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32-bit MCU/MPU
for Graphics Application

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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32-bit MCU/MPU for Graphics Application

Hardware Overview

MCU + pCLwALCD Fontroller MCU w/ integrated LCD MPU w/ integrated LCD
Emulation

E | LCD Il I
xternal LCD Controller Low-Cost Controller-Less (LCC) Controller & GPU Controller

MCU MPU

“’W‘
Controller l) ' A

LCD LCD
Controller Controller

v’ Suitable for all display sizes v Displays up to 800 x 480
v’ Dedicated Display Controller v Requires no LCD Controller
v Reduced overhead on MCU v’ Lowers system cost
v' Advanced Graphics v/ Suitable for highest
Capabilities integration and simple
v Up to 384KB integrated systems
display buffer v Up to 512KB integrated
display buffer

v/ Displays up to 800 x 480 v’ Displays up to 1024 x 768
v’ Integrated LCD Controller w/ v’ Standard Audio/Video

2D GPU formats supported
v’ Reduced overhead on MCU v’ Camera capabilities
v’ Advanced Graphics v’ Integrated LCD Controller w/
Capabilities 2D HW Acceleration
v Up to 32MB DDR2 Integrated v’ Linux or RTOS/bare-metal
for display buffer v Up to 256MB LPDDR2
Integrated
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32-bit MCU/MPU for Graphics Application
Industry s Broadest 32-bit Graphics Portfolio

—————————————————————-\ - —————— —— S —_—————_———-—_———_—_—_—_—_——_—_—_—_—_—_—_———————— e e — — —

External LCD Controller Low-Cost Controllerless Integrated LCD Controller

SAMAS5D2
Cortex-A5, 800 DMIPS
NEON Media Processing Engine

SAM9X60
ARM926EJ-S, 600 DMIPS
PIC32MZ DA 2D HW Graphics Acceleration

microAptiv, 330 DMIPS
SAM S, SAM E, SAM V Graphics + Memory

Cortex-M7, 600 DMIPS

Highest Performing MCU

PIC32MZ EF FPU
MIPS M, 415 DMIPS

SAM E5x 512-2048KB / 512KB

Cortex-MA4F, 150 DMIPS
256-1024 KB/128-256 KB

PIC32MK GP
microAptiv, 198 DMIPS
512K-1MB/128-256 KB

SAM D, SAM L, SAM C
Cortex-MO0+, 45 DMIPS
16KB to 256KB Flash

Computing Power

Graphic Features
A%\ MicrocHip



32-bit MCU/MPU for Graphics Application

Scalable Support Across Platforms

NS T T T T T e N
i’ Low-Cost Controllerless

SAM9X60 SAMASD2
600MHz ARM926 500MHz Cortex-A

PIC32MZDA
200MHz MIPs

SAM E70
300MHz CM7

PIC32MZ EF
200MHz MIPs

Cortex-M4

Ensemble Graphics Toolkit — Linux®

HARMONY
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MPLAB® Harmony Graphics Suite — Bare-Metal / RTOS
Performance
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32-bit MCU/MPU for Graphics Application
System in Package w/ Integrated DRAM

* Larger On-Chip Display Buffer
* MIPS based MCUs w/ up to 32MB integrated DDR2
* ARM MPUs w/ up to 128MB DDR2 or 256MB LPDDR2 Vet
* Industrial grade (-40/+85C)
* Dramatically reduced design complexity
* Smaller footprint and simplified PCB design
* Lower-cost 4-layer PCB and Improved EMI performance
* No DRAM supply issues!
* Single supplier for processor and DRAM
* No EOLs or software updates to shipping product
* Included in Microchip’s customer-driven obsolescence




GUI Design Tools —

ooooo

Scalable Graphics Development Software

» Free! Developed and Supported by Microchip ~— =
* MPLAB Harmony Graphics Suite (MHGS) = (F [
* Bare-metal and RTOS

 MPLAB X IDE and MPLAB Harmony
* Software Framework for Microchip MCUs and MPUs

* Ensemble Graphics Toolkit (EGT) - Linux \é

* Free, Open-Sourced |
* Linux Graphics Toolkit for Microchip MPUs =

* Complete Linux BSPs for Yocto, Buildroot and OpenWRT
at www.linux4sam.com

 3rd party solutions
* Qt-MPU
* Crank - MPU
* Embedded Wizard - MCU & MPU

'[Embedded,Wizard

c\ MICROCHIP


http://www.linux4sam.com/

Intuitive Design Tool
“What you see is what you get” Composition Canvas Sk

File Edit View Asset Tools Window
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Complete Graphics Libraries

HARMONY

Modern graphical user interface designs ~

* Images (8-bit LUT, 16-bit, 32-bit color support)
* Text (Strings, Fonts, Multi-lingual Support)
* Touch and external event Handling

* Extended suite of widgets

@ MICROCHIP



Create Drivers Without Handwritten Code

Drivers Hardware Abstraction Layer

Frame Buffer Management
Generated Display Drivers (LCC, Internal and External Controllers)

Display Timing configured in Display Manager

Seamlessly supports 3rd Party Library

Haraware Apbstraction Layer

e

Display Controller Driver

Touch
Driver

4

802 (pieels)

nnnnnnnnnnnnn

bept bow

(480 x 272)

HARMONY

GRAFHICS SUITE
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Target Markets and Applications

Mid-range Touchscreen Applications

* White Goods

* Small Appliances

* Vehicle Climate Control
* Industrial Control requiring CAN, Ethernet, or USB
* Vehicle Digital Cluster

* Motor Bike Gauge TFT Display
* Marine Gauge

 HMI Control Knob

M\ MicrocHIP
Good [E7E
Smart Cooker
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PIC32MZ DA Brief

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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PIC32MZ DA Key Features

* Core: 200 MHz/330 DMIPS MIPS32® microAptivTM

e 24-bit parallel interface supports displays up to WVGA (800 x 480)

* Three-layer graphics controller capable of driving 24-bit color WVGA

* High-performance 2D Graphics Processing Unit (GPU)

* 32 MB integrated DDR2 DRAM or 128 MB externally addressable

* Up to 2 MB Flash and 640 KB RAM

e 12-bit Analog-to-Digital Converter (ADC) throughput at 18 Msps

* Full-featured hardware crypto engine with Random Number Generator (RNG)

Boot Flash Memory (KB)

Remappable Peripherals

Remappable Pins

Time rsmf'Capturef'
Compare
UART
SPII%S
CAN 2.0B

v || External Interrupts(?)

12-bit ADC Channels

Analog Comparators

CTMU

USB 2.0 HS OTG

GLCD

GPU

EBI

PMP

sal

SDHC

RTCC

Ethernet

/O Pins

JTAG

Trace

—
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o

.
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)

=<

120

ﬁ\ MICROCHIP



PIC32MZ DA Block Diagram

Optional

16 - 32 MB _128MB
DDR2 [l DBR2 (@it Ehip)

Ethernet
MAC
2D GPU
LCD

DDR2 DDR2
Interface Interface

Encryption
(optional)
SD/SDIO/eMMC
Controller

HIGH SPEED BUS MATRIX

System Inst Data
Resources Cache Cache 2 MB Flash

Dual Panel 640 KB 12-bit ADC

MIPS® =
microAptive™ Live Update SR 18 Msps, 6 S/H
45 channels

32-bit CPU + DSP
Comparator x2

Pre-fetch

Peripheral Bus (SYSCLK)

TIMER 1-9
PWM/OC
1-9

Peripheral Pin Select (PPS)
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PIC32MZ DA Family

g = > =
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emmmE |, (v [fememen o | v
PIC32MZ1025DAL169 Y | 826 J004
PIC32MZ1064DAK169 | 1024 N | 824 PIC32MZ1064DAK176 540 N | 84
PIC32MZ1064DAL169 640 Y | 8/26 PIC32MZ1064DAL176 No | Y | 8/26
PIC32MZ2025DAK 169 6 No | — 'y T ama | HF PIC32MZ2025DAK 176 256 N 8124
PIC32MZ2025DAL169 Y | 826 PIC32MZ2025DAL176 2048 Y | 8/26
PIC32MZ2064DAK 169 | 2948 a0 N | 824 PIC32MZ2064DAK176 540 N | 84
PIC32MZ2064DAL169 Y | 826 PIC32MZ2064DAL176 Y | 826
PIC32MZ1025DAR169 56 N | 8/24 PIC32MZ1025DAR176 56 N | 824 |,
PIC32MZ1025DAS169 Y | 826 PIC32MZ1025DAS176 | o, Y | 8/26
PIC32MZ1064DAR169 | 1024 N | 8724 PIC32MZ1064DAR176 540 N | 824
BIC32MZ1084DAS 169 640 v 86 PIC32MZ1064DAS176 ves | 3p | Y | 826
PIC32MZ2025DAR169 - Yes | 32 N[ a2a 89X E:Eggﬂigiigigzg 056 \N( g;ﬁg
PIC32MZ2025DAS169 Y | 826 T
PIC32MZ2064DAR169 | 2948 N | 824 PIC32MZ2064DAR176 - N | 8/24
PIC32MZ2064DAS169 640 Y | 826 PIC32MZ2064DAS176 Y | 8/26

169-PIN LFBGA 176-PIN LQFP
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PIC32MZ DA Radial Graphics
Development Board Introduction

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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PIC32MZ DA Radial Graphics Development Board

* Microchip Direct Part No.
* EV50P56A
* PIC32MZ2064DAR176 Graphics MCU
* 2MB Flash; 640K SRAM; 32MB DDR2 DRAM
 WINC1510 Wi-Fi Module
* 802.11 b/g/n; OTA firmware upgradeable
e SAMR30M18A Mi-Wi Module
* A Cortex MO+ MCU + Sub-GHz Transceiver in a single package
* On-Board Analog and Linear Product Solutions
* ATA6563 CAN FD Transceiver
* MCP2221 USB to 12C/UART converter IC
* MIC2289 white LED driver IC
* MIC45116, MIC5528 Power Management ICs
* MCP9808 Temperature Sensor IC
* DSC612 MEMS CLK IC
e Optional LCD Modules

* Radial Display Module from Data Image.

* Industrial grade support

* 3" round display 432*432, 1000 nits , part number : LCFO300633GGUOO
* Rectangular Display Module from Promate.

*  MCHP maXTouch touch panel

*  4.3" LCD display 480*272, 420 nits , part number: 97P043C1AO0F-PM

c\ MICROCHIP



PIC32MZ DA Radial Graphics Development Board

Unique Features

* Round display and touchscreen support for a
stylish/modern product user interface and form-
factor

* On-board rotary knob for intuitive user input

* On-board wireless and HW security modules for
secure loT and Cloud Connectivity

* On-board CAN Transceiver for vehicle display
applications

& , AN
AMIWIY
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PIC32MZ DA Radial Graphics Development Board

System Block Diagram — Microchip Direct ver.

LCD
Connector

MIC2289
Boost Regulator
White LED Drier

PWM

EXT1 Extend
Connector Connector
A 1 A A A g
(@) [ P
a ~ B <
o =& z|¥* ¥ &
a| 9l Ol <
G] B =) 5 Nl D
v \ 4 A 4 A 4
) SPI #3
~ 12C #2
~ GLCD

Memory Device

SD Card '

QI #1

a

CAN Bus Connector

ATAG563 ATAG563

CAN FD CAN FD
Transceiver Transceiver

CAN #1, CAN #2
e AL~

USB

USB
OTG

PIC32MZ2064 _SP1#3
DAR176

Graphics MCU

USER
I/0

UART #6
L SPI#1

WiFi Block

UART #1

424|VI_HZ DSC612N13A
32.768KHz -013C
— CLK Generator e

MiWi Block 1=
W

MCP9808

Temperature
Sensor

I 9
v
MCP2221A
Debug Interface

Authentication
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PIC32MZ DA Radial Graphics Development Board
Power Tree Block — Microchip Direct ver.

Extend Header

A

Jumper f——— To MiWi module

Vin 5V
\ 4
DC o MIC45116
JaCk Power Module |
N 3.3V-A
3.5v-14v .—> © » To System peripherial
T t To WiFi module
arge
USB | O—0
_ 3.3V-B
0TG ._’ » To MiWi system
bypass |

Jumper |=—— 1o Mz DA

MIC5528-1.8
LDO
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PIC32MZ DA Radial Graphics Development Board
Placement (Top) — Microchip Direct ver.

PIC32MZ USB/OTG Rotary Encoder
JSO]_E t i - - - ——— -;-\' \;!U"';' o :
il ‘ Ty Ry S et Y .'-,: v - ', vy
RGB LED . iﬁ:ghﬁuuf oo & A
C- . uw- ¢ | j , MCP9808

* Digital Temp. Sensor

PIC32MZ2064DAR176 i’ n

’ Py |

DC Jack (5.5~14V)
PIC32MZ ICSP

ll

......
---------

RESET Button

.........

SST26VF064
QSPI Flash

J500 Extension
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PIC32MZ DA Radial Graphics Development Board
Placement (Bottom) — Microchip Direct ver.

SD Card (SDIO)
LCD1 Touch Bus N " MCP79412T
LCF0300633GGU00 : 0 e =i ! prec

LCD1 Display Bus

LCF0300633GGUO00
LCF0300630GNO06

ATA6563
CAN FD Transceiver |

PIC32MZ USB CDC
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PIC32MZ DA Radial Graphics Development Board
ICSP Adapter Board

Vaividin

[MNM

i

MicrocHIP
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PIC32MZ DA Radial Graphics Development Board
Debugger Connection

L)
2 j;'

LR i
preTereratet
[ A A A o)

agaki®
TV

TN =T

l

n“'-
=
—
-

N

MicrocHIP
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PIC32MZ DA Radial Graphics Development Board
Debugger Connection
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Demo Applications
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PIC32MZ DA Radial Graphics Development Board
Quick Start Project and Templets

MPLAB Harmony Configurator (MHC)

= Board Support Packages (BSPs)

:
 Soctoace Board Support Package

= Graphics

- Displays
- Driver

- GFX Core LE
- Interface

- Middleware

Frocessr  LCD Module Template

Legato Graphics w/ 97P043FTC10F Display
Legato Graphics w/ LCF0300633GGUOQ Displa
Legato Graphics w/ MXT Curiosity Pro Display
Legato Graphics w/ PDA TM4301B Display
Legato Graphics w/ PDA TM5000 Display
Legato Graphics w/ PDA TM7000B Display

Virtual Display

Harmony

Input

Libraries

StartPage x| Project Graph® ]

X CEERE4| &

Core Input System Service
Systemn Service

Harmony Core Service

PIC32MZ DA Radial Board BSP

Legato Graphics w/ LCFO300633GGU00 Display
Legato Graphics w/ LCFO300633GGU00 Display

< RTOS Input System Service ©

Core Service

12C
Drriver

O Core Service

Instances = —+
Instance 0
I2C

CORE TIMER RIS

Peripheral Library

TMR :
12C2

Peripheral Library
I2c

UART4 CONSOLE
Peripheral Library Systern Service
O Core Service

Instances ——=—+
UART1 Instance 0
Peripheral Library UART
USB _DEVICE_CDC
SYS_CONSOLE
Instance 1
UART
$ USB_DEVICE_CDC
SYS_CONSOLE

LCFO300633GGU00
432432 PCAP Display

Graphics Display Tv“'
Touch Panel

Generic Touch Contoller
Generic Touch Controllar
< Input System Service
DRV _I2C
‘ Touch Panel

SPI1
Peripheral Library

LE GLCD
LE GLCD Display Contraller Legato

Graphics Display Graljhir_*'. Librarzr
=~ LE Display Driver

LE Display Driver < sasuiil ‘

LE GPU Driver
LE 2DGPU

LE 2D-GPU Graphics Processar
LE GPU Driver

SPI
Drriver SDMMC

& Core Service ERUE
O Core Service

Instances - ——+ o SYS_TIME

Instance O
sPI Instances =+
DRV_SPI Instance 0
SDHC

DRV_MEDIA

FILE 5YSTEM
Systemn Service

O Core Service
Peripheral Library [}

DRV_MEDIA

COMMAND CDC Function Driver

Systemn Service
& Core Service
SYS_COMMAND ©

SY5_CONSOLE

Instances ———=—+
Instance 0
USB_DEVICE_CDC

< USB_DEVICE

USB High Speed Driver
O Core Service
DRV_USE ©

& DRV_USB

SYS_F§ ©

USB Device Layer

USB_DEVICE ©

A8\ MicrocHip

HARMONY

GRAPHICS SUITE

Fast. Easy. Smart.

Quick Start Demo Project

Smart.

D Mo
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PIC32MZ DA Radial Graphics Development Board
Dashboard Application Start-up

* Application boots to a splash screen and then to the RPM gauge screen
* Backlight dims and brightens between screen transitions

HARMONY

GRAPHICS SUITE

vll X1000 RPM

Splash Screen RPM Gauge Screen @Mu:nocmp



PIC32MZ DA Radial Graphics Development Board
Showcase Application Start-up

* Application boots to a splash screen and then to the Main Menu screen
* Backlight dims and brightens between screen transitions
* Brief animation introduces the Main Menu screen

HARMONY

GRAFPHICS SUITE

-

Splash Screen Main Menu Screen A8\ MicrocHIP



PIC32MZ DA Radial Graphics Development Board

Lock/Unlock Screen with Motion Gestures* Advanced Gesture Recognition

Draw ‘S’ on the
screen to unlock

Detected Gesture is shown

Touch and Hold Microchip Logo

for 2 seconds to Lock the Screen
* Usage outside this demo requires a Software License Agreement @MICROCHIP

with Motion Gestures ( )


http://www.motiongestures.com/

PIC32MZ DA Radial Graphics Development Board

Demo Video
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Software Preparation

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Software Preparation

* MPLAB® X IDE v6.0 nttps://www.microchip.com/mplab/mplab-x-ide
* MPLAB® XC32 v4.10 https://www.microchip.com/mplab/compilers
 MPLAB® Harmony 3 Launcher v3.6.4 (om x ot piugin)
 MPLAB® Harmony Framework (from x ive Harmony 3 content Manager)

* bspv3.15.0

* corev3.11.1

* ¢spv3.15.0

* mhcv3.8.5

* dev_packsv3.15.1

* usbv3.10.0

* gfxv3.12.2
* PIC32MZ-DA_DFP v1.4.118 (Device Firmware Pack) (romxioe \toots\packs)

(Lasted Update : 2023/02/13)

c\ MICROCHIP


https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

Design Reference

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Harmony Graphic Desigh Reference

« MPLAB® Harmony 3 Graphics Help
https://microchip-mplab-harmony.github.io/gfx/

* MPLAB® Harmony 3 Graphics Wiki
https://github.com/Microchip-MPLAB-Harmony/gfx/wiki

« MPLAB® Harmony 3 Graphics Videos
https://www.youtube.com/playlist?list=PL9B4edd-p2ag5xslIHhja-caKYY7AKPxe

« MPLAB® Harmony Graphics Suite Applications
https://microchip-mplab-harmony.github.io/gfx_apps/frames.html?frmname=topic&frmfile=index.html

* Graphics Libraries Help (Aria Graphic Library)
https://www.microchip.com/content/dam/mchp/documents/parked-documents/Graphics%20Libraries%20Help%20v2.06.pdf

« MPLAB® Harmony Graphics Composer User's Guide (Aria Graphic Composer)

https://www.microchip.com/content/dam/mchp/documents/parked-
documents/MPLAB%20Harmony%20Graphics%20Composer%20Users%20Guide%20v2.06.pdf

@ MICROCHIP


https://microchip-mplab-harmony.github.io/gfx/
https://github.com/Microchip-MPLAB-Harmony/gfx/wiki
https://www.youtube.com/playlist?list=PL9B4edd-p2ag5xsIIHhja-caKYY7AKPxe
https://microchip-mplab-harmony.github.io/gfx_apps/frames.html?frmname=topic&frmfile=index.html
https://www.microchip.com/content/dam/mchp/documents/parked-documents/Graphics%20Libraries%20Help%20v2.06.pdf
https://www.microchip.com/content/dam/mchp/documents/parked-documents/MPLAB%20Harmony%20Graphics%20Composer%20Users%20Guide%20v2.06.pdf

Legato Essential Designh Reference

MPLAB® Harmony Graphics Suite Legato Wiki
https://github.com/mchpgfx/legato.docs/wiki

Graphic Application Fundamentals
https://github.com/mchpgfx/legato.docs/wiki/Application-Essentials

Legato Graphics Composer User Guide
https://github.com/mchpgfx/legato.docs/wiki/UserGuide-LegatoComposer

Understanding Legato Composer
https://github.com/mchpgfx/legato.docs/wiki/Understanding-Composer

Legato Composer Tutorials
https://github.com/mchpgfx/legato.docs/wiki/Legato-Composer-Tutorials

Legato Graphic Library On-Line document
https://mchpgfx.github.io/legato.docs/html/index.html

Legato Graphic Library Off-Line document
https://github.com/mchpgfx/legato.docs/archive/master.zip

MPLAB® Discover (Legato + PIC32 MZ DA)
https://mplab-discover.microchip.com/v1?s0=legato&s1=%22pic32mz+da%22

QuickStart PIC32MZ DA Curiosity Development Kit
https://github.com/mchpgfx/legato.docs/wiki/QuickStart-PIC32MZ-DA-Curiosity-Development-Kit

@ MICROCHIP


https://github.com/mchpgfx/legato.docs/wiki
https://github.com/mchpgfx/legato.docs/wiki/Application-Essentials
https://github.com/mchpgfx/legato.docs/wiki/UserGuide-LegatoComposer
https://github.com/mchpgfx/legato.docs/wiki/Understanding-Composer
https://github.com/mchpgfx/legato.docs/wiki/Legato-Composer-Tutorials
https://mchpgfx.github.io/legato.docs/html/index.html
https://github.com/mchpgfx/legato.docs/archive/master.zip
https://mplab-discover.microchip.com/v1?s0=legato&s1=%22pic32mz+da%22
https://github.com/mchpgfx/legato.docs/wiki/QuickStart-PIC32MZ-DA-Curiosity-Development-Kit

Graphics Basics

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Graphics Basics

* Pixel:
* A pixel is a physical point in a raster image, or the smallest addressable element in an

all-points addressable display device. The number of Pixels Per Inch (PPI) is a metric
for how finely the image is displayed.

