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Disclaimer

= The information in this workshop is
distributed on an “as Is” basis, without
warranty. Although every precaution
has been taken in the preparation of
this work, neither the author(s) nor
IEEE shall have any liability to any
person or entity with respect to any loss
or damage caused or alleged to be
caused directly or indirectly by the
information contained in this work.  @IEEE
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IEEE/CETA Robotics Workshop

Day 1. How to Program in C — Day 1

Day 2. How to Program in C — Day 2

Day 3. How to Build the Robot Platform

Day 4. How to Program the Inputs and Outputs
Day 5. How to Control the Robot
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Learning Objectives (Day 4)

= Understand the PIC24 Architecture and Programmer’s
Model, and how to create embedded C programs for it,
using the MPLAB development environment.

= Build the basic electronic control platform for the line-
following robot, and understand the trade-offs that
have been made in it’'s design.

= Understand and be able to write a program to drive the
DC motors (the “Outputs”).

= Understand sensor basics, and be able to modify the
program to accept Optical Sensor “Inputs” to detect a
line. <$IEEE
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Agenda

0 The Robot Platform
O Processing

—  Firmware Development
. Lab 1 — Wiring the Board
—  16-bit PIC® Architecture & Programmer’s Model
—  MPLAB® C for PIC24 Compiler Overview and C-Language

Extensions for the PIC24
. Lab 2 — Creating PIC24 C Projects in MPLAB®

O Robot Outputs
—  Working with Digital Input and Output Ports
—  Basics of Brushed DC Motors and Their Control
—  PIC24 Timer & Pulse-Width Modulation Peripherals

—  The System Control Loop
» Lab 3 —Motor Control using the PWM Peripheral < IEEE
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Agenda (continued)

= Robot Inputs
— What is a Sensor ?
—  Optical Sensors used in Line Following Robots

— Analog-to-Digital Converter Peripheral
: Lab 4 —Line Detection Using the ADC Peripheral

= Summary
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The Robot Platform




-
Robot Platform

= Autonomous, Self-
contained robot
= Inputs
— 3-Line sensing Opto
emitter/detectors
= Processing
— PIC24FV Microcontroller

= Qutputs
— 2-GM8 DC Motor

= Simple chassis (nhot
shown)

— 1-battery pack (4xAA)
— Solderless Breadboard ?IQEMEE
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Processing

- Firmware Development

- 16-bit PIC® Architecture &
Programmer’s Model

- MPLAB® C for PIC24 Compiler
Overview and C Language Extensions
for the PIC24

$IEEE
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Firmware Development Platform

Integrated Programmer Target
Development ﬁ
Environment Debugger Hardware

MPLAB® 8 IDE MPLAB PICkit™ 3 Your hardware

MPLAB C for PIC24F
Compiler/Assembler

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved
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PICKIt™ 3

= USB (Full speed)

= Bulilt-in over-
voltage/short circuit
monitor

= Firmware upgradable
= Supports 2.0v to 6.0v

= Program up to 512K
byte flash with the
Programmer-to-Go

PG164130 — PICkit™3 Programmer/Debugger - $44.95 € IEEE

Advancing Technology
for Humanity
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- _Jd
MPLAB® 8 IDE and Components

MPLAB®

Integrated Development Environment

Programmer’s Source Level Project
Editor Debugger Manager

Languages Simulators Emulators Programmers

SIM Simulator
MPLAB® ICD 2

MPLAB® ICD 3

MPLAB® REAL ICE™

Assemblers
Linkers

& HI-TECH
C Compilers

MPLAB® PM 3 [
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MPLAB® 8 IDE Installation

= Supported on Windows XP, Vista, 7 (32- and
64-bit)

= Includes C32 and PICC lite version compilers
— Does NOT include PIC24F compiler.
— Www.microchip.com/mplab

& IEEE
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Lab 1
Wiring The Board

$IEEE
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Lab 1
Wiring the Board

Purpose
To understand the basic fabrication procedure for the line-follower robot

control circuitry. The completed circuit will be tested using a pre-built
.hex file. You should be able to control both motor’'s speed using the
potentiometer, as well as have the LEDs turn on when a line is detected.

m Procedure

Follow the instructions in the lab manual
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Lab 1
Wiring the Board

Results

< IEEE
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Lab 1
Wiring the Board

()3 Conclusions

< IEEE
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16-bit PIC® Architecture
and Programmer’s Model
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Simplified Block Diagram
16-bit PIC® Architecture

AMW Program 64kB Data
Space Space

PSV Window
and Data RAM

Table Access

Program Peripherals

Flash Program
Bus 16-bit X

16-bit Y

m The Y data bus is only available on the dsPIC30 and dsPIC33 familiefs%c!,EE,E
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PI1C24® Architecture

s Harvard Architecture

— 24-bit wide instruction
word

— 16-bit wide data byte

5 |nstruction Set Features

— 76 instructions
= Most instructions are one
cycle
= Most instructions are one
word
— 2 clocks per instruction
cycle
= 32 MHz (16 MIPS) - PIC24F
= 80 MHz (40 MIPS) - PIC24H

m] [w] [w]

16 x 16-bit Working (W)
Registers

Software stack
Program Space Visibility

Hardware Multiply and
Divide support

& IEEE
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Programmer's Model
16-bit PIC® Architecture

15 0
f WO Divide Quotient WREG in File Register Operations
W1 Divide Remainder
W2
W3 .
W4
' Ws » DSP Operand Registers
W Registers: W6
General Purpose < W7 )
Data Registers or w8 X Address Pointer
: W9 X Address Pointer L DSP Add Reqist
Address Pointers W10 N7 AclEss Palas ress Registers
W11 Y Address Pointer )
W12 MAC Pre-fetch Offset
W13 MAC Write Back Pointer
W14 Frame Pointer
\ W15 Stack Pointer
SPLIM Stack Pointer Limit @'EEE
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P1C24® Peripherals

= 16 and 32-bit timers = Comparators
= Input capture = Programmable CRC Engine
=  Qutput compare/PWM = Analog-to-Digital Converter
w1 SP| with deep buffer — 10-bit, 500 ksps (PIC24F)
= 12C™ with address masking - ig&g't;,,lcéi\ﬁ's)ps or 12-bit, 500
= UART = USB Host/Device (PIC24F)
= Real-Time Clock and = DMA (PIC24H)

Calendar (RTCC) — CPU-independent data transfers
= Parallel Master Port (PMP) = Enhanced CAN (PIC24H)
= Charge Time Measurement — CAN 1.2, 2.0A and 2.0B

