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ABSTRACT

This paper focuses on the motion control of autonomous cars, particularly for executing safe lane
change maneuvers. The proposed solution integrates Model Predictive Control (MPC) with a fifth-
order polynomial trajectory planner to handle lane changes and avoid collisions in dynamic driving
environments. The primary advantage of this approach is its minimal computational resource re-
quirements, making it suitable for real-time deployment while maintaining high performance in
complex traffic conditions. The paper starts by developing a nonlinear dynamic model of the car,
emphasizing lateral dynamics, which is crucial for planning and controlling the car's movement
during lane changes. The model accounts for important parameters like yaw rate, lateral forces,
and steering angles. The trajectory planner is designed to calculate an optimal, collision-free path
for the car to follow when changing lanes or overtaking other cars, ensuring that the car stays within
safety constraints, such as maintaining an appropriate distance from preceding cars. A novel aspect
of the proposed solution is the integration of decision-making with trajectory planning. The system
calculates the safe distance from the preceding car using time-to-collision and inter-vehicular time
metrics. These metrics enable the car to decide whether to stay in its lane or initiate a lane change,
based on the safety of the maneuver. Once a decision is made, the trajectory planner generates a
new reference path, ensuring a safe and smooth lane change, even in the presence of obstacles.
The effectiveness of the proposed system is demonstrated through extensive simulations in a vari-
ety of driving scenarios. These simulations show that the car can successfully perform lane changes
and overtakes without colliding with other cars, while maintaining comfort and minimizing control
errors. The simulation results validate that the MPC-based control system, combined with the poly-
nomial trajectory planner, offers a reliable and efficient solution for real-time trajectory planning

and control in autonomous driving.

Key words: MPC, trajectory planner, obstacle avoidance, decision making, car dynamics, car

control

INTRODUCTION

The advancement of car technology, coupled with the
implementation of various driver assistance systems,
has played a significant role in the development of
smart cars capable of autonomous driving !>, The de-
ployment of autonomous cars on highways can yield
numerous benefits, with a notable one being the de-
crease in traffic accidents.

Accordingly, the trajectory planner and trajectory
tracking* aim to formulate a control input vector for
an autonomous driving based on a predefined objec-
tive function. This enables the autonomous car to fol-
low the desired trajectory at a predetermined velocity.
Its core objective is to minimize both time and spatial
discrepancies between the car and the reference path
through precise control of car motion. How to make
an effective control aprroach to guarantee the control
accuracy, and address real-time response demands®,
path tracking control has emerged as a research focal

point within the field, garnering significant attention.
Currently, among the widely adopted path following
strategies, the pure pursuit algorithm stands out as a
prominent choice”, PID control algorithm ®and fuzzy
control algorithm®.

Recently, methods based on MPC, often referred to
as receding horizon control, are commonly employed
for controlling dynamic systems, particularly in the
area of autonomous cars. This algorithm is partic-
ularly effective in intuitively handling multi-variable
constrained control challenges. Numerous studies
have applied Model Predictive Control (MPC) to ad-
dress overtaking and obstacle avoidance challenges,
summarized as follows: an algorithm utilizing sen-
sor data logic selects the optimal evasive maneuver for
the car to bypass obstacles '°. The authors implement
a random tree strategy to create a trajectory planner
aimed at circumventing stationary obstacles'!. The
authors introduces a random tree star approach to de-
sign a collision-free path, specifically for exploration
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scenarios '2. Additionally, research into obstacle de-
tection and emergency avoidance has continued to
advance: the MPC-based collision avoidance system

13 with time-variant

maintains fixed safety distances
behavior introduced only when the ramp barrier’s up-
per bound is extended to infinity, effectively deac-
tivating it. A comparable approach is presented 4,
utilizing reachable sets to anticipate the behavior of
surrounding cars and guarantee the feasibility of the
planned collision-free trajectory. An MPC controller
uses path velocity decomposition to support collision
avoidance for autonomous driving”, integrating a
time-scaled collision cone and formulating the for-
ward speed optimization as a convex quadratic pro-
gramming problem. Finally, a model-based MPC
method is proposed for emergency obstacle avoidance
applications '®!7, while cloud clustering is used to en-
hance obstacle detection '®. Furthermore, the MPC
was utilized to assess the likelihood of conflicts dur-

ing the overtaking maneuver °.