— 1 -

< el. - 10 PPI b. 50 PPI C. 240 PPI
* Primitive: 120px X 180px 600px X 900px 2880px X 4320px

* A primitive is a basic building block for drawing to the screen:
e.g., point, line, arc, circle, bar.
* Widget:
* A widget is a graphical object that is used to convey information or provide user input

to the system. Widgets are created by assembling multiple primitives. :
@Mlcnol:mp



Graphics Basics

°* Font:

* A set of type or characters of one style, weight and size for a given typeface, for example:

Arial-bold HTAHEA S

Courier New 19?-’}75‘ fﬁ

Time New Roman X L
* Glyph:

* A pixel representation of an individual character in a given typeface.

The Glyph types of character ‘A’ and Chinese ‘H&’ [ta]

- R e

A (Arial-Blod 28pt) A (Courier New 32pt) A (Times New Roman 28pt)

>z

%aa%(%ﬁgquﬁg 36pt) é’%(’fﬁ% EH 36pt)

https://zh.wikipedia.org/zh-tw/%E9%BE%98

BE

rene (1R R AT 36pt)
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Graphics Basics

 Bit Block Transfer (Bit BLIT):

* A data operation that combines two or more bitmaps using Boolean functions. An example of a BLIT
would be adding an animated object (sprite) on top of a background image while ignoring the
background (black) pixels in the sprite’s bitmap.

0x00 0x01 0x01 0x00 0x01 0x01
0x18 0x03 Ox1B 0x18 0x03 Ox1B
0x24 0x07 0x27 0x24 0x07 0x23
0x42 OxOF — Ox4F 0x42 OxOF — 0x4D
0x42 Ox1F =  (Ox5F 0x42 XOR Ox1F = 0x5D
Ox7E Ox3F Ox7F Ox7E Ox3F 0x41
0x42 Ox7F Ox7F 0x42 Ox7F 0x3D
0x00 OxFF OxFF 0x00 OxFF OxFF

* Layer:
* The objects of a graphics design can be organized into a hierarchy with child objects which inherit
properties from a parent object, which can be a child of another parent object higher in the hierarchy.

Screen Tree -]

+ X ¢ TF LD
Bottom | = 3 Layer0 <
I [ BackgroundPanel

A A

I GradientNight
- 23 Layerl <
) GENERATED_Layer1_BasePane|
Top & ImageScalelogo <
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Graphics Basics

* Sprite:
* A small two-dimensional bit map that is added to a larger scene. Typically, sprites are used to simulate
movement by quickly erasing a prior drawing and redrawing the sprite in a slightly different position.

4 B4 rﬂ

* Display Resolution:

* The number of distinct pixels in each dimension that can be displayed. It is usually quoted in width x
height in units of pixels.

—-mmmmmmm

Width 320 1024 1280 1280 1280 1920 2048 4096
Height 240 480 480 600 768 800 1024 720 1080 1080 2160
Pixels 76,800 307,200 384,000 480,000 786,432 1,024,000 1,310,720 921,600 2,073,600 2,211,840 8,847,360

Q MICROCHIP



Graphics Basics

* Alpha Blending:

* A graphical technique which blends pixels of overlapping widgets together instead of overwriting one
with another. Alpha blending ranges from fuIIy transparent to fully visible (blocking all beneath).

“ vr ‘ =~
lm ‘ A'I"——
Vool v re vy BN MYWY

Alpha Blending % 'm“%ﬁ_“&% 0% :V'Kﬁma
* Color Depth and RGB Color Model :
* The number of bits required to represent the color of a single pixel.

It is expressed as bits per pixel (bpp). Typical bits per pixel are 8, 16, 24, and 32 bpp.

The RGB Color Model is an additive color model in which red, green, and blue light are added together

in various ways to reproduce a broad array of colors. Colors are expressed as a triplet (RGB)
(Source: Wikipedia).

RRRRRRRR I A A AJAJA]A|A|A| RGBA 8888 (32 bpp, R/G/B: 8 bits, Alpha: 8 bits)
RRRRRRRR SRR RGB 888 (24 bpp, R: 8 bits, G: 8 bits, B: 8 bits)
RRRRR IR RGB 565 (16 bpp, R: 5 bits, G: 6 bits, B: 5 bits)

[YTY[Y]Y [colch]er]er] YCbCr 422 (8 bpp, Y: 4 bits, Cb: 2 bits, Cr: 2 bits) c\ MICROCHIP



Graphics Basics

 Frame Buffer:

* The block of memory that stores the pixel data to be transferred to the screen. A frame buffer can be

thought of as a copy of the display’s pixel values.
Memory

* Graphics Controller: Frame Buffer J
* The peripheral of a processor or separate device responsible for driving the pixel data to the display.
* Graphics Processor:

* Dedicated hardware within a microcontroller designed to accelerate updating the frame buffer for
primitives such as lines and rectangles and for bit block transfers.

Display

Graphics Graphics
Controller Processor

LCDC Frame LCDC Frame 2D/3D Graphics

Buffer Buffer Engine
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Graphics Basics

* Question:

How many full frames could be stored in RGDB DDR2 with color model RGBA8888 ?
* Hint : RGDB round LCD resolution is Width 432 and Height 432.
* Hint: PIC32MZ2064DAR176 has 32MByte DDR2 SDRAM inside.

Total Pixels : 432 x 432 = 186,624 pixels
Pixel color depth: RGBA8888 = 8+8+8+8 = 32 bpp (bits per pixel)

Frame Buffer size: (432 x432x32)/8=746,496 bytes (729 KB)

Stored full frames : 32MB / 729KB = 44 Full Frames
DDR2 SDRAM Memory (32MBytes)

0xA8000000 0xA80B6400

O0xA9DE6800 0xA9E9CCO0 0xA9F53000 0xAA000000
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MPLAB® Harmony Graphics Suite
and Legato Graphic Library

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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MPLAB Harmony Graphics Suite

* MPLAB® Harmony Graphics Suite is free to design with and use
with our 32-bit microcontrollers.

o~ Graphics Composer Suite
Tool Suite for Designing a Ul < . L
T Code | Resource
Generator Converter
R
Harmony Framework Code Generation ================ -~ MHC
\ 4 v
User Application Layer ----- > User Application
v
Widget/Scene Composition and Memory Management =---- g Legato Graphics Library
¥
Runtime decoding of assets: images, fonts & strings =======-—cccee-lk-- » Asset Decoders

Graphics Peripheral Driver
Graphics Accelerator Driver

---------- *| Driver GPU

@ MICROCHIP



Double Buffering

* Screen tearing can be eliminated by using two frame buffers.
ThIS scheme doubles the memory reqwrement

Front Frame

Buffer
i Frame Displa Sl Displa
Library Buffer piay Library piay
Back Frame

Buffer

ﬁ\ MICROCHIP



Double Buffering - Legato

* To help minimize screen tearing, Legato's draw algorithms paint
to a tiny scratch/back buffer. The scratch/back buffer is then
copied into the frame buffer using fast bulk transfer techniques.

[ GFX Library J Front Frame Buffer Display
N

fast bulk transfer

Micro
Back Buffer

[ GFX Library J Front Frame Buffer Display
r

Scratch
Buffer

Back Frame Buffer

fast bulk transfer
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Harmony PLIB, Driver and System Service

* This course will not involve it, we will use RGDB template.

EHUART4 i
Device Family Pack (DFP) PIC32MZ DA Radial Boa ~Dperating Mode Eing buffer mode
' . . USB Clock (USBCLK)
DDR Core TIMY B Caonfigure Ring Buffer Size- UsE L N
Peripheral Library Harmeony Core Service System 5 -Stop Selaction bit o StOD bits - 480 MHz -
o RTOS 2 Core S¢ . . . : ;
CORE TIMER ) svs T ~Parity and Data Selection bits 8-bit data, no parity UPLLFSEL Reference Clock #1 REFCLK
Peripheral Library Core Service © 1 . FREQ_24MHZ -~ Auto-Calculate REFCLE;
MR MR -1 JARTY Module Enable bits UxTH and UxREX p REFCLK e
~High Baud Rate Enable bit High-Zpeed mode 4 32,768 = | Hz REFCL
12C1 . . .
: : 12¢ USB Devica L3 ~U&RTx Module Clock Selection bits |BRG clock 15 FECL POSC 575500600 iz
Peripheral Library Driver 100 000 000 = FRC 0 0z
; ~Clack Frequenc ! \'-_—,---——— - 000000 Hz 1M
I2c o Core Service < DRV_USB q i s = [system PLL | LPRC ——— ROT|R|M (M) oE
1202 USB_DEVI( ~Baud Rate 115,200 ERTTIT 505C ——————» "
Instances - ——+ o 4 _ - FPLLRNG I PBCLK _[2"[N+; )]
Peripheral Library Instance 0 Baud Error = 0.0061 % 4 : > 512 REFCLKO1
I2c I2c SYSCLK ROLN“N) one
DRV_I2C Wector Wector Use (lPiiomy SnbPrionty Handler Name E FRLLMULT MHz FRLLODIV mez | BFRC —e i 0s
= - SY“ e CORE_TIMER {(Core Timer) 1 ~| 0 ~ | CORE_TIMER_Handler Dl\P;-I__IB_IDIY/ MUL_50 P DIV_2 P I SPLL To Peripherals:
e Uy SLEFLEIITETGET | p CORE_SOFTWARE D (Core Software ) 1| v| o | CORE_SOFTWARE_0_Handld | FPLLICLK |9 [SP1 /125, PPS
CANZ [ USB_DEVICE 2 CORE_SOFTWARE_1 {Core Software 1) D 1 ~| 0 ~ | CORE_SOFTWARE_1_Handlg I POSC |
ioheral Lib 3 EXTERNAL_0 {Ext INT 0) O |: ~|o | EXTERNAL 0 Handler | Auto-Calculate |
B My Instances =|—|+— 4 TIMER_1 (Timer 1) |1 v| o ~|TMER_t Hander | | —_—_ ———/™—=——— — — — — = i
UART4 Instance O 5 INPUT_CAPTURE_1_ERROR (Input Capture 1 Error) ] 11 ~| 0 £ ] -
Bl ey USB_DEVICE_CDC <] INPUT_CAPTURE_1 (Input Capture 1) mEE vl e R e Table View OSCIOFNC
OFF ~
7 OUTPUT_COMPARE_1 {Output C 1) 1 |0 ~ . 00000000
UART - - e L = - Pin Pin ID Voltage Custom Name Function Direction Lateh  Gpen i Hz SYSCLK
EHCOC Function Driver Nuaubey Tolarancg (TRI$) LAT) Drain POSC >
™ 1 RAS Available ) In nfa ] 24000000 Hz 200000000 Hz F:-
UART1 - Start Interface Mumber 03 ! IR e W[ B ek | O oeiaeal B Clock & pecir
Peripheral Library - ) 3 AVDD Fackage: | IF6LGFE ~ Slalglglzlalal. Q . =l Q Q E == § 2 alalells A 3|z v = E LK2
UART ~Mumber of Interfaces = s | awo AEEEHEEEEEEBEHEEEEEAREE E R EEEEEIEE
™ 5 AVSS Module Function L2 34|56 7 8|9 |101112/13|14|15/16 17 1819|2021 |22 |23 24|25 26 27 28|29 (30|31 |32 /33 34 4
~Use Interface Association Descriptor [ il e avss Al
. = ¥ 7 RE15 EEDRAH &
~CDC Read Queue Size = I o LED_aL
SWITCH_AH
. H Y 9 RB13 SWITCH4 Board Support Package
I ~COC Write Queue Size 1= - = itk L
Paripheral Library .
SPI ~CDC Serial Motification Queue Size = u Ra1 ReBIED.B LT
12 RB11 SWITCHL
~Interrupt Endpoint Number = ER Y Avaiatle Lo | [ 0sc2
SDHC = 14 RC2 SWITCH_CW SWITCH_AL “ Tn Low O 32768 Hz
peripheral Library ~Bulk QT Er‘u:lpn:llr'lt Murnber 2 = 15 RC3 SWITCH_CCW SWITCH_AL v Low O
16 RC4 RGE_LED_G LED_AL ~|  OCut Hi...
SDHC : - g
~ Bl TR Er‘||:||:||:||r'|t Mumber 2 = 17 RC1 RGE_LED_R LED_AL v Out Hi... @ MICHDCHIP



Display Manager

* This course will not involve it, we will use RGDB template.

&4 Display Manager

Reset

-

(7] Display Settings = B 1| (] Active Area = B9 3| (] Driver Settings =F B
Template: LCFO300633GGU00 ~ - T'\.?'BP+ L\.?PW . Display Driver: LE GLCD
0,0}
Width: 43015 (pixels) Driver Capability Hints:
Height: 21215 (pixels) Color Mode ~
Orientation: [0 - Global 8-bit Palette O
Deuble Buffering O
(] Signal Timing = F Aggressive Refresh (I
Horizontal Syne Timing (measured in pixel clock cy... Hardware Layer Comnt in=
Pulse Width typy [0 HE Pixel Clock 18,181 818 = | He
Back Porch () [ 512 Refresh Rate % 3| He
Front Porch () [ 5E (432 x 432)
1 + 1 1
Tnvert Wave Polarity HEP" "HPW HFP
Vertical Syne Timing (measured in horizental syac ...
Pulse Width Gypyy [ ] 3E
Back Porch () [ ] 3E
FrontPorch ypd [ ] =
Invert Wave Polarity
Data Enable Timing 431,431
Invert Wave Polarity l:l = =
tyEp
(] V-STNC Wave Forms |
4\\ &) Period Count: A=

N

TN

U

L

Data Enable

<

(] H-BYNC Wave Forms (7] V-8YNC Wave Forms

@ MICROCHIP



Touch Driver and Input System Service

* This course will not involve it, we will use RGDB template.

System Service

Input System Service '
Crrivear

12C ‘ ‘

q Input System Service <
© Core Service put sy

12C2 Instances =+ Generic Touch Controller

Peripheral Library Instance 0 Generic Touch Controller | LCFO300633GGU00 |
. 12C o Input System Service 432x432 PCAP Display

DRV_IZ2C < > DRV_IZ2C Graphics Display -

R P SN ey Tormrarln Meowmnnd o
# FFLICER Fuiici TUULI Uity
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A New Harmony Project

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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A New Harmony Project

* Create a new 32 bits Harmony Project for PIC32MZ-DA

B4 MPLAB X IDE v5.50

File Edit View Navigate Source Refactor Prog

Open Project...
Open Recent Project

Import

Ctrl+Shift+N
Ctrl+MN

Ctrl+Shift+0Q

OR

B4 MPLAB X IDE v5.50

File Edit View Navigate Source Refactor Prog

‘E% N o
Projects

@ MICROCHIP



A New Harmony Project
: Microchip Embedded

* Categories
* Projects

: 32-bit MPLAB Harmony 3 Project

B3 New Project bt
Steps Choose Project

1. Choose Project Q, Filter:

20 ..

-2 Microchip Embedded

MEE 32-bit MCC Haymony Project

s Existing MPLAE IDE v& Project

=) Frebuilt (Hex, Loadable Image) Project
bl User Makefile Project

b Library Project

bt Import START MFPLAE Frogect

e Import Atmel Studio Project

Description:

MPLAB® Harmony Froject Wizard

Finish Cancel Help

@ MICROCHIP



A New Harmony Project

* Given the directory path of your Harmony 3 Framework.
* You should download Harmony 3 Framework individually.

B3 New Project

Steps

X

Manage Framework

1. Choose Froject

2. Framework Selection
3. Progpect Settings

4, Configuration Settings

Use the Content Manager tool to download or configure a local framewotk,

Launch Content hanager

Framevrork Fath: Chmicrochip\HarmonvFramework

Convert to REelative Path for Configuration

= Back ‘ Finish Cancel Help

You could download Harmony 3 Framework by Content Manager

Learning about
Harmony Content Manager
. Please click here

@ MICROCHIP



A New Harmony Project

* Given the Project Folder Location.
* Given the Project Folder Name. (It will be your Project Name)

B3 New Project X
Steps Name and Location
1. Choose Project - i : : .
5 Framework Selection Location: C:\Exercises_PIC3001GFX\Lab0_First_Project
3. Project Setti . .
0ject Setlngs Folder: LabO0_First_Project Folder name will be the Project Name

4, Configuration Settings

Name: Lab0_First_Project

Fath: \LabO0_First_Project\firmware\ \Lab0_First_Project.X

Show YWisual Help

< Back ‘ | Finish Cancel Help .
22 A8\ MicrocHIP




A New Harmony Project

* Device Filter : PIC32MZ2064DAS176
* Please do not miss any character of your part number.

B3 New Project

Steps Configuration Settings

1. Choose Froject
2 Framework Selection Mame: default
3. Progpect Settings

4. Configuration Settings

X
Device Family: Al W Tarzet Device: || FIC32WZ20040DAZ1Y0 -
Device Filter: | PIC32MZ2064DAS176 )

=how Visual Help

< Back Next = | Cancel Help .
AV AS\ MicrocHIP




A New Harmony Project

* Select Harmony Configurator window management mode,
if it’s your first time to entering Harmony after the install.

2 Window Manager Selection Dialog

2 e . e

Y ®
oo o RTINS e
3 Y

| Taaa

----------

amz|

r——.

Select from one of two MPLAB Harmony Configurator window management modes:

) - . -
L~

| i

[

@ Robust docking system.
@ Full menu bar and toolbars.
@ Context-based status message bar.