Unit (CTMU)

& IEEE
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PIC24FJ vs. PIC24FV vs.
PIC24HJ (28-pin DIP)

PIC24FJ32GA002 PIC24FV32KA302 PI1C24HJ32GP302

32kB Flash, 8kB Ram 32kB Flash, 2kB Ram, 32kB Flash, 4kB Ram
512 Bytes EEPROM
VDD: 2.0-3.6V VDD: 2.0-5.5V or 1.8-3.6V VDD: 3.0-3.6V
8MHz internal oscillator 8MHz internal oscillator 7.37MHz internal oscillator
16MIPs top speed 16MIPs top speed 40MIPs top speed
Fixed 10-bit ADC Configurable 10/12-bit Configurable 10/12-bit
ADC ADC
- - Has DMA Engine with 1kB
DMA RAM
Digital 1/0 can Digital 1/0 can Digital 1/0 can
source/sink 16mA source/sink 25mA source/sink 4mA
- Lowest run/sleep -
currents ®IEEE
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MPLAB® C for PIC24
Compiler Overview
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MPLAB® C for PIC24 and dsPIC

Overview

= ANSI x3.1989 compliant
=5 Optimizing compiler

= |Includes language extensions for
Microchip’s 16-bit MCUs

= Ported from GCC (GNU) compiler from
the Free Software Foundation

1 Works as a component of MPLAB® IDE

=5 Standard installation path:
— C:\Program Firles\Microchip\mplabc30




Development Tools Data Flow

C Compiler

C Source Files C Header Files

&

(and Preprocessor)

?

Compiler
Driver
Program

Assembly SourceFiles

Assembly Source Files Assembler Assembly Include Files

[ Archiver
(Librarian)
Object File Libraries

&

Object: Executable

Files W

¥

(ArchiVeS) Linker »ﬂ;ﬂ Memory Map
ﬁ»{ MPLAB IDE]
Linker Script Debug Tool
COFF ¢ IEEE

Advancing Technology
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MPLAB® C for PIC24 and dsPIC

Header Files

Header files are included as part of the MPLAB C30 installation and
are located in the following directory:

C:\Program Files\Microchip\mplabc30\<version>\Support\PIC24F\h

& P24FV32KA302 . h

= One header file per device:
— Provides access to registers as C variables
— Defines labels for bit manipulation

— Defines macros to utilize instructions not normally
accessible from C & IEEE

Advancing Technology

— Copy it to your project folder ki
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MPLAB® C for PIC24 and dsPIC

Linker Scripts

Linker Script files are included as part of the MPLAB C30 installation
and are located in the following directory:

C:\Program
Files\Microchip\mplabc30\<version>\Support\P1C24F\gld

p24FV32KA302.gld

= One linker script file per device:
— Defines memory sections and boundaries
— Associates ISR names with interrupt vectors
— Equates register variables with addresses
— Copy It to your project folder @'EEE

for Humanity
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MPLAB® C for PIC24 and dsPIC

Startup and Initialization (*“The only assembly’)

Program Memory

goto _ reset ] 4m Reset Vector (Address 0x000000)
Populated automatically by LINK30

Linker
Calls runtime environment setup code in
crtO.o(__ reset label)

Interrupt Vectors

<= a crtO.o0or crtl.o (fromlibpic30.a)

C Runtime Environment Setup Code
Inserted automatically by LINK30 Linker
(Source files: crt0.s and crtl.s)

«@ main.c

Your C code's main() routine.

Included by you in your project and
placed in memory by LINK30 Linker ?IQEMEE

for Humanity
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MPLAB® C for PIC24 and dsPIC

Data Representation
= Multibyte quantities are stored in "little endian™
format:
— LSB is stored at lowest address
— LSb Is stored at lowest numbered bit position

How the value Ox87654321 is stored

In Working Registers W4 & W5 In Data Memory (RAM) @ 0x100
15 0
OxOFF OxOFE
wa| 4321 i3 51 0100
Ox101 x1
w5 8765
0x103 S7 65 0x102
0x105 é)'ggE
Ay
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MPLAB® C for PIC24 and dsPIC

Integer Data Types

char, signed char

unsigned char

short, signed short

unsigned short

Int, signed iInt

unsigned iInt

long, signed long

unsigned long

long long, signed long long
unsigned long long

Advancing Technology
for Humanity
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MPLAB® C for PIC24 and dsPIC

Floating Point Data Types

Bits E Min E Max N Min N Max

Tloat 32 -126 127 2-126

double * 32 -126 127 2-126
long double 64 -1022 1023 2-1022

E = Exponent
N = Normalized (approximate)
* double is equivalent to long double if —=Fno-shortt-double command line option is used

float 32 1.175494 x 1038 3.40282346 x 1038
double * 32 1.175494 x 1038 3.40282346 x 1038

long double 64 2.22507385 x 10308 1.79769313 x 1038

for Humanity
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MPLAB® C for PIC24 and dsPIC

Pointers

= All pointers are 16-bits In size,
regardless of whether they are data
pointers or program pointers

= Constants In flash viewed via PSV

= Jump tables sometimes used for
program pointers (handles)

@IEEE
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MPLAB® C for PIC24
C-Language Extensions
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MPLAB® C for PIC24 and dsPIC

C Language Extensions

Program Memory Variables

Special Function Register (SFR) Access
Mixing C and Assembly

Built-in Functions

Specifying Attributes of Variables &
Functions

= Interrupt Support
= Configuration Settings Support

m  (w [m] (@] [m]
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Special Function Register (SFR)
AcCcess

= Special Function Registers can be
accessed directly in C code:

—Word access: PORTA = OxFFEC;

— SFRNAMEbits.BITNAME can be used to
access bits and bit fields

* e.g. PORTAb1ts.RAl1 = 1; or
IPCObits. INTOIP = O;
— SFRNAME and BITNAME can also be used
to reference an SFR or bit
= e.g. PORTA or RAl

= Must use standard header and linker
script files

& IEEE

Advancing Technology
for Humanity
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MPLAB® C for PIC24 and dsPIC

C Language Extensions

Program Memory Variables

Special Function Register (SFR) Access
Mixing C and Assembly

Built-in Functions

Specifying Attributes of Variables &
Functions

= Interrupt Support
= Configuration Settings Support

m  (w [m] (@] [m]
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INnline Assembly
Simple Form — Single Line
Syntax

asm (""instruction')

