Programming Arduino
Projects with the PIC
Microcontroller

A Line-by-Line Code Analysis
and Complete Reference

Guide for Embedded
Programming in C

Hubert Henry Ward

Apress’



Programming Arduino Projects with the PIC Microcontroller: A Line-by-Line
Code Analysis and Complete Reference Guide for Embedded
Programmingin C

Hubert Henry Ward
Leigh, UK

ISBN-13 (pbk): 978-1-4842-7232-9 ISBN-13 (electronic): 978-1-4842-7230-5
https://doi.org/10.1007/978-1-4842-7230-5

Copyright © 2022 by Hubert Henry Ward

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark
symbol with every occurrence of a trademarked name, logo, or image we use the names, logos,
and images only in an editorial fashion and to the benefit of the trademark owner, with no
intention of infringement of the trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if
they are not identified as such, is not to be taken as an expression of opinion as to whether or not
they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal
responsibility for any errors or omissions that may be made. The publisher makes no warranty,
express or implied, with respect to the material contained herein.

Managing Director, Apress Media LLC: Welmoed Spahr
Acquisitions Editor: Susan McDermott

Development Editor: James Markham

Coordinating Editor: Jessica Vakili

Distributed to the book trade worldwide by Springer Science+Business Media New York, 1 NY
Plaza, New York, NY 10004. Phone 1-800-SPRINGER, fax (201) 348-4505, e-mail orders-ny@
springer-sbm.com, or visit www.springeronline.com. Apress Media, LLC is a California LLC and
the sole member (owner) is Springer Science + Business Media Finance Inc (SSBM Finance Inc).
SSBM Finance Inc is a Delaware corporation.

For information on translations, please e-mail booktranslations@springernature.com; for
reprint, paperback, or audio rights, please email bookpermissions@springernature.com.

Apress titles may be purchased in bulk for academic, corporate, or promotional use. eBook
versions and licenses are also available for most titles. For more information, reference our Print
and eBook Bulk Sales web page at http://www.apress.com/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is available
to readers on GitHub via the book’s product page, located at www.apress.com/ 978-1-4842-7232-9.
For more detailed information, please visit http://www.apress.com/source-code.

Printed on acid-free paper


https://doi.org/10.1007/978-1-4842-7230-5

Table of Contents

About the AUthOr ..........ccccmminmmmmsesmnsss s xiii
About the Technical REVIEWET ........ccccsrssamsmssmsssssnsssssnsssssnsssssnsssssnnsnns Xv
Introduction.........ccccemnmmnmmmenmnes s ——————— xvii
Chapter 1: Introducing MPLABX ......ccccccimmmmmmnsssssssssnmmsmsssssssssssssssssssssnns 1
MPLABX: The IDE from MiICroChip .......ccccevirierenninscne s ses s sessessesnes 1
Creating @ Project in MPLABX..........ccccvnrnenmnesesssesesese e sessesessese e sessesessenens 3
The Configuration WOrdS..........ccceverenenmnnsesnsesssesesese s s sessesessssesssnes 9
Creating @ Header File .......coovvevvevierenirnirrere e sese s sesse s s s s e ssessessessssessesnes 14
Changing the Fonts and COolOrS.........cvovvrrerierenensersesessssessessessessssessessessessssessesses 21
The PIC MIiCIrOCONTIOIIET........ccveeeecrereresreeeseresssse e e e sesssssseeens 22
The PIC16F88 and the PICBFA525.............cccveverirereresenesesesesesesesessssssssssssssssssnnns 24
SUMMANY..c..eieereresere s e e e s e e nr e e 25
Chapter 2: Programming BasSiCS......cccssussssmnnmsssssnnnssssssnsssssssssnssssssnnnnss 27
Good Programming PractiCe .......cccucevvrerverierinnensensesessssessessessessssessessessesessessesees 28
AIGOMTNMS ... nn e 28
FIOWCRAMS ... s 29
Program LiStiNgS ......cccccvvvernennesisnse s s s snssssessnnes 30
Program 2.1: Turning On and Off @n LED........c.ccccvccvvrievnnnvnenn s sessenennens 30
Algorithm for Program 2.1 ... 31
Flowchart for Program 2.1........ccvvrvniniennnnsense s sessessessssessessessssessessesas 32

iii



TABLE OF CONTENTS

The Program LiSting........ccccvcvvnnnnininninne s sesses s ssesses e s ssessssssesaessens 34
Creating @ SOUICE File ......ccvvvereverrererere s s s s sas e s ssesressssessesne s 34
Adding the Header File ..........cccccvverinnenincenss s s 39

