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CospemeHnHblM MPeHOOM 8 MUPOBOM AGMOMOOUIECMPOEeHUL ST -
CA OCHAUjeHUue MPAHCHOPMHBIX CPEOCm8, U 6 NePayIo oYepedsb INEeKMpo-
Mobunell, 8bICOKOMEXHONOSUUHIMU UHMENEKMYAIbHBIMU CUCTHEMAMU
nomowu 600umento 01 obecneueHus 0E30NACHOCMU OOPONCHO20 O8U-
JHCeHUSL U NOBGLIUUEHUS IHEPLOIPPeKmusHocmu 8 npoyecce IKCHIYAMa-
yuu. OOHOU U3 MAKUX CUCMeM ABIAEMCs Aa0anmueHas cucmema aemo-
MAMUYecK020 NOO0ePIICAHUsI CKOPOCTU WU, MAK HA3bl8AeMblll, adan-
musHulll Kpyus-koumpoiv (AKK), komopblii agmoHOMHO KOHMPOIUPYem
3A0AHHYI0 600UMENeM CKOPOCHb 08UICeHUs. U Nodoepiicusaem beszonac-
Hoe paccmosiHue 00 6nepedu uoywe20 MmpaHcnopmmo2o cpedocmed. B
cmamve paccmampusaemcs mooeauposanue cucmemvl AKK nepeone-
NPUBOOHO20 N1e2K08020 dnekmpomodunss VFe34 ¢ ucnonv3osanuem Ha
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NPOSPAMMHOM YPOSHE CYOMOOeau KOHMPOLIEPA NPeGeHmugHo20 ynpaeg-
nenus  (ITY-konmponnep). [Junamuueckas Mmooenb IAEKMPOMOOUTS,
npeocmasnennas ou@@epenyuanvHolMy YPasHeHUsMU, BbiCmMYnaem 6
Kauecmee 0O0vekma ynpaeienus 0Jis eupmyanvho2o koumpoianepa AKK.
Ha ocnose s3apanee 3a0annozo 6e30nachozo u hakmuiecko2o paccmosi-
HUs 00 8nepeou uoyuje2o ademomoous, sHceraemoll u mexyuetl TuHetHou
cKopocmu mpanchopmuozo cpeocmea I1Y-xonmponnep paccuumviéaem
napamempul ynpasgienus 0 cucmemovl AKK, komopas 6 ceoio ouepeos,
63AUMOO0CUCMEYYSL C DIJIeKMPOHHLIMU OIOKAMU YNPABTIEHUS MA206bIM
IAEKMPONPUBOOOM U AHMUOIOKUPOBOUHOU CUCMEMOLU MOPMO308, Pop-
mMupyem ynpasisrowue 6ozoeicmeus Ha mooyasimopwvi ABC unu uneep-
MOP ACUHXPOHHO20 IJIeKMPOoOsuzameis npueooa eeoyuux xoiec. Ompa-
bomKa aneopumma Ynpasienust CKOPOCMHbIM PEHCUMOM IAEKMPOMOOU-
s C yuemom paxmuueckoeo paccmosnus 00 Gnepeou Uoyueo
ABMOMOOUNIL OCYUWECMEISLACh HA SUPTYATbHOM MAPUipyme, UMUmupy-
IoWeM CYeHapull OBUICEHUsT NO MUNOBOU CKOPOCHHOU A8MOMASUCTPA-
au. Pezynomamol ucciedosanust noOmeepiicoaiom 6blCoKyio d¢ghghexmus-
Hocmb cucmemsl AKK npu ynpaenenuu asmomobunem 6 asmoHoOMHOM
pedicume, obecneuusaroueli 3a0annbvle 00UMeNeM CKOPOCMHble Napa-
Mempbl 08UdNCEHUS U CODTII0OEHUe NPABUTL OOPOICHOU OE30NACHOCTIL.

The modern trend in the global automotive industry is to equip vehi-
cles, and primarily an electric vehicles (EVs), with Advanced Driver As-
sistance Systems (ADAS) to ensure traffic safety and enhance energy
efficiency during operation. One notable system among these is the
Adaptive Cruise Control (ACC), which autonomously controls the vehi-
cle's speed set by the driver and maintains a safe distance from the pre-
ceding vehicle. This paper focuses on modeling the ACC system of front-
wheel drive passenger electric vehicle VFe34 with using the Model Pre-
dictive Controller (MPC) at the software level. The EV’s dynamic model,
represented by differential equations, is presented as the object for the
virtual ACC controller. Based on the preset safe and actual distance to
the vehicle in front, the driver desired and current vehicle velocity, the
MPC controller calculates the control parameters for the ACC system,
which in turn, interacting with the ECU of the electric traction drive and
anti-lock brake system, generates control actions to ABS modulators or
asynchronous electric motor inverter of the driving wheels. Control al-
gorithm testing of the EV speed mode, taking into account the actual dis-
tance to the car in front, was carried out on a virtual route simulating a
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driving scenario on a typical highway. The results demonstrate that the
ACC system effectively controls in autonomous mode the host vehicle,
adhering to driver desired parameters and road safety regulations.