= Only a single string can be passed

= Generally used for instructions that take no
operands or take immediate operands

= For ANSI compliance use _ _asm  instead of
asm

Examples

('nop™); // One Cycle Delay
C'clrwdt'™); // Clear Watchdog Timer

(C'pwrsav #0"); // Sleep mode
(C'pwrsav #1"); // l1dle mode

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved




Inline Assembly
Simple Form — Multiple Lines

asm ("'instruction_ 1"
"Instruction_ 2"

"Instruction_n")

= Only one "asm" keyword iIs required
= Include each instruction within double quotes
= Put each instruction on a separate line for better

readability
= One set of parentheses encloses the entire list of
INstructions within the asm statement ®'EEE
for Humanity
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Inline Assembly Macros

Inline Assembly Macro Definitions

#define Nop() {_ asm__ volatile ("'nop™):;}

#define CIlrwdt() { asm__ volatile ("clrwdt');}
#define Sleep() { asm__ volatile (“pwrsav #0");}
#define Idle asm volatile ("'pwrsav #1'");

= Provide an easy way to execute specific assembly
language instructions that have no C equivalent
(builtins are even better...)

Examples

Nop() ; // Insert nop instruction

clrwdt(); // Clear the watchdog timer
Sleep(); // Enter SLEEP mode
; // Enter IDLE mode

for Humanity
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MPLAB® C for PIC24 and dsPIC

C Language Extensions

Program Memory Variables

Special Function Register (SFR) Access
Mixing C and Assembly

Built-in Functions

Specifying Attributes of Variables &
Functions

= Interrupt Support
= Configuration Settings Support

m  (w [m] (@] [m]
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Configuration Bits

Definition
Configuration Bits - Configuration bits are special bits In
registers that may only be modified at program time. They

control setup of "permanent" features of the microcontroller
that are generally set once for the life of the application.

= Configures features such as:
— Oscillator type
— Watchdog timer
— Code protection

=5 See "Special Features of the CPU" In S IEEE
data sheet for more detalls

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



How to modify Configuration
Bits

= Must be done in code
= Method varies by architecture & compiler

= See device specific header file for syntax and
example (e.g. p24FV32KA302.h)

Example

PIC24 and dsPIC® DSC
m __CONFIG must be
#include <p24FV32KA302.h> somewhere after

inclusion of header

_FOSCSEL(FNOSC_FRC & I1ESO_OFF)

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved
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MPLAB® C for PIC24 and dsPIC

= Documentation:

= Compiler User’s Guide
— C:\Program Files\Microchip\mplabc30\<version>\docs\hIpMPLABC30.chm

= Assembler

— C:\Program
Files\Microchip\mplabc30\<version>\docs\hlpMPLABASM30.chm

= Linker—+Librarian

— C:\Program
Files\Microchip\mplabc30\<version>\docs\hlpMPLABLINK30.chm

= Libraries
— C:\Program Files\Microchip\mplabc30\<version>\docs\hlpLi1b30.chm

& IEEE

Advancing Technology
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Lab 2

Creating PI1C24 C Projects In
MPLAB®
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for Humani



Working with MPLAB

- The Basic Development Process -

e e

< IEEE

Advancing Technology
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Lab 2
Creating PIC24 C Projects in MPLAB®

Purpose
The purpose of this lab is to illustrate the steps required to create a

C-based project within the MPLAB Integrated Development Environment.
You will learn how to select the compiler as the build tool, which files
must be included in your project, and finally, how to build, download and
run your program on the Robot Platform.

m Procedure

Follow the instructions in the lab manual

& IEEE

Advancing Technology
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Lab 2
Creating PIC24 C Projects in MPLAB®

Results

LED Blinks!

\
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Lab 2
Creating PIC24 C Projects in MPLAB®

()3 Conclusions

-

= Minimum steps to setup a C based project:
— Follow standard MPLAB® project setup steps
— Select the device
— Select C30 as the build tool
— #include device header file in source code
— Add configuration bits setup in code

& IEEE

Advancing Technology
for Humanity
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Robot Outputs

- Working with Digital Input and
Output Ports

- Basics of Brushed DC Motors and
Their Control

- PI1C24 Timer & Pulse-Width
Modulation Peripherals

- The System Control Loop < IEEE

Advancing Technology
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TRIS (Data Direction) Registers

Data Direction
TRIS 1 1 1 1
J CIERIERGHCIENEN et

POR IO LD L0
(I/O Pins)
m Pins are all inputs by default (TRIS
= OXFFFF)

Advancing Technology
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PORT and LAT Registers

Internal Data Bus

& IEEE

Advancing Technology
for Humanity
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4
When to use LAT reg?

= For bit (Read-Modify-Write) operations on port
pins, use the LATch rather than PORTX:

—In assembly,
—BSET LATA,#0

—BSET LATA,#1

—In C,
— LATAbits.LATAO = 0 ;

—LATAbIts.LATAL = 1 ;

Advancing Technology
for Hu i




Summary: Digital 1 /0 Ports
Working With TRI1S, PORT and LAT Registers

Q Initialize Output Write to:  LATx = O;
Latches to Known LAT LATxbits.LATXn =

Siele LATXn = O:

Configure Data Write to: TRISx = 0x0023;
Direction of Pins TRIS TRISxbits.TRISxn = 1:
TRISXxn = 1;

@Write to outputs Write to: LATx = Ox00FO;
(bit, byte or word op)| LAT LATXbits.LATxn = O;

LATXn = 0O;

@ Read from inputs Read from:myVar = PORTX;

(bit, byte or word op)] PORT myVar = PORTxbiIts.Rxn;
myVar = RXn:

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved




Dealing with the Analog Input
Pins
= /0 pins that share o S

functionality with Analog PIC24FU32KA3D2 GND
peripheral (ADC or

—
P2
oo

WCTH YOO DD
RADIAMOMNREF + WISAYES

(=]
(%]
-

Comparator |npUt) 3 1 Ratimn WREF- ANDORE1S |28

. ' ? | RBORMZIPGEDI INT1iaN10/RET4 |22
default as analog 5 1 RB1ANIPGECT ANI1RE1E 24
. B REzANg INTZIANT 2/RE12 f—22
lnputs on reset. % REZIANS + PGECZOCIRET gf

Y55 FGEDZMOC3RB10
FAZIANT 3 WCAP

(=]
]
]

= Before you can use it as T o [ 42
a digital input, you must ~—: Eﬁ‘@ i 2

1

program the ANSA, ANSB ] feerceo N eeecaRes |15
or ANSC registers 1ot all pin functions shown (See DS355950) _‘

—_

[N}

.

