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SAFETY SHEET

e Experiment needs to be done in the presence of authorized personnel (Teaching
Assistant).
e Maximum AC voltage 110 to 120V, Maximum DC voltage 18V. Some terminals on

the board are not shielded / insulated.

L_ [ |

¢ All the Integrated circuits on the board are electrostatic sensitive devices. Make

sure you discharge yourself before operating.

A
Atad

e |f components are to be replaced or repaired on board, disconnect the power

supply and wait for at least 30 seconds.

Hazardous
voltage.
Disconnect power before

sarvicing or cleaning.

e This experiment consists of rotating equipment (DC motor, +/-4000 rpm), stay
cautious while energized or ON/RUN condition.

e The board is naturally air cooled.

e |P 00 (No Dust/Solid/Liquid Protection).

e The setup is static and not portable when powered ON.
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AGENDA

1. Estimation/tuning of the parameters of a permanent magnet DC motor (PMDC),

modeled in Simscape, to match the measured I/O data.

2. Programming dsPIC microcontroller (from Microchip) using Lubin Kerhuel’s dsPIC

blockset, for motor control and data acquisition application.

3. Time-domain modeling: ARX model of the system, using system identification

toolbox in Matlab.

4. Designing a “PID” controller for a closed-loop speed control application.

5. Rapid prototyping: redesigning controller for control implementation, target code

generation, testing and verification in embedded hardware.
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CHAPTER 1
HARDWARE MANUAL
PHOTOGRAPHIC PICTURE OF THE PLATFORM:

The platform consists of an integrated PMDC motor interfaced with a dsPIC30
microcontroller through a power drive. The platform is also interfaced with a host
PC through USB serial port.

SR

Revision Version: 00 Prepared By: RN & AV Approved By: FP



Approval Status: Pending ECS LAB Term: FALL 2010 Sheet No. 8

BLOCK DIAGRAM REPRESENTATION:

The system consists of the following components/blocks. These are categorized

based on their functions.
e Power Card (“Pwr card”)
e Microcontroller (dsPIC Family)
e Opto-isolator (6N137)

e Motor Driver (LMD18200T-H-Bridge or Wirz #203 RevB)

e PMDC Motor/Tacho (eBay Part No: 130103)

e Voltage Divider (resistor arm)
e Level Shifter (LM341)

dsPIC

Microcontroller

Opto-isolation

Motor Driver

=
Sz
O% Level
2 Shifter
o<
i
Voltage
Divider
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POWER CARD:

RECOM 7805

RO-1212S +
(Voltage Regulator) 5 V

1026 +5V & GND

(ISOLATED GND)

RECOM 7805

RO-12125 +
(Voltage Regulator) 5 V

1026 +5 V & GND*

(ISOLATED GND)

7 ®

> +12V
DCWO03A-12
oV
> =12V
12V .
Filter > +12V
DC*
MICROCONTROLLER (dsPI1C30f4012):
o L
MELR []1 28 [ Avoo
EMUDIAND/VRes+/CN2Z2/RBO [] 2 27 :j AYSS
EMUCIAN 1/VRer-/CN3/RBT [ 3 26 [] PWMIL/RED
AN2SSTCNARB2 4 &  25[] PWMIHRE!
AN3/INDX/CNS/RB3 []8 B 247 PWM2LRE2
AN4/QEANCT/CNE/RBA 6 O 23] PWMZHRES
ANS/QEBACS/CN7IRBS []7 S 22 [] PWM3LRES
Datadicetds vss []8 T 21 [J PWM3HRES
oscieki (e & 207 voo
OSC2/CLKO/RC15 C 10 - 19 : Vss
EMUD1/SOSCUT2CK/UIATX/ICNT/RCI3 [ 11 » 18 [] PGC/EMUC/U TRX/SDI1/SDA/C1RX/RF2
EMUC1/SOSCOT 1CK/UTARX/CNO/RC4 [ 12 17 |7 PGD/EMUDUTX/SDO/SCLICITX/RF3
vopo []13 16 [T FLTA/INTO/SCK1/OCFA/RES
EMUD2OCZIC2INTZRDt [] 14 15 [T EMUC2/0C 1/IC1/INT1/RDO
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OPTO - ISOLATOR (6N137):

2
Anode » WVec
> Output
pu
Cathode >—
3

I,:Ir GND
Enable
NC—1 88— Vo
Anode — 2 7 — Enable
Cathode — 3 6 — Output
NC— 4 5—GND
DC MOTOR DRIVER:
LMD18200T (3A, 55V)
THERMAL FLAG QUTPUT BOOTSTRAP 1 OUTPUT 1 Vg QUTPUT 2 BOOTSTRAP 2
9 1 2 6 10 11

('I) Q Q (i) Q Q

THERMAL I |
SENSING
UNDERVOLTAGE b !
LOCKOUT CHARGE + v CHARGE
PUMP PUMP CURRENT
OVERCURRENT DRIVE CURRENT DRIVE
DETECTION (O 8 SENSE
SENSING OUTPUT
SHUTDOWN 4
~ o
DIRECTION 3 O— INPUT —LB il I ? i I I:
BRAKE 4 O—> LOGIC i
PWM 5 O—>

T
S

GROUND
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PMDC MOTOR: +/- 4000 rpm, 12V, 7TmH, 10£, 3.45 0z-in/amp
With “Tacho” as speed sensor: 1.9V/1000 rpm

VOLTAGE DIVIDER: (quarter watt resistor)

3KQ

V actual

1KQ V reduced

Maximum V actual is +/- 12V, to limit the input voltage to max of +/- 5V, the
chosen resistor values are 3K and 1K .
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LEVEL SHIFTER:

R4 =330K

OouT

R2 =10K

Gain = R—R12 =-1< R2=R1=10KQ;

12xR3 24x R3

+ T 5o Dm’ Vour ===+ —"Vin
(R3+R4) (R3+R4)

24xR3=2xR3+2xR4;

11xR3=R4; R3=30KQ; R4=330KQ
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CIRCUIT/BOARD DIAGRAM:
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CHAPTER 2

SOFTWARE MANUAL
2.1 OBJECTIVE:

e To identify the model of the underlying hardware (DC motor).
e To design a controller for the control of the speed of the DC motor.

2.2 SYSTEM REQUIREMENTS:

Matlab R2010a with the following toolboxes installed.
o Simulink Control Design,

Simulink Design Optimization,

System Identification,

Optimization toolbox,

Real-time Workshop and Real-Time Workshop Embedded Coder

Embedded Target for dsPIC by Lubin Kerhuel. This is downloadable

from Lubin Kerhuel’s website http://www.kerhuel.eu/

e MPLAB IDE for Microchip family of microcontrollers for downloading the
generated hex file to the microcontroller.

e MPLAB C compiler for microchip. The student version can be
downloaded from www.microchip.com. A user account with a valid
university email-id is required to download the compiler.

e PICKkit 2 debugger, which can be used to download the generated hex file
to the microcontroller.

e RealTerm data capture tool for logging the received UART data to a text

file.

© O O O O

2.3 DC MOTOR - PARAMETER ESTIMATION AND SYSTEM
IDENTIFICATION:

The DC motor parameter estimation and system identification can be done
in two ways by considering:

Revision Version: 00 Prepared By: RN & AV Approved By: FP
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e DC motor model of the hardware excluding the nonlinear electronic
components.

e DC motor model of the hardware including the nonlinear electronic
components, exhibiting dead zone in the DC motor dynamics which may play a
significant role in the estimation of the DC motor parameters.

The following steps are to be carried out for parameter estimation and system
identification of the DC motor.

e Capture Input to the DC motor and Output data from the motor.

e Process the raw input and output data.

¢ Estimate and update the parameters of the DC motor Simscape model.
¢ |dentify the model of the system using System Identification toolbox.

e Design a controller using Simulink compensator design.

2.4 PARAMETER ESTIMATION AND SYSTEM
IDENTIFICATION:

The procedure to capture the input and the output data is the same for both
linear and nonlinear models of the DC motor in Simscape.

2.4.1 CAPTURING THE INPUT AND OUTPUT DATA:

e Input - The dsPIC30f4012 microcontroller generates the PWM signals to
drive the DC motor.

e Output - The output data from the Tachometer is the feedback to the A/D
channel of the dspic30f4012 microcontroller.

The following procedure explains how to capture the input and output data.

e The dsPIC Target Toolbox contains the necessary blocks and components
to construct the I/O interface in the Simulink model.
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The required blocks in the model are:
o dsPIC Master block
o Configure Model for dsPIC Target
o UART Config

e The DC motor driver requires PWM signals and the direction to drive the DC
motor. These are generated by the dsPIC.

e The output is fed back to the A/D channel of the dsPIC microcontroller. This
Is the speed of the DC motor which along with the input data is used for
system model identification.

e The dsPIC microcontroller transmits the input and output data to the

computer. RealTerm communication tool (a freeware) captures and records

the incoming data from the dsPIC.

The Simulink model is given here.

dsPIC MASTER Configure Model for )
3014012 dsPIC Target UART 1 Config Interface
6.25 MIPS (double-click Baud: 57600 Tx-Matlab
Master Configure Model UART Configuration dbl-clickto open
for dsPIC Graphical interface
TACHO FEEDBACK Transmission
ADCAN_3 In1 Outl uint8 |—> Tx UART1
Data Type Conversion4 Tx Outputl
second order filter2 Gain
1 uintl6 P PWM1PWM_Motor

Constant4

PWM Motor Output

P>
Bang-Limned Sign Duty-Cycle
White Noise, -1,0,+1 0.6

Pwr=0.1; (Max for the set4up)

Ts=0.01;
Seed=23341;

Abs Scopel Scope3

0 uint8

Relational | paia Type Conversion

Constantl
onstan v Operator
Digital Output .
boolean D1 WRITE Gain2

. 100
Convert decimal to integer
Data Type Conversion3pjgital Output Write

Data Type Conversion2 | int8

Bitwise
« OR TX UART1
(127/255) uint8
Bitwise Tx Output2

Product Data Type Conversionl Operator

Constant
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2.4.2 PROCESSING THE RAW INPUT AND OUTPUT DATA:

e The captured data are written to the text file.

e The data file has to be parsed to get the input and output data. This is
done in Matlab.

e The Matlab file “DATA_PROCESS.m” generates the input and output
data.

e The ADC scaling is also incorporated in the source code. This is done
to correctly interpret the values read in the A/D channel.

2.4.3 PARAMETER ESTIMATION:

To estimate the DC motor parameters and design a controller to control the
speed of the DC motor, it becomes necessary to design the DC motor in Simulink
using Simscape. The Simscape language is a subset of Simulink environment for
modeling mechanical, electrical and other physical systems as physical networks.

The procedure for the parameter estimation involves:

e Constructing the DC motor model in Simscape with or without any non-
linear components as present in the actual hardware. In this section, we
consider the linear case only.

e Using the control design toolbox, the parameters of the DC motor are
estimated.

The Simulink model of the DC motor is shown here.

Inertia

(::) Ideal
Rotational
& Motion
I 2 =lsensor
B seshd [ Py
—>
n ] ) i Solver 1 PS-Simulinkl
Gain  simulink-PS Configuration = ‘“%_ -
Converterl e N EE
= Electrical Reference
Terminator
[::]_‘4 S PS &
PS-Simulink
R L
1

Speed
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e The model is an equivalent of the DC motor. The parameters R, L, K
and | are estimated to match closely with the actual motor parameters.
e The Simulink control design toolbox has an option “Parameter
Estimation” under Tools menu.
e The control design toolbox analyzes the Simulink model and displays
a dialog box to specify the input and output data. The variables to be
estimated are also to be chosen in the dialog box before estimation is
done. Detailed instructions on how to estimate the parameters are
given in the next section.

B Contrel snd Estimation Tools Mhoages X

Hie  View Hep

' & ([

Modet de_motor_dec2i Crpen Madel Upciate Task

e The toolbox offers various optimization algorithms to be selected for the
parameter estimation.

e Once the parameters are updated, the DC motor model parameters are
updated with the new estimated values and the Control design toolbox
can be used for compensator design.
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2.4.4 SYSTEM IDENTIFICATION:

The System Identification toolbox can be used to find the model of the
system from the input and output data. Using this model, the controller can be
designed to control the speed of the DC motor.

System Identification Tool - Untitled | = | ] |,
File Options Window Help
Import data - Impart models -
; Operations “
<-- Preprocess -
=
Waorking Data
Estimate --= -
Data Yievws fodel Wiewws
To To
Time plot Workspace | | LTI Viewer Model output Transient resp Monlinear ARY
Data spectra Model resids Frequency resp Hamm-Wiener
Freguency function ” Zeros and poles
Exit Moise spectrum
j==h Validation Data
Compiling ...

e |Import the collected input and the output data from the workspace.
e Preprocessing:
o Select range for the input and the output data, for estimation and validation.
o Filter the data if required.
e Estimate -> Linear parametric models can be chosen to identify the model. The
estimated model can be plotted to verify if a best fit is achieved.
e The model can be imported to workspace, by dragging the estimated model to the
workspace field, and a controller can be designed for the identified model.

