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Hardware

Special Instructions for Hardware Setup

m Hardware Selection

All the labs included in this manual will work with the hardware combinations discussed below. Microchip Tech-
nology offers many other development tools that may be used to develop graphical applications. If properly con-
figured, any of Microchip’s graphical development tools should work with the provided lab code. Due to time
constraints, we have only tested the hardware combinations used for this class. Information provided in this sec-
tion will assist you with configuring the projects provided to work with either your custom hardware or one of
Microchip’s other graphics development platforms.

o Choose the processor you wish to work with today m

The labs provided with this class have been tested using the When working the Microchip
following Microchip MCU on the PIC32 USB Starter Kit. Graphics Library in your applica-
Please choose one to use as you work through the hands-on tion, any of the 16— or 32-bit
portion of the class.

MCUs may be used. Please visit
www.microchip.com\graphics for
further information.

PIC32MX795F512L

The PIC32MX795F512L is a highly integrated, powerful 32-bit
microcontroller utilizing an 80 MHz, 1.56 DMIPS\MHz, 32-bit
M4K® Core. The device features 512 KB Flash Memory, 128 References
KB RAM, USB OTG\Host module, and a variety of other Ad- .
. . . . e Please refer to the device data-
vanced Peripherals including Ethernet. For QVGA display heet and family ref
designs at 8bpp, the PIC32MX family may be used to direct sheetandtamily re erer.mce
manual for further details on

drive the display using a recently developed controllerless .
interface how to use the selected device.

e Application Note AN1368 pro-
vides details for working with
the PIC24FJ DA product family

o Application Note AN1387 pro-
vides details for working with
the PIC32 in a controllerless
application

e The PIC32 controllerless appli-
cation is also described in a
webinar available from
www.microchip.com\graphics
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http://www.microchip.com/graphics
http://www.microchip.com/graphics

Figure H.1 e The display board
Er'ul); 3'1 Q\ZGA The labs provided with this class have been tested with the 3.2”
(AISCZZZDO;;) T - Truly QVGA display (shown in figure H.1) boards. Using the Visual

Graphics Display Designer (VGDD), it is easy to migrate projects to
support different screen sizes.

9 Set up the hardware development platform

This class uses the LCC PICTail graphics board along with the PIC32 USB Starter Kit. The image below shows how
the hardware should be connected. All jumpers on the PICTail should be set to positions (2-3). This sets up the
PICTail to be used in external memory mode.

Hardware Tools: PIC32 USB Starter Kit Il

Low Cost Controllerless (LCC) Graphics Board
Graphics Display Truly 3.2” 240 x 320 Board

2 % 320 Boord  (§

witrulydisploy s E6h
SPERY- PANEL LTFT_ G240320LTSW_118W_E
FT2NO369~E has touch screen option added




o Working with Microchip Graphics New Projects For Labs

Step 1 — MPLAB(X) Template For New Project Step 2 — Choose Standard Project
3€ MPLAB X IDE v1.30
Edit View Navigate Source Refactor Run Debug Team Tools Window Help - - B o o [+
P New Project.. Ctrl+Shift«N | T - 2% -Q B ibcow ‘ T e
B NewFile.. CtrlsN = P
Jorites i Classes |[ startpage ] Categories: Projects:
Open Project... Ctrl+Shift+ O \ = - - Iz :
: i \ IS Microchip Embedded Q Standalone Project
e iec @[ samples {5 Existing MPLAB IDE v& Project
Import » [& Prebuilt (Hex, Loadable Image) Project
Oben e et [& Library Project
Close Project

Close All Projects

Open File... -

5)
Open Recent File » " Quick Start
Project Group >

@ MPLAB IDE v8 Users - IMPORTANT
Project Properties

Save Ctrl+S i Take a Tour

Save As...
& sovenl CorlsShiftsS @ Download Compilers and Assemblers Description:
~ Creates a new standalone application project. It uses an IDE-generated makefile to build your
Page Setup... ="| Release Notes and Support Document project.
Print... Ctrl+Alt+Shift+P

Print to HTML..

Bit | [
< Back I [ Next = ] | Einish Cancel ] [:
Step 3 — Select PIC32 With PIC32MX795F512L Step 4 — Select Starter Kit (SKDE PIC32) As Debugger
P o aw Select Tool
select Device
0 PICKES
i PM3
Family: 32-bit MCUs (PIC32) - - Reeal ICE
-2 Simulator
Device: 1C32MX795F512L - = . Microchip Starter Kits
PIC32MY754F 128H - i@ MCHY
PIC32MX 754F 1281 - MICROSTICK
PIC32MK775F256H -3 SKDE 33 AUDIO
o 2 smeancry
PIC32MYT75F512L @ SKDE PIC18F]
PIC32MYF5E512H = ~-@ SKDE PIC24F 1
Erar— @ SKDE PIC24H SENSOR
BYskoe ricsz )]
- Starter Kits (PKOB)
B Dther Tools
L Licensed Debugger




Step 5 — Select XC32 For Complier Option

x MNew Project & . - .

Steps Select Compiler

1. Choose Project

2. Select Device | Compiler Toolchains

3. Select Header =-c32

4. Select Tool . l.o €32 (v2.02) [C:\Program Files (x88)Microchip\mplabc32\v2.02\bin]
5. Select Compiler -HI-TECH PICC32 (None found)

6. Select Project Mame and i

Folder EIKC 32
(Y ¥C32 (v1.10) [C:\Program Files (x86)WMicrochipc32hv 1. 10%bin]

Step 6 — Give Project Name

-
Mew Project
x J ‘ - — L -
Steps Select Project Name and Folder
1. Choose Project
2. Select Device Project Mame: P32_Lah1|
3. Select Header
4, Select Tool . )
5. Select Compiler Project Location: C:\MASTERs\1667\PIC32 Labs\P32_Lab1 E
6. Select Project Na d
g . Project Folder: C:\MASTERs\1667\PIC32 Labs\P32_Lab1\P32_Lab1.X

Step 7 — New Project Generation

u MPLAB X IDE v1.30 - P32_Labl: d
File Edit View MNavigate Source Refactor Run Debug Team Tools Window Help

00 D O e IT BT R QB o |

: <l 2 |: Files | Favorites |: Classes |: Services | P32 L. Start Page

Header Files
ﬁ Important Files
Linker Files
Source Files
ﬁ Libraries

@ Loadables

)
.ﬁs‘” Quick Start : Minute Videos
@ MPLAB IDE v8 Users - IMPORTANT & Differences from MPLAB 8




o Reference for Working with Microchip Graphics Demo Projects

When building applications, there will be programs that are specific to your selected hardware. In the demo code that
comes with the Graphics Library, we have created generic programs that are applicable to the multiple hardware plat-
forms supported by the demos. To link these generic programs to specific hardware, we created the HardwareProfile.h file
that is specific to the selected hardware.

In the Graphics Demos that are provided with the library, the HardwareProfile.h becomes the hardware profile file selec-
tor. The file that is selected will depend on which MCU and hardware platform are used. These hardware dependent

files are located in the demo and lab project folders under the ..\<project>\Config subdirectory.

When you develop your own specific hardware profile, you may opt to directly replace the contents of the provided
HardwareProfile.h file with your own hardware specific code.

EE'I HardwareProfile.h A Attention

#ifndef CFG_INCLUDE MPLAB X

An abbreviation guide is provided with the

\'\ MPLAB v8 support Microchip Applications Library installation
..\Microchip\Help\abbreviations.html

#if defined (_ PIC24FJ256DA210 )
\\ #include “Configs\HWP_DA210 BRD 16PMP_QVGAvl.h”
\\ #include “Configs\HWP_DA210 BRD 16PMP_WQVGAvl.h”

#endif
#else \\MPLAB®X support

#if defined(CFG_INCLUDE_DA210_BRD_16PMP_QVGAv1)
#include “..\Configs\HWP_DA210 BRD 16PMP QVGAvl.h”
#elif defined (CFG_INCLUDE DA210_BRD_16PMP_WQVGAvl.h”

The above code snippet is taken from the HardwareProfile.h file used in the hands-on labs and shows just the portions of
the code that are used to select the correct hardware profile when using a DA210 development platform.

Notice that there are 2 sections to the code. The top section is used by MPLAB 8 IDE users. The value
“__PIC24FJ256DA210__" is set by the MPLABS8 IDE when a user selects that particular MCU for their project. The user
must then open the HardwareProfile.h file, locate the DA210 section, then uncomment the correct include statement
based on the display board used.

The second section is for MPLAB®X ™ IDE users. When using the MPLAB C Compiler for PIC24 or PIC32 in the MPLAB®X ™
environment, we are able to set preprocessor macros. The values “CFG_INCLUDE_MPLAB_X" and
“CFG_INCLUDE_DA210_BRD_16PMP_QVGAV1” are set in the project build options for the compiler.

Another benefit of the MPLAB®X ™ IDE environment is the ability to establish multiple build configurations within a single
project. Build configurations are used to store common build parameters such as the MCU part number, the compiler
toolchain, the debugger and or programmer that will be used, linker settings, include directories, and (in the case of the
16— and 32— bit compilers), the preprocessor macros. For any given project, multiple configurations may be defined. In
the graphics demo MPLAB®X projects, we take advantage of this feature by providing multiple configurations for each of
the projects. The user simply has to select the correct hardware configuration.
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C:/Microchip Solutions v2011-07-14/Microchip/Help/Abbreviations.htm

Tools .II\-;:LI::‘@}( ™ Configurations for use with Graphics Demos
Configuration Supported MCU Supported Display Board
PIC24_GA010_GFXv3_EX16_8PMP_QVGAv1 PIC24FJ128GA010 Truly 3.2” QVGA
PIC24_GA010_GFXv3_EX16_8PMP_WQVGAv1 PIC24FJ128GA010 Powertips 4.3” WQVGA
PIC24_DA210_DEV_16PMP_QVGAv1 PIC24FJ256DA210 Truly 3.2” QVGA
PIC24_DA210_DEV_16PMP_WQVGAvV1 PIC24FJ256DA210 Powertips 4.3” WQVGA
PIC32_795_GFXv3_EX16_8PMP_QVGAv1 PIC32MX795F512L Truly 3.2” QVGA
PIC32_795_GFXv3_EX16_8PMP_WQVGAv1l PIC32MX795F512L Powertips 4.3” WQVGA

Using Table H.1, select the configuration for the LCC hardware. NOTE: The MPLAB®X ™ IDE appends the project name to
the front of the configuration name.

a) In MPLAB®X, set the desired project as the Main Project (refer to Appendix A for details).

b) Choose the desired configuration from the drop down menu in the top toolbar

File |Edit| View Mavigate Source Run Debug Team Tools Window Help

']‘F_—I E % 2 - |Lab2: PIC24_DA210_DEV_16PMP_QVGAv1

| b2 : PIC24_GAO10_GFXv3_EX16_SPMP_QVGAv1
: Projects a = | servicedab? : PIC24 GAO10_GFXv3_8PMP_WQVGAv1
i Source Fies : PIC24_DA210_DEV_16PMP_QVGAv1
: PIC24_DA210_DEV_16PMP_WQVGAv1
: PIC32_795_GFXv3_EX16_SPMP_QVGAV1
: PIC32_795_GFXv3_EX16_SPMP_WQVGAv1

u
=
i}
E
c
[
=
=
L
o
[*3

YOUR PROJECT IS NOW CONFIGURED AND YOU ARE READY TO BEGIN WORKING ON YOUR CODE. Happy Coding!!

m Customizing Configurations

The configurations may be customized to add additional hardware platforms or to support your custom hardware.

o Select Customize... from the bottom of the configuration list.

Lab2 : PIC24_DA210_DEV_16PMP_QVGAV1 -
ab2 : PIC24_GAD 10_GFxv3_EX16_SPMP_QVGAv1 9 When the project properties box appears, choose the
24ab2 : PIC24_GAD10_GFXv3_8PMP_WQVGAV1 Manage Configurations button in the lower left corner.

: PIC24 DA210_DEV_16PMP_QVGAv1

| ab2 : PIC24_DAZ10_DEV_16PMP_WQVGAY1
| 3b2 : PIC32_795_GFXv3_EX16_8PMP_OQVGAv1 Manage Configurations...
| ab? : PIC32_795_GFXv3_EX16_8PMP_WOQVGAV1
Customize. N

s _
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Configurations:

PIC24_GAD10_GF¥v3 EX16 8PMP_QVGAv1

PIC24_GAD10_GFXv3_S8PMP_WOVGA1

PIC24 DAZ10_DEV_16PMP_WQVGAv1
PIC32_795_GF¥v3_EX16_BPMP_QVGAv1

PIC32_795_GFXv3_EX15_8PMP_WOQVGAv1

PIC24_DA210_DEV_16PMP_QVGAv1 (active) Duplicate

New

Rename

Remave

Up

. Configurations - | 22 |

Configurations:

PIC24_GAD10_GFXv3_8PMP_WQVGAY1

P s Tnlicate

= . Mew Configuraticn NaE‘

=) name

P1,( New Name:

| mave
Up L]
[ OK ] Cancel ]
oW
Set Active
- . c—
Configuration

Farnily: ) I_Z)evice: § Supported Debug Header:
All Families - PIC24F]256DA 210 - <none:
Hardware Tool: Compiler Toolchain:

.. Hardware Toals .. Compiler Toolchains

=@ 1D 3 E1-ASM30

-3 ASM30 (v3_24) [C:WProgram Files (x85)\]

@ PICKIt2 2 ASM30 (v3_25) [C:\Program Files (x88)Y

E-oo PICKt3

L5M: BUR 102117075
- PM3
-2 Real ICE
2 Simulator
- ICD 2
= Microchip Starter Kits
i@ MCHWY
@ MICROSTICK
@ SKDE 33 AUDIO
@ SKDE PIC18F]
-~ SKDE PIC24F 1
@ SKDE PIC24H SENSOR
- SKDE PIC32
@ Starter Kits (PKOB)
= |y Other Tools

.3 Licensed Debugger

@ ASM30 (v3_30b) [C:\Program Files (x88
-2 MEM30 (v3_30b) [C:VProgram Files (x86
---C 24 (Mone found)

=30

s 30 {(w3_24) [C:\Program Files (x86)YMic|
@ C30 {w3_25) [C:\Program Files {x8&)Mic
2 C30 {w3_30b) [C:YProgram Files (x&6)\Mi
---CICS C Compiler (Mone found)

--HI-TECH DSPICC {Mone found)

4 | (I} | 2

*Tip: double dick on serial number {5M) to use a friendly name (FM) instead.

