Running A Texas Instruments
Microcontroller Using MATLAB
Simulink

Part 1 : Introduction

Today, most of control systems are designed and applied by using digital technology and
microcontrollers since they are flexible, reprogramable, small sized, low energy consumption and can
be watched and conroller over a computer. There are many types of microcontrollers and Digital
Signal Proccessing (DSP) Kits are also microcontroller applications which are have a wide usage area
(audio and video proccessing, various control systems).

I’m going to explain how to program a Tl DSP kit using MATLAB Simulink on this guide and I'll
use Texas Instruments C2000 family F28335 ‘Delfino’ Experimenter Kit as referance on steps.
Although you can program your DSP using assembly language or C/C++ since it is a microcontroller,
sometimes using simulink might be a better solution for your program. In simulink you can visually
design your system and follow your system inputs and outputs, also you can real time control your
system over simulink by creating your own GUI in MATLAB.

Note: Do not Plug your device untill CCS installation is completed

Part 2 : Installation
Requirements:

Windows XP or better operating system

e .NET Framework 2.0 or better for MATLAB installation (you can downlod it from
http://update.microsoft.com)

e MATLAB 2011a or higher version (If you already have 64bit version of MATLAB, you'll
also need to install 32bit version of MATLAB, 64Bit version will not work correctly
with CCS)

e Code Composer Studio (CCS) v3.3

e FLASH API (compatible with your proccessor)

Note: CCS v3.3 is not distributed or supplied by Texas Instruments anymore, however you can ask for
a download link from ‘request_ccsv3@list.ti.com’ if you have a licensed product. If you are using a
C2000 family product, you can download 32K limited version of ccs v3.3 from http://software-
dl.ti.com/dsps/dsps registered sw/sdo ccstudio/CCSv3/Free/C2000 Code Composer Studio v3.3.83.19 limited.zip . You must

download correct Flash Api version for your proccessor from Tl website, Flash Api for F28335 can be
downloaded from here: http.//www.ti.com/tool/sprc539

Code composer studio 4x and 5x versions are avaible on Tl website but unfortunately
MATLAB supports only CCS v3.3 for now. MATLAB might have support CCS v4 or v5 with 2012a or
2012b release but you need ccs v3.3 until then.


http://update.microsoft.com/
http://software-dl.ti.com/dsps/dsps_registered_sw/sdo_ccstudio/CCSv3/Free/C2000_Code_Composer_Studio_v3.3.83.19_limited.zip
http://software-dl.ti.com/dsps/dsps_registered_sw/sdo_ccstudio/CCSv3/Free/C2000_Code_Composer_Studio_v3.3.83.19_limited.zip
http://www.ti.com/tool/sprc539

Installing Code Composer Studio v3.3
e III'WARNING!!! You'll need administrator rights to accomplish setup
e Follow installation instructions if you have a CCS v3.3 CD with your product.
e If you dont have a CD and downloaded 32K limited edition then;
e Unzip archived files to a folder.
e Right click on Setup.exe file and choose Run As Administrator
e Follow the installing steps
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You can choose typical or custom installation in install options, typcial install will do it but |
suggest to choose custom and make sure everything is selected.

You may encounter with warning messages during installation, just ignore them and continue
installation. Especially if you are Windows 7 or Vista user, you’ll see an error message at the
end of installation, it’s about XDS 560 emulator drivers, since | was working with XDS100 |
just ignored them and everything went well. If you are XDS 560 user, you can ignore them
again and reinstall xds560 drivers later.

Finish the installation.

Installing MATLAB 32bit

You can install MATLAB 32bit edition from your CD or install directory. 32bit setup can be

[ ]
found in (%Matlab setup directory%\bin\win32\setup.exe)
Installing Flash Api
e Be sure you are downloaded the right version of Flash Api for your proccessor
e  Extract the archive file
e Setup with default options, follow installation steps and finish installation.

Installing Device

Plug your device to your computer
Wait for Windows to install device drivers.
You'll see your device under device manager window as follow

. § TIXDS100 Channel A

- § TIXDS100 Channel B

Part 3 : Configuring CCS and MATLAB

Configuring CCS v3.3

Run ‘Setup CCStudio v3.3’
Using filters on middle panel, choose your emulator and proccessor (XDS100 F28335 for my
stuation)

I, Code Composer Studio Setup
File Edit Yiew Help
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B C28346 XDS100 Emulator C28xx xds100usb ... *
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EF:F28332 XDS100 Emulator C28xx xds100usb ... *

[F25334 XD5100 Emulator C28xx xds100usb ... *

F28335 XD5100 Emulator | C28xx xds100ush ... *
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|Drag a device driver to the left to add a board to the system,



e C(Click add buton on middle panel and add this device setup to your configuration. This
settings defines your device and CCS will automaticly try to identify your device through this
setting on every run.