2.4.5 CONTROLLER DESIGN:

Simulink Control Design toolbox is used to design controller for the identified
model. The controller parameters can be tuned based on the identified model.
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The discrete PID controller block of Simulink can be automatically tuned for

improving the response of the system to the reference command. This automatic
tuning of the PID parameters is done using Simulink Control Design toolbox.
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CHAPTER 3

INSTRUCTION MANUAL
3.1 OBJECTIVE:

This section provides all the necessary steps to be followed for all the
sections identified in the previous chapter.

3.2 PROCEDURE:

This section explains the procedure for data capture, system identification,
controller design and verification.

3.2.1 DATA CAPTURE:

These steps are to be followed to capture the data.

1. Create a folder for your project (i.e., Desktop\your_folder\)
2. Copy the folder “dsPIC_motor_control” from the path “C:\Documents and
Settings\ECE Lab\Desktop\ECE456_Files” to “your_folder”
Launch Matlab R2010a.
Set Matlab path to “Desktop\your_folder\”
Open the model “dspic_dc_motor_data_capture.mdl” from the path
“‘Desktop\your_folder\dsPIC_motor_model\”.
6. Build the model. (The keyboard shortcut to build the model is Ctrl + B).
7. When the build process is complete, the hex file will be generated in the
Matlab path (the current path).
8. Connect the PICKit programmer tool to the prototype board. The arrow mark

on the programmer tool and the prototype board’s first pin must align.
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9. Launch Pickit2 application to download the hex file to the dsPI1C30f4012.
(Start -> Programs -> Microchip -> Pickit2).

"M PICKIt 2 Programmern

File  Device Famly — Programmer  Tools  View  Help
dAaPIEAN Coanfiguration
Device: | ETNET— ~ | aann
[RETCTR IS TS rerrre e
Checlsim: oooon
FICkit 2 found and connactad, @ MICROCHIP
P | WDD FiCkit 2
O an B0 =
] /MELA | "|
Program Memony
| Hew Ol = | Souroe: [Mone [Emphe/Erased)
LEPHOM Dats
 PICKit" 2

10. Click on “Device Family” tab. Choose dsPIC30 family.

" PICkit 2 Programmer

File Drmwice Family Programmsr Tools Wiy Help
dzF Basaline
Dav FMliclr ange E p a0
Llss FIC1EF
Che FlrolsrE_ 0
PIC1BF_K_
FICHE "reat po A8\ MicrocHIP
ds=P1CIa CROC
— dsPICI0 . | | wDD PICKi 2
: 4] L | On | 5.0 = |
dsPICa0 SMPs o -
- [] MCLR
PIC3Z
L KEELD Hes
I Source: | Mans [Empty/E rased]
R EEPR.CIMS 3
MCPEE0E
EEFPRAOM D ata
PICKkit™ 2
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11. Choose the device “dsPIC30f4012”.

| BN 0 Comdugn whvony
l Deww Labact 1w — o0
Cakecs ot —
A ]
Chess -
Bun xw 201
SO oY 3
FICKE 2t 300 a2 A8 MicrocHip
S 0N 3
IO X MY e >
{ VOD MO 2
L LR i
] Ow 50 =
1) mcn -
o am M
Viwrv (1 gy A o mimndl)
LLEOM Data
PICKkit™ 2

12. Click File -> Import to import the hex file. Choose the hex file from the path
“‘Desktop\your_folder\dsPIC_motor_control” to be downloaded to the target.
Make sure the correct hex file is chosen before programming the target by
checking the time the hex file is generated.

"M Pkt 2 Programmer

Fili= Device Family  Programmer Tools View  Help
| Impork Hes ChrlH1 |
Ewport Hes 5 ChrlE anaE are3 3ioF
1 =14, prefessar\de_rraker_madel_santrel, hes Ekrlei QooF - cooa
2 Cilprofessoride_motor_dats_capbure, hes Chrl+2
3 LY MORMING e _motar _model_control hes Ckrles
4, LY MORMNIMG He_matar_data_capbure, e Skl Q MicRrROCHIP
=B ke WOD PICkE 2
T T 3
] on | 50 = |
l Faad ] l S ribe ] [ Sarity ] [ Erace ] [ Blank Cheok, ] ] MELE : s

Frogram Memory

Erabled |Has-e Crily L | Source: |Mone [Empte/Erased)]

aoon FFFFFF FFFFFF FFFFFF FFFFFF FFFPFFFF FFFFPFFF FFFFFF  FFFFFF &
aoio rrrrrr rrrrrr rrrrrr rrrrrr rrrrrr rrrrrr rrrrrr rrrrrr
oozo FFFFFF FFFFFF FFFFFF FFFEFF FFPFFF FFFPFPFF  FFFFFF  FPPFFFP
ao3o FFFFFF  FrFEFFEFE FrEFFFE FrEFFF FEFFFF FREFIFFFE FEFFEFE FRFFFE

00«40 FFFFFF FFFFFF FFFFFF FFFFFF FFFPFFF FFFFFF FFFFFF FFFFFF
aonso FFFFFF FFPFFFF FFFFFF FFFFFF FFPFFFE FFFFFF FFFFFF FFFFFE
aoEd FFFFFF FFFFFF FFFFFF FFFEFF  FPPFFF  FEPFPFF  FEFFFFF  FREFFF
ao7o FFFFFF FFFFFF FFFFFF FFFFFF FFFPFFF FFFFFF FFFFFF FFFFFF
aoan FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFEFFF
aoso FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF
[SIEENE] FFFFFF FEFFFF FFEFFF FEFFFF  FEFFFF  FFFFFF FEFFFF  FFEFFEF

0DOED  FFFFFF  FFFFEF FFFFFF  FPFFFF  FEFFFF  FFFFFF  FFEFEF  FEFEFE o
RO et Siite lmport Hes
Enabled | Hex Only e + W rite Dlevicem
Ooon FFFFOFEFF OFFFF FFFF FFFF OFEFEF OFEFF FEFF Fmad Device +
0l0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF Ewrpiart Hew Fils

00 FFFr  FFET FFFT FETF FEFT FTEF FFTT FUET -
030 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF % PICkit™ 2
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=3
Loak, i | I3 professor e 3 F e
e _motor_data_capture_dspic
I de_makor_rnodesl_conkrol_dsplc
I O=lpri
de_motor_dsts_cspkurs.
de_motor _model_contral, sk
FHIP
o |z
T
FF
Flarame: | - r
1
Files of tupe: [HE filax | [ Cancal | [t
T =T TFrrrrr rrrrerry Trrrrr Frrrrry Trrrrr TFrrrrr rrrrerr Trrrrrr
0o&n FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF
0oRo FFFFFF FFPFFFF FFFPPFF FFFFFF FPFPFFF FFPFFFF FFFFFF FRPFPFF
ooao FFEFFF FrrFrr rrrrrr Frrrrr rrrrrr Frrrrr rrrrrr rrrrrr
onsn FFFFFF FrFFFF  FFFFFF FEPFFF FEFFTF FFPFFF PEFFFT FFTTFF
(S[=FN-] FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFFFF FFFEFF
[S[SFE]] FFFFFF FEFFFF FFFPFF FPFFFF FFFFFF FFEFFF FEFFFF  FFPEFF  w
e Hadels) (BElE At lmport Hes
E ruabslee s iy £ + Wirite Lrevice
aoo FFFF Frrr FFFF FFFF FFEFF FPFF FPFF FIFFP & Head Dewvice + I
oLn FFEFEr FFErEr FErEr FEEr FEEr FEFrF O FEFrF FTET Esport Hems Fils
020  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF -
030 FFFF  FFFF  FFFF  FEFFF  FEFF  FEFF  FFFF FEFF s ‘ PICKit 2

Revision Version: 00

File Dol

il

dzPIC30 Configuration

Frogr amimer

Towols

e

Help

Clamvicm: Ca0z ooaE nyan Ao
AA0F nooF CO03
g D
Chieclavin:
Warning: Some configuration words not in hex fila. Q M
Ensurs default valuss abowve right are acceptable, ICROCHIP
f 1 YOO PICKE 2
(=13} | 50 = |
[ Fesd || s | [ veriw | [ Erase | [ Blank Cheok | ] /MELR

Progiaim Mamony

[=] Ermbled | Hes Only | Source: [N Sprofessorde_motor_dsts_capbure hes
0000 040100 000000 000B&A O0OBZA OO0BZA OO0O0BZA OOOBEA OOOBEA =
ooLn ODOBEA  OODOBEA OOORZA OOODZA DOODEA OOORSAR OODOBEA OODODER
0020 ODOBZA OOOEZA OOOBZA OOOSAO OO094C OOOBZA OOOBEA OOOBZA
0030 ODOBXZA OO0BZA O0OBZA OOOUBZA ODUOBZA OO00BZA OO00BZA OOOBZA
040 Oo00BZA OO0OBEA OOOBSA OO0OBSA OO0O0BEA OO00BZA OO0O0BEZA OO0OBZA
0050 0O00B2A OO00BEA O00B2EA O0OB2A DOOBEA OOOB3A OOOBZA  OO00BEA
oansn [=1n]n} pf=-F % OOOr s [=1n]n}pl=-F N (=] n}pl=-F N [=ln]n}pl=F ¥ OO0 OO0 OOOrEh
0O70  ODOBZA ODOOEZA OOOBZA OOOBZA ODUOBZA OOOBZA OOOBZA  OOOBZA
aoso0 FFFFFF FFFFFF 000BZA O00BZA OO0O0BZA OO0O0BZA OO0O0OBZA OOOBZA
Lu}=lu] ODOEZA O0OOB3A OQOOB3A OQOOBZA OOOBSA OO0O0OBZA OOOBZA OODOBZA
NOAD  ODOMZA OOONEA OOOWEA O0OSAD 0ODSAC O0OODZA OOOWEA OO0 EA
oom\o OO008 A OO008 A OO008 25 OOO8 A OOO8 26 OOO8 26 OO08 A OO0B A s
EEPROM Data At Tmpoit Hen
Ernablad ey Clnly - + S ribe Do
oon FIFF FEEr FEFTE OFEEF FETT FEFF FTTrE PEEE o Flead Devvice +
0l0  FFFF  FFFF  FFFF FFFF  FFFF  FFFF  FEFF  FFFF Erport Hemx Fils
020 FFFF  FFFF  FFFF FFFF FFPF FEFF FPFF  FPFP —
030 FFFF FFFF FFFF  FFFF FFFF  FFFF FFFF  FFFF |P|Cklt =
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14. Check for “Programming Successful” message to ensure successful
download of the program to target.

15. Remove the PICKit programmer tool from the prototype board.

" p | Ckit 2 Prngramrner

File  Device Family  Programmer  Tools  Yiew  Help

dzPIC30 Configuration

Device: dsPIC30F4012 “ Corfiquratiot:  C302  003F
User IDs: J30F  0oov
Checksum:  E330

e S Mcaocs

0730
cao3

J10F

(NERNNNNNRANNNNNNARNNNNRARNARRNARNARRRARNA | YOD PICKit 2
L] on 50 4

[ Fead ] I Write l ’ Werify ] [ Eraze ] ’ Blank Check ] [] /MCLR x
Program Memory

Enabled | Hex Orly w | Source: L[\ Aprofessorhdc_motor_data_capture hex
oooo 040100 000000 O000BZLA OQO0B2A OO00BZA O0OOQBZA 0O00B2A OOQOQEBZA
oolo O00EZhA OO00BZA 0QO00BzZA COO0O0OBZA O0QO00EZ2A OQO0BZA OOOBZA OQO0O0EBZA
oozo O00EZA O0O00BZA O0QO00B:z4 OO0O09A0 0Q0094C O0COO0EzZA OOOBZA OQOO0BZ24
ooan OQCBz4 0Q0OB24 O0QOQEZA QOQEBZA O0O0BZA OQOQOBZA OO00BZ24 OQOOQBZA
o040 O000EZ4A OQO0O0BZA 0QO00BzA COO0O0OBZA O0QO00BEZ2A O0QO0BzA OOOBZA O0QO0O0B2h
ooso O0C0B=z4 0Q0B24 O0QOQEZA QOQEBZA O00BZA OQOQOBZA O0OO00B24 OQOQBZA
ooen 000BzZ4a O0O00BZ2A O000BZ2A OO0O0OBZA O0O00BEZ2A OQO0BZA OOOBZA OQO0O0EBZA
oo7To O00EZA O0O00BZA O0QO00B:zA4 COO0OO0OBZA O0QO0O0BEZA OCOO0OEZA OOOBZA OQOO0BZ2A4
oozo FFFFFF FFFFFF 0QO00EZA QOQEBZA O0O00BZA OQOQOBZA OO00BZ24 OQOOQOBZA
ooao O00EZhA OO00BZA 0QO00BzZA COO0O0OBZA O0QO00EZ2A OQO0BZA OOOBZA OQO0O0EBZA
O0aD O00EZA O0O00BZA O0QO00B:z4 OO0O09A0 0Q0094C O0COO0EzZA OOOBZA OQOO0BZ24
O0EOD 000Bz4a O0OO00BZ2A O0O00BZ2A OO00BzZA OO00BEZ2A O0O00BZA OO0O0OBZA OO00BZ2A s
EEhE IRt Auto Import Hex

