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Adaptive Cruise
Control with Sensor
Fusion
Vehicle model
Plot
This example shows how to implement a
sensor fusion – based automotive adaptive
cruise controller for a vehicle traveling on
curved road using sensor fusion.
Arian Mianji
Introduction
This report talks about how to simulate
Each of these sections is subdivided into
several subcategories, which we will discuss
below …
adaptive cruise control system
In this example we realize:
by MATLAB program (Simulink). it’s a
-
control system for adjusting the speed and
distance of the Ego car. This control system is
built into the car to improve the safety and
review a control system that combine
sensor fusion and an adaptive cruise
controller (ACC).
- test the control system in a
closed – loop Simulink model
using synthetic data generated
by the Automated Driving
Toolbox.
comfort of driving. In general, the system
uses a powerful distance sensor and a fusion
sensor. Many cars companies, such as Benz,
BMW Group, Toyota, Honda, Kia ,... are
- configure the code generation
settings for software – in –the –
loop
simulation,
and
automatically generate code for
the control algorithm.
trying to design and apply the best and most
accurate type ofcontroller in their cars many
accidents on the roads are because drivers
often don’t control their speed or keep their
distance with the Ego car. So this technology
can greatly reduce the number of road
accidents and make it easier for drivers to
- The ACC must address the
following challenges:
control speed and
distance. In this article, I will try to show you
how to simulate adaptive cruise controller.
- estimating the relative
positions and velocities of
the cars that are near the
ego car and that have
Adaptive cruise control is divided into 3
main sections:
-
Tracking
1
significant lateral motion
relative to the ego car.
vehicle, and position the
other cars in the scene
relative to the ego vehicle
lane. This example assumes
ideal lane detection.
- estimating the lane ahead of
the ego car to find which car
in front of the ego car in the
closet one in the same lane.
 We use MPC controller in
this simulation so I should
explain somethings about
that.
- reacting
to
aggressive
maneuvers by other cars in
the
environment,
in
particular, when another
vehicle cuts into the ego car
lane.
 An
advanced
MPC
controller adds the ability to
react to more aggressive
maneuvers by other vehicles in
the environment. In contrast to a
classical controller that uses a
PID design with constant gains,
the MPC controller regulates the
velocity of the ego vehicle while
maintaining a strict safe distance
constraint.
Therefore,
the
controller can apply more
aggressive maneuvers when the
environment changes quickly in a
similar way to what a human
driver would do.Adaptive cruise
control with sensor fusion
A sensor fusion and tracking
system that uses both vision and
radar sensors
provides the
following beneﬁts:
1. It combines the better lateral
measurement of position
and velocity obtained from
vision sensors with the
range and range rate
measurement from radar
sensors.
Tracking
detecting
2. A vision sensor can detect
lanes, provide an estimate of
the lateral position of the
lane relative to the ego
and
Sensor
In order to design a proper
controller, we need our sensor to
2
perform a high-quality tracking.
To simulate this tracking in
MATLAB Simulink, we need
several source code and blocks
that can be ready or designed. The
following describes the design
steps of this section.
Using the data that receive the
detection part, and &quot; prediction –
time block &quot; is a predictive
section which is a predictive
controller of the objects that are
detected in front of the detector.
The output of this section is a
verified tracking that choose
between many tracking by multiobject detection block.
1 – Detection clustering:
A cluster must be designed for
radar detection. During the
research,
The best cluster
designed in the MATLAB site is
available and used in this
simulation.
2 – Detection concatenation:
This block is combined to
integrate a series of data from the
sensor.
Detection block with vision field.
This block consist of a set of
source codes. - So
the
combination of these 2 blocks,
detection cluster and detection
concatenation make detection
part of tracking section.
3 – Multi – Object tracker:
This part of tracking section is the
same as the prediction controller.
3
simulate main controller
(main structure).
4 – Find lead car:
o In generally, we need 2
controllers for designed
main controller of ACC
system:
Well , to design a proper controller for
ACC system in MATLAB program,
we need to designed and simulate a
block that called &quot; Find Lead Car &quot;. the
task of this block is to find and tacks
cars that have been stationed in front of
the car.
