ucontroller class  - Rich Klee   -  http://users.prf.jcu.cz/~klee
Week one: 
1. Lesson 1

Lecture 

a. Usage of ucontrollers, and associated hardware.

b. Coding in C – why? Faster and easier than assembler, but enough low level control – bit manipulation

c. Why hardware?  – versatility, more effective than SW (Finite state machines vs. ISR?) useful for many small projects
2. Class goals:

a. A bit of theory – some laws (Ohm’s, Kirchhoff’s current and voltage laws), Fourier series/ frequency domain, logic – Boolean Algebra – this should be a review. 
b.  Simulate work environment - Final Project – your work – last 6 weeks of class – you design something that interests YOU – HW design, parts, bread-boarding, coding, testing, write up, demo – not hard, but not easy

c. Measurements – Oscilloscope, Logic Analyzer,  DMM, Power supply

d. Physical hardware  - components (schematics), components (values and units), soldering, smt, circuit boards – design of them 

e. Testing – modular approach

f. Lab manners and safety

g. PICkit 3 programmer/debug

h. Voltages supplied to the board USB/power supply – enabling PICkit 3 USB power.

i. A bit of English – especially technical reading comprehension

j. Quiz every week

LAB 1)
MPLAB environment – start MPLAB X IDE v2.00. Install on your Laptop
i.  PICkit 3 Programmer

ii. File -> new project

iii. Family  
Advanced 8-bit

iv. Device   
PIC18F45K20
v. Select Tool 
 PICkit 3  SN: BUR……..

vi. Compiler Toolchains XC8(v1.30)  Install on your Laptop
vii. Project name: LAB1_name1_name2
viii. Project location  - somewhere

ix. Check “set as main project” box.

x. Copy ucontroller_LAB1.c and ucontroller_LAB.h into your ucontroller_class_LAB1.X directory
xi. In project window right click on Source Files->add existing item select your .c file

xii. Same for Header files – select your .h file

xiii. Double click on the files to go to the text editor

xiv. Right click on your project -> select properties , go to categories and select PICkit 3 -> in the option categories select “power” – check “power target from PICkit 3  and select voltage of 3.25 V. 

xv. Compile the files – use the hammer/broom symbol

xvi. Program the device  - use the green down arrow.
xvii. Voltages supplied to the board USB/power supply – enabling PICkit 3 USB power.

xviii. C stuff

1.  #pragma  -particular for a compiler

2. Config registers   - FOSC register  - default  frequency for Fosc – 1MHz -  change to 4 MHz
3. Registers  -  *.bits how to use it.  #include “p18f45k20.h” file 
4. Ports – Input/output, 
5. LEDs:  1.8V – red , 3.0V – blue, 20 mA max  Ohm’s law

6. Delays – values  #include  “delays.h”

7. Compiling and programming through PICkit3

Lab assignment:

1. Write a program (in C) that will flash LED 0 for 1second, then LED 7 for one second and back to LED 0 and so on 
2. Expand to “police” type of flasher – 3 quick ON/OFFs on one side and then 3 quick ON/OFFs on the other side. First do with delays – figure out the amount of delay.
3. Put in some loops and a “define”s
4. Play with the internal oscillator frequency, adjust your delays as needed.

5. Play with the scope to find the frequency of your flashing LEDs. Does it make sense with the delay you have?

Homework:   Finish Lab 1 – be ready to demonstrate your blinking LEDs.

For next week read: Lab 2 document, also read/understand the   problem with mechanical switches – called “switch bounce”

Also how is 4x4 pad hooked up???? 