Finally, a collision
avoidance system was suggested >, employing a com-
bination of deep learning and MPC to execute car ma-
neuvers like overtaking. Certainly, MPC provides a
direct method for incorporating environmental con-
straints (such as road limits and navigable zones) as
well as car dynamic constraints (such as actuator lim-
its, etc.) into the optimization problem. The decision
to utilize MPC for collision avoidance in this paper
is driven by the advantages mentioned above. De-
spite the simulation results demonstrating the desir-
able performance in these researches, It is worth to
note that the researches are lacking a new solution for
trajectory planning tool design, the inspiration start-
ing from the researches>"*>. The proposed solution
in this paper utilizes information regarding the dis-
tance to the obstacle and calculates the timing for lane
changes necessary for the car.

The distinctiveness of our solution compared to stud-
ies in references can be outlined as follows: i) The pro-
posed solution requires minimal computational re-
sources, enabling practical real-time deployment; ii)
Integration of decision-making with trajectory plan-
ning: This approach segments the host car’s space by
calculating a safe distance from the previous car, us-
ing metrics like time to collision and inter-vehicular
time. Based on these safety metrics, lane change deci-
sions are made, and a trajectory planner is engaged to
avoid collisions. The planner then creates a new ref-
erence path to guide the car safely around obstacles.
The structure of the remaining sections is organized as
follows: Section 2 details the car modeling for the car,
while Section 3 provides a problem description, en-
compassing trajectory planning integrated with phys-

ical and collision avoidance constraints. Section 4

outlines the control unit design, and illustrative re-
sults are discussed in Section 5. Lastly, concluding
remarks are presented in Section 6.

CAR MODELING

The car is assumed to be driving without consider-
ing road excitation that may induce vertical motion,
pitch, and roll. The car dynamics model considers
only three degrees of freedom—Ilongitudinal, lateral,
and yaw—as illustrated in Figure 1. The full 4-wheel
model is mentioned >*, the simulation results give the
velocity for each wheel, however the aim of the pa-
per is only to consider the kinematics including ve-
locity, acceleration at the center of gravity of the car.
Therefore, to simplify controller design, less complex
yet tractable models are employed. The right and left
wheels for each axle are collapsed into a single repre-
sentation, call is a bicycle model, as illustrated in Fig-
ure 1. Under certain assumptions, the bicycle model
adequately captures the essential lateral dynamics re-
quired for controller synthesis. These assumptions are
as follows: The car is symmetric about the longitudi-
nal plane, meaning the left and right sides are identi-
cal. The tire behavior is assumed to be linear, and the
wheels do not experience slipping; The analysis disre-
gards the vertical movement of the car and the impact
of the suspension, focusing solely on the lateral and
yaw motions.

Car longitudinal movement for the bicycle model:
m(ay—vy.y) =F, +F, —F- (1)

Lateral movement:

m(ay —vy.y) =F, +F, (2)

Yaw movement:

m(ay —vy.y) = B, + F, (3)

where m- mass of the car. vyay - speed and acceler-
ation along the longitudinal direction of the car, re-
spectively. vyayspeed and acceleration along the hor-
izontal direction of the car. W, ®- yaw angle and yaw
rate of the car. Fj, , Fy, - longitudinal and lateral forces
acting on the front and rear axles of a car. g, b - dis-
tance from the car’s center of gravity to the front and
rear wheels. I - rotational inertia of the car about the
vertical axis.

