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Multiple Files

The concept is to modularize your code
— In other words don't put all you code in one file
— The file gets too large and is difficult to maintain

Remember you design top down and decompose your
applications into function

You then build your applications with debugged
functions from the bottom up

Our debugged functions are contained in there own files

You publish your interfaces to those files using header
files

C tools easily support this.



Fundamentals of C

A Simple C Program

Example

Preprocessor Header File
Directives 1

e Finc fude <stdio. hx

Constant Declaration
(Text Substitution Macro)

e 2 fine PI 3.14159 %

£ int mainwveold

i

float radius, area; «=— Variable Declarations

Functiun< f/Calculate area of circle «—— Comment
radius = 12.0;

area = PI * radius * radius;
printf{"area = %", area);




Include Directive

m Three ways to use the #include directive:
Syntax

#include <file.lh>

Look for file in the compiler search path

The compiler search path usually includes the compiler's directory
and all of its subdirectories.

For example: C\Program Files\Microchip\MPLAB C30V.~

#include “file .h*
Look forfile in project directory only

#include “c:\MyProject\file . h”
Use specific path to find include file




Include Example

main.h Header File and main.c Source File

signed int a; #include <main . h>
unsigned int b;

unsigned int c¢; int main (void)

{
A= 5"

The contents of main.h = 2;
are effectively pasted into

main.¢ starting at the

#include directive’'s line
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Include equivalent

Equivalent main.c File

m After the preprocessor
runs, this is how the
compiler sees the
main.c file

m The contents of the
header file aren’t
actually copied to your
main source file, but it
will behave as ifthey
were copied

unsigned int a;
unsigned int b;
unsigned int c;

int main{void)
{

a 5:

b 2

c a+b;

Equivalent main.c file
without #include



Multi-project files

m Multi-file projects take the concept of

functions further, by providing an
additional level of modularization

m Globally declared variables and all normal
functions are externally available if
external declarations and function
prototypes are available



Input Process Output (IPO)
Diagram

INPUTS ‘ Process ‘ OUTPUTS




Example Thermometer PO

Microcontroller

Process

w J |Hardware| |Software

Shows the thermometer reading as ASCIlI message that is updated
As a 3 digit reading.
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Two Ways One Application

e Applications needs LCD functions, ADC
functions and DELAY functions

— Example #1

« THERMOMETER.C
— All functions contained within one large main file

— Example #2

« ADCLCD.C
— All functions are organized into their own files
— These functions publish their interfaces using header files

— One small main uses the functions by incorporating headers
files as INCLUDE directives

— Highly modular and reusable across a number of applications



Single-File Concept

Some modified Some modified
ADC Conversion LCD Driver
Proc_ess functions
functions /
AN
Thermometer

(main)
customized

K

Custom Delay
functions




Single File
Configuration

Everything is tightly
coupled
And highly integrated

File needs to incorporate
all pieces
Tends to be large!



Multi-File Concept

Thermometer
(main)
ADCP(rZC()):‘;/SeSrsmn LCD Driver
ADC.H LCD.H
ADC Conversion LCD Driver
Process LCD.C
ADC.C Delay
DELAY.H
Delay

DELAY.C




Modular Construction
Simple Main

<« headers
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Published Interfaces to other C files using “Headers”

Complex code is buried under interfaces and need not be duplicated in Main



ADC

* Void adclnit(void)

— Initializes the ADC for channell , analog in
for AN1, 10 bit Left justified in ADRESH,
+5VDC and GND as references.

* Int adcconvert (void)

— Starts conversion, waits for conversion and
returns the content of ADRESH as a INT



LCD

Void InitLCDlo(void)

initializes port b for LCD interface
Void LCDInit(void)

initializes the LCD module for 4x20 operation, display
cursor, auto cursor advance and displays test message filling
entire display
Update Display(char*pointer, int numofchar)

displays the message at the current display cursor
position pointed to by pointer ( array) for the given number of
characters numofchar
Void clear_display(void)

clears entire LCD display and sets cursor to top left
hand position
Void write_temp(char bcdunits, char bcdtens,char bcd100)

displays the ASCII numbers for temperature 100’s
10’s,1's onto the LCD display—uses some of the above function



Delay

Two types of delays one a long millisecond and the other a
short delay microseconds



Main

 Scaling
i Binary to ASCII
Write temp onto Display

/]




Conversion function in Main




Side bar

Increasing accuracy In
Thermometer to full 10 bits



Current ADC is only 8 /10 bits

« ADC.C

— adcconvert (void)
returns an int but the int
only has ADRESH as
bottom eight bits

« THERMO.C

— Need to divide by 2
(ADC counts 5mV we
need 10mV)

— X4 to place in right
posotopn




modify ADC for full ten bits 15t step

 modifications

e oneinthe ADC.C

— Change ADC
initialization to right
justifiied

— Change adcconvert
(void) to return 10 bits




modify ADC for full ten bits 2nd step

« THERMO.C

— Remove scaling /4




LCD, Thermo and UART IPO

Microcontroller

Process

Hardware Software

Outputs Thermal value to display and UART



Multi-File Utility

LCD and
UART and thermo
(main)
Delay LCD Driver
DELAY.H LCD.H
LJCI(A._)’ .
LCD Driver
DELAY.C ch.C
! _ |
e
ADC.H UART.H
ADC Conversion UAR ]
Process UART.C

ADC.C




UART

Initializes UART peripheral
Sends one char via UART RS232 1200 baud (8N1)
8bit no parity 1 stop bit



Thermo.c




KEYPAD w/LCD IPO

Microcontroller

v

Process

Hardware Software

d
<

Drive Row

d

<«

Scan Columns

Typed characters on the LCD are shown on the LCD display



Multi-File Utility

.— Simple changes to Main
Keypad with LCD
(main)
KEYPAD Driver LCD Driver
KEYPAD.H LCD.H
KEYPAD Driver LCD Driver
KEYPAD.C LCD.C
x Delay

DELAY.H
Inclusion of Keypad Delay
files DELAY.H

All other code remains the same!