e C(Click “Save & Quit” to exit from this window. It will ask you if you want to run CCS v3.3 on
exit, click yes and CCS v3.3 will run.
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|Select the system node to add a new board to the system configuration,

e To check if your software is installed correctly and hardware connected right, you can try
your DSP kit through CCS v3.3
e From ‘Debug’ menu, choose ‘connect’

J/ed|

EEWMBIEE[ 4B 4]

iF28 B Emulator/TMS320C2800_0 - TMS320C28xx - Code Compos
File Edt View Project |Debug |GEL Option Profile Tools DSP/BIOS Window Help
B @ &g ereseans.. e

bl e Stepping » 5‘ o 'ﬂ . &

==
)

| |#3 GeLfiles
(21 Projects

i

¥

i)

& Advanced Resets >

ﬁ Reset CPL Ctri+R
2 Reset Emulator Crl+Shife+R
v Halt et

o |

’g @ DISCONNECTED (UNKNOWN)

4

Togale the connection to the target

e CCS will connect to your device and stand by if everything is correct. You’ll see a screen like
following.

e You can exit from program if there is no error.

e If you have any problem at this point, please check previous steps again because you can’t
configure MATLAB unless CCS can identify and connect to your device.
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Configuring MATLAB

Run MATLAB 2011a (or higher) 32Bit version. (Do not run 64 bit version, goto folder where
you installed 32bit MATLAB and run matlab.exe from there, or make a shortcut to desktop
for it)

Firstly you need to check if matlab can communicate with ccs and your device, follow the
steps to do that.

Type “ccsboardinfo “ and enter on matlab command window, matlab will show a list of
proccessors and boards connected to your computer.

Command Window “Oa x |
(1) New to MATLAB? Watch this Video, see Demos, or read Getting Started. X
>
Board Board Proc Processor
Nur Name Num Name
u] F28335 XD5100 USBE Emulator u} TH3320C2800_0
fx o>>

Type “checkEnvSetup” and enter on matlab command window. This command will check
requarements for matlab and ccs communications and inform you if any extra software is
requared or missing.

Note: Matlab will ask you for Flash Api installation folder any time you run this command,
this doesn’t mean you installed it incorrectly, you just need to show the path. Be careful while
showing the folder, it is not main install directory of Flash Api, you need to show folder that
contains your proccessor’s name in Flash Api directory.

“checkEnvSetup” command is used with at least 2 parameters, first one is ccs version (ccs for
v3.3, ccsv4 for vax.) second one is proccessor model, just type the proccessor model as
parameter. You can see my example on following figure.
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>> feneckEnvsecup (cea’, 12283350 ) | Nome = Yok

1. Checking C€CS (Code Composeér Studio) version
Required version: 3.3.82.13
Required for : Automation and Code Generation
Your Version 1 3.3.83.19
Incompatible version detected, CC3 version does not satvisty produc

2. Checking CGT (Texas Instruments C2000 Code Generation Tools) versi
Reguired version: 5.2.1
Required for : Code gQeneration
Your Version :1:8.2.1

3. Checking DSP/BIOS (Real Time Operating System) versign

Required version: $.33.08% m.‘ m
Required for : Real-Time Data Exchange (RTDX)

Your Veraion : 5.33.05 Browsa for Plash Tools (TMS320C28335 Flash APls)
installation deectory
4. Checking Flash Tools (TMS320C28335 Flash APIs) versi
Required version: 2.10 L Documents and Settings Lo
Required for : Flash Prograrmming * O Program Fies
L = 2 tdes
=B
= ) Flash2s_APl

* ) Flach28332_APL V210
* 0 nmzam_ngx_v_zm
+ O RSSO |y

Kase: | FRash28335_API_V210

(vemmserorgtr ] [ _tomam J [ tots ]
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e lastly type “ticcs” on matlab command window and enter. This will give you a information
table about state of your device.

Command Window i = [ |

(@) Mew to MATLAB? Watch this Video, see Demos, or read Getting Started, x
o]

TICCS Object:

Processor type : TMS320C28xx
Processor name : THM3320C2800_0
Running? : No

Board nurber : 0

Processor number : 0

Default timeout : 10.00 secs
RTDX channels : 0

fx >>

e If all steps above went without error and if you were able to see windows like on examples,
this means MATLAB and CCS setup and configuration is correct and you can use simulink and
make your models for your DSP kit.



Part 4 : Preparations For Creating Simulink Model

If all above steps are completed then you are ready to create your own simulink model for Tl
DSP kit.

Open simulink library, create a new model file.
The first thing to work with a TI DSP, you need to define your DSP kit to model file.

e Go to “Embedded Coder”, find “Embedded Targets” get “Target Preferances” to your
workspace

E}Slmuhnk Libranj Browser Q &3
File Edit VYiew Help

‘) & »  |Entersearchterm

Libraries _\ Library: Embedded Coder/Embedded Targets [ Searcﬁ Re 4 E]

’E:JT!'ED?X‘SIHIUIEIUTTIHK—T_
Host Operating
Communication Systems

: 1o

=) W] Embedded Coder

- AUTOSAR
- Configuration Wizards = i8] Target
I=-Embedded Targets Iogessor i Bl preferences

Host Communication

Operating Systems Target Preferences

[+~ Analog Devices Blackfin
[#-Analog Devices SHARC
[+-Analog Devices TigerSHARC
[#-Freescale MPC55xx MPCT4xx
[+-Freescale MPCSxx
[#-Infineon C166

[=-Texas Instruments C2000

- C2802x

- C2803x

- C280%

- C281%

-~ C2834x

- C28x3x%

--Memory Operations
[+-Optimization

-~ RTDX Instrumentation

- Scheduling

- Target Communication
[+]-Texas Instruments C5000

1+~ Texas Instruments C6000 v

Showing: Embedded Coder/Embedded Targets

11l

ot will ask you for preferances of your DSP Kit, define them.

J\g]‘un;it'ledﬂ arget Preferences: Initialize Configuration Parameters '
The Target Preferences block will be set with the selections you make below.

IDE/Tool Chain: | Texas Instruments Codg Composer Studio Lv}
Board: 2000 Custom vl
Processor: F28335 | #]

Do you want to update the model's Configuration Parameters to correspond to your selections?
Clicking "ves' sets appropriate Configuration Parameters,
Clicking 'No' leaves all Configuration Parameters unchanged. The model may not generate code
that is compatible with the selected IDE/Tool Chain, Board, and Processor,

Yes II No ][ Help




eYou can also change them from workspace later

"8 untitled/Target Preferences

1DE/Tool Chain: ITexas Instruments Code Composer Smdiol ‘\.2«
Board ] Memory | Section | Peripherals ‘
Board Properties
Board: |c200c| Custom j";ﬂ
Processor: IF28335 {vl Add Mew... Delete 3
CPU Clack: | 150 MHz
Board Support
Operating System: ;r;ironei J|
$(MATLAB_ROOT)\toolbox\idelink\extensionsiticcs\src\DSP2833x_Wa| L
Source fins $(MATLAB_ROOT \toolboxhidelink\extensions\ticcs\src\DSP2833x_C|
Includ th $(MATLAB_ROOT M\toolboxhidelink\extensionsiticcs\src\DSP2833x_D
e $(MATLAB_ROOT \oolboxhidelink\extensions\tices\src\DSP2833x_G
#-Libraries $(MATLAB_ROOT itoolboxidelink\extensions\ticcs\src\DSP2833x_P
Initialize functions $(MATLAB_ROOT \toolboxidelink\extensions\ticcs\src\DSP2833%_P | _
“Terminate functions | | $(MATLAB_ROOT M\toolboxdidelink\extensions\ticcs\src\DSP2833x_S|
$(MATLAB_ROOT stoolboxhidelink\extensionshticcs\src\DSP2833x_u
$(MATLAB_ROOT Mtoolboxhidelink\extensionsiticcs\src\DSP2833x_C
$(MATLAB_ROOT Mtoolboxhidelink\extensionsiticcs\src\DSP2833x_A
$(MATLAB_ROOT M\toolboxhidelink\extensionsiticcs\src\DSP2833x_D1L
f
I
i 7a| 1) vl
<] m | [
[ OK I [ Cancel ] [ Help ] Apply

e You can find specific devices that your controller contain in “Embedded Coder”/
“Embedded Targets” / “Proccessors” / “Your Proccessor”

ij Simulink Library Browser L:JW

File Edit VYiew Help

___l; e I nter search term | M
Libraries k dded TargetsiProcessorsiTexas Instruments C2000/C28x3x |4 HP
AUSTCOrmunicEaoTT ‘KA
[+]-Operating Systems il D ADC l: CAN Calibration
[=--Processors Protocol
[+~ Analog Devices Blackfin
[#-Analog Devices SHARC I:} Digital Input D Digital Output
[+~ Analog Devices TigerSHARC
[+-Freescale MPCSS5xx MPC74xx Ij 12C Receive D 12C Transmit
[+-Freescale MPCSxx
[#-Infineon C166 D ; 'D A
SCl Receive SCI Transmit
[=}-Texas Instruments C2000
- C2802x
- (C2803% :} SPI Receive B SPI Transmit
- C280x
Software
- Memory Operations D eCAN Receive D eCAN Transmit
[+~ Optimization
~~RTDX Instrumentation I:} eCAP D 2P
- Scheduling L
- Target Communication I:} suie

[#-Texas Instruments CS000

[+-Texas Instruments CE000

“Module Packaging

m.,g_] Fuzzy Logic Toolbox

_“J Gauges Blockset

E_l Image Acquisition Toolbox

| - B Instrument Control Toolbax v
Showing: Embedded Coder/Embedded Targets/ProcessorsiTexas Instruments C2000/C28x3x

Now you can prepare your simulink model and apply on your kit.