@ MHC Content 15 contained in its own window,

£ Select Standalone

@ MHC Content 1s embedded into existing MPLABX tabs.
@ Uses MPLABX docking system.
@ Single MHC-specific menu bar item and toolbar.

N

Note: This selection can be adjusted 1n the MPLABX Tools->Options->Harmony menu.

Learning about

To change the MHC Mode
|ease click here

@ MICROCHIP



A New Harmony Project
* Lunching the MPLAB Harmony Configurator (MHC)

2 Launching MPLAB® Harmony Configurator

-
Path: C:\microchip\HarmonyFramework),

Generating Configuration Database

* Configure Device Family and CMSIS Pack Path. (Keep default)

2 Configuration Database Setup x

Confionre Device Family and CMZE1S Paclk Fathe:

DFF: Mev_packs\Wicrochip\PIC32ME-DA_DFPAL4. 1 18%tdf\PIC32MZ2064DAS 176 atdf . =y

ChSIS: Mev packstarmVCMSISYSR0 . Ey

o) o

ﬁ\ MICROCHIP



A New Harmony

 MPLAB Harmony Configurator (IMHC) i native window mode

Project

£4 MPLAB X IDE v6.00 - LabO_First_Project : default - O s
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help (@ Search (Curl+T)
D @ [t JTE PR EBR QO REBEDR QA PS5 8 0o Hvio
Projects | Files | Active C s | &l | Eit Window xl Start Page *Pﬁ' MPLAB X Store xl Project Graph I [« /(=)@ Configuration Options | Help | Sl
x‘a.@.* x|§.@-.*|lﬂ| View: Root |2 ®
-~ Device Family Pack (DFP) = System
= ¥ Device & project Canfiguratian
F-MIPS Configuration
- Prefetch and Flash Configuration
#-Clock Menu
E-Parts (GPIO)
E-PICIZMZ Interrupts
&-DMT
- WOT
#-Deep Sleep WDT (DSWDT)
B DMA (DMAC)
PIC32MZ_DA_Ra~- | DRV_GLCD_Upda-- | Available Compo- | =
+
- Audio ~
- Bluetooth
- Board Support Packages (BSPs)
- Bootloader
i CIaSSE: OQutput - Configuration Loading Error | Console | News | E]
# Graphics [o 1.[0000 19, 2021]  Wireless Applications for WINC1500 v3.5.0 Updat: ] ~
- y reless ications rar v3.5.1 e
# Harmony
# Input {o 2. [0OO 19, 2021]  Wireless System for PIC32MZW1/WFI32 v3.6.0 Update J
B L i
lel:arles [o 3.[000 19, 2021]  Wireless Applications for PIC32MZW1/WFI32 v32.6.0 Update J
- Peripherals
& Third Party Libraries [o 4.[000 15, 2021]  10BASE-T1S package v1.0.1 Update ]
# Tools [0 5.[000 10, 20211 Wireless_wifi Release v3.6.0 Update ]
& Touch
# Wireless © [o 6.[000 09, 2021] Touch package v3.11.0 update ] W

|

-

Learning about

MHC GUI Interface
Please click here
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A New Harmony Project

* Try Generate Code for a new Harmony Project.

£4 MPLAB X IDE v6.00 - LabO_First_Project : default — ] Pas
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help - .
LG e T e S 1Y TR e 8 Food v = Generate Project X
Projects | Files | Active C s | = |K1tWindow xl Start Page *[H’MPLABXST@I& x| Project Graph [T Con| . ) )
X omrm4 XORERE ¢ || View: [Rak =81 Confignre Generation Settings
-~ Device Family Pack (DFP) BS _
| B Generate settings
3 o
i Merge Strategy L=ERE_ALL |7
[+
3
3
3
] .
& (Mouze over a property for detatled help)
[+
B Coanaratina D — - .
= enerating Frojec 2. View Warnings
Task Tvpe Femaining Type Description
File Markup [ 16
File Copy [ 16
Libraries [ 0 -
3. Click Generate
mettings [ 7
monrce Faths [ 0 Default linker script 15 added to the project. _
Disable 1t for the project that require custom linker script.
(Generate Cancel
Project generation complete! '

Flease Wait. .,
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A New Harmony Project

* Setup Project Properties for programming tool and compiler.

£4 MPLAB X IDE v6.00 - LabO_First_Project : default — O X ‘

File Edit MHC View Navigate Source Refactor Production Debug Team Teols Window Help . . . .
# Y 1% 8 0 2% B o0aEEn A B4 Project Properties - Lab0O_First_Project 4
=) s ® fudn S« MMPLARKSure o ey Configuration [Double check the part number]
.ﬁ Imports 124 . New 3 -~ @ Creneral Famils: Device:
-. Lmker]‘lles ..... @ F]_ I 1 . fE_ 1 . =
g\ o o7 fhle ncusion/bxclusion All Families v | PIC320MZ2064DAS1T
vl Add Existing ltem.. =N Conf: [default]
Right click Add Existing ltems from Folders... o PICKt 4 Connected Hardware Tool: supported Debug Head

New Logical Folder @ Loading | PICkit 4-SH:BUR1810184 | [ Show ALl [Hone

Locate Headers : ibraries

. o Building
ortant Files.. B @ XC32 (Global Options) | Packs:
Export Hex ———ee ———— N @ - o xedd-as
Laba First_Project verSIDnlng 4 B “ XCSE'ECC
\;F]’:I)ZiiZLTYPE App) HiStDr}f """ @ KCBE—-E'P'P
PICIMZ2064 . | e 2 owe321d
Checlksum: Bl
o CopyPaths 8 | i e A : :
D CRC32: Hox Py @ xe32 ar. T 00 (vl 100 [CrProgram Files\Wlicrochipiwe 32, [0 b1n]
PICI2MZ DA E)(p|D-I’E‘ Path.. el | @ Analwsis

SO S

- T iy Properties

L9 Device suppor
isabled. Click io enable Load Symbolsl )
4.[0003 15, 2021 10BASE-T1S
ADOO0) byies {0 ! ! e

banage Configurations. ..

Elther One

-8 PTOEIM 2,097,152 €5200000) bytes 5.[000 10, 2021]  Wireless_wifi Release v3.6.0 U
%% Debus Tool @ oK Cancel Apply Unloclk Help
g FICkit3 v [Q 6.[000 09, 2021] Touch package v3.11.0 update
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A New Harmony Project

* Try program to make sure the connection and check result.

£4 MPLAB X IDE v6.00 - LabO_First_Project : default — O X

Tools Window Help Q~ Search (Cul+D)

B R @mEE R TR P S \ﬁft:‘;@gkc:OxogHowdom

File Edit MHC View Navigate Source Refactor Production Deby

EEFLIEEE 9T 8 M

Projects | Files | Active C s | = Eit Window xl Start Page *T‘H' MPLAB X Store xl Project Graph I [« [Z T Configuration Options | Help =
) jﬂﬁ@@*ﬂiw View: Root \,|E|E|

">{ Output x| Console | News |
PICkat 4-Lab0_First Project *  Lab0 First Project (Build, Load, ...) =

El Header Files
[ Important Files
Linker Files

£ Seurce Files
[ Libraries

[ Loadables

The following memory area(s) will be programmed:

program memory: start address = 0x1d000000, end address = Ox1d000fff
configuration memory

boot config memory

Lab0_First_Project - Dashboard | Available C " =
2% |?g Lab0_First_Project ~ . *
@ 93 Project Type: Application - Confignration: default PI-D gl-ajnmmg f" Var'l:EEI CDmP]Ete
[ Davice

G PICIEMZI06ADAZITE

# Checksum: Blank, no code loaded
- @A CRC32: Hex file unavailable

=8 Facks ——————SEEEEERRRRRRRHH————,—————————
g PIC32MZ-DA_DFP (1.4.118) Output * | Console | News =

=-F Compiler Toolchain PICKit 4-Lab0_First_Project * Lab0_First Project (Build, Load, ...) =

- 232 (vl 10) [C\Program Files\Microchiplee 32w, [0hbin] = A
- Production Image: Optimization: geo O1 g++ O1

-9 Device support information: PIC32MZ-DA_DFP (1.4.118)

®rE

The following memory area(s) will be programmed:
program memory: start address = 0x1d000000, end address = Ox1d000ff

= Memory .
] £ Data 655,360 (0xAD000) bytes configuration memory
: % boot config memory
o Data Used: 36 (0x24) Free: 655,324 (0x9FFDC)
5 63 Program 2,097,152 {0x200000) bytes Programming/Verify complete
[ v w
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Board Support Packages (BSP)

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Board Support Packages (BSP)
* Find PIC32MZ DA Radial Board BSP in Available Components.

E4 MPLAB X IDE v6.00 - Labl_BSP_Templete_Legato

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

a

X

| Q- Search (Ctrl+D

PEHES D

VT DR Rl @i @A QB [P e (8 PC0k0 Howdo I?

Projects | Files | Active Components* |

X ORER+

...ge] ™ MPLAR ¥ Store XI Project Graph* (ENI 3] (=)

4

PIC32MZ_DA_Radial - Dashboard || Available Components*

=
=

E
=
=
E

# ClassB

= Graphics |Doub|e CiiCkl

- Displays

& Audio

7 Driver
-~ GFX Core
-~ @FX Core LE

+ Interface
+ Middleware

1 Processor

- Templates
Aria Graphics w/ OLED1 Xplained Pro Display

PIC32MZ DA Radial Board BSP

X CRERE¢| &
_Device Family Pack (DFP) |

| View: Root

Configuration Options* | Help |

Output XT Console T News

l

PICkit 4-Lab0_First Project *

Lab0_First_Project (Build, Load, ...) =

Programming/Verify complete

|
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Board Support Packages (BSP)
* PIC32MZ DA Radial Board BSP been added to Project Graph.

E4 MPLAB X IDE v6.00 - Labl_BSP_Templete_Legato — O X

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help [Q- Search (CHl+D) |

PEES DG e JT-E PR T RQODamEED DEY P

...ge]'ﬁ’ MPLAB ¥ Store XI Froject Graph*
X|EIE R B f|'lil'|View: Root

Projects | Files =
X omER

E+PIC32MZ DA Radial Board BSP

Device Family Pack (DFP) E-BSP Pin Types

| PIC32MZ DA Radial Board BSP |
PIC32MZ_DA_Radial - Dashboard T Available Components* =)
+
#- Audio ®

- Bluetooth

=3 Board Support Packages (BSPs)
- Default Board (BSP)
#- Bootloader

#- ClassB

= Graphics

& Displays

H- Driver

- GFX Core

- GFX Core LE

# Interface

E
Eﬂ-- Middleware Output =| Console | News | =

_3..
Processor PICkit 4-Lab0_First Project *  Lab0_First_Project (Build, Load, ...) =
= Templates .

----- Aria Graphics w/ OLED1 Xplained Pro Display Programming/Verify complete
----- Aria Graphics w/ PDA TM4301B Display v v
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Development Board Template

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)

@ MICROCHIP



Development Board Template

* Find Legato Graphic w/ LCF0300633GGUO0O0 Display Template.

B4 MPLAB X IDEv6.00 - Labl_BSP_Templete_Legato

Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help |0.- Search (Crl+D)

FHES D@ [ T B PR R BHQYQDRBEHD BEE W § OB R0 Hmer

Projects | Files | Active Components* | 2| ol ™ MPLAB X Store x| Project Graph* (<] +/=J(@)] Configuration Options* | Help
X|@@EG‘P X TRERE | |View: [Root = B
E-PIC32MZ D& Radial Board BSP

Device Family Pack (DFP) E-BSP Pin Types
| PIC32MZ DA Radial Board BSP |

Note that !!!

- Drwer

- GFX Core H H
eere It will spend a while to add components,

© Interface make activation and connected

=R Mlddleware

TR raphics w/ OLED1 Xplained Pro Display
Aria Graphics w/ PDA TM4301B Display
- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

[ Output =| Console | News |

----- Aria Graphlcs w/ Xplalned Pro Dlsplay

PICKit 4-Lab0_First Project *  Lab0) First_Project (Build, Load, ...) =
Legato Graphic w/ LCF0300633GGUO0O Display

'!‘F Double Click]
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Development Board Template

* Click on [Yes] to auto-activation all the requested components.

B4 MPLAB X IDEv6.00 - Labl_BSP_Templete_Legato - O X
Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctl+I)
E—] % |_ J_I default ~ ? - % - - - - - @ @ ,% @ IT_Z m D) [P Pt & @ (PC:0x0 How do 1?7

Projects | Files | Active Components* | S| ..gel ¥ MPLAB ¥ Store x| Project Graph* (41+/(=)@ | Configuration Options* | Help =
XX TRER4 x|@gﬁ@l§@|m|‘v’1ew Root S

- Device Fa milv Pack (DFP E+PIC32MZ DA Radial Board BSP

~ System Confirm Component Auto-Activation? >

. Ia The database is requesting auto-activation of the following components:
PIC32MZ DA Radial - Dashboard | |

J
= Graphics Core (Harmnn}rCD.re} .
% Displays Input System Service (sys_input)
@ Driver Legato (gfx_legato)
~ GFX Core LCFO300633GGUO00 (ghx_disp_LCF0300633GGU00_432x432)
~ GFX Core LE
# Interface

A .

?
& Middleware Are you sure you want to activate these components?
E Sy —

+ Processor
= Templates
----- Aria Graphics w/ OLED
----- Aria Graphics w/ PDA TM4301B Display
----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display Outpat =| Console | News =

----- Aria Graphics w/ Xplained Pro Display - i :
PICKit 4-Lab0)_First P x i ' i x
----- Legato Graphics w/ 97P043C1AOF-PM Displa 1A% Firsl Frokdt ¥ | Lab0 Firet Project (Buikd, Load, ... .
§ Legato Graphics w/ LCF0300633GGUO0 Displa Programming/Verify complete
----- Legato Graphics w/ MXT Curiosity Pro Display ., v

& ﬁ\ MICROCHIP




Development Board Template
* Click on [No] to not-activate the FreeRTOS.

B4 MPLAB X IDEv6.00 - Labl_BSP_Templete_Legato

Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

a

| Q- Search (Ctrl+D

defanlt

Projects | Files | Active Components* |

p 4wy Yl X

...ge]'ﬁ’ MPLAR ¥ Store XI Project Graph*

-~ Device Family Pack (DFP
PIC32MZ DA Radial Board BSP

PIC32MZ_DA_Radial - Dashboard r

& Graphics

i Displays

- Driver

- GFX Core

- GFX Core LE
& Interface

& Middleware
- Processor

= Templates

----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

----- Aria Graphics w/ Xplained Pro Display

----- Legato Graphics w/ MXT Curiosity Pro Display

----- Legato Graphics w/ 97P043C1A0F-PM Displa
% Legato Graphics w/ LCF0300633GGUO0 Displa

W

x|EGEGE f‘|'lil'|View: Root

Device Family Pack (DFP)

Confirm Component Auto-Activation?

FreeRTOS (FreeRTOS)

Are you sure you want to activate these components?

(EE

Configuration Options* ] Help

= ¥

E-PIC32MZ D& Radial Board BSP
#-BSP Pin Types

4+ Ie The database is requesting auto-activation of the following components:

>

' News

Output = ] Console

PICkit 4-Lab0_First Project *

Programming/Verify complete

Lab0_First Project (Build, Load, ...) =
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Development Board Template

* Click on [Yes] to deactivate components. (not thing will be deactivated for a new Project)

| @ MPLAB X IDE

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

X

| Q- Search (Ctrl+D

E % I_:. \.J:J defanlt

Projects | Files | Active Components* |

(EE

...ge]'ﬁ’ MPLAR ¥ Store XI Project Graph*

p 4wy Yl X

Configuration Options* ] Help

X|§GEGE1~|E»|WW: Root = #H

----- Device Family Pack (DFP)
----- Input System Service
----- LCF0300633GGUO00

----- Legato — Confirm Component Deactivation? X

Device Family Pack (DFP)
| PIC32MZ DA Radial Board BSP |

PIC32MZ_DA_Radial - Dashboard I Available Co

4

= Graphics

& Displays

- Driver

- GFX Core

- GFX Core LE
#- Interface

#- Middleware
#- Processor

= Templates

----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

----- Aria Graphics w/ Xplained Pro Display

----- Legato Graphics w/ 97P043C1A0F-PM Displa

[ﬂ The following components are going to be deactivated:

Are you sure you want to deactivate these components?

E-PIC32MZ D& Radial Board BSP
#-BSP Pin Types

Output XI Console [News |

PICkit 4-Lab0_First_Project *  Lab0_First_Project (Build, Load, ...) =

Programming/Verify complete

W
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* Click on

Development Board Template

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

! E:i"::— X IDE
i ) (0 defarlt | F
Projects | Files | Active Components* |
p di=] Yl ¥,
----- Core

----- Device Family Pack (DFP)
----- Input System Service
----- LCF0300633GGUO00

----- Legato

PIC32MZ_DA_Radial - Dashboard | Available Compone,
s
& Graphics
i Displays
- Driver
- GFX Core
- GFX Core LE
i Interface
i Middleware
- Processor
- Templates
----- Aria Graphics w/ OLED1 Xplained Prg
----- Aria Graphics w/ PDA TM4301B Displ
----- Aria Graphics w/ PDA TM5000 Displa
----- Aria Graphics w/ PDA TM7000b Displ
----- Aria Graphics w/ Xplained Pro Displa
----- ato Graphics w/ 97P043C1A0F-PN

Confirm Component Auto-Activation? ped

'e The database is requesting auto-activation of the following components:

LE GLCD (le_gfx_driver_glcd)
12C1 (i2c1)

CANT (can1)

CANZ (can2)

CDC Function Driver {usb_device_cdc)
SDMMC (drv_sdmmc)

SDHC (sdhc)

FILE SYSTEM (sys_fs)

SPI1 (spi1)

SPI (drv_spi)

UART1 (uart1)

UART4 (uart4)

CONSOLE (sys_consaole)
CONSOLE (sys_console)

DEBUG (sys_debug)

COMMAND (sys_command)
GFX Core LE (gfx_hal_le)

12C2 (i2c2)

12C (drv_i2c)

CORE TIMER (core_timer)

TIME (sys_time)

DDR (ddr)

LE 2DGPU (le_gfx_driver_2dgpu)
Generic Touch Controller (gfx_generic_touch_controller)

Are you sure you want to activate these components?

[Yes] to auto-activation all the requested components.

Q- Search (Ctrl+D

& [@ PC:0x0 How do I7

iguration Options* Help

C3ZMZ DA Radial Board BSP
~BSP Pin Types
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Development Board Template

* Click on [Yes] to auto-activation USB Device Layer (usb device)

| @ MPLAB X IDE -

O X
Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help |0.- Search (Ctrl+I)
P @ [k TP B DCR-RE-R-Q D EEE QEY P w8 ;@;Howdon
Projects | Files | Active Components* | 2| ol ™ MPLAB X Store x| Project Graph* (<] +/=J(@)] Configuration Options* | Help
b Jiw) Nal K x|@gﬁm@f|lﬂ|\hew Root <] |2 ®
----- CAN1 A EFPIC32MZ DA Radial Board BSP
..... CAN2 E-BSP Pin Types
----- Core
----- Device Family Pack (DFP)
----- 12c1 Confirm Component Auto-Activation? X
PIC32MZ DA Radial - Dashboard ||
+ I-ﬂ The database is requesting auto-activation of the following components:
= Graphics .
* Displays USB Device Layer (usb_device)
- Driver
- GFX Core
- GFX Core LE Are you sure you want to activate these components?
#- Interface
i Middleware
#- Processor

= Templates
----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

Peripharal Library
I12C

..... Aria Graphics w/ PDA TM7000b Display Output | Console [New '|

----- Aria Graphics w/ Xplained Pro Display
----- Legato Graphics w/ 97P043C1A0F-PM Displa

PICKit 4-Lab0_First_Project *  Lab0_First_Project (Build, Load, ...) =

Programming/Verify complete

W
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Development Board Template
* Click on [Yes] to auto-activation USB HS Driver (drv_usbhs v1)

| @ MPLAB X IDE

X

Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help |0.- Search (Ctrl+I)

E % I_:. \.J:J defanlt

PIC32MZ_DA_Radial - Dashboard r

4

= Graphics

& Displays

- Driver

- GFX Core

- GFX Core LE
4 Interface

E
#- Middleware
#- Processor
= Templates

Ie The database is requesting auto-activation of the following components:
USB High Speed Driver {(drv_usbhs_v1)

Are you sure you want to activate these components?

