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Agenda

Data Acquisition:
Input and output (I/0) data of the DC Motor is captured on the host PC
using the Arduino Simulink blockset.

System ldentification / Modeling:

System lIdentification Toolbox (SID) used to obtain the transfer function
(Time domain) of PMDC motor platform using the captured 1/O data as the
input to the SID toolbox.

Parameter Estimation:

Simscape DC Motor parameters are tuned to match the DC motor on the
platform, using the captured I/O data.

Controller Design:

Tune the parameters of the PID controller to control the speed of the
Simscape DC motor model in the closed-loop structure.

Rapid Prototyping:

Build/load the tuned PID controller into the Arduino platform, capture the
I/O data, and verify the speed response of the PMDC motor.

Objective
The objective of this experiment is to use MATLAB/Simulink tools for modeling

and control design of embedded mechatronic systems. We consider a Permanent

Magnet DC Motor (PMDC) interfaced with Arduino on a custom made circuit

board. The goal is to identify the transfer function of the PMDC Motor, estimate

its parameters and design/implement control to regulate the speed of the PMDC

motor.




Hardware and Software Requirements

e Hardware

1. Permanent Magnet DC Motor with an integrated tacho-generator.

Specifications:
e Speed: +/- 4000 rpm @ 12V
¢ Inductance: 7mH

e Resistance: 10 Q
e Torque: 3.45 Oz-infamp
e Tacho:1.9V /1000 rpm

2. Arduino Duemilanove microcontroller development board.




3. Custom Circuit Board

Specifications:
e Arduino Duemilanove
e Super Droid H-Bridge Motor Driver (LMD 18200T)
e Op-Amp Level Shifter
e DC-DC Converter module (DCWO03A-12) (+12-0--12)
e PMDC Motor

e Software
1. MATLAB (R2010a or later)
. Simulink
. Arduino Target Toolbox
. System Identification Toolbox

. Simulink Control Design Toolbox
Real-Time Workshop
Real-Time Workshop Embedded Coder
Instrument Control Toolbox
10.State Flow and State Flow code

2
3
4
5. Simulink design optimization Toolbox
6
7
8
9




Things to Check / do before Start

e Check to see if Arduino Target toolbox is installed in Simulink:
-Open Simulink, and to the left you should find ‘Arduino Target’'.
e Check if you have a DC Adapter, USB Cable, Arduino work platform on the
workbench.
e Open the folder on desktop\ECE456\Arduino and find 6 Simulink ‘.mdl’ files
and a ‘.mat’ matlab file. Copy the contents.
e Create your own folder inside ‘ECE456_Students’ on the desktop and paste

the copied contents. These are the files you would be working with.

Note: If any of the above is missing, contact the T.A. or lab personnel.
Please do not alter the files or change contents in the original directory.

Caution

¢ No food or drink allowed near the setup.

e Please exercise caution when working with the setup to avoid any static
discharges.

e Please read the manual carefully before proceeding with the experiment.

e If you have any questions, please do not hesitate to ask. Authorized lab
personnel would be present at all times during your experimentation.

Block Diagram

ARDUINO MOTOR PMDC LEVEL
DUEMILANOVE > DRIVER MOTOR > SHIFTER
LMD 18200T UA-741

DATA ACQUISITION / PC

A 4

USB—RS232 (FTDI)




Procedure for SYSTEM IDENTIFICATION

1) Connect the ‘Arduino’ board to the USB port of the PC. The FTDI drivers should
automatically configure and assign a COM port. (Admin rights required on the

computer to complete the driver installation when the board is connected the

first time).

2) Start MATLAB R2010a and make your folder the current working directory in

MATLAB.

3) Open ‘Simulink’ either by typing ‘simulink’ in the command window or by

clicking on the Simulink icon present on the toolbar.

File Edit Debug Parallel Desktop Window He
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4) Open the file ‘Mot _ldent.mdl’.

Simulink file to capture the input and cutput of PMDC motor

Verify that the sampling time "Ts = 0.01" in the workspace.