1 – classical controller
2 – predictive controller
The structure of this block is a function
that is generally made in MATLAB
and contains a lot of source codes. For
design &quot; Find lead car &quot; block we need
to find some positions, for that we can
use &quot; position selector &quot; box that it
helps us to find the best position.
Another block that we need, called &quot;
curvature &quot; .
In the output of this block , we have
MIO track , relative distance , relative
velocity.
- Designed Controller:
o
At this part, we
want to designed and
4
These
2
controllers
are
complementary and should be
switchable. Both controllers consist of
block diagrams that I didn’t discuss in
this report, but it is not bad to make a
small point. The inputs of these
controllers are complementary to
each other and including:
braking
for
acceleration
or
deceleration. This behavior is due to
the explicit constraint on the relative
distance. The aggressive behavior may
be preferred when sudden changes on
the road occur, such as when the lead
car changes to be a slow car. On
what parameters does
ACC system
Acceleration?
A. Longitudinal velocity
calculate
 Longitudinal velocity of ego
vehicle.
B. Relative distance
C. Relative velocity
 Relative distance between lead
car and ego vehicle (from the
Tracking and Sensor Fusion
system)
B and C are provided by the output of
the tracking block, and A is provided
by a source with independent external
input.
 Relative velocity between lead
car and ego vehicle (from the
Tracking and Sensor Fusion
system)
Difference between classical design
controller method and MPC design
In the simulation results for the MPCbased ACC, similar to the classical
ACC design, the objectives of speed
and spacing control are achieved.
Compared to the classical ACC
design, the MPC-based ACC is more
aggressive as it uses full throttle or
In the following results for the
classical ACC system:
 Top plot shows the ego vehicle
velocity.
5
 Middle plot shows the relative
distance between the ego vehicle
and lead car.
A. Vehicle dynamics and global
coordinates
1 – vehicle 3D model
 Bottom plot shows the ego
vehicle acceleration.
2 – coordinates and units
conversion 3 - driver
steering model
 HOW THIS BLOCK WORKS!
3 Actors
and
simulation
The block diagram of this controller is
designed to calculate and select the
best response in the shortest time with
algebraic and logical operations. In
this block diagram there is a very
important key part called &quot; V- Set &quot;
which is the speed at which driver
selects and applies the controller. The
controller then measures the different
speeds in different conditions and
positions and , according to its design,
considers the best output for the
machine. These 2 controllers are
complementary because they have to
be selected in different situations. The
output of this block, which produces
one of the most important parameters,
is called &quot; Acceleration &quot;.
sensor
- We will discuss about parts of
this section …
- In generally, we want to discuss
more about how to design visual
parameters
and detailed
models of cars and drivers and
their
instructions.
The
important point in this section
is to properly select the
commands and blocks that we
will talk about below.
If this parameter is correctly
calculated, the controller accuracy is
increased.
Part 2
Vehicle and environment
Introduction about the constituent
parts of this section:
6
- NOTICE: I picked up these
equations from mathwork site.
o &quot; vehicle dynamic &quot; block structure
- and this block diagram includes
2 main integrators that we
discuss about that in the next
parts . and for this block we
need 4 inputs :
- this block includes some Gains ,
Integrators , …
- they built and calculated from
many equations and laws …..
- longitudinal velocity
- lateral velocity
- yaw angle
- curvature
- 2 – steering controller
- in this part we need to design a
controller for our calculated
data. we can use PI controller
for this part and a gain, so we
have 2 gains that gain
accumulated.
- 2. Driver – Steering model
- the &quot; driver – steering model &quot;
block contains 2 main parts:
- 3 - coordinates
conversion
- steering error
- steering controller
and
unit
- This block includes 2 main sub
block that called &quot; Xdot and
Ydot &quot;.
- These blocks created by some
non-linear equations , these
equations are then combined
with several integral blocks and
then determine the positions and
velocities in the coordinate
plane.
- 1- steering error
- this block diagram contains 2
FCN block that includes some
equations.
7
vehicle,
the
body
ﬁxed
coordinates are converted into
global coordinates through the
following relations:
- next, we have 2 gain blocks that
we calculate different angles by
them.