H-7

9 In the Configurations window, choose New

G Name the configuration and select OK

6 In the project properties window, select the
desired properties. Additional build op-
tions may be set by clicking on the compiler
or linker name under the new created con-
figuration. Please see the MPLAB®X ™ help
files for more information.
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Lab 1

Creating the Splash Screen

(2] purpose

In this lab, you will demonstrate your ability to use VGDD . .

to implement the library’s primitive layer APIs as we cre- 0 DIHLAERIRE v 2D s

ate a splash screen for our HMI. ® Visual Graphics Display Designer
(VGDD) v3.7 or higher

® REALICE™ or MPLAB ICD 3

® Graphics LCD Controller PICtail ™
Plus LCC Board

®  PIC32 USB Starter Kit Il
® Truly 3.2” QVGA LCD Display

® |f using PIC32, you will need to use
Microchip® XC32 Compiler

Solution files may be found at:

C:\RTC\HIF2132A\Solution Files

(©) Objectives

1) Use the VGDD utility to generate font, image and application source files.
2) Via VGDD, use the Microchip Graphics Library Primitive Layer (GPL) to render images, text strings and shapes to the

graphics LCD display.
3) Explore how gradients and transparency can be used to enhance the splash screen.

Expected Results

Figure 1.1
When the lab is fully completed, you
should see this on your LCD panel.

1-1



Giicmeier T

In lab 1, we will create the splash screen shown in figure 1.1. The information
@ box to the left is provided to help you navigate the lab directory. For this lab
you will using either, depending on the development board you have chosen:

Hands-On Labs:
C:\RTC\HIF2132A\PIC32_Labs
Font Files:

All fonts used in this lab have been
preinstalled on the lab computers
Image Files:
.\RTC\HIF2132A\Images

Visual Graphics Display Designer:
.\RTC\HIF2132A\VGDD.exe

C:\RTC\HIF2132A\PIC32_Labs\P32_Lab1l\Lab1_PIC32.X

Icon Files:
.\RTC\HIF2132A\lcons o Launch Visual Graphics Display Designer
If it is not already open, please launch VGDD b
C:\RTC\HIF2132A\VGDD.exe g
VGDD
P ASHNO=DHC O H AP+ D 0= ) |\ HO
; [ e — P
S VGDD **
Qpen Demo Project @
—
HE (e
Show this page at next startup.
Figure 1.2 S mosepsir

VGDD window when it is first
opened.

e Create a new project

Click on New Project in the VGDD window

New Project <«
Open existing Project

Open Demo Project @
-4

Recent Projects:

1-2



_I Project Settings |?|
Default Screen Size
mdth 32[:' I:::Ik m
Heigth: 240 5
You may return to project set-
Colour Depth Compiler . . .
&) 4bit - 16 Colours PIC24 MCUs PIC32 MCUs tings at anytime by selecting the
:) DIi-ZESEarE Epe © ca2 Project Settings icon in the VGDD
@ 16 bit - 64k Colours @ HC16 = Xc32
=) 18 bit - 256k Colours toolbar.
@ 24bit - 2M Colours et e Sl L
|:| Copy Bitmaps in VGDD Project falder F A

Microchip Application Libraries Path: CAMPLABXProjects’ 1667 GFX2'\MicrochipSolut
Use Microchip’s Graphics Resource Converter

GRC Path: CA\MPLABXProjects™ 1667 GFX2 Microchip Solutionsw2012_04_D3%Mic C]

Java command: java qar C] Test
Player Options Figure 1 3
Background Bitmap Background Color: .. .
Clicking New Project launches the

Project settings screen.

e Set up the path for Microchip’s Applications Library (MLA).

Near the middle of the Project Settings window, locate the Microchip Appli-
cations Library Path option and click the Select button next to it.

Microchip Application Libraries Path: G '

Navigate to
C:\RTC\HIF2132A\MicrochipSolutionsv2012_04_03\Microchip
And double click to select mal.xml

. Graphics 7/24/201212:14 PM File folder
. Help 7724720121215 PM File folder
. Include 7724720121215 PM File folder
=] mal 3/26/2012 6:12 PM XML Document

=i

When the correct file is selected, the text will turn green as shown in Figure 1.4.
Click OK to continue.

ol Select MAL Path = = =

Microchip Application Libraries Path:  C\MASTERS'\1667\Microchip Selutionsv2012_04_03"Microchip G
Figure 1.4

Mal.xml was found

Found mal xaml - Version 2012-04-03
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0 Set up the path for Microchip’s Graphics Resource Converter

Before fonts and images may be used by the Microchip Graphics Library, they
must be converted into formats the library can use. VGDD has a built in con-
version utility; however, we will be using Microchip’s Graphics Resource Con-
verter (GRC). If it is not checked, please check the box to “Use Microchip’s
Graphics Resource Converter”.

[¥] se Microchip's Graphics Resource Converter

Figure 1.5 GRC Path: C:Microchip Solutions® Microchip Graphics bingrcarc jar
GRC settings

Java command: java {ar |

The red text indicates that VGDD is not able to find Microchip’s GRC applica-
tion. Next, we need to set up the path where the Microchip GRC application
may be found. Select the ellipsis next to the path name and navigate to :

C:\RTC\HIF2132A\MicrochipSolutionsv2012_04_03\Microchip\Graphics\bin\grc

Double click to select the grc.jar application file

-~

Mame Date modified Type
. gre_temp_dir 7/12/201211:59 AM  File folder
(] gr 3/26/2012 3:43 PM  Executable Jar File

9 Select the compiler

For the purpose of this class, the MPLAB® XC compilers will be used. If you
are using a PIC24, please choose XC16. If you are using a PIC32, please choose
XC32.

Compiler
PIC24 MCUs PIC32 MCUs

A ) Figure 1.6 c30 caz
Attention If using PIC24, choose XC16 @ ¥C16 ¥C32

The compiler version selected
will impact the format for the

converted font and image files Compiter
Selecting the wrong compiler FIC24 MCUs e
will result in compiler errors. Figure 1.7 30 032

If using PIC32, choose XC32 ¥C16 @ ¥Ci2
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G Set up the display parameters.

Microchip Graphics Library uses information in HardwareProfile.h to com-
municate with the display controller drivers. When VGDD generates the

source code, HardwareProfile.h is populated with these values.

Change the default screen settings to match your display.

Graphics Display Powertip 3.2” display Default Screen Size
Width =320 Width: 480

Height = 240
Heigth: 272

Choose the color depth for the controller you will use in your application.

The drivers used in this class support a maximum of 16 bpp.

Colour Depth
(71 4bit - 16 Colours

() Bbit - 256 Colours
@ 16 bit - 64k Colours
(™) 18 bit - 256k Colours

() 24 bit - 2M Colours
Figure 1.8

Color depth selection

o Save the settings and proceed to screen design.
When you are happy with the settings click Ok.
| 22 |
[ o e .

Player Options
Background Bitmap: Background Color:

A Attention

These settings will be added to
the HardwareProfile.h file to
properly orient the display.
Incorrect settings will result in
odd looking displays.

@ information

When choosing 4-bit or 8-bit
color, palettes (aka indexed color)
are used. VGDD will set up these
palettes for use in the applica-
tion.

For applications that employ a
graphics driver capable of 18— or
24— bit color, you may select
those options here.

@ information |

The paths provided for GRC and
the MLA will be used the next
time you create a project.

The options at the bottom of the
screen are provided so you may
customize the VGDD player
(screen simulator). For the pur-
pose of this class, we will work
with the default options.

Figure 1.9
VGDD simulator options
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I VGDD - Visual Graphics Display Designer 3.7.0 - MASTERs Edition EEE=]
File Edit Tools Help
25 B SR O PBA L B2 -\ N
re : o b} -
2o o @"._I D .| l--._.--l o< 1 L ﬂ b 4
2 Gl widgets ISR Fvents
Kk <poimter> " . B e
A, StaticText & i B8 Screen:
3 Button OBJECT / (Mame) Screenl
=0 EditBox PARAMETERS BackColor [ white
CheckBox GolFree True
@ RadioButton Height 272
B window IsMasterScreer False
GroupBox = Locked True
E? ListBox PARAMETER MasterScreens (Collection)
@ Picture Overlay False
HELP ot
® Roundoial DISPLAY \ TransparentCo[ | Hew - Apply
= slider Width 480 Delete
() Meter FIELD OBJECT & (o] (beleten
E GradientScheme -
B TextEntry (Name)
INFORMATIO +| | Indicates the name used in code to GradientEndColor [[T] DarkGray
= GPL rols 7 = weaze N identify the object. GradientLength 50 ) 1
_ ‘ GradientStartColor [ | LightGray E
A OutTexdxy Project Explorer Project Summary Output ‘Widget Info GradientType GRAD_NONE
/— arc Project Explorer B Scheme
{Mame) New
O Circle E-L3 New
: @ Screens Colord [ 169, 219, 239
/ Line i saeent Color1 [ 38,199, 242
[] Rectangle ) Fonts Colordisabled [ 1832, 210, 251
W Gradient ) MicrosaftSansSerifReqular 11 (N;"M";"H""'" =
B2 Putlmage | || i | Bitmaps L
& Mome for this Scheme

Figure 1.10
VGDD screen design environment

0 Change the screen name

VGDD will use the screen name in the code. To help make our code more
readable, we will change the name to SplashScreen.

In the object parameter box (labeled Widget), select the (Name) parameter.
Left click in the in the name field. When the cursor appears, change the value
to Splash Screen.

You will use this same method to (FileName)

change Widget names when we NIELENNN SplashScreen mm—

start working on the labs. BackColor [ wihite
GolFree True

The value in name field is the Height 272

value that will be used in the IsMasterScreer False

code. Locked True
Masterscreens (Collection)
Cverlay False
ShowMasterSo False
TransparentCo |:|
Width 480
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Q Change the screen background color
In the object parameter box (labeled Widget), select the BackColor pa-
rameter. Left click in the in the field to the right of the parameter name,
ention
then click the ellipsis that appear to the far right of the field. A
The ellipsis will not be present

Widget until the BackColor property has

Bz (A ] been selected.

@ (£
(FileMame)
EEENEE | whid ) —
GolFres True Other parameters will behave
IsMasterSaeen False the same way. When in doubt,
Locked True click the parameter name to find
MasterScreens  (Collection) out what options might be avail-
Overlay Falze able. In some cases, you'll be
ShowMasterScre False able to choose from a dropdown

Size 320, 240 menu. In others, the ellipsis will
TransparentCole[ ] open a selection (chooser) win-

dow.
T —

When the Choose Colour window pops up, select the desired m
screen color then click Apply. (RGB = 0,0,0 for Black)
- 2 The Known tab is used to store

a5/ Choose Colour o[- (w3 indexed color values from Micro-
™ chip’s color definitions file.
[o]le]fe]

Common | Krown I Evedropper I Cusbc-ml

e eEr

The Eyedropper can be used to
select colors from anywhere on
the PC monitor.

Appiy The Custom tab is used to load
D> O D previously saved color definition
g files.

HENET
HEEENET
HEEEN
HEE ] ]
N =
L] | e
EEENET
HEEENET

28 S 0<EBRAC
HWWE.‘ﬁE?'
K wpointer>

StaticText
Button
EditBox
CheckBox
RadioButton
Window
GroupBox
ListBaox
Picture
ProgressBar
RoundDial
Slider

{ '} Meter

B TextEntry

JGIAVE=

o
.

a

L

T®

Figure 1.11
Display in VGDD after clicking Apply
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@ Add the Microchip logo to the screen.

To add the image, we will add a Putlmage primitive to the screen.

m To add a Putlmage primitive, select Putimage from the GPL Controls box

VGDD provides 3 options for add- then double click in the display field.

ing objects to the screen.

1 — Select the object then dou- Bl GPL Controls

ble click in the display field. ﬁ <Pointer>
A OutTexbXy

2 — Select the object, then click r’.f" Arc

and drag in the display field to O Circle

size the object. j Line

3 — Double click the object. [] Rectangle

No matter the option you choose
to add the widget, you will be
able to resize it later by dragging

. Gradient -

SplashScreen™

With the Putlmage primitive selected, click the Bitmap field in the Widget

A Attention properties box and click on the ellipsis that appear on the far right of the
field.

When the Putlmage primitive is

added, the Bitmap field will be
highlighted and blink several
times to catch your attention. If
you inadvertently click some-
where else in the screen, the
ellipsis to the right of the bitmap
field will disappear. Clicking on
the Bitmap field will cause the

ellipsis to reappear. Top 28
Zorder ]
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Clicking the ellipsis will open the Bitmap Chooser window where you
may select from all the images that have been added to the project. For

this exercise, we will need to add an image to use on our splash screen. m
Click Add

You may open the Bitmap

. . Chooser window at anytime by
And navigate to C:\RTC\HIF2132A\Ilmages. Select the AR ine [BRies Ghesser e

Logo_black_2bpp file. in the toolbar

— | (g
ﬁ Resource Bitrmap Chooser | = || =] || &3 | @l
Remove

Figure 1.12
Bitmap Chooser

esource Brtrma ooser =
R Bitmap Ch (=@ =] o
As more images are added to the

project, they will be sorted into

Type:NOT IN USE IN USE and NOT IN USE types. To
rem— e avoid wasting memory resources,
—— images in the NOT IN USE type
(Bitrm: 0 . .
(Refe False WI||. NOT be converted for appli-
(Refe False cation use.
Loge_black_2bpp EtmzJER | E
200113 4BPP ColoL 4
Comrp None
FileW CAM
Mam: Loogo 1
cncil
Mame
Intemal name far
this bitmap Figure 1.13
Bitmap Chooser with Logo file added
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@ information

Bitmap properties for a selected image are shown in the field to the
right of the image list. In this image property box, we can add a com-
pression algorithm to the image by selecting the Compression Type field
and choosing a value from the drop down menu.

We may also choose the storage location by selecting the Type field and
choosing a value from the drop down menu. The storage location op-

tions are:

FLASH_VGDD: Fonts will be stored in internal FLASH and all declarations

Compression Type MNane

and definitions will be included in the generated code.

=TT T MASTERCVICE L FLASH: Fonts will be stored in internal FLASH; however, the generated
Mame Logo_black_Zbpp code will not include font definitions. Use this option only if you need to
SDFileName use an external font converter (e.g. Microchip Graphics Converter).
Type L e )] EXTERNAL: Use this option to generate a bin file so fonts may be stored
in external memory. The bin file name is set in the BinFileName field.
Verify the settings are as shown in Figure 1.14. To add the image to the
Compression Type screen, double click the image in the Bitmap chooser window.