----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

----- Aria Graphics w/ Xplained Pro Display

----- Legato Graphics w/ 97P043C1A0F-PM Displa

W

Projects | Files | Active Components* | 2| ol ™ MPLAB X Store x| Project Graph* (<] +/=J(@)] Configuration Options* | Help
XoRER4+ x|@gﬁm@f|lﬂ|\hew Root | [EHE

..... CAN1 -~ E-PIC32MZ DA Radial Board BSP
..... CAN2 E-BSP Pin Types

----- Core

----- Device Family Pack (DFP)

----- 12C1 Confirm Component Auto-Activation? X

I12C1
Peripharal Library
I12C

s
- CAN 2-
|

Output XT Console [ News

PICKit 4-Lab0_First_Project *  Lab0_First_Project (Build, Load, ...) =

Programming/Verify complete
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Development Board Template

* Click on [Yes] to auto-activation System Service TIME (sys time)

| B MPLAB X IDE

Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

>

| Q- Search (Ctrl+D

E % l_..' \'EJ defanlt

PIC32MZ_DA_Radial - Dashboard r

4

= Graphics

& Displays

- Driver

- GFX Core

- GFX Core LE
+ Interface

e
i Middleware
- Processor
= Templates

----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

----- Aria Graphics w/ Xplained Pro Display

----- Legato Graphics w/ 97P043C1A0F-PM Displa
----- Legato Graphics w/ MXT Curiosity Pro Display .,

Projects | Files | Active Components* | 9| ..go/ ™ MPLAB X Store_x| Project Graph* (412 /=)@ Configuration Options* | Help
X CRER4+ x|@gﬁ@@f|lﬂ|\hew Root | [EHE

----- CAN1 ~ E}"F‘.ICSEMZ D& Radial Board BSP
----- CAN2 % B3P Pin Types

----- Core

----- Device Family Pack (DFP)

----- 12C1 Confirm Component Auto-Activation? X

'ﬂ_. The database is requesting auto-activation of the following components:
TIME (sys_time)

Are you sure you want to activate these components?

Peripharal Library
I12C

Output XT Console | News

PICKit 4-Lab0_First_Project *  Lab0_First_Project (Build, Load, ...) =

Programming/Verify complete
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Development Board Template

* Please wait a while here (10 to 30 seconds).

| @ MPLAB X IDE

Eile Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

| Q- Search (Ctrl+D

defanlt

PEES D¢

Projects | Files | Active Components* |

=]

p 4wy Yl X

...ge]'ﬁ’ MPLAR ¥ Store XI Project Graph*

X|EGEGE f|'lil'|View: Root

Device Family Pack (DFP)

| PIC32MZ DA Radial Board BSP |

(EE

L

Configuration Options* ] Help

= ¥

E-PIC32MZ D& Radial Board BSP
#-BSP Pin Types

& Displays

- Driver

- GFX Core

- GFX Core LE
#- Interface

#- Middleware
#- Processor

= Templates

----- Aria Graphics w/ OLED1 Xplained Pro Display
----- Aria Graphics w/ PDA TM4301B Display

----- Aria Graphics w/ PDA TM5000 Display

----- Aria Graphics w/ PDA TM7000b Display

----- Aria Graphics w/ Xplained Pro Display

----- Legato Graphics w/ 97P043C1A0F-PM Displa

Input System Service
Systemn Service
Input System Service O

LCFO200633GGU00
432432 PCAP Display

LE GLCD
LE GLCD Display Controllar
Graphics Display
LE Display Driver

I12C1
Peripharal Library

Output XT Console [News |

PICkit 4-Lab0_First Project *

Programming/Verify complete

Lab0_First Project (Build, Load, ...) =
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Development Board Template

* Click on [Yes] to automatic connection all the components.

| ¥ MPLAB X IDE - O
E!éﬁ%t C' Confirm Attachment Auto-Connect? X B i
Projects | Files 'ﬂ The database is requesting automatic connection following component attachments:
X omeEm| |
_____ Eim ghx_legato:gfx_driver -> le_gfx_driver_glcd:gfx_driver_glcd
& CDC Functi le_gfx_driver_glcd:Graphics Display -> gfx_disp_LCF0300633GGU00_432x432:gfx_display
----- COMMAND drv_i2c_O:drv_i2c_|2C_dependency -> i2c2:12C2_12C
+ CONSOLE gfx_generic_touch_controllertouch_panel -> gfx_disp_LCF0300633GGU00_432x432:touch_panel
PIC32MZ_DA_Ra gfx_generic_touch_controlleri2c -> drv_i2c_O:drv_i2c
'3‘ spi1:SPI1_SPI -> drv_spi_0:drv_spi_SPI_dependency
9“;";!"‘7":5 sdhc:SDHC_SDHC -> drv_sdmmc_0:drv_sdmmec_SDHC_dependency
5 D'rsisearys drv_sdmmc_0:drv_media -> sys_fs:sys_fs_DRV_MEDIA_dependency
- GFX Core uart4:UART4_UART -> sys_console_0:sys_console_UART_dependency
& Interface uartT:UART1_UART -> sys_console_1:sys_console_UART_dependency
+ Middlewa sys_debug:sys_debug_SYS_CONSOLE_dependency -> sys_console_0:sys_console
g _F;;?_;ET:EE sys_command:sys_command_SYS_CONSOLE_dependency -> sys_console_1:sys_console
_____ Aria Gr sys_time:sys_time_TMR_dependency -> core_timer:CORE_TIMER_TMR
..... Aria Gr gfx_legato:gpu_driver -> le_gfx_driver_2dgpu:gfx_driver_2dgpu
----- Aria Gr|
""" ﬁ"ia gr Are you sure you want to automatically make these connections?
""" ria tar
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Development Board Template

* Double Click on [Project Graph] tab to enlarge the window.

B4 MPLAB X IDEv6.00 - Labl_BSP_Templete_Legato - O X
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help [Q- Search (CHl+D) |
PEES D@ T B PR B A0 RBOD SEY B W o 08 Food Hmen
Projects | Files | Active Components* | = Configuration Options® | Help =
X omEme = EE |
..... CAN1 N b3 =-PIC32MZ DA Radial Board BSP
----- CAN2 [{Double Click] | ®8s°"nTes
#- CDC Function Driver ) __
..... COMMAND | PIC3207 DA Radial Board B5? |
- CONSOLE v — Legato
PIC32MZ_DA_Radial - Dashboard I Available Components* Harmony Core Service Gra-plu'ts Ll'brar:-,r
+ o RTOS LE Display Driver
e hi " Core Service © iLE GPU Driver
-- Graphics
& Displays Input System Service
EE| Driver Systemn Service
- GFX Core Input System Service O
i Ir{terface LCF0300633GGU00 LE GLOD
#- Middleware 433432 PCAP Display LE GLCD Display Controller
- Processor Graphics Display Graphics Display
= Templates Touch Panel LE Display Driver
----- Aria Graphics w/ OLED1 Xplained Pro Display — I .
----- Aria Graphics w/ PDA TM4301B Display N ||' NS N
----- Aria Graphics w/ PDA TM5000 Display 12C II
----- Aria Graphics w/ PDA TM7000b Display |l
----- Aria Graphics w/ Xplained Pro Display e :
Output = | Consol N -
----- Legato Graphics w/ 97P043C1A0F-PM Display . GtZ': ¢le F_s;epm[ lm La'}ﬂ S
1 *® x
----- Legato Graphics w/ MXT Curiosity Pro Display A i Proect (B, T8, o) N
----- Legato Graphics w/ PDA TM4301B Display Programming/ Verify complete
----- Legato Graphics w/ PDA TM5000 Display v v
Gy
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Project Graph*

evelopment Board Template

X CRERE 4|
Device Family Pack (DFP) [N PIC32MZ DA Radial Board BSP |

CORE TIMER
Peripheral Library
TMR

12C1
Peripheral Library
I2C

12c2
Peripheral Library
I2C

UART4
Peripheral Library
UART

UART1
Peripheral Library
UART

SPI1
Peripheral Library
SPI

SDHC
Peripheral Library
SDHC

Core
Harmorny Core Service
o RTOS

Core Service ©

12C

Drriver

o Core Service

Instances -|——+

Instance O
I2c

DRV_I2Z2C

CDC Function Driver
2 USB_DEVICE

Instances
Instance 0

USB_DEVICE_CDC

USE High Speed Driver
& Core Service
DRV_USEB ©

SPI

Drriver

o Core Service

Instances -|=—+

Instance O
sPr

DRV_SPI T

USB Device Layer
O DRV_USB
USB_DEVICE ©

‘ USB_DEVICE_CDC
SYS5_CONSOLE

Instance 1
UART

‘ USB_DEVICE_CDC
SYS_CONSOLE

sbMmMC

Ciriver
o Core Service
O 8SYS_TIME

Instances -=—+

Instance 0
SDHC

DRV_MEDIA

Input System Service
System Service
Input System Service <

Legato Graphics w/ LCFO200633GGU00 Display
Legato Graphics w/ LCFOZ00633GGU00 Display

LE GLCD
LE GLCD Display Cantroller

Graphics Display
LE Display Driver

Generic Touch Controller

Generic Touch Cortroller LCFO300633GGU00

4326432 PCAP Display
Graphics Display

Tmsemds M=

e
FULICIE FUiish j

O Imput System Service
DRV_I2C

Tmsemde Mol
FULICIE FUiiGh

Legato
Graphics Library
LE Display Driver

‘ LE GPU Driver

LE 2DGPU
LE 20-GPU Graphics Processaor

DEBUG LE GPU Driver

System Service
o Core Service
SYS5_DEBUG ©

SY5_CONSOLE COMMAND

System Service
o Core Service
SYS_COMMAND ©

SYS_CONSOLE

FILE SYSTEM
System Service
21 Core Service
SYS_FS O

DRV_MEDIA
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Legato Graphic Composer

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Legato Graphic Composer

* Click [MHC] > [Tools] > [Legato Graphic Composer]

4 MPLAB X IDE v6.00 - Labl BSP_Templete Legato
File Edit iew Navigate Source Refactor Production Debug Team Tools Window Help

']’F_ul Save Configuration W ?*%' D""@@%@@@;}

Import

h
A
e
(=
T

Export

ad

Preferences PIC32MZ DA Radial Board BSP
5 TIME

Generate Code Service Systemn Service

Lo P Clockconfiguraton

Display Manager
DMA Configuration
Exit onfiguration

o Core Legato Graphics Cﬂmr

122 Instances Generic Touch Controller

Peripheral Library Insts . Generic Touch Controller
I2cC Input System Service

DRV _I2C

Tormernrls Ml
R FLE PRyl PR L= ]

¢ I3

Utilities

Input System Service
System Service
Input System Service O

CAM1
Peripheral Library

CDC Function Driver
2 USB_DEVICE

CANZ
Peripheral Library

UART4 ‘

Instances
Instance 0

bailable Components® l;h| i Projects (Sl Files  Active Components*

GF¥ Core LE L4
Display Management

LCFO300633GGU00
4325432 PCAF Display

Graphics Display

Trmrarls M el
RIS FIE Py b PR L=y ] :

LE

n

LE
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Legato Graphic Composer

* |f problem to open(execute) Legato Graphic Composer, please install
latest Microsoft C and C++ (MSVC) runtime libraries from below link.

https://docs.microsoft.com/en-US/cpp/windows/latest-supported-vc-redist?view=msvc-170

B Latest supported Visual C++ F. X +
<« cC O ( & docs.microsoft.com/en-US/cpp/windows/latest-supported-ve-redist?view=msvc-170
Version . .
Vel Studio 2022 . Visual Studio 2015, 2017, 2019, and 2022
S£ Filter by title This table lists the latest supported English (en-US) Microsoft Visual C++ Redistributable packages for
. Visual Studio 2015, 2017, 2019, and 2022. The latest supported version has the most recent
Redistribute Components By Using Merge implemented C++ features, security, reliability, and performance improvements. It also includes the
Modules latest C++ standard language and library standards conformance updates. We recommend you install
Redistribute Visual C++ ActiveX Controls this version for all applications created using Visual Studio 2015, 2017, 2019, or 2022.
Redistribute the MFC Library Architecture Link Notes
Redistribute an ATL application
Latest Supported Visual C++ ARM64 https://aka.ms/vs/17/release/vc_redist.armé6d.exe Permalink for latest supported
L ARM®64 version
Redistributable Downloads
> Deployment examples X86 https://aka.ms/vs/17/release/vc_redist.x86.exe™ Permalink for latest supported x86
Redistribute web client applications version
ClickOnce deployment for Visual C++ . .
o X64 https://aka.ms/vs/17/release/vc_redist.x64.exe ™ Permalink for latest supported x64
applications version. The X64 redistributable
Run a C++ —clIr application on a previous package contains both ARM64 and
runtime version X64 binaries. This package makes it
) easy to install required Visual C++
C++ Attributes for COM and .NET ARMS64 binaries when the X64
Attribute programming FAQ redistributable is installed on an
i b s e ARM64 device.
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Legato Graphic Composer

* Create a new project using the new project wizard.

=2 Legato Graphics Composer ? X

Legato Graphics Composer

Welcome to the Legato Graphics Composer user
Interface design application.

Flease select from one of the chotces below to get started. You can also click the ¢lose button to begin using the
tool without gnided assistance,

Create a new project using the new project wizard,
""\? [ Click ]
i
falis) Load an existing project.
—p

| Don't show this dialog again, Close

c\ MICROCHIP



Legato Graphic Composer
* Display Configuration of Width and Height set to 432 x 432 pixel.

™ |egato Graphics Composer - New Project Wizard pd
Steps Cigplay Configuration
1. Display Configuration Yhdth: 432 =
2. Color Mode _ .
3. Memory Profile Height: 432 :l
4, Project Template Prosets:
s HVGA (480x320 v Appl
5. Finish (60x320) ~| el

Total pixel count for a single frame buffer: 186624

Help Back |
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Legato Graphic Composer
* Color Mode select to RGBA 8888

™ Legato Graphics Composer - New Project Wizard pd
Steps Color Moda
1. Display Configuration Momenclature Bits Per Pixel Description
2. Color Mode O MOND 1 bit Monochrome
3. Memory Frofile " G5 8 2 bits Crevscale
4, Project Template _ _ ) _
S Finish (" RGE_332 & bits 3 bats red, 3 bits green, 2 bits blue
(" RGE_565 16 bits 2 bats red, © bits green, 5 bits blue
(" RGBA 5551 16 bats 5 bats red, 5 bits green, 5 bits blue, | bit alpha
(" RGB &82 24 bats 2 bits red, & bits green, 2 bits blue
* RGBA_8888 32 bits 8 bits red, 8 bits green, 3 bits blue, 8 bits alpha
(" ARGE @ssg 32 bits 2 bats alpha, & bits 1ed, 2 bits green, £ bats blue
Estimated size of a single frame buffer (bytes): 746496
e
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Legato Graphic Composer
* Memory Profile select to MZDA WVGA

(" MZEFMZIDA WOVGA

~ izDA WV

€ MPU

Help

Back

™ Legato Graphics Composer - New Project Wizard pd
Steps bemory Frofile

1. Display Configuration Select the memorv profile to use for this proect.

2. Color Mode (" Default

3. Memory Profile M0t

4, Project Template -

5. Finish L

MY

e
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Legato Graphic Composer

 Start with a basic quick start project template.

™ |egato Graphics Composer - New Project Wizard

Steps Frowect Template

1. Dusplay COnfiEUI&ﬁOm tart with a basic quickstart project template.

2. Color Mode

3. Memory Profile
4. Project Template
3. Finish

Help

Back

e
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Legato Graphic Composer

* Finish a new Legato Graphic Composer project.

™ |egato Graphics Composer - New Project Wizard

Steps Finish

1. Display Configuration Click "Finish" to finalize wour new project.

2. Color Mode

3. Memory Profile
4, Project Template
3. Finish

Help

Back

T

[

Click

)
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Legato Graphic Composer

* Legato Graphic Composer GUI.

Main menu bar

Toolbar Icons }

‘ 2 Legato Graphics Composer

Screen and Scheme Pane

Screen Tree Pane }—

{ Screen Designer

Tool Box Pane

Object and Scheme Editor Pane

Console

— O X
File | View Project Asset Window Help | r
AT
Screen Tree 5 [ Screen0 & | Tool Box -]
+ SR+ T & Bl Containers — - Jl
< [ Panel Gradient GronpBox
= £33 Layer0 @ MicrocHIP [ Windeow
[ BackgroundPanel = lnput Widgets
=~ mchplogo Entton W Check Box
= mhgslogo N Circular Slider H Key Pad
A fastLabel Fast. Easy. Smart. |[g L.
A easylabel =
- Radial Menu ® Radio Button
AL ﬂﬁ:ﬁﬂet‘g Bl Seroll Bar b Slider
gsButton e Text Field Tonch Test —
v . = Display Widgets
-ﬁ M Arc lé Bar Graph
Q Circle ) Circnlar Gauge
ED Tiravs Snrface o Trnage ;J
Object Editor
= Screen
Name Screenl)
-]
Schemes Enabled | I
+ xX X | / S| » Persistent ||
WhiteScheme = Events
RedScheme On Show O
GreenScheme On Hide | ]
BlueScheme Om Update |
Console g x 2Pt |
x l
(10:21:50) 1 Inttializing Legato Graphics Composer w1.25.2b...
(16:21:57) : Initialization complete,
(16:21:57) : Welcome to Legato Graphics Composer!
(16:22:14) = Opening project: CoExercises_PIC3001GFX/Lab1_BSP_Templete_Legato!
firmwrarefsrefconfigfdefanlt M yProject.zip .
Screens Schemes | Object Editor | Scheme Editor |
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Legato Graphic Composer
* Legato Graphic Composer GUI.

‘ 2 Legato Graphics Composer

Project

Project Settings

Object Clipping

Display Language * Event Manager
Memory Locations

Schemes F

+ X X| L ra®
WhiteScheme

RedScheme
GreenScheme

b33

- O X
Main menu bar File | View Project Asset Window Help |
&8
Screen Tree & Sereen0 B 1 Tool Box -]
+ fe & F Bl Containers - - =]
- < [ Panel Gradient GronpBox
L MicrocHIP
= @ Layer(0 @ [ Windew
-3 BackgroundPanel = Input Widgets
-~ &= mchplogo Button ¥ Check Box
-
= mhgslogo N Circular Slider [ Key Pad
A fastlabel MPLAB‘ Fast. Smart. BH List =] List Wheel
i easyLabel = "= "=’ Radial Menu ® Radio Button

Asset

BlueScheme

x

Console F x

(10:21:50) 1 Inttializing Legato Graphics Composer w1.25.2b...

(16:21:57) : Inittalization complete,

(16:21:57) : Welcome to Legato Graphics Composer!

(16:22:14) : Opening project: CBExercises_PIC3001GFX/Lab1_BSP_Templete_Legato!
firmwrarefsrefconfigfdefanlt M yProject.zip

Screens Schemes I

Images ¢ Graph
rcular Gauge

Fonts

Strings

Global Palette

Object Editor | Scheme Editor |

@ MICROCHIP



Legato Graphic Composer
* Legato Graphic Composer GUI.