Enabled | Hex Only w +'Wirite Device
000 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF % Fead Device +
0l0 FFFF FFFF FFFF FFFF FFFF FFFF FFFF  FFFF Export Hex File
ozo FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF —.-
030 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF w PICkit 2

16. Switch on the power supply to the board. The motor starts running.
17. Connect the USB to serial cable to the computer.
18. Launch “RealTerm” tool to capture the serial communication data. Start ->

Programs ->RealTerm

Revision Version: 00
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“ RealTerm: Serial Capture Program 2.0.0.57

Display | Part | Capture | Pins | Send | EchaPort| 120 | 1202 | 12CMise | Mise |
Display f\s v [~ Half Duples

? ﬁrsg:' [ newLine made
" Helspace] [~ Invert Data
" Hex+Asci | [V
uints
e Data Frames
" Hex 2 %
it itz
" uintlG [~ Single _ Gulp
" Agei
" Binary Rlows Cals

((:HEJ:JE Temninal Font| [16 21 180 % I Scrolback

An| Clear| Freeze| |

Statug

_ | Connected

_|Rx¥D2)
I THD {3
_|ICTS (8)
_|ocom
_|DSRg)
_| Ring (4]
_ | BREAK.
_ | Emar

Chat Count:0000000 P50

Port: 1 57600 &N1 None

19. Under “Display” tab, choose “Hex” as the display format.

- RealTerm: Serial Capture Program 2.0.0.57

Sheet No. 26

{ Display | o Capture | Pins | Send | EchoPort] 12C | 1202 | 12CMise | Misc \n| Clear Freeze| |
Urpiay As o | [ Hat Duplex Binaty Sync Chars Tk Status
AS(;‘:I ‘ [ newLine mode |ABCD ~| oas z_yn'cqu. sl
" Hexfspace] | | Inwert Data ' = e RXD (2)
(" Hex+Ascn |V | >l XOR | ¢ ascyl D (3)
C i Dataframes | | | AND | Number CTS (8)
f, Hex Bytes |2 3 Do (1)
?m'__, > l:hm -
¥ untls [ Singe _Guib | l o Change I [ Leadng Sync DS (6)
3 gscu .R = i
(" Bnary Rows  Cols BREAK
C heoe | Teminafont| [16° 2] [0 2] I Scrotback e
Captured chars are always raw as received Char Count:0000000 CPS:0 Port: 1 57600 8N1 None
Revision Version: 00 Prepared By: RN & AV
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20. Under “Port” tab, choose the port number to which the USB to serial cable is

connected to. To check the port number the USB to serial cable is
connected to, click on Start. Right click on My Computer and choose
Manage. Click on Device Manager to check for the port number. Refer to
the options highlighted in red. Give this port number under the “Port” tab of

the RealTerm tool. Check to see if the baud rate is 57600.

&= B

g Computer Management (Local)
= ﬁ& System Tools
+-[#1] Event Yiewer
+-g2] Shared Falders

Removable Storage
Disk Defragmenter
Disk Management

+ & Setvices and Applications

g File Action Wiew Window  Help

=l

+-[28 Hurman Intetface Devices

+-i=) IDE ATAJATAPT controllers

+-=#8 Imaging devices

+-E8 Jungo

+-z» Keyboards

+- ) Mice and other pointing devices

+- & Maritors

—|- B8 Metwork adapters
B8 Blustooth PAN Metwork Adapker
B8 Broadcom MetXtreme 573 Gigabit Controller
B Realtek RTLE15S S4M Wireless LAN MNebwork Adapter

= 5 Ports (COM & LPT)
3¢ Blustooth Serial Patt (COMLS)
- Blustooth Serial Patt (COMLE)
- Blustooth Serial Patt (COMLT)
3¢ Blustooth Serial Patt (COM26)
(é,i Communications Port {COM1)
F\yi Cammunications Part {COM2)

FECP Prinker Part (LP
' USE Serial Part (COMY
+ ﬂ Processors

~~ RealTerm: Serial Capture Program 2.0.0.57

D«spk“".‘ Port .7 Capture | Pins | Send | EchoPort | 12C

[ 12c2 | 12CMisc | Misc |

Software Flow Control
I~ Receive Xon Char 17

[~ Transmit Xolf Char:[19

\n| Clear] Freeze| |

Status
Connected
RXD (2}
TXD (3)
CTS(8)
DCo (1)
DSR (6)
Ring (9)
BREAK
Emor

dbl click to scan ports, Physical Port# or ip_address:port or server:port { Char Count:0000000 CPS:0

Port: 1 S7600 8N1 None
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21. Click on “Open” button to open the com port.

“_ RealTerm: Serial Capture Program 2.0.0.57

Display Pot | Caplue| Pins | Send | EchoPot| 120 | 1202 | 120Misc | Misc \n| Clear| Freeze| |
S = = = Status

Boud {57600~ |Poe | pel | v Change | Disconnect

- : & Slowas Coedved RXD 2]

PQ"? [{‘3'5 Bits'| ~Stop Bits i aliTe thic # you want to have no ports open... D (3)

@ None * Btas (~ 1t 2bRs e = C1S (8)

: onfn " 7hts | Hardware Flow Control Transnt Xoff Char: |19 Dco )

™ Mak _ 6bts || & None RTS/ACTS DSR (8]

¢ Space | [ Sbits| | " DTRMDSAC RS4GSHs : Ring (9

> BREAK

Error
Lise this ¥ you want to have no ports open, .. Char Count:0000000  CPS:0 Port: Closed

22. When the port is opened and if the motor is running, RealTerm tool receives
the data and prints it on the black window. The data are displayed in hex
format.

“__ RealTerm: Serial Capture Program 2.0.0.57

i i H g 9 9EEDY EED D9
gt e s s s Gorncs '
. -

&i

it

C9EBCIEECYEBCI?EBCI EBCYEBCIERCY

?EBCY H B "“
Display Pott | Capture| Pins | Send | EchoPart| 12 | 1202 | 12CMise | Mise | An| Clear| Freeze| _|
Status
Baud |5?EDD onrt |E| j Open  Spy 3 _| Disconnect
P arity D ata Bitz ) [ Stop Bits Software Flow Canlral j ?ﬁ[[: [[g]]
2 D 2 Recei 17
@ None | & Bbits| | @ 1Bt O 2bits B e e T @
' : i :
~ Esgn £ T hits | ~Hardware Flaw Control [ Transmit soff Char. |13 _|DCD (1)
 Mak | © GBbits| | @ Naone ™ RTS/CTS | DS (8]
¢ Gpace | ( Sbits| | " DTR/DSR( RS485+ts ~ | Ring (9]
o _|BREAK
| Errar
Char Count:&816 CPS:3540 Port: 957600 SN1 Mone

Revision Version: 00 Prepared By: RN & AV Approved By: FP



Approval Status: Pending

ECS LAB

Term: FALL 2010

Sheet No. 29

23. Under “Capture” tab, click on the browse button enclosed in a blue circle.
This is done to capture and write the data to a text file.

RealTerm: Serial Capture Program 2.0.0.57

Display | Port { Capture \Pn: | Send | EchoPat| 12C | 12C:2 | 12CMisc | Mise | \n| Clear| Freeze| |
Capture - EndAfter Diagnostic Files Status
[ Stat: Overwite | Start: Append ] || & %Wes ['060660707:1 log T hex Disconnect
File [c\temp\captuse b i = = | I Tracel™ hex RXD (2)
=25 G emp caphue. d (eect Capture v [ TXD (3)
S iy Cleat J Dump | CTS (8)
[™ Capture as Hex anp Captures incoming data to a file| ——— ==
@ None  Matlab | | = comma | | File ‘ DED ()
Unix  YMDHS % — DSR (8)
" UnixHex ACe grealetrn g | Ring (9)
BREAK
Enor
Captures incoming data to a file Char Count:0000000  CPS:0 Port: Closed

24. This opens up a dialog box to choose the path for saving the file. Specify
name with the “.txt” extension. For example, the file name can be
“‘capture.txt”. Click on “Save” button.

o

Dizplay ] Port
LCapture

Capture l Pins ]

Start: Overwrite | Start: AP

File |c:\temp\capture.txt

[~ Capture az Hex

Savein: |['__£' Desktop

5 L) My Documnents

\_a:j _é MMy Camputer

My Recent My Network Places
Documnents ) dishwarya
B ) Copy of simscapefiles
) DLl
Desktop [C3)DC mator_dsPIC Ident
) dspiclédec

\) Dspic motor_dec14
) dsPIC_mokor_control
) dsPIC-MATLAE-Elacksets_wZ_10_Dema

LY

My Documents

RAECE ==

\[Zhmatlab2010a_new
[IMoto_cap_data
[C3)Patch_D30330_%D5510USE_22septz010
CPict

Ziep

([hprofessor

| JRealterm_1-99-27
[Jshorteuts

() simscapefiles
[slpr
[huartTest_deci_dspic

, |[IECS LAE [ JuartTest_now30_dspic
,.‘-'g ) extras [Z)Unused Desktop Shaorkcuts
—= £ JAM18_EARLY MORNING [Z] capture
My Computer
53 Jan 17th_Matlab_Files (2] README
4
My Network  File name: |capture.txt j Save |
Places P
Save as type: * tat;* dat;” bin j Cancel
Char Count:0000000  |CPS:0 Port: Closed

Captures incoming data to a file

Revision Version: 00

Prepared By: RN & AV

Approved By: FP



Approval Status: Pending ECS LAB Term: FALL 2010 Sheet No. 30

25. Check the “Capture as Hex” option. This writes the data to the file in
hexadecimal format.

RealTerm: Serial Capture Program 2.0.0.57

Display | Pot  Caplure | Pins | Send | EchoPort| 12C | 1202 | 12CMisc | Misc | \n| Clear| Freeze| |
Loptu End Alter Diagnostic Files Status
Start Overwite 1 Start: Append I | @ gyles (0000000 [ Log I hex Disconnect
Filolea — || Secs = [T Tracel hex RXD (2)
A0S Breengnls and Settings\Aishwarya Vasu\D v | == o
e J Diect Capture [V TXD (3)
e N i Cex | Dump cTS (8)
4. Capture as Hex TimeStamp Debimiter 5D 0
~k m— = None: £ Meote| | © ool | [ File ] DSR :s:
Turns each recieved char into 2 hex chars (for b'»na—"\_/,.d..,?.ta)n " space W Ring (9
BREAK
Emor
Turns each recieved char into 2 hex chars (for binary data) Char Count:0000000 CPS:0 Port: Closed

26. Click on “Start Overwrite” button to start writing to the file. During write
operation, the data capture box turns red.

*~ RealTerm; Serial Capture Program 2.0.0.57

BYSEBYYEBIYEBYIEBYIEBIYEBY I EBYYEBYYEBYYEBYYEBYIEBYYEBIIEBY I EBYIEBIIEBYIEBIIERY
{9EB99EBY9EBY9EBY9EBY9EBY9EBY9EBI9EB99EBY9EBY9EB99 EB89EB89EB8YEB8 9 EB8 Y EB89EB89 EBS
(9EBS89EBS8YEBSYEBSYEBS8YEBSYEBSYEBSYEBS9EBS8YEBSYEB89EB8YEBSY EB89EB89EB8 9 EBY9EB? 2 EBY
[9EB99EB?9EBY9EBY9EBY9EBI9EBY9EBI9EB99EBY9EBY9EB99EB?9EBY 9 EBY9EBI9EBI9EBY9EBI9EBY
[9EB99EB?9EBY9EBY9EBI9EBY9EB?9EB?9EBY9EB?9EBY9EB?9EB?9 EBY9EBY9EB?9EB99EB?9EB?9EB?
[9EB99EB?9EBY9EBY9EBY9EBIYEB?9EBI9EBAYEBAIEBAY EBAYEBAY EBAYEBAYEBAYEBAY EBA?EBAYEBA
9EBAEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBAYEBY9EBI9EBY9EBY9EBY
{9EB99EBY9EBY9EBY9EBY9EB?9EBY9EBY 9 EB99EB?9EBY9EB89EB8YEBS89EB8?EB8 9 EB8 9 EB89EBS8 9 EB8
[9EBBIEBSYEBSYEBSYEBS8YEBSEBS9EBS9EB89EBBYEBS9EBB9EB8YEB8 9 EB8YEB8YEBS9EBS9EBS9EBS
{9EBS89EBSYEBSYEBSYEBSYEB89EBS9EBS9EBS9EBB? EBS8YEB89EB89EBSYEB8 Y EB8 9 EB8 9 EB89EBY 9EBY
(YEBY9EBI9EBY9EBY9EBI9EB99EBIIEBY9EBY9EBI9EBY9EBY9EB?9EBY9 EBY9EBI9EBI9EBI9EBY 9 EBY
[9EB99EB99EBY9EBY9EBI9EBI9EBY9EBY9EB99EBY9EBY9EBY9EB99EBY 9 EBY9EBY9EB99EBY9EBY 9EBY
[9EB99EB?9EBY9EB?9EBY9EB99 EBY9EB99EBY9EBI? EB 9 EB99EB?9EBY 9 EB9EB?9EB99EB?9 EBY 9EB?
9EBY9EBY9EBY9EBY9EBYSEBYYEBYIEBY Y EBY9EBY9EBY S EBY9EBI9EBYSEBYYEB? 9 EBY9EBIFEBY 9 EBY
[9EBY9EBY9EBI9EBY9EBY9EBY9EBY9EBY9EBYEBY9EBYEBY9EBY9EBY9EBY9EB?9EBY9EB?9EB?9EBY
[9EB99EBI9EBY9EBY9EBY9EBY9EBY9EBI9EB99EBIEBY 9 EB99EBI2EB9 EB99EB? 9EBY 9 EBY