Compression type to use. Note: IPU is available onhy

on selected MCUs (.e. PIC2Z4FJ256DAZ10)

ﬁ Resource Bitmap Chooser

Type:NOT IN USE

Logo_black_2bpp
200x113 4BPP

Figure 1.15

VGDD display after the image is
added to the Picture widget.

Figure 1.14
Image property box

Q@ information ____

When you add a bitmap to an
object within VGDD, the object

- will automatically resize to match
= the shape of the bitmap file se-
False lected.
Bitmz JEN (|5
Comp MNone —
FileN CAM splashscreen™®
MNam: Logo
cnol -
Mame
Irtemal name for
this bitmap

MICROCHIP
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m Add the text string to the screen.

Now we will add a text string using the OutTextXY primitive object. In the
GPL Controls box, select OutTextXY.

E <Painter>

L
/" Arc

O Circle

f Line

| Rectangle

- Gradient

Left click in the display field and drag the mouse to size the text box. Don’t
worry if it isn’t correct yet. We will size it correctly in a few moments.

splashScreen™

MICROCHIP

With the text box selected, choose Color parameter in the Widget box and
click the ellipsis to use the Color Chooser window to change the string color
to Red (RGB = 255,0,0) When the desired color is displayed, click Apply.

85! Choose Colour

Comman | Known | Evedropper | Custom s A Attention

The ellipsis will not be present
until the Color property has
been selected.




To change the string value, click the Text property in the Widget box. In the
field to the right, change the text to Microchip Graphics Library.

@ information ____

If you wish to explore resizing the
OutTextXY box, use the mouse to
drag the handles until the object
is the desired size.

To move an object, left click the
mouse in the middle of the object
until the cross sign appears then
drag the object to the desired
position. You may also “nudge”
objects into position using the
arrow keys on the keyboard.

Figure 1.16

Display in

Q@ information

The font used for Widgets ( GOL,
Custom, or External) is set in the
Scheme box. We will explore
Style Schemes in Lab 2.

[ Widget
{Mame) DutTextXyl
(WidgetType) OutTextdy
CDedType ConstXcharArray
Color I 255,00
Font MicrosoftSansSerifil
Locked False
Public False /

m Microchip Graphi:g 1
A 73

A 127

Zorder 100

SplashScreen®

VGDD with text added.

@ Change the font used to draw the text string

The default font is too small,

so we need to change it. Click the Font property

in the Widget box; then click the ellipsis that appear to the right.

(Name)
(WidgetType)
ChedType
Color

[Font |
Locked

Public

Text

X

Y

Zorder

1-12

OutTextXy1
OutTextxy

LT

ConstXcharArray

I 255,00

rsoftSansSerifBol(...|
False k
False

Microchip Graphics |
73

127

100



A Font Chooser

[= =@ ]=]
MicrosoftSansSerifRegular11
D24 |
E Misc

s et S ookl You may open the Font Chooser
el L window at anytime by clicking the
inFileMName
BinSize 1 Font Chooser icon in the toolbar
Charset RANGE
Charsincluded
EncChar 127 A
B Font Microsoft Sans Serif. 11.25pt .E t
Name Microsoft Sans Serif
Size 11.25
Unit Point
Bold False
GdiCharSet 1]
GdiVerticalFont False
lalic False
Strikeout False
Underiine False
SmartCharSet False
StartChar 32
Type FLASH_VGDD
Font
Font Properties
4 (T r

The quick brown fox jumps over the lazy dog Figure 1.17

Font Chooser window

In the Font Chooser window, we can either add a new font or change the ex-
isting font to meet our needs. For the purpose of this exercise, we will add a
new font from the available installed fonts on the computer.

Click the Add button in the Font Chooser window.

Font (=]
Farit: Forit style: Size:
Microsoft Sans Serf Bold 18 [ oK ]
Microsoft Sans SerifRARR s E A Attention
Histel e LLANE VGDD is only able t
\odern No. 20 | 15 |E Apply . is only able to access pre-
Monotype Corstua | |Bold Obligue %- installed fonts. Please refer to
MS Outlook - |2z - Windows Help files for instruc-
tions on how to install a font.
Efects Sample
[ Strikeout
[ Underine Aa B beZZ
Script:
Westem -

Figure 1.18
Listing of installed fonts

In the list of installed fonts, choose a font, set it’s style and size, then click OK.
The font we need is Microsoft Sans Serif, Bold, 18 points.
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A Font Chooser o || =

Add Remove

&3

MicrosoftSans SerifRegular1
Microsoft Sans SerfRegular1l
(Name) Microsoft SansSerif Bold 18
—) MicrosoftSansSerifBo B -
Microsoft Sans SerifBold 18 Charset RANGE
Charsincluded
EndChar 127
= Font Microsoft Sans Serif. 18pt. style=B:
Name Microsoft Sans Serif
Size 18
Unit Point
Bold True
GdiCharSet 0
GdiVerticalFort False
ltalic Falze
Strikeout False
Underine False
SmartCharSet False
StartChar 32
Type FLASH_VGDD
Figure 1.19 Font
Font Chooser window T
after new font added.

The quick brown fox jumps over the lazy dog

(@ information

To change the storage location of
the font table, use the Type field
in the font chooser window. The
available types are:

Double click the newly added font to apply it to the string shown in the se-
lected OutTextXY widget on the display. If needed, use the widget handles to
resize the text box.

VGDD offers two options to help you reduce the memory footprint required
for the font. First, you may choose RANGE in the Charset parameter. With
this option, only the ASCII characters between StartChar and EndChar will be

FLASH_VGDD: Fonts will
stored in internal FLASH and all
declarations and definitions will
be included in the generated

code.
FLASH: Fonts will be stored in
internal FLASH; however, the

generated code will not include
font definitions. Use this option
only if you need to use an exter-
nal font converter (e.g. Microchip
Graphics Converter).

EXTERNAL: Use this option to
generate a bin file so fonts may
be stored in external memory.
The bin file name is set in the
BinFileName field.

be included in the generated font table. Second, you may choose SELECTION.

This option is more complicated, but employs a font filter to limit the font
table to necessary characters as determined by the strings used in the VGDD
project. More details on these options are discussed in on the VGDD Wiki
Help page that is accessed by clicking the help icon in the toolbar.

Splashscreen™

N

MICROCHIP

Figure 1.20
VGDD display with the
new font applied
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@ Add primitive shapes and lines.

Using the GPL controls, we will now add the primitive shapes and decorative
lines to the screen. First, we will draw the filled bevel using the Arc control.
Select the Arc, then left click and drag in the display field to size the bevel.

SplashScreen®

B GPL Controls

E <Pointer=
ﬁ Out Textxy

O Circle
&f Line
[] Rectangle : MICHOCHlp

- Gradient

SplashScreen™

Figure 1.21
VGDD display with the
arc primitive added

In the Widget properties box, adjust the arc properties so that a filled bevel
will be shown on the display. Change the Fill parameter to True, then adjust
the radius to 5 (left click next to Radius2 and change the value to 5). Hit En-
ter when done to apply the changes.

L widget Splashsareen”

2= |4
(Name) Arcl
(SizeOnScreen, 117x49
(WidgetType) Arc
Color - Blue
Fill True
Lok TaEe
Radius2 5
ML 205
¥R 312 Figure 1.22
¥B 238 VGDD display with a
YT 199 filled bevel added
Zorder 100
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Using the GPL controls, add a rectangle, a circle to the screen. Using the
Widget properties box, please adjust the parameters as shown below in
Figures 1.23 and 1.24.

Q@ information ]
EES .-'s‘lr

CEw )

The Line, Circle and Rectangle

primitives have common parame- (Name) Circle1
ters to change the style of the (SizeOnScreen; 56x55
line used to draw the primitive. (WidgetType) Circe
Color [] 255,255,128

THICKNESS: Fill False
NORMAL_LINE (lines will be 1 Locked False
pixel thick) Radius 28
THICK_LINE (lines will be 3 pixels Thickness NORMAL_LINE
thick) Type SOLID_LINE

. X 402
TYPE: Figure 1'.23 . 222
SOLID_LINE P.ropertlfes f?r the Zorder 100
DOTTED LINE circle primitive
DASHED_LINE

(Size0nScreen. 122u45 -
(WidgetType) Rectangle
Bottom 243
Color [] o,2550
Fill False
Left 2B
Locked Falze =
Right 150 1
{Q} Tlps and Tricks Thickness THICK_LINE
Top 198
Save time when drawing multi- Figure 1.24 Type DASHED LINE
ples of the same object by using Properties for the Zorder 100

copy rectangle primitive s
And paste [j sm

Icons on the toolbar.

You may also use the typical Win-
dows shortcuts

CTRL+C to copy
CTRL+V to paste
CTRL+X to cut
Figure 1.25
VGDD display with

rectangle and circle
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@ Align the objects on the display.

VGDD provides several editing functions to help us align objects on the dis-
play. Select the rectangle, filled arc (bevel) and circle primitives by holding
the shift key as you click on each primitive.

Splashscreen

& Attention

Always select the widget you
want to align to first, then se-
lect the other widgets.

MICROCHIP

Cwws Dewes( _ _ _
e Y I 5 i
With all the primitives selected, click the alignment icon to get a drop down

menu of alignment options and choose Center Horizontally. :_
= , i Tips and Tricks
B b Y '

||:| N Because there is not a center on
[ Alignteft . . L
0 screen alignment option, it is
[ aienTop sometimes difficult to center the
DD Align Bottom objects screen well. To get
= ! around this limitation, draw a
= Align Right .
rectangle the size of the screen
and align the objects to that rec-
tangle. When you are finished
aligning, delete that rectangle.

4

Center Vertically

Celter Horizentally

Continue working with the alignment options until you are happy with the
screen’s appearance.

@ Save the project

It’s a good practice to save your project prior to generating the code. Click the Save
Project icon in the toolbar. q

You will first be prompted for a project name. Save vyour project to
C:\RTC\HIF2132A\PIC24_Labs\P24_Lab1\VGDD Project\P24_Lab1l.vdp
OR

C:\RTC\HIF2132A\PIC32_Labs\P32_Lab1\VGDD Project\P32_Lab1l.vdp

Next, you will be prompted for a screen name. In projects with multiple screens, you
will save each screen individually. Save the screen in the same directory as:
SplashScreen.vds
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@ Generate C code.

Now that we have a design for the splash screen, we are ready to generate
the code we will use on our hardware. The first step in this process is to use
Although you have saved your the MPLABX wizard to set up the project. When you go through this process
project, you will be prompted at home, you will need to create an MPLABX project first, close it, then run
to save the project again when the Wizard. To save time during the labs, all of the MPLABX projects have
you launch the MPLAB®X Wiz- been created for you.
ard. This is by design to insure
you have saved your work. Launch the MPLAB®X Wizard from the toolbar
Select OK when prompted to save your project.
M MPLABX Wizard S|
Start 1 - Set MplabX Project 2 - Set Options 3 - Select Hardware 4 - Modify MplabX Project 5 - Finish

¥ DANGER!

To avoid error messages, please
close MPLAB®X prior to running

MplabX and its logo are Copyright Microchip Technology Inc.

the wizard.
This wizard will insert VGDD files and relative Microchip's Application Library in the selected MPLABX project.
Itwill include only the minimal set of files needed to run and see your VGDD GUI on selected hardware.
This is a starting point to begin developing the rest of your application.
Figure 1.26 When the Wizard launches click Next, then set up the project settings.
VGDD MPLAB®X
Wizard If using a PIC32, use this project:
C:\RTC\HIF2132A\PIC32_Labs\P32_Labl\Lab1l_PIC32.X
In the Generate Source Files section, check the option to generate code in
MPLAB®X Project’s Parent Folder as shown in Figure 1.26. Then click Next.
Figure 1.27 MPLABX Project
Set MPLAB®X ) ; . e R \ -
. Selected MPLABX Project: Change CAMASTERSY1667WPIC24 Labs'P24_Lab1'lab1_PIC24.X
Project tab
MAL Path: C:AMASTERS\1667\Microchip Solutionsv2012 04 03\Microchip
BT Ll E= | s e Code will be generated in:
T VG rraeat s o
) In MPLABX Project’s Folder

) Cther:




Since this is the first time generating code, we need to populate the MPLAB®X
project and generate application specific files. You will not usually run the
MPLAB®X Wizard again unless you specifically need to change the MPLAB®X
project (e.g. changing the hardware).

Also in the Set Options tab, you will find options for the width of the parallel
master port (PMP). This option sets the width of the data path between the
PIC microcontroller and the LCD graphics controller. The Explorer 16 will only
support an 8-bit data path to the LCD graphics controller board; therefore, if
you will be using the Explorer 16 + PIC32 PIM hardware, you MUST check this
box to avoid build errors in the generated code. Because LCC uses a virtual
LCD controller, checking or not checking the PMP options will have no effect
on the generated code.

Select the Parallel Port option appropriate for the hardware you are using.

After the setting are correct, click Next.
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& Attention

After running through the Wiz-
ard on a new project, selecting
the option to Generate Skeleton
files will overwrite existing files.
If you wish to preserve existing
application code in VGDDmain.c,
VGDDmain.h, HardwareProfile.h
and  GraphicsConfig.h files,
choose only the Modify Skeleton
files option.




Q information

When you are generating code
for the hardware you have cus-
tom designed, do not generate
the HardwareProfile.h file and
skip this step.

In the Hardware tab, we will choose the development hardware we are using.
These settings will tell VGDD which HardwareProfile.h and which graphics
driver files we will need. When you are designing for your own hardware,
deselect the option to generate the HardwareProfile.h file on the Set Options
screen.

For these hands-on labs, we will select the development platforms. If you are
using PIC24, choose the options shown in Figure 1.30. If you are using
PIC32, choose the options shown in Figure 1.31.

Development Board:

(7) PIC32 Bthemet Starter Kit (DM320004)
() PIC32 USB Starter Kit 1l (DM320003-2)

Expansion Board:

Display:

i) Explorer 16 Development Board (DM240001)
@ PIC24F)256DA210 Development Board (DM240312)

GFX PlCtail Plus Epson 51013517 Board (AC164127-7)
GFX PlCtail Plus 5501526 Board (AC164127-5)
Low-Cost Controlleress (LCC) Graphics PICtail Flus

SN

Multimedia Expansion Board (DM320005)

Development Board:

@ Explorer 16 Development Board (DM240001)

) PIC24FJ256DA210 Development Board (DM240312)
) PIC32 Bthemet Starter Kit (DM320004)

(71 PIC32 USE Starter Kit 11 (DM320003-2)

Expansion Board:

71 GFX PICtail Plus Epson 51013517 Board (AC164127-7)

i@ GFX PICtail Plus 5501526 Board (AC164127-5)
Low-Cost Controlleress (LCC) Graphics PICtail Flus

SN

Multimedia Expansion Board (DM320005)

Display:

MEB Integrated Display - Truby 3.4in. 320240
@ Graphics Display Powerip 4.3in. 430272 Board
™) Graphics Display Truly 3.2in. 320240 Board

MEB Integrated Display - Truby 3.8n. 320240
@ Graphics Display Powertip 4.3in. 430272 Board
() Graphics Display Truly 3.2n. 320240 Board

i) Graphics Display Truly 7in. 800x480 Board (AC164127-9) i) Graphics Display Truly 7in. 800x480 Board (AC164127-9)

Figure 1.30
Hardware Options for PIC24

Figure 1.31
Hardware Options for PIC32

After the settings are correct, click Next.