ANSBbits.ANSB4 = 0; // RB4/AN15 1s a Digital i1nput
ANSBbits.ANSB4 = 1; // RB4/AN15 is an Analog input @lEEE
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Basics of Brushed DC
Motors and Their Control
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Agenda

Basic Motor Theory

Brushed DC Motor Components
Motor Equivalent Circuit
Important Motor Parameters

Driving Miss. Motor
— 4 Modes of a Motor
— PWM

—TB6612 Driver IC

m  (w [m] (@] [m]

@IEEE
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Basic Motor Theory

= What i1s a Motor?

A Motor Converts Electrical Energy to Mechanical

How?

Force is developed when charge moves through a
magnetic field

F=1xB
QIEEE

vancing Technology
for Humanity
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Left Hand Rule

thumb

0

i

| first

8 |
_a--"n " ] T]

// d
;Y
: second
u

B
| = Current
(2nd finger)
S
B = Field

(1st finger)

F = Force/Motion (Thumb)
< IEEE

Advancing Technology
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Motor Torque

T=FxD
F

L» B=Flux Density
D
8 _ 8
= O @ ) =] s
L

B
F 4 IEEE

Advancing Technology
for Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



4
DC Motor Torque

= Summary

= Torgue = Force * Distance
—-F=1xB
~-T=({xB)*D
—When B and D are constant T = K * |
—When field iIs wound B = K * |

—In wound DC motors Torque (T) and

Flux (B) can be controlled P

|ndependenﬂy -




Brushed DC Motor: Operation

= Red i1s North Polarization
= Blue i1s South Polarization

= Rotor will rotate until North iIs
aligned with South

= Just before alignment,
commutator brushes contact
next set of contacts

= Spark is generated when the
brushes change windings

& IEEE

Advancing Technology
for Humanity
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Brushed DC Motor: Major
Components

Stator: Stationary Part that contains
the permanent magnets

Rotor: Rotating Part that carries the
torgue-producing current (also called
the Armature)

Commutator & Brushes: Part that
directs the Motor supply voltage to the
Armature circuit

& IEEE

Advancing Technology
for Humanity
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Brushed DC Motor: Major
Components Stator

Permanent

< IEEE

Advancing Technology
for Humanity
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Brushed DC Motor: Equivalent

Circuit
RPa  La _
AM—T— = A DC motor Is

) =7 @ £, simultaneously a
DC generator

Ra: Armature Resistance Motor Action(Torque) a i,

La: Armature Inductance
Va: Armature Voltage (you apply) l
Ec: Generated Voltage (o speed) = Ra

la: Resultant Torque-producing &IEEE
Arm atu re CU re nt Adv;.mci?g Technology
'or Humanity

3 Va — Ec

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved




Current (Torque)-Speed Graph

N Current

Speed

= Torgue=max @ Speed=0, since Ec = O!!
= Final speed proportional to Va
¢ IEEE

Advancing Technology
for Humanity
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4
What is the Final Speed?

= |In open loop control (we are doing this)

— DC Motor “self-adjusts” speed based on
load and applied armature voltage, Va

= |In closed loop control (advanced)

— Control system measures motor speed
and varies Va accordingly (“PID” control)

& IEEE

Advancing Technology
for Humanity
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GM8 Gear Motor Key
Specifications

GMS8 Plastic Geared Motor %E@u

Offset/inline output shaft
Ratio: 1431 1-866-276-2687 www.solarbotics.com

Dimensions: 53.8 x 47.8 x 22.9mm
Weight: 31.5g

GME with Default RM3 motor _ _
Test Voltage Unloaded RPM Unloaded Current Stall Current Stall Torque

) (mA) (mA) (gm*cm) (oZ*im)
3 40 50 400 3200 44 44
6 78 h2 700 5500 76.38
9 110 62 1000 K700 79.16
12 135 L] 1250 5350 81.24

= Gears trade raw motor RPM for torgue
= Ra = 7.3 ohm (measured)
" La =4.1 mH (measured)

& IEEE

Advancing Technology
for Humanity
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Driving Miss Motor

$IEEE
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e
The 4 Modes of a Motor

= Rotating Clockwise
= Rotating Counter-Clockwise
= Coasting
= Braking
¢ IEEE

vancing Technology
for Humanity
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Speed-Controlled Motor (““Closed

Loop™)

= General system diagram of a speed-controlled motor

Control Circuit Motor VBus
VBus Source
® ®
Speed
~
Reference
Control Power
> Circuits Inverter
/

Speed Feedback

Motor

Tachometer

[
t MEEE

Advancing Technology
for Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



4
Why Two Supplies?

= During operation (start/stop), motors produce
noise, which can disrupt the digital brains
(logic chips and MCU)

= Motors produce more torgue at higher
voltages (6.4v is better than 3.3v)
— Digital circuits work at low voltages

= Batteries can provide larger, less-resistant
current flow when the motor starts

& IEEE

Advancing Technology
for Humanity
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Creating a Variable DC Voltage
from a Fixed DC Supply

= To control speed, you must control Va
5 We start from 4xAA (6.4V)
= How to create variable motor voltage?

;@IEEE

vancing Technology
for Humanity
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Creating a Variable DC Voltage
from a Fixed DC Supply

= “Variable Resistor” Method
= Wastes power!
= Produces smooth load voltage

— Cuilecmr Emitter

ORI SO h

@lEEE

cing Technology
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Creating a Variable DC Voltage
from a Fixed DC Supply

= “Switching Control”
= Control duty cycle to get desired avg. voltage
= No power Is wasted!
= Load voltage is “choppy”, but a Motor’s
Inductance smoothes out the current
Oft
70 Volts Average

12 |

{)12%’ gjﬂz (c) v _/_ Sk

ime  <IEEE
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Pulse Width Modulation (PWM)

= Allows fixed DC
Input, AC output. NN B

= Output voltage Is / \\

PWM /[ '\

: 50% \

= Motor Integrates / \

PWM voltage and N 14 \

produces (in this N Y

example) a N R
sinusoidal current I T

with small ripple at

carrier frequency

= Minimal power loss
In power transistors

S

AN

2% 50% 98%

& IEEE
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H-Bridge Driver Circuit

= Typically used to provide bi-directional
control of motors

T @IEEE

vancing Technology
for Humanity
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High Side
(left)

Low Side
(left)