Look at the schematic – PIC44pin board schematic.pdf  
Read about ports  -10.0 I/O PORTS 

Week two: 
1. Lesson 2

2. Quiz – Ohm’s law, Pic ports hooked up together, mux, switch bounce

Lecture

a. I/O ports – see Lab 2 document
a. Direction

b. Tristate

c. Weak pull-up 7.5KΩ – 60KΩ
d. Enable pull-ups on PORTB

e. Read-modify-write

a. Switch bounce - 10-70 ms typical
b. Structures - bit manipulation ( & and | logical functions). 
c. Functions – prototype (usually in .h file)  void FuncExample( unsigned char, char * pArray);
d. Remember  you can only pass back one value ( if more items need to be passed back use a pointer)
e.  /* WriteCmdXLCD
f. Human interaction – sampling time

g. Switch input to PIC – 4x4 matrix

h. Debug feature of the PICkit 3 programmer – use Flashing LEDs as a starting point
  2.     LAB 2)  NOVA informace je v ucontroller class/Lab 2 Documentation notes hints
i. Hooking up the 4x4 number pad

Lab assignment:

2. Write a program (in C) which will read the number/letter pressed on the key pad. 

3. Include debounce routine

a. Switch contacts bouncing  - 10-70 ms typical

b. Test -> Counter++  -> If 5 ok, else if start over
c. Better integrator – cover 

4. Verify this number in Debugger.

5. Display  the number on the LEDs – hex code.  

Homework:   
Finish Lab 2 – be ready to demonstrate your 4x4 pad.
Look at C - &, |, masking, * pArray, &Array[0]  

Week three – finish Lab 2
Lesson 3

Quiz – Be able to manipulate bits (masking (&), Shifting (<< or>>), and oring (|))

           Ohm’s law and Kirchhoff’s laws – tady to mate v cestine ! http://elektross.gjn.cz/elektrina/el_proud/vedeni_proudu/kovy/kirch_zak.html
Rozumet – pull ups ( jak se pouzivaji ), a TRIS register.

Taky pocitat f = 1/T

Work on your keypad  code – or you start with the LCD display

Homework:   
Finish Lab 2 – be ready to demonstrate your 4x4 pad.
Look at C - &, |, masking, * pArray, &Array[0]  

For next week read: Lab 3 document

Read about the usage of Hitachi HD44780 controller           http://en.wikipedia.org/wiki/Hitachi_HD44780_LCD_controller 

Make sure you can write a function in C.

Week four   - week of March 17 
· New schematic – rev 6.0 .
· When starting a new Lab : Create a new project in MPLAB X  - name of project: LABx_Name1_Name2

· If you want to copy and rename .c and .h files from you previous lab. You don’t need to copy anything else. Then add new .c and .h files with “add existing item”
· Final project ideas:

· Level indicator–  Analog devices ADXL350 – I2C, SPI interface,  Farnell – 270 Kc
· Timer to shut off power – 5sec to 5 hours – rotary switch encoder  - LCD display – easy project ( but very useful).

· Servo controller with feedback

· Alarm clock with sleep mode 

· Lab hours

· Compatibility between boards and accessories
· Lab 2  - tristate  (TRISD)  gives direction not output !!!
i. Hitachi  HD44780 controller

a. Physical hook up – to PORTD – 4 lines  for data, Enable,  Data/Command, VSS, VDD (contrast on 5V parts).
b. No writing (ever) – WR pin is hooked up to gnd.

c. C/D (RS) pin is always  0 unless actually writing data.

d. E (enable pin) – is pulsed high every time a command/data nibble is written,

e. Initialization sequence – 4/8 data lines, how many lines, what cursor 

f. Writing commands/O ports – see Lab 3 document

g. Writing to a location, writing data, delay

h. Functions – prototype (usually in .h file) 

i. Sending info LCD

j. Debugging  - Logic Analyzer

Lab assignment:

1. Demonstrate Lab 2,

2. Write a program (with a function) to display the content of string – your names on the 16x2  in 

3.  Make a simple  decade counter that counts from 1 to 223 – make sure that you can suppress the leading/trailing 0’s.  When counting go from  223 ( 1 not 221 or 123.

4. Use the ultoa function
5. Add the program from the last time (4x4 number keypad) to the LCD program .

6. Be able to push a number which will show up on the LCD display (0-9)
7. Display a string of numbers you have pushed ( up to 4 digits on the keypad. When  “E” is pressed (consider this the enter key) the number will be stored  in  an integer. The LCD is cleared and ready to display a new number.  Important for the next lab.
Homework:   

Finish Lab 3 – be ready to demonstrate your 4x4 pad with the LCD display.

