of poor pitch motion
tracking.

Table 4: Root mean square error (RMSE) values for pitch motion during braking.

Parameter PC without jerk AJPC
Heaving jerk 100 88.40
Pitching jerk 100 85.14

Jerk controller 100 45.11
Heaving Acceleration 100 89.72
Pitching Acceleration 100 87.78

Tyre deflection 100 98.54
Suspension deflection 100 90.32
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Figure 15. Desired pitch angle tracking of a half-car during braking
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Figure 16. Simulation results for heaving and pitching jerks of a half-car during braking (a)
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Figure 17. Simulation results for heaving and pitching accelerations of a half-car during braking
(a) Heaving acceleration (b) Pitching acceleration
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Figure 18. Simulation results for tire and suspension deflection of a half-car during braking (a)
Tire deflection (b) Suspension deflection
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Figure 19. Simulation results for control jerk of a vehicle during braking

The implementation of the proposed strategy raises a question about whether to use
a force control or a discrete-time implementation of its derivative, given the availability
of a force actuator. While a force control approach may be preferred, a discrete-time
implementation using the difference in actuator force Au over discrete time intervals is
also feasible. One advantage of the discrete-time implementation is that the output force
will remain unchanged if the computer fails, avoiding the potential for an undesired
force output. Instead, it will maintain the previous force value.
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5. Conclusion

The anti-jerk predictive control technique proposed in this research is investigated
to enhance the ride performance of vehicles during attitude motion while cornering,
accelerating, and braking. The proposed method improved the ride comfort and road-
holding ability of the vehicle fitted with active aerodynamic surfaces by canceling the
centrifugal jerks during cornering and inertial jerks during acceleration and braking.
The anti-jerk controller comprises two parts: a feed-forward component that uses the
future road maneuver and a feedback component to address tracking errors made up
of the control approach. The proposed control technique successfully achieved the
realistic motion of the AAS to reduce the vehicle body jerk during attitude motion.
The simulation results demonstrate that the suggested technique successfully reduced
control jerk to improve AAS performance and reduced heaving, rolling, or pitching jerk
and acceleration to improve ride comfort without compromising road holding capability.
The results further validate that the anti-jerk predictive controller enhanced the half car’s
ride comfort and stability and significantly lessened the effect of the hypothetical body
jerks. The following future recommendations can be taken into account to explore the
applications of the proposed approach.

®  The current work can be extended to a full car model along with the actuator
dynamics of the airfoil.

*  The discrete-time implementation of the suggested control method will allow future
research into the proposed control strategy.

* Robust and intelligent control algorithms may be considered to address both air
and road disturbances.
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Appendix A

The non-zero entries for matrix D are

d3z =d3y =1/M
dezs =a/l,des = —b/I

The elements of weight matrix Q defined in (21) are given as follows

gii = £1a3i43; + P206i6; if i#j
l - . . .
! Pij if i=]

with special entries as:

P11 = p1a31431 + P24a61461 + 03,

P33 = 01433033 + P2063063 + P1,

P44 = 01034434 + P2a64a64 + a3 — bp3 + P4,
Pos = P16666 T P2066066 + P2,

77 = p1a37a37 + P2467467 + 05,

P99 = 0139439 + P269069 + P5,

Y1010 = P143104310 + 246109610+

Y1111 = P143114311 + P2061149611 + 03,

Y1212 = 0143124312 + 206124612 + 03
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Non zero elements of Matrices N1, N2, M1 and M, are given as follows:

nyjj = 1a3;b3j + p2agibs; i=1,.,12, j=1,2
Nyij = p1a3idsj + padeide; i=1,.,12, j=1,2
myjj = p1dz;bsj + padoibs; =1, j=1,2

Maij = p1dzibsj + padeibe; i,j=1,2
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