Display | Post  [Captute ]| Pins | Send | EchoPatt| 12C | 1202 | 12CMisc | Misc | \n| Clear| Freeze| |
;"N' o —— End Alter Diagnostic Files Status
‘ Start Ove(wmer\J ) Stat: Append J | (* Bytes [0000000 [~ Log I hex | Disconnect
o —— { Sgcs [T Tracel™ hex RXD (2)
F IS eepemCaptire bt LJ | : = =
J =1 Direct Caplue [V TXD (3)
Clear | Dump
TimeS Deliit S
:1\.capiue & Hex TmeStamp ef i ) DeD (1)
- (¢ None ( Matlab (¢ comma File 59
C Unix O YMDHS | _ =) DSR (6)
" UnixHex HLand realteim log E] Ring (9)
| BREAK
Emos
lCaptuves incoming data to a file Char Count:159685 CP5:4150 Port: 9 57600 8N1 None
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ReclTerm Serial Cap!ure Program 2 0 0 57

| 89EBSIEBSIEBBIEBSY
9¥B89FH89FRS?FHR?PBS9FH89FB&9PHS9FB89FH89IBﬂ?PBS9PBR9PBS9PB89PH89PHH?PB89PHH9PR8
[7EBS9EBS9EBS89EBS9EBS9EBS9EBS9EBSYEBSYEBS8YEBS9EBS89EB8YEBSYEBS8YEBRYEBS8YEBS8 9 EBS 9 EBS
[7EBSYEBS?EBSYEBS?EBS9EBBYEBSYEB8YEBSYEBBYEBBYEBSEBS89EBSY EB8YEBSY EB8 9 EBB9EBS8Y EB8
(PEBSYEBSEBSYEBS?EBSYEBSYEBS8YEBY2EBY9EBY9EBYYEBY9EBY9EBY 9 EBY2EBISEBY2EBY Y EBYEBY
[PEB99EBY9EBY9EBYYEBY9EBY9EBYYEB?9 EBY9EBYEBY9EBY9EBY9EBYIEBY9EBY9EBY9EBI9EBYIEBY
[PEBY9EB?9EBY9EB??EBY9EB?9EBY9EB?9EBY9EBYYEBYYEBY9EB99EB?9EB99EBY 9 EBY?EB?9EBY9EBY
[PEB99EB?2EBY9EBY9EBY9EB?9EBY9EB?9EBYYEB?9EBYIEBY? 9 EBY9EB? 9 EBY99EBY? EBY2EBY9EB?9 EBY
9%899PH99!B99PH??PB99PH99PH99FBV9PB99PB99!3991B99kB99¥B99PBX?FRS?PBH9EB89FH89PB8
9 EB89EB89EB89 EB89 EB89 EB8 9 EB89 EB89 EB99 EB99 EB99EB99 EB99EB9 9 EB9 9 EB?9 EB99EBI 9 EB99ERY
9EB99EB99EBI9EBY9EBY9EB?9EBY9EBI9EBI9EBASEBYYEBY9 EBY9EBY 9 EBY9EBI9EB99EBY9EBI9EBY
[PEB99EBY9EBY9EBY2EBY9EBY9EBYEBY 9 EBY9EBY Y EBY9EBYEBY9EBY S EBY9EBY9EB?YEBI9EBIERY
bLB??FB??FB??TU??LBS?EBB?IB89EB99IB99YB99YB??TB??PB89[BS9[889L889FBS9FBQ9IBR?EBS
9ERSYEBS89EBS9EBSYEBS9EB8YEBS9EB89EBS9EBS89 EB8YEB89 EBSEB8 9 EBS9EBS8Y EB89 EB8 9 EB89EBS
[?EB8YEBS8IEB8YEBY9EBY9EBY9EBY9EBYEBY9EBYEBI9EB?9EBY9EB?9EBYIEBYYEBYIEBYIEBIFEBY
[PEB99EBY9EBI9EBY9EBIYEBY9EBIIEBYE

Display | Pt~ Captwre | Pine | Send | EchoPort| 12C | 1202 | 120Misc | Mise | \n| Clear| Freeze| |
Diagnostic Files Status

e T Cloo b | | Dscomec
Bt i I

E‘ _ICTS 8
& - . 1DCo (1)
File .| 1DSR )
realtermlog w l _|Rng [9)
|BREAK
| Emot
Captures incoming data to a file Char Count:10622 CPS5:4160 vPort: 9 57600 N1 None

27. Wait for a few seconds and then click on “Stop Capture” button to stop writing
to the file.
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Display | Pot ~ Capture | Pins | Send | EchoPort| 12C | 1202 | 12CMise | Mise | \n| Clear Freeze| |
Diagnostic Files Swu_s
[~ Log I hex | Disconnect
¥ I Tracal™ hex {RXD (2}
“ Captures incoming data (oafie | TXD (3)
_] _I _ICTS (8
" 1DCD (1)
File .| 1DSR )
llealleimlog - _IRing (9)
__|BREAK
1Enmot
Captures incoming data to a file Char Count: 10622 CPS:4160 ‘Port: 9 57600 8N1 None
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3.2.2 PROCESSING RAW INPUT AND OUTPUT DATA

Once the data are captured, it is necessary to read the data file to retrieve the
input and output data. The input and the output data are in hexadecimal format. These
are to be converted to decimal numbers. Proper scaling has to be done to retrieve the
original input and output data. The “DATA_PROCESS.m” in the same directory as the
“dspic_dc_motor_data_capture.md|” processes and plots the input and output data.

These steps are to be followed to process the data.

1. Open “DATA_PROCESS.m” from the path
“Desktop\your_folder\dsPIC_motor_model”.

2. Specify the data file name “capture.txt” as parameter to the “fopen”

command. This is line 4 of the “DATA_PROCESS.m’ file.

Debug -> Run the “DATA_PROCESS.m’ file.

4. It takes a while to process the data. Once the data process is done, it plots
the input and output data.

5. Check to see if the input and output data are similar to the one shown in the
figure.

w
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i MR

/

\ T
T

Motor Speed in RPM
o
,ZA

-2000 [~

-6000
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6. If the plot is not similar to the one shown above, run the
‘DATA_PROCESS swap.m’ file instead. Follow steps 1 through 3.

7. Once the motor input and motor output data are processed, these variables
appear in workspace window. These are used for parameter estimation and
model identification.

3.2.3 PARAMETER ESTIMATION USING SIMULINK CONTROL
DESIGN TOOLBOX

To design a controller and implement the same on the hardware, it is necessary
to replicate the hardware model in Simulink and design a controller. Simscape
component of Simulink can be used to design mechanical, electrical and other physical
systems. The DC motor is built in Simulink using the Simscape components considering
the linear components of the hardware. This section provides the necessary steps to
estimate the parameters of the DC motor.

1. Open “INITIAL_PARAM.m” from the same path. Run the file to initialize the
parameters used in the DC motor model.

2. Open “simscape_dc_motor_model.mdl” from the path
“Desktop\your_folder\dsPIC_motor_model”.

VOLTAGE
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3. Right click on the DC motor picture. Select “Look Under Mask” option to see
the DC motor model.

Explore
JOLTAGE Cut SPEED
Copy
Delete

Mask Parameters...

Subsystem Parameters... —=
Block Properties...

Model Advisor...

Requirements »
Real-Time Workshop >
Fixed-Point >
Linear Analysis >
Edit Mask

Look Under M;sk

Signal & Scope Manager...

Port Signal Properties >
Format >
Foreground Color >
Background Color >
Help

4. The DC motor model is shown here.

Mechanical

<Cﬂ—f Rotational
Reference
PS-Simulink

Inductance  Resistance n___u'}g Speed
sps & . 2 Pss| D)
Voltage > @ n—-—ﬂ—fmu———nwww—l = RPM
Simulink-PS o .
Gain Ideal PS-Simulinkl I:I
PS S|
gl
Sensor Terminator

f(x)=0

Solver
= Configuration

Mechanical
Rotational
“““Referencel

Converterl Controlled Voltage Rotational
Source Motion

Electrical Reference
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5. Click on Tools -> Parameter Estimation.

- de _molor_model/NC Mator

a Sevdnk Osbugom
Mokl Adviser .,

Gan

o
3 1208000 > -
Vokage _/f s

Simusok P35
Coaverdect

Flectiical Retareace

Mol Dapendencies

Foomd-Port
Lockup Table Edtor.,,

Fagurenents

Sgrel & Sccps Mansger

Fad-Time Workshop
Extamal Mode Control Farel

Conkrol Design

R ar o
Conpare Smylnk XML Fles..
Ceata Chject Waard

NPy Video Viewer ., ..

[tcens - HMRE REEE
et
Meahanical
’3.4 Wtason st
Retainnion
PE-Simusrk
Spasnd
setan e . )
WAA- LU e
1dea (3 slnuun
Retatoa s I" a
Matien 5
Serpar l.mmn-c
Necharical
= W Routorat
T Retenencet
100% 0de4S

6. This opens up a dialog box.
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=] Control and Fstimation Tools Manager

Ay Vew Hep
B0 ad(®
“n\:ck’oo:e 'aﬂr—‘n;l_;\:;
—?Uvohd-mmun:ﬁd Tae:
# U Tranewct Dats Subpmcr:
Yariables
& gzn’uﬁm Athon
# g vabsoron Company
Dascrptions -~
>
todel Ge_mtor_trodel Cpentodel | | Lpdate Taak |

| Seledt the hodes Dedow 10 Contiguee 2nd 1Un estinations.
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7. Click on “Transient Data” to import the input and output data.

L] Control and Estimation Tools Manager

Ple Ve Hel
- & A I
[ Wadpace v
= B Project - dc_motor_moded
’ L » Froperties
= €5 Estinabion Tash .
-~
+

vanaties 3
» Lig Estimation
+ g vaddstion

Destrpbon:

(o]

Trargiond dabs sets oo stored i thes [odder . Press Teew (0 Craate 4 few doka set

8. Right click on “Transient Data” and Click on “New”.

=] Control and Estimation Tools Manager, E]

File Wiew Help
R E
{k Warkspace Transient data sets
=W Project - do_mokor_madel :
il s . I P ki
= skimation Task L i
m 2
m Varie%
+-1 gl Estimation
e (g validation
v
Description:
S
v
e Delete Edit...
A
v
Transient data sets are stored in this folder, Prass 'Mew' to create a new data set
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9. It adds a new data to the environment. Click on “Edit” button to edit the data.

L] Control and fstimation Tools Manager

Fi= Vew Help
40 < (3
‘ Workspace Transint dats wets
= B Progect - de_motor_model AR
= ) Estmaticn Task o EIpaes
S et e | T A
Varisbles
i Estimation
+ Valdaticn
¥
Desripton:
~|
|
New || Delete || tdr.., |
~ New Data (2) rode has been added to Transient Dala, ~|
|
Trarcsert data sets ave storod in this fokder, Prass THew' Lo create & now data set

10. The window appears as given below

L'.T Contred and Estimation ools Manages
Fle Yow e
DS d N
4\ wirkapace { Inout vt | utgut Dats - Toate Dt
= W Project - de_votor_vodel ki o b
- Eiv_ndun Tash ‘“v“ sy
» [ Transient Data Doch Nave Daba Twe I Ts Weight Leogh
(IR | de_motor_modntVOLTAGE ,
Vaviabies Chanst - | 1 +
s Estyoation
# (g vasdwon
Irpert,.. | Chewr A3
- New Duata (2) nodes hes bean added to Tranaant Dets, a
L
|Selnit the tabbed pareds o Crdigre the transert data set,
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11. Under “Input Data” tab, click on the data cell.

2] Control and Estimation Tools Manager

Sheet No. 38

Fie View Help
A0 OB e—
4\ workspace Input Data Data | State Data|
= B Project - dc_motor_model
~@E ton Task 4 to blocks
= [T'T”r‘ Data Block Name Data Time | Ts Weight Length
i} Nowi Data dc_nmt..vm
%Vﬂ% [ Channel-1 __ 132 T 1 e
* Estimation M. A g .
# (g vaddation
rln'oon ][ Pre-process... ][ Plot Data ][700«" ] ‘
= New Data (2) node has been added to Transient Data, -
|
Sedact the tabbed panels to configure the transient data set,

12. Click on “Import” button.

L] Control and Estimation Tools Manager
Fle  View Help
g0 2d @
43::.:“ . Input Data | Output Data | State Data
= oject - dc_motor_model ' = |
:@Est Task Assign data to blocks
= ([ Transient Data Block Name Data Time { Ts Weight Length
[ 1] New Data dc_motor_modelVOLTAGE ) )
Variables Channel - 1 1 \ o
ES Estimation B E 3 o =
@ g vaidation
] | Plot Data J I Clear Al ]
A3 )
- New Data (2) node has been added to Transient Data. A
v
Select the tabbed panels to configure the transient data set,
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13. The “Import” dialog box opens.

