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Event-Triggered MPC With Linear Inter-Event
Control for AV Path Tracking

Zhaodong Zhou

Abstract—Model predictive control (MPC) is widely used for
autonomous vehicle path tracking due to its ability to handle system
constraints and optimize performance over a prediction horizon.
However, frequent online optimization imposes high computational
demands, making the real-time implementation of MPC challeng-
ing. Event-triggered MPC aims to solve this issue by updating
control actions only when a predefined condition is met, but it
executes precomputed control sequences in an open-loop fashion
between events, potentially allowing errors to accumulate. This
letter proposes an event-triggered MPC framework integrated with
a linear inter-event control mechanism to address this limitation.
The proposed inter-event controller applies a least-squares-based
linear model to generate control inputs in real-time during inter-
event periods, enabling continuous feedback corrections. Exper-
imental results on a Quanser QCar2 platform demonstrate that
the proposed approach improves tracking accuracy by 10% while
significantly reducing the number of MPC optimizations compared
to standard event-triggered MPC, offering an efficient solution for
real-time path tracking problem.

Index Terms—Motion control, autonomous vehicle navigation
model predictive control, event-triggered control.

I. INTRODUCTION

CCURATE path tracking is one of the core challenges in
A autonomous vehicle (AV) control [1], [2], [3], [4], [5]. The
objective of path tracking is to ensure that the vehicle can follow
areference trajectory with minimal deviation while maintaining
stability and safety under various driving conditions. As au-
tonomous driving systems become increasingly complex, path
tracking controllers must handle nonlinear vehicle dynamics,
dynamic constraints, and external disturbances in real-time [6],
[7]. Traditional controllers, such as pure pursuit controller [8],
Stanley controller [9], fuzzy controller [10], and PID con-
troller [11], provide simple implementations but often struggle to
balance precision and robustness, and need extensive amount of
calibration especially in complex driving scenarios [12], [13]. To
address these challenges, model predictive control (MPC) has
recently been widely studied and applied in AV path tracking
due to its ability to predict future system behavior and handle
dynamic constraints, thus achieving robust control [14], [15],
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[16]. By solving a finite horizon optimal control problem in
real-time, MPC computes control actions that minimize a cost
function while satisfying actuator limits, vehicle dynamics, and
safety considerations [17], [18]. However, this online optimiza-
tion requires substantial computational resources, especially for
real-time applications where frequent updates are necessary to
cope with uncertainties and fast-varying driving scenarios [19].

To reduce the high computational burden of traditional time-
triggered MPC, event-triggered MPC (eMPC) schemes have
been introduced in recent years [20], [21]. In eMPC, the con-
troller continuously monitors the system state and only solves
the optimization problem when certain event conditions are
met, such as exceeding a predefined error threshold [22], [23].
By skipping unnecessary updates when the system operates
within acceptable bounds, eMPC can significantly reduce the
number of optimization calls compared to time-triggered MPC,
leading to improved computational efficiency [24]. However,
most existing eMPC implementations employ a simple inter-
event execution strategy: once an optimization is triggered and
solved, the resulting control sequence is typically applied in an
open-loop, sample-and-hold manner until the next event [25],
[26]. Without additional feedback during these inter-event inter-
vals, tracking errors can accumulate under model mismatch and
disturbances [27], particularly when triggering is sparse. More
broadly, event-triggered MPC offers a key design freedom not
only in the event-trigger condition but also in how control inputs
are executed between consecutive optimization instances. While
open-loop inter-event execution is computationally friendly,
the drift it induces can degrade performance and may need
more frequent re-optimizations to correct, partially offsetting
the intended computational savings. Inter-sample controllers can
alleviate this issue, yet they are commonly realized as fixed-gain
feedback [28] and therefore can not adapt to the current operating
regime.