In the Modify MPLABX Project tab, verify that all checks were OK, then click
the Modify button.

Madify Project

A notification window will pop up when the modification is complete. Close
that window by selecting OK, then click Next to continue.

In the Finish tab, you will see a warning similar to the one shown in Figure
1.31 on page 1-21 indicating that you need to generate code. Click the Gen-
erate Code button.
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1 - Set MplabX Project 3 - Set Options 3 SiclenhHendwan 4 - Modify MplabX Project Figure 1.32
Finish tab

Waming: you haven't Generated Code yet from your latest modification to the VGDD project

0

Generate Code

In the Code Generation pop-up window, verify the project settings are correct
for the hardware you are using and that the generated source files are placed
in the MPLABX Parent folder.

If using a PIC32, use this project:
C:\RTC\HIF2132A\PIC32 Labs\P32_Labl\Lab1l_PIC32.X

= Code Generation =NN=] 2

Generate Source Files MPLAEX Project
@ In MPLABX Project’s Parent Folder (suggested) Selected MPLABX Project: CAMASTERs\1667\Solution

In VGDD Project’s Folder Code will be generatedin:  C:\MASTERs"1667"Solution Files\PIC24 Solutions“Solution Lab1%

In MPLABX Project’s Folder

Cther: Generate Code ‘
Figure 1.33

Code Generation

window
= Code Generation = = 2
Generate Source Files MPLABX Project
@) In MPLABX Project’s Parent Folder (suggested) Selected MPLABX Project: | Change | CAMASTERs\1667\PIC24
LIz LE Code will be generated in:  C:AMASTERs\IGE7\PIC24 Lsbs\P24 Lsb1\
In MPLABX Project’s Folder
Other: Generate Code ‘
Footprint in bytes
Finished! N L . ROM Code: a
Strings: 54
Bitmaps: 11,338
Fonts: 8,700
TOTAL FLASH: 20,092
Close Show Source RAM: 0
Heap: 0
Figure 1.34

Code Genera-
tion window

When the code generation is complete, the Footprint in bytes will contain
information to help you estimate the amount of memory your screen design
will need based on your compiler selection.

Of particular interest is the memory required for bitmaps and fonts. This
number will help us determine if we need to use external memory for the
application.
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m Program the micro and view the results.

Now that we have source code, let’s program the boards and see how it looks
on the actual display.

Launch MPLAB © X by double clicking the icon on the desktop

MPLAB X IDE

Open the appropriate Lab1 project located at
C:\RTC\HIF2132A\PIC32 Labs\P32_Labl\Lab1l_PIC32.X
and select the correct configuration for the hardware you are using.

Using the information provided in the Hardware section at the beginning of
this manual, verify you have the board properly connected, power applied
and the programmer\debugger attached.

Build the code and program the device by clicking

Your display should resemble the picture in Figure 1.35

¥ DANGER!

If you close VGDD, make sure you
save the project and remember
where you have saved it. We will
use this project again in the bo-
nus procedures section.

Figure 1.35
What you should
see on your display

Congratulations!! You have completed Lab 1! If the allotted time has not expired,
you may move on to complete the bonus procedure to explore the use of gradient
backgrounds and screen transparency.
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m Bonus Procedure

If you have made it this far and there is still time remaining in the lab, let’s examine how we might use the new
gradient and transparency features to enhance our splash screen appearance. If you do not have time for this
step, that’s ok. The instructor will go over the solution with you or you may review the solution file at a later date.

o Change the screen background to a gradient

Microchip Graphics Library supports gradient backgrounds using either the
BarGradient(...) or BevelGradient(...) functions. In VGDD, a Gradient
(implemented as the BevelGradient(...) )is provided in the GPL Controls box.

Return to the project you were working on in VGDD. Click on the Gradient {Q} TipS and Tricks
primitive in the GPL Controls box, then left click in the display to cover the
entire screen. Notice that the starting colors selected for the gradients are
randomized. Will you find a color combination you hadn’t considered before?

Instead of dragging to size an
object, you may enter the desired
coordinates into the Widget pa-
rameters box. To fill the screen,
the coordinates will be:

Top—0

Left — 0

Bottom — max vertical-1

Right — max horizontal-1

SplashScreen™

[ Widget |
=]
(Mame) Gradient1l

(Size0OnScreen)  319%239
(WidgetType) Gradient

Bottom 239
Color1 I so, 100, 180
Colar2 I 140,96, 190

Gradientength 50
GradientType GRAD_DOUBLE_HOR

Left 0
Locked False
Radius 0
Right 319
Top 0
Zorder 6

DON’T PANIC! Your work is not gone, it’s just hidden below the large rectan-
gle you just placed on the screen. Before we change the gradient Z-order,
let’s get its parameters situated. In the Widget box, change the Radius pa-
rameter to 0 so the gradient will have sharp corners. Also adjust the coordi-
nates if needed. Explore the options for Gradient Length, Gradient Type,
Color 1 (Gradient Start Color) and Color 2 (Gradient End Color).

When you are happy with the gradient appearance, send the gradient to the
back (Z-order 0) by clicking the Send to Back icon in the toolbar. %
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& Attention

When using thick, non-solid
lines, the background will show
through on the PC monitor.
This is a limitation within Win-
dows. When the code is pro-
grammed on the hardware, the
rectangle will be correct.

Figure 1.36
VGDD display before
transparent color is set

12/

Now we can definitely see the background color on the Microchip logo.

splashscreen®

Set transparent color to hide the image background

To

hide the background, we will use the transparency feature in Microchip
Graphics Library. To implement this we will need to select the SplashScreen
so we can modify the parameters. In the events box (top far right side of
VGDD), double click on the SplashScreen level.

Q@ information ___

When choosing a transparency
color, remember that Microchip
Graphics Library will ignore every
pixel of that very specific color.
Make sure that the transparency
color is not used in the image you
are trying to make “transparent”.

- splashScreen
-

o Picturel

= OutTextXY1
-« Rectangle1
 Cirdel

- Arcl

- Gradientl

~
i

With the SplashScreen selected, set the Transparency color in the Widget

The image used for this lab was box.
modified so it’s background color
is solid black (RGB = 000). Pixels
of any other color (even RGB =

001) will be drawn.

(FileMame) C:\MASTERS\1667\Lab
(Mame) SplashScreen
BackColor Il o000
GolFree True
IsMasterScreen False
Locked True
MasterScreens
Overlay False
ShowMasterScre False
Size 320, 240

TransparentColc| VNI Q
{
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")

| SplashSereen™

Figure 1.37
VGDD display after trans-
parent color is set

e Generate code for the altered screen

Click the Generate Code icon in the toolbar, verify the project settings, then
click Generate Code in the pop up window.

0 Launch MPLAB ® X by double clicking the icon on the desktop

If it isn’t already, open the Lab1.X project located at
.\RTC\HIF2132A\Labs\Lab1l

and select the correct configuration for the hardware you are using.

Using the information provided in the Hardware section at the beginning of

this manual, verify you have the board properly connected, power applied
and the programmer\debugger attached.

Build the code and program the device by clicking

Your display should resemble the picture in Figure 1.37

1-25



GFX |
Results

You have just learned how to use VGDD to generate Microchip Graphics Library code to generate a
splash screen with images and fonts that may be easily integrated with your application. Also, you have
learned that the GPL Controls generate Microchip Graphics Library primitive layer function.

Code Analysis

The simple application that you have generated implements a touch screen module and uses primitive
rendering functions to draw a simple splash screen. Each primitive function is affected by the global
drawing attributes such as line type, line size and color. For texts, the font and current color settings
affect the way the text appears on the screen. All of this is included in the code generated by VGDD so
that you may focus on application development.

Conclusions

Having learned how to use the Primitive Layer of the Graphics Library you are now ready to move up-
ward to the next layer and learn the Graphic Object Layer that implements the Widgets. This gets you
closer to fully integrating your application with a graphical solution. The next lab will give you a introduc-
tion to the Graphics Object Layer and use the Widgets that come with the library. Since the widgets in
the Graphics Object layer call upon the primitive layer functions, you are now armed and ready to create
your own widgets. An app note on this topic will be out soon.
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Lab Exercise 2

Adding and Creating a Menu Screen

Purpose
e

In this lab, you will demonstrate your ability to use VGDD to
create a menu screen for use in our application. You will use ® MPLAB®XIDE v1.20 or higher
the style scheme box, create icons, and format widgets to meet ® Visual Graphics Display Designer

our application needs for the HMI. (VGDD) v3.7 or higher
® PIC32 USB Starter kit Il

Solution files may be found at: e Truly 3.2” QVGA LCD Display
®  Graphics LCD Controller PICtail ™
C:\RTC\HIF2132A\Solution Files Plus LCC Board

® |f using PIC32, you will need to use
Microchip® XC32 Compiler

(@] Objectives

1) Use VGDD to create a menu screen using 3 rounded buttons and 4 static texts.
2) Within VGDD, create and apply new style schemes.
3) Explore code generated by VGDD.

Expected Results

Your screen may look
different than what is pictured.

Static text without frame
Icons — Rounded Buttons with
bitmaps on top Development Board Status

» Button with centered
Figure 2.1 B4 q text
When the lab is fully completed (prior :
to completing the bonus steps), you Rotate Check Control
should see this on your LCD panel. Pot Temp LEDs Static texts without

frames
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Gicmeier L T

In lab 2, we will add a screen to the project we worked on in Lab 1. To give us

all a fresh start, we will work from a new project. If needed, please launch
@ VGDD from:

C:\RTC\HIF2132A\VGDD.exe

Hands-On Labs:
C:\RTC\HIF2132A\PIC32_Labs
Font Files:

All fonts used in this lab have been
preinstalled on the lab computers
Image Files: C:\RTC\HIF2132A\PIC32 Labs\P32_Lab2\VGDD Project
C:\RTC\HIF2132A\Images

Visual Graphics Display Designer:

C:\RTC\HIF2132A\VGDD.exe

Icon Files: o Add a new screen to the project.
C:\RTC\HIF2132A\Icons

If it VGDD is open from the previous lab, please close the VGDD project used
in Lab 1 and open the Lab2_VGDD.vdp project found at :

To add a new screen to the project, click the new screen icon on the toolbar.
[ B

o]
9 Change the Screen Name.

A Attention With Screen2 selected, change the screen name in the Widget box by left click-

Ve alows ger @ [ ing in the (Name) field and typing in MenuScreen.

screens used in other VGDD pro-
jects; however, the bitmaps and
fonts used to create that screen

= [&1]

i (FileMame) C:\MASTERS\1667\Labs \Lab2
are not stored with the screen. (Name) MenuScreen
This means that after the screen BackCalor [] 25s, 255, 255
is imported, you must add the GolFres True
bitmaps and fonts manually. Height 240

IsMasterScreen False
) Locked True

To import a screen choose MasterScreens
File -> Import -> Screen Overlay False
from the top menu bar. ShowMasterScreens False
TransparentColour [ |
Width 320

e Change the screen background color to Black (0,0,0).

[ widget |
(FileMame) C:\MASTERS\ 1667 Labs\Lab2
(Mame) MenuScreen
[BackColor | O &
GalFree True |
Height 240
IsMasterScreen False
Lodked True
MasterScreens
Overlay False

ShowMasterScreens False
TransparentColour [
Width 320
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0 Add a button to the Menu Screen

Click Button in the GOL Widgets box and double click on the screen.

SplashScreen MenuScreen™®

Notice that the button is not the shape we need for our design. Resize the

button using the handles around the button or by changing the coordinate .
values in the coordinate fields of the Widget box : A Attention
top = 84, bottom = 155, right = 96, left = 21 VGDD also supports Windows

shortcuts for Cut, Copy, Paste

Use copy and paste to add 2 more buttons to the screen
e Py P and Delete.

To copy an object, select the object to copy (in this case, Button1) and click

the copy icon in the toolbar. [ij

To paste the object, click the paste icon in the toolbar. Do this twice to

add 2 buttons. [:i

Splashscreen MenuScreen®

Q@ information

To cut an object, use the Cut icon

:;l'l”_

L=

To delete an object, use the De-

lete icon 0

Drag the buttons into position, so that the 3 buttons are roughly centered on
the screen.
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Q@ information ____

You may add as many bitmaps in
the Bitmap chooser as you think
you may need in your application.
If the bitmap is not used, it will
show up under the Type
NOT_USED section. Bitmaps in
this section are converted.

Q@ information ____

Notice that the button resizes to
match the bitmap. If you need
the button to be larger, you may
resize it now. Because of the way
bitmaps are drawn on buttons,
you will not be able to size the
button smaller than the bitmap.
In a later step, we will show you
how to hide the button panel so
you should not need to size the
button smaller than the bitmap.

G Add bitmaps to the 2 buttons on the left

With the button on the far left selected, click in the Bitmap field in the Widget
box. In the Bitmap Chooser, double click to choose the Rotate_lcon image.

r |

u’" '
rnl"'-
[

Rotate_lcon E[br.EE'
Z4BPP

MenuScreen™®

Splashscreen

Figure 2.2
Screen after adding the
bitmap to Button 1

Now, change the bitmap on the middle button. Click on the Bitmap field in the
Widget box. When the Bitmap chooser window pops open, double click the
Temp_lcon file.

- r 3

Temp_lcon 6ke0
24BPP

SplashScreen MenuScreen®

Figure 2.3
Screen after adding the bit-
map to the middle button

2-4



Since we do not want text to be written atop our icons, we need to clear the
text field for the two buttons to the left. With the button selected, click in the
Text field in the Widget box then delete the string.

Bitmap Temp_Icon
Bottom 145

CDedType ConstXcharArray
Focused False

Hidden False

Horizalign Center

Left 121 =
Locked False

MoPanel False

Pressed False

Public False

Radius 1

Right 181

Scheme New

State Enabled

Text *

Top B5

TwoTone False

Vertalian Center

SplashScreen

MenuScreen™®

Figure 2.4
Screen after removing the text
from the buttons.