2 Legato Graphics Composer — O x

File | View Project Asset Window Help

=

Screen Tree 5 Sereen0 B | Tool Box -]
+ a X+ F &L = Containers - - BN
- 3 [ Fanel Gradient GronpBox

= £ Layer0 @ MicrocHIP [ Windew

[ BackgroundPanel = Input Widgets

- mchplLogo Button ¥ Check Box
= mhgslogo N Circular Slider { Key Pad
Toolbar Icons A fastlabel Fast. Easy. Smart. iz =] List Wheel
A easylabel ® Radio Button
- A smartlLabel b Slider
: gsButton Touch Test -
[l Bar Graph
™ Cirenlar Gauge
- Tnage j
=]
Schemes & S,c;aean
+XX| /| r
WhiteScheme
RedScheme r
GreenScheme r
BlueScheme [~

Console F x

x

(10:21:50) 1 Inttializing Legato Graphics Composer w1.25.2b...

(16:21:57) : Inittalization complete,

(16:21:57) : Welcome to Legato Graphics Composer!

(16:22:14) : Opening project: CBExercises_PIC3001GFX/Lab1_BSP_Templete_Legato!
firmwrarefsrefconfigfdefanlt M yProject.zip

Screens Schemes I Object Editor | Scheme Editor |
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Legato Graphic Composer
* Legato Graphic Composer GUI.

Screen Tree Pane }—

™ Legato Graphics Composer — O x
File | View Project Asset Window Help
L
Screen Tree & Sereen0 B } New Layer Tool Box -]
+ S X+ F LD — o
= S Mictbcie Delete selected Layer or Object B Eicuien  ©16mouBox
[ BackgroundPanel .
& mchpLogo - Move selected objectto Top |, . ..
& mhgsLogo L
A fastlabel T JI |! " : i’ Fasi Move selected object to Bottom
A easylabel 2 iy oy 3
£ Slilales Srreen Tres p Seroll Bar b Slider
gsButton 2 . - i -4 Text Field Touch Test
+ B X T+ ¥ + £ = Display Widgets Screen Tree &
-ﬁ b D ) M Are [l Bar Graph i -
= i:; LaFEIU 2 (T:):’I:jaegnrfacn f (T:;I::Flaar g + z:‘:'i x dLIb ﬁu"‘" T"IJ? iz
Object Edit .
(71 BackgroundPa el et oy - £33 Layer0
- | ame creen
Schemes E &= mchpgogo pne_ St [ BackgroundPanel
+XR|La> | ‘&= mhgs/.ogo - = ButtonWidget
WhiteScheme h fastlazel = < G . )
RedScheme i =l 2 aver
RedScheme | A easyLibel Move selected object Down
BlueScheme — A sm M | d obi T 1 GENERATED_Layer1_BasePanel
% [@ B ove selected o ject P = Imagewidget
e _] Activate selected Layer - &3 Layer2
(1621573 : Welcome oL ; ] GENERATED_Layer2_BasePanel
(16:22:14) : Opening project: CoBExercises_PIC3001GF/Lab]_BSP_Templete_Legatod
firmwrarefsrefconfigfdefanlt M yProject.zip A La b EIWi d g et
Screens Schemes Obiject Editor Scheme Editor
AS\ MicrocHIP




Legato Graphic Composer
* Legato Graphic Composer GUI.

2 Legato Graphics Composer

Screen and Scheme Pane

— O X
File | View Project Asset Window Hela 8
™ & |G Delete Scheme New Screen
Screen Tree & Screenl Tool Box
+SX T L Edit Scheme = Containers | Delete All
T S Lagerd @ MICROCHI ! [ Fanel B Gradie t
3 BackgroundPanel I Set Default Scheme e 1 Set Screen as Primary
- = mchpLogo
~ &= mhgslogo Cireular Slider Screens
A fastlabel List < <
A easylabel Fadial Menn 4 x | x | I:IJ ‘/ '
A smartLabel Seroll Bar - - .
" B gsButton . . N f f .
e Visible Name View
1splay Widgets
Arc I— q —
GreenSche me Circle v Screell0 L
B ueScheme Reset Scheme jgi" """ =" Set Screen Active
ject Editor
J Screen -
—— 5 Delete All Schemes None Duplicate Screen
Enabled
+ x X| .ﬁf’-‘ &) | » o Persistant -
e Create New Scheme — Delete Screen
RedScheme On Show
GreenScheme Cn Hide
BlueScheme On Update
Console
X
(16:21:56) :
(16:21:57)
(16:21:57)
ﬁ (16:22:14) :
firmware/sic
Sereens Schemes | Object Editor | Scheme Editor ]
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Legato Graphic Composer
* Legato Graphic Composer GUI.

™ Legato Graphics Composer -
= cgTe R ? Tool Box Pane
File | View Project Asset Window Help Tool Box
ik | A H .
B | = Containers
Screen Tree & Sereen0 @ Tool Box .
+ORET S S R [ Panel I Gradient [ GroupBox
T \ [ Fanel 'l Gradient i | :
= S Layero A8\ MicrocHie S indon E Windowr
[ BackgroundPanel = Input Widgets = Input Widgets
=~ mchplogo [ Bntton W Check Bo
[ mhgsLogo * Lo Circular Slider @ KEY Pad E-'llttﬂ]'l J ChECk E‘O:’:
ifamfb; : [V IJW:1:}] Fast Easy.Smart. jgua SlLisviheel | 9N Crenlar Slider i Key Pad
easylabe ST T T Y ‘= Radial Menu ® Radio Bt
smartLabel EHRﬂF’EIEMEDSE“I [l Scroll Bar 0 Slider EE LlSt Llst 1il.;I;.;I-]'.I.EE].
gsButton =t Text Field Tonch Tes . - .
v 5 Display Widests ‘e’ Badial Menn ® Radio Button
A .
5 ?"1 l:, 2?“ Glrapé El Scroll Bar b Slider
ircle ircular
ED Tiravs Snrface e Trnage Text_ F]_E]_d Touch TESt
Object Editor E 2 3
— = Dasplay Widgets
Schemes & gaﬂg ; Slcfeng D Arc i Bar Graph
nable v
+XX| /o> Persistent r O Circle ) Cirenlar Gange
WhiteScheme = Events
RedScheme On Show 0 EZ Draw Surface = [mage
G Sch O Hidi
Bliscehoma o ,': s [mage Rotate wz Image Scale
Console g x £
x o [mage Sequence A Label
(10:21:50) 1 Inttializing Legato Graphics Composer w1.25.2b... / Ll]'.I.E % Ll]'.I.E Graph
(16:21:57) : Inittalization complete, -
(16:21:57) : Welcome to Legato Graphics Composer! " PIE C]'.I.Elrt - PIOEIESS BE‘.I
(16:22:14) : Opening project: CBExercises_PIC3001GFX/Lab1_BSP_Templete_Legato!
firmwrarefsrefconfigfdefanlt M yProject.zip I:] RECTJB.]'.I.E].E
Sereens Schemes I Object Editor | Scheme Editor |
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Legato Graphic Composer

* Legato Graph

ListTextl
ListText2
ListText3
ListText4

T e

'T. - -
u"-WII‘I daow Trtlke

M

ic Composer GUI.

to Granhic

E

DUl P EQ

Button
" CheckBox

@& @& Radio

FY

= \

Tool Box Pane r_ -

Istlex
Text
i ] 1 2 3
5 5 B T
B 9 A B
C ] E F

St. Smart.

1.23.2b...

Fi/Labl_BSP_Templete_Legate!

e Image Sequence

/" Line
#% Pie Chart
[ Rectangle

Object Editor Scheme Editor

Tool Box &
- Contatiers
Tool Box . -
 Containers [ Panel £ | Gradient 1 GronpBox
[ Panel B Grdflient [ W
1ndow
[ Window |j .
S Input Widgets = Input Widgets
(5] Bntton o Check Bo
ak
N Circnlar Slider . fH Key Pad e E-'U.ttﬂ]'.l v ChECk on
6 List ElList Wheell | 9% ipeylar Slider Kew Pad
‘=’ Fadial Menu ® Radio But ) )
B Scroll Bar b Slider =4 List (=] L1ist "Wheel
1 Text Field = Touch Tes . .
5 Display Widgets Cw’ Radial Menn ® Eadio Button
) Are [l Bar Graph £l S :
= =croll Bar =lider
O Circle ™ Circular G E '.OJ
B Draw Snrface & Tmaze ] Text Field 82 Tonch Test
Object Editor 2 3
= Seroen = Display Widgets
gaﬂg ; S,CEEHO M Arc lik Bar Graph
nable W
Persistont r O Circle (A Cirenlar Gange
B Events
On Show = EZ Draw Surface = [mage
On Hide [] -
O Updete = s [mage Eotate e [mage Scale

A Label
22 Line Graph

3 Progress Bar
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Legato Graphic Composer
* Legato Graphic Composer GUI.

GroupBox

W ListTextl
S ListText2 -

: ListTextl
Il:!stlexti Label SEIEX
ISLT ex
istText Button

T e I e s i -

" CheckBox ﬂ
& @ Radm

|

f

T i
u‘-WII‘IdﬂW Trtle [

-+ Containers
L4 Fanel

' m

50

t\\ M||:nm:H|p_________..---"""""H

T
-

1 2 3

ij Windowr

B Gradient

C GronpBox
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Legato Graphic Composer

* Legato Graphic Composer GUI.

] |76mu pBox— B

P4 ListTextl

ListText2 |
ListText3
ListText4 = Input Widgets
e @Kl Eutton =l Check Box
A Cireular Slider op Eev Fad
&1 List 4 List Wheel]
(e’ REadial Menu #® Radio Button
€ Scroll Bar =0 Slider
= Text Field #= Touch Test
L—_—

W\ MicrocHP
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Legato Graphic Composer
* Legato Graphic Composer GUI.

GroupBox =

P4 ListTextl
ListText2
ListText3

| istTaxth

ListText4 E_X

|l - —l™F ..l

t\\ MICROCHIPO—

v P
L —

= Dnsplay Widgets

Il ] -1 Rectangle
J— = -

M Arc ==t Bar Graph
O Circle 2 Circular Gange
B2 Draw Surface s Image
wo [mage Rotate e [mage cale
wi Image Sequence 0\ Label

I /" Line 22 Line CGraph
»% Pie Chart T 1 Progress Bar
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Legato Graphic Composer
* Legato Graphic Composer GUI.

firmwrarefsrefconfigfdefanlt M yProject.zip

Screens Schemes I

Object and Scheme Editor Pane

2 Legato Graphics Composer — O x
File | View Project Asset Window Help
] “FgEe
Screen Tree & Screen0@ | Tool Box | ) .
+ SR ¢+ T L L = Containers - ObJ ect Editor g
- \ [ Fanel Gradient ‘
= Layer0 A8\ MicrocHie S Windon = Screen
[ BackgroundPanel = Input Widgsts Name Screen(
& mchplogo Button VI Ches Enabled [v
&« mhgsLogo N Circnlar Slider H Key .
A fastLabel Fast. Easy. Smart. |[gL. ElList Fersistent Il
A easylabel = - = .
e Radial Menu ® Radi Events
A smartLabel HARMONY Bl Scroll Bar @ siided N o 2, r
qsButton T Text Field i= Touc 1 oAem
v B Display Widgets On Hide I_
M Are ik Bar G O UDd&tB I_
Q Circle @ Ciren
ED Tirave Snrface o Trnas
Object Editor
El Screen
Schemes 8 Name Sereeny
Enabled ~
+ XX | .{ S| » Persistent ||
WhiteScheme = Events
RedScheme On Show O
GreenScheme O Hide ]
BlueScheme Om Update
Console g x 2Pt |
X
(10:21:50) 1 Inttializing Legato Graphics Composer w1.25.2b...
(16:21:57) : Inittalization complete,
(16:21:57) : Welcome to Legato Graphics Composer! Object, Editor I Scheme Editor I
(16:22:14) : Opening project: CBExercises_PIC3001GFX/Lab1_BSP_Templete_Legato!

Object Editor | Scheme
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Legato Graphic Composer
* Legato Graphic Composer GUI.

Screen :
Basic Screen control.

Event:
Screen Event Callback generation.
OnShow(), OnHide() and OnUpdate().

Object Editor &

Screen

Mame Screen 0

Enabled v

Fersistent |_

Events

On Show -

On Hide [

Cn Update [

Obiect Editer | Scheme Editor |
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Legato Graphic Composer

* Legato Graphic Composer GUI.

Widget :

Base Widget Properties.

Object Name, position, size, scheme,
visible control and alpha blending etc.

Button (Widget Type):

Widget specific properties.
Operation, Text/String, images etc,

Event:

Object Editor g
Widget
Mame qsButton
Position [256,142]
Size [160,74]
Enabled [v
Visible Iv
=cheme internal 7
Background Memne |
Border Memne |
Alignment [Center Middle]
Margins [4.4,4,4]
Alpha Blending N
Alpha Level 255 =
Button
Toggleable [
Siring

Pressed Image

OmickstartDown WOVGA

REeleased Image

Image Posttion

mickstartlUp WOVGEA
Left of

E

Image Margin

10

Fress Offset

o]l

1

Widget event callback generation.

Events

Pressed

Eeleased

Editor Options:
Composer editor options.

— 1t —1

Editor Options

Locked

I

Hidden
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Object Editor g

Legato Graphic Composer
* Legato Graphic Composer GUI. e b

r | Position [236,142]
v Size [160,74]
I_ [ Enabled [v
Visible Iv
scheme internal 7
i Background Meme |
{2«5 . ].""1'2-:' Border Mene |
: Alignment [Center Middle]
'? Margins [4,4,4,4]
: Alpha Blending I~
i;'; | Alpha Level 255 =
' = Button
: Togeleable [
L {': | String
Pressed Image OmickstartDown WOVGA
g1 A Y I REeleased Image mickstartlUp WOVGEA
Image Position m%
Image Margin 10 :|'
Fress Offset | —
= Events
Fressed [
~, Eeleased [
( PP Quick Start ) = Editor Options
NS Locked [
Hidden -
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Legato Graphic Composer

* Generate Graphic Composer Designh code to current project.

" Legato Graphics Composer — O o
File | View Buai Asset Window Help
B
Screen Tree 5 Sereen0 B ] Tool Box -]
+ 3 l = Containers =
N 1 Panel Bl Gradient [ GronpBex
o g MicrocHIP
£3 La L .!. 3 @ T Window
O = - = Input Widgets
- '1..-.;' - Button 7 Check Box
- 2 ™ Circular Slider B Eey Pad
ifas . MPLAB Fast. Easy. Smart. ||z L el
easylape ST T T Y = Radial Menu ® Fadio Butten
Asmar — Click ] HARMONY Al Seoll Br 0 St
B8 qsButtor GRAPHICS SUITE ; | |
E 1. Text Field Touch Test
v = Display Widgets
) Are [l Bar Graph
™ Cirenlar Gauge J
Generating Project Code — .
Schemes g ST;EHO
+ XX ||~ r
WhiteScheme
RedScheme r
GreenScheme N
BlueScheme Cn Update [
Console g x e
X
(10:21:06) : Intttalizing Legato Graphics Composer v1.22.2b...
(16:21:57) : Inttialization complete,
(16:21:57) : Welcome to Legato Graphics Composer!
(16:22:14) : Opening project: CBxercises_PIC3001GFHLab1_BSP_Templete_Legato/
firmwrarefsrelconfipfdefanltMyProject.zip
Screens Schemes Object Editor Scheme Editor
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Legato Graphic Composer

» Save Graphic Composer Design to [Config Name] design.zip

Ex. default design.zip

f‘ Legato Graphics Composer
Broject Asset Window Help
jal® ||
Screen Tree = T]
N O
A%\ MicrocHie ]
T
: 0
4
AT ' MPLAB Fast. Easy. Smart. ||
- A easylabel s
Amme—ank ) HARMANY
K
d
Schemes g
+XX\./L-“*"\>>
WhiteScheme
RedScheme
GreenScheme
BlueScheme
Console g x
X
(16:21:56) : Initializing Legato Graphics Composer v1.25.2b..,
(16:21:57) : Inttialization complete,
(10:21:57) : Welcome to Legato Graphics Composer!
(16:22:14) : Gpening project: Co/Exercises PIC3001GFX/Labl_BSP_TempleteLegato/
firmwarefsrefconfigddefanltMsProect.zip
Screens Schemes

" Save Project As

1\.

HEEE -

« src » config »

IS E K3

Exercises_PIC3001GFX

Lab1_BSP_Templete_Legato

firmware

Lab1_BSP_Templete_Legato.X

src
config

default

EESE(N).

default "

sl

default_design.zi

FEFEE(T): Composer Project Files (*.zip)

~ BEERE

Object Editor | Scheme Editor |

default_design.

O

zip

.

&0 E=E default

CREE:

L,

2021/12/2 T 01:57
2021/12/2 T 02:44
2021/12/2 7 01:57
2021/12/2 T 01:57
2021/12/2 T 01:57
2021/12/2 T4 01:57

£

i i i

it it

= = -

e R R R
WO W W W W

-
Hifk
;]]1':

e
Hifk
;]]1!;[

=
ik
;]]1':
v-'o—
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Legato Graphic Composer

* Return to Harmony and Generate Code for Template Project.
= weroees i Please remember this step and will never remind again later

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

R D) @ [l VE B PR RQUAREBEDTAES

2 Generate Project X

Projects | Files | Active Components* | 2 |[ Project Graph* {1 Configure Generation Settings
X GAnm ¢ ~ XCRERE | @ View: [Root Y1 [5 Cenerate Settings
CAN1 . ..... — ]'[ M rimm T il s Pl FRETL ]'l nTFaAnaT na nedio] Board BSP A i MEIEE Stl’ateg? USJ:._H_AL_L_ "t ?
..... CANZ
#- CDC Function Driver
""" COMMAND
- CONSOLE
""" CORE TIMER Mouse over a property for detailed help)
..... Core -=‘
..... DDR v ll = “
| PIC29M7 DA Radial - Diachhaard | Awvailahle Com to¥ | =0 O EEEEELE: |
£ Generating Projec : :
- e 2. Wiewr Warnings
Task Tvpe Femaining Total Type Description
File Markup [ 16
File Copy [ 16
Libraries [ 0 -
3 Click G te
ettings [ 7 1R IEnEa
monrce Paths [ 0 Default linker script 15 added to the project. _
Disable 1t for the project that require custom linker script.

. . )0,
Project generation complete! =

100% Flease Wait...
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Legato Graphic Composer

* Try program to make sure the connection and check result.
= weroees i Please remember this step and will never remind again later

File Edit MHC View Navigate Source Refactor Production Debps

TPl &) @ (defaut °F B b = |

Projects Files Active Components* ]

Tools Window Help

Q|

B R @i @[ TE P (D o) g (@ PC:0x0 HowdoI?

X CROR ¢

# CDC Function Driver
----- COMMAND

- CONSOLE

----- CORE TIMER

=l|| Project Graph* lIZlE]@” Configuration Options* | Help
3 W% Qutput x| Console | News

| System |

DOR
Peripheral Libr|

CORE TIME]

Ti

PIC32MZ_DA_Radial - Dashboard

Available Components*

+

=+ Graphics

H- Displays

i Driver

- GFX Core

- Interface

- Middleware
- Processor

- Templates

[ W ru

N O B
(L0 v o R o

] M
i 12C1
Peripheral Libr H
5 cﬂnﬂguratmn mGITlDI'_Y
=]
2|

I
— boot config memory
Peripheral Libr
I

Programming/Verify complete

CAN1
Peripheral Libr;

Peripheral Library

Instances T

UART4

Instance O ﬁ Instances =l—+
Peripheral Library FSB_DEVICE_CDC | Instance 0
UART < - UART

PIC32MZ_DA_Radial (Build, Load, ...) * ICD 4-PIC32MZ_DA_Radial =

eehersi il | The following memory area(s) will be programmed:
program memory: start address = 0x1d000000, end address = Ox1d000fff

----- Aria Graphics w/ OLED1 Xplained Pro Display

Aria Graphics w/ PDA TM4301B Display
Aria Graphics w/ PDA TM5000 Display
Aria Graphics w/ PDA TM7000b Display
Aria Graphics w/ Xplained Pro Display

Legato Graphics w/ 97P043C1A0F-PM Display
| eaatn Granhice w/ M¥T Curinsitv Pra Dienlaw

Qutput = Console News

ICD 4-PIC32MZ_DA_Radial * PIC32MZ_DA_Radial (Build, Load, ...) =
contiguration memory
boot config memory

Programming /Verify complete
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Legato Graphic Composer

* The Template Result after program.