The car’s motion with respect to global coordinates
may be expressed as

. Vx
vy = [cosy — siny
vy
Y (4) where Vy
. Vx
vy =[siny  cosy
Vy

is the horizontal speed of the car in the inertial coor-
dinate system, vx is the longitudinal speed of the car
in the inertial coordinate system.
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The side slip angles of the front and rear tires ¢y and
are defined in the Figure 2. fBrand B are the angles
formed by the speed vector and the longitudinal speed
direction. The following relationships may be used to

calculate f, f; using small angle approximations as

follows:
_ wtay
B = % (5)
Bs = o (6)

Vx

The test results show that the lateral force of the tire
increases or decreases with the side slip angle when
the angle is still small. Therefore, the lateral force of
the tire on the front wheel of the car may be expressed
as follows:

Fy, =2.Cor.(6 = Br) ™)

Similarly, the lateral tire force for the rear wheels is
expressed as:

Fy, =2.Cas.(—Bs) (8)

In this context, Cy ; and Cgy s represents the lateral
stiffness of the front and rear wheels. The steering
angle of the front wheels is denoted by &; , while the
steering angle of the rear wheels is represented by &
, which is assumed to be zero (i.e., §; = 0 ). The vari-
ables o; and « are the side slip angles of the front and
rear wheels respectively.

By incorporating equations (5), (6), (7), and (8) into
equations (2) and (3), the state-space model that char-
acterizes the yaw motion of the car can be articulated
as a function of the car’s yaw rate and sideslip, as de-
tailed below:

y
d|V| _
d, ‘I] -
Y
2:Coi+2.Cas
- m.x 0
0 0
2.0.Cq—2.b.Co
B S
1 Vx
0 e 2.a.ca’;;vvzx.b.cm
1 0
2.a%.Coy+2.0*.Cyy
— = L.vy 0
0 0
. 2Cy
y m
v 0
| | 2acy | & @) (9)
v T
Y 0

In equation (9), a nonzero reference can be set for the
car’s lateral trajectory. This equation uses the differ-
ence between the specified lateral reference trajectory,

Y"¢/ , and the car’s actual lateral trajectory as its input:
e(t) = Y™ (6) —¥(@e)  (10)

METHODS

This paper explores the challenge of decision making
and trajectory planning to ensure safe driving, focus-
ing on controlling the motion of the master car in var-
ious driving situations, such as two-lane roads in the
same direction, two-lane roads in opposite directions,
and other complex environments.

Figure 3depicts a traffic situation involving the host
car and a leading car. The leading car is located in
the same lane as the host car, while the adjacent lane
remains vacant. The host car is anticipated to adjust
its actions (such as maintaining its lane, overtaking,
etc.) in response to potential safety hazards within its
driving environment. The main goal of this proposed
paper is to enable the host car to:

Objective (i): Track the midpoint of the lane.
Objective (ii): Drive at the desired speed.

Objective (iii): Ensure environmental constraints and
drivetrain limits.

Objective (iv): Ensure safety with the car ahead.

The host car consists primarily of two layers, Layer 1:
the decision-making layer and Layer 2: the lateral tra-
jectory planning layer. Each layer considers the status
of the road (occupied or free) and the inter-spacing
between the host car and its front car to prevent entry
into the danger zone (red zone) depicted in Figure 3.
In this paper, the host car considers a scenario where
the spacing between the host car and the car in front
is dy , indicating an approach to the red zone, while
the adjacent lane is unoccupied. In Layer 1, the host
car will perform a lane change then a lane staying in
the adjacent lane by layer 2. Here, the red zone rep-
resents the safe distance limit, and the navigable zone
of the host car is determined by a reference trajectory,
which will be discussed in this section.

Safety distance model

For safety purposes, the host car must navigate within
a collision-free corridor by controlling the safety dis-
tance with its front car, the safety spacing delimited by
the red zone. The safety spacing is defined as the min-
imum following spacing that the following car must
maintain to avoid colliding with the front car as the
speed of the car in front is less than the speed of the
car in back. A schematic illustrating the safety spacing
is depicted in Figure 3.