Finally, notice that the corners around our buttons show the button face color.
To save drawing time and to remove those unwanted colors, we will use the
NO_PANEL option for the button. With the button selected, click in the
NoPanel field in the Widget box and choose True from the drop down menu.

H== | A
oz [B1]
(Name) Button2

(Size0n5creen) a0xE0

(WidgetType) Button
Bitmap Temp_Icon
Bottom 145
CDedType ConstXcharArray
Forused Falze

Hidden False
HorizAlign Center

Left 121

Locked False
MoPanel True
Pressed

Public

Radius

m
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@ information

A more common use of the
BTN_NOPANEL bit is to provide
button behavior without showing
the button. When using this fea-
ture, you can create a text with
button properties, or if used with
an image, create an icon with but-
ton properties.




3 Tips and

SplashScreen MenuScreen®

Figure 2.5
Screen after setting the
NoPanel option to True

O Change the far right button properties to better match the two icons

Now we need to change the far right button parameters so it better blends with
our application. With the far right button selected, click in the Radius field of
the Widget box and change the value to 10. This will round the corners to
about the same curvature on the icons we used on the other 2 buttons.

Figure 2.6
For right button with
rounded corners

Using the handles on the button, resize it to match the two icons. The align-
ment guides may help you.

To resize an object to match an-
other, select the object of the splashScreen MenuScreen™
desired size (e.g. the middle but-

ton on the screen) hold the CTRL
key, and then select the object
you want to resize. On the menu
tool bar, click the Size icon

& -

And choose Make Same Size
from the drop down menu.

Figure 2.7

Screen after far right
button parameters
changed.

Finally, we will change the button text to read LED. With the far right button
selected, click in the text field in the Widget box and change the string.
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e Add a style scheme to give the far right button

To give the far right button a “flat” appearance (i.e. no 3D effect), we will need
to create a new style scheme and modify certain parameters. With the far right
button selected, click the Widget info tab in the Information box at the bottom
of the VGDD window.

Project Explorer Project Summary Qutput Widget Info
Widget Info ~
Online Help on Button
Online Help on Button TextColord Colord
Instances: 3
EmbossDkColor
TextColor1 L
ROM: 2748 35
RAM: 12 Color1
Heap (x instance): 44
pFont
“— Eml LtColor
I DISABLED
. ColorDisabled TextColorDisabled
Figure 2.8 r
Widget Info tab for a .
N CommonBkColor — used to hide the button on the screen.
button widget

On the right side of the Widget Info tab, we see information showing us
how the style scheme parameters will affect the widget. Refer to this in-

formation as we work in the style scheme box. m

To avoid impacting other screens in our project that may be using the de- Th.e information to the left of in
fault style scheme (named New), we will first create a new scheme. In this tab lets us know how many
the Schemes box, click the New button instances of the widget are in use

E in the project, how much ROM,

how RAM and how much Heap is

Notice that the name in the drop down menu changes to Newl. In the n(?eded to support the selected
Name field of the Schemes box, change the scheme name from Newl1 to widget.
Flatbuttons.
Schemes
Flatbuttons - Apply
2]

41| [ew ]

[GES
E GradientScheme

7
¥

GradientEndColor [ parkGray
GradientLength 50
GradientStartColor [ LightGray
GradientType GRAD_MNOME

B Scheme
[ Fatbuttons
Color0 [ 192,192, 192
Colorl [ 38, 199, 242
Colordisabled [ 182,210,251
Commonbkeolor [] 212,237,247
Embossdkeolor ] silver
Embossltcolor ] silver
Font MicrosoftSansSerifBold11
Textcolord I 2s5,0,0
Textcolor 1 [ 255, 255, 255
Textcolordisabled [ 2as, 245, 220




To match our application needs, we would like the face color to be gray. In the
style scheme box, change the Color0 parameter to a medium gray shade
(192,192,192). You may either click the ellipsis to bring up the color chooser
window, or you may simply type the R,G,B value into the ColorO field.

Flatbuttons - Apply

Ctew] (oot ]
GradientEndColor ] parkGray
GradientLength 50
GradientStartColor [ ] vLightGray
GradientType GRAD_MOME
E Scheme
(Mame) Flatbuttons
EE | 152, 192, 152 0
Color1 [ 38, 199, 242

To give the button a flat appearance, we now need to change the
Embossdkcolor and Embossltcolor fields to match Color0. One way to do this is
to highlight the R,G,B value in the Color0 field and copy and paste it into the
Embossdkcolor and Embossltcolor field using the Windows copy and paste
shortcuts (Ctrl+C and Ctrl+V). Or, you may use the color chooser window.

EE ] Siver ™

Embaossltcolor [] silver Y

Our application also requires that the LED text string appear Red. Change the
TextColorO field to Red (255,0, 0).

AT 255, 0,0 -

[ widget | Texteolor 1 [ ] 255, 255, 255
(Name) Button3
(SizeOnScreen) G0x60
(WidgetType) Button
Bitmap
Bottom 145
CDecType ConstXcharArray
Focused False
Hidden False
Horizalign Center
Le:@d 22|3 You may have noticed that you are not seeing the changes on the screen. This is
Lo False . . . . .
NoPanel Folee because the button widget style scheme parameter is still pointing to the de-
Pressed False fault style scheme. With the far right button selected, click the Scheme field
a2 e in the Widget box and choose Flatbuttons from the dropdown menu
Right 283
Scheme New E|
State MNew
Top -]
TwoTone False
Vertalign Center
VGDDEvents (Collection)
Zorder 2




SplashScreen MenuScreen™

Figure 2.9
Screen with all buttons
formatted and placed

9 Add a static text box to label the menu screen.

Now we need to let our users know what this menu screen is for. Add a static
text widget to the top center of the screen by selecting static text from the
GOL Widgets box and double clicking in the screen area.

With the static text selected, change the Text field in the Widget box to read
Development Board Status. Using the handles, resize the static text so that all
the letters in the string are visible.

splashscreen MenuScreen™

Figure 2.10
Screen with static text us-
ing default scheme added

|T|ﬂeBcux

| [_apply |

B4

B GradientScheme

Notice that the static text box uses the default scheme, GradientEndColor
. . . GradientLength
but we would like the box to disappear and use white text GradientStartColor
in a larger font. To achieve this goal, we will need to add GradientType
another style scheme. Create a new scheme named | |E Scheme
TitleBox and change the parameters as shown in Figure (Name)
211 Color0
. Color1
Colordisabled
Commonbkcolor = 0,0,0 Commonbkeolor
Font = MicrosoftSansSerifBold18 Embossdkcolor

Embaossltoolor

Textcolor0 = 255,255,255

Font

Textcolord
Figure 2.11 Textcolor 1
TitleBox scheme parameters Textcolordisabled

| || Delete |

[ parkGray
a0

[] vightGray
GRAD_MNOME

TitleBox

[] 169, 218, 239
[ 38,199, 242
[] 182, 210, 251
Il ooo

Il 23,85 135
[ 212,228, 247
MicrosoftSansSerifBold18
[] 255, 255, 255
[] 255, 255, 255
[] 2as, 245, 220
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SplashScreen «/  MenuScreen™

A\ Attention
Development Board Status

You may need to adjust the size
and position of the title box to

i i P
achieve this result. J«E‘f q |

Figure 2.12
Screen with StaticText as
the screen title

@ Add static text boxes to label the buttons

The last step in our menu screen is to add static text boxes to label the but-
tons. Because we need smaller font for the labels, we will need to create
one more style scheme. Create a new scheme named Labels with parame-
ters as shown in Figure 2.13.

|Labels v|| Apply |

e J’zl| | | | Delete |

E GradientScheme

References GradientEndColor [] parkGray
| GradientLength 50

Style Scheme Parameters GradientStartColor [ LightGray
GradientType GRAD_MNOMNE
Name = Labels = ;c;::e';'e Labele
Commonbkcolor = 0,0,0 Colord [ 169, 219, 239
Textcolor0 = 255,255,255 Colorl [ 38, 199, 242
Colordisabled [] 182, 210, 251
Commonbkcolor - 0,0,0
Embossdkcolor Il 33,85, 135
Embossltcolor [] 212, 228, 247
Font MicrosoftSansSerifRegularil
TextcolorQ [] 255,255, 255
Figure 2.13 Textcolor1 [] 2ss, 255, 255
Textoolordisabled [] 2as, 245, 220

Parameters for the Labels Style Scheme

References Add another static text box by selecting Static Text in the GOL Wid-

. gets box and double clicking in the screen area. With the static text
Static Text Parameter selected, change its properties in the Widget box as shown in Figure

2.14 on page 2-11.
Scheme = Labels

Frame = Disabled
TextAlign = Center
Text = Rotate

Pot
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Pot

(Mame) StaticText2
(VGDDEwvents) (Collection)
(WidgetType) StaticText

Bottom 198

CDedType ConstXcharArray
Frame Disabled

Hidden False

Left 34

Locked False

Public Falze

Right 92

Scheme Labels

State Enabled
N Rotaterot [~

Figure 2.14
Static Text properties for
the first button label

58] References

Static Text Parameter

Scheme = Labels
Frame = Disabled
TextAlign = Center
Text = Rotate

Pot

When adding the text string, notice the drop down box on the right side of
the text field. You may type the text in this box using the Enter key to cre-
ate a new line. Once all the text is added, click the down arrow again. You
will see the text as a continuous string in the text field; however, the screen

will show the text on multiple lines.

When the static text and style scheme properties are correctly
set, use the copy and paste feature to add the next two labels.
Position them to be centered beneath the appropriate buttons
then change the text strings as shown in Figure 2.15.

SplashScreen -/  MenuScreen™

| Development Board Status

|

Rotate Check Control Figure 2.15
Pot Temp LEDs € :

labels

2-11

|
Rotate
" Pot "

You may expand the user touch
space by using buttons with the
NO_PANEL property set to true
instead of using static texts to
form the button labels.

Correct text strings and
positions for the button




m Generate the code.

Using the MPLAB®X Wizard, generate the code and populate the MPLAB®X
project for Lab 2. ¥ DANGER!

_ . _ To avoid error messages, please
If using a PIC32, use this project: close MPLAB®X prior to running
C:\RTC\HIF2132A\PIC24 Labs\P32_Lab2\P32_Lab2.X the wizard. Closing MPLAB®X is

not necessary if you are only gen-
erating code.

@ Program the micro and view the results.

Now that we have source code, let’s program the boards and see how it looks m

on the actual display.

If you need a reminder for this
step, please refer to Lab 1 steps
15 and 16 discussed on pages 1-
MPLAB X IDE 17 thru 1-21 of this lab manual.

Launch MPLAB ® X by double clicking the icon on the desktop

If it is still open, please close the previous MPLAB®X project (Labl_PIC24.X or
Labl_PIC32.X). Open the appropriate Lab2 project located at :
C:\RTC\HIF2132A\PIC24 Labs\P32_Lab2\Lab2_PIC32.X

and select the correct configuration for the hardware you are using.

Using the information provided in the Hardware section at the beginning of

this manual, verify you have the board properly connected, power applied
and the programmer\debugger attached.

Build the code and program the device by clicking

Your display should resemble Figure 2.16. Touch anywhere on the display to
move to the menu screen you just added.

Development Board Status

q LED

Microchip Graphics Library
‘ ’ - Rotate Check Control
Pot Temp LEDs

Figure 2.16
Lab 2 complete. Touch anywhere on the Splash Screen to move to the Menu Screen

Congratulations!! You have completed Lab 2!
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Results

You have just learned how to use VGDD to add and style Microchip Graphics Library widgets. You have
also learned that VGDD’s Widget properties box makes it easy to adjust widget statebits to suit the initial
appearance of the display. You have also learned how to modify the style schemes assigned to objects
to change the appearance of the objects.

Code Analysis

The code that you generated created both the SplashScreen and MenuScreen screens for our applica-
tion and used the GOLDraw() leave the management of rendering of objects to the library functions.
Using the state bits you can modify how an object is rendered. Also with the style scheme you can eas-
ily modify the color values or font to change the style scheme assigned to the object.

Conclusions

Having learned how to create the screens for our HMI application, it is time to move forward and learn
how to accept user inputs.
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Lab Exercise 3

Interfacing the User

Purpose
e

In this lab, you will demonstrate your ability to read the touchscreen

interface and provide system and widget control in response to a user ® MPLAB®X IDE v1.20 or higher
input (e.g. user touching the touchscreen). Using VGDD, you will cre- e Visual Graphics Display Designer
ate a simple user interface screen that implements widgets to control (VGDD) v3.7 or higher

the LEDs on the USB Starter Kit Il on the LCC Development Board. e 3.2” QUGA LCD Display

®  Graphics LCD Controller PICtail ™
Plus LCC Board

® PIC32 USB Starter Kit Il

® |f using PIC32, you will need to use
Microchip® XC32 Compiler

Solution files may be found at:
C:\RTC\HIF2132A\Solution Files

(@) Objectives

1) Provide customized control for both the system and widgets via the GOLMsgCallback() functions.
2) Use VGDD to generate user event code.
3) Add code to the MPLABX project to control LEDs.

Expected Results

When this lab is complete, you will be able to:
® See the images for Rotate Potentiometer and Check Temperature on the menu screen change with a user press.

® Press the LED button to move from the menu screen to an LED Control screen.
® Use checkbox options in the LED control screen to change LEDs on the board.

Development Board LED Control

AllLE




G (oo

In lab 3, we will be using VGDD to create and test the LED Control screen for

our application HMI.

Hands-On Labs:
C:\RTC\HIF2132A\PIC32_Labs
Font Files:

All fonts used in this lab have been
preinstalled on the lab computers
Image Files:
C:\RTC\HIF2132A\Images

Visual Graphics Display Designer:
C:\RTC\HIF2132A\VGDD.exe

Icon Files:

C:\RTC\HIF2132A\lIcons

To implement the user interface, we will work exclusively with the 4-wire resis-
tive touch overlay that is provided on the display boards. The touch screen
driver functions (TouchScreen.c, TouchScreen.h, TouchScreenResistive.c, and
TouchScreenResistive.h) implement the sampling of the user touch. Sampling
is done by the function TouchProcessTouch(). This function sets up the 2 ana-
log signals and 2 digital signals on the touch screen and uses the A/D module to
obtain the actual samples. In our application, a timer interrupt calls the
TouchProcessTouch() to update the touch positions variable in the touch
screen driver.

The application will call the TouchGetMsg() function (located in the touch-
screen driver files) to check if there is a valid touch. TouchGetMsg() populates
the message structure GOL_MSG. To have the library process that message,
the application will call the GOLMsg() function. The library evaluates the mes-
sage and parses the active linked list to determine which widget, if any, was
affected by the users touch.