Screen0 £ I
-y, il
. _ -
Q\Mlcnoguw ~ o
7 N
/7 R \
MPLAB Fast. 3 MPLAB 7 Fast. Easy. §‘mar
A L , ,
HARMONY HARMONY
GRAFPHICS SUITE ' ‘
v— | I
\ I
\ I
\ /
\ /
\ /
\ s i
N\ - - _ _ /7
‘ - | L]LJ
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Legato Graphic Composer

* Click [MHC] > [Tools] > [Legato Graphic Composer]

_ Please remember this step and will never remind again later

Raf

i MPLAB X IDEv6.00 - Labl_BSP_Templete_Legato
File Edi iew Navigate Source Refactor Production Debug Team Tools Window Help

Save Configuration v W va-vam%@@@?

Import

Export
Preferences

Generate Code

Clock Configuration
Display Manager
DMA Conﬁguration

Pin Configuration
TCP/IP Configuratio

CDC Function Driver
o USB DEVICE

Instances
Instance O

Input System Service
System Service
Input System Service O

Generic Touch Controller
Generic Touch Controller

= Input System Service
DRV _I2C

Tmrwrds Ml
riULI] ruiics

GFX Core LE
Display Management

LCFO300633GGU00
432432 PCAP Display

Graphics Display
[ gy A e
FWLrCrr ruinrcy :
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Legato Graphic Composer

* Return to Legato Graphic Composer.

T
Screen Tree g
+ S X ¢ FLL
- €3 Layer0
[ BackgroundPanel
= mchpLogo
i« mhgsLogo
A fastLabel
A easylabel
A smartlLabel
qsButton

Schemes g

+xx /f_,. & | »

WhiteScheme
RedScheme
GreenScheme
BlueScheme

Screens Schemes

File | View Project Asset Window Help

Screenl) B l
@Mlcnucmp
(Y |dW:\:§] Fast. Easy. Smart.
Console F X

X

(10:21:06) : Intttalizing Legato Graphics Composer v1.22.2b...

(16:21:57) : Inttialization complete,

(16:21:57) : Welcome to Legato Graphics Composer!

(16:22:14) : Opening project: CBxercises_PIC3001GFHLab1_BSP_Templete_Legato/
firmwrarefsrelconfipfdefanltMyProject.zip

E‘ Legato Graphics Composer : C/Exercises_PIC3001GFX/Lab1_BSP_Templete_Legato/firmware/src/config/default/default_design.zip — O

X
Tool Box g
= Containers -
1 Panel Bl Gradient [ GronpBex ]
T Window
= Input Widgets
Entton ¥ Check Box
™ Circular Slider Eey Pad
List List Wheel
= Radial Menu ® Fadio Butten
Fl Seroll Bar @b Slider
Text Field Touch Test -
- Display Widgets
) Are [l Bar Graph
Q Circle ™ Cirenlar Gauge
B2 Dirawr Snrface o Tmase j
Object Editor g
El Screen
Name Screen
Enabled [v
Fersistent N
B Events
Cn Show N
On Hide B
Cn Update [

Object Editor Scheme Editor
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Legato Graphic Composer

* How to execute standalone Legato Graphics Composer ?
\HarmonyFramework\gfx\middleware\legato\composer\windows\

platf[:rm c  Legato Graphics Composer ? X
ugins T [ egato Graphics C
pud =eae | 20810 raphics Composer
COMmposer.exe
= >'\1 = Open Project X
u CDFI"IFIDSEI’]DQ | [ Double Click ] WEIC.Ome 10 Fhe LegE T « src » config » default v | D £ EE default
— .. interface design appll
u |I|:IQCC_S_S eh-1.dll AEEE - FEERE =- W @
. Flease select from one of the choices balo . N ) ~ _ _ N
I—-| IibStdC+ + "5 d" all v e e, Exercises_PIC3001GFX =3E 2 HER EFR
I Lab1_BSP_Templete_Legato peripheral 2021/12/2 T 01:57  REERE
I_-| IibWi n pth reg d - 1 . d " Create a new project st firmware stdio 202: /: 2/1 :_:F ! ?:Si 1%%:&#?
R Lab1_BSP_Templete_LegatoX system 202’/’ 2/2 _tF O’ 5, 1ffﬁ+*i
|—'| |I|:IE|I|:I.E|" N . orc usb 2021/12/2 T 01:57 BEER®
Load an existing project, _ 2021/12/6 T4 02:03 E 485 (zipp
_ tSC d" > . config default_designzipjp021/12/6 T 02:03  E#EH (zipp v
I_-| Q are. : default I } > =
— . [ Don't show this dialog again, *a Click [
I_-| QtSGUId" BEIZE(N): ‘default_design.zip V‘ Composer Project Files (*zip)

=] Qt5Testdll
=] Qt5Widgets.dll
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Schemes

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Schemes

* Click on widget could set its “Scheme”

in Object Editor.

2 Legato Graphics Composer: - O X
File View Project Asset Window Help
al= e : :
Screen Tree & Screen0@ | Tool Box DbJ ect Editor 8
- — B Contair -
+ SR ﬁ\Mu:nnl:HlP - o Widget
=& Layerd Swindow: B8 Mame fastLabel
[ BackgroundPanel = Input ¥ -
- &= mchplogo ~ 223.8T) 8] Button Position [2253'?]
& mhgsLogo Pl ™ Circular -
A fastLabel YW Y:§j2l:Fast: Easy. Smart. (s p. Size [65,401]
A easylabel |~ =" = | S e @ Radial . E
T nabled v
A smartLabel HARMONY }‘ Fl Secroll B ..
* [ gsButton GRAPHICS SUITE Click ST ) S Wieihla |?
LI P i?
Object Edi Scheme Eedscheme | : I
= Widget bBackground Mone |
Mame
poar b Border MNone =]
Schemes o b Alignment [Left,Mdiddle]
+ x x | f Py | ] Enabled =
_ : Visible Margins [4,4,4,4]
WhiteScheme Scheme -
RedScheme Bactere || Alpha Blending [~
GreenScheme Border P‘;l ]'1 L- 1 255 ﬂ
BlueScheme Aligt pha Leve =
Mae | B Label
Console g x Alpha Bl ;
X Alpha Le | tT10E | Fast |
Bl Label : ; :
(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b... Strilng = E{htﬂr 'DDT.IGTJ 5
(00:29:15) : Initialization complete, ¥T ‘
(09:29:15) : Welcome to Legato Graphics Composer! = Editor ( LOCkEd I_
(09:29:19) : Opening project: CyExercises PICI001GFX/ Locked Hdd I_
Labl_BSP_Templete_LegatofirmvrarefsrefconfigfdefanltMyProect.zip Hidden 1d4eln
Scheme Editor |
Screens Schemes I Cbiect Editor
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Schemes

* Click on [?] of Scheme could show the help.

2 Legato Graphics Composer: — O X
File View Project Asset Window Help
il =R . .
Screen Tree & Screent B | Tool Box DbJECt Editor g
- _— = Contair -
+ X e F L | 2 Lot | B Widget
2 Label Scheme Helper — O X El“l’i“d‘t"g Name fastLabel
npw am
ET) 0 Batton Position [223,87]
________ ™ Circular g
[ 20 vFasta Fasv. Smart. i Size [6:3,40]
Quter Top/left Border | Wl oo Y- SHList
N N N (289,126) Ca? Radial I Enabled I7
HighlightLight Text B d B Seroll B .
ackgroun PP Quick Start SR Wizihla |?
Text B . |
#s& Object Edi Scheme Eed=cheme Y
= Widget bBackground Mone
MName -
Line Border T Positi Border None Click
ShdadowDark ’ e o Alignment [Left,hiddle]
Wisible ME]EJT]S [4!4!4!4]
Scheme R
Backgro ;&ﬂl}ha Blendmg I_
Borter | B8 Alpha Level 555 =
Bottom/Right Border Aligr =
Shadow (Inner) = 1 ;I“‘; =l Label
pha Bl R
ShadowDark (Outer) A Le [ otring | Fast |
s Composer v1.25.2b.., ES];_?E;I = Edl[ﬂ'l‘ OD[IG[] 5
1cs Composer ! = Edior € LOCkEd I_
(019:29:19) : Crpening project: CyExercises_PIC3001GFX/ Locked :
Lab 1_BSP_TeI;npletge_DLngatofflrmwarefsrcfconflgfdefaultMyProlect.21p Hidden HlddE]'.I. I_
Object Editor | Scheme Editor |

Screens Schemes I Obiject Editor Scheme Editor
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Schemes

* Check “Screen and Scheme Pane” and select to “Schemes”.

2 Legato Graphics Composer:

File View Project Asset Window Help

O

X

g Poile)

Screen Tree

Schemes

+XX|!1'A“5*|!

WhiteScheme
RedScheme

GreenScheme
BlueScheme

SCIRENS

]

Seresn0 B | Tool Box Dbjec-t Edltn‘r E
B Contair -
. =B Widget
M [ Panel
T Mcaocue El“l’iﬂdo‘x Mame fastLabel
nput o .
0 Batton Position [223,87]
g ™ Circular 0
Fasts Easy. Smart.|r. Size [65,40]
— L ‘= Badia
HARMONY ZED o [ abled Iv
GRARHICS SUITE PP Quick start T | Visible [v
v Obje“c;("'E'c'l'.l =cheme Eed>cheme I
2 Widgel Background Mone |
an;;m Border MNone =]
— Alignment [Left,Middle]
Visible Margins [4.4.4,4]
pore I Alpha Blending -
Border 2
[l Alpha Level 255 =
| Mare| | E1 [abel
Console a Bl .
x s I String | Fast |

(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b...
(00:29:15) : Initialization complete,

(09:29:15) : Welcome to Legato Graphics Composer!

(09:29:19) = Opening project: CoBExercises_PIC3001GFX/
Labl_BSP_Templste_LagatofirmerarafsrefeonfigidefanlthdyProject zip

Screens Schemes

Bl Label
String
= Editor §
Locked
Hidden

= Editor Options

Locked

.

Hidden

B

Object Editor | Scheme Editor |

Object Editor

Scheme Editor
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Schemes

e Select “RedScheme” in Schemes Pane to show Scheme Editor.

I Scheme Editor F

2 Legato Graphics Composer:

File | View Project Asset Window Help

g Poile)

= Scheme

Screen Tree

Schemes

+XX|!I'A‘5‘*|!

Sereend £ |

ﬁ\ MicRacHIP

P alET

sFast? Easy. Smart.||z .

PP Quick Start

Tool Box I Name

EedZcheme

Color Mode

EGBA 8858

= Color Table

Button Base

WihitaSrhame ra-sb Hizhlight
e s o o) Radia, . . R
M HARMONY 75,7 el |
GRAFHICS SUITE
dlccilaciiesinge

BlueScheme Click

-

SCIRENS

=chemes I

Shadow

=hadow Dark

Foreground

Foreground Inactive

Foregronnd Disabled

Baclkground

Backoround Inactive

Background Disabled

Console

x

Text

Text Highlight

(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b...
(00:29:15) : Initialization complete,

(09:29:15) : Welcome to Legato Graphics Composer!

(09:29:19) = Opening project: CoBExercises_PIC3001GFX/
Labl_BSP_Templste_LagatofirmerarafsrefeonfigidefanlthdyProject zip

Screens Schemes

Text Highlight Text

Text Inactive

Text Disabled

Cbiect Editor

Object Editor




Schemes

e Click on color in Scheme Editor could show the Color Editor.

2 Color Editor (RGBA8888)

~Hue

Brightness

= egato Graphics Composer :

~Result

Red:

Green:

Blue:

Alpha:

Hexadecimal:

~Palette -

OK Cancel

] Scheme Editor F
L1l B Scheme
T?chi?;mer Iame Eed=cheme
= Color Mode \RGBA 3888 E2
= \Hi?‘:ul = Color Table
Eutton BH.SE
™ Cirenlar &
- |8 i Highlight
el B Highlight Light
Shadow
Shadow Dagk

Foreground

Foreground Inactive

E Color Tah

Base Foreground Disabled

Highlight
- Baclkground

Backoround Inactive

Foregroun Background Disabled

Foreground, TExt

Text Highlight

Text Highlight Text

Click

Text Inactive
Text Disabled
Text Inacti

AN

Text Disabl Dbject_ Editor

scheme Editor I

Object Editor
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Schemes

* Manage Schemes for your Graphic Design.

| Delete Scheme

Edit Scheme

2 Legato Graphics Composer: =

File| View Project Asset Window Help Scheme Editor F
B e E Scheme

8 Sceen0 @ | TQD'CBD" : Name RedZcheme
ontatner|
= nemwid| 2 Color Table
Entton BH.SE
g N Circular S
*Fast? Easy. Smart.||= i Highlight
HARMONY 30,125 =il Ve B 17 o hlight Light
GRAPHICS SUITE » Quick Start Shadow
v Scheme Edit Shadow Dark
Foreground
4 Foreground Inactive
Create New Scheme

Base Foreground Disabled
Highlight

Highlight L}

Baclkground

Backoround Inactive

Shadow Da -
Foregroun Background Disabled

Text
Text Highlight

—

Text Highlight Text
Text .
Text Inactive

Text Disabled
Text Inacti

Text Disabl] Db]ECt E_dlmr

Console g

x

(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b...
(00:29:15) : Initialization complete,

(09:29:15) : Welcome to Legato Graphics Composer!

(09:29:19) = Opening project: CoBExercises_PIC3001GFX/
Labl_BSP_Templste_LagatofirmerarafsrefeonfigidefanlthdyProject zip

SCIRENS Schemes
=]

=cheme Editer |

Screens Schemes Obiect Editor ~rheme Edi
' 3 A%\ MicrocHip




Schemes
* Schemes Acceleration for Anti-Aliased Text. (GFX v3.11.x)

2 Legato Graphics Composer: — O X
File | View Project Asset Window Help
i “ L
Screen Tree F Sereen0 B | Tool Box ]
= | || Bl Containers
- [ 1 Panel 1 Gradie .
Schemes - . o indow
+ x x | ! p " | ' kgro | = Scheme Acceleration Table Configuration (RedScheme) X st Widgets
':‘ ) - Color Mame Color Value Foreground Background o i
cular Slider
WhiteScheme Base r v _
RedScheme Highlight - B =rwe -
G reen S Ch ame Highlight Light I_ I_ i Field
BlueScheme Shadow r r P
Shadow Dark r (I heme
Foreground r - meM x Alpha Blendlng
Foregronnd Inactive r I Oli)r F
Foreground Disabled _ ~ |_ e
hligh
BaCkground I_ I_ hlih: . i i
Background Inactive ~ [ dow
Background Disabled r I It;:o?]
Text I; _; Bgrou /
Tem Hihlight - - - B ¥ Look-up Table (Color Palette)
Text Highlight Text r I~ k gron : .
Text [nactive r (I ktgrou i . i : . ;
VI B | - -
1 Highlig
Text Inactive
Text Disablad
Screens Schemes Object Editor Scheme Editor
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https://github.com/mchpgfx/legato.docs/wiki/Draw-Acceleration-for-Anti-Aliased-Text

Schemes

* Try build a colorful gradient List Wheel widget.

Sereen( £ |

Tool Box

Screen Tree F
+SX T >
5 List Wheel Scheme Helper = O X = @ Layer0
[ BackgroundPanel
> ] -~ = mchplLogo
ShadowDark (Inner) Active Area - &= mhgslogo
Shadow (Outer) Foreground - A fastLabel
ien
BackgroundDisabled ~ A easylabel
- A smartLabel
.—=
Text - |_ Bl ListWheelwidget0
BackgroundInactive
Text Schemes )
’ - + x x ‘ _{ Fa D »
Selected Text < ForegroundDisabled WhiteScheme
TextHighlightText —> _ RedScheme
-+ Foregroundinactive Greenscheme
TOX‘ ListWheelScheme
Foreground igh o
HighlightLight (Inner)

HighlightLight (Outer)

GFX v3.12.2 issues : Reopen design will miss scheme color of List Wheel Widget in Graphics Composer

SCTeens Schemes | |

ﬁ'\ MICROCHIP

HARMONY

GRAPHICS SUITE

I(166,2,42) i [100]

Fast. Easy. Sma

PP Quick Start

(2654010

N Circular Slider
EA List
“w’' Radial Menn

L |»|=

=] List Wheel

ddic GUOlon

4

Scheme Editor

= Scheme
MName ListWheelScheme
Color Mode RGEBA &3228

= Color Table
Base
Highlight
Highlight Light
=hadow
=hadewr Dark
Foreground

H

Foreground Inactive

Foreground Disabled

Background
Background Inactive
Background Disabled
Text

Console

F X Text Highlight
Text Highlight Text

Text Inactive

{13:2206% : Inttializing Legato Graphics Composer v1.23.2b...
{13:22:08% « Imtialization complete,
{153:22:06% : Welcome to Legato Graphics Composer!
{13:22:13) : Writing generated ountput to: C:

—

Scheme Editor |

ﬂ Text Disabled

v | Cbject Editor
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Event Handling

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Event Handling

Graphics Library

* Touch Input
* Property Change

Screen Event

Widget Event Callbacks

Screen Event Callbacks

On Update

Driver or PLIB
Functions

Library
Functions

Application
Functions
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Event Handling

* The Event Manager is an interface to enable/disable event callbacks for a
screen as well as for all the even-capable widgets in that screen.

= Legato Graphics Composer : C;/Exercises_PIC3001(
File View | Project Asset Window Help
T g & Project Settings

| Event Manager ’ =

4= & N Memory Locatiofang

=ereent]

- €3 Laye0 [ Event Manager ]

ListTextl .
ListText2

ListText3 £
i IStl ex
ILISEEXEI Button o oo
I""\W|r|q'.‘l-:n\.\rTltle I " CheckBox |* Text
& & Radio ]
4 5 & T
- C ] E F

-I- Screen (Screen()

[ ] On Hide

On Show }

On Update
+- &2 Layer (LayerQ)
-I- & Layer (Layer1)
Ed ListWidget (ListWidget0)

+

+# b SliderWidget (SliderWidget1)
+- 8 ButtonWidget (ButtonWidget0)

+- 4p SliderWidget (SliderWidgetO)

v

[ ] Pressed

™ Event Manager ? X Object Editor =
= Screen
MName Sereen(l
Enabled v
Fersistent [
= Events
On Show ™
Cmn Hide [
On Update v
+- [Z ListWheelWidget (ListWheelWidget0)
Object Editor -
+# # CheckBoxWidget (CheckBoxWidget0) = Widget . . .
+- @ RadioButton\Widget (RadioButton\WidgetO) - CircularShider Widgetd
+- ® RadioButtonWidget (RadioButtonWidget1) N—W’J’;—_\ﬂuﬂ:—_—_—ﬁ
CirCular Shder
+ F ScrollBarWidget (ScrollBarWidget0) El Events
+ E KeyPadWidget (KeyPadWidget0) Walue Changed v
+ @ TouchTestWidget (TouchTestWidget0) Pressed [
= *Y CircularSliderWidget (CircularSliderWidget() Releasad [
= Editor Options
Locked [
Hidden [

Value Changed }

[ ] Released
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Event Handling

* Screen Events Callbacks

[Screen Na me]_OnShow(), ex : Screen0_OnShow()

* Called right after the screen and children widgets are created.
* Use to allocate and initialize run-time screen objects. (e.g., strings)

* Use to restore widget states.

|Screen Name]_OnUpdate(), ex: screeno_onupdate()

* Periodically called before the screen and children widgets are update and redrawn.