The safety distance can be approximated as>°:

2 2
dmfe:do—ﬁ—%ﬂ—(vh—vp)th—% (11)
where, the following car (host car) is moving at veloc-
ity vp,, the previous car (front car) is moving at veloc-
ity v, .ap, aj, are the accelerations of the previous car
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Figure 1: The car dynamicsmodel in multiple coordinate systems >

Figure 2: Tire slip-angle: a) side slip angle of front tire, b) sideslip angle of rear tire
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Figure 4: The host car’s navigation zone delimited by the green zone and generatedreference trajectory zones.

and host car respectively. #, is the safety time. dj in-
dicates the relative spacing between the previous car
and the host car after coming to a halt. Therefore, the
minimum following distance d; should be specified as
follows: , R
d1:2+2v7hh+(vh—vp)th—2%p (12)

The maximum following distance is influenced by
driver behavior and generally changes with the car’s
speed. In this context, we define the maximum fol-
lowing distance d; as follows:

2 2
dy =10+ 5= + (v — vy )ty — 22 (13)

2a,

Trajectory planning problem description

The host car’s navigable zone is indicated by a green
area as in Figure 4, with the shape of the reference tra-
jectory continuously optimized in real-time to adapt
to driving conditions, environmental constraints and
the subject.

In the present work, it is assumed that:

Assumption (i): The host car is equipped with sensors
that measure its spacing and position.

Assumption (ii): Constant longitudinal velocity.
Assumption (iii): The road is straight.

Assumption (iv): All tires have the same characteris-
tics.

Assumption  (viii): External disturbances
bounded.

To ensure a trajectory with zero jerk at the extremes

are

of the maneuver, which would enhance comfort, a 5
order polynomial lane change trajectory is proposed.
This trajectory possesses the capability to generate a
smooth and suitable path for the car during the lane
change process. Choosing the appropriate trajectory
function can improve the autonomous car’s capability
to execute a safe and efficient lane change. Therefore,
the imposed reference is a trajectory to be followed by
the host car as follows:
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Y(X) =0, X €0, Xq]
Y(X) = ap+a1(X — X)) +ar(X —X1)* +
Ll3(X*X1)3+a4(X7X1)4+a5(X7X1)5
X € [X1,X)]
Y(X) = Ly, X €(Xp, X3]

Y(X)=0, arX=X (15a)
Y(X)=0, atX=X; (15b)
YX)=0, aX=X (15¢)
Y(X)=L,, aX=X, (15d)
YX)=0, aX=X (15¢)
YX)=0, aX=X, (151)

The unknown coefficients are obtained by solving
Equation (15), which represents the solution to the

system of equations:

10L
ao 20761[ :07612 = 0,(13 = va
X
—15Ly 6Ly (16)
a4 = 4 ,ads = 5 (16)
LX LX

The obstacle-free path enables the car to transition
from its current position to a designated target posi-

tion while avoiding collisions. This path is defined as

follows:
0, VX €1[0,X)
10L, 3 I5L 4
yref Lx3w (X=X1)" - Lx4W (X=X1)"+
6LL7”5’(X—X1)57 VX € [X1,X2]
Ly, VX € (X2,X;]
(17)

Y"¥ can also be expressed as a function of time by
defining ty. as follows: te = ‘1;—1’; with Ly = X5-X
in (17), such that:
0,V0O<tr <y
yref _ %(1*11)3*%(141)4+
Ta(—n)’ V<t <n
Ly, Vtz <t<t
The host car is set to change lanes along the centerline

(18)

of the left lane, ensuring that its final lateral position
Ly complies with the lane width. We assume that the
longitudinal velocity of the host car remains constant
throughout the maneuver, denoted as Vi =v,(X). The
lateral velocity and lateral acceleration, represented by
vy and ay respectively, are both assumed to be zero.
We aim to calculate the duration of the lane change,
tsce> while t1,...,t3 denote the times corresponding to
positions Xj,...,X3 in the XOY coordinate system and
the longitudinal distance required to form the trajec-
tory. However, the values of these times can be arbi-

trary in some studies.