Program 2.7 ... e e e 43
Analysis Of LiStiNg 2-1 ......ccccoviririrre e s 45

RUNNINg Program 2.1 ... ses s ssessssessesnens 61

The PIC16F88 Development Board..........c.ccocevvvninennnnsnncnness s 64

THE ICSP CiFCUIL ... 66

Testing Program 2.1 ... sss e sssse s sessssesssssnens 71

Downloading Our Program.........ccccveeveveesensessesnssssessesessssessessesssssssessessessssessessens 76

1] 4= 7 80

Chapter 3: The Seven-Segment Display and the Stepper Motor ........ 81

Program 3.1: Controlling a Seven-Segment DiSplay ..........ccoeeerereererrerereserensenenns 81

Seven-Segment DiSPIAYS.....c..ccverrererenerns s 82

Common Anode Seven-Segment DiSplay........ccuouvesernsesenesesnnesessesssesessssesenns 82

Common Cathode Seven-Segment DiSPIay ........cccvrerrrerierierenensensessesesessensenees 84

Arrangement for a Common Anode Seven-Segment Display.........cccceevvvreriernene 84

Controlling the Display with the PIC...........cccoceorirnrninnnrrrne e 85

Seven-Segment Display Program ..o sessessenns 87

Algorithm for Program 3.1 ... 87

Flowchart for Program 3.1 ... sessesens 89

Program Listing for the Common Cathode Seven-Segment Display..........c.cc..... 91

Analysis 0f LIStING 3-1 ...cocvvvvririererirsersere s s s ssssesessessesssssssesaeees 94

iv

Program 3.2: 3461BS Common Anode Four Seven-Segment
Display MOUUIE ..o e s 108



TABLE OF CONTENTS

Analysis 0f LiISHING 3-2 ....ccccoverrirrre s se e s 113
The STEPPEr MOLOF ......c.coreeereccrr e se e 114
Analysis 0f Listing 3-3 ......cccciiinrrnnsn s 123
SUMMANY....eiveerirereree e pe e e ne s 128
Chapter 4: The Joystick and the Stepper Motor ..........ccccvisneenniissanns 129
USING the JOYSHICK......ccueerrriririe s 129
The Principal Operation of the JOYStiCK..........cccuernrennesernsennesenese e 130
The ADCONOQ Control REgISter........curerrrserrsenesrssersssessssssessssessssessssssessssesenns 132
The ADCONT RegiISTer ......ccevvierrrrcrerreserissesese e se s s se s s sens 134
The ADCON2 ReJISTEr ......ccervvererrirrreserrssesesssse s sssss e sesss e sessesenns 136
Changing the ADC Input Channels..........ccueevrenrnsesnnesesnssess s 144
Left or Right JuStification ..........ccccoverncnnncnrese e 144
The JOYSHICK Program ..........ccccverennnnienensssnsesesessssessesse s sessessessesssssssessesas 144
THE LCD ...ttt e bbbt 151
Instruction or Command MOdEe..........ccoveerrrenerisernsesnnese e 153
Data MOTE ......coeereereererer e s s nnn 153
Bytes and NiDDIES.........ccovvviiirisrncrr e 154
The Control Pins 0f the LCD .......ccccvvcernscnnesere e 155
ANalysis Of LiStING 4-1 ..ot se e ssesae s s e s snes 156
0NE-DIiMENSIONAI AITAY ...uevvevrererrererrersesersersessessssessessessssessessesssssssessessesssssssessens 158
Accessing Data in the Array........ccccvvrvnneninsnsin s s sessenns 159
USING POINEEIS ..c.veveerere st serere e ses e s s ses e s s sse e s e saesas e ssesnesassessesnesnes 159
Joystick and StePPEr MOTOr ........ccoevrevrreriererensereresss s seesessesessessessssessesees 176
Analysis Of LiStiNG 4-2........ccocrvererrserre s rerser e re s s e se e s ssensenns 186
Homemade Prototype Board for the PIC18F4525 ..........ccccvivvvinirenncensennenns 190
E3 10T 111 T R 193