Send me your code  - only .c, .h files  - just an attachment – no zip files please.
For next week read: Lab 4 document

Read about timers in the PIC18F45K20  manual  - section 12, starting on page 155
Also look at interrupts: section 9, starting on page 107.

Week five: March 24
1. This will be a three-week lab
2. When you send me your code:

1. Each .c .h file needs to have your names 

2. There should be a description of what the code does – in Czech is fine.

3. More, many  more comments, each function should list the input, the output and what it does.
3. Go over interrupt example – You have to understand this!!!

4. Interrupts:  way to handle something that requires immediate attention

5. Interrupt service routine  -  just like a function
6. Interrupts:
1. Individual interrupts enabled/disabled

2. Master interrupt enable/disabled – automatically disabled in ISR
3. Individual flags enabled/disabled

4. Individual flags ( status read then cleared  
5. Even though the flag doesn’t generate an interrupt it still may get set (timer overflow). 

Lab assignment:

1. Demonstrate Lab 3

2. Write a program which uses timers and ISR – you will make a basic frequency counter. This frequency will be displayed on the LCD. You need to be able to measure between 1 KHz  and 100KHz, with 5% accuracy. The team that will achieve the highest accuracy throughout the range will get 3 points extra.
Week five: March 31

1. From previous labs:

· MCLRE = ON    - this is for debugging if it’s off your debugger will not work

· Many of you are sending individual nibbles to the display – you should have a function SendByte ( char data, char Data_Com), which divides the byte into two nibbles ( one of them is shifted by >>4) and then gives it to send nibble.

· There is an easy way to place your curser where you want  - issue command  0x80 + position where you want to go: so for the top row we have 0x80, 0x81, 0x82, 0x83,…  0x8E, 0x8F,   and for the bottom row same idea except you add 0x40 to everything: so you have 0xC0, 0xC1, 0xC2, 0xC3 …. 0xCE, 0xCF.

· Strings:  Remember that strings are defined as char, not unsigned char

· The easy way to do strings  - char String[] = ‘Hello World”;

Which gives you ASCII numbers representing the letters ( 0x20 for a blank) and the string ends in a real 0. So to read it and display you just do:

for ( i = 0; String[i] != ‘\0’; i++) {    // go on until your character is 0 ( ‘\0’) – which is the                                                                                   end  - so stop

SendByte (String[i] , Dat_Com);
}

Or with pointers 

for (i =0; *(String+i) != 0; i ++) {
SendByte (*(String +i); Dat_Com);

}

· Declaring variables – not in the middle of your C code 
· Declare them before main()  if you want them globally ( but not between  different  .c files).
· Initialize them in main () – takes less memory. 
Week six April 6
· Continue with  Lab 4 – be ready to demonstrate your frequency meter
· Send me your code  - only .c, .h files  - just an attachment – no zip files please.

Week six April 13
1. Finish lab 4 – this is the last week – see new lab notes
Homework:    Quiz next week - read about the ADC  pp. 266 -274 . Also read about PWM   pp. 143, 149 – 152.

Read about these in Czech:
· Read about PWM - http://cs.wikipedia.org/wiki/PWM
· Read about ADC -  http://cs.wikipedia.org/wiki/ADC mainly (S postupnou aproximací)
Week six April 15, 18 and week seven – April 22 and 25
1. Quiz
2. ADC – Analog to Digital Convertor  - 

· Successive approximation

· Capacitor hold time.

· Accuracy – (running in sleep mode)

3. PWM – Pulse Width Modulation 

· Actually a DAC (Digital to analog convertor

· Duty cycle changes

· Low pass filter for analog output

4. PID – proportional – integral, derivative 
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Explain Lab:

Homework:    For the week of April 29 – Project  I will need:

Project description: what will it do?

Parts needed and cost of parts.

Division of labor – who will do what ? 

Please bring it to class - DO not send it to me through e-mail.
Week of April 29

1) Hand in Project description and everything else. See above 
2)  I am ordering parts on Tuesday !!
3)  Get ready for 10 point Quiz next week  - If you want zapocet  you have to have 55 points.

4) What will be on the quiz?????