( information

The touchscreen driver functions
are application dependent. Ex-
amples have been provided for
your use in the Board Support
Package folder in the Microchip
Applications Library installation
path. Note that all the graphics
demos make use of these drivers.

Q@ information

For simplicity, we have chosen to

If further processing is needed for the application to respond to the touch, the
application will provide code in the GOLMsgCallback() function. This function is
called by GOLMsg() and implemented in the application. Using the passed
parameters, the application will be able to interpret the message. Based on
that interpretation, the application can then modify widgets, update system
variables, and in multiple screen applications, change the screen states.

Fortunately, VGDD generates all of this code for us so that we will be able to
focus on the application needs!

o Launch Visual Graphics Display Designer

use the ADC module with soft-
ware to control the touchscreen
interface. As such, the display
may need to be recalibrated
more frequently. To achieve
more accurate touch perform-
ance that does not require fre-
qguent recalibration, please use
the AR1021, AR1011, or AR1100
touch control chips from Micro-
chip Technology. A driver for the
AR1021 is provided in the Board
Support Package directory.

Project Explorer

Project Summary

If it is not already open, please launch VGDD
C:\RTC\HIF2132A\VGDD.exe
OR |

Double click the VGDD icon on your desktop
VGDD

i

And open the VGDD project located at:
C:\RTC\HIF2132A\PIC32 Labs\P32_Lab3\VGDD Project

Notice that when a project with multiple screens is opened, only the
first screen is shown in VGDD. You may open the other screens by dou-
ble clicking the screen name in the Project Explorer window at the bot-
tom of the screen. Alternatively, you may open all screens in the pro-
ject by right clicking Screens and selecting “Open all project screens”.




9 Open the Event Editor for a Checkbox user event m
For this lab, we are using a project that employs the screens we designed in the

first two labs. To save time, the LED Control Screen has been added and de-  If you'd like to close a screen,
signed for you. click the x next to the screen

name in the tabs at the top of the
Activate the LEDControlScreen by clicking the tab in the VGDD display box. VGDD display field.

To remove a screen from the pro-
ject, right click the screen name
in the Project Explorer window

and select “Remove Screen from
Development Board LED Control Project’”.

SplashScreen MenuSscreen /' LEDControlScreen

Select the top left checkbox. For the PIC32 project, this will be the checkbox we
will use to control LED D3. For the PIC24 project, this will be the checkbox we
will use to control LED D1.

Events

- Lab3_PIC24 m

+- 8 SplashScreen

+r MenuScreen A user event is an event triggered
3. | EDControlScreen by a user’s action. For these
+ - ChedkBox? hands-on labs, the events are
-, StaticText2 triggered by touching the screen.

— - 5 CheckBox1

b CB_MSG ECKED

. ..... CE_MSG {1 P T ] Pt e}

CheckBox checked i
4, StaticText1 1 Figure 3.2
Events Box
In the Events box (on the far right of the VGDD screen), notice that the Check-
box is highlighted an available user events are listed. Notice that when you
move your mouse over an event, a brief description is displayed as shown in
Figure 3.2.
Double click to select the CB_MSG_CHECKED event to open the Events editor
window for that user event.
Tu] Events Editor for CheckBoxl (=@ ]==]
Event Description Code
CB_MSG_CHECKED CheckBox checked
Evert Code (check event to enable)
Cbjects: - Actions -
Figure 3.3
= —— Events Editor
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References

Although VGDD will generate
much of the code for us, it is nec-
essary to understand the avail-
able states, as well as the mes-
sage defaults for the widgets.
Please refer to the Graphics Li-
brary Help file for more details on
the widget states.

..\..\1667\Microchip\Help

Q information ____

The object selected in this box, is
the object that we wish to be
affected by the message re-
ceived. For this portion of the
lab, we will add code to enhance
the action for (affect) CheckBox1.

Figure 3.4

Correct object drop

e Add code to handle the Check Box events

The check box widget may accept 2 messages: CB_MSG_CHECKED and
CB_MSG_UNCHECKED. The Microchip Graphics Library message interface will
automatically set (or clear) the CB_CHECKED state bit and will set
CB_DRAW_CHECK state bit which will update the screen.

Check the box next to the CB_MSG_CHECKED event in the Events column of
the window so that the event code we create will be included in the code.

| Events Editor for CheckBoxl

Event Description
CB_MSG_CHECKED CheckBaox checked

Our application requires that we perform 3 actions when the user touches the
checkbox:

1 — The checkbox must be checked or unchecked (the library will handle this
by default) .

2 — The checkbox string must be changed to read “LED Dx OFF” when the
check box is unchecked or “LED Dx ON” when the check box is checked.

3 — The status shown in the static text at the bottom of the screen must be
changed to indicate that an LED is turned on.

Since we know that the Graphics Library messaging interface, GOLMsg(), will
set the bits required for the checkbox to look checked, we do not need to add
this code. Changing the string used to label the checkbox and changing the
static text string are not handled by the messaging interface; therefore, we need
to provide code to handle those tasks.

In the Objects drop down menu (middle left of the Event Editor window),
choose the CheckBox1 widget. It should have the words “This Widget” to the
right. If it does not, you have the wrong widget selected. Refer to Figure 3.4.

o (P

Event Code (check event to enable)
Objects: || t]

SplashScreen (SCREENM)
MenuScreen (SCREEN)
LEDControl Screen (SCREEN I
CheckBox1 (CHECKBCx ) This Widget
Button1 (BUTTOM)
CheckBox3 (CHECKBOX)

StaticText2 (STATICTEXT)
CheckBox? (CHECKBOX)

StaticText1 (STATICTEXT)

down menu options
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Now, in the Actions drop down menu (located in the middle right of the Event
Editor screen), choose the Set CheckBox Text option. Refer to Figure 3.5.

e
Actions: u
Use Widget 1D
Set CheckBax Text
= (Get CheckBox Text

Set CheckBox State to ON (checked)
Set CheckBox State to OFF (unchecked)
Hide CheckBox

Show.,/Update CheckBox
Use Text Buffer name

Figure 3.5
Available actions for
the selected object

Then click the button to the right to Insert Code.
|-

@ information

The Actions shown represent the
available GOL Widget APIs for the
selected widget. Further descrip-
tion for these actions may be
found in the graphics library help
file.

Event Code (check event to enable)

Objects:  CheckBox1 (CHECKBOX) This Widget v Actions:  Get CheckBox Text

The Microchip Graphics Library function required to complete the selected ac-
tion will appear in the editor window at the bottom of the Events Editor window
as shown in Figure 3.6

Event Code (check event to enable)

Figure 3.6
Objects:  CheckBox1 (CHECKBOX) This Widaget -

Inserted code

CbSetText((CHECKBOX *)pObj, XCHAR *pText);

We now need to provide the new string for the Checkbox widget. Since Check-
Box1 refers to LED D1 (for the PIC24) or LED D3 (for the PIC32), change the in-
serted code to:

PIC24 Users:
CbSetText ( (CHECKBOX *)pObj, (XCHAR *) “LED D1 OFF”);
PIC32 Users:
CbSetText ( (CHECKBOX *)pObj, (XCHAR *) “LED D3 OFF”) ;

As mentioned earlier, the GOL Message handler will set (or clear) the
CB_DRAW_CHECK bit by default. Setting this bit will update the check mark,
but will not update the Checkbox string. To draw the new string, we will need
to add an action to “Show/Update” the widget. In the Action drop down menu,
select the Show/Update CheckBox option, then click Insert Code.

Actions: =t CheckBox Text u Insert Code
Use Widget 1D
Set CheckBox Text
Get CheckBowx Text

Set CheckBox State to ON (checked)
Set CheckBox State to OFF (unchecked)
Hide CheckBox

Show./Update Check Bax
Use Text Buffer name

Figure 3.7

3-5

L Insert Code
k

&\ Attention

Code is inserted at the last loca-
tion of the editor cursor. Be
sure to press Enter after insert-
ing code.

¥ DANGER!

If you do not change the code to
provide the string, you will see
build errors when you try to com-
pile. The *pText pointer is a
place holder for the new string.

Available actions for
the selected object




Q information

When referencing a widget that is
not the widget receiving the mes-
sage, VGDD will use the API to
find a pointer to the widget se-
lected to receive an Action.

Q information

The LEDs will be turned on and off
using the application provided
function:

SetLED (status, whichOne)

where the status (LED_ON or
LED_OFF) will turn on or off the
status specified by whichOne.
The parameter whichOne is the
number following the LED we
need to turn on or off. For exam-
ple, to turn on LED D1, we will use

SetLED (LED_ON, 1);

Using the VGDD Event Editor, we may also add code that will affect another
widget on the screen when an object receives a GOL Message. For this lab, we
would like to change the status shown in StaticText2 to indicate if an LED has
been turned on or turned off. In the Objects drop down menu, select the
StaticText2 object.

A T e W el T LR A LA

CheckBox1 [CHECKBOX) This Yyidget] t]

SplashScreen (SCREEN)
MenuScreen (SCREEN)
LEDContralScreen (SCREEM)
¢t ( (CHE CheckBoxl (CHECKEOX) This Widget
+(pOb ,Button1 (BUTTON)
CheckBaox3 (CHECKBO

Objects:

StaticText? (STATICTE?
CheckBox2 (CHECKBOX)
StaticText1 (STATICTEXT)

In the Actions drop down menu, select the Set StaticText Text option and click
Insert Code.

Actions: -

Insert Code

As with the code generated to set the CheckBox string, we will need to modify
the inserted code to provide the string we’d like displayed. Change the inserted
code to replace the string pointer reference (...XCHAR *pText) ; to

...(XCHAR *) “An LED has been turned ON”);

Recall, the GOL Message handler will not perform default actions for widgets
that did not receive the message; therefore, to draw the new string, we will
need to add an action to “Show/Update” the widget. In the Action drop down
menu, select the Show/Update StaticText option, then click Insert Code.

Actions:  Show/Update Static Text v Insert Code

Finally, we need to add an application specific function call to update the LEDs.
For this purpose, we will use the SetLED() function explained in the information
box to the left on this page. In the Event Editor window, add the following
code:

PIC24 Users:
SetLED (LED_ON, 1);

PIC32 Users:
SetLED (LED_ON, 3):;

When you are finished, the Event Editor window will resemble Figure 3.8 or
Figure 3.9 on page 3-7 of this manual.
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ChSetText{(CHECKBOK *)o0bi, (XCHIR *) "LED 03 0FF");

SetState(p0by, CB DRAN);

StSetText((STATICTEXT *)G0LFindObject (ID LED32ControlScreen StaticText2), (XCHAR *)"An LED has been turned ON');
SetState(0LFind0bject(I0 LED32ControlScreen StaticText2), ST ORAN):

StLED(LED ON, 3); // Application specific function to turn on LED D3

] o

Figure 3.9
Event Editor with correct code inserted for PIC32 Users

When you are finished editing the code as shown in Figure 3.8 or Figure 3.9,
click OK. To save time, the appropriate code has already been added for the
other checkbox events. Please take the time to use the Events window to ex-
amine the other CheckBox messages. Recall, double clicking on an event will
open the Event Editor window.

0 On the MenuScreen, add the code to change the buttons on a press

In applications that use icons, changing the bitmaps on a user press will

help the user see the press. Using VGDD, select the MenuScreen by double m

clicking the MenuScreen in the Project Explorer window at the bottom of

VGDD. The messaging interface within
the Microchip Graphics Library

supports the following messages
for buttons:

- SplashScreen BTN_PRESSED

BTN_STILLPRESSED
----- fienssaeen -
i LED:RControlScreen BTN_RELEASED
T —————————————————— BTN_CANCELPRESS

- Lab3_PIC32
—Hf Screens
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On the MenuScreen, use the mouse to select the Rotate Potentiometer
button.

SplashScreen LED32ControlScreen MenuScreen

Development Board Status

g _ LED

Check Control
Temperature LEDs

In the Events box, double click the BTN_MSG_PRESSED under Buttonl to
open the Events Editor window.

Events

StaticText3
StaticText2
StaticTextl
Button3
Button2
Buttonl

[+ [~ [ [~

BTM_MSiGG_CAMCELPRESS -

4 UL 3

At the top of the Events Editor window, check the box next to
BTN_MSG_PRESSED. In the Objects drop down menu, choose the Buttonl
(BUTTON) This Widget option.

4

Event Code (check event to enable) .
Objects: | -] &\ Attention

SplashScreen (SCREEN) If n “This Wi ”
LED32ControlScreen (SCREEN) L you do 05 82 s dget
MenuScreen (SCREEN) next to Buttonl, you have the
StaticText4 (STATICTEXT) .

StaticText3 (STATICTEXT) wrong widget selected. Close
Static Text2 (STATICTEXT) ; ;

StaticTat 1 (STATICTEXT) the Events Editor window and
Button3 (BUTTON) go back to the Events screen as

Button2 (BUTTON

shown in Figure 3.x.

In the Actions drop down menu, select the Set Button Bitmap option then
click the Insert Code button.

Actions:  5et Button Bitmap - Inzert Code




Notice that a new drop down menu appears called Bitmap. Use the Bitmap
drop down menu to select the Rotate_lcon_Dark image.

P2 RC nformation

Logo_black _2bpp The New button next to the Bit-

Rotate_lcon

P — map drop dc?wn menu may be
Temp_lcon k used to add images that are not
Temp_lcon_Dark already in the project.

With the image name selected, click the Insert Code button.

insert Code A\ Attention

The default action performed

by the GOL Messaging interface

Btmap:  Rotate_lcon_Dark v | New is to set the BTN_DRAW bit. As
BtnSetBitmap((BUTTON *)pObj, (void *)&bmpRotate Icon Dark); such, we do not need to select
the Show/Update option for the

button as we did for the Check-

Select OK to close the Event Editor window. To save time, the events for Box widget earlier in this lab.
BTN_STILLPRESSED and BTN_CANCELPRESS have been populated for you.

The BTN_STILLPRESSED event is set up to also show the dark icons while

the button is pressed. The BTN_CANCELPRESS is set up to return the but-

ton to show the Rotate_lcon image when the user slides their finger off the

button. We have also set up the events for the Read Temperature option

for you.

e Add an event so that pressing the LED button will change screens

Since changing screens is usually triggered by a single user event (e.g. a but-
ton press), we will set the event to move the screen state machine as part
of the GOL_MsgCallback() function. We will examine this state machine as
well as the details on how the screen changes in the next lab.

In the MenuScreen, select the LED button to the far right of the screen. In
the Events box, double click the BTN_MSG_RELEASED under Button3 to
open the Events Editor window.