17 Komtea an) (asanmmiss Tesiy Movsegh(
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= & iy Yos Data | Outad Dets | Sate eta
B el e
" hock hiare Dats Trm [ T Lungtn
Owerel - | i
B e 0 dostie
ERv " 8 soatie
B w 8 soutio
G Aesigntha Seloven) 00h poreoyy
O heter %) foww 3%
[ purt lrhwm—‘ ][ MMJE‘&:;‘_.
ot to Trarvciert Dats, -~
hd
B — -

Lo} Data Import Tet Oala v . OdaA!l.llN{
Anagn data 1o blocks
et o | Wik ¥ C T o wose oo |
- dc_motes_medekVOL TAGE
| Vartatia Name Gze Byes | Clase | * Cherral - 1 r ' -
EHm 151 8 doubss &
B mot_out 3062 741796 doubls
;L 12 16 double |
(@ Ao the Tokowty ok to selected I
) Asign the [oowng rows to sebected charnels [1:3016
m‘gwi]tﬁl
[ wpot.. || Prepecess.. || wosa || cewm |
- New ks (2) node has been added to Transient Dats, -
-

{Select the tatbed panss to sanhguee the trarcient data set,
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15. While the “Import” dialog box is open, click on the “Time/Ts” cell as shown in

the figure below.

e Yon b
D

Ireoet oan | wirkspacs %

Vanishio Name S2r  EBvies  Clss

i m Tet I doutie =
[ rt_ost 01621 201796 doutin
Bio <2 16 doubie w

() Mot O followarg ookawns 55 sseched charnmisl |

3 Asan the folowng rows 10 seeed Charred §) 10

[Creet (G J[ree]

Trest Deta | Output Dot | Sae Dt

Fromg thata bz bl

Dok Neme Des Tiew ( Te et Lergth

e _muiter_medebVOL TAGE

| e -} I — X2
[ ypat... || Pepoosw.. || Paoes || Cewd

Mot Tt (20 node hae been added to Trandent Dats.

[t the tated s o cantiguse the traraare dets st

14

16. Scroll down to select the time vector “t1” from the “Import” dialog box. Click

on “Import” button.

Lopart frore: | Workspacs

Varisble Mame Ste  Byer  Clae
i ) 18 dostle ®
) 10152 243256 dostile
iHn 363 201280 dostle
i " § dosbke w|
(5 fumwgr, e Frlloning tolarr o pelected chanealiel: |
7] frvngn ¥ fllomirng rowes 6o selectad chamradn {imie
| lwd, ose " “ole '

Irgut Do | Cutpt Dot © St Dt
Lxognaatn to blods
o Have eta tora | T ezt Lareth
He_tmeter_modeiVOLTAGE .
Charen + § li=—=—-" 1 i
L _weot, || Pepoces., || FotDea || Cew s
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17. Click on “Output data” tab.

L) Control and Estimation Tools Manager
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Import frooe - Workspace

Sce  Byss  Class |

Variable Name
= ") 16 double
0] 1330162 241285 double
i 301824 241206 double
B 11 8 doutle W
(@ Roskn the folwg ok to sekscod ,
O Assign the followinn roms to selected chancnls): (13016

Tee [ 15

| ot Dty Jrate Data
Assgn
| tock tsme ota

10 corfio

- Mew Dats (2) node has been added to Transieck Data.

th data sot.

[R5 )

ot tte

18. Click on the “Data” cell. Scroll up to select the “mot_out” data from the
“Import” dialog box. Check the figure to do this.

) Data Import

Ingeet from: | Workspace ™

S2s Byles Class

Varable Name
:::0] 12 16 doudle A
Em xt 8 doudle
o 309621 241296 double

301624 241288 el

(5) Assign the Following columes to selected channel(s): | |

) Assign the followng rows to selected charnel(s):  [1:2016:

(oot J1 e 100 |

{7 Control and Estkmation Toots Manager

« New Data (2) node has been added to Transent Data.

Salact the tabbad paneks 1o corfigure the trarcient dats sat.

Frout Data | CUtput Data | State Dta |
Assgn dats to blocks
Block e Oata T /T weght Length
Cunai-1: . 1 +
[ weot.. | [ Preprocess.. |[ Potoss  |[ Cewa ]}
al
>
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19. Click on the “time” data cell. Scroll down to select the time vector “t1”. Click
on Import. Please follow the figure.

1) Data import -
Irnput Daka | OUtpUt Data | State Dets
Aasign data to blocks
Bpert fron | Workspeo
= = Hock Name Dats Time | 15 Wesght Leogth
de_motor_model SPEED
Variable Name Size  Byes Cisss 1 ook o) 1 0163
1x30162 241296 double * :
2T 301621 241296 double
m € doutle
ﬂ, " § double =
(%) Assign the folowwrg cokumns to selected chanoel(s): |1
O Assin the folk to selected (1130160
(oo J (e ]
[ et | [ Preprocess.. |[ Potoss  |[ Cewa )
« Now D (2) node has been added to Transssrt Data, ~l
v
Select the tabbed Danels to confioure the transient data set.

20. The input and the output data are to be processed. To do this, click on “New

data” in the left pane. Under “Input data” tab, select the cell “mot_inp” and
click on “Preprocess” button.

L:: Control and Estimation Tools Manager
Fia View Hep

A0 C (B e—,
[\ workspace

= B Project - dc_motor_madel
= &) Estimation Tad

Weight Length

[ 30162430162

[ Preprocess... B[ paxoata ||

= New Data (2) node has been added to Transient Data.

Pre-peocess...

~|
Sedact the tabbad panals to configure the transient data set.
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21. A new dialog window opens with various options to process the data.

L) Data Preprocessing Tool for Dataset: New Data B

Moddy data from |, .r_modofVOLTAGE »

Dats Edting

Time (saconds)

Raw dsta | Modfied data

Write tesds toe () Bxiding datacet] <) naws dataset  Datasett

mok_ed:, 1)

Exchusion ez | Datvend[Fiterng

0.0 1438.097 | Al

1.00-3 145,897

{2.08-3 [-1436,097 Ecchude X1 | Exclude %
3003 43557

4083 1436.897 Exchade ¥ Excdude Yi
5.0e-3 1436,897

6.08-3 +1435,897

7,003 s eer s

6.00-3 1438097

9.0e-3 [1435,897 Wendow kngth:

1.00-2 [-1435,897

1.10082 [1435.697 . Confidence ks (%)

1,2000-2 |-1435,897 |

1.3000-2 11435897 .. (. )

I MATLAB expression |
Encluded by » rule
- Eucode Graphicaty i
[ Pdien | Mol exched ' []Fletines. Widow:

Mizang Daka Harcing

[} Remove ross shere data is exchuded or misEng [ trterpolste missing values using nterpolation mathod

[ ads J[ Oo |[ teb |

22. In this task, the entire captured input and output data are used to estimate the
Simscape model parameters. To do this, refer to the input and output plot.
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23. To use part of the data, enter the appropriate values as shown in the figure
below.

a. Select the “Bounds” check box. Specify the “X” and “Y” bounds. Refer to
the block encircled in red.

b. Select the option “Remove rows where all data is excluded or missing”.
Refer to the block encircled in green.

c. Make a new data set by specifying a new dataset. Refer to the block
encircled in yellow.

d. Once the steps a, b and ¢ are done, click on “Add” button and then click
“Close” button.

Then the new data set “est” will be added to the estimation task.
{21 Data Preprocessing Tool for Dataset: New Data
Modfy data from |...r_model]VOLTAGE v | Wrkeresuksto: () existing dataset (5) new dataset est]
Data Edting

Raw data ' Modified data

Exclusion Rules DetrendiFikenog

Time (seconds) mok_inp(:,1)
0.0 -1435.897
1.0e-3 -1435.897
2.063 “1435.897
3.00-3 -1435.897
4.0e-3 1435897
S5.0e-3 -1435.897
6.06-3 -1435.897
7.0e-3 -1435.897 [} Outhers
8.0e-3 1435897
9.0e-3 -1435.897 bocgth
1.0e-2 -1435.897 iy
jL:1008-2 ~1435.897 TS
1.200e-2. ~1435,897 onfidenc
1.300e-2 -1435.897 7

[T] MATLAB expression |

Excluded by a rule [ ke ]
[Rediest | My sxchided 2 ] Craines window:

[V]Remove rows where | &l v | datais exchuded or missing

[7] Interpolate missing values using interpolation method

o
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24. Click on “New Data” set to preprocess the output data. Click on “Output Data”
tab to select the motor output data.

L:) Conltrol and Estimation Tools Manager Ct@|’5§|
Time | Ts Weight Length
(1) b [ 1834318343
Gov
A
»
Select the tabbed panels to configure the transient data set,

25. Click on “mot_out” data cell and then click on “Preprocess” button.

L=] Control and Estimation Tools Manager
Fie View Help

a0 8d@®
¢Wodspa(c Input Data | Output D&t | State Data
= B Project - de_motor_model gt =
=i 7] Estimation Task

Assion data to blocks

= (1) Transient Data
11| Now Data
e
%v«m
+ [ Estinstion

'va

Weight

Pre-process... Piot Data ] l Cear All ]

o
Select the tabbad paneds to configure the transient data set.

~|
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26. If the input data was preprocessed, then also preprocess the output data as
shown in the figure below.

a. Specify the bounds for the output data. Refer to the “Bounds” section
encircled in green.
b. Select the option “Remove rows where all data is excluded or missing”
encircled in yellow.
c. Select “Existing dataset” and choose “est” data. This is the data set
which has the input data preprocessed.
d. Click on “Add” button. This adds the processed output data to “est”
dataset.
Once the input and output data are preprocessed, the variables that are to be
estimated must be selected.

L2 Data Preprocessing Tool for Dataset: New Data

Modify data from ...otor_model/SPEED v Write results @:

Dats Editing

Raw data | Modffied data

Time {seconds) mot_our(:,1)

0.0 -2785.514

1,0e-3 -2745.833

2.0e-3 -2745.833

3.06-3 -2745.633

4.0e-3 -2745.833

5.0e-3 -2745.833
'6,0e-3 -2745.833

7.063 -2745.833 Cliodtiers

8.0e-3 -2745.833
9.0e-3 erses Window length:
1.0e2 -2706.151

1,1008-2 eroeast Confidence fimits (9%): |
1.200e-2 ~2706.151

1.300e-2 -2706.151 v

[T] MATLAB expression

- B Ecluded by a rule
Al | Excude Graphicaly |
Manually exchaded [ Flatines  Window:

Mission = Lia nanding
[VIRemove rows where  all v data is excluded or missing [7] Interpolate missing values using interpolation method

dalra
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27. Click on “Variables” to select the variables to be estimated
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button to add the variables.

5] Control and Estimation Tools Manager

Selact the tab pansis to configure your estimation parameters and states,

Fie View Hebp
g0 DWW
‘a«me Estinated Paramoters | Estimated States
= W Project - de_motor_model — =
= ﬂ]: o Task Selacted porsnetors Defauk settings
= () Transient Data Al Name;
(1] New Data Value:
Intial guess:
® Minivum:
# [ig valdation Maximum:
Typical value:
Referenced by:
[ Al
<l
£
!

1<

28. This opens a dialog box.

=] control and Estimation Tools Manager

File ‘iew Help

‘L Waorkspace

=T Project - de_mokor_madel
= f31] Estimation Task [Z] select Parameters

Estimated Parameters | Estimated States

Default settings

Select additional parameters ko estimate Marne:
Value:
Marmne Size: N
1 1x1 A Initial quess: | |
K 121 Mirimumm: | |
L 1x1
R 1x1 Maximurn; | |
k2 L=l Twpical value: | |
Referenced by:
~
v
Specify expression (e.q., 5.x, a(3), b{zk
[ Ok ] [ Cancel ] [ Help ] Apply
Laa i ooy E——— 2
A~
v

Select the tab panels to configure your estimation parameters and states.
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. Click on “Add”
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|, Comtent und Lstimation Tools Managss

Fla View Helo

S0 oWdIE

29. Select all the variables for estimation. Click on “OK” button.

‘hbm
= I Promet - & _meker et
= ) tamation Task
* Tronsen: Osta
Varisbies
* Estmation
i g vabtaten

Extivatod Parsetlons  Pamated ates

Sabert whitonal parretary to sstyists
Naee Soe

-“| w
-

by

Spacly expression (6.0, 9%, 8{3), b2} )

| =

J[CCorcd [ Heb | [ ek |
vrrr—

—_

A

w!