1. Port   set up, pull up resistors. Remember if one port drives ‘1’ and on the same wire the other drives ’0’  this is baaaaad!!  You will get an ‘X’  and maybe a bit of smoke. But in real life  there is no ‘X’ so if this goes to an input – that input may see ‘0’ one time and ‘1’ at other times.

2. Key pad – how did we set it up – the idea that you do not always have to have 16 wires to switch 16 switches. Read about “multiplexing”

3. LCD display – if we want to display at location row 2 column 10 what command will you  give it. How would you display negative numbers? 

4. Frequency counter – be ready to set up timer 0 and all necessary register to determine the frequency of any signal ( well up to 100 KHz.

5. ADC – now the time requirements. IF you speed up the clock 2x can you 2x faster ( the answer is NO). But what could you do to go faster?
6. PWM -  we can use this as a DAC – how is that possible – what do we need? 

7. PID controller – lot of you copied my code and it yes it works – but you didn’t experiment with it. So HOW DOES IT WORK? What does the ‘P’ part do what about the ‘I’ part ?

8. C code – mostly bit manipulation, masking.  And something about casting char-> int and similar.

Things you will need: Copy (yes, paper) of OSC section, Port section, ADC section PWM section, Timer 0 section, Interrupt section. A LCD data sheet with registers.

Start working on your Final project – you should have many questions – and I will either try to answer them. Or find out what the answer is. But I will not do the work for you.
Week of May 13th 2013

Takze, jak veci jsou: 
4 (6-Prenner/Moravec maji jeste jeden tyden aby dali dokupy jejich PID controller)z vas nezvladlo zapoctovou pisemku. Tak budou dalsi – rozhodl jsem se, ze pristi rok to budu muset ucit jinak, ale to je muj problem a ne vas. Tak ted opravdu nechci nikoho vyhodit, ale to neznamena, ze  nechci na vas aby jste tomu nerozumneli. A tak budem delat zapoctove pisemky do prazdnin. A bude to pokazde nova. 

Co od vas ocekavam:
· Rozhodne umite zapojit PORT jakkoliv se od vas zada. Ze tentokrat mnoho z vas nemeli vubec ani zminku o TRISA je opravdu dost hrozne!!!
· Umite zapojit pull-up resistors a vite co vlastne delaji. 

· Chapete funkci “debouncer” a umite na to napsat code.

· Vite rozdil mezi ‘A’ a “A”. Umite pouzivat strings a nemusi se koukat do ASCII look-up tables aby jste neco poslali do LCD. Umite napsat veci do LCD pomoci string.

· Mate dost dobrou ideu co se vlastne deje kdyz pouzivate unsigned int v int a naopak. Chapete co to je ‘2’s complement’ a jak tvorit v nem cisla.   Zadnou matematiku na vas nebudu chtit.

· Umite pouzivat interrupts – jak napsat ISR.  Co v ni delat a co zase ne.

· Umet inicializovat interrupts pro: external interrupts (RB0-RB2), timer interrupts, ADC interrupts.
· Pouzivat timers – byt schopen zjistit jakykoliv interval mezi dvema rising/falling edges. Byt schopen vygenerovat jakykoliv cas pouzivanim timer. 

· Chapat  T=1/f; Jenom jeden z vsech lidi co delalo ten quiz zjistil ze na tom timer prikladu se jedna o casu as 120 s. 

· Byt schopny nastavit ADC – chapat jak vlastne to snimani funguje – successive approximation – lidi co delali ten priklad si vetsinou neuvedomili ze tam je 10x conversion bits - TAD, ne jenom TACQT. Jak nastavit conversion aby treba clovek mohl convert  1.2345V – 1.54321V plnem rozsahu.
· Chapat jak PWM pracuje. Proc tam musi byt “low-pass filter”

· Jak pracuje PID – a co vlastne ty hodnoty co jste pouzily znamenaji a proc tam jsou. 

A hlavne jak pouzivat veci co jsme uz delali k tomu rozresit nove problem, ktere ale nejsou ti same, ale pouzivaji podbne prvky!
Toto utery:  I2C Lecture pro: Leitnar, Mr. Bean, Moravec, Prenner 

Tento tyden: Meli by jste pokrocit s vaseme projektama – 
Zdenek/Milan – ocekaval bych ze servo uz se bude hybat. 
Karel/Lukas – Nejake casy se budou ukazovat na display pomoci 32.xxKHz external xtal.