To address this issue, this letter proposes an enhanced event-
triggered MPC framework with linear inter-event control. The
key idea is to incorporate a lightweight inter-event controller
that updates control inputs in real-time based on current ve-
hicle state. Specifically, after each MPC optimization, a linear
feedback gain between the resulted optimal control sequence
and the optimal vehicle state sequence is learned using linear
least squares regression [29]. During inter-event periods, this
linear feedback gain is then used to generate control commands
adaptively at each control loop, allowing real-time correction of
deviations before they grow large enough to trigger a new event.
Compared to conventional approach where the optimal control
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Fig. 1. Vehicle kinematic bicycle model.

sequence is executed in an open-loop fashion [6], [20], [30],
this hybrid structure maintains the long-term optimality of MPC
while enhancing responsiveness between events. In addition, the
proposed inter-event control does not require solving any Riccati
equation in real-time (note that the system is nonlinear), and
hence is more computationally tractable than LQR [31]. We note
that combining MPC with a linear feedback term has classical
roots in robust MPC such as tube MPC [32]. However, the
proposed framework is different from tube-based robust MPC
formulation: it does not construct invariant tubes, tighten con-
straints, or assume an explicit bounded disturbance set. Instead,
the learned linear feedback is used as an inter-event approxima-
tion of the MPC policy, with the primary goal of reducing the
frequency of solving the nonlinear optimization while preserv-
ing tracking performance in real-time. The proposed method is
validated experimentally using a Quanser Qcar2 ground vehicle
platform [33]. By testing under multiple event thresholds and
speeds, the performance of the inter-event controller is evaluated
in terms of both tracking accuracy and computational load.
Comparing to conventional event-triggered MPC, inter-event
controller increase the tracking accuracy around 10% and reduce
the event frequency around 50%. The results demonstrate that
the proposed approach effectively reduces the number of MPC
optimizations while maintaining and even improving tracking
precision compared to conventional event-triggered MPC. This
makes the proposed approach especially attractive for real-time
AV applications where computational resources are limited and
efficient control execution is critical.

The remainder of this letter is organized as follows. Section II
describes the system model and the conventional MPC designs,
and Section III presents the proposed event-triggered MPC with
linear inter-event control. Section I'V discusses the experimental
setup and test results, while Section V concludes the paper.

II. AV PATH TRACKING
A. Vehicle Model

In this letter, the vehicle model used in MPC design is a
kinematic bicycle model as illustrated in Fig. 1. We define

the state vector at the vehicle’s center of gravity (CG) as
T

T = [pz Dy 1/)] , where px and py represent the coordinate

of positions of the vehicle, and > denotes the vehicle’s heading

angle. All state variables are expressed relative to the global

frame. The time derivative of this state vector is given by

AT
T = [p'z Dy uz} . The kinematic bicycle model is used to
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describe the vehicle motion, which captures the dynamics for
path tracking at certain speeds, with the forward Euler method
the discretized time model is expressed as:

Pzn+1 = Px.n + vy, COS(wn + ﬂn)dt (la)

Pynt1 = Dyn + Unsin(y, + By)dt (1b)
Uy, COS

Ynt1 = Yn + M tan(uy,)dt. (Ic)

where the subscript n represent the discrete time step, (3 repre-
sents the slip angle of the vehicle, v denotes the velocity of the
vehicle’s CG, L,y and L,, are the lengths from the CG to the
front and rear axles, respectively, and u is correspond to front
steering angles. The slip angle (5 is defined as:

L, tan(uy) > .

2

[ = arctan (

B. Time-Triggered MPC

For MPC-based path tracking control, at each time instant
t, the controller operates in a receding horizon manner. First,
the current system state z; is measured. Then, based on the
vehicle model, system constraints, and reference trajectory,
the controller solves a finite horizon optimal control problem
(OCP) to obtain the optimal predicted state sequence X(¢) =
{Zt+1, Tt42, ..., Ty } and the corresponding optimal control
input sequence U(t) = {u¢, Utt1, ..., Uy N1}, Where N de-
notes the prediction horizon. In conventional periodic MPC (or
time-triggered MPC), only the first control input u, is applied
to the vehicle, while the optimization process is repeated at the
next time step with updated state information.