Motor Power (+)

V4 V4

B

0/ MOTOR 0/

Motor Ground (-)

H-Bridge Equivalent Circuit

High Side Left nght nght

(right)
Off

Low Side

(right) Qi
Off
Off

On

On

Off

Off

On

Off

Oon

Off

Off

Off

Oon

Off

Motor goes
Clockwise

Motor goes
Counter-
clockwise

Motor “Brakes”
Motor “Brakes”

Motor “Coasts”

< IEEE
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H-Bridge Configuration for DC
Brushed Motor Drive

Desired PIC® MCU or vaus
dsPIC® DSC ' Gate Drivers i Bridge
Features L > .JJ S o
= ECCP, MCPWM | h :1 .
= 10 Bit High Speed [ » _J .;L.
ADC L > j & :
= Internal Comparator
. e ; PIC*Microcontroller
= Change Notification or dsPIC” Current Feedback Mechanical
Digital Signal Feedback
= Quaduature Encoder Contrailer i
= Internal TMRs .
¢ IEEE

cing Technology
me nity
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Choosing a PWM Frequency

= Tradeoff between:

— Audible Noise

= Due to torque ripple (caused by the current ripple)

= Higher Frequency->lower torque ripple->lower audible
noise

— Switching Losses

= Finite turn-on/turn-off times of MOSFET
transistors—>produces V*I at the same time

= Higher Frequency->higher switching power loss

— PWM Resolution

= 10-bit (1024 step) resolution @ 20kHz requires 50nS
PIC instruction clock (20MIPs or higher) & IEEE

Advancing Technology
for Humanity
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TB6612 Dual 1A Motor Driver

Key Specifications

= |Integrated Dual H-Bridge — can drive 2 motors

= Logic power supply range:
— 2.7-5.5 Vdc

= Maximum Motor Vbus Source Voltage:
— 15 Vdc

= Maximum standby mode current:
— 25 UA

= OQutput Current capability:
— lout =1.2 Aavg/ 3.2 A peak

= OQutput ON Resistance, Rds(on) (upper + lower FET)
— 0.5 0hms (@ VM >=5V)

= Built-in thermal shutdown and low-voltage protection

= Data sheet: <$IEEE

. . Advancing Technology
— \Users Guides & Data Sheets\Motor\Driver\ for Humanity
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TB6612 Connection & Modes

JC1 ‘
;_— RICCR YOD_OUT g?
—5— RADANONVREF+ R
] R a1 MWREF- RP1S/AMORE] S o
—1 e RP14AN1DRENS | —
< i RP13/AMN11RETS oF]
——| RB2/AN4RP2ICIN- RP12/AMI2REN2 =22
—— RBIANSRPICIIN:  + RP11RE
—2 wss RPiORB1D |21
5 ReK WDDCORE  [—=
G| RA3CLKO vss |2 GhD
-5 RB4RP4 RPORES | —=
5| Radmick RPERBE [——
T4 ] M IMTORPFRET BG
—— RESRPS RPEREE [—— 33
JETICK _MCU_SOCKET _P24HJa4GP0EZ o
2,
otes:
B10/RE1T are not avail. when using conn J3 on the ustk 16 1 mamia it ] ran
B15 nat avail. when using led LED 15 1 sz o Caa]
A5tk board must be modified to provide 3.3% at YDO_0OUT 14 1 s oo 1=
13 STEY  + A0 g
———{ BIN1 A2 —t
LI Y B2 |-£ GND
Input Output 10 FiAE B 7
g 3
IN1 IN2 PWM | STBY ouT1 ouT2 Mods (D D
TEEE12FNG_EBE,
H H HIL H L L Short brake =D GHD
H H L H cew
L H
L H L L Short brake
H H H L cw
H L
L H L L Short brake
OFF 4
- - H H (High impedance) Stop ﬁOTOR1 U
HIL HIL HIL L . OFF Standby @ IEEE
(High impedance) Advancing Technology

for Humanity
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L293D Dual 600mMA Motor Driver
Key Specifcations

= Integrated Quad “¥2 H-Bridges” — can drive 2 motors
= Logic power supply range:
— 4.5-7.0 Vdc

= Maximum Motor Vbus Source Voltage:
— 4.5-36 Vdc

= Maximum standby mode current:
— 8mA

= OQutput Current capability:
— lout =0.6 Aavg/ 1.2 A peak

= OQutput ON Resistance, Rds(on) (upper + lower FET)

— 0.5 0hms (@ VM >=5V)
= Built-in diode protection & IEEE
® Data sheet: \uUsers Guides & Data Sheets\Motor\Driver i s
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L293D Connection & Modes

L
& JCOMTROL LOGIC SUPPLY)
C1 c2
£ Signal . TouF T ThonF
e mg: GhD GRD
PICZ4FUE2ZKASEZ 10K e
1 28 1 16
| mr DDIAVDD 12BN WO
2 | RAMNDAREF womaynn |27 Lontrol 14 GHD
2] R0 REF- ANDSRENS |22 21 1a I
—+—| RBOIAN2PGED! INT1/8N1ORB14 |22 5 10
——| RetANaPGECH ANIIRBI3 |22 8 g L
S rE2ang INT2/AR1 20RE12
—{ resens + PGEC2I0C2RBI |22 U3 8 1 oMt onps |2
S yss PGED2OCEREID 5L -
% RAZIANTS VCAP % MOTORIDMM® &5 5 ] owpz  ohpa E?@
] Resns RAT | B 11
B resmns RES |2 2v L
12 17
15 Red REB |- 7 10
3] voo INTOIOCTRBT | —= T 28 an
2 RESPGEDS FGECIRES |[—= 4ontro 5 4
. . WOE2 34EN
Jdot all pin functions shown (see DE39995h0)
L2830
e
LMOTOR YBUS SUPPLY)
L
1-2EN 1A 2A 1Y 2Y Motor M [s:] 10
Action “Tiour hanF
1 0 0 0 0 Brak_e (low- & &
side)
] 1 0 1 Forward
0 0] Reverse
1 1 1 1 Brake (high-
side) @lEEE
q . Advancing Technology
X X High-Z High-Z Coast for Humanity
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L293D vs. TB6612
Trade-offs

L293D TB6612 Trade-off

16-PIN DIP 16-PIN SOIC L293D preferred for
solderless
prototyping
8mA STDBY Idd 25uUA STDBY Idd TB6612 helps extend
battery life
2.4 Volts dropped 0.6 Volts dropped TB6612 allows more
across switches across switches torque at same Vbat
(@0.6A) (@0.6A) — extends Battery life
$2.14 $8.48 + headers** L293D is much lower
cost