Keypad

Initializes keypad ports
Scans keypad once and returns key if depressed or ‘X’ if no key detected



MAIN

Get key

Send to message array if not ‘X’

N

Pass array to LCD 1 character only




KEYPAD w/LCD and UART IPO

Microcontroller

v

Process

Hardware Software

d
<

Drive Row

d
<«

Scan Columns

Typed characters on the LCD are shown on the LCD display and echoed
on the RS-232



Multi-File Utility

Keypad with LCD and l.— Simple change to Main

UART
(main)
KEYPAD Driver LCD Driver
KEYPAD.H LCD.H
KEYPAD Driver LCD Driver
KEYPAD.C LCD.C
* |
Delay Inclusion of UART UART
DELAY.H Processing—all UART.H
Delay other code the UAR]
DELAY.C same! UART.C
High reuse—min

design effort




Summary

TOP down decomposition of an potential application
allows for definition of distinct modules

These module can be independently designed and then
test

They form the basis of a company’s library

These modules can be constructed into large system
application with a custom change in MIAN only-- using C
header file notation

Each C header file represents interfaces that must be
also accompanied by the C source module in a project

— This is the source for the functions only
Only one main can exist



Assumptions

* You have a working PIC DIP computer

* You have successfully integrated a LCD
module to your PIC DIP



Exercise 1 Adding Thermometer

To DO:

1. Wire the sensor to the RA2 of your PIC dip

2. Use prototype board and hook up three jumper +5V (VDD) , GND, and signal out
3. Test sensor hookup by applying power with externa | +5V supply to signal out

4. Verify voltage is between .6 to .8 and varies as  you touch sensor

5. Demo to instructor signoff




Exercise 2 Single File

Open thermometer.mcp( if LCD =40x4) else open
therm16X1.mcp—build and download using PICKIT2 to
PIC DIP

Verify operation of thermometer and readings on LCD

Touch sensor and note that reading change and are
affected on LCD

Open Project view and note only one file

Inspect code and note where message to LCD is written
to display

Modify message to say “My Temperature is XXX"(if LCD
=40x4) else “MYTEMP= XXX"

Verify your change with a build and debug
Demo to instructor signoff




Exercise 3 Multl File

Close thermometer.mcp or therm16X1.mcp

Open adcLCD.mcp( if LCD =20x4) else open adclcd16x1.mcp—build and
download using PICKIT2 to PIC DIP

Verify operation of thermometer and readings on LCD

Touch sensor and note that reading change and are affected on LCD
Open Project view and note many source and header files

Which one contains the Main()?

Open each header file
— How many functions are in LCD?
— How many functions are in Delay?
— How many functions are in ADC?

Inspect code and note where message to LCD is written to display

Modify message to say “My Temperature is XXX” if LCD =20x4 else
MYTEMP=XXX"

Verify your change with a build/debug
Demo to instructor signoff




e oneinthe ADC.C

Ex 4a modify ADC for full ten bits
15t step

modifications

— Change ADC
initialization to right
justifiied

— Change adcconvert
(void) to return 10 bits




Ex 4b modify ADC for full ten bits
2"d step

« THERMO.C

— Remove scaling /4




Questions?

Do you notice a change in accuracy?

 What Is It as far as temperature
resolution?

 |Is the system more accurate has more
noise?

— What can be done?



Assumptions

* You have a working PIC DIP computer

* You have successfully integrated a LCD
module to your PIC DIP

* You have successfully integrated a keypad
to your PIC DIP



Exercise 5 Multl -File

Open adcLCD.mcp

Open keypadlcd.mcp—build and download using
PICKITZ2 to PIC DIP

Verify operation by typing keys and seeing readings on
LCD

Open Project view and note many source and header
files

Which one contains MAIN.C?
How many header files exist now?

Open each header file
— How many functions are in LCD?
— How many functions are in Delay?
— How many functions are in keypad?



Assumptions

* You have a working PIC DIP computer

* You have succesfully integrated a UART
Interface



Exercise 6 add RS-232 interface?

_ _ RX-DIP
Use 4 pin header supplied by
Instructor for RS-232 interface +5V
Connect pins as shown GND
Open UART.mcp TX-DIP l
Build and download using I
PICKIT2

Open HyperTerminal and
setup 8N1, no handshake,
1200 baud

Hook up a RS-232 cable
between PIC DIP and PC

Verify messages are send
“012...012"

Congratulations! —you have a
working interface

Move on to exercise 6



Assumptions

* You have a working PIC DIP computer

* You have successfully integrated a UART
Interface

* You have successfully integrated a
Thermo device and LCD display



Exercise 7 Multl -File

close keypadlcd.mcp

Open adcLCDUArtTemp.mcp-build and download using PICKIT2 to PIC DIP
Verify local operation by viewing results on local LCD

Hook RS-232 cable to RS-232 on board driver.

Configure HYPERTERMINAL for 8N1, no hardware handshake and 1200 baud
Verify remote operation by viewing results on HyperTerminal screen

Open Project view and note many source and header files

Where is MAIN()?

How many header files exist now?

Open each header file

— How many functions are in LCD?

— How many functions are in Delay?

— How many functions are in ADC?

— How many functions are in Serial?
Modify message for terminal reporting to say “ My Temp is xxx”
Verify operation and demo to instructor

Instructor SIGNOFF