The OCP solved by MPC at each time step is formulated as
follows:

N
min J = Z ’ Pz t+n 7p;?tf+n
* n=1 oF
N 2 N-1
2
3 |[prtn =Byt | D el B,
n=1 Qr k=0
N-1
2
+ Z [ttn — wern-1llg, (3a)
n=0
s.t. x; = i’t (3b)
System dynamics (1), 1 <n <N (3c)
Umin S Ut+4n S Umazx 0 S n S N -1 (3d)
dumin < Ut+n — Ut4n—1 < dumaa:» 0<n< N -1
(3e)

The four terms in the cost function (3a) respectively penalize
the predicted position tracking errors along the longitudinal and
lateral axes, the control effort, and the rate of change of control
inputs to ensure smooth steering behavior. Q,,, Q,,, and Q4 are
the corresponding weighting matrices. The constraints (3d) and
(3e) impose physical limitations on the control input magnitude
and its change rate, respectively.
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C. Event-Triggered MPC

Conventional event-triggered MPC usually relies on a prede-
fined event, and as long as the event occurs (i.e., is triggered),
the OCP (with new feedback) will be re-solved to generate
a new control sequence. This letter adopts a threshold-based
event-trigger mechanism similar to that presented in [22], [23],
[34], and further incorporates an anticipation lateral error to
reduce overshoot when approaching a steep turn.

In particular, the event condition primarily considers the lat-
eral deviation of the vehicle from the reference path. Specifically,
the lateral offset Y (¢) is defined as the shortest distance from the
current vehicle position (p ¢, py,¢) to the reference path segment
defined by two adjacent waypoints (p;e{ , pzelf )and (p;%{ , pzzf ),
and is computed as:

(s d —ob D@ — pyt) = 0o — o) 0y =5

Y fmd
V@ =2+ 0y - o)

“
To make the event-trigger condition predictive rather than re-
active, we predict the vehicle position after a look-ahead time
Ty, using the kinematic vehicle model (1) under the currently
available control policy, yielding (pu. ¢+, , Dy,++1, ). Therefore,
the corresponding predictive lateral error Y is then computed
using the same geometric definition:

wid = oD @] = By,
= = P ) 03 )
Y = &)

Vot - oD + W) - o)

The event-trigger condition used in this study is then defined as:

1
10

where o is the predefined lateral error threshold, and ¢ denotes
the number of consecutive steps since the last MPC optimization.
The parameter %,,,, limits the maximum number of steps that
can elapse between two MPC optimizations and should not
exceed the prediction horizon p to ensure feasibility.

If e = 1, the OCP defined in (3) is re-solved with new state
feedback to obtain a new optimal control sequence. If e = 0, the
controller continues to apply the previously optimized control
sequence by shifting to the next control input, operating at a
fixed control frequency, as described in Algorithm 1. In this way,
the event-triggered MPC reduces computation by solving the
optimization only when necessary, while relying on open-loop
execution of previous optimal control sequence between two
events.

Remark 1: The look-ahead position (P 47, , Py i+1,) 1S
obtained via a forward simulation of the kinematic vehicle model
(1) over the T}, using a discrete time rollout. Specifically, let At
denote the controller sampling time and H = T7,/At. Starting
from the measured state Zo = Z(t),

ifY >corY >co0ri>imna
Otherwise

(V)

i‘k+1:f(i‘k,fbk), k=0,....,H—1, (7)
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Algorithm 1: Event-triggered MPC for AV Path Tracking.

1 Initialization: ¢ <— 0; Uy, «+ 0;

2 Procedure eMPC(24, i, Uy, );
3i+ i+ 1;

4 e < computing (6);

5 if e = 1 then

6 i+ 0;

7 (Xt,Uy) + Solving OCP (3);
8 u <+ Ug(1);

9 Ut
10 else
n | ue Uy (i+1);
12 end

3 return u, 7, Uy ;

+— Uy

1

—

where f(-) is the kinematic model (1) and @5, denotes the steering
command used during prediction. In this work, y is generated
by the currently available control policy without re-solving the
OCP, e.g., using the learned local feedback mapping which
is derived from the previous MPC solution (MPC with linear
interval control, see Section III for details), or by taking the
remaining inputs of the previously optimized control sequence
with a zero-order-hold strategy when the sequence is exhausted
(conventional event-triggered MPC). The look-ahead position is
then obtained from Z y (P11, - Dy.t+1,) = (Zu (1), TH(2)).
In our implementation, 77, = 17 s and At = 0.2, resulting in a
5-step rollout.