**Cost of the TB6612 Prototyping Module — the IC itself is only $1.69 @lEEE

Advancing Technology
for Humanity
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PIC24 Timer and
PWM Peripherals

Creating the PWM Signal



PI1C24 Hardware Timer Features

= Five 16-bit General Purpose Timers /

Counters

— Similar functionality between all 5 timers
= Asynchronous counter feature only in Timerl

= Period Registers for each

— Interrupt generation on match
— Reset on match

= Gated Timer operation on each
— Interrupt on falling edge of gate

= Four of these timers (Timer 2+3 & 4+5)
can make two 32-bit timers/counters

& IEEE

Advancing Technology
for Humanity
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 ad
PI1C24 Hardware Timer

(Simplified)
= Inputs = Qutput
— Scaled clock (time- — Timer Interrupt Flag
base) set when TMR=Period

= Eg. IFSObits.T1IF

= Flag can trigger a
TimerX interrupt
service routine

JT1IL = TMRI | N * Or, flag can be
! polled in main()
| Compiarator | IFSObits.T1IF

— Period value

Equal

period =—p PR1 I & IEEE

Advancing Technology

for Humanity
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Timer 1 (Detailed Overview)

ADC Event PRX
Trigger ‘
Timer4/5 _ Eq. Comp
TX Int 0
TMR
Flag L Rst X
P 5 T_TGATE
TGATE ﬁ)'r(:s. Sokhe
sosci iReeees :
TXCKI [X—— Lp ~[>q
| osc | Gate |4
SOSC2 !
‘ Sync )
z TCY.
3
3 Tcy = Fosc/2

1X

01

TCS
TGA

Sync

TON

TCKPS<1:0>

|

Prescaler
1, 8, 64, 256

& IEEE

Advancing Technology
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Timer 1 SFRs & Bit-fields

REGISTER 11-1:

T1CON: TIMER1 CONTROL REGISTER!"

RIW-0 U-0 RIW-0 U-0 U-0 U-0 u-0 u-o
C ToN D)  — TSIDL - = — — —
bit TS— bit 8
u-0 R/W-0 -0 R/W-0 U-0 RIW-0 R/W-0 u-o
= TGATE [ Tckes1 | TCkPso - TSYNC [ TCS ) =
bit 7 — bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
REGISTER 7-5: IFS0O: INTERRUPT FLAG STATUS REGISTER D
U-0 U-0 RIW-0 RIW-0 R/W-0 RIW-0 RW-0 RIW-0
— | — ADNIF | UITXIF UIRXIFE | SPIIF SPF1IF T3IF
bit 15 bit &
RIW-0 RW-0 RIW-0 U-0 R/W-0 RIW-0 RW-0 RIW-0
T2IF OC2IF IC2IF — | T Y ocuF IC1IF INTOIF
bit 7 T bit 0
Legend:
F = Readable bit W = Writable bit UJ = Unimplemented bit, read as '0F
-n = Value at POR 1" = Bit is set ‘0" = Bitis cleared ¥ = Bit is unknown

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved
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Using Timer 1 for 2100mS main()
loop Delay (Fosc/2 = 4 MHZz)

= Initializing the timer
void Initialize(void)
{
// Set T1 CIlk Source = Fosc/2
T1CONbits.TCS = 0;
// Set T1l Clk Pre-scale = 1:256
// (TMR1 CLK = 15.625kHZz)
T1CONbits.TCKPS = 3;
// Set period = ~100mS
PR1 = 1563;
// Clear T1 counter
TMR1 = 0O;
// Clear T1 Int. Flag
IFSObits.T1IF = 0O;
// Start T1
T1CONbits.TON = 1;

= Using the delay

void main(void)

{
Initialize();
while(1)
{
Do_Something();
// wait for T1 overflow
while(MIFSObits.T1IF);
IFSObits.T1IF = O;
+
+

& IEEE

Advancing Technology
for Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



4
PI1C24FV Output Compare/PWM

Up to 3 Output Compare / PWM Channels
Built-in Timer as time base

16-bit Compare

Minimum 1Tcy pulse width allowed

Several Compare Modes:

— Set, Reset or Toggle Pin

— Single Pulse, Continuous pulse

— PWM

— Single Compare Match Mode (using OCxR)

— Dual Compare Match Mode (using OCxXR & OCxRS)

& IEEE

Advancing Technology
for Humanity
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e
PWM Mode

= PWM mode

— 16-bit glitch-less (double buffered)
PWM output

— Full range of O to 100% duty cycle
—W.ide frequency range

— Selectable PWM shutdown on fault
detection

= This Is an Asynchronous shutdown

@IEEE

cing Technology
fo r Humanity




Output Compare: PWM Mode

OCxIF

Interrupt Flag

OCxR )
|
ﬁ Output S Q OCFx
> Comp_are R
OCxR Buffer > Logic
A A
T IX| OCFA/B
OCM<2:0>
Comparator Mode Select

I

OCTSEL 5=\ y OCXCON<OCM2 : OCMO0> N

™R2 | TMR3

T T 111: PWM mode with Fault pin option
_ 110: PWM mode without Fault pin option
PeTr'ig‘ derl\% f’ch 101: Initialize OCx-low, generate continuous signal
100: Initialize OCx-low, generate single pulse
011: Toggle OCx on every compare match
010: Initialize OCx-High, pull OCx low on compare match
001: Initialize OCx-low, pull OCx high on compare match
000: Compare module is turned off

Advancing Technology
for Humanity
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Output Compare: PWM Mode

PR

OCxR Buffer

OCx

= On timer period match
— OCx set, TMR COUNT cleared
— OCXR copied to OCxR Buffer

1 On OCxR Buffer match
— OCx cleared

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved

OCxR
4L

OCxR Buffer
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The System Control
Loop

Adding Structure to our Firmware

O IEEE

cing Technology
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Embedded System Overview

Timing

Wake Up &
Transition
sources

Outputs

Control

& IEEE

Advancing Technology
for Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



The System Control Loop

Hardware Configuration

CSoftware Start >

Initialization

Make decisions
based on inputs
(Decide)

B
Do Outputs

& IEEE

Advancing Technology
for Humanity
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Basic Control Loop Code

Example C-Code:

main()

Hardware Configuration

1 |

> CSoftware Start >

{

-

Inttialize();
//infinite loop
while(1)

{
Get_Inputs();
Decide();

Do Outputs();
Timing(Q);
by
by

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved

Initializatio

I

8

Make decisions
based on inputs
(Decide)

. =

Do Outputs
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Lab 3

Motor Control Using the
PWM Peripheral

$IEEE

Advancing Technology
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Lab 3
Motor Control Using The PWM Peripheral

Purpose

The purpose of this lab is to experiment with driving the GM8 motor in
both CW and CCW modes using the provided firmware.

m Procedure

Follow the instructions in the lab manual

& IEEE

Advancing Technology
for Humanity
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Lab 3
Motor Control Using The PWM Peripheral

Results

GMB8 spins!