(14)

Safety Constraints
Position limitation

The host car ensures that it moves within the lane, we
set the world standard lane width as 3.5m %, less than
the longitudinal displacement ; longitudinal speed as
60km/h. We set the maximum longitudinal distance
as 64m, because changing lanes at short distances af-
fects safety.

(150 <Y <Ly, VX; <X < Xp

0<X<Ly,VX; <X<X (19)
where Y and X represent the horizontal and vertical
positions of the host car’s lane (direction of car move-
ment), respectively.

Speed limitation

It is crucial that the speed of the front car remains
lower than that of the host car on the current road,
ensuring safe and feasible maneuvering. Additionally,
the front car’s longitudinal speed must always remain
positive to maintain continuous forward motion?’.
0<Vp<Vy (20)

where the longitudinal speed Vp as 30 km/h.

Comfort

The acceleration values in both longitudinal and lat-
eral directions should be kept minimal to provide a
smooth and comfortable driving experience >*:

— Ay max < X(1) < Qx,max

—Aymax < Y(t) < ay max (21)
Where ay jqx is the maximum allowable longitudinal
acceleration as 2 m/s2, and ay, max is the maximum al-

lowable lateral acceleration as 2 m/s.

Actuator limitation

Since the longitudinal speed is significantly greater
than the lateral velocity, the steering angle is con-
strained by the actuator of the steering system>*:
o(t) for |&] <0.1845
0.1845 for & > 0.1845
—0.1845 for & < 0.1845

CONTROLLER DESIGN

MPC is an advanced control strategy that effectively

6,(1) = sar(8(t))

manages constraints by embedding them within the
design process. A key advantage of MPC lies in its
ability to incorporate a system model that accounts
for both dynamic and static interactions among in-
puts, outputs, and external disturbances while ensur-
ing constraints on inputs and outputs are properly
handled. Consequently, the control framework lever-
ages MPC algorithms to regulate the lateral dynamics
of the car.

(22)
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This section provides a conciseooverview of the MPC
design methodology, where the system’s behavior is
predicted using a state-space model, enabling precise
and efficient trajectory planning:

Xi(k+1) = Aixi(k) + Biui(k)  (23)

Zi(k) = Cixi(k)  (24)

here, xi=[y.w,w,Y]"
subsystem i, including velocity, yaw angle, yaw rate,

represents the state vector of

and lateral position. Z; denotes the forecasted future
outputs of subsystem i, u; indicates the control com-
mand applied to the system, A; is the state matrix,
defining the evolution of the subsystem’s state, while
B; and C; are matrices representing the input and out-
put relationships within subsystem i.

The predictive control problem can be calculated as
follows: starting with an initial state x;(0)= x;(k)
Xi» the goal is to determine a finite sequence of
inputs{ug, uy, uy,..., uy_1} that minimizes the fi-

nite horizon cost function:

Iupc (xi (k) ,ui (k) = x Pxn+
N (xh Qaw +ul Rui)  (25)

In this context, N represents the prediction horizon, P
and Q are the weight matrices associated with the sys-
tem’s states, and R is the weight matrix of the control
command. The system’s performance is influenced by
selecting appropriate values for R >0, Q > 0, Pand N.
The vector x; denotes the predicted state sequence x;
(k+1) for all i=0, 1, ..., N. The prediction equation for
the system state is derived using equations (23) and
(24), resulting in:
Y =®y; (k) +TU; (k) (26)
Thus, the equation (25) may be rewritten in matrix

form:

Tvpe (i (k) Ui (k) = x5 Qxn+

YTEY+UTAU;  (27)
in  which Y =[x, U
[u07u17“-7uN71]T)A = dlg{R,,R},E
dlg{Q7 ey Q7P}
B; 0 0
r— AiB; B 0
ANiliB,' ANﬁziB,' Bi