III. EVENT-TRIGGERED MPC WITH LINEAR INTER-EVENT
CONTROL

Since conventional event-triggered MPC, as described in
Algorithm 1, relies on open-loop control in between two MPC
events (Line 11), it can be prone to model mismatch and external
disturbance. This section proposes a new mechanism to deter-
mine the inter-event control. The proposed linear inter-event
control mechanism is based on a linear relationship between
the steering control and features extracted from current vehicle
position, represented as v = K P, where

K=k ki ko ks ki ks kol ®)

T
P=[1 p py simg cosp 22 22| . O

The components of P correspond to a constant bias term,
planar position terms (pz,py), a smooth orientation represen-
tation (sin 1, cos 1)) to avoid angle wrap-around, and quadratic
position terms (p2, p2) to capture mild local nonlinearities. The
feedback gain K has 7 parameters to be determined in real-time.
This small size makes the gain easy to fit online from the limited
data and keeps the inter-event computation low. Since the gain is
only used for short inter-event corrections, and MPC is re-solved
when the error grows, a more complex model is not necessary.
If needed, more features can be added to increase the dimension
of P and K.

In other words, in between two MPC events, the control
is linear on the feature vector P with feedback gain K being
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Fig.2. Flow chart of the proposed event-triggered MPC with linear inter-event

control.

updated each time an MPC is triggered. More specifically, when
the OCP (3) is solved, denote

T 1 1 17
Pz,0 Pz,1 Pzp-1
Py,0 Dy,1 Dy,p-1
Pop = |sin() sin(t1) sin(yp-1)| .  (10)
cos(tho) cos(¢1) cos(¢p-1)
pgzc,o pazr,l p%,pfl
L pi,o p§,1 pi,pq J

and the optimal input sequence over the prediction horizon as

T
Up,1:| .

k@] can be found

(1)

Uopt = [UO Uy

Then the feedback gain K* = [k‘o k1
by least square as follow,

K* = argmin [ Pop K7 = Ugpe|*, (12)
where matrix Py as defined in (10) is computed based on the
predicted optimal vehicle position over the prediction horizon as
calculated by OCP (3). The least squares solution is computed
via

K* =P}, Uy,

opt

13)

where (-)! denotes the Moore-Penrose pseudoinverse which is
computed via SVD. This avoids explicitly inverting P, Pop and
improves numerical robustness under potential feature collinear-
ity.

Remark 2: Although K* is identified using the MPC pre-
dicted optimal segment (Xop, Uopt) the inter-event control is
applied in closed loop using the current state at every time step,

i.e.,

Uy = K*P(fift), (14)

where P(#,) is recomputed from the current state #,, and is
defined as
) . T
P(a) = [1 pos Byo sind cosdn 2, £]
15)
Fig. 2 illustrates the flow chart of the proposed event-triggered
MPC framework integrated with linear inter-event control. The
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Fig. 3. Demonstration of the proposed inter-event control during lane change
maneuver.

control system operates in two modes, switching dynamically
based on a predefined event-trigger condition: a full MPC
optimization is executed when the event is triggered, while a
lightweight linear feedback control is applied when the event is
not triggered.

The proposed event-triggered MPC framework integrated
with linear inter-event control is summarized in Algorithm 2.
At each time step, the current system state is evaluated against
the event-trigger condition in Line 2. If the condition is satisfied
(e.g., deviation from the reference exceeds a specified threshold),
the system solves an MPC optimization problem to obtain the
new optimal state and control sequences (X, Uy) in Line 7.
The first control input v = U(1) is then applied to the system
in Line 8. Simultaneously, in Lines 9-11 the optimal trajectory
and optimal control sequence are passed to the Least Squares
Module (LSM), where updated feedback gain K* is computed
using the most recent data. These coefficients are used to define
a control command in between two events.

When the event-trigger condition is not met, i.e., the system
state remains within acceptable error bounds, the controller
bypasses MPC computation and instead generates the control
input using the current vehicle position and the previously
estimated feedback gain (Lines 13-14). On Line 13, P(&4)
denotes a feature vector computed from the current estimated
vehicle state &, = [Py ¢, Dy, ¢]T" at each control step (thus P
is updated whenever 2 is updated). In addition, input constraints
(3d) and (3e) are enforced by clipping the value in Lines 15-18.

This hybrid control structure offers a favorable balance be-
tween control performance and computation efficiency. By re-
ducing the frequency of expensive MPC computations, the
computational and communication overheads are lowered while
adequate tracking performance can be maintained. As a result,
it is particularly well-suited for real-time vehicle path tracking
applications in embedded systems with limited resources.