¥
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5)

6)

7)

8)

9)

Check and note down the COM port number from the command window.

Build the ‘Mot_ldent.mdl’ file into the target. Use either ‘Ctrl + B’ or click on the
icon ‘Incremental Build’” present on the toolbar as shown below.

i emd B BS . REEE®
by

This successfully programs the target with the simulink file ‘Mot_Ident.mdl’. In
the process, observe the ‘Tx’ and ‘Rx’ LED’s flashing on the Arduino board and
also a ‘successful build’ message confirms the build procedure to the target. If
there is an error during the build procedure, note the error message and call the
T.A.

Open the file ‘Mot_Ident_host.mdl’ and check the COM port number.

To Workspace

Data | — = simout

COn4

Status P simoutl

Serial Receive To Wordspace1

COnMa
57800
&.none, 1

Serial Configuration

Change the COM port number of the serial receive block if the system has
assigned a different COM port at the beginning. This can be done by double
clicking on the ‘Serial Receive’ block and changing the COM port from the drop
down as shown in the figure (next page).

The system then queries the user for the addition of a ‘serial configuration’
block with the current COM port number. Click ‘Yes’. Double click on the newly
added ‘Serial Configuration” block and change the ‘Baud Rate’ from 9600 to
57600. Delete the older ‘serial configuration’ block.




r y
B4 Source Block Parameters: Serial Receive &J

Serial Receive

Receive binary data over serial port.

Parameters

Communication port: [<Please select a port...> L\J
Header: A

Terminator: NULL ("\0") v
Data size: 2 55 ]|

Data type: lint32 -

["] Enable blocking mode

Action when data is unavailable: [Output custom value v ]
Custom value: 0
Block sample time: 0.01
[ OK ] [ Cancel | [ Help ]

.

Attention: If your COM port number does not show up in the drop down, then
STOP your procedure and restart MATLAB and Simulink and follow steps from

start.

Also, check the Block sample time, Data type, Header, Terminator and Data size.

They should exactly match the above parameters.

10)

11)

12)

Power the board by connecting the DC adapter and switch ‘ON’ the DC Motor
platform. You should see the DC motor running.

Start the data capture by pressing the ‘Start Simulation” in
‘Mot_Ident_host.mdl’ as shown in the figure below.

_}L} bnf |N-:un'r|a| ﬂ 22

Run the simulation for about 10 seconds and stop. This collects input and the
output data from the DC Motor and stores them in the workspace in the
variable name ‘simout’ and ‘simoutl’. Save all 5 variables present in the
workspace into a single ‘.mat’ file. (example: Original_data.mat’)




13) To extract the data, open the program ‘Extract _data.m’ and execute the
‘Without Controller’ cell by using ‘Ctrl+Enter’ and then observe the plot.
Input and Output RPM
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14) System ldentification toolbox is used to find the time domain model of the DC
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motor. This toolbox needs the knowledge of input, output, and sample time.
Toolbox is opened by typing ‘ident’ in the command window. Choose the ‘Time
domain data’ menu from the drop down as shown. Enter the input ‘ir’ and
output data ‘or’ variables in the Import data window.

File Options Window Help
Import data “A Import models v
Import data Operations ‘
Time domain data...
Freq. domain data... k <— Preprocess v
Data object... 1
Example...
| -
Working Data
Estimate —> v
Wi Model Vi
Data Views To To odel Views
Time plot Workspace | LTI Viewer Model output Transient resp Nonlinear AR
Data spectra Model resids Frequency resp
Trash Validation Data EE R
Status line is here.




15) Variables of interest ‘ir’ and ‘or’ correspond to the Input and Output RPM’s of
the DC Motor. They should be in the workspace. If not, please run the
‘Extract_Data.m’ program and then check these variables.

r T T
B import Data [=[=3] = T
Data Format for Signals
Time-Domain Signals -
Workspace Variable
Input: ir
Output: or
Data Information
Data name: mydata
Starting time 0
Sampling interval: D.O1|
[ import ] [ Reset ]
lag
Close ] [ Help )
|

16) From the ‘Operations’ menu, select the range for ‘Working data’ and

‘Evaluation data’, as shown.