Kniwouesvie cnoea: snexmpomoOunv, uHmMeLIeKmMyanbHdas cucmema
noMoOwu 800UMento, A0anMUEHbLI KPYU3-KOHMPOIb, KOHMPOLLEDP npe-
BEHMUBHO20 YNPABTEHUS, UMUMAYUOHHOE MOOEIUPOSAHUE.

Keywords: electric vehicle, advanced driver assistance system, adap-
tive cruise control, model predictive controller, simulation.

INTRODUCTION

Control techniques play an important role in the application of ACC
systems to electric vehicles. In the study [1], a fractional step-reference
adaptive controller in the ACC system on electric vehicles is introduced.
On the other hand, Toroman et al. [2] used the PID-controller to build a
model of the car ACC system. Meanwhile, Xu et al. [3] presented an
adaptive cruise control strategy based on the Hierarchical Framework.
However, a significant portion of ACC research using the MPC frame-
work does not consider vehicle dynamics, which most influence on vehi-
cle’s energy efficiency. This paper addresses this gap by developing an
MPC algorithm, focusing on the design of the control algorithm through
the modeling of the control system. In establishing a simulation scenario
on the highway, the behavior of the preceding vehicle is also delineated
using a similar vehicle model, incorporating acceleration changes to en-
hance the realism of the scenario.

The first section of this paper focuses on building EV models, which
include vehicle longitudinal dynamics submodels, electric motor sub-
models, wheel submodels, braking and driving models. Then applying
the MPC, the second section builds the ACC model. Subsequently, simu-
lation is conducted under highway conditions to explore the interdepend-
encies among acceleration, velocity, and the gap between the host vehi-
cle and the lead vehicle. The outcomes of these simulations form the ba-
sis for assessing the efficacy of the ACC system in electric vehicles and
its practical suitability in real-world scenarios.

METHODOLOGY

The methodology employed in this research involves a simula-
tion-based approach, wherein the model is segmented into three key
components: ACC model, driving model, and longitudinal dynamics
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model (fig. 1). The research object used in the article is the VFe34

electric vehicle.
Driving
Model

Longitudinal Velocity

Relative
Distance

Longitudinal
Dynamics
Model

Speed Value Pedal Signal

Figure 1 — Interaction diagram of EV’s model key components

The study constructs a representation of the ACC model, integrating
MPC methodology. This model is designed to regulate the vehicle's
speed effectively and maintain a safe following distance from the lead
vehicle.

The driving model links the ACC and longitudinal dynamics models,
capturing the interplay between the control system and the vehicle's re-
sponse. It incorporates the ACC input and transforms it into commands
that govern the pedal’s signals.

ELECTRIC VEHICLE MODELING

Based on prior research in electric vehicles [4, 5], the paper presents
the methodology for constructing a dynamic model of a front-wheel-
drive electric vehicle based on the vehicle's dynamic equations.

Vehicle Longitudinal Dynamics Submodel. From [4-5], the longitu-
dinal dynamics of the vehicle is given by:

i
(m+me).V:(F;cf+F)a)_(F)f+Frr+F)"7an+ELC)9 (1)
where
1 .2 2 )
m, =r—2(JfW,, SR S R ST A B 2)
wh

The parameters represented in (1) and (2) are: m and m, represent the
vehicle mass and rotating parts mass refers to the wheel, F  and F, is

the front wheels and rear wheels traction or brake force (fig. 2), £}, is
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the slope resistance with slope angle o, F,, and F), are rolling resistance
at front wheels and rear wheels respectively, F, . is aerodynamic drag.
J s 18 the inertia moment of the front wheel, J ,, is the inertia moment
of the powertrain and the inertia moment of the rotating axle, J,,

is the inertia moment of the gearbox, J, is the moment of inertia
of the motor and u , is the total powertrain gear ratio.

Figure 2 — Forces exerted on the vehicle

The other subsystems of the EV were followed by the references [6—7].