ILLUSTRATIVE RESULTS AND
DISCUSSION

This paper primarily focuses on path planning and
tracking control, where the intelligent car utilizes on-
board sensors to collect data on obstacles and road
conditions. As the host car nears an obstacle, its
trajectory planner generates a new reference path to
avoid a collision, as defined in Eq. (17). To evalu-
ate the performance of the proposed safe driving al-
gorithm, a numerical simulation is implemented in
Simulink environment. The scenario involves a two-
lane, one-way road with host car, previous car trav-
eling in the same direction along the lane center-
lines. The results, discussed in Section 3, show both
cars moving at constant speeds: the host car at vy =
60km/h and the front car at v, = 30 km/h. Addition-
ally, it is assumed that no other cars are present in the
left lane. In this setup, the host car maintains a safe
following distance and remains centered in the lane.

The sensors detect a front car in the same lane as the
host car. As the host car gets closer to this front car,
the distance between them is referred to as d,. When
this distance is reached, the host car decides to exe-
cute a lane change and begins planning its trajectory
to prevent a collision. The trajectory planner gener-
ates a new reference path to navigate around the ob-
stacle. The predictive controller for the system was
implemented with the following parameters: predic-
tion horizon N = 10, Q = 815, P = 1015, and R = 0.02,

where I5 indicates the 5"

order identity matrix. These
controller parameters Q, R, P, and N were given to en-
sure a response that exhibits strong performance. The
car parameters used in the simulations are outlined in
Table 1.

The control structure for the lateral dynamics, as il-
lustrated in Figure 5, consists of two key outputs. The
first output represents the lateral position obtained
from the car’s nonlinear model, while the second out-
put corresponds to the lateral position derived from
the simplified lateral dynamics model. The car’s lat-
eral behavior is formulated based on equations (1)
through (9), ensuring consistency between theoreti-
cal modeling and real-world implementation. In this
configuration, the steering angle of the front tires
serves as the primary control input, directly influenc-
ing the car’s lateral motion and overall stability.

The results of the host car’s lateral control are illus-
trated in Figure 8, which represents the model of the
lateral dynamics. From Figure 8, it can be observed
that the host car successfully follows the reference
trajectory while safely avoiding a collision with the
front car. Additionally, the deviation between the
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Figure 5: Lateral control structure.

Table 1: Car parameters %®

Symbol  Value Unit
m 1450 Kg

Cu 80 000 N/rad
Cis 100000  N/rad
a 1.3 m

b 1.45 m

I, 1920 kg. m2

planned path and the actual path is depicted in Fig-
ure 9, providing insight into the accuracy of the tra-
jectory tracking performance. Overall, the signals re-
sulted after simulation can be observed that location
error of the host car converges to zero value. The peak
value of the location error generated by the MPC al-
gorithm is about 0.00022 m. It can be observed that
the MPC algorithm can reduce the peak value of the
location error of the host car. This implies that the
MPC controller implemented with the lateral model
has higher performance for the nonlinear model.

Figure 6 illustrates the steering angle of the front tire
This illustra-
tion shows that the control signal adheres to the con-

(control command) for the host car.

straints specified in equation (22), with &4, = 0.174
and 6 = -0.174. The car yaw angle is depicted in
Figure 7, it changes when the car makes a lane change,
meaning it changes when the steering angle is differ-
ent from 0.

Figure 8 depicts the reference trajectory generated by
the trajectory planner alongside the actual trajectory
of the host car. The results confirm that the trajec-
tory planner effectively creates an obstacle-free path,
while the car’s lateral controller ensures precise track-
ing of the reference trajectory. Furthermore, the lat-
eral position constraints outlined in equations (19),

(20), and (21) are successfully maintained, demon-
strating the effectiveness and reliability of the pro-
posed control strategy. Additionally, sub-figures (a, b,
¢) in Figure 10 illustrate that the car’s trajectory plan-
ners are capable of generating feasible trajectories for
high-speed cars, allowing them to maneuver around
fixed obstacles.

