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[bookmark: _Toc368901646][bookmark: _Toc377113716][bookmark: _GoBack]Appendix 4: Raspberry Pi Driving Hardware using GPIO Pins
Project 4: [bookmark: _Toc377113717]Using Raspberry Pi General Purpose IO pins 
P4.1 [bookmark: _Toc377113718]Optional: Using General Purpose IO Pins via Simulink Blocks

Objective: To understand how to interface with hardware using GPIO Pins
Task/ Challenge:  Build a Simulink application which turns an output LED on as soon as it detects a green object. Take inputs from a push button to test the LED
Steps/ Approach:
1. It is possible to drive General Purpose IO pins on the Raspberry Pi using Simulink Blocks. Starting from the ObjectMarker.slx example, we can drive a LED every time we detect a green object by building the model as below
[image: ]
2. Use the following circuits to drive the LED and as an input of the Raspberry Pi
[image: ] [image: ]
These simple circuits are realised on the breadboards. Using the above model you can see how the input can turn the LED on as well as detecting the green object.
3. Build and run the application and check that the LED does come on on detecting a green object or by pushing the push button.

P4.2 [bookmark: _Toc377113719]Optional: Calling C Functions from Simulink
Objective: To demonstrate how to include calls to standard C libraries

Task/ Challenge: To run and examine a Simulink model which stores a picture for examination with MATLAB for further analysis

Steps/ Approach:
1. As a second example, load now the model ObjectDetectionPosMarkStore.slx.  The store block captures the RGB signals  every time the push button is pressed. It writes them into an ASCII files imgX.dat where X is determined programmatically by the number of times the pushbutton is pressed.[image: ]



The code calls “C” functions sprintf & fprintf



function fcn(r,g,b, counter)
%#codegen
% Save 320x240 colour image to a file
format = ['%d ', 0];
fname  = coder.nullcopy(uint8(zeros(1, 32)));
coder.ceval('sprintf', coder.wref(fname), ['img%d.dat', 0], counter);
fd = coder.opaque('FILE *');
fd = coder.ceval('fopen', fname, ['w', 0]);
for i = 1:320
    for j = 1:240
        coder.ceval('fprintf', fd, format, r(i, j));
    end
end
for i = 1:320
    for j = 1:240
        coder.ceval('fprintf', fd, format, g(i, j));
    end
end
for i = 1:320
    for j = 1:240
        coder.ceval('fprintf', fd, format, b(i, j));
    end[image: ]

end
coder.ceval('fclose', fd);

The file can then be retrieved by MATLAB with the following commands
h = raspberrypi
h.connect
h.getFile(['/home', '/', h.UserName, '/img0.dat'])
img = load('img0.dat');
x = uint8(reshape(img,240,320,3));
image(x)
shg


For additional features of using the raspberrypi object to issue linux commands and functions please study the documentation.

P4.3 [bookmark: _Toc377113720]Optional: Calling C Function Libraries from Simulink
Objective: To demonstrate how to include calls to user written C functions and libraries
Task/ Challenge: To run and examine a Simulink model turning an LED on or off using both the block supplied in Simulink Library and calling functions from wiring Pi C library supplied with Raspberry Pi.
Steps/ Approach:
1. It is also possible to include call “C” functions which drive various outputs. In the following example we will use the Simulink S Function Builder alongside the wiring Pi “C” library which allows a different way of addressing the IO using user-defined libraries and drivers.
2. Details of how to include “C” functions with hardware support for Simulink can be found in the a document entitled “Device Drivers” http://www.mathworks.co.uk/matlabcentral/fileexchange/39354-device-drivers written for support for arduino but is equally applicable for Raspberry Pi.
3. In order to check how this is done copy the folder “home” and file “Digital_Out_SFunction_Comparison.slx” from the “Models\Appendix4” directory to the “Working” directory. The home folder contains the “C” include and source files as defined in wiringPi library.
4. Open Digital_Out_SFunction_Comparison.slx. Double click on User Defined S-Function. Double click on sfcn_Digital_Out to open up the dialogue box. Click on the Build button on the top right hand side. This will create the appropriate files which will be compiled and called from Simulink to turn the Digital Output on using calls to user-defined “C” functions.
[image: ]          [image: ]

5. The Block with S-Function Builder is given by:
[image: ]


[image: ]

[image: ]
[image: ]

[image: ]

6. Examine the various tabs of the S Function Builder and note how the C functions are called.  Build the S Function and run the application in External Mode. Note the way you can switch and use this block in building your system.

This demonstrates a second way which external C functions can be incorporated into Simulink. WiringPi functions can therefore be used simply to integrate new IO and drivers with Raspberry Pi blocks in Simulink.




Page 1 of 7


Page 7 of 7

image1.png
Simple object detection and position marking

FASEEERAYAIg]

(@)
o
=

VAZ Vises Carire

GRORea

- A=
FE—, T
- ) I
Mandmase a2
.
) I
T EeRr
-
- s N
sl —
B FindCentroid Soope
[Treest RASPBERRYPI
Ere——y g Ly
N
= nn
e srioze
e i e
roz





image2.png
@GPIO 24





image3.png
?
g
H .
A—«A?—og
5
g
3




image4.png
O el

RASPEERRVFT Opastr Sowas
GPI023
P Reaa Merual Swich
.
No e
a K

Swere




image5.png
Fle Edit View Inset Tools Desktop Window Help

Dadse|h b a8

150 250





image6.png
#3 Digital_Out SFunction_Comparison * =@
File Edit View Display Diagram Simulation Analysis Code Tools Help
& v f @ ~| &~
ser Defined s-Functon
jtal Out SFunction_Comparison
& Simple Digital Output SFunction Example
& For Raspberry Pi
=
=
= - Er=n e
Vese Gami
pear
E==)
T
ot
commm1 St Farcion
»
Ready 100% FixedStepDiscrete





image7.png
¥ Digital Out_SFunction_Comparison/User Define... L= (=) [ S

B-8e "8

Fle Edt View Display Diagram Simulation Analysis  »|

> ®

» @ v iy

User Defined S Functon X

Enable

»

s

den_Digital_Out

Toggle Digtal Output Pin
Wit SFunction

FixedStepDiscrete





image8.png
Wb S-Function Builder: Digital_Out_SFunction_Comparison/User Defined S-Function/Toggle Digital Output Pin With SFunction
Parameters