ADAPTIVE CRUISE CONTROL MODELING

Adaptive Cruise Control System (ACC). An ACC system is a me-
thodical approach to automatically adjusting controllers in real time
to maintain desired control performance levels when dynamic
process model parameters are unknown or change over time [8]. Based
on fig. 3, this paper considers two entities: the host vehicle equipped
with an ACC system and the lead vehicle, which is the vehicle in the
same lane positioned in front of the host vehicle, with the relative
distance between them (d relative).
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Figure 3 — Working principle diagram of ACC System

When the ACC system is activated, the driver sets the desired speed
(v_set). Based on the d_relative data, the ACC system operates in two
modes as follows:

— speed Control Mode: the host vehicle travels at a constant speed
v_set;

— distance Control Mode: the host vehicle adjusts acceleration and
deceleration to sustain a safe gap (d safe) and relative velocity
(v_relative) with the lead vehicle.

The ACC system automatically switches between these two modes
based on the following conditions:

—if d _relative>d safe, the speed control mode is activated. The

control objective is to follow the driver-set velocity, v_host =v_ set with

v_host the host vehicle velocity.
—if d_relative <d _safe, then the distance control mode is engaged.

The control objective is to uphold the safe distance,d relative=d _safe.

Model Predictive Control. Model Predictive Control operates by fore-
casting future system actions using a predictive model and the current
system state at each sampling moment [9-11]. It employs a feedback
scheme to optimize forecasting errors and corrects prediction model in-
accuracies based on system output. By solving an online optimization
problem, MPC determines an optimal control sequence, with the initial
value applied to regulate the system. The process repeats as the control
horizon advances. MPC is suitable for systems with multiple inputs,
multiple outputs, and potential interactions, allowing constraints on in-
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puts and outputs. Using the ACC system's longitudinal dynamics model
[10], the predictive state can be calculated as follows:

X, (t+p|)=C,-x(0)+C, -Et+c)+C B -t+p) ()

Y+ pl)=C,-x()+Cs-clt+¢)+ G-l +p)-C,  (4)

where X -(¢+p|f) and Y, -(1+ p[t) represents the predicted state and

output vectors calculated at the time step t until the end of the prediction
horizon p, ¢, denotes the control horizon, x(¢) refers to the scaled state at

the sampling moment ¢, the calculated control sequence denotes as

c-(t+c,), Q[ denotes the acceleration of the preceding vehicle of sampling
moment ¢ —1, but is measured at the current sampling moment #. The limi-
tation of accleration and deceleration control was 2 m/s” and —2 m/s”.

SIMULATION RESULTS

With the input variable being the acceleration of the lead vehicle
(a_lead), constructed under the scenario of highway traffic with a cycle
time of 80 seconds, this paper provides simulation results of the system
based on the execution of the developed models. Overall, the graphs il-
lustrate the stable operation of the ACC System, satisfying safety regula-
tions regarding the distance between two vehicles while moving
on the highway.

The speed of the vehicles in the simulation is around 60-90 km/h in
highway conditions, so to ensure a safe following distance according to
the Safety Distance Regulations [12], the driver needs to maintain a min-
imum distance of 35 meters with the frontal vehicle.

The relevant input parameters [13] used in the simulation model are
listed in table 1.

When the speed of the lead vehicle surpasses the driver-set speed, the
host vehicle transitions to the speed maintenance mode, as depicted in
fig. 4. As the speed of the lead car decreases below the driver-set speed,
the relative speed between the two vehicles remains less than 2 m/s, and
the spacing error approaches 0 m, as illustrated in fig. 5 and fig. 6.
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Table 1 — Input simulation parameters

Symbol Value Symbol Value Symbol Value
m 1558 kg J, 0,01 kg.m* v_set 26 m/s
J o 1,63 kg.m? Uy, 2,84 L, 1,07 m
J 0,07 kg.m? o 0.0196 kg.m’ L 1,54 m
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Figure 4 — Velocity graph of the investigated vehicles
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Figure 6 — Relative distance and safe distance between two vehicles
As shown in fig. 6, the relative distance between the two vehicles is

consistently greater than the safe distance, ensuring the prevention of
accidents while driving. Simulation results also demonstrate that the

18



control system ensures the host vehicle consistently adheres to the
driver-set velocity.

CONCLUSION

This paper presents the modeling of an ACC model for electric vehi-
cles using MPC. With an input speed range for the lead vehicle between
19 m/s and 27 m/s and an acceleration varying from —0.9 m/s* to 0.9
m/s?, simulation results under highway conditions demonstrate that the
velocity and acceleration of the host vehicle consistently closely follow
those of the lead vehicle. Simultaneously, the safe distance and the dis-
tance based on speed remain within the appropriate values as stipulated
by regulations. The highway test scenario we have applied also demon-
strates the effectiveness of the system in improving safety. Simulation
results indicate that the system responds well to changes in driving con-
ditions and it additionally demonstrates that the ACC system can reduce
the number and impact of accidents by controlling the actual distance
between vehicles.
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