TABLE OF CONTENTS

Chapter 5: DC MotorsS.......cccussneenmrssssnnnnmssssssssssssssssssssssssssssssssnnssssssnns 195
The Speed of the Simple DC MOLOF ........cccevrverrerrcccre s 195
PWIM ...ttt 196
Creating a Square Wave with the PWM Mode .........ccocevrvcrininnicnnnecennnne, 197
Creating @ TKHZ SQUAre WavVe ..........cceerrevererrererenessessesessssessessesssssssessenses 201
The Mark Time or DUty CYCIE........ccvvererererreriereressessesessesessesessessesessessessens 202
The TMR2 Preset Value..........cooeerecernicrresereersese e 203
Storing a Ten-Bit NUMDEX .....c.cov vt sne s 204
Analysis Of LiStiNg 5-1 ........ccocrierirrirrir e se s naeens 205
The Variable-Speed DC Motor Program ...........ccccceeevcrnverensenenenessssesessesesenens 208
Analysis 0f LiStiNg 5=2.......cccviuvnrniniennsnsnese s sessessessessssessessens 211
A Two-Directional DC Motor Program............cccceevnvenerenennnesenesenesesensenenns 211
Using the L293D DIVEr IC........cccorirrniernesirs s sessesessssesennes 214
Controlling a Two-Wheel Drive System..........cccccvivvrnnnnnnscnnnsnnesessesenenns 219
Analysis Of LiStiNg 5-3........cccrrrriririrrr e rerrer s s e sessee e ssessenns 222
Controlling @ Servo Motor ... s 224
Analysis 0f LiStiNg D=4 .......ccccrirmininnnnsne s sessesse e ssssessessens 228
10T 111 1T o SR 234
Chapter 6: Ultrasonic Distance, and Humidity and Temperature
SONSOS .cuuerssansssnsssansssansssnsssansssansssnsssansssnnsssnsssansssnnsssnsssansssnnssansssansnnn 237
Using the URrasoniC SENSOF........cccccvrererererniesineses e sesesesse e sesesessesessenes 237
The Basic Principle of Operation ... 238
The Principal Operation of the Program ...........ccovvnvnnnsnincnenescnnsenene 240
Analysis Of LiStiNg 6-1 ........ccccvveriririerrr s se s e sse e naenns 243
The DHT11 Humidity and Temperature Sensor ..........cccccvvriennsnsnnesnsensensenns 248
Communicating with the DHT11 ... 249
The Use of a Pull Up ReSIiStOr ... 253



TABLE OF CONTENTS

Checking the Timing of the PUISES .......ccvevvrrrrerenensersenesessesseseseesessesseses 253
Analysis Of LiSting 6-3.........ccccuvrrninininnnrsnnsre s ssessse s ssessenns 262
31111111 T o OO S 269
Chapter 7: Working with Keypads .......ccssseemmesssssnnsssssssnssssssssnsssssssnns 271
Traditional 3 x 4 Keypad ENtry.......ccooreceecnrerereers e 273
The Need for Pull Up or PUll DOWN ..o 274
PUll DOWN RESISTONS.......covreereeereeereneesse s se e esesnenens 276
PUIl UP RESISTONS .....cocerircrircirscre s sns e snens 277
Traditional Keypad Program ..........c.cccvvvnnniniennsnnnsesnssssessessessssssessessens 279
Analysis 0f LiSting 7-1 .......cccrinnininnnnnsne s s ssssessessens 293
SWILCH BOUNCE.......cceeeeeeeere e 294
The Membrane 4 x 4 Keypad.........ccocceereeernvernenerescrssesesesesesessesesessesesaenens 299
The 8 x 8 Dot MatriX Board............ccovrererenernsesessesessesessssesessesssesessssesessssssssnens 321
Analysis Of LiStiNG 7-3.....cccoiverrenmresernsesesesessse s s se s sessesenns 331
Creating the Data for Each Row in the Two-Dimensional Array............c...... 332
SUMMANY ...t e e np e 341
Chapter 8: Using Bluetooth with PIR Motion Sensors ..........cccuriisnnes 343
The HC-06 MOTUIE .......coceeerierersrersrsissssssss e se e sssssssssssssssasanas 343
Matching 5V 10 3.3V ......cocerrcrir e s 344
The Default Settings of the HC-06............ccccvrerrerrrnierierienessensessesesessessessens 345
The HC-05 Bluetooth Module............ccovnmienenenenenneesesesesssesesesssssseseens 346
Connecting the PIC to a Mobile Phone via the HC-06............cccoeerererreriennen 348
THE UART ..ottt ss st ss s s ssnns 353
Analysis Of LiSting 8-1 ........cccvieriririrrir s s 353