4 IEEE

Advancing Technology
for Humanity
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Lab 3
Motor Control Using The PWM Peripheral

()3 Conclusions

-

= Driving Miss Motor:

— A DC Motor is simultaneously a DC generator
= Torque is directly proportional to Va
= Torque is inversely proportional to speed
= In open-loop, final speed based on load and Va

— The 4 modes of a motor

— PWM Is the most efficient way to create varying DC
voltage for Va

— PI1C24 hardware timer and PWM peripherals can
generate the PWM for you (freeing your code &ﬂﬂ;
Other th | ngS) Advancing Technology

for Humanity
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Robot Inputs

- What i1s a Sensor ?

- Optical Sensing used in Line
Following Robots

- Analog-to-Digital Converter
Peripheral

$IEEE

Advancing Technology
IEEECETA_WS_Day 4_002 for Humanity



What i1s a Sensor?

= A component that converts a physical measurement
variable to an electrical signal (voltage or current)

— Mechanical (acceleration, velocity, force)
— Thermal (temperature)
— Optical (light intensity, spectrum)

= Requires a sensing element, which absorbs energy

= Requires a transduction element to convert the
absorbed energy to an electrical output

= Optionally, includes electronic circuitry for signal
conditioning

— “Amplify”, “Filter”, and “Bias” for Analog-to-Digital
conversion. 9 IEEE

Advancing Technology
for Humanity
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Example: Electret Condenser
Microphone

A condenser microphone is
essentially a capacitor, with
one plate of the capacitor
moving in response to sound
waves (the ‘sensing element’).

Sound Hold[ant]zg:‘_ e, Diaphragm
Cloth
The movement changes the —— y
e

(]

- - Rimg —— -
capacitance of the capacitor, Speacer—] =

Back Plate—"|

varying the voltage across it
(the ‘transduction element’)

PC Board ——

(]

...and these changes are
buffered (using a FET) to create - - ——————

I
a measurable signal at the | FET impedance |
converter o
Output. : ECM : Terén ! I—CI'OL.I‘[FN.II
| unit | RL
T . o
=
l Shield case +_C 0 Graund @ I E E E
|- - - - __ 1 Advancing Technology
107 for Humanity
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Optical Sensing Used for Line-
Following Robot
“Reflective — Proximity”

Sensor Detects Reflected IR radiation from Black Lline

S —

r;——-'-'_'

- Proximity

IR Emitter Detector

gi!!

LINE

O IEEE
Advancing Technology
f Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



Phototransistors

= Bipolar transistor with large, exposed base

= Light generates base current which is then
amplified by hfe (typically 500 to 1500)

Base
I C

Emitter - Collector Y

— (N | P| N|— \Zl?

le= (e + 1) 1, 4@
| is the collector current

E

h; IS the current gain

|, is the photo-induced base current Equivalent Circuit

& IEEE

Advancing Technology
for Humanity
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QRB1134 Phototransistor
Reflective Object Sensor

= Emitting diode

7 NPN silicon /
ohototransistor .\

=5 Response
oroportional to
reflected light

\

SCHEMATIC

A K L B
& IEEE
Adl

vancing Technology
for Humanity

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



Using Phototransistors
Basic Phototransistor Circuits

\ +VCC
+VCC +Vcc \

¥

Q1
V, is "high" R
with light A ]
\ Vo Q2 C
\4 | £
° I—™o°
R, Vg is "low" OUTPUT
with light R,
= = = Vee
High-Going Switch Low-Going Switch Improved Speed Configuration
Advr'.mcing Technology
for Humanity
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\TE=

y

470

15

Interfacing QRB1134

Line Detection

(€] []
PICZ4FU3ZKAZE2

TCCH
RADMANIARER+
RALAMNIAREFR-
RBOAMNZ/PGEDT
RE1/ANIPGECT
REZ/AMNA
RE3/ANS

WES

RAZiANTS
RA3iANT4

—
=

vzt 4

RB4/AM1S (m]
RA4

|
FJ|—

ORB1134 ST .

GND

—
5]

W00
RES/PGEDS

—
=

LEFT

2% TTuF

GND GND

There are 3 sensors used for line-
detection — only 1 circuit is shown here

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved

When light is sensed by the
phototransistor, capacitor
C6 is charged and this
signal is routed to the
PIC24 A/D input.

Black line absorbs IR light
and results in lower A/D
count.

Requires calibration
(experimentation) to
establish a threshold count

value between reflection & IEEE
and absorption :

Advancing Technology
for Humanity




Processing Analog
Signhals on a Computer
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Analog (or “Real-World™)
Signals

= Analog signals are patterns of information represented by physical quantities

* The pattern maintains an exact physical “analog” of information
— Examples:

= Sound wave intensity at your ear maintains an exact physical analog
(amplitude/frequency) to a vibrating body in the room

= Bumps on a record maintain an exact physical analog to the amplitude/frequency
of the originating sound wave amplitude

= Magnetism on a cassette tape
= Height of a fluid in a thermometer
= Voltages & currents in an electrical circuit connected to the output of a microphone

= “Real-word” signals are limited by the finite energy expended in their
production, and will satisfy physical requirements of

— Finite signal value (value does not diverge, no singularity)
— Finite signal energy & power
— Finite signal bandwidth (No step changes!)

— Analog signals are continuous in both time and amplitude @lEEE
= Car cannot instantaneously change velocity Advancing Technology
= Room temperature cannot instantaneously step change by n ey,

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



4
Digital Signhals

= Digital signals are patterns of information represented by a
finite set of digits per sample

— discrete values, defined at specific time instants

= Characteristics
— Numbers are represented by symbols (“digits™) using
positional notation
= Decimal Symbols - 0,1, 2, 3,4,5,6,7,8,9
= Binary Symbols 2 0, 1
= Positional Notation 2 45310 = (4x102) + (5x101) + (3x100)

= Inside a computer, all information is represented by numbers

& IEEE

Advancing Technology
for Humanity
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e
What i1s an A/D?