- NOTICE: Xdot and Ydot blocks
are a function of U (U is an
input).
- In this block we need to
transform radian to degree:
- About
vehicle
equations
dynamic
- The
Vehicle
Dynamics
subsystem models the vehicle
dynamics with the Bicycle
Model - Force Input block from
the Automated Driving Toolbox.
The vehicle dynamics, with
input
(longitudinal
acceleration) and front steering
angle, are approximated by:
- In the state vector, denotes the
lateral velocity, denotes the
longitudinal velocity
and
denotes the yaw angle.
- The outputs from the vehicle
dynamics (such as longitudinal
velocity and lateral velocity)
are based on body ﬁxed
coordinates. To obtain the
trajectory traversed by the
8
&quot;The yaw angle and yaw angle rate
are also converted into the units of
degrees.&quot;
The goal for the driver steering model
is to keep the vehicle in its lane and
follow the curved road by controlling
the front steering angle. This goal is
achieved by driving the yaw angle
error e and lateral displacement error
to zero (see the following ﬁgure),
where
created using the Driving Scenario
Designer app or from a driving
Scenario
object. The block outputs the poses of
actors in either the coordinate system
of the ego vehicle or the world
coordinates of the scenario. You can
also output the lane boundaries. To
generate object and lane boundary
detections from output actor poses
and lane boundaries, pass the pose
and boundary outputs to
B. Actors and Sensor Simulation
This section includes 4 main parts:
 Pack Ego
 Scenario reader
-
 Vision
generator
detection
 Radar
generator
detection
Vision Detection Generator and Radar
Detection Generator sensor blocks.
Use
Pack Ego:
the generated, synthetic detections to
test the performance of sensor fusion
algorithms, tracking algorithms, and
other automated driving assistance
system (ADAS) algorithms. To
visualize the performance of these
algorithms, use the Bird's-Eye Scope.
this block includes some equations and
codes and …
- Scenario Reader:
The Scenario Reader block reads the
roads and actors from a scenario ﬁle
9
You can read the ego vehicle from the
scenario or specify an ego vehicle
deﬁned in your model as an input to the
Scenario Reader block. Use this
option to test closed-loop vehicle
controller algorithms,
such as
autonomous
emergency
braking
(AEB), lane keeping assist (LKA), or
adaptive cruise control (ACC).
detections with added random noise
and also generate false positive
detections. A statistical
model
generates the measurement noise, true
detections, and false positives. The
random numbers generated by the
statistical model are controlled by
random number generator settings on
the Measurements tab. You can use the
Vision Detection Generator to create
input to a Multi-Object Tracker block.
When building scenarios and sensor
models using the Driving Scenario
Designer app, the camera sensors
exported to Simulink are output as
Vision Detection Generator blocks.
Vision Detection Generator
The Vision Detection Generator block
generates detections from camera
Radar Detection Generator
The Radar Detection Generator block
generates detections from radar
measurements taken by a radar sensor
mounted on an ego vehicle. Detections
are derived from simulated actor poses
and are generated at intervals equal to
measurements taken by a vision sensor
mounted on an ego vehicle. Detections
are derived from simulated actor poses
and are generated at intervals equal to
the sensor update interval. All
detections are referenced to the
coordinate system of the ego vehicle.
The generator can simulate real
10
the sensor update interval. All
detections are referenced to the
coordinate system of the ego vehicle.
The generator can simulate real
detections with added random noise
and also generate false alarm
detections. A statistical
model
generates the measurement noise, true
detections, and false positives. The
random numbers generated by the
statistical model are controlled by
random number generator settings on
the Measurements tab. You can use the
Radar Detection Generator to create
input to a Multi-Object Tracker block.
When building scenarios and sensor
models using the Driving Scenario
Designer app, the radar sensors
exported to Simulink are output as
Radar Detection Generator blocks.
Bird's Eye Scope system
To plot the results of the simulation
and depict the surroundings of the ego
vehicle, including the tracked objects,
use the Bird's-Eye Scope. The Bird'sEye
Scope is a model-level
visualization tool that you can open
from the Simulink toolstrip. On the
Simulation tab, under Review Results,
click Bird's-Eye Scope. After opening
the scope, click Find Signals to set up
the signals. The following commands
run the simulation to 15 seconds to get
a mid-simulation picture and run
again all the way to end of the
simulation to gather results.
