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Introduction to Control Design

= Automatically tune arbitrary SISO
and MIMO control systems modeled
in Simulink
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= Deploy PID Autotuning algorithm
to embedded software

= Rapidly perform advanced linear
analysis and control design for
plants modeled in Simulink
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Automatic tuning of PID, gain-scheduled, and arbitrary
SISO and MIMO control systems in Simulink ey

PID autotuning algorithm deployable to embedded )
software R

— Block Response

Aol

Operating-point calculation (trimming) and model
linearization o

0 0
Time (secands)

Frequency response estimation from simulation data

Batch linearization for varying parameters and operating
pOintS %% Gathering Simulation Snapshots

% To get operating point snapshots at various instants

% of the simula on use

op = findop('scdpneumaticlin', [0 10 20 30 40 SO &0]): &
%% The operating point is now ready for linearization. l =

% First specify the input and output points using the commands:

io(1) = linio(' aticlin U - - O 1) ——

io(2) = linio('scdpneumaticlin/Cylinder Pressure Model',1,'out'): 1

%% Linearize the model and plot the Bode plot for each condition ] s

% to see the variablity in the linearizations. 3
sys = linearize('scdpneumaticlin',op,io): =

bode (sys)
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Design and Tuning of PID Controllers
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PID Controller
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advanced features such as

(requires Simulink Control Design).

Jd D
anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button

Controller: [PL

~ | Form: [Parallel

‘Time domain:
@ Continuous-time.
12 Discrete-time

Controller parameters
Proportional (P): 0

Main | PID Advanced | Data Types | State Attributes |

Integral (1): 0.0013

Initial conditions

P+ N

-

Integrator: 8.9

External reset: [none.

7] Ignore reset when linearizing
"] Enable zero-crossing detection

ok ][ concel || wew | ooy |

Bu_LoacBO
i | | Step Plot Reference tracking ¢ |
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Tune PID Controllers for Simulink models with
discontinuities such as PWM and Stateflow logic

Compute plant transfer function from simulation
input-output data when exact linearization fails

Inject a step or an impulse at the plant input

Interactively or automatically fit the transfer
function to simulation input-output data
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accept results and update dentiication data.




PID Autotuning
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Main | PIDAdvanced  Data Types  State Attributes
Controller parameters

Source: internal

~ | = Compensator formula

Automatically tune PID controller gains repon ) oo

for models with plants that do not T

linearize

Frequency-response based PID Tuner
simulates the model to estimate its
frequency response at a few frequencies
near control bandwidth

Controller gains are automatically
computed from this frequency response

The method can be used for models that do
not linearize, for example, power
electronics systems

Integral (I): [0.0030038

Use filtered derivative

Filter coefficient (N 100

Select Tuning Method: [Frequency Response Based

Transfer Function Based (PID Tuner App,

Initial conditions Frequency Response Based

SoureETTIeErar

Deseription

When you click Tune, twe reunds of simulation run to:
(1) Pesturk cpen-loop plant wi
(2) Estimate plant freguency r
{3) Tune PID gains to achieve the target phase mangin at the target bandwidth

ufing the specified time frame.
m the experiment

Experiment Settings

© Panl is ssympototicaly slabie © Piant has & singls infegrator
Start tme (10); [o | Duration (tspany: 100

Sine ampltudes (Asn) 1 Step ampltude (Astep): |1

Design Specifications

Target bandwidth (radisecy: [1 | Target phasc margh (dograss): (60

P Automaticaly update biock

Tuning Results
Gains: PID gains are not tuned et

Clck “Tune” to start funing

Ugdate PID Block | | Export To MATLAB Hige Cloas Hel
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PID Autotuning — JE
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Deploy PID autotuning algorithm
to embedded software

- Use Online PID Tuner block to
generate autotuning code and deploy
to embedded software

- PID autotuning is model-free, no a
priori model of the plant is required

Bunning the model on LEGO MINDSTORMS EV3 View diagnostics __ 79% T=273350 FiedStepDiscrete _ [Runnin

- PID autotuning generated code can
be used completely independently
from Simulink or through External
Mode
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Find trim points using optimization
methods

Trim at specific times or events during
simulation

Automatically generate MATLAB code from
the Graphical User Interface

Nonintrusive Trimming of Simulink Models
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4\ Linear Analysis Tool - dehavillandControl

@ M

Specifications ~ Optimization ~ Trim  Close

TRIM MODEL

options v | Tab
seTmnGs Tun | close

Data Browser 0 Specifications for trim

Search workspace variables P States | Inputs | Outputs|

~ MATLAB Workspace state Valve [ State Specifications

Name ~ Value | ["Iknown [ ["ISteady State | Minimum | Maximum

e s (10597 Dy DoF alculate DCM & Euler Angles/phi theta psi

A aclv 110951 State - 1 0 ] Inf Inf

FB Arud 1-9.2131, State - 2 01303 ] -Inf Inf

8 Bail [27.4630.. - | |state -3 0 [ -Inf Inf
..landC illand Beaver Air par

v Linear Analysis Workspace ciate 1 o = It

Name = Value State - 2 ] Inf Inf

@ snapshot 5 sec  <1x1 op.. State - 3 0 -Inf Inf

Ldurim point ] <lx1 op. < Beaver Air ircraft Dynamics/6DoF i b, wh
State - 1 4454 (=] ] -Inf Inf
State - 2 2714 o 2] -Inf Inf

~ Variable Preview State - 3 5.836 =] 7] -Inf Inf

Irimmed operating point for .dControl/DeHavilland Beaver Ai i Dynamics/6DoF i yeze

T swe1 [ w0 [ B B

e State -2 0 O e i

15 stetes and 4 inputs State - 3 -2202 -Inf Inf
..ind Gust Model/Distance into gust (x)/Distance into Gust (x) (Limited to gust length d)
State-1 | 0 | O I ] [ o [ 10
.nd Gust Model/Distance into gust (y)/Distance into Gust (x) (Limited to gust length d)

!

[ syncwith Model || import Intial Values.. |

4. Linear Analyss Tool - dehavillandControl

Lal e o W
Spechicnon  Ostwaaton | Tm  Cloe
oo -

serna #] enerate MATLAD Code

ngpointanapsh

% Run simulation to extract snapshots

findop (model, [51);
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Simulink Models |5 ===t
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Linearize without having to modify model structure

Linearize whole model, portion of model, single block,
or subsystem

Specify linearization behavior of any number of blocks
in the model

— Linearize models containing discontinuities or event-

based logic [ ;
— Compute uncertain linear models for use with Robust - "
Control Toolbox 313 <
Use linearization Inspector to view and plot s TR
s
" rom o o -
[l Aerodynamics .
s o

] Incidence & Airspeed

Right-click on block list for options|
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Simulation-Based Computation of a 5B

Simulink Model Frequency Response

Compute frequency response for models with strong
discontinuities or event-based dynamics

Verify results of a linearization

Study the effects of excitation signal amplitude on
nonlinear system’s gain and phase characteristics