= Analog-to-Digital converter (ADC)

= Circuit that maps a range of analog
voltages to a range of binary integers

— Analog signal = infinite # levels

— Digital signal = finite # levels

= # levels = 2N where N = number of
conversion bits

= Eg. 10-bit ADC produces 1024 numbers (0O-
1023) representing voltage range O to vdd

— Mapping is linear (1:1) < IEEE

Advancing Technology
for Humanity
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Basic Analog-to-digital
Conversion Blocks

Sampler
— Samples the signal at discrete time intervals
Quantizer

— Approximates the sampled voltage with a level from a fixed set of 2n
possible voltage levels via ROUNDING or TRUNCATION

* Encoder
— Encodes the measurement in a convenient format for communication or

processing
A/D converter
" Sampler  Quamtizer T Coder i
x,(0) E x(n) N JJJJ_,—'I x(n) . 01011...
Analog Discrete-time Quantized Digital
signal signal signal signal

& IEEE

Advancing Technology
for Humanity
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Analog, Discrete, Digital Signals

Real (Analog) Slne YWawve Signal

0.5 / .
or Analog Signal
-1 |

1] 100 200 300 400 S00
Discrete Sine YWave Signal (500 samplesicycle)

Discrete time signal

Quantized signal

0, 255, 255, 255, 512, 512, 1023, 1023, ... Digital signal (decimal %AECEJE
representation) for Humanity
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P1C24 Analog to
Digital Converter

Digitizing the sensors



10/12-bit ADC Features
(PIC24FV)

= Successive Approximation (SAR)
conversion

= Conversion speeds of up to 500 ksps
= Up to 16 analog input pins

= Automatic Channel Scan mode

= Selectable conversion trigger source
= 16 word conversion result buffer

;@IEEE

vancing Technology
'or Humanity




10-bit ADC

Acquisition & Conversion Timing
A _o/ol_

4 L «

, AL UL o oo
st i —— &
Acquisition ! ' | Conversion

Tme | Acquisition | Conversion
Time | Time

m—— 9 IEEE
A/D Sampling Time A

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



10-bit ADC
Voltage Reference

AD1CON2<VCFG2:VCFGO>

AVDD
L
° VR+
AVSS 3
S
S VR-
VREF+ qu
)
(e
VREF- /
AD1CON2 Register
bit15 bit8
- - CSNA - -
bit7 EEE
BUFS - SMPI3 SMPI2 SMPI1 | SMPI O | BUFM ALTS E;m;’?gy

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



10-bit ADC

Channel Scanning

ADCBUF Buffer

AN15 D—0 ANO __ JADCBUFO
AN14 D—c¢ = AND T
AN13 ANLS
AN5  [X}—o CHO
AN4 DXJ—e
AN3 DX}——e > +A
AN2 -A
AN1 DX}——oe
VREF-
bit15 bit0
AD1CSSL Register | €SSL15 | CSSL14 | CSSL13 | ............ CSSL2 | CSSL1 | CSSLO
_ bit15 bitg
AD1CONZ2 Register LVCFG2 | VCFG1 | VCFGO [ - [ --
bit7 .
BUFS | --- BUFM ALTS

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved



10-bit ADC
Sample Control

AD1CON3<SAMC4 : SAMCO>

Timer4 Compare e

nds

Active Transition

on INTO

Clearing AD1CON1<SAMP>

AD1CON1 <SSRC2:SSRCO>

|VR-|VR+
VINH
A/D
VINL
AD1CON1<ASAM>

=

OT?Q to 31 TAD

converter I RESULT

Conversion Complete Signal
AD1CON1<SAMP> AD1CON1<DONE>

ADC1BUFO

ADC1BUF15

~

\ -
Avoid 0 TAD

& IEEE

Advancing Technology
for Humanity
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10-bit ADC
Clock Selection

AD1CON3<ADCS7 :ADCSO>

| Fcy = Fosc/2 | |

AD Clock Postscaler =

by 1 to 256

| TCY to 256*TCY |

© 2011 Dennis Cecic, IEEE Toronto Section. All Rights Reserved

AD1CON3<ADRC>

& IEEE
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10-bit ADC
Format Control

0000 00dd dddd dddd UNSIGNED INTEGER

RESULT ssss sssd dddd dddd SIGNED INTEGER

FORMAT dddd dddd dd00 0000 UNSIGNED FRACTIONAL
sddd dddd dd00 0000 SIGNED FRACTIONAL

AD1CON1<FORM1 : FORMO>

ADC1BUFO
' 0
ADC1BUFO \
o le AD1CON2<BUES>
ADC1BUFS8
. 1
ADC1BUF15 ADC1BUF15

AD1CON2<BUFM> = “0O~ AD1CON2<BUFM> = “1~
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Lab 4

Line Detection Using the ADC
Peripheral
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Lab 4
Line Detection Using The ADC Peripheral

Purpose
The purpose of this lab is to experiment with the Analog-to-Digital

Converter (ADC) peripheral, calibrating the given firmware to enable the
opto-sensors to reliably detect the presence of the line.

m Procedure

Connect the Opto-Sensors to the prototype
Determine the ideal trip voltage (difference between black & white)

Modify/Build/run the firmware. Test: Does it detect the line??
Follow the instructions in the lab manual
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Lab 4
Line Detection Using The ADC Peripheral

LEDs light
1 Results when

corresponding
Sensor is
hovered over
Black line.

Motors still
spin per POT
setting.
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Lab 4
Line Detection Using The ADC Peripheral

()3 Conclusions

-

= QRB1134 is an infrared opto-sensor which senses
received IR and converts to an analog voltage output

= Analog-to-digital Converter on the PIC24 converts
this signal to a number, scaled from 0-1023

= Calibration must be performed for simple line
detection to compensate for varying lighting
conditions.

= Implemented simple line-detection mechanism using
the PIC24FV ADC.
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Class Summary

= Learned the PIC24 Architecture and
Programmer’s Model and how to create C
applications using the MPLAB PI1C24 C-
compiler

= Assembled the electronic control subsystem
for the robot

= |Learned how to drive DC motor using the PWM
peripheral

= Learned how to use the ADC peripheral to

measure the opto-sensor inputs and detect
the line < IEEE

Advancing Technology
for Humanity
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Thank
You!
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