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Reference examples

Adaptive cruise control
Path following control
Lane keeping assist
Lane change
Automated Parking

...and more...

MATLAB T E%j

Pre-built ADAS blocks
Code generation support

ISO 26262 and MISRA-C
compliant

Simulink blocks: Adaptive
Cruise Control System, Lane
Keeping Assist System, Path

Following Control System
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Different types of MPCs

Linear (implicit) MPC
Implicit, explicit, adaptive, LTV, gain-
scheduled, discrete control set MPC

Nonlinear MPC
Single and multi-stage formulation

MPC Designer App

Interactive design of linear (implicit)
MPCs

4\ MathWorks

Optimization solvers
Built-in deployable solvers

Custom/3'd party solver support
Integration with FORCES PRO
Support for custom QP and NLP
solvers

Automatic code generation

C/C++, CUDA code,
|[EC 61131-3 structured text
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Linear MPC

LTI MPC
Adaptive MPC
LTV MPC

Online constraints
Online weights

Simulink blocks

Code Generation

MATLAB Coder
Simulink Coder

Embedded Coder

ANele

MPC Designer

Linear MPC

Run-time mixed I/O
constraints

Code Generation

Suboptimal solution

Custom QP solver plug-in

Linear MPC
Run-time time-varying
weights

Nonlinear MPC

Generic Nonlinear MPC

ADAS Blocks

Adaptive Cruise Control

Lane Keeping Assistant

Code Generation

ACC block
LKA block

Linear MPC

Run-time horizons

Nonlinear MPC

Simulate as Adaptive and
LTV MPC

ADAS Blocks

Path Following Control

Code Generation

PFC block

Linear MPC

Interior-Point QP Solver

Run-time time-varying
constraints

Code Generation

Generic Nonlinear MPC

Plug in FORCESPRO QP
solver

Linear MPC
Run-time horizons

Support “quadprog”

Nonlinear MPC

Multi-stage nonlinear MPC

Hybrid MPC]

Discrete Control Set MPC

Code Generation

Multi-stage nonlinear MPC
GPU Coder

ISO 26262 compliance
MISRA C compliance (22a)

Plug-in FORCESPRO NLP
solver

Numerous examples have been added to Model Predictive Control Toolbox in the past releases, especially in the Nonlinear MPC, ADAS and

Code Generation areas.
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Plant
Linear ‘ Nonlinear If performance
expectations are
1 l not met with
Linear MPC Adaptive MPC —292veMPC _ Nonlinear MPC

Linear prediction
model — adjusted
at run time

Quadratic cost :
function Quadratic cost Arbitrary cost
function function

Linear constraints Nonlinear
constraints

Nonlinear prediction

Linear prediction
model - predefined

model - predefined

Linear constraints
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MPC design in
MATLAB and Simulink

Closed-loop desktop
simulation

Deployment to CPUs, GPUs

19
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Demo: HEEWFZF ARG ITEEMBIEN MPC

X Linear MPC design
using MPC Designer app:

Import LTI internal plant model
- Specify controller sample time
e Specify prediction & control horizon

Autonomous vehicle
steering system

ettt it . et s st

Specify constraints & weights &

scale factors

MPC Designer App

Reference
: : Closed-loop
trajectory
HIPG DESlgT desktop simulation

Adaptive MPC design :

Design linear mpc for the

/' average operating conditions
! Update internal plant model
and operating conditions

20
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Partitioning lane following control algorithm into multiple
modules for real-time testing

Real-time testing with Speedgoat hardware and
driving simulator

Acceleration,

Speedgoat Baseline: s = Steering Angle, P / Speedgoat Baseline:
*Vehicle Dynamics Ehecag | Z%¢a&qg ¢ = +MPCLane Following
G W Sy T NP E— P ) v 7

&2 I : & Controller
Vehicle State
Lanes,
Vehicle Pose l T Tracks,
Set Velocity
Host PC:

*Scenario Rendering
*Camera Generation
*Lane Detection

Color legend:

Host-Target-Link
CAN

Driver
input

&\ MathWorks

Camera pr= %
view it 3 Prototyping
unit

Host PC
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- IR T R B
= %B{F T;I‘-& BAEFE Iiﬁﬁg HTI |\E—'.| “We were able to conduct multiple parameter studies
= SRR E RIS via simulation in Simulink to tune our controller and

reduce its computational load. Simulation gives us
deep insight into the internal details of the design,
which contributes to improved accuracy and time

savings when adjustments are needed.”
- Taku Takahama, Hitachi Automotive Systems

Link to user story 25
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MPC Controller

Adaptive MPC Controller
Explicit MPC

Multiple MPC Controllers
Adaptive Cruise Control System
Lane Keeping Assist System

Path Following Control System
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Model Predictive Control Toolbox
Design and simulate model predictive controllers

Get a froe trial

Modal Predictive Control Toolbox™ provides functions, an app, and
simulink® blocks for designing and simulating controllers using linear PR o
and nonlinear model predictive control (MPC). The toolbox lats you

specify plant and disturbance models, horizons, constraints, and

weights. By running closed-loop simulations, you can evaluate controller

performance.

You can adjust the behavior of the controller by varying its waights and
constraints at run time. The toolbox provides deployable optimization
solvers and also enables you to use a custom solver, To control a
nonlinear plant, you can implement adaptive, gain-scheduled, and
nonlinear MPC controllars. For applications with fast sample rates, the

toolbox lets you generate an explicit model predictive controller from a What Is Model Predictive Control Toolbox?

Model Predictive Control Toolbox

Automated Driving

Automated Driving with MATLAB,
Simulink, and. RoadRunner

MATLAB®, Simulink®, and RoadRunner advance the design of
driving perception, planning, and control systems by enabling engineers
to gain insight into real-world behavior, reduce vehicle testing, and verify
the functionality of embedded software. With MATLAB, Simulink, and
RoadRunner, you can

* Access, visualize, and label data

« Simulate driving scenarios

+ Design planning and control algorithms

+ Design perception algorithms

Automated Driving with MATLAB, Simulink

and Roadrunner

Category
Model Predictive Control Toolbox

Get Started with Mode!
Predictive Control Toalbox

MPC Design
Explicit MPC Design
Adaptive MPC Design
Gain-Scheduled MPC Design
Nonlinear MPC Design

Code Generation

Automated Driving
Apphicatior

umentation  Examples  Functi

Automated Driving Applications

+

Obstacle Avoidance Using
Adaptive Model Predictive
Control

4
Traffic Light Negotiation

Lane Keeping Assist with
Lane Detection

Lane Following Using
Nonlinear Model Predictive
Control

&\ MathWorks

4

Traffic Light Negotiation
with Unreal Engine
Visualization

+
Lane Following Control with
Sensor Fusion and Lane
Detection

4

Adaptive Crul
System Usind
Predictive Col

Highway Lan)|

Automated Driving Reference Applications



https://www.mathworks.com/solutions/automated-driving.html
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Learn how to design and implement linear,

Learn how to select _ _ _ _
Check out tips & tricks for implementing MPCs: adaptive and nonlinear MPCs:

MPC design parameters:

TUNNG S
Sample tme: 0.1 A -

MPC Controter: [ mpct
Prediction horizon: 10

U
Estimation
Models v

L. roRIZON - —

[ ) B ] model
Adaptive - ==
m mo MPC mv

Steering angle

?r{

|

Three Ways to Speed Up Model
Predictive Controllers

Openrloop System Respense

Recommendation: WHITE PAPER
U
! -

i

MPC mv

ref

Dr. Alberto Bemporad
" . ——»iref

Plant

Whitepaper: 3 Ways ~ How to Implement MPCS  \ATLAB Tech Talk: Howto  MATLAB Tech Talk: How to
MPC Design Parameters to Speed Up MPCs Design Linear MPCs Design an Adaptive MPC

MATLAB Tech Talk

Dr. Alberto Bemporad

MATLAB Tech Talk: How to Designh a
Nonlinear MPC for Lane Following

MATLAB Tech Talk:

How to Design MPCs

Dr. Alberto Bemporad
Co-author of Model Predictive
Control Toolbox

How to Run MPC Faster?
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https://www.mathworks.com/content/dam/mathworks/white-paper/3-ways-to-speed-up-model-predictive-controllers.pdf
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