Events
:I' MenuScreen -
StaticText4d -
- StaticTextd We are choosing to change the
-, StaticTextl = screen after the user releases
E‘ = Button3 the button so the user will have

""" BTN_MSG_PRESSED b a chance to perceive the button
""" BTN_MSG_STILLPRESSED press before a change occurs.
""" _ When changing screens on
+- BTN_MSG_CANCELPRY BTN_MSG_PRESSED, the screen
change happens immediately.




At the top of the Events Editor window, check the box next to
BTN_MSG_RELEASED. In the Objects drop down menu, choose the LED-

ConrolScreen (or LED32ControlScreen for PIC32 users). ]
: A\ Attention
Event Code (check event to enable)

Ojects: | [zl Recall, we will always choose
SplashScreen (SCREEN l the object we want affected by
Wontrol Screen (SCREEN q
Mo N (SCREEN) the message. In this case, we
Static Text4 (STATICTEXT) i -
St T3 (STATICTEXT) want to switch to the LED Con
Static Text2 (STATICTEXT} trol screen, so we choose that
Static Text 1 (STATICTEXT) . .
Button3 {BUTTON) This Widget screen in the Objects drop
Button2 (BUTTON) leroe) [T

Button1 (BUTTON)

In the Actions drop down menu, choose Go to Screen, then click the Insert
Code button.

Actions:  Goto Screen - Insert Cod

screenState=CREATE_LED32CONTROLSCREEN; Bk

G Generate the code.
¥ DANGER!

. ® : ) .
F(?r this lab, the MPLAB®X Wizard has been run for yOl.J, however, you .WI|| When VGDD generates code, the
still need fco generate the code jco update the files W|"ch changes you just <projectname>Screens.c  and
made. Click the Generate Code icon and verify the project settings. <projectname>Resources.c  files,

along with their associated
header files are always over writ-
ten; therefore, it is important you
do not place application code
directly in those files. That is rea-
son we placed the SetLED() func-
tion calls in the Events Editor win-
dow instead of the MPLABX pro-
ject. Since the VGDDmain.c and
VGDDmain.h files are only over-
written if they are selected for
overwrite in the MPLAB®X Wiz-
ard, the application specific code
MPLAB X IDE needed to support the LEDs was
added to those files.

If using a PIC32, use this project:
C:\RTC\HIF2132A\PIC32 Labs\Lab3\Lab3_PIC32.X

0 Program the micro and view the results.

Now that we have source code, let’s program the boards and see how it looks
on the actual display.

Launch MPLAB ® X by double clicking the icon on the desktop

Using the information provided in the Hardware section at the beginning of
this manual, verify you have the board properly connected, power applied
and the programmer\debugger attached. Then open the appropriate
MPLAB ® X project.

Build the code and program the device by clicking

Touch anywhere on the display to move to the menu screen. Observe the
changes to the button images on press and release. Press the LED button to
move to LED Control screen. Touch the checkboxes and observe the LEDs
turning on and off.
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- GFX|
Results

Using Visual Graphics Display Designer (VGDD) we have created a fully functional HMI with limited sys-
tem interaction, based on single event user actions. The VGDD events handler allows us to fully popu-
late the GOL_MsgCallback() functions. We have also learned where we may place our application code
so it will not be overwritten by the VGDD code generator.

Code Analysis

At the conclusion to this lab, the instructor will walk you through the application specific portions of the
code used to handle the LEDs. In general, code was added in the board initialization section in
VGDDmain.c to set up the appropriate 1/O for use with an LED. We also added a function called
SetLED() to the VGDDmain.c file so that all we need to add to the VGDD event editor code is a single
function call.

'““v
Al ’"«(

Conclusions

The GOL_MsgCallback() is used to control both the HMI and the system in reaction to a single user
event (e.g. a button press). Using the VGDD events editor, we are quickly able to populate the
GOL_MsgCallback() functions with minimal code addition.
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Lab Exercise 4

Primitive Layer Demo

ﬂ Purpose

By the end of this lab you will have an LCD panel displaying a rainbow without using a graphics controller. You
will see how to setup a PMP and DMA to act as a “virtual” graphics controller. Additionally, you will learn how to
communicate to a display controller. We will be working in the Lab1.c file included in the Lab 1 project. For your
convenience, a full solution is provided in C:\RTC\GFX5 1670\Lab1\Lab1 Solution\.

Requirements

e Development Environment: MPLAB®X IDE v1.20 or higher
Software:

C Compiler: MPLAB® XC32 Compiler for PIC32 v1.00
Hardware Tools: PIC32 USB Starter Kit Il

Low Cost Controllerless (LCC) Graphics Board
Graphics Display Truly 3.2” 240 x 320 Board

Objectives

1) Create a frame buffer
2) Initialize DMA and PMP peripherals.
3) Run the Primitive demo and see it appear on the LCD.

. J




m Procedure

If you still have a previous project open, you can close it by selecting from the menu:
File » Close

Then, open Lab 4 by selecting from the menu:
File » Open Project... and opening the workspace file appropriate for you development board set

:Choose
The MPLABX project for the LCC board with the PIC32 USB starter kit Il (PIC32MX795F512L)

Click Build in MPLAB, then program and run the device. If everything is correctly configured you should
see screens showing various object (primitives) such as rainbow objects and embedded images.

>




Observe that the only time the CPU is interrupted from performing tasks in an LCC environment is dur-
ing the DMA ISR. The ISR only takes on average around 60-70 clock cycles. Also observe how easy of
an interrupt routine it is for handling such a complex task.

Open maindemo.c which can be found in the Lab 1 Sol folder. Try changing some of the
SetColor (XXXXX); macros to another color such as:

BRIGHTBLUE
BRIGHTRED
BRIGHTGREEN
WHITE

BLACK

And see how this effects the demo.

Compile the project and program the device. Hit run
Try and see the change you made to the demo..

Did the Primitive Layer Demo appear on your LCD display? If it did, you have now completed Lab 1.
Great Job!




lGFPX
Results

You have just learned how to setup a “virtual” display controller and the steps that are involved. This
method takes a seemingly complex problem, breaks it down into its proper steps, and displays the im-
age on an LCD display panel.

Code Analysis

The simple initiation routine that you created does many things. First off it creates a communication
channel from the PIC to the display. Next, it sets up the graphics frame starts the continuous DMA trans-
fer. It then runs the Primitive Layer Demo found in Microchips MAL to ensure the controller is running

properly.

Conclusions

Having learned how to setup a DMA and PMP peripheral to act as a display controller, you are now
ready to start creating applications. This cost effective solution helps keep all tasks on one processor
while still supplying most of the needs of a graphics controller. It is hard to complain when having a
graphics controller with plenty of MIPs left for other purposeful application space.
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1. Managing Projects

Section 1.1

How to open a project

Unlike some other IDEs, there is no single icon you can double click on from your
operating system’s file manager. MPLAB X Projects must be opened from within
the IDE.

o There are several methods you can use to launch the Open Project dialog:
Method 1:
Click on the Open Project icon on the main toolbar:
Method 2:
From the menu, select File » Open Project
Method 3:

Using the keyboard: @

9 Navigate to the project’s directory and select the directory itself, which is
represented by a chip icon instead of the usual folder. In MPLAB X IDE, there
is no single project document, so the project’s directory is used to represent
the project in the Open Project dialog.

Figure 1.1.1

Lookin: | | TL50999 5 An Open Project dialog showing

=
Rec;: ﬁe _ meEm broject Name: three projects in the TLS0999 direc-

G- [ Lab2.X Lab1 tory

- (5 LabN.X
! L] [~] Open as Main Project

Desktop Open Required Projects:

My Documents m

In most Microchip Technical

[,L,..g Training classes, projects are
Computer stored in the following directory:
..\RTC\classcode
Flepame:  |C:\MTTITLSD393 b 1.X where classcode is specified in
Files of type:  [project Folder ] the presentation or lab manual.
Click on the Open Project button. You should now see a populated project
tree in the IDE (you may need to click on the ‘+' next to the chip icon to ex-
pand the subfolders.
:Projects I ® | Files | Classes i 1.1.2
555 Labi igure 1.1. .
-] Header Files A populated project tree after open-
it-[iE) Library Files ing a project

Linker Files
Object Files
-- Source Files
ﬁ Important Files




& Attention

Do not select Add Existing Items
from Folders... as this will dump eve-
rything from the directory you
choose into the selected logical
folder.

Figure 1.2.1

Popup menu displayed after right
clicking on the Source Files logical
folder in the project tree

Figure 1.2.2
The Select Item dialog

Section 1.2
How to add existing files to a project

Right click on the logical folder in the project tree (e.g. Source Files, Header
Files, etc.) where you wish to add the file(s) and select Add Existing Item...
from the popup menu.

i Projects a = | Files | Classes
= Labl
-- Header Files
Library Files
ﬁ Linker Files
b [ Object Files
ﬁ New 4
Mew Logical Folder
Add Existing Item...

Add Existing Items from Folders...

The Select Item dialog box will open and display the contents of your project
directory. Select one or more files (Ctrl + click to select additional files).

Loak in: . Lab1.X ': I'fF
I build
b . dist
Recent Items . nbproject
|| .depinc
! E Lablc
Desktop | Lablh
. libLCDVh
L: | libled24 x.a
My Documents L] Makefile Store path as:
©) duto
f
._..* @ Relative
Computer (") Absolute
=%
(&; File name: Labl.c
Metwaork Files of type: [ all Files - |

In most cases you can leave the Store path as: radio buttons set to Relative,
but you may select Auto or Absolute if required for your project.

Relative: Stores paths to files relative to the project directory. For example:
\Labl.c, or ..\OtherDirectory\Somefile.c

Relative is usually the best choice for files inside your project directory.
Absolute: Stores paths to files with full path from root directory. For exam-
ple: ..\RTC\TLS0999\Lab1\Lab1l.c

Absolute is the best choice for files outside your project directory that won’t
be moved such as code shared among several projects or libraries.

Auto: Automatically uses Relative for files inside the project directory and
Absolute for files outside of the project directory.

Click the Select F)utton. Yo.u should n.ow be able to expand el source Fies
the selected logical folder in the project tree and see that | &) Labl.c
the files have been added to your project. E




Section 1.3
m How to create new files in a project

0 There are three methods you may use to launch the new file wizard:

Method 1:
Right click in the Projects window and select New P file-type from the popup
menu: . rojects : Files : Classes .
= éec:abl ox e [ Figure 1.3.1
B0 B cader Fie New file popup menu
- Mew * Empty File..
ﬁ Mew Logical Folder C Main File...

"ﬁ Add Existing Ttem... C Source File...

8| % ) R

: Add Existing Items from Folders... C Header File... %
(@ Find... C++ Class...
Method 2:
Click on the New File icon on the main toolbar: ﬁ
Method 3:
From the main menu select File » New File...
Method 4:

Using the keyboard:

e If you chose method 1 above, skip to step 3. If you chose one of the other m
methods above, you will be presented with the screen shown in Figure A.6

below. In the New File dialog, select the type of file you wish to create. Any You can create a “main” file any-

file created under the Microchip Embedded category or an Empty File from time you like and just delete the
the Other category will be automatically added to the project tree. Other code that is automatically in-
file types may need to be added manually. serted to make it a regular C file.

Click the Next > button after you have made your selection.

Figure 1.3.2

— Choose File Type New File wizard—Choose File Type

1. Choose File Type Project: |53 Labi
o L

Categories: File Types:
E| ) Microchip Embedded » 1
’ )5 ASM30 Assembler [ EI mainp24h.c

), C18 Compiler T IEI I"73?“I33U-C
e gl €30 Compiler E] mainp33.c
~@

C32 Compiler

Description:

A pic24F source file with a very simple main function.

Finish Help

The dialog now prompts you for a file name and potentially a file type de-
pending on your initial selection. It also prompts you for a folder. You can
leave this blank and the IDE will automatically create the file inside your pro-
ject directory. If you wish to locate the file elsewhere, click on the Browse...
button and choose a different location.

If you chose Empty File as the new file type, you will see the dialog in Figure
A.7 on the next page.

If you chose one of the types under the Microchip Embedded category, you
will see a dialog like the one in Figure A.8 on the next page.
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Figure 1.3.3
New Empty File Dialog

& Attention

You must specify a file extension (e.g.
myNewFile.c) as part of the File
Name if you want the file to be
added to the project tree automati-
cally into the correct logical folder.

Figure 1.3.4
New Main File Dialog (Microchip
Embedded category)

Q@ information

It is not necessary to specify the
file extension as part of the file-
name as long as the correct ex-
tension is selected below.

Steps

Name and Location

1. Choose File Type
2. Name and Location

File Name:

Project: Lab1

Created File: |C:\MTTYTLS0999Y ab1.X\newfile

Steps

[ Finish ][ Cancel ] Help

Mew mainp24f, [

MName and Location

1. Choose File Type
2. Name and Location

File Name:

Extension: |c -

Set this Extension as Default

Project: Labi

Created File: |C:\MTTYTLS0299\ ab 1.X \newmainp24f.c

’ Finish ][ Cancel ] Help

After providing all of the required information, click the Finish button. You
should now see the new file in the project tree. If you don’t see it, you may

need to add the file to the project (see page A-4)

Figure 1.3.5 i Projects 4 B |; Files i Classes
Project tree with newfile.c and new- =G Labl
mainp24f.c added to the project. (g5 Header Files
i1 Lablh
M bLCDLR
I:—}- Library Files
[ libled24.x.3

Linker Files
~[gg) Object Files
I:—}- Source Files

[ Important Files




Section 1.4
m How to remove a file from a project

Right click on the file you wish to remove and select from the popup menu

Remove From Project

: Projects

= | Files |ECIasses

= Labi

Section 1.5

How to permanently delete a file

E} E Header Files

@ 1ahih
Open
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Compile File

Remove From Project [}S

Rename...

o Select a file in the project tree and press

This will permanently delete the file from you system in addition to removing
it from the project. The file will not be recoverable from the Trash.

m Section 1.6
How to save a file or project

The entire project along with all of its files are saved automatically each time
you build your code. However you may explicitly save the project and all its

files using one of two methods.

Method 1:

Click the “double floppy disk” icon in the toolbar:

Method 2:

From the main menu select File P Save All

Though it is not usually necessary to just save a single file, you can do so by
selecting the file in the editor and then from the main menu File P Save.

¥ DANGER!

DO NOT use the Delete key to simply
remove a file from your project. This
will also PERMANENTLY DELETE the
file from your hard drive. It will not
be recoverable from the Trash folder.

Figure 1.4.1
Project right click menu with Re-
move From Project selected

Figure 1.5.1
Confirm delete dialog. This will be
your only warning.