Sebct tha tab panwhe to configure your mbemation et esters and states

|€! >

=] Control and Estimation Tools Manager

M Vew Heb

mhw“thmmumm!w-

A02d|®
4\ Worsnace Ectimated Parameters | Egtamated Stated
= W Promet - de_mottr_model Sl Sreneters o 23 3
. QE e | s e Defadk sottngs
® B teseetoats (R | (e :
s - —_ Vaboe! _De0eT
& [ Estmation L
i (g vasdaron R A 2
2 My i-Inf 5
MLtmm +inf Jiil
\ >
Typkayaios: 1
S =~
Referenced by: =
( g smotor mEddC Motorlnetia L
~i
(2] [ ool ] ~
-~
v
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30. Choose the parameter “I” from the list and then specify the Initial, minimum
and maximum values.
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31. Typical values for all the motor parameters in the set-up are given here.

ECS LAB

Term: FALL 2010

Parameter Initial Value Minimum Value Maximum Value
[ 0.0002 Kgm? 0.0001 0.001
K 12/4000 V/rpm 0.1/4000 200/4000
L 7 mH 0 400
R 10 Q 0 400
K2 12/4000 V/rpm 0.1/4000 200/4000

Once the minimum and maximum values are specified for all the variables,
parameter estimation can be performed using the imported input and output data.

32. Right click on “Estimation” and then click on “New”. This adds a new
estimation to the environment.

L] control and Estimation Tools Manager

File Wiew Help

SR TE

S[(=1E9

Sheet No. 49

ﬂ. Workspace
= Ngh| Project - de_motor_mads
=] Estimation Task

Transient Data
-

E‘awM

Estirnakions

Marne

Properties

Description:

<101

Estimation node.
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33. To specify the parameters to be estimated and the estimation options, select
the “New Estimation” encircled in red and click on “Edit” button.

Fle View Help

d NS d|®

L4\ Workspace
= ¥ Project - dc_mator_
= 2 Estination Task
= @ Transieot Data
i1 New Data
] est

Varisbles
=) Estination

B New Estimation

[ seectal || Gesrmt |

Select the tab panels to configure your estimation.

| €
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35. Under “Parameters” tab, select the parameters to be estimated.

ECS LAB

L21 Control and Estimation Tools Manager

Term: FALL 2010

Typical Yalue
1

3
L
R

[ Use vahue a5 Inktial Guess | [ Reset to Defauk Settings | [ Save as Defauk Settings |

Select the tab panels to configure your estimation,

-~

v

Sheet No. 51

36. Under “Estimation” tab, click on “Estimation Options” button to select the

estimation options.

Revision Version: 00

L5} Control and Estimation Tools Manager

File View Hep
d0D Edl@®

P ot

4\ Workspace

{ D&oﬁas_ t Ir’ame(e-s" R

Estimation progress
Reration

Function Co...  Cost Function  Step Size

<

Selact the tab panels to configure your estimation.

1€
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37. This opens a dialog box. Under the “Simulation options” tab of the options

dialog, all the options can be chosen to be “auto”.

=]

K] (*) Control and Estimation Tools Manager

'; Fio View Hebp

a0 @@

8 i\ Workspace Data Sets | Parameters | States| Estination |
s | Parameters | States |

ﬂom~a_;ma_nnde¢ B =

Options - New Estimation

ok [ coma J[ vew J[ aowv |

Select the tab panels to configure your estimation,

38. Click on “Optimization options” tab. Keep these as default values and try

estimating. Click on “OK” button.

W Contrel and Extimation Tools Managet

Fle View Heb
a0 ad|®
. Workspace | Data Sets | Parametees | States | Estination
o ¥ Project - de_yscter_model - -
- Extioastion frogross
:E(M Optea ation rmthod
B it | pcions st squwes v Akt | Trus fegon-Reflactve v
e _— I T
o Cgvdaon || correinien cotions
Off maccharge: 0.1 Maonum fun evals: 400 | Show procreds views
CF 1 change: 1e-000 Maxerm fevations; | 100
Farareter tolerarce:  0L001 Function tolerance | 0.00t
Oy brvet | oot v Gt type: fve v
Cant function: :
i
ol
| Sedext the tab pareds to confipure your
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39. Select the option “Show progress Views”. This plots the trajectories of the
variables and the estimated response during the estimation process

5] Control and Estimation Tools Manager

Fie View Hep

d0 | Sd|@®

4\ workspace
= B Project - de_rmokor_model
= ) Estimation Task
= {17 Transient Data Tearation
111] New Data
|7) est

Estimation progress

Variables
B New Estimation

@ [g valdation

Data Sets | Parameters | States Esmation

Function Co... Cost Function  Step See Procedure Estimation Options. ..

Select the tab panels to configurs your estimation,

| ¢

40. Click on “Start” to start the estimation process.

LZ! Control and Estimation Tools Manager

Fila View Hebp

g0 Ead|®

L\ Workspace
= @) Estrmation Task

Variables
= Estimation

3 [ views
 [ig validation

= W Project - dc_motor_model

ERp New Estimation

Estimation progress

- @r:mnt Data Tteration Function Co,.. Cost Function  Step Size Procedure
(1] New Data
|11 est

Data Sets | Parameters | States | Estimation

Sedect the tab panels to configure your estimation.
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41. The estimation process is displayed. The parameter trajectories and the
measured and simulated response are also plotted.

X 10" Trajectories of Estimated Parameters
1 T T T T T T T
~ o5 W |
0 r r r r r r r
0.2 ;
¥ 0.1 !
g 0 r r r r r r r
% 50 T
>
o] -
@
% 0 r r r r r r r
]
o 15 T
x 10 !
5 r r r r r r r
Ol T T T T T T T
¢ 0.05 -
0 r r r r r r
0 5 10 15 20 25 30 35 40
lterations
Measured vs. Simulated Responses
New Data
3000 T T T T T T
2000 [~ -
1000
[}
L
S a 0
E O
<

-1000

-2000 ~ -

-3000 r r r r r r
0 0.02 0.04 0.06 0.08 0.1 0.12

Time (sec)
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42. Once the estimation is complete, the final values of the variables are updated
and the Simulink model is also updated. Do not clear the workspace in
Matlab or exit Matlab. (For your reference write down the values).

3.2.4 PID CONTROLLER DESIGN & VERIFICATION

Follow these steps to design a PID controller for the DC motor model.

1. Motor speed controller (PID) Automatic design.
Double click on the Simulink model file
“simscape_dc_motor_PID_control.mdl”. The values of the motor model
parameters should be in the workspace.

_>I

oooo
oo

) 4

PID(z)

vy

Signal PID Controller
Generator

Scope

DC Motor

plot(linear_PID.time(1:20001,1), linear_PID.signals(1,1).values(1:20001,1), linear_PID.time(1:20001,1),linear_PID.signals(1,2).values(1:20001,1))
>> grid on;
>> title('Speed Response’);
>> xlabel('Time in seconds));
>> ylabel('Speed in rpm’);
>>

2. Double click on the block PID. This will open a new dialog box.
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3. Click on the “Tune...” button. This will launch the PID tuner.

PID Controlier

This block implements continuous- and discrete-time PID 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 Control Design).

Controller: PID v
Time-domain: Discrete-time settings
. |
O o i Integrator method: 1Forward Euler i v |
Filter method: [Forward Euler vl

Discrete-time 1
© Sample time (-1 for inherited): |0.001

Main | PID Advanced | Data Types | State Attributes
Cmtrolier settings : - : A
Controller form:  Parallel =]
Proportional (): 1.81659027453709 |
Integral Q1): 32,7859648361036 ‘
Derivative (D): | 0.0201764479287568

Revision Version: 00 Prepared By: RN & AV Approved By: FP



Approval Status: Pending ECS LAB Term: FALL 2010 Sheet No. 57

4. A window appears and displays the intermediate progress as shown below:
It initializes the tuner and analyzes the model.

PID Cpnfroller
s

This bldck implements continuous- and discrete-time PID control algorithms and includes advanced features such as
anti-windup, external reset, and signal fracking. “You can tune the FID gains automatically using the Tune..." buthan
irequires Simulink Control Design).

Controller: |PID

Time-domain: Discrete-time settings
) ) Integrator methad: Forward Euler -
) Continuous-time
Filter method: Forward Euler ]

(# Discrete-time
Sample time {-1 for inherited): (0.001

Main | PID Advanced | Data Types | State Atiributes

Confroller settings

§ -} Launching PID Tuner

Controller form:

Fropartional (F): Initializing tuner...

Integral (I}:

Derivative (0 0.0201 7644 79257588 Filter coefticient (M): [182.971751534336

Tune...

Initial conditions

Source: internal v
Integrator: |0
Filter: ]
External reset: |none ~

5. Once this is done successfully, a PID Tuner window displays the tuning
progress of the PID control gains. When completed, one can re-adjust the
gains to modify the response specifications.
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J PID Tuner (dc_motor_model_with_control/PID Controller)

3+:\, 3‘:\, {fr”@l ﬁ 2 Design mode:

Type: PID Form: Parallel

Plok: | Step reference tracking w Show response From block, Show parameters mip
18 T T " r T T T ! T
o
T
12 F---F--- } ------- 1' -------- e R 'r ------- e e ' -------- :— ------ —

Amplitude

Block responze |

! ! ! Tuned response

| | | | I I

4 = G 7 g 4 10
Time (zec)

Interactive tuning

Response kime: 1.22 sec

<l —1 oD

Slawer Faster

‘); [ ] Automatically update black parameters ’ (04 ] ’ Cancel ] [ apply ] ’ Help ]

6. To see the PID and system performance parameters click on the button
“Show parameters” as shown below.
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J PID Tuner (dc_motor_model with_control/PID Controller)

.5 1) BN 5"})'@* @ = 2 Desionmode:  Basic v Type:PID Form: Parallel
Plot: ‘ Step ref;erence tracking : v [] Show response from block Show parameters %
i T T T r 4 T T ; T
- s bl
SRR U DU SO S S W S -
R, el -

Ampitude

Block response

Tuned response
1 1
8 9 10

Interactive tuning

Response time: 1.22 sec

7. Click on “Show parameters” arrow button to view the parameters. One can
see the change in the controller and performance parameters by varying the
slide toolbar.
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' PID Tuner (de_motor_model with_control®ID Controller)

SRS ME e O Oesgumode:| Base v Type:PID  Form: Paralel
{
Plot: | Step reference trackng ¥ [7] Show respoces from block Hda parameters 4m
"""" o e W Egeo IEERaae: cooari oo Cortrofer Dy smters
| | Tuned Bhock
8} P 3535 10164
1 1,.5%064 R.78%
R o 1.09 0.020176
N 34351 [k 1829716
1
: Pecformance and robuitness
........... e e : ; Tused foch
/ Rise tires (sac) 0817 0,309
| f : : Setting tire (sac) 245 6,94
08t / : . 3 : : Overshock (%) .57 62
. ! Peah (R 1.62
( : : ' : : : : Gan margn (b © radisac) 02956 6168145,
/ Phase margn (deg @ radfeac) 633@164 1769368
/ Closad-ioop stabiky Stable Sabin
J
e |
f
o 1) el ot
|/ ! Bock resporse
“/ Tured respotss |
— o
T {e<)

Inker active Lurng

Respords tese:! 1,22 se¢
Sower Faster

9 7] Automaticaly update block par amaters [ o [ concst |[ sy |[ neo |

8. Once the desired performance is achieved, then click on “Apply” and “OK”
button. This will update the new tuned PID and N values of the block. Run
the model in simulation mode to observe the performance for a given input

on the scope.

Revision Version: 00 Prepared By: RN & AV Approved By: FP



Approval Status: Pending ECS LAB Term: FALL 2010 Sheet No. 61

) de_motor_model_with_control ™ ['._||'E|g|
File Edit View Simulation Format Tools Help
DS now o | | B B EE
4:|7
Ll
nooo I:I
) -+ PID(z) -
Signal FID Controller - '\\g
Senearator
Scope
LC hdotar

plotlinear_PID timed1:20001,1%, linear_PIl.signalsl, 1values1:20001,1), linear_PIC.time(1:20001,1)linear_PID.signals(1,2)valoes1:20001,17%)
== grid on;
= fitle(Spead Rasponse');
=7 xlabel!Time in seconds?;
=rylabel!Speed in rpm'y;
=r

Running 100%: ]| T=3.297 0deds

9. Double click on the scope when the simulation is completed. And check to
confirm that the desired performance is achieved.