S-function name: sfen_Digital_Out

S-function parameters:

Name Data type

Value
= 5
Port/Parameter———— [ Initalizaton | Data Properties | Libraries | Outputs| Continuous Derivatives | Discrete Update | Buid Infol
& Wl nputPorts
o I The S-Function Builder block creates  wrapper C-MEX S-function from your supplied C code with multiple input
. %‘;"‘P"‘ Ports ports, output ports, and s variable nurmber of sclar, vector,or matix parameter. The input and output ports
M e can propagate Simulnk buitn dats types,fixed-pointdatatypes, complex frame, 1-D, snd 2-D signsls. This

block also supparts discrete and confinuous states of type real. You can optionally have the block generate a
[TLC fie to be used with Simulink Coder for cade generation,

-function seftings-

Nurnber of discrete states 1 Ssmple mode; Inherited -
Discrete states IC: 0
Nurnber of continuaus states 0
Continuaus states IC: 0

Cancel Help





image9.png
Wb S-Function Builder: Digital_Out_SFunction_Comparison/User Defined S-Function/Toggle Digital Qutput Pin With SFunction
Parameters

Stunctionnamesfen_igtal Out
S function parameters-

Neme Datatype Value

pin s

)
Port/Parameter———— Data Properties | Libraries | Outputs | Continuous Derivatives | Discrete Update | Build nfo)
& B Input Ports e
o Use the Add and Delete buttons to addremove ports and parameters o the S-unction, Use the table below to

9 Output Ports canfigure the data type, dimensions, complexity and frameness of each S-function port and to configure the data

E} ngrﬁmﬂm ltype and complexity of each parameter.
" Port and Parameter propertis:

Input ports | Output ports | Parameters | Data type attributes|
=

botname  Dimensions _ Rows s Name
X[ [re—" |
2





image10.png
Parameters-

S-function name:

sen Digita_Out
Sz
Nome Detatype Velue
pin Juints

x)
ngjmmm Iniialzation | Data Properties| Libraries | Outputs | Continuous Derivatives | Discrete Update | Build Info)
& Whnput Pors

“Qin
- Output Ports
Bl Parameters

=@ pin

[Update methods.

[Enter any Tibrary/object or source files used by the S-function. Then, specify any necessary include files
lorenter the external function declaratians. These functions can be called in the Outputs, Derivatives and

Library/Object/Source files (one per ling)—————————————————

Include files and exernal function declarations——————————————

lIncludes:
4 ifndef MATLAB MEX FILE

#include </home/pi/wiringPi/wiringPi/wiringPi.n>
#include </home/pi/wiringPi/wiringPi/wiringPiser =

#include </home/pi/wiringPi/wiringPi/wiringPi.c>
#include </home/pi/wiringPi/wiringPi/piHiPri.c>

[ i ] v
External function declarations:
/% extern double func(double a); */

[conce J[ b ]





image11.png
Wb S-Function Builder: Digital_Out_SFunction_Comparison/User Defined S-Function/Toggle Digital Output Pin With SFunction

if (xD[

0]==1) {

/* wait until after initialization is done */

/* don't do anything for mex file generation */
# ifndef MATLAB MEX FILE
// update outpu
digitalWrite (pin[01,in[0]) ;
# endif

Parameters
e . oo Ot
S-functon parsmeters-
Name Datatype Value
= |t s
®

Port/Parameter- Initalization | Data Propertis | Libraries| Outputs | Continuous Derivatives | Discrete Update | Build Infol
& Binputpors Code descrption

O Eneryour C-code o calyouralgorithm.If avalble,discrete and continuous tates should be eferenced 35,
9 Output Ports D10]-xDInl, <CI0]..XCln] respectively.Input ports, output ports snd pararetes should b referenced using the
[} ngrﬁmﬂm symbols specified in the Data Properties. These references appear ditectly in the generated S-function.

“§pin

Inputs are needed in the output function(direct feedthrough)

Help





image12.png
sfen_Digital_Out

S-function parameters:

Name Data type Value
= |t s
®

et Initialization | Data Properties | Libraries | Outputs | Continuous Derivatives| Discrete Update | Build Info|
& B Input Ports Code descrption

O This secton s opionaland use o updateth dscetestats i clled olyf he S-functon hasone or mors
9 Output Ports discrete sttes. The ststes of the S-unction are of type double snd must be referenced 35 XD10], 011), fc. respectivel:
Bl Parameters lInput ports, output ports and parameters should be referenced using the symbols specified in the Data Properties. These

“§pin references appear diecty inthe generated S-function,

if (xD[0]1!'=1) {

/* don't do anything for MEX-file generation */

# ifndef MATLAB MEX FILE

// Initialize WiringPi

wiringPiSetup ();

// Initialize pin as output

// In WiringPi pins are not GPIO pins see "WiringPi GPIO Pins"
pinMode (pin[0], OUTBUT) ;

# endif

/* initialization done */
xD[0]=1;
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