An Important DistinClion.........ccccevevrcrce s 358

vii



TABLE OF CONTENTS

Using the Mobile APP Bluetooth Terminal ...........cccccvvvvrincninninincnse e 359
Changing the PIN on the HC-06.........cccocevrrerrererenensensessessssessessessssessessesses 360
USIiNg AT COMMANGS ....c..covererrererrererserseressesessessessessssessessesssssssessesssssssessesses 362
Using PUTTY to Program the HC-0B6.............cceerrererenserierenssensesessssessessenaes 369

Programming the HC-06 with AT Command from the PIC Micro..........c..cvcuruene. 371
Analysis Of LiStiNg 8-2........ccccvrrreririersee e rerrer e res e sse s sae e nsenns 376

The HC-SR501 PIR MOtiON SENSOF .......ccceueeererererererresereesesesese s sessesesnenens 380
Analysis 0f Listing 8-3 ... s sessesnens 385

SUMMANY....eeeerercreree s se s s s nen e s 387

Chapter 9: Communication ........ccccusemmmmnsssennmmssssssnnmssssssnssssssssssssssnnns 389

Getting the PIC to Communicate with Other DeviCes..........covvrrrrerereserenserens 390
ThE SPIMOUE.........coereieerere e s nne s 390
The Buffer Full (BF) Flag in the SSPSTAT RegiSter ..........couvvnrererenerensenens 393
Synchronizing the SEQUENCE...........ccvvevnesneser s 394
SSPSTAT REGISIEN ....cveerreerrnerrssesessesersssessse e ss e ss s e s sss e sesssssssasessnnes 396
The SSPCONT REGISIEN ......covveererrererreerissesese e 397

Using the SPI to Read from the TC72.......c.cccvvirvrinnnrrerren s 400
Operating Modes for the TC72........cccvervrinrnennnnnsensese e sessesees 400
The Registers 0f the TC72 ........vccvvvrnrnneserese e 401
The Algorithm for Using the TC72..........ccovvevreirnnennesersse e 402
Displaying the Temperature Reading.........cccccvrverersnernsessnsenesesesnsesensenens 403
Binary NUMDEIS......ccviverresiresers s ss s s sssseens 411
Analysis 0Of LiSting 9-1.....cccovvvniiriresernsesnnese e s 415
Reading the Temperature from the TC72.........ccccerrenrinnnnnenniesesssesenenens 416
Examples of the 2’s Complement Process ........c.ccoouvnvninnnnnnienienensensensens 418

Using the Sprintf FUNCHION ........cccccvievivninie e 431
Analysis 0f LiStiNg 9-2.......cccviivrnninrnninrene s ssssessessesssssssessessens 435
Comparing the TWO APProaches........ccccuvevvrninenennsensesessssessesessesessesseses 438

viii



TABLE OF CONTENTS

Using the PIC18f4525 as the SIave .........cccevrvvrnreniernnensersene s sesessessssesessenes 440
Analysis 0f Listing 9-3 ..o s ssens 443
Analysis Of LiSting 9-4.........cccuverririrrrn e s ssens 447