Michal/Ondrej – dve boards maji accelerator chips nainstalovane a zapojene (spravne) na pins 18F45K20.

Michalove by urcite meli mit dokenceny Thermistor/Fan PID lab. Vzhledem km tomu ze Michal M. potrebuje 9.5 bodu aby nemusal psat dalsi quiz myslel bych si ze bud emit opravdu velky zajem na prefektnosti teto LAB.

Martin/Jakub -  ADC snima input ( tak 15-20 KHz) a dava to to do velky array. 128x64 display connector je spravne sletovan k adapter board a pins display jsou zapojene k 18F45K20. 
Mira B. – nemam tuseni co delal, but I am not worried.

Lukas/Tomas – experimenty s transistorama/LEDs jsou hotovy a presne component jsou urceny. Sestavena je sablona na letovani LEDs. Testovaci program ktery akorat zaone jednu LED po druhe je ve vyvoji.

Mira/Dan – pracuji na tom, I am not worried.

Week of May 20th 2013,

Zapoctova quiz – ti co ji nemaji! 
Par veci co se deje z nasema teams:

Karel/Lukas – Chteli udelat vedlejsi  .c file pro jejich functions – par veci na co se musi davat pozor: Takze ve vasem source files budete mit   main.c  a  functions.c – kazdy musi mit svuj .h ( tak tedy main.h a functions.h files. Potom v obouch budete mit  # include   “functions.h”.  Ale meli by jste mit  v kazdym .h file toto:

May 27th 2013 until end of June 2013

Zapocet mate vsichni ( ty co se o nej zajimali)

Tady jsou hodiny kdy bude Laborator otevrena pro studenty UAI 609 :
We   
29.5   
18:00 – 22:00

Th     
30.5
14:00 – 18:00

We   
5.6   
16:00 – 20:00

Th     
6.6
14:00 – 18:00

We   
12.6   
16:00 – 20:00

Th     
13.6
14:00 – 18:00

We   
19.6   
16:00 – 20:00

Th     
20.6
14:00 – 18:00

We   
26.6   
16:00 – 20:00

Th     
27.6
14:00 – 18:00

Takze jak vidite mate 40 hodin (1O x 4) na dodelani vaseho projektu.

Budu tady bud ja (4 hodiny tydne ) nebo Honza Matousek (4 hodiny tydne).

Ale predpokladame  ze budete chodit  - nebudeme tady pro jednoho nebo 2 lidi.

Zdenek/Milan – ocekaval bych ze servo uz se bude hybat – Servo se hybe – ale troche moc moji zasluhou .
Karel/Lukas – Nejake casy se budou ukazovat na display pomoci 32.xxKHz external xtal. To je hotovo – ted to chce srazit current hezky dolu ~ neco kolem 50 uA. Vypinat display kdyz se nepouziva. 
Michal/Ondrej –  Letovani hotove. Vypada ze I2C zacina fungovat – zapracovat na AKN. Dostat ID z accelerometer.

 Michalove  - zadny progress co bych videl. I2C nefunguje, chip neni naletovana  na zadnou desku. Neco se musi zmenit. Pritomnost Michala Moravce neni vubec prijatelna. 

Martin/Jakub -  ADC snima input ( tak 15-20 KHz) a dava to  do velky array. 128x64 display connector je “spravne” sletovan k adapter board a pins display jsou zapojene k 18F45K20. 

Dostat nejaky ( jakykoliv) obraz na GLCD je uplne prvni prioritou.

Mira B. – nemam tuseni co dela, prijde zacatkem cervna – I am not worried. 
Lukas/Tomas – experimenty s transistorama/LEDs porad pokracuji. 
Mira/Dan – Tenhle tydem jsem videl krasnou sine a triangle wave a velmi prijatelnou sawtooth. Rekl bych ze 90% procent coding je hotovo ( jeste to chce tam dat square wave – ale to je akorat jine hodnoty v timer. Ted jeste vyladit low pass filter a pridat Op Amp.