* Use to manage screen application states.
* Use to set widget properties.

|Screen Name]_OnHide(), ex: screeno_onHide()

* Called right before the screen and children widgets are destroyed/freed.

* Use to delete and free allocations for run-time screen objects.
* Use to save widget states.

* Screen marked ‘persistent’ are not destroyed
when hidden and dynamic allocations are preserved in memory.

Object Editor

= Screen

Iame

=ereen(

Enabled

FPersistent

Create At Startup

w

ﬁ\ MICROCHIP



Event Handling
-

* Naming rule:

event_[Screen Name] [WidgetName] On[Action]( </leWidgetType>* ptr, ...)

* Examples :

Button:

void event_Screen0_ButtonWidget0 OnPressed(/eButtonWidget* btn)

void event_Screen0_ButtonWidget0_OnReleased(leButtonWidget™ btn)

CheckBox:

void event_Screen0_CheckBoxWidget0 _OnChecked(leCheckBoxWidget* btn)

void event_Screen0_CheckBoxWidget0 _OnUnchecked(leCheckBoxWidget™ btn)

Radio Button:

void event_Screen0_RadioButtonWidget0_OnSelected(leRadioButtonWidget* btn)

void event_Screen0_RadioButtonWidget0_OnDeselected(leRadioButtonWidget™ btn)

TextField:

void event_Screen0_TextFieldWidget0_OnTextChanged(leTextFieldWidget* btn)

void event_Screen0_TextFieldWidget0 _OnFocusChanged(leTextFieldWidget* btn, leBool state)
ProgressBar:

void event_Screen0_ProgressBarWidget0 ValueChanged(leProgressBarWidget* wgt, uint32_t val)
List:

void event_Screen0_ListWidget0_OnSelectionChanged(leListWidget™ wgt, uint32_t idx, leBool selected)
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Event Handling
Widget Events Callbacks[CLli®

* Examples :

ListWheel:

void event_Screen0_ListWheelWidget0_OnSelectionChanged(leListWheelWidget* wgt, int32_t idx)
Slider:

void event_Screen0_SliderWidget0_OnValueChanged(leSliderWidget™* scr)

ScrollBar:

void event_Screen0_ScrollBarWidget0_OnValueChanged(leScrollBarWidget* scr)

CircilarSlider:

void event_Screen0_CircularSliderWidget0_OnValueChanged(leCircularSliderWidget* sld, int32_t val)
void event_Screen0_CircularSliderWidget0_OnPressed(leCircularSliderWidget™* sld, int32_t val)

void event_ScreenO_CircularSliderWidget0_OnReleased(leCircularSliderWidget™ sld, int32_t val)

CircularGauge:

void event_Screen0_CircularGaugeWidget0_OnValueChanged(leCircularGaugeWidget™* btn, int32_t val)

PieChart:

void event_Screen0_PieChartWidget0_OnPressed(lePieChartWidget* wgt, uint32_t idx)

KeyPad:

void event_Screen0_KeyPadWidget0 OnKeyClick(leKeyPadWidget* wgt, leButtonWidget* cell, uint32_t row, uint32_t col)
TouchTest:

void event_Screen0_TouchTestWidget0_OnPointAdded(leTouchTestWidget* tch, lePoint™ pnt)
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Event Handling

* Where and when to register and execute the event callbacks ?

\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_|Screen Namej.c

leResult screenShow_[Screen Name](void)

{

[Screen Name]_OnShow();
return LE_SUCCESS;

}

leResult screenUpdate_|[Screen Name](void)

{ ...
[Screen Name]_OnUpdate();

}

leResult screenHide_[Screen Name](void)

{
[Screen Name]_OnHide();

[Screen Name]_[WidgetName]->fn->set[Action]EventCallback( [Screen Name] _[WidgetName)], (\WiEEEAAEAENIEY );

Example : le_gen_screen_Screen0.c

leResult screenShow_Screen0(void)

{

.S“creenO_OnShow();
return LE_SUCCESS;

}

leResult screenUpdate_Screen0(void)

géreenO_OnUpdate();
}

leResult screenHide_Screen0(void)

.S'éreenO_OnHide();
}

Screen0_qsButton->fn->setPressedEventCallback( Screen0_qsButton, S\ Mo EE (O VAT MO L (== );
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Event Handling

* Where the Callback functions prototype and widgets extern ?
\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_|Screen Name].h

Example : le_gen_screen_Screen0.h

#include "gfx/legato/legato.h"

extern leButtonWidget* Screen0_qsButton;

#include "gfx/]egato/generated/]e_ge n_scheme.h" void event_Screen0_qsButton_OnPressed(leButtonWidget* btn); [Widget Event Callback]

#include "gfx/legato/generated/le_gen_assets.h" void Screen0_OnShow(); // called when this screen is shown
void Screen0_OnUpdate(); // called when this screen is updated
void Screen0_OnHide(); // called when this screen is hidden

// screen member widget declarations
extern </eWidgetType>* [Screen Name] _[WidgetName];

// event handlers
// WTHESE MUST BE IMPLEMENTED IN THE APPLICATION CODE!!

void event_[Screen Name]_[WidgetName]_On[Action]( <leWidgetType>* ptr, ... );

// Screen Events:

void [Screen Name]_OnShow(void); // called when this screen is shown
void [Screen Name]_OnUpdate(void); // called when this screen is updated
void [Screen Name]_OnHide(void); // called when this screen is hidden
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Event Handling

* Event Filters - Custom Event Handling
* Event filters can be used to add or 'override' default widget event handling.

* The allow events like Touch Down/Up/Move, Change Language, Widget Paint, Widget
Move, Widget Resized, Widget Focus to be handled in Application Code.

* Event filters can also be used to 'mute’ specific events from being handled.

Default Library Event Handling Custom Event Handling

N e, ———

Wldget static leBool main_filterBvent(leWidget* targer, leWidgetEvent® evt, void* data)

Touch Down (e.g., Button)

Up

case LE EVENT TOUCH MOVE:
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Event Handling

* Event Filters - Event ID (legato_event.h)

typedef enum leEventID

{

// internal events
LE_EVENT_NONE,
LE_EVENT_TOUCH_DOWN,
LE_EVENT_TOUCH_UP,
LE_EVENT_TOUCH_MOVE,
LE_EVENT_LANGUAGE_CHANGED,

// widget events

LE_ WIDGET_EVENT_PAINT = 100,
LE_WIDGET_EVENT_MOVED,
LE_WIDGET_EVENT_RESIZED,
LE_WIDGET_EVENT FOCUS_GAINED,
LE_ WIDGET_EVENT FOCUS_LOST,

} leEventlID;

/**< No event found. */
/**< Touch down event. */
/**< Touch up event. */
/**< Touch move event. */
/**< Language changed. */

/**< Paint event. */

/**< Moved event. */

/**< Resized event. */

/**< Focus gained event. */
/**< Focus lost event. */
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Event Handling

* Event Filters Example — Color RGB LED through List Wheel

leWidgetEventFilter app_WidgetEventFilter;

leBool ListWheel_filterEvent(leWidget* target, leWidgetEvent* evt, void* data)

{

}

uint32_t id = evt->id;
static uint32_t color = 0;

switch( id )
{
case LE_EVENT_TOUCH_DOWN:
RGB_LED_R_On(); RGB_LED_G_On(); RGB_LED_B_On(); break;
case LE_EVENT_TOUCH_UP:
RGB_LED_R_Off(); RGB_LED_G_Off(); RGB_LED_B_Off(); break;
case LE_EVENT_TOUCH_MOVE:
case LE_WIDGET_EVENT_PAINT:
(color&0x1?RGB_LED_R_On():RGB_LED_R_Off());
(color&0x2?RGB_LED_G_On():RGB_LED_G_Off());
(color&0x4?RGB_LED_B_On():RGB_LED_B_Off());
color = (color+1)%8; break;

}

return LE_FALSE; Must return LE_FALSE

void Screen0_OnShow(void)

{

}

app_WidgetEventFilter.filterEvent = ListWheel_filterEvent;
app_WidgetEventFilter.data = NULL;

Screen0_ListWheelWidget0->fn->installEventFilter( Screen0_ListWheelWidget0, app_WidgetEventFilter );
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Button Widget Event

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Button Widget Event

* Return to Legato Graphic Composer.

" Legato Graphics Composer : - O X
File View Project Asset Window Help
Pl
Screen Tree 5 Sceen0 B | Tool Box )
+ SX ¢+ F L L = Containers =l
- = : [ Panel ] Gradient 7 GroupBox
MicrocHIP -
= &3 Layer0 @ T Window
[ BackgroundPanel 5 Input Widgets
= mchplogo @ Button ¥ Check Box
= mhgsLogo ™ Circular Slider B Key Pad
A fastLabel Fast. Easy. Smart. |[mL. 9 List Wheel
A easylLabel o
T T T Y Radial Menu ® Radio Butten
[‘;:] smartLabel gﬁp’:g‘gml Bl Seroll Bar € Slider
gsButton S ) Text Field &= Touch Test —
v_ = Display Widgets
) Are st Bar Graph
O Circle ™ Circular Gauge
BB Diraw Snrface - Tmase LI
Object Editor g
B Screen
Name Screen(
-}
S s Enabled [
+ XX / AD | » Persistent |_
WhiteScheme & Events
RedScheme On Show I_
GreenScheme On Hide B
BlueScheme On Update N
Console g x n Upde
X
(10:21:36) : Imtializing Legato Graphics Composer v1.25.2b...
(16:21:57) : Intialization complete.
(10:21:57) : Welcome to Legato Graphics Composer!
(16:22:14) : Opening project: Cx/Exercises_PIC3001GFX/Lab1_BSP_Templete_Legato/
firmwarefsreleonfigldefanltMyProject.zip
Screens Schemes I Object Editor I Scheme Editor I
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Button Widget Event

* Click on

errooa D--o--ooo--e- 9

ast. El%ﬁp/. Smart.

Tool Box -] |
=l Containers i‘
[ Panel ] Gradient [ GronpBox

E Window -

Object Editor

B Widget

Mame

qsButton

Position

[236,142]

Size

[160,74]

Enabled

v

Wisibla

v

Scheme

(internal

[¢415,215)

Background

2]
| Mone |

Border

| Mone |

Alignment

[Center,hi1dd]e]

Marging

[4,4,4,4]

Alpha Blending

~

Alpha Level

233

El Button

Toggleable

=

String

Pressed Image

OuickstartDown WOQVGA

Released Image

QuickstartUp WOVGA

Sereend) £ l
A8\ MicrocHIP
HARMONY
GRAPHICS SUITE
Console
X

(14:27:18) : Initializing Legato Graphics Composer w1.20.2b...
(14:27:19% : Initialization completa,

(14:27:19) : Welcome to Legato Graphics Composer !

(14:31:59) : Opening project: CofWerk/PIC320Z_DA_Radialfirmwaredsrefconfizdefanlt!

MyProject.zip

Image Position

|Left Of

Image Margin

Press Offset

E Events

Pressad

Released

B Editor Options

Lockad

Hidden

Button Widget, the Object Editor window will
show the configuration of widget.
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Button Widget Event

* Enable Pressed and Released Events of Button widget.

Sereen £ | Tool Box 5
= Containers il
@ MICROCHIP % i’;;eiow ] Gradient [ GronpBox
P T WD sl LI
Object Editor g
B Widget
= St. EI%-[]cly° Sma I’t. Mame qsButton
e = [ — o 3 Position [236,142]
HARMONY = - Size [160,74]
GRAFPHICS SUITE Enabled v
v Visible v
Scheme internal) | 7 II
| 415,215) | Background Hone -1
Border Hone -1
Alignment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending r
Alpha Level 255 =l
E Button
Toggleable [~
String
Pressed Image OuickstartDown WOQVGA
Released Image nickstartUp WOVGA
S 4 Image Fosition Left Of =~
Image Margin 10 :
(14:27:18) : Initializing Legato Graphics Compesar 12020,
(14:27:19% : Initialization complete. Pressed
(14:27:19) : Welcome to Legato Graphics Composer ! Released
(14:31:59) : Opening project: CofWerk/FIC320Z_DA_Radialfirmwarefsrefconfizddefanlt!
MyProject.zip —_—
Lockad r
Hidden r
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Button Widget Event

* To check all screens and widgets events in “Event Manager”.

File View | Project Asset Window Help

‘f‘ Legato Graphics Composer : Ci/Exercises_PIC3001GFX/Lab2_Button_Widget_Event_Boundary_Circle/firmware/src/config/default/... — Oa *

7Y [ £ Project Settings

Tool Box -
= Containers
[ Panel ] Gradient [ GronpBox
E Windewr
b = Input Widgets
O boundaryCircle Button | Check Box “ Cirenlar Slider
= mchplogo LIADANANY B Key Pad List List Wheel
HARMONY e - o
& mhgslLogo GREEPHICS SUITE (e’ Radial Menu ® Radic Button El Seroll Bar
A fastLabel v EL_,b Slider Text Field Tonch Test
A easylabel v = Display Widgets
smartLabel East Fasy Sma rt M Are [k Bar Graph
""" gsButton O Circle ) Circnlar Gange
EZ Draw Surface e Image
¢|. 2 o [mage Eotate o Image Scale
- EVE‘r'It M and g er >< = Image Saquence A Label
/ Line £ Line Graph
- #% Pie Chart 3 Progress Bar
= Screen (Screen() O Rectangle
Screens * |:| On Show Object Editor 8
+ X | [ On Hide o B
Visible ,. I:' Dn Update Pressed Image OuickstartDown _WOVGA
R Released Image nickstartUp_WOVGA
v B @ La}'rer {La};err‘]} Image Position Left Of =1
=- & ButtonWidget (qsButton) [mage Margin 10 =
; Press Offset 1 =
Pressed B Events
. REI ea SEd Pressed v
Released v
B Editor Ophions
Locked r
)4 Hidden r =
Screens Object Editor | Scheme Editor |
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Button Widget Event

* Generate Design Code and Save it to MyProject.zip
* Please remember this step and will never remind again later.

= Legato Graphics Composer : - O X

File View Psaiggly Asset Window Help

& Screen0 @ | Tool Box 5
+ @2 X 7 52 = Containers o
c\ MicrocHIP = z;ne; ) Gradient GronpBox
indow
= Input Widgets
(&5 Button ¥ Check Box

 Circular Slider & Key Pad

MPLAB Fast. Easy_ Smart. @i ) List Wheel

yEau @ Radial Menu ® Radio Button
2‘ smartLabel ;ﬁpﬁlggml Bl Seroll Bar @ Shider
gsButtep ST ) Text Field 8% Touch Test —
v— = Dusplay Widgets
) Are sk Bar Graph
_ . . O Circular Gange
Generating Project Code & Imaon =
-]
Screenl
Schemes 8 'éeen
+XX| Lo » r
WhiteScheme
RedScheme r
GreenScheme r
BlueScheme On Update -
Console g x o lpds
X

(16:21:56) : Initializing Legato Graphics Composer v1.25.2b...

(16:21:57) : Initialization complete.

(16:21:57) : Welcome to Legato Graphics Composer!

(16:22:14) : Opening project: C/Exercises_PIC3001GFX/Labl_BSP_Templete_Legato/
firmware/src/confighdefanltMyProject. zip

Screens Schemes

Cbject Editor | Scheme Edutor |

2 Legato Graphics Composer : - a X
oject Asset Window Help
8 Sceen0@ | Tool Box 8
L = Containers =
c'\ MICROCHIP (1 Panel ] Gradient 1 GroupBox
5] Window
= Input Widgets
(5 Button ' Check Box
 Circular Shder B Key Pad
Fast. Easy. Smart. ||zuq = List Whes!
= TV = Radial Menu ® Radio Button
21 smartLabel Eﬁ;ﬁe‘snsmll Bl Seroll Bar @b Slider
qsButtog P ———— ) Text Field E= Tonch Test -
v‘ = Display Widgets
3 Are Ik Bar Graph
QO Circle @ Cirenlar Gauge
B0 Nraw Snrfaca = Tmasa LI
Object Editor g
E Screen
Name Screen(
-]
Schemes Enabled 2
+ X X LS| » Persistent r
WhiteScheme = Events
RedScheme On Show r
GreenScheme On Hide r
BlueScheme On Update [l
Console g x Ly
x
(16:21:56) : Initializing Legato Graphics Composer v1.25.2b...
(16:21:57) : Initialization complete.
(16:21:57) : Welcome to Legato Graphics Composer!
(16:22:14) : Opening project: C/Exercises_PIC3001GFX/Labl_BSP_Templete_Legato/
firmwarefsrc/config/defanltMyProject.zip
Screens Schemes Object Editor | Scheme Editor |
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Button Widget Event

* Return to Harmony and Generate Code.
* Please remember this step and will never remind again later.

4 MPLAB X IDE v6.00 - Lab2_Button_Widget_Event_Boundary_Circle
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

PSS D@ [ VE-E PR R RQOAREBER TR

Projects | Files | Active Components* | B
XEomEm4e

Froject Graph*

XERERE® &

L

F- CDC Function Driver

~ COMMAND .-"'-_:- -

- Core

-~ CAN1 - | === e |

# CONSOLE Ja el
- CORE TIMER e

ATr39M7 MA D

|| D207 TVA Dadial Tachhoned | Availahle O te® | =il

Task Twpe Rematning Total

File Markup

File Copy

Libraries

settings

jo Lo o R o)

=onrce Paths

Froject generation complete!

100%

Flease Wait...

- 0O |

2 Generate Project

1. Configure Generation Settings

o Generate Settings

Merge Strategy L=EEE _ALL

ibdouse over a property for detailed help)

2 Wiew Warnings

Type Description

3. Click Generate

Default linker script 15 added to the project. .
Dizable it for the project that require custom linker seript.

Generate
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Button Widget Event

 What'’s different between before and after we changed widget ?

\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_Screen0.c
leResult screenShow_Screen0(void)

{

Screen0_qgsButton = leButtonWidget_ New();
Screen0_qgsButton->fn->setPosition(Screen0_qsButton, 256, 142);
Screen0_qgsButton->fn->setSize(Screen0_gsButton, 160, 74);

Screen0_qgsButton->fn->setBackgroundType(Screen0_qsButton, LE. WIDGET _BACKGROUND NONE);
Screen0_qgsButton->fn->setBorderType(Screen0_qgsButton, LE. WIDGET_BORDER_NONE);
Screen0_qgsButton->fn->setPressedimage(Screen0_qgsButton, (lelmage* )&chkstartDown WQVGA)

root0->fn->addChild(rootO, (leWidget*)Screen0_gsButton);
leAddRootWidget(root0, 0);

leSetLayerColorMode(0, LE_COLOR_MODE_RGBA 8888); (226, 142) :

showing = LE_TRUE; [74] ¢

return LE_SUCCESS;

gsButton Widget

(415,215)

Object Editor

= Widget

MName qsButton

Position [256,142]

Size [160,74]

Enabled [w

Visible ™

Scheme finternal} | 7 |

Background | Mone -

Border | Mone ~|

Alignment [Centar,hiddle]

Marging [4,4.4.4]

Alpha Blending [

Alpha Level 255 =
= Button

Taggleable [

String

Pressed Image

CmickstartDown _WOVGA

Eeleased Image

CuickstartUp WEOVGA

Iimage Posttion

|Laft Of

i

10

Image Margin

= Events

Pressed

Released

Locked

Hidden
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Button Widget Event

 What'’s different between before and after we changed widget ?

\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_Screen0.h

// screen member widget declarations
extern leWidget* Screen0_BackgroundPanel;
extern lelmageWidget* Screen0_mchpLogo;
extern lelmageWidget* Screen0_mhgsLogo;
extern leLabelWidget* Screen0_fastLabel;
extern leLabelWidget* Screen0_easylLabel;
extern leLabelWidget* Screen0_smartLabel;
extern leButtonWidget* Screen0_qgsButton;

// event handlers
// "THESE MUST BE IMPLEMENTED IN THE APPLICATION CODE!!