11T 1117 o OSSO 449

Chapter 10: Using the 12C Protocol .........cccusermmssmsmsssnsssssssssssnsssssnnsnss 451

I2C Communication ProtoCoL...........cuvmrrerenenenesesesesesesesessss s ssssesenenes 451

EEPROIM ...ttt st 452
24LC256 EEPROM.........ccooeerrirninirrnssisssissss s s e ssssssssss s sssnsnns 453
Writing 10 the EEPROM ... 455
Reading from the EEPROM ...........ccooriirererncreseses s 456

TC74 TempPerature SENSOF........ccvevervrrierere s snes 457
Reading the TEMPErature ..........coucvvererenernsesssesess s sessenens 458

Using I2C with 24LC256 and TC74..........cocvvrereresenesesesssssssssssssssssssssssssssssesesenes 459
Analysis 0f LiSting 10-1......c.ccovvvvrirernrirrerie s sesss e ssessesessessessens 466
That Little TROUGNL.......cecrcere e nnens 483

SUMMAIY . veitetrerere s e s e sesse s e sa e e ssessessese s e saesaess e e saesaesaesessesaesaessenensessens 483

Chapter 11: Using the UART........cccuscmmmmmsssnnnnmsssssnnsssssssnssssssssnsnssssnnns 485

UART @t @ GIANCE.......ccreeerereereereeere e 485
Interrupts and How They WOrK ... 491
Analysis of Listing 11-1 ... snssessesnens 494

The Baud Rate..........ccoecoereerecrrcrere e 499

UL T =] = T4 1 TR 502

Using Handshaking .........cccuceerenernsmnnessnsse e ssssesssssses s sessessssssessnnes 509
Analysis Of LiStiNg 11-2.......ccccorrerrrisernscsesesess s se s sessesenns 513

Two PICs Communicate via the UART ... 517
Analysis 0f Listing 11-3.....ccccvivvrininirnrirrre s sss e sessesessessessens 523

SUMMAIY.c.veitetrierere s s e e s s a e s a e e s e s s sresa e e s aesaesee e e e eaesae s e e nannaees 527

ix



TABLE OF CONTENTS

Chapter 12: Real-Time Clock and Interrupts .......ccccuseenrrssssnnnnssssnnns 529
The RTC Program .........cccoceereccrneninesese s esessesessssessssesessesessssessssesessesssssaens 530
Analysis 0f Listing 12-1........ccovvirininrnrsne s ssssessessens 537
The DS1307 RTC MOUIE.........cccoueerrrnrnrnininrssseseseseresesesesesesesssssssssssssssssssssnnns 542
Setting Up and Reading from the DS1307........cccocvvvnininnnsnsnnenssessennens 543
Writing to the SIaVe ... 544
Reading from the SIave ... 546
The NACK or Not Acknowledgment Bit...........cccoevvnvnininnnnnsniennnssnsenennens 547
Analysis 0f LiSting 12-2........ccoevvvririnnnnsne s sessessesessssessessens 555
TM1637 and the Four Seven-Segment DiSplay.........ccocvveerersererenerreserensesesnnens 565
The TM1367 DIVEN IC ..o 566
Analysis 0f LiSting 12-3........ccorererererrcrerese e 582
SUMMANY....ceireerirerere e e s s e se e nenssnenns 598
Chapter 13: Working with LCDS........cccccussuemmmmsssssnnnmssssssnsssssssssnssssnnns 601
Creating Your Own Characters on an LCD.........cccvcevevervncenennsensensesenessenensens 601
THE PIXEl MAPS ...eeverierieerere et sere e s s e s e sae s s e sesaesaesessessesnens 602

A SIMPIE EXEICISE....crverreeriererieserrerseresse s ssessessssessessessessssessessessessssessessens 605
Analysis 0f Listing 13-1.....ccccoivvrinininnnirsne s sessese e sessessessens 611
ThEe CCP MOGUIE.......cceeeeeeeesses st se e sssasnas 615
Algorithm for the Bike Speed Program...........cccoevvvvrierienensensessesesessessensens 617
The Speed 0f @ BICYCI ......ccvereverreriererierersere s sesses e s sesse e ssesessessessens 617
Analysis 0f LiStiNG 13-2.....cccccvivvrrrieriernninseresessssessessessessssessessesssssssessessens 623
Finding the Program INStruCtions...........cccvveverirvensesescerces e ses s 628
Program Counter and the StackK ..........ccevrevvvrveriennsensenene s sesesesessenensens 628
THE STACK.....cceitirieciri e 629
The Vector Table and the ISR..........ccccvnnnnsn e 630
3111111117 o OO 633