¥

oooo

Signal FID Controller
Generatar

DC Motar

5000

5000

plotflinear_PID time(1:20001,1), linear_PID.signals(1,1).walues1:20004,1), linear_PID.timea(1:20001,1),linear_PID.signals1,2).
=» grid on;
== title?Speed Response');
== xlabell Time in seconds’);
== ylabel?Speed in rpm');
EEY
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10. Make sure to save the changes done to the model. And do not close the
model.
File Edit “iew Simulation Format  Tools  Help
D | &t W\
Save (ChrH+5) |

2 |2|:| |N|:urma| ﬂ @

1

gooo D
o FIDiz) ———————————— >
Signal PID Controller

Ganerator Scope

plotlinear_PID time(1:20004,1), linear_PID.signalsl,1values:20001,17, linear_PID.time(1:20004 13, line ar_PID.signals(1,20
== grid on;
== titleSpeed Response'y;
== xlabel’ Time in secandsT;
== ylabel!Spead in rpm');

11. Open “dspic_dc_motor_control.mdl” Simulink file.

dsPIC MASTER Configure Model for . Interface
3014012 dsPIC Target UART 1 Config T Matlah
6.25 MIPS (double-click) Uk T
Master Configure Model UART Configuration dbl-clickto open
for dsPIC Graphical interface

B
PWM Motor Outputl
Ref_in Tx P | Tx UART1

Tx Output3 W uintl6 H|PWRINM_Motor
oooo i
12:34 too | PID@) P> 7[C lul Gaind

Digital Clockl Ref PID ControlleSaturation Scale Abs2
kB < =p|boolean +=p|D1 D'gl\:\ilél(?rlgpm
ADCAN_3 n
= (i1 Relational — -
Tx F—p|Tx UART1 Constant3 = aratory D212 Type Digital Output Writel
peratorl conversion10
Subsystem Tx Outputl

TACHO FEEDBACK Transmission

12. Click and delete the PID Controller block.
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dsPIC MASTER Con i WModel i
IE012 nd;'Fl'JIETaig:t ' UART 1 Config Interface
6.25 MIPS {dou bleclick Baud: 57800 TxMatlab
Masier G ure Moded LART Corripursiion thil-clickin open
rdafic Grephical nierdece
PR Moo Ouipoifl
RET_in T 1—j| T LART 1

T Dulpul® . w wint1s LelPvEEm_Motor
P[] ¥ -

Oigilal Clockd Ref Soheplon Soale =]
T u| < |aleociesn {awfn Dsisl Outeut
ADCAN 2 [l o -—m ComB  Fellioml no D O VT
" Opemi Coyergont I

Suhyoyiemn TxOulmd1
TACHD FEEDBACK Transmission

13. Copy the PID controller block from “simscape_dc_motor_PID_control.mdl”
and paste it in the “dspic_dc_motor_control.mdl”.
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5] de _motor_model with_control
File Edt View Simulation Format Tools Help

DEE& s@B == /= =/ » =0 [Noma N BEbesE pEE

S e ——p o) > D
Signal PID cmuj |—b
Genaerator
1 Scope
Mask Parameters...
Subsystem Parameters. ..
ploflinear_PID time(1: 1.1), ling Block Properties. ., 1), linear_PID time(1:20001, 1) linear_PID signals(1.2) values1:20001,1))
. 'd on;
Model Advisor... 6 Response™:
nvert to Moded Bloc le in seconds;
ead in mpm')
Requirements ’s
Copy the selected objects to the (  Real-Time Workshop » X% ode4S /
d olo 0de 0 0 Fixed-Poirk »
| Linear Analysis ’
| View Mask... B0 [Nomal N EEbREs - pEE
Look Under Mask ‘
U LinkOptions * W
Conbigur
HPIC  Signal & Scope Manager... ’
(dout pe 1
Conjige Port Signa Prgputies . n dbl-click to open
1 E " » Graphical interface
Fareground Color »
Background Color » P'a Motor Outputt
Ref |

b

.
AP - b. uintit e PERGIM_Motor
0000

Digital Clodk Ret aturation Seale Abs2
——ip]
o Co sl [opesem ol “nier
ADCAN_Z kg liny Constants  Relational

onstan Data Type i i

T fp—Pp| T UART 1 Digital Output Write1

Operator! ¢4 nyersion10 ’
Subsystem Tx Outputt
TACHO FEEDBACK Transmission
Ready 1100% j' FixedStepDiscrete 7

14. Make sure to save the changes in “dspic_dc_motor_control.mdl”.
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Fle Edt View Simuston Formet Tooks Help

Dﬁ@&ﬂih e |y wf [Noma S BEREen REDE
dsPIC Target
(double-olick)

UART Configuration

Master Configure Model
for dzPIC
Ret_in Tx f—Ppf Tx UART1
Tx Quiput2
0000
Gl
Digital Cloddl Ret PID Controller Saturation Scale
F8
ADCAN3 by
Tx }—| T UART1
Subsystem Tx Outputt

TACHO FEEDBACK Transmission

[]6

Ab2

dbl-click to open
Graphical interface

P

Gaind

PWM Motor Outputt

Vint18

L PURIM _Motor

Constant3

Relational oy Type

boolean =P

Digital Output

e WRITE

Operator! ¢y nyemion10

Digital Output Writet

15. Incremental build the model to generate the hex file. This hex file can be
downloaded to the dsPIC controller to verify the PID controller performance.

Ded& @ @

Master

R o3
[ JefEF

Digital Clockt Rel

ADCAN 3 b ),y

T foip
Subsystem

Revision Version: 00

Fio Edt View Smulation Formetﬂeb

Mode! Dependencies
Fixed-Point
Lookup Tabde Edior...
Data Class Designer.,..
Bus Editor..,

Profiler
Coverage Settings...

Requrements

Signal & Scope Manager. ..

F Saaians
External Mode Control Paned... |
1] | Budd Suby

o :

Control Design
Parameber Egtination, ..
Report Generator...

TACHO FEEDBACK Tramamis  Comoare Simubink XML Fles...

Datas Object Wizard

»

’ -
dblclick to opan
Graphical interface

PWM Motor OQutputt

uint1S  Hpel PamIM_Motor

ey

| xPC Target Explorer
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16.

17.

18.

19.

20.
21.

22.

Once the hex file is successfully generated, repeat the procedures 6 to 13 of
Section 3.2.1

Repeat procedures 14 to 24 of Section 3.2.1, but make sure to change the
name of “xxxx.txt” in step 21 (not the name used during data capture).
Open “RESPONSE_PLOT_swap.m” from the path
“Desktop\your_folder\dsPIC_motor_model”.

Specify the file name of the data file (text file) as parameter to the “fopen”
command. This is line 4 of the “RESPONSE_PLOT_swap.m” file.

Debug -> Run the “RESPONSE_PLOT_swap.m” file.

It takes a while to complete the process and plot. Once the data process is
done, it plots the speed response.

Make sure to check if the actual motor speed follows the reference speed in
the plot with the desired specifications.

3.2.5 SYSTEM IDENTIFICATION USING SYSTEM
IDENTIFICATION TOOLBOX

The sections 3.2.3 and 3.2.4 explain the procedure to model parameter

estimation and controller design using SIMULINK Control Design toolbox. The
same can be done using System ldentification toolbox without developing the
Simscape model of the DC motor. The procedure is explained in this section.

1.

The procedure explained in sections 3.2.1 and 3.2.2 is to be followed to

capture the I/O data and data processing.

The procedure explained in sections 3.2.3 and 3.2.4 can be ignored if

procedure in this section is desired.
Type “Ident” in Matlab command window and press Enter. It opens the System
Identification tool.
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< | | Command Window 02
- -\’D Mew ko MATLAE? Watch this Video, see Demos, or read Getting Started.,

Coxiden

= Opening System Identification Tool done.
Jx ==

) System Identification Tool - Untitled

File Options ‘Window Help

Import data b Import models B
J’ Operations ‘

=-- Preprocess v

=
‘Wiorking Data

Estimate --= w

Data Views Maodel Views

Ta Ta

(Workspace | |LT Yiewer

st walidation Data
Status line is here.

Sheet No. 67

4. Click on “Import Data” and then select “Time domain data” to import the motor

input and output data.

) System Identification Tool - Untitled

File: Help

Import data Import models e
Import data Operations l
=-- Preprocess hd
Example...
| N
Wiorking Data
Estimate --= A
Drata Wiews Maodel Yiews
Ta To

Wiarkspace | (LT Wiewesr

== validation Data
Status line iz here.
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5. This opens up a new dialog box.

} System Identification Tool - Untitled

B=1ES

Data Format for Signals

.' | Import Data

File ©Options  ‘Window Help

Import data hd Import models hd
Operations
N === I I

- |

|Time-[‘.lnmain Signals hd

Workspace Variable

[ [ Jeme oL 1 ]
Data Wiews Ta To Model Views
Time plot orkspacel Tl Views hacel output Transiert resp| | Monlinear AR Data Information
Drata zpectra L Iiodel resids Freguency res| | Hamm-Wiene Dita natme:
Frequency function |:| Zeros and poles Starting time
Mo it
Trash ‘alickation Data OB D Sampling interval:
Empty icon. Mo action invoked.

,—

[ Import ] Resst

,—

[ Close ] Help

6. Specify the workspace variables in the dialog box. Specify the starting time and
the sampling interval of the data. Click on “Import” data to import the data.
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7. This opens a new dialog box with the data imported. The data “mydata” as

given in the Import data dialog window gets imported. This is highlighted in red.
Make sure the working data is “mydata”.

) System |dentification Tool - Untitled

File  Options  Window  Help

Import data hd

Import models hd
Cperations

lHr

=-- Preprocess % ‘

N L]
=> mmyclata

‘Warking Data

]

Data Wiews To To Model views
[ Time plot iorkzpacd| Tl viewe

|:| Data spectra

] Frequency function VY
mycata

Uttty Validation Data

Data set mydata inserted. Double click on icon Cright mowse) for text information.

8. Click on “Operations -> Preprocess” drop down to preprocess the data. Click
on “preprocess” and select “Remove means” to remove the means from the
data. This adds a new data to the data set “mydatad”.

) System ldentification Tool - Untitled
File ©Ophtions ‘Window Help

Impatt data i

) Impatt models W
¥ Operations

L4

- £
mydsta =-- Preprocess

<-- Preprocess
Zelect channels...

Select experiments .
Merge experiments ...

Select range...

Remaove means

I FEmmrretrends——— |

Data Wiewes ) Model Wieses
Fitter...

Ti It
I:‘ me g Rezample...
[] Data spectra Transform data...

[ Frequency function| quick start R
TTmyidata

R
Trash validation Data
Click acknowledged. Mo action invoked.
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) System Identification Tool - Untitled

File ©Options indow  Help

Impart data b

Operations

myidz a m'-,fidatai]:l =-- Preprocess W
YAy
= mydata
Warking Data
1

Estimate --= W

Impart models

¥

Drata Yiews To To Moclel Yiewes
|:| Tirme plot orkspacdl Tl Yiewen
[ ] Data spectra .
[ ] Frequency function []] ‘”‘J“\F
! mydata
Trazh Validation Data

9. Click on “mydata” data, drag and drop it on the working data. After this
operation, the window should look like this.
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) System Identification Tool - Untitled

File Options indow  Help

Drag data icon here to select it as working data.

Import data v Impart modelz b
¥ Cperations ¥
mydata r‘n'-,fidata ;] =-- Preprocess W
W]
. mydatad
Warking Data
4
Eztimate --= W
Drata Yiewes To To Moclel Yiewes
|:| Tirme plot orkspacal Tl Yiewen
[ ] Data spectra __
[ ] Frequency function []] W
) mydats
Trash validation Data

Prepared By: RN & AV

Approved By: FP



Approval Status: Pending ECS LAB Term: FALL 2010 Sheet No. 71

10. Click on “Preprocess” again to select the range of input and output to be
used for estimation and validation purposes.

) System Identification Tool - Untitled

File ©Options ‘Window Help

Import data B Import models [

Operations

mydata |fmydatad = Freprocess M ‘

=-- Preprocess

Select channels...

Select experiments..
IMerge experiments...

Select range. ..

Remaove means

Remove trends

Data Wiews ] Model Wissws
D T Fitter...
F Resample...
|:| Data spectra Transform data...
[ ] Frequency function| quick start
T Trydata
et Yalidation Date

Drag data icon here to select it as working data.

11. This opens another window to select the range. The entire range is given in
the “Time span” text box. The number of samples is also given in the Samples

text box.
) [Select Range: ul->y1 |'Z|[E|g| -} Select Range: ul->y1
File Options Style Channel  Help Fe Options Ryl Channal Help
Input and output signals Input and output slgnals
5000 5000
\/ v -
4000 -5000 161
5000 5000 4 &
MIpirmanrTams mydatade
0 0 [ insent |
5000 . | 5000 SRR )L
0 0.5 1 15 0 05 1 15 Close
Tirne Time
Matk time span using mouse (drave rectangle) or keyhoard. Mark time span using mousa (draw rectangie) or kayboard.

Specify the time frame as given in the figure. The data name can be “mydatade”
for estimation. Click on “Insert” to insert the data for estimation.
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12. Once the range is chosen for the estimation, the data range for the
validation data should be specified. Specify the time frame for the validation
data as given in the figure. Click on “Insert” to insert the validation data.

J Select Range: ul-=y1

File Options Sktwle  Channel Help
Input and output signals
a00o
Ti an:
. W/\\ﬂ/\/ 061.24
] .
-5000 b1 125
a000 {.-—"
| mydatady
o i
WOy
0 0.5 1 15 tlose
Time
Mew data sets may nowe be chosen,

13. Move the “mydatade” estimation data to the “Working data “ box and the
“‘mydatadv” validation data to the “Validation data” box.