Section 1.7
How to close a project

0 There are two methods you can use to close a project:
Method 1:
Right click on the top node of the project in the project tree (the chip icon)
and select Close from the popup menu (about 2\3 of the way down).
Method 2:
From the main menu, select File P Close Project (project name)
where project name is the name of the project you wish to close—there may
be multiple similar menu items if you have more than one project open in
the IDE.

Section 1.8
m How to modify project settings

0 There are three ways to access a project’s settings:
Method 1:
Right click on the top node (chip icon) of a project in the project tree and
select Properties at the very bottom of the long popup menu.

Figure 1.8.1 : Projects Q= | Files | Classes
The top node of a project in the pro- -l Lab1
ject tree 4[| Header Files
ﬁ Library Files
Method 2:
From the main menu select File P Project Properties (project name)
Method 3:
If the Project Environment window is open (bottom left corner by default),
you can click on the “wrench and bolt” icon in its left margin.
Figure 1.8.2 |: Lab1 - Navigator |: Lab1 - Project Envi... @ &
Project Properties button in the Pro- Project Properties : *5%1 Device
ject Environment window. @@ @ PIC24F1128GA010

P Checksum: 0x0
= Compiler Toolchain
T § =

From here you can select a different device, debug tool or build tool and you
can modify any of their settings. When choosing a new tool, click the Apply
button to make it show up in the tree on the left side.

3 Project Properties - Lab

Categories: Configuration
s @ General
ENM Conf: [default] Family: _ Device: _ Supported Debug Header:
- 2@ Real ICE All Families w | |PIC24F]128GA010 w | [7] AC152065/AC244022

= @ C30

i ® pic30-as Hardware Tool: Compiler Toolchain:

. Hardware Tools . Compiler Toolchains -
00ICD 3 || |=-asMa0 |‘E|
- PICKE2 -2 ASM30 (v3.23) [C:\Program Filel
- PICKI3 L ASM30 (v3.24) [C:\Program File
: @ ASM30 (v3) [C:\Program Files {3

@ pic30-goo
e @ pic304d

i~ ASM30 (v3.25) [C:\Program File

4| 1 r

*Tip: double dick on serial number (SN) to use 3 friendly name (FM) instead.

Manage Configurations...

[ CK. ][ Cancel ][ Apply ][ Help




2. Building Projects

Section 2.1
How to build a project

There are several ways to build a project in MPLAB X depending on what you
intend to do with the results. This method is only used to see the results of a
build or to produce a release mode hex file.

There are two different types of build you can do:

Build:

This will build only the files in your project that have changed since the last
build or it will build everything if nothing has been built previously. It will
generally be faster to use this type of build, especially for larger projects.
Clean and Build:

This will remove any intermediate files generated by the previous build and
will build every file in your project regardless of whether or not it has
changed since the last build to ensure a full, clean build.

o There are two ways to access these two build types:
From the Main Toolbar:

[F Build Make in MPLAB IDE 8

@ Clean and Build Build All in MPLAB IDE 8

Alternatively, you can right click on the top node of a project (chip icon) in
the project tree and select either Build or Clean and Build from the popup
menu.

Section 2.2
How to build and run a project
with a debugger

When you want to build a project for the purpose of programming a target
to run with a debugger like the MPLAB® ICD 3 or REAL ICE, this is the method
to use.

o There are three ways to build and run your code through a debugger:

Method 1: Er

Click on the Debug Project button on the main toolbar >

Method 2:

Right click on the top node of the project (chip icon) in the project tree and
select Debug from the popup menu.

Method 3:

From the main menu, select Debug P Debug Project (project name)

This will perform the following tasks automatically:
a. a. Build (make) project in debug mode

b. b. Program target (unless using simulator)

c. c.Runcode on target

@ information ____

The Build and Clean and Build
functions are not intended for
use before Run Project, Debug
Project or Make and Program
Target. All three of those func-
tions automatically do a build
before performing further steps.
No harm will be done by using
Build or Clean and Build first, but
it will be a duplication of effort
and will waste time.

Q@ information

It is not necessary to do a Build or
Clean and Build before doing a
Debug Project because a build
will be done automatically.



Q@ information

It is not necessary to do a Build or
Clean and Build before doing a
Run Project because a build will
be done automatically.

(1]

Section 2.3
How to build and run a project
without a debugger

When you want to build a project for the purpose of programming a target
to run without a debugger, this is the method to use.

There are three ways to build and run your code on a target:

Method 1: [>

Click on the Run Project button on the main toolbar

Method 2:

Right click on the top node of the project (chip icon) in the project tree and
select Run from the popup menu.

Method 3:

From the main menu, select Run P Run Project (project name)

This will perform the following tasks automatically:
a. a. Build (make) project in release mode

b. b. Program target

c. c¢.Runcode on target

10



3. Debugging Projects

Section 3.1
How to set or change the debugger

0 Open the project properties window (see page A-8 “How to modify a pro-
ject’s settings” for details)

In the center column under “Hardware Tool”, click on the serial number un-
der the name of the tool you wish to use. If choosing the simulator, just
click on “Simulator” since no serial number is associated with it. Some tools
do not provide a serial number. In that case, click on the text right below
the name of the tool (see PICkit 2 in the figure below for an example).

| B8 Project Properties - Lab.

Categories: Configuration
oo @ General
S0 Conf: [defaul] Family: Device: Supported Debug Header:
‘.o RealICE All Families = | PIC24F1128GAO10 ~ | [acisaes/acaas022
B-e c3
e @ Hardware Tool: Compiler Toolchain:
pic30-as -
Hardware Tools «| [[17 Compiler Toolchains =
[ 501D 3 | |=-asm30 B
e @ pic30dd -0 PICkit2 - ASM30 (v3.23) [C:\Program Files (x86)Microchi
*8N: Tool Found, Serial Number Not Provided |= - ASM30 (v3.24) [C:'\Program Files (x86)WMicrochi _
o0 PICKt3 "> ASM30 (v3) [C:\Program Files (x86)WMicrachip|
-3 PM3 - ASM30 (w3.25) [C:\Program Files (x86) Micrachi
-00 Real ICE i L0 ASM30 (v3.30) [C:\Program Files (x86) Microchi |
-0 Simulator
0 ICD 2 " €30 (v3.23) [C:'\Program Files (x88)WMicrachip'y
£ | Microchip Starter Kits i ‘ ‘Mc FREN W crnrhinle
L MCHL
*Tip: double dlick on serial number (SN) to use a friendly name (FN) instead.
Manage Configurations... ]
[ ok ][ cancel J[ aply |[ bep |

Click on the Apply button after you make your selection and you should see
the selected tool in the tree of the left column.

E: ipmjed Properties - Lab |

Categories: Configuration
oo @ General
O defauit] Family: Device: Supported Debug Header:
o PICKE2 * Allfamiies > PIC24F1128GAD10 »  [acieaes/ac2a022
B-e c3
e @ Hardware Tool: Compiler Toolchain:
pic30-as -
Hardware Tools «| [[17 Compiler Toolchains =
[ 501D 3 | |=-asm30 B
e @ pic30dd -0 PICkit2 - ASM30 (v3.23) [C:\Program Files (x86)Microchi
: = @ ASM30 (v3.24) [C:\Program Files (x86) Micrachi| _
o0 PICKt3 "> ASM30 (v3) [C:\Program Files (x86)WMicrachip|
-3 PM3 - ASM30 (w3.25) [C:\Program Files (x86) Micrachi
-00 Real ICE i L0 ASM30 (v3.30) [C:\Program Files (x86) Microchi |
=-8N: JIT072093522
-0 Simulator
0 ICD 2 " €30 (v3.23) [C:'\Program Files (x88)WMicrachip'y
£ | Microchip Starter Kits ™ ‘Mc FREN W crnrhinle
L MCHL
*Tip: double dlick on serial number (SN) to use a friendly name (FN) instead.
Manage Configurations... ]
[ ok ][ cancel |[ apply |[ teb

0 Clicking on the tool in the tree of the left column will display the tool’s prop-
erties in the right side of the window, where you can modify them to suit
your project’s needs. Click OK when finished.
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Figure 3.1.1
Selecting a hardware tool in the
Project Properties window

Figure 3.1.2
Changing a hardware tool in the
Project Properties window



@ information ____

When you hover the mouse
pointer over a toolbar button a
tool tip will be displayed explain-
ing the function of the button.

Figure 3.3.1
Setting \ clearing a breakpoint

Section 3.2
How to control program execution
when debugging

Debug Toolbar Buttons

u

maEk PO®O

Finish Debug Session (Shift + F5)
This is required before you make any changes to your project settings
or source code.

Pause
Reset
Continue (F5)

Step Over (F8) - Execute each line without stepping into functions
(functions are executed without stepping through each line)

Step Into (F7) - Execute each line and step into functions
Run to Cursor (F4)
Set PC at Cursor

Focus Cursor at PC

Additional functions may be found in the Debug menu.
Section 3.3
How to set and clear breakpoints

Standard line breakpoints may be set or cleared by clicking on the line num-
ber in the glyph margin.

| startPage m[fjLablc w|
BB-E-AtFEFfeRaulo T/ =6
13 int main (void)
14 [ ¢
15 |I-;:c'_'_'_t,ect';re Specific ::'_'_t'_a'_'_zat,'_c:'.|
25
26 dinit():
27 atStr{"l—;E:.‘—.E X"):
Ij% lecdPutCur(l, 0);
2 lcdPutInt (count, DEC):
30 LATLED = 0x0010;

More advanced breakpoint features may be accessed by opening the break-
points window. From the main menu select Window P Debugging P Break-
points.

In the breakpoint window, right click on a breakpoint in the list and select
Customize or Complex Breakpoint from the popup menu for advanced op-

tions.

12



Section 3.4
How to use the stopwatch

0 From the main menu select Window » Debugging P Stopwatch

e In the stopwatch window, click on the Properties button in its margin.

i Stopwatch

P

Properties
=

e Select existing breakpoints for the start and stop conditions

Set Stopwatch Propertie:

Start Condition
Select a current breakpoint or trigger condition to start the stopwatch

:Line Lab1.c:26 -

Start condition will cause the target device to halt

Stop Condition
Select a current breakpoint or trigger condition to stop the stopwatch

:i_ine Labl.c:31 v:

Stop condition will cause the target device to halt

Figure 3.4.1
Stopwatch properties button

Figure 3.4.2
Stopwatch properties window

[ o

” Cancel ” Help

]

Run your code. The cycle count will be displayed each time you hit one of
the selected breakpoints. The Trash icon in the margin will reset the cycle

count.

i Stopwatch

%5 (Target halted. Stopwatch cyde count =0
Target halted. Stopwatch cyde count = 27245
4]

[}
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Figure 3.4.3
Stopwatch displaying results from
the starting and ending breakpoints




Figure 3.5.1
Adding a watch variable directly to
the watches window

Figure 3.5.2
Dragging a variable from the editor
to the watches window

Figure 3.5.3
New Watch dialog box

@ information

Watch variables may be sorted by
clicking on the Name column.

Figure 3.5.4
Changing the Value display format

Q@ information

To change the display value, right
click on an entry in the Value col-
umn and select Display Value As
from the popup menu.

Section 3.5
How to display and use Watches

From the main menu select Window P Debugging » Watches or from the

keyboard press

The Watches window should appear as a new tab near the Output window
in the bottom center of the IDE. There are three ways to add a watch value:
Method 1:

Double click on the first empty line in the Name column and type in the
name of the variable\register

: Watches Fn | :0

Name Address Ty
| 8
Method 2:

Double click on a variable or register name in the editor to select it. Then
left click and drag it to the Watches window.

: Watches LN | C
Name Address Ty
<Enter new watch= D

5]
Method 3:

Right click on a variable\register name in the editor or on a new line in the
Watches window and from the popup menu select New Watch... , then in
the window that opens, enter the desired variable\register name in the text
box or select it from the list by choosing Global Symbols or SFRs

ADICONL

() Global Symbols

2 Value @
=

g
MNew Watch ...

Delete Delete
Delete All

Delete Unrecognized Watches

-

Display Value As Character

Show only rows where Hexadecimal

v | Decimal
IEEE Float [%
Binary
Octal

Fractional Integer

14



Section 3.6

How to view Embedded Memory
(RAM, SFRs, Flash, EEPROM or Configuration Bits)

o From the main menu select Window P PIC Memory Views » Memory View n
where n is a value from 1 through 4. It doesn’t matter which one you
choose initially as they are all identical and configurable.

PIC Memaory Views »E Memory View1
Simulator ﬁ Memory Vigd 2
Other d  Memaory View 3
Editor Ctrl+0 ﬁ Mermory View 4

9 A new tab will open by default in the bottom center part of the IDE. At the
bottom left of this window is a combo box labeled “Memory” that is used to
configure this window to display any valid memory type for the currently
selected device.

i 1 - File Registers =k
Address 00 o2 04 085 038 0A oc 0OE ASCII
aooa WUEQE 0000 |0000 0000 (0000 (0000 (0000 |eeFewee. - =
00140 Q000 |0000 (0000 (0000 (0000 (0000 |OE5E [0B62 [ieewwss. =
o020 0g4E |-—7rH- |-—- |-—— |-— |— |-—— |-/ H.———- -
0030 0000 |0000 |0000 (0000 |[-——— |———= |———= |- |e s aua s -
0040 ———= |==== |0004 |-=== |[m=== |——— | | [——— . — -
0050 —— | | | |— |—— | | |————— -
00&0 ==== |0000 |==== [==== |==== 0000 |-=—== |[-=== |[-—si=—— =
ao7a —— | | |- | |- |- |- | -
[ilal=1a] —-——— |0000 |0000 (0000 (0000 |0000 (0000 |———— [——.e.... .
o09a -—— |-——= |-——-— |0000 (0000 |0000 (0000 [-—— [-———— P
00RO ———= |==== |=——= |4440 (4444 |0044 4444 |0004 [---=-—- ED D
00RO 4440 (4444 (0044 4440 (0040 (0040 |0440 (0440 [EDDDD.ED @
00C0  |———- |[-—— [4440 |[-—— |———= |——— |-—— |-—— |-——8D—- -
] e e e e Iy —— —— E—— — -
aoEn |- g JESSS R ES [V S ——— -
a0Fo —-Program - - |- | - -
4| SFR b
(Configuration Bits
Memory | File Registers t\]\; Format :Hex v:
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Figure 3.6.1
PIC Memory Views menu item

Figure 3.6.2

PIC Memory View showing File Reg-
isters with other options in the
Memory combo box

Q information

The Format combo box at the
bottom right of the memory view
window is different for each
memory type, but will configure
the display in a variety of numeric
and symbolic formats.
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