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 The rate transition block
transfer data from the output of
a block operating at one rate to
the input of a block operating at
a different rate. use the block
parameters
to trade data
integrity and deterministic
transfer for faster response or
lower memory requirements.
Simulation Data Inspectors
Description
The simulation data inspector
visualizes and compares multiple kinds
of data.
we use simulation data inspector to see
steps in our simulation.
 Dependencies
Using simulation data inspector, you
can inspect and compare time series
data at multiple stage of your
workflow. this example workflow
shows how the simulation data
inspector support all stages of the
design cycle:
 The behavior of the Rate
Transition Block depends on:
 sample times of the ports to
which the block connects.
 priorities of the task for the
source and destination sample
times.
 view data with the simulation
data inspector.
 whether the model specifics a
fixed- or variable- step solver.
 inspect simulation data.
 compare simulation data.
 save and share simulation data
inspector data and view.
 Rate Transition
 Description
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What is the MPC system?
Model Predictive Control (MPC) is an
advanced method of process control
that is used to control a process while
satisfying a set of constrains. The main
advantage of MPC is the fact that it
allows the current timeslot to be
optimized,
while keeping future
timeslots in account. This is achieved
by optimizing a finite- horizon, but
only implementing the current timeslot
and then optimizing again, repeatedly,
thus differing from linear- quadratic
regular (LQR). Also MPC has the
ability to anticipate future events and
can take control actions accordingly.
- Sensor fusion is combining of
sensory data or derived from
disparate sources such that the
resulting information has less
uncertainly than would be
possible when these sources
were used individually. the term
uncertainly reduction in this
case can mean more accurate,
more complete, or more
dependable, or refer to the
result of an emerging view,
such as stereoscopic vision.
PID controllers do not have this
predictive ability. MPC is nearly
universally implemented as a digital
control, although there is no research
into achieving faster response times
with specially designed analog
circuitry.
- The data sources for fusion
process are not specified to
originate
from
identical
sensors. one can distinguish
direct fusion, indirect fusion and
fusion of the outputs of the
former two. Direct fusion is the
fusion of sensor data from a set
of
heterogeneous
or
homogeneous sensors, soft
sensors, and history of values of
sensor data, while indirect
fusion uses information sources
like a priori knowledge about
the environment and human
inputs.
MPC system has some parts:
- Non-linear MPC
- Explicit MPC
- Robust MPC
-
What is Sensor Fusion?
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- Sensor Fusion is a term that
covers a number of methods
and algorithms, including:
- central limit theorem
- kalman filter
- Bayesian networks
- dempster-shafer
- Deriving Scenario Designer
- The Driving Scenario Designer
app enables you to design
synthetic driving scenarios for
testing your autonomous driving
systems.
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adjusting its speed, as shown in
the Distance plots.
Conclusion
 From 45 to 56 seconds, the
spacing error is above 0.
Therefore, the ego car achieves
the driver-set velocity again.
 Analyzing outputs for Adaptive
cruise control system:
 In the ﬁrst 3 seconds, to reach
the driver-set velocity, the ego
car accelerates at full throttle.
 From 56 to 76 seconds, the
deceleration/acceleration
sequence from the 25 to 45
second interval is repeated.
 From 3 to 13 seconds, the lead
car accelerates slowly. As a
result, to maintain
a safe
distance to the lead car, the ego
car accelerates with a slower
rate.
 Throughout the simulation, the
controller ensures that the
actual distance between the two
 From 13 to 25 seconds, the ego
car maintains the driver-set
velocity, as shown
in the
Velocity plot. However, as the
lead car reduces speed, the
spacing
error
starts
approaching 0 after 20 seconds.
 From 25 to 45 seconds, the lead
car slows down and then
accelerates again.
vehicles is greater than the set
safe distance. When the actual
 The ego car maintains a safe
distance from the lead car by
 distance is suﬃciently large,
then the controller ensures that
the ego vehicle follows the
driver-set velocity.
15
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