ltime embedded programming




Teaching realtime processing

The standard academic approach



The standard academic approach

The internet cafe approach




wikipedia

The internet cafe approach

The students get:

simulated run a simulation and write
data a report

...for the bin!
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What's the alternative?

galleryhip (marked for reuse)



The Raspberry Pl approach

Build a sensor... ..process the data with _and make a YouTube
the Raspberry PI... video about the result.



Problem based learning with the Raspberry PI

The Task:

Measure a physical quantity and plot it in realtime
on the screen.



Problem based learning with the Raspberry Pl
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Problem based learning with the Raspberry Pl
Solution
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Figure 1: Raspberry Pi Sigma Delta Converter (Bernd Porr,20135)



Problem based learning with the Raspberry PI
Problem #2

How to get the data
into the raspberry PI?
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Solution:
Learning how to use /dev/spi under Linux and C

while (1) {

Fi let's wait for data for max one second
ret = gpio_pollisysfs +d,102@);
if (ret<l) {

fprintfi(stderr, "Poll error %Sdin",ret);

Ff tell the AD7T@S to read the data register (16 bits)
writeReg(fd, @x38);
Ff read the data register by performing two & bit reads
int walue = readData(fd)-2x58000;

fprintf(stderr,"data = %d Wty valuel;

Fr if stdout is redirected to a file or pipe, output the data
ifi no_tty )
1

printfF("%d\n", wvalue);

fflush(stdout);



Problem based learning with the Raspberry Pl
Problem #3

How to plot the data?




Solution:
Learn how to use the QT library (in C++) and the scientific plotting
library QWT.

woid Window::timerEvent({ QTimerEvent #* )

|
double inYal = gain * sin{ M_PI * count/S@.@ };
++count;

Fr oadd the new input to the plot

memmove| wData, wData+l, (plotDataSize-1) #* sizeofi{double)] );
vData[plotDatasize-1] = inYal;

curve-zsetSamples(xData, vData, plotDataSize);

plot ->replot();

S0 set the thermometer value
thermo-zsetWalue! inval + 1@ );



Problem based learning with the Raspberry PI

Problem #4

How to record data at a high speed

and
plot it at a lower speed?

high speed low refresh rate
acquisition

Solution: multithreaded programming (different threads for
data acquisition and plotting using a ringbuffer)



Problem based learning needs support
Example code on GITHUB for the project

Bernd Porr
berndporr

i University of Glasgow

) Glasgow

B2 mai@berndporr.me. uk

S http: ey DRG0 ME . UK
(C Joined on 25 Apr 2012

9 3 0

Fallawers Starred Fallawying

iir C &9 b5

IR realtime filter lrary

Updated on 24 Apr 2014 realtime filter COde

qwt-example c++ k0 P5
¥ forked from glasgow-hiofgwtexample

A simple exarmple program using Gt widdgets to be used as a base for students

R QT4 plot example + QThread

gpio-sysfs c++ k1 o

This is a bunch of ¢ functions for the BRPI to do GPIO communication and interrupts via
Fysfs

GPIO example code

rpi_AD7705 test_software C++ k0 PS5

¥ forked from glasgow-hioirpi_ADTT05_test_software ADC readout example COde

Test/demo prograrm for using the ADT 705 with the Raspberry Fi
Updated on 22 Feb 2014



Problem based learning needs support

Example hardware design for data acquisition

Raspberry PI Sigma Delta Conwverter
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Figure 1: Raspberry Pi Sigma Delta Converter (Bernd Porr,2015)






Dissemination

WIKI YOUTUBE

moodie2. gha.ac.ukmodjikfvew.phpfide 295441 (] (] ‘ ‘ . bernd parr gth Ynuh Q
2.1. The Touch Sensor

2.2. The Analog to Digital Chip
2.3. Circuit Design

2.4, Alterations

2.5. Components list

3. software i
4. Result =
5. Improvements =
5.1. Hardware
5.2. Software
6. Conclusion T

Team 1 Touch Sensar Project
Robert Courtney 1006201¢
vera Biryukova 1005416b

Suhail Mahmood 1003062m

Project Description fedi

The aim of this project was to create a system capable of receiving an analog input from a resistive touch senser and to plot this on to a screen like a graphic
tablet. In erder to preform this plotting in real time an analog to digital conversion beard was produced. This board converted the analog data of the touch sensor
into digital value that a raspberry pi could easily plot.

Hardware fediq

A Raspberry Pi with appropriate peripherals such a keyboard and screen was provide for use in this project. The raspberry pi was used for ploting information to the screen. A touch
sensor and an analog to digital converter were also required for this project.

The Touch Sensar

A7 Inch 4 wire resistive touch sensar was chosen as the input device for this project. Each of the Teur outputs of this sensor give the resistance between the p
and the edge of the screen.
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Uploaded on Apr 2, 2015
ENG 5220 touchscraen demo



Example videos



Conclusion

Real data

Realtime processing

C/C++ programming relevant for the future career
Dissemination via YouTube (to share with their friends)
Loads of fun

Bernd Porr
www.berndporr.me.uk
bernd.porr@glasgow.ac.uk

= https://github.com/berndporr

http://web.eng.gla.ac.uk/rpi/
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