CONCLUDING REMARKS

This paper presents the development of a model-
based lateral MPC controller focused on trajectory
control for car lateral positioning. The main aim is
to achieve accurate lateral control for a model that
closely mimics real car dynamics. The control al-
gorithm effectively maintains the car’s lateral posi-
tion, ensuring it follows the reference trajectory while
meeting control signal constraints. Simulations con-
ducted in Matlab/Simulink demonstrate that the tra-
jectory planner successfully generates a collision-free
path, even when a leading car is present.

Future research will focus on designing two model-
based MPC controllers to handle both longitudinal
and lateral dynamics, aiming to create a versatile con-
trol system adaptable to various driving scenarios,
such as two-lane roads in the same direction, two-lane
roads in opposite directions, and similar scenarios.
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Thiét lap quy dao chuyén lan cho lai xe tu déng dua vao da thuc
bac nam

Luu Buc Lich®, Phan Thanh Long, Nguyén Tién Thita, Huynh Vinh Quang, Nguyén Dac Thanh Pat

TOM TAT

Bai bdo nay tap trung vao viéc kiém soat chuyén dong clia xe tu hanh, dac biét la khi thuc hién cac
thao tac chuyén lan an toan. Gidi phap dugc dé xudt tich hop Kiém soat du doan mo hinh (MPC)
vGi trinh lap ké hoach quy dao da thic bac nam dé xur Iy viec chuyén lan va tranh va cham trong
mai trudng lai xe nang déng. Uu diém chinh clia phuong phap nay 1a yéu cau tai nguyén tinh toan
t6i thiéu, giup phuong phéap nay phu hop dé trién khai theo thai gian thuyc trong khi van duy tn
hiéu suat cao trong diéu kién giao thong phuc tap. Bai bdo bat dau bang céch phét trién mot mo
hinh dong phi tuyén tinh ctia xe, nhdn manh vao dong luc ngang, yéu té rat quan trong dé lap ké
hoach va kiém soat chuyén déng clia xe trong qua trinh chuyén lan. Mé hinh tinh dén cac thong s6
quan trong nhu téc dé léch, luc ngang va goc lai. Trinh 1ap ké hoach quy dao dugc thiét ké dé tinh
toan duding di téi uu, khéng va cham dé xe di theo khi chuyén lan hodc vuot xe khac, dam béo xe
ludn nam trong gidi han an toan, chang han nhu duy tri khoang cach thich hgp vai cac xe di trudc.,
Mét khia canh mdi clia gidi phap dugc dé xuat la tich hop viéc ra quyét dinh véi lap ké hoach quy
dao. Hé théng tinh todn khodng cach an toan véi xe di trudc bang cach st dung sé liéu thoi gian
va cham va thai gian gilta cac xe. Cac s6 liéu nay cho phép xe quyét dinh gitt nguyén lan dudng
hay bét dau chuyén lan, dua trén tinh an toan cda thao tac. Sau khi dua ra quyét dinh, trinh lap ké
hoach quy dao sé tao ra mét dudng tham chiéu mdi, dm bao chuyén lan an toan va ém &i, ngay
ca khi co chudng ngai vat. Hiéu qua clia hé théng dugc dé xuat dugce ching minh thong qua cac
mo phong md rdng trong nhiéu tinh huéng lai xe khac nhau. Cadc moé phong nay cho thay xe cé
thé thuc hién thanh cong viéc chuyén lan va vugt xe ma khéng va cham vai cac xe khac, déng thai
van duy tn sy thodi méai va gidm thiéu 16i diéu khién. K&t qua moé phéng xac nhan rang hé théng
diéu khién dya trén MPC, két hap vdi trinh lap ké hoach quy dao da thic, cung cdp gidi phap dang
tin cay va hiéu qua cho viéc lap ké hoach va kiém soat quy dao theo thdi gian thuc trong lai xe tu
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