Example 1: Fig. 3 illustrates an example of the proposed
event-triggered MPC with linear inter-event control applied
during the lane change scenario. At a certain time step, an
MPC is triggered, and an optimal state sequence is obtained.
The blue-cross indicate the predicted optimal trajectory points
generated by the MPC over the prediction horizon. The red-dot
line denotes the predicted vehicle trajectory if the linear feedback
gain K* from the optimal input and state trajectories is used. It
can be seen that this trajectory closely follows the original MPC
prediction. Even in high curvature segment, the linear control
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Algorithm 2: Event-triggered MPC with linear inter-event
control for AV path tracking.

1 Initialization: 7 < 0; K* < 0;
2 Procedure eMPC/K(Zy, i, Uy, upre, K7);

311+ 1;

4 e < computing (6);

5 if ¢ = 1 then

6 1+ 0;

7 (X¢, Uy) < Solving OCP (3);
8 u <+ Ug(1);

9 Uopt — Ut;

10 P,,: < computing (10);
11 K* < computing (12);

12 else

13 P« P(%) ;

14 u <— computing (14);

15 u 4= clip(t, Umin, Umaz) 5
16 OU = U — Uppes

17 du — clip(du, dumin, Amaz);
18 | U< Upre + U

19 end

20 Upre < U3

21 return u, i, Uppe, K*;

can still keep the vehicle close to the optimal path without solv-
ing a new optimal control problem. This example demonstrates
the feasibility and tracking accuracy of the proposed inter-event
control, particularly in short prediction intervals and locally
smooth regions of the path.

Remark 3: During inter-event periods, Algorithm 2 uses a
lightweight state-feedback law learned from the most recent
MPC solution, providing closed-loop correction instead of open-
loop execution. To ensure closed-loop stability, we first trigger
MPC once the tracking error or anticipation tracking error ex-
ceeds the threshold, and second enforce a maximum inter-event
duration ¢,,x so that MPC is solved at least once every ¢,ax
steps. These safeguards bound the deviation and limit operation
without re-optimization, consistent with the bounded tracking
errors observed in experiments.

Remark 4: In this letter, the linear form v = K P is adopted
mainly due to its fast online identification and low computation
cost. Since only a limited data is available at each trigger
instance, a simple linear model helps avoid overfitting and can be
estimated via least squares as in (12). The gain K is intended as
a local approximation of the MPC policy over short inter-event
periods; the event-trigger condition (6) (together with the bound
Imaz) SUpervises this approximation by re-solving MPC when
deviations grow. More general parametric nonlinear policies
u = f(P) are possible, but they typically require more data and
higher computation for online training, this extension is then left
for future work.

IV. RESULTS AND DISCUSSIONS

While Example 1 demonstrate the proposed approach during
offline analysis, this section presents experimental results to
validate its efficacy.

IEEE ROBOTICS AND AUTOMATION LETTERS, VOL. 11, NO. 7, JULY 2026

Quanser Qcar2

Fig. 4. Experiment environment with Quanser Qcar2 Self-Driving Studio.
TABLE I
MPC PARAMETERS
N 6 Qu 1 Umin (rad) -0.97
dt (ms) | 500 Qa 1 dumaz (rad) | 0.15
Qp 20 Umaz (rad) | 0.97 AUmin (rad) | -0.15

A. Experiment Setup

To validate the proposed event-triggered MPC with linear
inter-event control, experiments are conducted on a Quanser
QCar2 1/10-scale autonomous vehicle platform, see Fig. 4.
The QCar2 integrates an onboard NVIDIA Jestion AGS Orin
computer and sensor suite for autonomous driving research. The
vehicle states (x,y, 1)) are obtained from the onboard sensing
and state estimation pipeline. Specifically, wheel odometry,
IMU, and 2D LiDAR measurements are fused via an EKF to
provide real-time pose and velocity feedback to the controller.
Control commands are computed onboard in real time and
transmitted to the drive and steering actuators through the QCar2
low-level interface. Throughout all tests, the longitudinal speed
is kept at a constant value, and MPC is applied to lateral control.
Experiments are performed in an indoor environment, where the
reference trajectory is predefined and tracked repeatedly under
different triggering thresholds.