File Options Window Help
Import data v Import models v
* Operations ‘
; <— Preprocess X
mydata —t
<— Preprocess
Select channels...
Select experiments...
Merge experiments...
Remove mea k
Remove trends
Fitter...
Data Views Resample... Model Views

Transform data...

[] Time plot Quick start Model output Transient resp lonlinear ARX

["] Data spectra Frequenc

[] Frequency function ”

imhyciata Noise spectrum
Trash Validation Data s
Data set mydata inserted. Double click on icon (right mouse) for text information.




File Options Style Channel Help
Input and output signals
5000 T T — T ————
Time span:
or | i £.0217 13.196
=
-5000 r |_ S Samples:
_10000 1 1 1 1 | 1 603 1321
Drata narme:
B000 e - —
| mydatay
= 0 i - l Ingert I
| Ly
[ Rewert l
|
-5000 L . — — —
0 2 4 § 8 0 12 14 [ Close |
Time
Press Insert to sccept marked data set.

Once selected, Estimation data and Validation data will appear in the ‘Data
Views’ pane.

17) If your dataname is ‘MyData’ then estimation data will be ‘MyDatae’ and
validation data will be ‘MyDatav’. Drag the ‘Estimation data’ into the working
data space and ‘Validation data’ into the validation data space as shown.
‘Linear Parametric models’ is chosen to estimate the system.
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) Spectral models... - L
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18) Choose ‘Order selection’ as criteria and click ‘Estimate’.

u Linear Parametric Models Iilﬂl—J&
Structure: ARX: [na nb nk] > |
Orders [1:101:10 1:10]

Eqquation: Ayv=Bu+e

Method: @ ARY N

Matme:

Focus: Prediction Initisl state: | o 0 > |

Dist.model.  Estimate Covariance: Estimate x|
Display Stop terations

l Order Selertion ] l Order Editor... ]
by

T Estimate. ] | Close ] | Help ]

L -+

19) Make a selection from the bars and click on ‘Insert’ to import the model into
the ‘Model views’ pane. Choose a smaller bar for a good estimate.

-

EARJ{ Model Structure Selection = | = 28

File Options Style Help
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Click on barzs to inzpect models.




20) Check the ‘Model Output’ box to view the % fit of the obtained ‘ARX’ model.

n System Identification Tool - Untitled =R Y

File Options Window Help

Import data - Import models -
* Operations ;
f <— Preprocess - J
mydata mydatae 1. ’ arx10103
mydatav g

mydatae

Working Data

!

Estimate —= -
Data Wiews Moclel iewss
To To
[] Time plot Workspace | (LTI Viewer Ergdudel output [7] Transient resp Monlinear ARX
|:| Data spectra |:| Model resids |:| Frequency resp Hamm-VWiener
|:| Freguency function ] / |:|Zerus and poles
mydatav |:| )
Noize spectrum
==k Validation Data

Click on dataimodel icons to plotiunplot curves.

The higher is the % fit, the better is the estimation of the system under test.

ll Model Qutput: y1 - I. — | (=] |ﬂh
File Options Style Channel Help
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21) From the ‘Model Views’, drag and drop the ‘arxXXXX’ model into the ‘To
Workspace’ block to bring the model into the workspace.

Systemn Identification Tool - Untitled o = P!

File Options Window Help

Import data b Impert medels b
* Operations ‘
f <— Preprocess - 3
mydata mydatag 1 arx10103
dat /
mydatav —
mydatae

Working Data

Estimate —=, -
Data Views L Model Yiews
To To
Time plot Workspace | | LTI Viewer @}MM&I output Transient resp Monlinear ARX
Data spectra Model resids Freguency resp Hamm-\Viener
Frequency function ” / Zeros and poles
mydatav ;
Moize spectrum
== Validation Data

Click on dataimodel icons to plotiunplot curves.

22) Find the transfer function and convert the transfer function to continuous time
from discrete time.

Tf1=tf(arxXXXX,’'m’);
Orig_tf=d2c(Tf1,’Ts’,0.01);

Hankel Singular Value decomposition (HSVD) is used to obtain a reduced order
model of the system. HSVD determines the significant modes of the system
and provides the state energy of all the states in the system. This information
can be used to determine the lowest possible order the system can be
reduced.

Tf1=tf(arxXXXX,’m’);
Orig_tf=d2c(Tf1,’Ts’,0.01);

hsvd(Orig_tf)




23) In the HSVD plot, the X-axis gives the ‘order’ of the system, and the Y-axis is
gives the f‘state energy’. The longer the bars, the more effect the
corresponding order will have on the system. Type the commands below to
perform these operations and also analyze the obtained figures.

Hankel Singular Values (State Contributions)
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From the above HSVD plot, it is clear that most of the system’s state energy is
in its first four states. Hence, a 4™ or 3" order state equation can provide an
acceptable model for the system. The balanced-order model reduction
algorithm can be used to find a system model of specified order, as

Red_tf=balred(Orig_tf,3);

Bode plots of both the transfer functions are compared.

Bode Diagram
From: u1 To: y1
0
-10 }
g =20 -
o
3§ 30}
2
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24) With the model obtained, a PID controller is designed to control the speed of the
DC Motor. Open the Simulink file ‘DC_Motor_Model with _Control.mdl’.

|
Ll
num{s) : I

Scope

oooo
fee)

hd
¥
¥

PID(s)

den|s) .
Signal PID Controller Transf]:;m

Generator

¥

25) Double click on the ‘Transfer Fcn’ block and enter the numerator and
denominator coefficients of the reduced order transfer function.

F N
E Function Block Parameters: Transfer Fcn I.&J

Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

Parameters

Numerator coefficients:

[0.2428 4324 -2.815e005 6.?54EDDE]|
Denominator coefficients: %

[1 6.557e004 1.673e006 6.1932006]
Absolute tolerance:

auto

State Name: (e.g., 'position’)

) [ oK H Cancel || Help | Apply

26) The PID controller is tuned to get the desired response from the DC Motor. To
accomplish this, double click on the PID controller block in the current Simulink
model, and click on ‘“Tune’. This launches the interactive PID tuning GUI to tune




the PID controller to the desired performance parameters. The parameters are
tuned by moving the slider as shown below. The tuned parameters are
updated by checking the ‘Automatically update block parameters’.

u PID Tuner (DC_motor_model_with_control/PID Controller) | e S
&S ’Em/" a 2 Design mode: | Basic o Type: PID Form: Parallel
Plot: | Step reference tracking - Show response from block Hide parameters 4m
12 T T T T T T T T Controller parameters
Tuned Block
P 0.85883 0.59858
I 4.3657 3.3058
------------------------------------------------------------ D -0.017304 -0.061849
M 48.2385 81202
% -------------------------------------------------------------
% Performance and robustness
T 04| T 1o P 1 [ s 1o ro Tuned Block
; : Lo : Lo : Rise time (sec) 0.232 0.284
2F---44 R e R FEREEEEEEEEEE [EEREEE SRR EEEEEE -1 Settling time (sec) 0.758 1.34
: H H : H H . . Overshoot (%) 5.84 743
A H— T R Le— ! . | Peak 1.06 107
' : : ! : $'°°"d“359°”“ Gain margin (db @ rad/sec) 119@151 127 @115
_ | . : . : : e Phase margin (deg @ rad/sec) 606 @46 60 @ 3.82
B"c 0.2 0.4 0.5 0.8 1 1.2 14 185 18 Closed-loop stability Stable Stable
Time (sec)
Interactive tuning
Response time: 0,435 sec
Slower Faster
J [] Autornatically update block parameters l Ok l [ Cancel ] [ Apply ] ’ Help ]

27) With the current tuned PID parameters, the response of the obtained DC
motor model is checked by simulating the model and observing the output
plot. The simulated output is shown (next page). The PID controller is tuned
again if the output of the simulation does not satisfy the desired requirements.
Repeat steps 26 and 27. On meeting the desired specification, copy the PID
controller block from ‘DC_Motor_Model_with_Control.mdl’.