TABLE OF CONTENTS

Chapter 14: Analyzing Obscure Instructions and Logic

Operators in C......ccccivnissnmmmmmmsssssnmmmsssssnmmssssssnnsssssnnnnsssssnnnnsssssnnnnssssnnns 635
0bScure C INSErUCHIONS.......coveeerereree e 635
Analysis Of LiSting 14-1........ccoreerercrrrcsere s 639
S0Me LOGIC OPEratorS.......ccuivverrresereserrnsesrsese s sse s ssssesessesessssessssesenns 647
& SYMDBO ...t ——————— 649
Testing the Programs in MPLABX .........ccccovennenrnsesenesesssse s sessesens 650
Analysis 0f LiSting 14-3.......ccccovierrenrnnesesesese s se s s nenns 657
The && OPErator........cccecicrerr e nnens 660
THE I’ OPEIatOr.....cccvececercere e ne s 663
THE ‘I’ OPEIALOF.......cceerieeeerreerreserrse s sr s sr e 666
The A EXOR or EXCIUSIVE OR......cccerrecerrncrnnesesese e sssse e 670
The &= FUNCHION ..o 672
THe I= FUNCHION ....ecvccecce e 674
The ‘%’ or Modulus or Remainder Operator ...........cocvverevnnnsesserinsensensensens 675
The ‘~’ Or 1’s COMPIEMENt.........ccccviririnrire e 677
The ‘<<’ or ‘>>N" OPrator.........ccucveririnsniere s 679
SUMMAIY.c.veitiiriere e e s e s s a e e s e s s b b e e e e R sae e e e naenne e 682
Appendix: Additional Insights..........ccccunnmmmmmmmmrinnnnsssmm————— 683
Data Types and MEmOry........c.ccovcrirennnnrcniess s s ens 683
The Program MemOrY Ar€a ........c.cccceererereenererseresesessesesessesessesessssessssesessssesssnens 683
The Data BAM ... sensssennsnens 684
The Data EEPROM .........cccoeiemiiinnnnssssssssss s e se e se s ssssssssssssssssssnnns 684
LT 10 SRS 684
AppendixX A: DAta TYPES ....ccvvererririrrererissesse s s s s sse s s saessssesaesnes 685
Appendix B: Some Useful Definitions........cccccvvevrvvienennsnsenenssessesseseesessessenns 686
Appendix C: Mathematical and Logic Operators..........c.cceveerereerersersereesessersenees 687



TABLE OF CONTENTS

AppendiX D: KEBYWOIUS ......cceveererierrinrienesesses s sessesses e ssessessssssessessessesssesaesannns 688
Appendix E: Numbering Systems Within Microprocessor-Based Systems ....... 688
INEFOAUCTION ... s 688
Binary NUMDEIS........cccvierererircr st sns e s 689
Adding and Subtracting Binary NUMDErS .........ccccvvvvririennsenienienesessenennens 692
The Hexadecimal NUMDEr SYSEM ......cccvvvvrverievnsensereressssessesessesessessessens 695
Appendix F: Building Gircuit Boards...........ccccorernvnnniennsnsenennsssessesesessessenns 697
Preparation........ccocniincsnsne s 697
Appendix G: The LCD Header File for Eight-Bit Mode.........ccccocevvvriniircenenne, 703
Appendix H: The ASCII Character Set.........ccccvivvvnininnnninensss e 710
Appendix |: The LCD Instruction Set.........ccovvevrevrinesnenensse e 712
INA@X.uueeiisnnnsssnnnsssannsssannsssansnssanssssanssssannsssannssssnnssssnnssssnnssssnnnsssnnnsnns 715

xii