Table I shows the MPC parameters used in all experiments.
The prediction horizon is set to N = 6 with a sampling period
of dt =500 ms. The cost weights penalize position tracking
error (Q)p), control effort (Q),), and steering rate (Q)q). The
steering angle and steering-rate constraints are enforced by
U € [Umin, Umaz] and du € [dnin, dUmaz], TEspectively, to
ensure actuator feasibility and smooth control actions. Real vehi-
cle experiments inherently include unmodeled disturbances and
uncertainties (e.g., road—tire friction variations, small surface
irregularities, actuator delays, and sensor noise), so the reported
results reflect performance under realistic disturbances rather
than an ideal disturbance-free setting.

Remark 5: Given the limited onboard computation budget,
we set N = 6 and use a sparse discretization dt = 0.5 s, yielding
a fixed prediction window of 3s with a reduced number of opti-
mization variables of MPC. This prediction horizon is necessary
to anticipate upcoming curvature changes and maintain stable
tracking. In a standard event-triggered MPC baseline, using
dt = 0.5s would imply that, with the absence of an event, the
control input is updated only at 2 Hz if the controller follows
the MPC sampling rate, which is inconsistent with the high-rate
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TABLE II
TIME-TRIGGERED MPC TRACKING ERROR AND TRIGGERING STATISTICS OVER 10 LAPS (MEAN + STD OVER 10 LAPS) ACROSS DIFFERENT SPEEDS

v (m/s) RMSE (m) Mean Error (m) Event freq. (Hz) | # of Events pre lap
0.32 0.0144 4+ 0.0019 | 0.0128 £ 0.0014 18.76 4+ 0.72 1039.57 4+ 23.6
0.26 0.0142 4+ 0.0012 | 0.0112 £ 0.0009 19.36 £+ 1.36 1351.18 + 454
0.20 0.0151 4+ 0.0011 | 0.0118 4 0.0011 19.61 £+ 0.96 1676.75 + 62.4

TABLE IIT

TRACKING PERFORMANCE OVER 10 LAPS (MEAN =+ STD) AND RELATIVE IMPROVEMENT OF EMPC/K OVER EMPC FOR EACH (o, v) SETTING

o v (m/s) RMSE (m) Mean Eerror (m) Improvement (%)
eMPC eMPC/K eMPC eMPC/K ARMSE  AMean

0.02 0.32 0.0154 + 0.0009  0.0148 4+ 0.0013 | 0.0126 4+ 0.0008  0.0118 £+ 0.0010 3.39 6.24
0.02 0.26 0.0135 + 0.0008  0.0132 £ 0.0012 | 0.0110 4+ 0.0008  0.0105 + 0.0009 1.82 421
0.02 0.20 0.0154 + 0.0034  0.0144 + 0.0011 | 0.0114 4+ 0.0022  0.0113 + 0.0009 6.91 1.51
0.04 0.32 0.0203 + 0.0019  0.0186 + 0.0032 | 0.0155 4+ 0.0016  0.0144 + 0.0020 8.38 6.97
0.04 0.26 0.0172 + 0.0013  0.0165 £ 0.0011 | 0.0145 4+ 0.0012  0.0134 + 0.0009 4.08 7.96
0.04 0.20 0.0189 + 0.0024  0.0178 4+ 0.0016 | 0.0151 4+ 0.0023  0.0140 £+ 0.0014 5.92 7.35
0.06 0.32 0.0290 + 0.0039  0.0239 + 0.0026 | 0.0236 4+ 0.0034  0.0185 + 0.0021 17.73 21.73
0.06 0.26 0.0250 + 0.0023  0.0244 + 0.0016 | 0.0219 4+ 0.0017  0.0192 + 0.0013 7.52 12.28
0.06 0.20 0.0268 + 0.0011  0.0259 + 0.0023 | 0.0237 4+ 0.0011  0.0218 £ 0.0022 10.04 8.02

TABLE IV
COMPUTATION AND TRIGGERING STATISTICS OVER 10 LAPS (MEAN =+ STD) FOR EACH (o, v) SETTING

o v (m/s) Event freq. (Hz) # of Events per lap
eMPC eMPC/K eMPC eMPC/K
0.02 0.32 10.003 + 0.591  6.245 + 1.154 | 552.9 £ 499 349.3 £ 66.6
0.02 0.26 7914 4+ 0.469  4.389 £ 0.716 | 546.1 4 34.2 287 £ 95.2
0.02 0.20 8.653 + 1.180  5.534 £ 0.755 | 610.2 & 53.3  476.6 + 65.0
0.04 0.32 3.563 £ 0.870  1.424 £ 0.482 | 210.1 +449  81.6 £ 18.2
0.04 0.26 2.740 + 0.598  0.819 £ 0.155 186.7 +40.6 56.7 £ 11.2
0.04 0.20 2.797 + 0.931 1.268 + 0.891 | 252.2 £ 694  121.0 & 34.6
0.06 0.32 2.656 £ 1.126  0.954 £ 0.563 | 1483 £ 63.6  54.1 = 31.8
0.06 0.26 1.370 4+ 0.419  0.885 £ 0.276 | 85.8 £ 25.6 60.6 + 20.3
0.06 0.20 0.952 &£ 0.161  0.707 £ 0.350 | 84.8 £ 14.7 66.2 £ 36.8

command streaming of the QCar2 low-level interface. To decou-
ple command streaming from the MPC update rate and to enable
a fair real-time comparison between conventional eMPC and the
proposed eMPC with linear inter-event control (eMPC/K), we
implement a time-indexed zero-order-hold (ZOH) for the eMPC
baseline: when there is no event, the previously optimized input
sequence is replayed according to the elapsed time since the
last solve, while commands are streamed at the outer-loop rate.
As a result, both eMPC and eMPC/k operate under the same
high-rate interface, and the observed performance differences
are attributable to the inter-event control strategy rather than
implementation timing.

B. Test Results

We use the baseline time-triggered MPC for compari-
son, and evaluate the event-triggered MPC (eMPC) and
the proposed event-triggered MPC with linear inter-event
control (eMPC/K) under three event-trigger thresholds, o €
0.02,0.04,0.06. Each configuration is tested at three different
speeds v € {0.2,0.26,0.32} (m/s), and the QCar2 completes 10
laps for each setting. Tables II-IV report the numerical results
for all settings, where each entry is computed over 10 laps and
presented as mean =+ standard deviation and the improvement
of eMPC/K in percentage.

As a representative example, Fig. 5-7 present the path-
tracking results atv = 0.32 m/s under three triggering thresholds

Fig. 5. Path tracking performance with event-trigger threshold o = 0.02 m,
and v = 0.32 m/s, the black curve is the reference path, and the blue and red
lines show the vehicle trajectories under eMPC and eMPC/K, respectively.

o € {0.02,0.04,0.06}. In each figure, the black curve denotes
the reference path, the light blue and light red curves show
the individual lap trajectories for eMPC and eMPC/K, respec-
tively, and the solid blue and solid red curves represent the
corresponding average trajectories over 10 laps. Overall, both
controllers reliably track the reference route and remain close
to the reference across repeated laps. When the threshold is
strict (o = 0.02), the lap trajectories are tightly clustered and the
average paths largely overlap with the reference path, indicating
consistent tracking and good repeatability. As o increases to 0.04
and 0.06, the trajectory envelope becomes wider, with larger
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Fig. 6.  Path tracking performance with event-trigger threshold o = 0.04 m,
and v = 0.32 m/s, the black curve is the reference path, and the blue and red
lines show the vehicle trajectories under eMPC and eMPC/K, respectively.

NG

Fig. 7.  Path tracking performance with event-trigger threshold o = 0.06 m,
and v = 0.32 m/s, the black curve is the reference path, and the blue and red
lines show the vehicle trajectories under eMPC and eMPC/K, respectively.
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Fig. 8. Tracking error and MPC activation when o = 0.02 under different
frameworks. Vertical lines indicate MPC computation.
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Fig. 9. Tracking error and MPC activation when o = 0.04 under different
frameworks. Vertical lines indicate MPC computation.

visible deviations occur mainly in high-curvature and transition
regions, which is consistent with less frequent replanning under
a relaxed triggering condition. Across all three thresholds, the
average trajectory of eMPC/K remains comparable to the eMPC,
and eMPC/K is slightly closer to the reference path, indicating
that the linear inter-event control can limit the accumulation
of deviation between MPC activations while preserving stable
closed-loop behavior at the tested speed.

IEEE ROBOTICS AND AUTOMATION LETTERS, VOL. 11, NO. 7, JULY 2026
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Fig. 10. Tracking error and MPC activation when o = 0.06 under different
frameworks. Vertical lines indicate MPC computation.

Figs. 8-10 show one randomly selected run at v = 0.32 m/s.
In each figure, the top plot is eMPC and the bottom plot is
eMPC/K. The blue line is the lateral tracking error along the
traveled distance, and the green vertical lines mark when the
controller actually solves an MPC problem. At ¢ = 0.02, the
green lines are very dense for both methods, meaning MPC is
solved frequently. In this case, both controllers keep the error
relatively small and the two error curves look similar, since
both are constantly re-planning. When the threshold increases
to 0 = 0.04, the green lines become much sparser. The error
still stays bounded, but occasional peaks become more visible
because the controller allows larger deviation before re-solving
MPC. Compared with eMPC, eMPC/K reaches a similar error
level with fewer green lines, showing that the linear inter-event
control can increase the tracking performance between MPC
events. At o = 0.06, MPC is triggered only occasionally. Even
then, eMPC/K still keeps the error in a comparable range while
requiring fewer MPC solves, whereas eMPC shows more clus-
tered MPC activations around segments where the error rises.
Overall, these plots illustrate that eMPC/K can reduce MPC
computations while keeping tracking error at a similar level,
especially when the triggering threshold is relaxed.

Table IT summarizes the tracking accuracy and MPC triggered
frequency of time-triggered MPC, and shows time-triggered
MPC has stable tracking across the tested speeds. As reported
in Table II, the RMSE and the mean error remains in a narrow
range indicating a steady accuracy at v€{0.20,0.26,0.32} m/s.
As expected for periodic updates, the controller maintains a
nearly constant update frequency of about 19-20 Hz for all
speeds, leading to a large number of MPC updates per lap.
This table therefore provides a computation-heavy baseline for
comparison: time-triggered MPC achieves consistent tracking
accuracy but requires dense optimizations throughout the entire
run.

Table III summarizes the tracking accuracy in terms of RMSE
and mean lateral error, reported as mean + standard deviation
over 10 laps for each (o, v) configuration. Across the tested
thresholds and speeds, eMPC/K achieves tracking performance
comparable to that of eMPC, while often providing modest
improvements. The benefit becomes increasingly evident as the
triggering condition is relaxed. When averaged over the three
tested speeds for each threshold, eMPC/K reduces the mean
lateral error by 3.9% and the RMSE by 4.1% at o = 0.02. At
o = 0.04, these average reduction increases to 7.4% for mean
lateral error and 6.1% for RMSE. The largest gains are obtained
at 0 = 0.06, where the mean lateral error is reduced by 14.0%
on average and the RMSE by 11.8%. The reported standard
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deviations are generally small relative to the corresponding mean
errors, indicating that the tracking accuracy is consistent across
the 10 repeated laps for each (o, v) setting.

Table IV summarized the MPC event frequency and the
number of MPC events per lap as mean =+ std over 10 laps. For
a fixed (o,v), eMPC/K consistently reduces event frequency
compared to eMPC, indicating that the linear inter-event control
significant reduces the frequency of the MPC computation.

V. CONCLUSION

In this letter, an event-triggered model predictive control
(MPC) framework with integrated linear inter-event control is
proposed for autonomous vehicle path tracking. By using a least-
squares-based linear feedback gain to generate control actions
during inter-event periods, the proposed method achieves real-
time error correction between MPC updates, improving tracking
accuracy while reducing the number of computationally expen-
sive MPC optimizations. Experimental results demonstrate that,
compared to conventional event-triggered MPC, the proposed
approach maintains better tracking performance with fewer
MPC activations, thus offering an efficient solution suitable for
real-time embedded systems. Future work will include broader
validation and analysis. We plan to evaluate the method for more
diverse trajectories, and to conduct controlled disturbance tests.
We will also add additional baselines such as periodic MPC
with matched solver budgets and simple fixed-gain inter-event
controllers. Finally, we will validate the approach on full-scale
autonomous vehicle platforms under real-world operating con-
ditions.
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