) System Identification Tool - Untitled

File ©Opkions ‘Window  Help

Impart data b Import models bt
I Operations I

tmydata mvdataj =-- Preprocess ¥

Mm i

ydatadfmydatady V‘J“‘v’“

\/ =W datads
)< YWarking Data

1
Estimgts -5
Data Views To N To hiodel Wiewys

] Time plot Drkspacel_\N\Viewer
[ ] Data spectra \

Tl [
[ Frequency function | w

| mydatady

Trash “alidation Data

Walidation data changed to mydatadyy.
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Once the data are selected for the estimation and validation, the model can

be identified. Click on “Estimate -> Parametric models” as given in the figure.

) System Identification Tool - Untitled

=

Spectral models ..
Correlation models. .
Guick start

File Options window Help
|Impu:urt data V| |Imp|:|r‘t models V|
& Operations
rgclata mvdataj |‘" PrEprTESS v|
ﬁvdatadymydatadv — YA
Inydatade
Wiarking Data
T Testimate = v Lo
Data Wigwes Estimate --= hodel Wiews
[ Time plot
|:| Data spectra
D Freguency function Monlinear madels. .

15.

e e

e

This opens another window.

Flle Options  Window

Impart data v

myidata m\tdataj
vdatadnmydsﬂadv

Data Views
[ ] Time plct
(] Data spectra
D Frequency function

Help

Operations

<-- Preprocess ¥

==

Y%
Inyclatade
Warking Data

!

=

Import models ¥

Structure:

|AF{}(: [na nb nk]

To To

orkspacal Tl Wiewvel

Trash

S

miycatady
‘alidation Data

Choose model Structure and Crders and then press the Estimate: button.

v
Orders: | 441 |
Eqjuiation: Ly=Bu+e
Methioct: @ AR O i
Mame: |arx441 |
Focus: Initial state:
Distmodel  Estimate Covatiance:

Madel Vieves

[ Qrder Selection

]

[

Qrder Editor... ] ‘
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16. Click on “Order selection” to let the toolbox choose the order of the system.
The “orders” text box is updated with the new values as given in the figure.

17. Click on “Estimate” button. It estimates and opens another window

EEX

) Linear Parametric Models

Structure: AR [na nifb k] v
Orders: [1:101:101:10]

Eqjuation: et il

Methad @ R Ow

Marne:

Focus: Prediction | Initial stater |u 4o w

Distmoclel.  Estimate Covatiance: |poye-ta v

[ OrderSelection | ( Crder Editar... J

[ Estimate | [ ciose | | Help |

displaying different results for the identification. Click on “Insert” button.
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) ARX Model Structure Selection

File

Linexplained output wariance (in %)

10

Options  Style  Help

EBX]

Model Misfit vs number of par's
- Mumber of par's
Fed: MDL Choice
Red: AIC Chaice B
Red: Best Fit Mlizfit=0.15224
na=4
nb=2
nk=3
()
irr
1] 10 20 a0

FHumber of par's

Click on bars to inspect models .
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File ©Options  wWindow Help

Import data hd Import models
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This inserts the model to the “System Identification” window. The model is
circled in blue.

HEE

File Options Style  Help

+*
arxd23 ‘ ) |

=-- Preprocess | ¥

¥
_

t
GYAVS

m
ata

datace
‘Wiorking Diata ‘

DE |
[ 1 e |

i ‘

Estimate -

|:| Freqguency function

Trash

AT

Walication Data

Data “iews To To hdociel viewys
|:| Time plot orkspacd] Tl YWiewe |:| Model output |:| Transient resp
|:| Data spectra |:| Model resids |:| Frequency res

|:| Moise spectrum

hioclel arxd 23 inserted. Double click on icon for texdt information.

|:| Feros and poles

19.

Model Misfitvs nurnber of par's
ey - Mumber of par's
& Red: MOL Chaice
= Red: AIC Cheice| | B
z Red: Best Fit Misfit=0.15224
=
g G na=4
= nb=2
=
g g nk=3
2
E (et D
a 2 e —
:
=
: it
0 10 20 30

Mumber of par's

Merwy models may nove be selected.

Click on “Model Output” check box circled in blue to display the model

output. It opens another window displaying the percentage of fit (this is circled

‘u = (B[] - Model Output: y1
I File ©ptions Window Help File Options Skyle  Channel Help
Import data w Import models % 3000 Measured and simulated model DutputJ/_...—....._\
d Operations L BestFits N
midata n Edatad - Prepro;ess e ard23 2000 | ard 23 8022 l
rE:datad myclatady VY
= Inydatade 1000 T
Worklng Data
L] o T 1] ’
Estimate --=
Data Views To To hiodel Yiews 1000
|:| Time plat orkspacgl Tl Views " |:| Transient resp
|:| Data spectra |:| Model resids |:| Frequency res
. T AN 2000 L L L L
|:| Freqguency function | |:| Teros and poles 0.4 0.6 0.s 1 1.2 1.4
; vy clatacd g i
Moise spectrum Time
e “alication Data O P
Click on datafmodel icons ta platiunplat curves.

20.

This loads the model to workspace.
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<) System Identification Tool - Untitled Q@@
File Options  Window  Help
Import data hd Impart models w
¥ Operations I

mydata mvdataj <—Preprocess | argdes

n\-‘datadymydatadv - V\f\“‘f— /
mydatade
Working Data
1
Estimate - b
Data Yiews To To Madel Vieswes
[ Titne: plat orkzpacal Tl Wieween [ Model output [ ] Transient resp
|:| Cata spectra . D Model rezids |:| Freguency res
[] Frequency function []] w [] zeroz and poles
' Iy diatachy |:| Maize =
pectrum
liz=n alitation Data

arxd23 has been exported.

21. Enter these commands in Matlab prompt to get the discrete and continuous

models of the identified model.
a. tf_identified = tf(arx423, ‘m’); % The arx423 is the model imported to

workspace.

The transfer function is
0.03571 z + 0.02317

z" - 1.455 z"3 + 0.2911 z"2 + 0.5251 7 - 0.2626

b. tf_identified = d2c(tf_identified, ‘Ts’, 0.01); % Find the model in s domain
The transfer function is
-0.006401 s"4 - 2.172 s"3 + 2839 s"2 - 6.703e005 s + 4.81e007

s™ + 920.1 s"3 + 7.847e004 s"2 + 4.449e006 s + 8.03e007

c. Find the energy measure of the system using Hankel Singular value

decomposition.
I. hsvd(tf_identified);

This plots the energy levels of the system.
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Hankel Singular Values (State Contributions)

T
I stable modes

State Energy

Ignore the low energy states. This is mainly done to reduce the identified
model based on the energy of the system. From the figure, we can say that
the system can be reduced to an order of 3 (since the energy of the system
dies out after state 3).

22. Reduce the order of the identified model. Enter the following command in
Matlab.

tf_reduced = balred(tf identified, 3);
The transfer function is
-0.007548 s"3 + 4.41 s"2 - 871.1 s + 5.767e004

s"3 + 87.93 s"2 + 5222 s + 9.627e004

23. Open the model “sysID_dc_motor_model.mdI” to design a controller. Double
click on the Transfer function block to input the transfer function “tf_reduced”.
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ooon FIDE R > numis FD

00
denig)

TrangerFcn

Discrete PID Controller

Signal
Genarator

Scope

24. This opens a new dialog box. Specify the numerator and denominator
coefficients. Click on OK when done.

F.! Functhan Hiack Pasametess. Transfer fon ﬂl

Vawter Fey
The numarattr Coiciont £an be 3 wector o Mar e epresion The
GRnOmnaty COSMe irt must b & wectie, The Ouyas wiolh aduaki he
rumber of rows I Se ruserator coefieent You oukd oecfy e
coefficents n cecconding orclr of powers of &

Pwamess

Nty g Cosfficents:

0007543 4 41 971 1 S.7676004 ]

Dergminetr to=fficents

{1 02000 5222 S.a2 o)

Abetun Dhr arce

a*m

e Namw | (0. Toster)

9 o) [Ccoman [ vew [ scov |

25. Double click on “PID” controller block to auto tune the P, |, D parameters.

FIDEZ)

o numis)
den(s)
Transfer Fon

Signal
Generator

Scope
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26. Please follow the steps 3 through 8 of section 3.2.4 for PID auto tuning.

aoao) | ;_» IN FIDGD by ol name)

p— Disesate PID Contieitas ...
Slgnal Tunstee Fon
Ganeratee

100%%

proe TR T AT Y N POV T L OO T r

27. Open the model “sysID_dc_motor_control.mdl”.

dzFIC MASTER Configure Model for :
30f4012 dsPIC Target HART 1 Eanfig
5.25 MIPS ¢double-click) Baud: 57600

Master Configure Model ART Configuration dbl-click to apen
for dsPIC izraphical interface

Firhd hdotor Qutputd

Ta

v

T UARTA

Tx Output3

PID) (- A -DD—-F lul

izcrete FID ContrAfdration Soale AbsZ

| .
oo Digital Dutput
Fe IT|_> =P boolean = 01 WRITE
" Constants Relational 4T — .
Wpe
™ T UARTI Operator oy ersiondi Digital Qutpuot Wirited

uint16 = PR W otor

0000
12:34 teo

Digital Clockd Fof

ADCAN_Z (1

A 4

Subsystem Tx Cutputi
TACHO FEEDBACK Transmission

28. Delete the PID controller block from the model.
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Furhd hdotor Clutputd

= PRI _hotar

Crigital Output

bt WRITE

3014012 dsFIC Target HART 1 Config
£.25 MIFS tdouble-click) [Eenl: Gt
hd aster Canfigure hadel UART Configuration dbl-click ta apen
for dsFIC Graphical interface
Ref_in Te P T LARTA
T Outputs vint1s
0000
12:34 tho +
DigitalEIodd Ref Saturation Scale Absz
= | o |_> = =Pboolean
ADCAN_3 L int . Canstants Relational o4, Type
™ w| Tx UARTA Operator oo nvesion 0
Subsystem Tx Output]

TACHO FEEDBACK Transmission

Crigital Qutput Wrriteq

29. Copy the “PID” block from the “sysID_dc_motor_model.mdl” and paste it in
the “sysID_dc_motor_control.mdl”.
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File Edit Wiew Simulation Formak  Tools  Help
= | A b e
D& @ 2R 4 [0 » 50 Nomal FHERE s RE
~
Aili
I—T
oooo numi's1 D
ol > Fi Explare >
R =
Signal Dizcrate "T Cut -
Senerator
Scope
Delete
Mask Parameters., .. y
Subsystem Parameters, .,
Block Properties., ..
Model Advisor. ..
Convert bo Model Block v
i Requirements 3 | 3
Copy the selected objects to the clipboard. ||3|:Ie45 A
= R.eal-Time Workshop 4
1*] syslD_dc_motor_control *
T N
File Edit “iew Simulation Format  Tools Fixed-Paint
q. - Linear Analysis 4 o [T
D& & 8BR| et ormal DR BB
Wiew Mask, .,
o Modd ¢ Look Under Mask,
onfigure Model for ) )
4sPIC Targe Link Cptions 4
double-click
(double-cli Signal & Scope Manager. ..
hlaster Configure hoflel ) ) click to apen
for dsPIC Part Signal Properties * hical interface
Farmat 4 c
Foreground Color [ Fulm M otor Outputt
Ref_in Tx—  Background Color ¥
Help Fhilih uint16  Hiel PRSI otor
nooo ;
o e | ol o
DigitalCIodd Ref Saturation Scale
e = Lelboolean {01 Dig:;:;ﬁ;tp”t
ADCAN_3
= [T In1 Constant3 Relational
Data Type iai i
T e T UARTA ¥p Digital Output Wirite1
v Bperatert oo nyersion 0
Subsystem Tx Outputd
TACHO FEEDBACHK Transmissian
Ready [100%: FixedstepDiscrats Y
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30. Build the model to generate the hex file.

5| prbs_dc_motor_model_control_with_ident *

File Edit Wiew Simulation Format

~u
L =EHS

dsPIC MASTER Configun

204012 d=FIC

G.25 WIPS (doub

hdaster Configu

for

Digital Clock1
Fo
ADCAN_Z f
T —n
Subsystem

TACHO FEEDBACIK Transmis

Simulink Debugger. ..
Model Adwisor...
Model Dependencies

Fixed-Paoint

Lookup Table Editor. ..
Data Class Designer ...
Bus Editar...

Prafiler
Coverage Setkings. ..

Requirerments

Signal & Scope Manager. ..

Real-Time sh

Control Design
Parameter Estimation...
Report Generator. .,

Compare Simulink XML Files. ..

Draka Object Wizard

MPlay Yiden Yiewer, .,

External Mode Contral Panel, .,

~ [Nomal - EHes B REE®

dbl-click to open
Graphical interface

Furhd hdotar Cutputt

H| PARHRA_ht ke

Build Made Ctrl+6 Digital Dutput
T wmiTe

Digital Qutput Wrrite1

#*PC Target Explorer

31. Repeat steps 16 through 22 of section 3.2.4. Verify if the system response is
indeed satisfactory.
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