Scope = | B ||

SHPLL AREB BA R 2

28) This tuned PID controller is implemented in the target to verify the response of
the actual DC motor. Open the Simulink file ‘Mot_with_Control.mdl’. Paste the
copied PID controller in place of the existing PID controller block in the
‘Mot_with_Control.mdl’ Simulink model.

Samgle Time Ts=0.01

7|£ =W uintd p{Fin & /_\_/, Serial Config

ooono
Lels)

Signal |ler Saturation Abs1 Gain? Data Type Conversion Anal
L Analog Cutput = E7H,
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P It Outt »=10 b Fin 13
Gajn3
C 2aing — f an
F Y Subsystem L"I'nanP;;E Gaind Digital Cutputi uintE A7)
Header
L g I int1E J| From Analog In Te Serial 1 Serial Write
Data Type Conversioni
“ita Type Lonversion Convert int18 to uint8 Amay .I—’ Serial Write
Constant2 ///|
_+ \_\K_J= ' | From Analog In To Serial
Gain1
Convert int18 to uintd Amay1
Constantl

b4

l i ]
/\/ Fin 0 p| double | int1E uint&(0)

den(s)

Analag Input Data Type Conversion2  Transfer Fon Dats Type Conversiond Terminator!




29) ‘Ctrl + B’ is used to build this model into the target and checked for the actual
DC motor response.

30) Repeat steps 7-12 for capturing the data into MATLAB workspace. Capture the
data for 4 cycles when the DC motor is running.

31) To extract the data, open the program ‘Extract_data.m’ and execute the ‘With
Controller’ cell by using ‘Ctrl+Enter’ and then observe the plot.

Input and Output RPM

T T e ¢ T .
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32) This completes the DC Motor system identification with control design using
the System ldentification toolbox. The plot above successfully demonstrates
the capability to successfully implement a control of a DC Motor using the
existing MATLAB/Simulink tools on the Arduino platform.

Alternatively, the parameters of a Simulink/Simscape model of the DC
Motor can be estimated and adjusted to match the captured I/O data of the
actual DC Motor. Later, a controller can be designed to control the
Simulink/Simscape DC Motor which can be implemented to target to check the
performance of the actual DC Motor.




Procedure for PARAMETER ESTIMATION

1) Clear the workspace and load ‘Original_data.mat’. Confirm the 5 variables
present in the workspace: Ts, comports, simout, simoutl and tout. Open
‘Extract_Data.m’ and execute the ‘Without_Controller’ cell.

2) Open the Simulink file ‘Simscape_DC_Motor_Model.mdl’. Double click on the
subsystem to see the Simscape model of the DC Motor.

3) Check the initial values of the L, R, I, K, k(1:6) parameters of the DC motor in the
workspace before you proceed further. If you don’t find these variables, please
contact the T.A.

4) From the ‘Tools’ menu, open the ‘Parameter Estimation’ dialog.

File Edit View Simulation Format | Tools | Help

DecHd&E S Simulink Debugger... - & =1 m ®
Model Advisor...

Model Dependencies 4
Fixed-Point >
Lookup Table Editor...

. Inertia
Data Class Designer... Mechanical

Bus Editor... —--G|—{ Rotational

Reference

Speed

e PS-Simulink
rofiler 3 < “—'a'g
nhductance  Resistance 2
(& —a| i PSS 1
@

v Coverage Settings... Y Y p o AANA

Ideal PS-Simulink1
Requirements » Rolational
i ifi <= Motion
Design Verifier » ] b —

Sensor Terminator
HE )

Solver
Configuration

d

e Mechanical

N 2

== Rotational
Reference1

Signal & Scope Manager...
Real-Time Workshop »
External Mode Control Panel...

Control Design »
Parameter Estimation... %

Report Generator...

HDL Coder »
Compare Simulink XML Files...

Utilities for Use with TASKING(R) IDE 3
Data Object Wizard

SystemTest...

MPlay Video Viewer...




5) Click on ‘Transient Data’ and click on ‘New’ to create ‘New Data’ as shown.

‘Q Workspace Transient data sets

E]QI Project - Simscape_DC_Mg
5 imati c N P rti
=) Estimation Task ane roperties

ERia] 12nsicnt Dot- Il A i
“[14]] New Data

[ Variables

- Ea Estimation
i)-[2g Validation

Description:

@ Delete Edit...
< 1 | » .

Transient data sets are stored in this folder. Press 'New' to create a new data set

6) Click on ‘New Data’ and Import the Input data ‘ir’ and Output data ‘or’ from the
workspace. ‘t1’is the time vector.

File View Help

gh|aa)|
4\ Workspace Input Data | Qutput Data | State Data
i —‘1] rOJeq ) Slrnscape_DC_Mc Assign data to blocks
&) Estimation Task
=] ' Transient Data Block Name Data Time/Ts Weight Length
iz 3 -[i+1] New'Datal Simscape_DC_Motor_model/Voltage
[ Variables Channel - 1 [ | | 1 | i

[& Estimation
g validation

Impor,.. [ Pre-process... ][ Plot Data ] [ Clear All
C T F—T— , t} =

{Import...|
- New Data node has been added to Transient Data. -

Select the tabbed panels to configure the transient data set.




7) Under the ‘Estimation Task’ menu, select ‘Variables’ and then click on ‘Add’ to
select all the parameters to be estimated.

File View Help
gh|ad|
: Workspace Estimated Parameters | Estimated States
B‘E‘l ro;ect. i Sut'nscape_DC_Mo Selected parameters Default settings
E}-' Estimation Task
E] Transient Data T pae
+1] New Data Value:
Ea Initial guess: l ‘
& E Estimation ore ‘ ‘
% New Estimation SiuRsbE
o R Views Maximum: l |
- [Cg Validation )
Typical value: l l
Referenced by:
-~
Add.. ‘ Delete \ -
< T »
=TIV CSUMATOITTIOUE TS DESTT 80Uy (U TS UITEUoTT:
- New Validation node has been added to Validation. =
Select the tab panels to configure your estimation parameters and states. i

_.j Select Parameters — M

Select additional parameters to estimate

Name Size

Specify expression (e.g., s.x, a(3), b{2}):

| |
[ OKh_][ Can... ” Help H Apply ]




8) Specify the initial guess, minimum, and maximum values for all the chosen
parameters. From the ‘Selected Parameters’ pane, choose the variable and edit
its values in the highlighted window as shown. The values are specified in the

table below:
Parameter Initial guess Minimum Value Maximum Value
| 0.0002 Kgm® 0.0001 0.001
K 12/4000 V/rpm 0.0002 0.003
L 7 mH 0 400
R 10Q 0 400
K2 12/4000 V/rpm 0.0002 0.003
¥ Control and Estimation Tools Manager = B
Eile View Help
o i S ™
Q« Worksp_ace . Estimated Parameters | Estimated States
Bmg.f;}:r;as;z:;::;[]c_m Selected parameters Default settings
EJ Transient Data ! % i e I
s K Value: 0.0002
@ Variables L Initial guess: |1
E Estirnation R o
Ea Validation k2 Minimurn: -Inf
Maximum: +Inf

Typical value:

Referenced by:

I

Simscape DC Motor_model/Subsystem/Tn

| Add.. || Delete |

€ | n | 3

- New Data node has been added to Transient Data.

Select the tab panels to configure your estimation parameters and states.

i

9) Click on ‘Estimation’ to add a ‘New Estimation’ environment. Click on ‘New

Estimation’ to select the data set from the ‘Data sets’ tab as shown in the figures
(next page).
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- New Data node has been added to Transient Data.
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- New Estimation node has been added to Estimation.
Select the tab panels to configure your estimation.




10) Using the ‘Parameters’ tab, select and check all the variables for estimated.

File View Help

gD ad|
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=] Ej Project - Simscape_DC_Motor_m N
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- New Validation node has been added to Validation.

Select the tab panels to configure your estimation.

11) From the ‘Estimation’ tab, click on ‘Estimation Options’, and under the ‘Parallel
Options’ tab, select the ‘Use the matlabpool during optimization” and click OK.

’ Simulation Optionsl Optimization Optionsi Parallel OptiOHS|

Use the matlabpool during optimization

Medel path dependencies

No model path dependencies.

4

Finding model path dependencies...

[ Add path dependency... ] [ Sync path dependencies from model

| ok || cancel || Help || Apply |

12) Inthe MATLAB command window, type ‘matlabpool’.




13) Under the ‘Estimation’ tab, select ‘Show Progress views’ and click on ‘Start’ to
start the simulation and observe the plots.
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Select the tab panels to configure your estimation.
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14) Check if the estimation is completed as shown below.

File View Help

g0 8 d|
* Workspace I Data Setsl Parametersl States] Estimation
El!| Project - Simscape_DC_Motor_m e
=] Estimation Task BEed
& Transient Data Iteration Function Count  Cost Function Step Size Procedure Estimation Options...
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L g Validation
6 7 6.5320¢+008 0.7368 Show progress views
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Configuring parallel Workers fof estmation. .. =
Parallel workers configured for estimation.
Removing data from parallel workers... F
Data removed from parallel workers.
Local minimum possible.
Isgnonlin stopped because the final change in the sum of squares relative to its initial |
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< [ T »
Iteration 7 complete -
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Select the tab panels to configure your estimation.




Procedure for CONTROL DESIGN

At this point, the parameters of the Simulink/Simscape DC motor are tuned using
the captured I/O data to match the original DC motor under test. Copy the
Simulink/Simscape model of the DC Motor subsystem

In this section, we design a PID controller to control the speed of the DC motor
with satisfactory transient and steady-state characteristics. It should be noted
that there are many control structures that could be considered for the speed
control of the motor. Here, the PID control is chosen because it has a simple
structure and it can be auto-tuned in MATLAB.

15) Open the Simulink file ‘Simscape_DC_motor_model with_control.mdl’ and
paste the copied DC Motor subsystem.

16) Double click on the PID Controller block to tune the PID parameters. Click
“Tune’.

ﬂ Function Block Parameters: PID Controller &

PID Controller &
This block implements continuous- and discrete-time FID control algorithms and includes advanced features such as anti-windup,

external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Contral

Design).
Controller: |PID |z|
Time-domain:

@ Continuous-time

Discrete-time

m

Main PID Advanced Data Types State Attributes

Controller settings

Controller form: Farallel IZ|
Proportional (P): 0.698582188290381

Integral (I): 3.30576240714007

Derivative (D): -0.0618491731521122 Filter coefficient (N): |8.12017058332668

Tune...

Initial conditions

Source: internal IZ|
Integrator: 0

Filter: 0 il
| [ [o]'¢ l | Cancel | | Help | Apply

17) Using the ‘Interactive Tuning’ sliding bar, you may further tune the PID
controller to meet the desired specifications. Check the ‘Automatically update
block parameters’.




u PID Tuner {DC_motor_meodel_with_centrol/PID Controller) =ane X
SR ‘iﬂ'P ﬁ w2 Design mode: [ Basic = Type: PID  Form: Parallel
Plot: | Step reference tracking - Show response from block Hide parameters 4m
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| | | Tuned Elock
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18) Run the simulation with the new PID gains and observe the output of the

Simulink/Simscape model of the DC motor in the closed-loop structure.
SER L)L AREREB B A % ~

Speed Reference

Actual Speed

Muzed Speeds

19) We have now successfully designed a PID control for the Simulink/Simscape
model of the DC motor, which corresponds to the DC motor on the platform.
Copy the PID Controller block.




Procedure for CONTROL IMPLEMENTATION and RAPID PROTOTYPING

The tuned PID controller is implemented in the Arduino target to verify the speed

response of the DC motor in the hardware platform.

20) Open the simulink file ‘Mot_with_Control.md!l’ and paste the PID controller
block into this model. Build and load this model into ‘Arduino’ using ‘Ctrl+B’.
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21) Clear the variables ‘simout’ and ‘simoutl’ in the workspace.

22) Use steps 7 — 11 from the ‘System Identification procedure’ to capture the

data into workspace.

23) Run the simulation to capture at least 4 cycles of the DC Motor data. We have

‘simout’ and ‘simoutl’ in the workspace containing the new data of the

controlled DC motor.

24) Open the MATLAB file ‘Extract_data.m’ and execute the ‘With Controller’ cell
by pressing the ‘Ctrl+Enter’. Plot and observe the output waveforms and verify

if the speed response of the DC Motor in the hardware is satisfactory.
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25) Show the waveforms to the T.A.

This concludes the PID control design, implementation, and rapid-prototyping
part of the experiment for the DC Motor platform using ‘Arduino’.




Arduino Target for Simulink Installation procedure

Attention: Please note that this installation ‘readme’ file is valid and applicable
only for 32-bit Operating systems running MATLAB 2010a or above with
Instrument Control Toolbox, Real-Time Workshop and Real-Time Workshop with
Embedded Coder. You need admin privileges.

1) Create a folder in C:\ called Arduino and download 3 folders from internet.
Place/Download into the folder on C:\Arduino. (Need to log-in into your
Mathworks account. If you don’t have, create one for free).

a. Arduino Target for SIMULINK from Mathworks:
http://www.mathworks.com/academia/arduino-software/arduino-simulink.html
Extract the zipped folder into a folder named ‘Arduino_Target'.

b. Arduino Interface for MATLAB:
http://www.mathworks.com/academia/arduino-software/arduino-matlab.html#
Extract the zipped folder into a folder named ‘arduino_ml’.

c. Arduino Integrated development environment: (Many versions are available.
Recommended would be the version ‘arduino-0022’. This downloaded folder
includes the USB (FTDI) virtual COM port drivers required for Windows XP).
http://arduino.cc/en/Main/Software

2) Start MATLAB and change the current working directory to C:\Arduino.

3) Connect the Arduino board. The operating system (Windows Vista and
Windows 7) automatically configures the FTDI drivers and successfully assigns a
COM port. You would be notified of the COM port number assigned. Note down
the COM port #.

4) Run the executable file ‘Arduino’ form ‘arduino-0018’ folder and under tools
select your COM port. At this juncture, your Arduino board is ready to be
programmed in command line. You can run your program and compile into the
board. For further instructions, please open the ‘Readme’ in the ‘arduino_ml’
folder.



http://arduino.cc/en/Main/Software

5) Arduino Simulink Installation:
a. Check the current directory. Change it to C:\Arduino\Arduino_Target.
b. In the Matlab command window, type:

>>addpath(fullfile(pwd,'arduino'),fullfile(pwd,'blocks'),fullfile(pwd,'demos'))
>>savepath

If you encounter an error after savepath, then your operating system is not
allowing any changes to be made to the MATLAB file ‘pathdef.m’. To overcome
this problem, right click on the MATLAB R2010a folder, click on properties, select
security, click edit and then check the box ‘Full Control’. Try ‘savepath’ again. If no
success, contact the administrator.

c. Type:

>>s|_refresh_customizations

>> arduino.Prefs.setArduinoPath('c:\Arduino\arduino-0018')
>> arduino.Prefs.setMcu('atmega328p') % or atmegal68

>> comPorts=arduino.Prefs.searchForComPort

>> arduino.Prefs.setComPort(comPorts{1});

d. Select the compiler for Matlab. Type:
>> mex -setup
The compilers would be listed, choose the Matlab Lcc win32 compiler.

e. Type:

>>demo_arduino_blink

Once the file opens, build the file. Use Ctrl+B to build the file into the target.
During the build procedure, the TX and RX led’s on the Arduino board blink when
the hex file is downloading into the target.