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn);
void event_Screen0_qsButton_OnReleased(leButtonWidget* btn);

// screen lifecycle functions

// DO NOT CALL THESE DIRECTLY

leResult screenlnit_Screen0(void); // called when Legato is initialized
leResult screenShow_Screen0(void); // called when screen is shown
void screenHide_ScreenO(void); // called when screen is hidden

void screenDestroy_Screen0(void); // called when Legato is destroyed

gsButton Widget

Callback function of Button pressed
Callback function of Button released

[160]

|{256,142} |

(415,215)

Object Editor

= Widget

MName qsButton

Position [256,142]

Size [160,74]

Enabled [w

Visible ™

Scheme finternal} | 7 |

Background | Mone -

Border | Mone ~|

Alignment [Center,bdiddle]

Marging [4,4.4.4]

Alpha Blending [

Alpha Level 255 =
= Button

Taggleable [

String

Pressed Image

CmickstartDown _WOVGA

Eeleased Image

CuickstartUp WEOVGA

Iimage Posttion

|Laft Of

10

Image Margin

= Events

el

Pressed

Released
1or

Locked

Hidden

1
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Button Widget Event

* Implement Button Widget Event Callback Function.

\firmware\src\main.c

#include "definitions.h" // SYS function prototypes

void event_Screen0_qgsButton_OnPressed(leButtonWidget* btn)

{
}

RGB_LED_B_On();

void event_Screen0_gsButton_OnReleased(leButtonWidget* btn)

{
}

RGB_LED_B_Off();

int main ( void )

{

|{256,142} |

[160]

/* Initialize all modules */
SYS_Initialize ( NULL );

E

while ( true)

{

/* Maintain state machines of all polled MPLAB Harmony modules.

B R et D eas = - -~ - Q
PP Quick Start } B
........... Do )

(415,215)

Object Editor ]
= Widget

MName qsButton

Position [256,142]

Size [160,74]

Enabled [w

Visible ™

Scheme finternal} | 7 |

Background | Mone -]

Border | Mone ~|

Alignment [Center,bdiddle]

Margins [4.4.4,4]

Alpha Blending [

Alpha Level 255 =
= Button

Taggleable [

String

Pressed Image

CmickstartDown _WOVGA

Eeleased Image

CuickstartUp WEOVGA

Iimage Posttion

|Left Of Rd|

10

Image Margin

= Events

Pressed

Released

Locked

Hidden
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Button Widget Event
* The Button Widget Result after program.

HARMONY

GRAFHICS SUITE

B iButton pressed, LED On

2 VI(3button released, LED Off
’ b
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Boundary Circle Widget

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Boundary Circle Widget
* Add a Circle Widget to indicate the display boundary.

" Legato Graphics Composer : - | X
File | View Project Asset Window Help
A
Screen Tree F  Screen0 B \ Tool Box -]
+ X ¢+ F L L = Containers
" 1 Panel ] Gradient 1 GroupBox
5 €3 Layer0 A%\ MicrocHiP i
[ BackgroundPanel = Input Widgets
& mchplogo Button ¥ Check Box
& mhgslLogo N Cirenlar Slider ] Key Pad
A fastLabel V| \:§] Fast. Easy.Smart. List List Wheel
A easylabel Cw’ Radial Menu ® Eadio Button
smartLabel HARMONY Bl Seroll Bar @b Slider
qsButton GRAFHICS SLUITE Text Field Tonch Test
“v ., =l Display Widgets
---—--____- A ik Bar Graph
T== ) Circular Gange
| Move and Click to Place it . Iace = Image
—— e Image Baatato % Image Scala
= [magel Label
/ Line k= Line Graph
®% Pie Chart 1 Frogress Bar
Screens ] O Rectangle
+ X[ 010
| Visible ‘ Name | View |
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Boundary Circle Widget

* Configure Circle Widget as below.

Name :
Position X :
Position Y :
Size Width :
Size Height :
Enable :
Visible :
Radius :

boundaryCircle

0 o

0 -

4 3 2 @ Wisible

432

Modify later e——

Modify later e

216 «

Object Editor &
= Widget
Mame boundaryCircle
= Position [0,0]
¥ 0 =
Y 0 =
= Size [432,432]
Width 432 =
Height 432 =
Enabled v
v
Scheme {1nternal} 7 |
Backoround | Mone hd
Border | Mone -
Algnment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =
= Circle
Crigin X 0 =
Origin Y 0 =
Radiuns 216 =
Thickness 1 =
Filled [
= Editor Options
Locked |
Hidden [
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Boundary Circle Widget
* Circle Widget after configured.

Sereen £

0.0 [422]

HARMONY

GRAPHICS SUITE PP Quick Start E
v'”' 9

b I P ot 3

(431,431)

Object Editor &
= Widget
Mame boundaryCircle
= Position [0,0]
¥ 0 —
Y 0 —
= Size [432,432]
Width 432 —
Height 432 —
Enabled Iv
Visible v
Scheme 1nternal 7
Backoround Ione hd
Border Meone bl
Alignment [Center,Middle]
Margins [4,4,4.4]
Alpha Blending N
Alpha Level 255 —
B Circle
Origin X 0 —
Origin ¥ 0 —
Radius 216 —
Thickness | —
Filled N
= Editor Options
Locked I
Hidden N
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Boundary Circle Widget
* Drag and Drop Circle Widget under the BackgroundPanel.

= H .
- Legato Graphics Composer:

File View Project Asset Window Help

el = Ry
Screen Tree & Soreent £ |
+SX ¢ F oL [00) (43
. o
= &3 Layer0 3\ MicrocHi
- [ Background®qpel E
- = mchplogo N*\ :
\ 1
= mhgslogo 1 E .
- A fast € k. i =
- A easylabe L 5 MPLAB
- A smartLabel i : RMONY
-2 gsButton / | Drag and Drop L HICE EDfTE
[132] & v-
Screens F
+ XX 0!
Visible Name View
v Screend [

i H .
. Legato Graphics Composer :

File View Project Asset Window Help

POl

Screen Tree 7 Screent B |

= €3 Layer0

=+ [ BackgroundPanel
®  bounda ryCircle

- = mchplogo

- == mhgslLogo

- A fastlLabel

- A easylabel

- A smartLabel

- B8 gsButton

+SX ¢ T LD [©.0]

HARMONY

GRAPHICS SUITE

Screens -

+ X|%X|0 v
Visible Name View
[v Screend —
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Boundary Circle Widget

e Set Circle to Disable and Invisible

Boundary Circle is for design reference
It should not be rendered while display.

Name :
Position X :
Position Y :
Size Width :
Size Height :
Enable :
Visible :
Radius :

boundaryCircle
0

0

432

432

Disable ¢

Disable ¢
216

Object Editor &
= Widget
Mame boundaryCircle
= Position [0,0]
¥ 0 =
Y 0 =
= Size [432,432]
Width 432 =
Height 432 =
Enabled [
Visible [
Scheme {1nternal} 7 |
Backoround | Mone hd
Border | Mone -
Algnment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =
= Circle
Crigin X 0 =
Origin Y 0 =
Radius 216 =
Thickness 1 =
Filled [
= Editor Options
Locked |
Hidden [
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Boundary Circle Widget

* Given the position (X, Y) to relocated all widgets as below
and all Label Text Alignment Horizontal to Center.

Sereen( £ l

HARMONY

GRAFPHICS SUITE

iz . PR

SN\

ﬁ'\ MICROCHIP

Object Editor g
B Widget

Mame smartLabel

Position [309,170]

Size [ 100,407]

Enabled v

Yisible v

=cheme ElueZcheme ! |

Background Mone v

Margins [4.4,4,4]

Alpha Blending [

Alpha Level 255 =
= Label

String | Smart |
= Editor Options

Leocked [

Hidden [
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Boundary Circle Widget

* Boundary circle will show in composer but not output on screen.

MPLAB |
HARMONY (CREED))

@ MICROCHIP
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Graphics Assets

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Graphics Assets Converter (GAC)

Strings
Hello &4 Bonjour
CAAIHIE SHdsEL T

Hallo FHAES Hei

Graphics Composer Suite

Assets Manager

Fonts
geag XquAt EHAR
MNetara BEIERIE STENCIL
Zilla Slab Calibri $HRARE-ExtB

Images

HARMONY
GRAPMHICE SUITE

ﬁ\ MICROCHIP

Graphics Composer Suite

¥ T
Code Resource
Generator Converter

| | Floe St T Teropus Sans
A94M  Bunaziua 7y e S7Ninghat Imprint
0Ol4 Ciao Hola //‘ Forte curl; Mt $THupo
[ [ -
( — -
Graphics Assets Converter (GAC)
.

| |

Code Generator

Source Code
Strings Table Fonts Data ‘ Images Data
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Image Assets Manager

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Image Assets Manager

Graphics Composer Suite

r Image Assets Manager

Images

m‘—dﬁ\ MICROCHIP

-

HARMONY

GRAPHICS SUITE
149 .

GIF

- — JVa
_‘ S

Image Assets Converter

J

=
- Image Manager

File | View

=AM XX Qo

.

Code Generator

Source Code

RAW RLE

PNG Data

JPG Data

RAW Data

(Compressed) (Compressed) (Compressed)

(Uncompressed)

-:J/

=~ FarmBackground

, = Jump2

= mchpLogo_small
- MHGS_logo_smaller

HARMONY

GRAPHICS SUITE

-

B Image Properties

Zonree Name

MHGS logo_smaller

Sonrce Format bmp

Sonrce BFP 24 =
Sonrce Size 01314 =]
Sonrce Width 180 =
Source Height 1649 =

Cutput Name

MHGS logo_smaller

Output Format RGE [=]]
Crutput Width 180 =
Output Hedght 169 =]
Diata Location Tnternal Flash
Preprocess [~

Settings

B Raw Image Set---
Color Mode RGBA 8888 =
Bits Per Pixel 32 =
Coler Connt 1573 =
Cmitput Size 121680 =
Render Mode Piveline =
Enable Compression | [
Color Mask Mode | None =1
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Create Your Design

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Create Your Design

* Create four Start/Stop images for button animation.
StartStop_Stop StartStop_StopPressed  StartStop Start  StartStop StartPressed

Animation @Mucnocmp



Create Your Design

» Use PowerPoint @ to create your fantasy design.

EERE TS EEEE XTEE EREE YEE
S 55 = & O O s
] =
e v XTI ENGINE > BE
O mERN) v > bt
> 28 © ENER(S) =
v TTEEET O HEER(G) = (P)
- OB i3
EEEAD | BESHEEREP) a2
O BiEERA
n EEMW) 10 pt - @
BEH)  10pt 20 2~
TAE0(B) \ FEED — 0%
SEGN opt ® EEHIEN)
. -:::- ELEIE(S)
) HESEG)

S| RS Qpt

xS —4—— 18pt
FHEED —— 60%

&
H 4

EEEE XFEE
H O

v B
O mEREN)
O BLER(S)
® FEEFG)
O BEEHEERP)
O BEERA
O BERESERE)

-

BE[E) 45°
HEFEE

BEA) o

=) &~
= (0) 34%
BHAED — 0%
EED —+— -50%
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Generate Transparent Background Image

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Generate Transparent Background Image
PNG - Transparent Background Images

- Use PowerPoint @ to save your designh to PNG images.

EStTEE=R

B SEEER X
& BT
G 0 I:B ER(0) «— v 1T « Exercises_PIC3001GFX > Resource O O #E= Resource
R BE RIS HoEE - IS E Rk = -
)
G & -
It @rtE4(G) > START START START
0O Y R \ STOP \ STOP \ STOP
T, BISLER) > A A A
04 zzz=T StartStop_Start. StartStop_StartP StartStop_Stop.p StartStop_StopP
"0 BHEETEK ? v pPng ressed.png ng ressed.png
#=U EESEN): ‘StartStDp_Start.png v‘
‘@ > FRETD): PNG uEXEEERE (*.png) B
O e } [Select PNG format]
7 mmait = P
E EEEEG)- [CI avo | ~ EEEEX I=2L v | #2507 b2
I_[] :’\:-‘IJ"-,EEE{Z}I“ Ic ave ‘ S

& BEEMETQ). Click Save

£ s @Mu:nocmp



Generate Transparent Background Image
PNG - Transparent Background Images

* Use GIMPM to generate transparent background PNG images.

|

@ *[=%2)-1.0 (RGB S 841= ~~mrmmn % CVP built-in SRGB, 1 EE..  — |
BED H8EEO BNE) - 20 IS0 28R #EW ZEH
(‘ AEOFEE@ME: * =
T E ‘.:;:}t'..l @
éa‘ ; e\ EZTENTE: NEesRRElEBNEs
L 07
Q D JAlso in group:
L oo g -
Y s@ys @
BESHER
g2 E b ® @ = ® w
. ] EE BeuAzE @
2= I 00% 7] Iigﬁﬁg == v;)od\:l
gﬁfzzgﬁ ‘] g/ e M
&t I '
(I W =
mEEE 1 T S 5\ ® @ s
SR 208 .
t | Click On the color
Dai Adjust the threshold your want set to transparent
] v
o< > 4
wy %® : 378,370 |px |v| 50%|v| HTHEE. +* & ~ v @ [ER

GIMP - GNU Image Manipulation Program https://www.gimp.org

OEE(N)..
2ud

B FEEQ)..
REAREED--

¥ FERUEQ..
SAFRBEIREER)

L ZE(S).

2 ZEFRA)..
BERELM..

= E[EY)

@ ~[=%2)-1.0 (RGB ES 87T gamma &, GIMP built-in sRGB, 1 EE.. — O X
BEER FEE BHE BENV B0 BEEQ

Ctrl+N
3

Ctrl+0O
Ctrl+Alt+O

r

Ctrl+$
Shift+Ctrl+S

1 Page Setup...

= SIEN(P)..

b REE R ()

= ERETESTEND

X Close View
% Close All
dl £3(Q)

Ctrl+P

Ctrl+Alt+F

Ctrl+W
Shift+Ctrl+W
Ctrl+Q

EEE.(_) IEM E&ER REW) ZRBH)

=k

I|I|I||QI|I|I|I||5|q|I|I|I||1|q0|I|I|I||1|ﬁ
L

delete

Delete selected region
to transparent background |

px |~ | 150 % ¥ StartStop_Star...
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Generate Transparent Background Image
PNG - Transparent Background Images

* Remember to set Output Format to “RGB” if using PNG images.

- = StartStop_St...
- = StartStop_St..
- == StartStop_St...
- == StartStop_St...

2 Image Manager — (I bt

File View

=@ N XX Qo

=) El Image Pro--- ~

- = mchplogo_s... Source Mame  MartStop S

- = MHGS_logo... Source Format |png

- QU!ckstartD... Source BPP 22 [ PNG images ]
e Quickstartl... Source Jize  [72022 =

il

Source Width |134
Sonrce Height |134

L]

Cutput Name  [StartStop_Start
Cutpnt Format 4
Settings |
= PNG Image-- IPEG
Color Moda Monochome I
Bits Per P Output Format : RGB]
Output Size | 72608 —

) )

i

= Image Manager - U X

File View

- M|IX X Qo
=/ E Image Pro---

== mchplogo_s... Sonrce Mame 'tartStop_S

- = MHGS_logo... Source Format |pne

- = QuickstartD... Sonrce BFP |22 [ PNG images ]
- QuickstartU... Source Size  |7202E =

- = StartStop_St...
- StartStop_St...
- = StartStop_St...
- = StartStop_5St...

Sonrce Width [134

=
=1
=
=1

Sonrce Height (134

RGB
= Raw Image ---
Color Meode REGBA 8338 =
Bits Per Pixel |32 =
Color Count 3115 =
Omtput Size 71824 =
Eender Wode Fiveline Ll-
Enable Compre={ [
Ceolor Mask Mode| Mone 1
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Generate Transparent Background Image

Color Mask - Transparent Background Images

color for background transparent in Image Manager.

-~ ;
- Image Color Picker

Eits Per Pixel |24

Color Count Zh33

Ctput Size 03868

Eender Mode | Fioeline

Enable Compr-+

Color Mask M-

'Ei‘ Image Manager — L X
File View ® O
NN
— III | x x |m\ F]\ EI ( o
{ BMP images
= I = Image Pr--- —
- = mchpLoc.. Senrce Name (riStop Sta
~ = MHGS lc.. Seurce Format|bmp
- = Quicksta... Source BPP |24 —
- == Quicksta... Source Size 54190 =
& StartStop. Semres Width 124 élll
- StartStoy... Settings
= Start5toj... B Raw Image:-
= StartStop. Color Mode |RGEA 22332 -

X

= | Pick Color

O

Cancel

= Image Pr--- -
Sonrce Name jrtStop Start.bmp
Sonrce Format|bmp =
Seurce BFF (24 =
Source Size  |54190 — .|

] Settings |

B Raw Image---
Color Mode |RGEA 2382 ~|
Bits Per Pixel |32 —
Color Count 2633 —
Output Size  |71824 —
Eender Mode | Fiveline _|-
Enable Compr=+1 |
Color Mask M| Color Value <
Mask Color
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Generate Transparent Background Image

Color Mask - Transparent Background Images

* Remember to set Color Mode to “RGBA_8888"” if using BMP images.

o]
- Image Manager

o]
- Image Manager

File | View

— L >

—|11|XX|$xE\E|

File View

=l N XX Qo

=W = Image Pr---
- &= mchplogo_s... wource MName
- = MHGS_logo._... Source Format

~ w= QuickstartDo...
- = QuickstartUp...
- = StartStop_St...
- = StartStop_St...
= StartStop_Stop
- = StartStop_St...

Sonrce BPP | BMP imag

SolIce SizZe

= Raw Image---
Color Mode
Eits Per Pixel
Color Count
Cmtpnt Size
Eender Mode

Enable Compr--

Color Mask 0
Color Mode : RGBA_8888

RGEA 8838 -]
3lobal Falette

RGBA 5331

a3/

mchplLogo_s...
MHGS_logo_...
QuickstartDo...
QuickstartUp...

- = StartStop_St...

StartStop_St...
StartStop_Stop
StartStop_St..

= Image Pr---
Source Mame riStop Stal I

Source Format|bmp

Source BPP  [24 | BMP;mages ]

Sonrce Size 54190 - L|

Sl TTT ML 174 —1

settings |

Color Mode |RGEA 2838 |

is Fer 'xe! [ RGBA_8888

Color Count 20T =
Output Size 71524 =

Enable Compr=+1 [

=1

=1

Eender Mode | Pioeline =~
=1

Color Mask M| Color Value

Mask Color
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Generate Transparent Background Image
Color Mask - Transparent Background Images

* Trick of Color Mask for transparent background.

HFEFEFE , RGB = (254,254,254)
#HFFFFFF , RGB = (255,255,255)

Make sure the Color Mask is
unique color in Image

#FFO000, RGB = (255, 0, O0)
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Generate Transparent Background Image
Color Mask - Transparent Background Images

* Trick of Color Mask for transparent background.

Design Image on same color
background to get anti-aliased
Image outline boundary
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Custom Button Widget

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Custom Button Widget
* Add Custom Button Images through the Asset “Image Manager”.

Screen Tree

+a X ¢ 1

= %2 Layer0
= [J BackgroundPanel
O boundaryCircle
- = mchplogo
- = mhgslLogo
- A fastLabel

- A easylabel

~ A smartLabel
- B gsButton

- 1B startstopButton

"-'E Legato Graphics Composer :

Strings

Global Palette

Screens F

+ X% 0 v
Visible MName View
| il i e —

HARMONY

GRAPHICS SUITE

.

Fast. Easy.

PP Quick Start

Smart.

/
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Custom Button Widget
» Add four Start/Stop PNG Images in “Image Manager”.

“ Image Manager — O X
File | View
N N X X RO
/ Click ] ™ Import RGB Image X
& mchplLogo_small
= MHGS_logo_smaller 1 > Exercises_PIC3001GFX > