PURDUE

UNIVERSITY

Dan Horvath
dhorvath@purdue.edu

Ver. 1.0  September 30, 2014




Host

Application PURDUE

UNIVERSITY

Voltage/Current
Sensors,
Current

Commands, etc.

Analog IO

Digital 10 Position
Encoder, LEDs,

etc.

DSP Control
Code




100-pin Female
Connector
(Analog)

PClI
Connector

emovable RAM

PURDUE

UNIVERSITY

0000000000000 e

sone

e

P00

200000000000 00 0

Removable
MODG66 Daughter
Card (Analog
Functions)

68-pin Female
Connector

(Digital)




PURDUE

UNIVERSITY

Provides power
to DSP
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*Pins in these
connectors are
not the typical
cylindrical pins
seen in other
connectors*®

100-pin Female
Connector
(Analog)




TI TMS320C6713

300 MHz, 32 bit

1800 MFLOP

36 Digital 10 bits available
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SI-MOD6632-HG-250-16DAC Daughter
Card

16 differential-ended analog input channels
or 32 single-ended

16 Analog output channels
All analog is 16 bits (input and output)

Analog voltage Max +10V, Min -10V (input
and output)

Digital output voltage 0V — 3.3V
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There is an important pinout difference
here between the two PCBs

Plugging in DSP Dist. Box WILL SHORT
VCC AND GND WHEN USING GREEN
ADAPTOR

USE THE YELLOW ONE! (No Solder
Mask)
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Engineering Computer Network / Purdue University

G11X46017 ni.com/cvi

%) Code Composer™ Studio v5
v

@ LabWindows/CVI" 2010

Full Development System

@ Real-Time Module (G11x46017)

I3 TEXAS Version 10.0.1 (434)
INSTRUMENTS T mmm——
' NATIONAL

© 2011 National Instruments. All rights reserved. INSTRUMENTS



Three Components to Developing a Complete Control
System:

» Desktop Application — National Instruments
LabWindows/CVI (GUI)

* DSP Application — Texas Instruments Code Composer
Studio (code running on DSP that controls equipment)

* Library that allows PC and DSP to talk — precompiled DLL
(Slc67.dll)

Only really need to deal with first 2 for most applications, will
call the DLL functions but most likely will not need to modify
their code
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\

@ First_Run.cws
£ Browse... (Ctl=0)

New
[¢] Proj
[¢] Proj Template
{m# DAGMx Task

V1 Specific Instrument Driver

Examples

® Find Examples...
£ Eplore Examples...

New Examples for LabWindows/CVI 2010

NUUWN

duction to LabWindows/CVi
& LabWindows/CVI Help
X Getting Started with LabWindows/CVI
%) Getting Started with LabWindows/CVI Real-Time

What's New in LabWindows/CVI 2010
'@ Custom Build Configurations
L Attach the LabWindows/CVI Debuggerto Progra
X Arays of Ul Controls
@ User Interface Browser
X Updated Win32 API
L Distrbution Patching
X See Al Feature Descriptions

Web Resources
@ Discussion Forum
@& LabWindows/CVI Newsletter

R | kWi dnsiin U Dannismnn Domn

Save All

Set Active Project
Save Untitled.prj
Save Untitled.prj As...
Save Workspace

¥ Auto Save Workspace

Source (*.c)... T~

Include (*.h)... WS

User Interface (*.uir)...

Project (*.prj)... Ctrl+N
Workspace (*.cws)... Ctrl+Shift+M

Eunction Tree (*.fp)...

1 e\ ACVI2010Nincludehuserint.h
2 ¢\ N\siddik\apps\SIc6T\S1c67.h

3 e\ Temph\CVI DeviFirst_Run.h
4 c\Temp" CVI Dev\First_Run.c

5 c\TempCVI Dev\First_Run.cws

6 Y\min.ecn.purdue.edul..\Firs...

Exit LabWindows/CVI
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Project from Template... Ctrl+Shift+W

File from Template...

Click “Project” u
the left

Click “File”, “New”,

“Source(*.c)...

nder “New” on



Untitled.cws - [UnETedT

File Edit View Build Run Instrument Library Tools Window Options Help

----- Untitled “ | unttted1c " [ Frst_Runc | Untitledzur |
1
2
r B
3@:‘ Save File As u
a:;g::”’ C:\Temp\CVI Dev ¥
Savein: || CVIDev - 8T o
i) MName : Date modified Type
s | cvibuild First_Run 8/27/2014 231 PM  File folder
RecentPlaces [N psp 7/9/2014 451 PM  File folder
;| . FPGA 6/24/2014 1:23 PM File folder
- |E'| First_Run.c 7/24/2014 917 AM C Source
Desktop
Jii_.f::]
Libraries
Ay
-l
Computer
! Metwork
Find | T
& €9 [Corares -
w9 Instruments
< T 3
File: name: =XAmp - Save
Save astype: [Source {"c) '] [ Cancel

1. Type some text. “asdf’ for
example

2. Then save the file.



1. Add the file to the project by right clicking
the project name and then clicking “Add
Existing File” and add the source file you

just saved.

42 Add Files to Project _

Directory
Histary:

Wiymin.ecn purdue edupwiab 05 pchome’ poprefs Desktop

4

Look in:
L =
N

Recent Places

Libraries

LY

Computer

Selected Files:

Bl Deskiop -

R

*
.
L
“
“om
"

= .
Libraries

System Folder

U

[} L/ Computer

= JI System Folder
| My Computer WANGL010PCS
Shortcut
956 bytes

cvibuild.example
File folder

e ¥ @~

Power Lab 05, ECE
System Folder

MNetwork
System Folder

SRECYCLE.BIN
File folder

example
C Source File
827 bytes

File name: fexample]
Files of type: [Source ("c) [

“min.ecn purdue edu’. .\ poprefs' Desktop example ¢

- Add
= ] Cancel
oK

Remove

Remove Al

2.

D tnitedon - T

File Edit Wiew Build Run Instrument Library Tools Window Options Help

HEg|Eswones

e s T Gow Bomm | \ritled? i |

ux_al-_.u

Save

Set Active Project
Build

Edit Project...

Execute

Remove Project From Workspace
Print...

Add Folder...
| Add Existing File...

Create Mew File...

=

The project now shows the source file in
the project tree

& Uniited.ows - P T

File Edit View Build BEun Instrument Library T
AEFIEEIPEREE T IE
=& Untitled * “ | examplec | First_Run.c |

E}E} SQH!'CE.' Files 1 a=df
mple.cé 2




Right click the project name in the tree and
click “Save”

@ Untitled.cws - [Example cl

File Ed|

=

B" E
=) )

Set Active Project
Build
Edit Project...

Execute

=

Remove Project From Workspace

Print...

Add Folder...
Add Existing File...

Create Mew File...

4

Find |
200 [t

Get Latest Version...
Check Qut...

Check In...

Undo Check Out...

Browse "Untitled.prj"...

I R

Explore Directorny...

Find...
Expand All
Collapse All

Ctrl+F

Tools

|T"'_| 'r_“,_l

Window

@SaveFih—:A-s T. I i I i'r“
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Directony
Histary:

[ W\min.ecn.purdue edupwiab(5\pchome’ peprefs'\Deskiop

Savein:

R=

Recent Places

Desktop

=

ibraries

LY

Computer

~

Metwork

-

Bl Desktop - @ j‘ = [

lerarl es Power Lab 05, ECE
U System Folder & System Folder

)T

J

I Computer

Systern Folder

) Metwork
| Systermn Folder

' My Computer WANGL010PCS

v | seecvcLenn
956 bytes i ile folder
example
@ LabWindows/CVI Project
101 KB
File: name: Example.p - Saw
Save as type: [F‘mjed: {"pr) v] [ Can,




r = — -— " oW W A
ol "l.."..mm.ecn.purdue.edu\,..‘l.,pdmmeﬁcprefs‘\ﬂeshap ple.cws - [Untll:ledl'-

File | Edit View Create Arrange Code Build Bun Instrument Library Tecols Windo Cr‘eate a hew G UI by
N c Uil ?” ”
— Source (*.c).. - clicking “File,” “New,
Open Include (".h)... ’
£ | “User Interface (*.uir)...”
Save Untitledl .uir User Interface (*.uir)... CHRSsM . s
Save Untitled] .uir As... Project (*.prj)... A
Save Copy of Untitled].uir As... Workspace (".cws)... Ctrl+3hift+MN |
Close Untitled1. uir Eunction Tree (*fp)...
Save Al Project from Template...
Add Untitled].uir to Project File from Template... Ctrl+ Shift+W
Bead Cnly

Erint Untitledl .uir...

Set Active Project 2
Save example.prj

Save example.prj As...

Save Workspace

v Auto Save Workspace

1%\ min.ecn.purdue.edut..\exam...

Exit LabWindows/CVI
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File Edit View Create Arrange Code Build Run

fidl 1 3

Instrument Library Tools

e ——

Window Options Help

=l 1

LAk

u| =) u||_4-__-|_.|_.

E}E} Source Files
o] example.c

Untitled 1 uir

HiS Al

E-{F‘anels

Untitled Panel

A blank GUI panel should
be shown.

4

Find |
BE
[ Instruments

2

-

- Untitled Panel (PANEL)
EI--Menu Bars
L ¢nones

T Fitter | r |

=+ Source Code Connection
- - Callback Function

EJ Panel Appearance

- Size/Fosition
Backaround Calaor
Frame Color

FR N S S

PAMEL

o00FT[ ]
o00Fl[

[ T
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|PANEL|3?5:2?; T |

-
S 2

| 2012 UIR file



Double click the grey area
in the newly-created
panel; the panel’s settings
window will be brought
up, shown right. In the
“Callback function” field,
type “MainPanel.” This is
the name of the function
that gets called every
time something happens
in this GUI panel (Getting
focus of the window,
exiting the window, etc.).
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Quick Edit Window

4,@'- Edit Panel u
—Source Code Connection
Constart name: | G
Callback function: | MainPanel
—Panel Settings
Panel title: Untitled Panel
Meru bar: : Mo menu bar
Close contral: : MNone
Top = by
Left: 3
Height: +1275
Width: - 375
Scroll bars: + None
Auto-center vertically fwhen loaded)
Auto-center horizontally (when loaded)
| Other Aftrbutes... |

Untitled Panel

~Attributes for Child Panels

Frame style: : Bevelled
Frame thickness: : 3
Title bar style: : Windows style

Title bar thickness: g 18
Size title bar height to font

Title Style. ..




Click “Create,”
“Command
Button,”
“Square
Command
Button”
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ol \\miﬁ.ecn.p;'rdue.ed‘u-'\ll_.\p‘t;liom

Eﬁcprefs\[)esk‘top p

T T w
I!E.cw"s-[UntitledI

File Edit Eiew|§leate|£rrange Code Build Run Instrument

Library Tools

Window Options Help

g T@ ] | =] Panel N
El" lm' Menu Bar... %
E}.boSource Fil 42 Numeric B'l@l
Chdeem i o - Urttled Panel (PANEL)

Command Button EI Menu Bars
Toggle Button i‘ ’ﬁ - <none>
LED
Binary Switch Square Y®mmand Button
Ring
Lists 8¢ Tables
Decoration

1 Graph

Find | Picture

S Timer ¥ Fitter | r|

> Instrumerts Canvas =+ Panel Appearance =
Split_tgr :{]--Sizez‘F‘nsﬂinn EI
 [odommiGia] o)
A:ttiveﬁ... - Frame Color 000F([_|
Classic-Style Controls -~ Frame Style bevelled ...

-+ Frame Thickness 3

Custom Controls  Seroll Bar Color t00F e[

8 » 1 b Tho NS anloe semlim oF Fhe :

| PANEL| 375x 275 | 2010 UIR file




Double click the OK
button you just
created and type a
function name into
the “Callback
Function” box.
“OkButton” is a

good function name.

Type “Toggle” in the
Label field. Click
IIOK.II
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-
i Edit Command Button

S,

-
[ Untitled.cws - [Untitleg

File Edit View Create

RS H| |

=8

=+ Source Files
example.c

Find

563

“ [ Instrumerts

~Source Code Connection
Quick Edit Window
Constant name: COMMANDBUTTON
£ [&F
Callback function: | OkButton
~Control Settings
Control mode: = Hot
. — (-3 g
[T Initially dimmed
[T Initizlly hidden
~Shortcut Key f
= =
Modifier key: = MNone
Key: = Mo sharteut key hel (PANEL)
~Label Appearance i DBUTTON
............... 3
Label? Toggle ]
Auta sizing = Grow Only QK ] [ Cancel ]
[Toggle l
, ' ¥ Fitter
[} Source Code Connection =
“Callback Function Ok Button
E} Control Appearance
;:J--SizefPosrtion
- Command Button Color | (xDOF([_|
- Disable Panel Thems [l
- i : i = X
4 » :
Th H A+
PANEL_COMMANDBUTTON| (187, 137) |k 2012 UIR ke




With .uir editor in focus, Click
“Create,” “LED,” “Round LED.”

-
Untitled.cws - [UntitledL.uir ]

Find

20

“F Instruments

3 H |

Panel

#m  Menu Bar..

File Edit Eiew|§leate|&rrange Code Build Run

Instrument Library Tools Window Option

EIE} Source Fil 5 Numeric
examp “E Ted

Command Button

Toggle Button

LED

Binary Switch
Ring

Lists & Tables
Decgration
Graph
Picture
Timer
Canyas
Splitter

Tab
ActiveX...

* *r ¥ v v v v v v wv| w| v v v w

® | L

Classic-5tyle Controls

Round LED

|

Custom Controls

L3 4

2

PANEL_COMMANDEUTTON | (187,
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Double Click the newly-created LED.
Change “Label Appearance” field to “LED.”

With the LED selected, make Off Color

OxO0OFF0000,

On Color OxO000FF0O0 in the menu -

bottom right

11.uir *]

= Elg
Lt (e ey v -

Build Run Instrurment Library Tools

Window Options Help

* |[eamplee | untiiedtur® |

5l Al

Untitled Panel

)

[=- Panels

‘55 Unitled Panel (PANEL)
: -COMMANDBUTTON

- Menu Bars
" <nonex

¥ Filter

--Size,-"F‘osition

-Disable Panel Theme |}

-

~Off Color cort(il -
oo ool
- Initially Hidden [l
E} Control Settings
é----ControI Mode indicator _
- 4 13 £l L 3
PANEL_LED| (278, 137) |H| 2012 UIR e




Save the .uir file.

-
@SaveFileAs - ey 9P ” e — e e

-
{ ;w-Deshop_L B

- | +3 | | Search Desktop

R

System Folder

m

. Libraries .
@ D t (] I| Computer
ocuments ¢ | Systemn Folder
J’ Music
[E5] Pictures R Y | Network
i Videos | System Folder

Lol Computer
&, Local Disk (C)

—
Organize * MNew folder E=R
& -
-0 Favorites B %D |ibraries
Bl Desktop L | System Folder
& Downloads
2l Recent Places powerlab

File name:  example.uif

Save as type: [ LabWindows/CVI 2012 User Interface (*.uir)

4 Hide Folders [

—
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Right click project, click add existing file, and add
example.uir to the project. Then save the project.

i [+l Untitled.cws - [c\Users\powerlab_2\Desktop\example.u
Eile Edit Yiew
ol 18] 3 |
SN Untitlgae

E}B Soi  Save

Build RBun Instrument Library Too
tila |

A“—.ﬁ

Set Active Project
Build
Edit Project...

Execute

Bemove Project From Workspace
Print...
Add Folder...

| Add Exsting File...

'y Create Mew File...

Find

3 |Librari
w5 Instrur

et Latest Version...
Check Out...

Check In...

Undo Check Out...

Browse "Untitled.prj"...

Explore Directory...

Find...
Expand All
Collapse All

4 [2

Ctrl+F

Jf

h_- E 3



With .uir editor in
focus, Click “Code,”
“Generate,” “All
Code...”

This generates the
main function and
the callback
functions using the
function names
that we selected.
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.
@ YWinecn.purdue.edu..\pchomet.poprefs\Desktopexample.cws - [example.uir *]

TS S H ||

Eile Edit Yiew Create Arrange rCuge|EuiId Bun Instrument Library Tools Window Op

EI-- Example o
E}-E_} Source Files
example ¢

w2 |example uir *

Set Target File.. |
@ ﬁ.enerate | All Code...
3
M I' View Main Function...
Breferences ' ANCallbacks
Untitled Panel

Panel Callback
Contral Callbacks
Menu Callbacks...

Ctrl+G

__ Target Files

(@cenemtemicoe | T T TS H‘

: Create New Project
Target Type g
Project Filename:

Source Filename:

Executable

chUsers‘\powerab_2\Desktop“example prj

c\Users'powerab_2"Desktopexample.c

N
|| [C] Generate WinMain{ }instead of main( )
__ Select panels to load and display at startup

Constant name Variable Name
PANEL panelHandle -
Panel Varable Names: panelHandle

__Program Temination




The main
function is
generated, as
well as callback
functions for the
main panel and
the OK button.
These functions
don’t do
anything at the
moment.
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Finclude <cwirte. h:
finclude <userint h:

Finclude "example. h
static int panelHandles:

int main (int argc, char *argv[])
{
if (InitCWVIETE {0, argv. 0) == 0}
return =1; ~<#* out of memory 7
if ((panelHandle = LoadPanel (0, "example.uir", FPANEL)) < 0)
return =1
DisplayPanel (panslHandle);
FunllzerInterface ();
DizcardPanel (panelHandle):
return 0

int CVICALLBACKE OkButton (int panel, int control, int event,
void #callbackData, int sventDatal, int sventDataZ)

{
zwitch (ewvent)
{
caze EVENT COMMIT:
return 0
b

int CVICALLBACK MainPanel (int panel, int event, woid #callbackData,
int eventDatal, int eventDataz)

=witch (ewvent)
{
caze EVENT_GOT_FOCUS:

breal:
caze EVENT LOST FOCUS:

breal:;
caze EVENT CLOSE:

break |

return 0



Add the code shown right to
the OkButton callback
function. Declare the variable
“int temp;” before the switch
statement. GetCtrlVal() grabs
the current value(color) of
the LED. SetCtrlVal() changes
the value of the LED. The rest
of the code changes the LED
to the opposite state of the
current state. The point of
this button is to toggle the
LED between red and green
each time the button is
pressed.
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int CVICALIBACE OkButton (int panel.

int control, int ewent,

wolid #*#callbackData, int eventDatal, int eventDatal)

1
int temp:
switch {ewvent)
1
casze EVENT COMMIT:

GetCtrlVali({pan=l, FANEL 1ED., é&temp):

if{temnp == 1)

SetCtrlVali{pan=l., FPAHNEL_TED. 03

al=s

SetCtrlVal{panel. PAHEL 1ED, 1}

breal ;

return 0;



Add the function call
“QuitUserlInterface(0);” to
the “EVENT_CLOSE” case.
This will allow the application
to exit when you press the
exit button. If you forget this,
it’s semi-annoying because
you have to go into Task
Manager and kill the process.
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int CVICALIBACKE MainPanel (int panel.

int ewventDatal, int ewventDatal)

=witch {(ewvent)

1
casze EVENT_GOT_FOCUS:

breal:
cas=e EVENT_LOST_FOCUS:

breal
caze EVENT_CLOSE:
DuitU=erInterface(l);

return 0;

int ewent,

vold #*callbackData,



Bring the .uir editor into focus and save
it (ctrl +s). Bring the code editor into
focus and save example.c.

Once all is saved, click “Build,” “Batch
Build” from the Menu Bar

Click “Release” option (checkmarked
option bottom right), and then “Build.”
If compile is successful, the message
below left will pop up.

i B
@ LabWindows/CVI Message )

The following files have been successfully created.
Wiwmin.ecn.purdue.edu’..\pchomeh.peprefs\Desktophexample.exe

1 of 1 projects were built successfully.
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B = H ||
E-- Example -
£+ [Source Files]

example.c ;

Mark Project for Compilation

Configuration 3
Create Debuggable Executable Ctrl+M

o b I =
- [ic| example.c M : ﬁl— Batch Build... Ctrl+Shift+M |
o= example.uir N

Untitled Panel Target Type

2  Target Settings...

Build Steps...

L3 =

External Compiler Support...

Distributions

Find

(]

-
4,@,'- Batch Build k—-—-——

v \“uﬂinecn.purdueedu\\example.pl]’
“ymin.ecn . purdue edu’.. \example prj
“min ecn purdue edu’. . \example prj

- Releasze
- Debugbd
- Releasefd

Checlc All Debug
Check Al Belease

Check Mone

Rebuild

Cancel

Ll

i Help




Run the .exe file that is produced by the build. If everything went well, you will now
have an application that you can run, and when you click the OK button, the LED color
toggles.
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Shown right is the most recent
working version of the zone
application. It begins with a splash
screen to pick which coff file you
want to load (Common Object File
Format — the executable that runs
on the DSP) onto the DSP and is
equipped with an Enable DSP
button and a DSP Status bar.
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Coff Load —

Coff {.out) Path:
../D5F/zone out

DSP Ready

DSP Status




The call to DLL_RESET() (the source code for which resides in the Sheldon DLL project
developed in Visual Studio) releases the DSP from reset — the parameter passed to it is
e_Enable_DSP as opposed to e_Disable_DSP which does the opposite and is used later.
Slc67_LoadCofffile() attempts to load the coff file specified in the input line. The rest of the
code on this page just does error checking and updates the DSP status window.

int CVICALLBACK EnableDSF (int panel, int control., int ewvent.

{

wold #callbackData, int eventDatal, int eventDatal)

int error:

TINT32 =ync = 0;
TINT32 buffer[2]:
TINT32 count = 1:;
TINT32 region = 1:

if (ewvent == EVENT COMHIT)
1
error = DLL_KESET (boardID, = Enable DSF):
1f {error)
1
gprintf{errmn=g, "DLL_RESET failed with return values ¥d-n", error);
SetCtrlVal (pansl. CONFIG_DSE _STATUS, errmsg):

b

sprintf{errm=g, "DSP Reset Lifted");

SetCtrlVWal (panel. CONFIG_DSF _STATOS, errmsg):
GetCtrlVali{pan=sl, CONFIG_COFF_FILE PATH. coffpath):
error = SIce?_LoadCofffile{boardID, coffpath .03:
if (error)

sprintf{errmn=g, "SIce? _LoadCofffile() failed with return walus Xd~n". error):
SetCtrlVWal (pansl. CONFIG_DSP _STATUS, errmsg):
return 0

T

zsprintf {errmn=g, "COFF Load Succes=sful"):

SetCtrlVal (panel. COHFIG_DSE _STATUS, errm=g):



Syncing with the DSP involves checking a Communication Register inside the DSP’s memory
that the DSP will fill with a specific value when it is done with it’s initializations. It also grabs
the addresses of the TxBuffer in the DSP’s memory so that communication can take place.
Finally, enable the timer (more on this later).

<<8Sync up with DSP before allowing program to continus
error = SIce?_ReadTarget (boardID. region., count. ComnBeglé. édswync):

if (error)

1
sprintfi{errn=g, "SIc6? _ReadTarget() failed with return walus Xd~nWhile trving to obtain sync walue the first time.n". error):
SetCtrlVal (panel, COHFIG_DSP_STATUS, errmsg):
return 0

T
while{sync |= (0=z600DCODE} )
{

Delav( . 1);

Seprintfl "Delaysn"):

error = SIce?_REeadTarget{boardID, region, count. CommnEegle, &=vnc):
1f (error)

1
zprintfi{errmn=ag,. "SIchk?_ReadTarget() failed with return walue XZd-~nlWhile trving to obtain sync valus. ~n" ., error);
SetCtrlVal (panel, CONFIG _DSP STATUS, errm=g):
return 0
b
T
Delavi 13;:
“<Read CommEeg=s 14 and 15 to get TxBuffer and TzBufferF Address=e=
count = 2:
srror = SIck7?_ReadTarget(bosrdID. region, count. CommBegld, buffer):|
if (error)
{
zprintf{errmn=eg, "SIce?_ReadTarget() failed with return walue Xd~nWhile trving to obtain TxBuffer Addresses. ~n". error);
SetCtrlVal (panel, COHFIG _DSP STATUS, errmsg):
return 0

T
DEFP TzBuffer Addr = buffer[0]:
DSP_TxBufferF Addr = buffer[1]:

zsprintf (errm=g, "DSP Readv"):

SetCtrlVal (panel., CONFIG DSP STATUS, errmsg);

DizplayPane]l (MainPanelHandle):

HidePanel (ConfigPanelHandle)

SetCtrlittribute (MainPanelHandle, PANEL TIMER, ATTE_EHAELED, 1}:



The remainder of the Enable DSP callback is executed if nothing goes wrong in the code in the
previous two slides. All that remains is turning on an LED on the front of the DSP Dist. Box with
Slc67_SetDigOut(). SIc67_ConfigDaughterCard() sets the parameters of the analog daughter
cards to their default settings, essentially “turning the daughter card on.” This function call to
configure the analog card unfortunately overwrites the DIO direction setting in the DSP code
and so the direction must be set back to what we want it to be for this application — a fix that
is being explored currently is to set the Daughter Card parameters individually rather than
using a bulk “default” setting that also tampers with the digital I/O direction registers.

i

S<Turn on DEF Status LED on DSE Dist. Tnit
DID |= DSP_STATUS;

error = SIce?_SetDiglut ({boardID, &DIO):

if (error)

printf{"SIce?_SetDigiut Failed with error: “d-n"

error = SIce?_ConfigDaughterCard{boardID);
if (error)

printf{"SIce?_SetDiglut Failed with error: Xd-n"

T
SIct? _SetDICDirection{boardID, 0=2);

return 0;

UNIVERSITY

. Error):

. Brror):



After clicking the
Enable DSP button,
this GUI shown right
pops up and will allow
the user to control the
equipment in the zone
by communicating
with the DSP about
contactor states, and
voltage/current
references sensor
readings, etc.
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Starboard Bus

Isolated Converter Module 1

Inverter Module

Isolated Converter Module 2

Disable DSP




The button to the left is called a picture ring button. Like the
switch on the right, it shows two different pictures depending on
the state of the button, but these pictures are user-selectable.

int CWVICALIBACE ChangePic (int panel. int control. int ewvent.
vold #callbackData,. int eventDatal. int ewventDatal)

zwitch (event)

0%:

i
. case EVENT LEFT CLICK:

To select which GetCtrlAttribute (panel. FANEL SECT STARE A. ATTR CTRL INDEX. &picIndes):

. . i f{picIndex){
pictures dlsplay, S PeiCerlattribute {panel. PANEL SECT STARE A, ATTE_CTRL INDEX,

. breal:

double click the }

) ) SetCtrlAttribute {panel. PANEL SECT STARB A. ATTR CTRL INDEX. 13:
picture ring button , break;
to bring up its return 0

settings, and click on
“Image/value pairs”

0.00 Vin (V) / Starboard Bus 5 6E45
 Closed

Win (V)

| J Open

0.00 ln ) ———— 5 GE-45

Isolated Converter Module 1

PURDUE :
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@ chSwampworks\Zone\zone.cws - [zone.uir]

Eile Edit View Create Arrange Code Build Bun  Instrument Library Tools Window Options

RS-

= (s

E}B Source Files
 [in SIe67h

[t | zomeh
Lfm1] zome uir
@ Sle6? lib (32bit)

Zone.uir
1Al

ane.c

PURDUE
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&Y Timer that allows you to
Starboard Bus execute code on every “Timer
Tick.” The interval is set to .2
seconds in this application.

Isolated Converter Module 1



All of the number boxes in the GUI need updating. On every timer tick, we grab the list of
variables from inside the DSP with a call to SIc67_ReadDSPComm. Then we update all the
number boxes.

int CVICALLBACE TimerCE {(int panel.

voild #*#callbackData,
i
char =tr[256]:
int error:
TIHT32 mode = 2;
TIHT32 count = 50
=witch (event)

1

ca=ze EVENT _TIMEE TICK:
SIce? _FeadDSPConm{boardID,
SIce?_ReadDSPComm{boardID,
SetCtrlVal(pan=l.
SetCtrlVal{panel.
SetCtrlVal{pansl.
SetCtrlVal{pansl.

SetCtrlVal{pansl.
SetCtrlVal(pansl.
SetCtrlVal{panel.
SetCtrlVal(pan=l.

GetCtrlVal(pansl.
GetCtrlVal{pansl.
GetCtrlVal{panel,
GetCtrlVal{pansl.

SetCtrlVal{panel.
SetCtrlVal(pan=l.
SetCtrlVal{panel.
SetCtrlVal{pansl.
SetCtrlVal{pansl.

int ewentDatal.

int control, int ewent,
int ewventData?)

count, DSP_TxBufferF _Addr.
count, DSF_TxBuffer Addr.
PANET STARE A VIN, DSF_Vin Starb A
PANEL_STARE_E_WIN, DSP Vin Starb_E)
PANEL PORT_A VIN. DSP _Vin Port_A4):
FPANEL PORET_E VIN. DSP _Vin Port_B):

FANEL STARB_A_IIN, DSP_Iin_ Starb_A):
FANEL _STARE_E_IIN, DSP_Ilin_Starb_B):
PANEL_PORT_A_IIN, DSP_Tin_Port_A):
FANEL_PORT_E_IIN, DSF_Iin_FPort_E):

FANEL_SECT_FORT_A. &DSFP_sect_port_a):
PANEL_SECT_PORT_B, &DSP_sect_port_B)
PANET _SECT STARE A, &DSE _sect starh &)
FANEL_SECT_STARE_BE. &DSF_sect_starh_B):

PANEL_INT_IND 1.
FANEL_INT_IND 2.
PANEL_INT_IND 3.
PANEL _INT_IND 4.
FANEL_INT_IND G,

ISP _a=df_13;
LSPE_a=df_2);
DSE_a=df_33;
DSPE_a=df_4):
LSP_a=df_5);

(UINT32 #*)TxBufferF,
(TINT22 *)TxEuffer,



1f (DSP_sect_port_A)

DIO |= SECT _PORT_A:
sl=e

DIO &= (~SECT_FORT_A}:

if (ISP _sect _port_B)

, DIO |= SECT _PORT_E:
7ee Additionally, we grab the current state of the
DIO &= (~SECT_FORT_B}: . .
on/off switches in the GUI to control the
) | contactor coils and tell the DSP to change it’s
DID |= SECT STARE A:

%lse digital outputs based on the buttons.

if (DSP_=ect_starb_A)

DIo
&= (™~SECT_STARB A):

H
1f (ISP _=sect_=tarb_B)

DIO |= SECT_STARE_E:
sl=e

LDIC &= (™~SECT _STAERB B):
H
error = SIcA?_SetDiglut {boardID, &DIOY;
if {error)
{

printf{"SIce?_SetDiglut Failed with error: =d~n", error);

breal::

return 0

PURDUE
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This was certainly not a comprehensive tutorial of LabWindows. For more advanced
topics, view Getting Started with LabWindows/CVI from National Instruments

http://www.ni.com/pdf/manuals/373552¢.pdf

Additionally, the control panels developed in LabWindows/CVI for the M44 systems are
further developed than the zones are currently and serve as a good reference for well-
working code.

PURDUE
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http://www.ni.com/pdf/manuals/373552g.pdf

ZONEXUS

Size: 224 bytes
Date modified: 9/16/2014 1:40 PIM
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When you include the SIc67 DLL in your
project to communicate with the DSP,
the .exe that Labwindows creates when
you build the project now requires
administrator privileges.

To allow those on powerlab accounts to
run the executables, someone with
admin password needs to make a .xus
file as shown left, which will allow any
executable with the filename you
specify to run without admin privileges.



1. Open Code Composer Studio
2. It will prompt you to choose a directory for your workspace

~

w+ Workspace Launcher

=)

Select a workspace

Code Composer Studio stores your projects in a folder called a workspace,
Choose a workspace folder to use for this session.

[Ldsl vt =al Y Swampworks'\ Zonel D5P

[] Use this as the default and do not ask again

PURDUE
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- Browse...

OK

|| cancel




w= CCS Edit - Code Composer Studio

File Edit View Mawvigate Project Run  Scripts  Window Help

r{j i % - #ﬁ = Qﬂ - = . . .
|-_I}_“I Project Explorer 1 Active
<[y | 2Debug
B :ﬁ::? Binaries 3 Modbx
> [l Includes o 4 Release
s = Active 5 Release 2 (Project including active dsp loaded =ection)
> = Modbx
> = Release

» |45 basic.omd

2 Lgh o6711ini_phec
- | interrupt.asm
5 @ modbEini.c

s u% si_c_int00.c

s @ si_hw_c_isr.c
2 gy si_hw_init.c

» @ si_hw_task.c

cB711plx.pjt
[# C6713.crnd

PURDUE

s @ boot_test_si_hw.c

- |8 si_hw_message.c

*For more information on the
other 7 Cfiles, see document

UNIVERSIT

Y sidsp_api_supplement.rtf

The default project from
Sheldon Instruments is shown
in the project tree (left). There
are 8 Cfiles. The only one that
needs to be modified is
“c6711ini_plx.c,” all the others
are for functionality we don’t
need to alter *.

Make sure the project is set to
build in “Release” mode in the
build (hammer) drop down
menu.

When you are satisfied with
your code, click the hammer to
build it. The “coff” file
(filename.out) will be put into
the Release directory.



Example
Let’s say we wanted to control a DC-DC converter with the following control block

diagram.

We need to measure the output voltage of the converter, and run a control loop.

1
r
+ a 2 + a. 1
Voo K > > . >
- + r
Ur}h'f ' l 0 -/
T8 | a,

PURDUE
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Lines 160 — 182: Here we configure the system with the function
SI_HW _InitDSP6711(), and configure the timer interrupt to run at 10 kHz, add the
ISR and enable it. Additionally, set direction of digital I/0O.

158 void main (wvoid .

159¢ treid Lines 184 — 187:

1a8 UINT32 hBeat = 8;

lel  UINTI2 cnt - B Put the address of the

162 register UINT32 hBeat_stall = @; //register used for debug jtag builds H H H

163 UseraZ msg, megCat o B TxBuffers in Communication
108 HIMT32 reg - Oxds Registers 14 & 15 so the host
166 fifinishes system initialization can grab them and knOW

167 J//this code and access to it must be kept in internal

168 //memory or else it will not be reachable which addresses the variables
169 SI_HW_InitDSP6711(); £ be f d

170 of interest may be found at.
171 //Configure Timer@ and Interrupt for it .\/

172 miriteRegister(TIMER® PRD, @x1DAC); The last step is to put a

173 miriteRegister(TIMER® COUNT, @); . .

174 miriteRegister(TIMER® CTRL, @x2c@); certain hex value into

175 SI_HW Intr_ AddISR(Timer_Interrupt, TINT®, 18); [/ TIMERE . . .

176 mInterrupt_Enable(1@); Communlcat|on RegISter 16 -
177 « d d ”
178 //5et DIO direction: least sig 16 input, most sig 16 output OXGOODCODE ( GOO CO e )_
179 reg = mReadRegister(kDSPAddr dDIO CSR); .

180 reg &= OxfffffffC; //Make last two bits 8 to sync up with host.

181 reg |= @x0EEPRA02;

182 miriteRegister(kDSPAddr_dDIO _CSR, reg);

183

184 miriteRegister(kFPGACommRegld, (UINT32)&TxBuffer[@]); //Lletting host know where TxBuffer and TxBufferF are in DSP memory
185 mWriteRegister(kFPGACommReglS, (UINT32)&TxBufferF[@]);

186

187 miriteRegister(kFPGACommRegls, @x6@BDCODE); //Indicate to host that DSP is ready
qJaaq



Now is one of the few times in your life that
you actually do want a while(1) loop. Don’t
worry about the inability to get out of the
while loop; when you click the Disable DSP
button in the GUI, the DSP will be held in reset
externally until you click the Enable DSP button
to download a new coff file, and allow the code
to be executed.

The important component of the infinite while
loop is the filling of the TxBuffer with variables
of interest. The host will grab them with a
function call to SIc67_ReadDSPComm() in the
LabWindows code. The rest has to do with the
default heartbeat message variables that were
set up by Sheldon Instruments in their factory
CCS project — we could remove them.
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189
196
191
192
193
194
195
196
197
198
199
200
261
262
203
204
205
206
207
208
209
218
211
212
213
214
215
216
217
218
219
2260
221
222
223
224
225
226
227
228 }

while (1)

1

cnit++;
if(cnt == SeEe8)
{

i

if ([ ++hBeat_stall == @xFFFF ) {
hBeat++;
mHBeat = hBeat;

cnt = @;

hEeat_stall = @;

¥
TxBufferF[@] = sect_ibus starb B;
TxBufferF[1] = sect_ibus_starb_A;
TxBufferF[2] = sect_ibus_port_B;
TxBufferF[3] = sect_ibus_port_A;
TxBufferF[4] = sect_wbus_starb_B;
TxBufferF[5] = sect_wbus_starb_&;
TxBufferF[6] = sect vbus port B;
TxBufferF[7] = sect vbus port A;
1f(ghsg)
1

msgCnt++;

msg = gMsg;

/fclear message

gMsg = &;

while(SI HW MessageSend({-1, msgCnt))

1

1

if(msgCnt == msg)

msgint = @;

¥



The interrupt service routine
(ISR) shown right shows how to
do basic analog inputs, digital
inputs as well as analog outputs
and digital outputs. Always read
the inputs IN THE VERY
BEGINNING of the ISR. This
ensures regular sample periods.
This ISR is a way to implement
the control diagram shown
earlier.

Reminder: Don’t forget to reset
the interrupt flag!
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{/f interrupt wvoid Timer_Interrupt(wvoid)

.'l. .'l.

// Description:

// This is just a test code to demonstrate how to install ancther ISR.

#pragma CODE_SECTION(Timer_ Interrupt, “"SECTISR"};

interrupt void Timer_Interrupt(void)

/fRead in analog and digital variables first thing

AIN @ = readADC(@);
dig in word = readDIG;

/fReset ISR flag
ICR = (1 << 4);

J{Convert integer measurement to float
v_meas = ((float)(AIN_8))/3276.7 + offset;

//low-pass filter measured woltage
pv_lpf = (v _1pf - v_meas)/tau_filt;
v_1pf += pv_lpf*deltat;

//PL Controller

v_error = v_ref - v_1pf;

ap = K*v_error;

ai_int = ai_int + ap*deltat;
al = ai_int/tau_control;

ar = ap + ai;

flduty eycle

if(ar »= 1.8) d = 1/ar;
else if(ar »>= 8.8) d = 1;
else d = 8;

J/0utput DAC and digital
outpDAC(®, (int)(d*3276.7));
outpDIO(dig out word);



The analog hardware doesn’t accept floating point format directly; there is a conversion that
must take place beforehand. This is achieved by casting in C, either casting to int or casting to
float. Values input into outpDAC() macro must be of int data type.

The readADC() macro returns an int. . .
() Mask off mcist sig upper 16 bits
;tl:l-;:;nibreadﬁ.[}[{chan} (expaeaffff & (mReadRegister(kDSPAddr dADC + chan*@x4)))

Voltage at converted tO #define ocutpDAC{chan, wal) (mkWriteRegister(kDSPAddr dDAC + chan®8x4, wval))
[)irlS ir‘t //Read in analog and digital variables first thing
AIN @ = readADC(@);
100 V OXDDDD7FFF //Convert integer measurement to fleat

v_meas = ((float)(AIN @))/3276.7 + offset;
outpDAC(e, (int)(d*3276.7));

5.0V OXDDDD3FFF
00V OxDDDDOO0O 216 = 65536, divided into +/- halves, bit 16 is sign bit
5.0V OxDDDDCO000 Ox7FFF = 32767

10V 0xDDDD&000 0x8000 — -32768 (Think OxFFFF — Ox7FFF = 0x8000)

Note: The 16 most significant bits don’t matter (represented by D’s) when

you declare AIN_0 as a short int. The DSP will only acknowledge the 16
PURDUE least significant bits. Both ADC and DAC are 16-bit analog hardware. We

are used to the M44s which pack two 16-bit analog values into a single
32-bit word.
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We want to preserve these DSPs as long as
we can

Test your circuit to be sure that it is not
going to have any voltage higher than the
+/- 10V that it is rated for on the analog
side, and the 3.3V on the digital side

You can use bidirectional TVS diodes to
clamp voltage waveforms past +/- 10V
Spice the circuit!

Don’t drive LEDs directly from the output of
the DSP — they can’t provide that much
current without damaging the outputs — use
a buffer.

Use isolators where possible on logic signals
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See these docments in the C:\SIC67DSP-Sidev folder on all the new lab PCs with a
Sheldon Instruments DSP

Hardware Capabilities:
* Sheldon Instruments’ pdf manual of the DSP system - SIC671xPCl_r1b.pdf
e Sheldon Instruments’ pdf manual for the mod66 daughter card - mod66xx_R02.pdf

Software:

e Using the sisample utility provided by Sheldon Instruments - gettingstarted.pdf

 Documentation for code used on DSP side in CCS - sidsp_api_supplement.rtf

* Documentation for Slc67 DLL code - siddk_api_supplement.rtf

* Anything in the C:\SIC67DSP-Sldev directory related to this DSP card (there is
information for other DSP cards from Sheldon Instruments in this folder!)

PURDUE

UNIVERSITY




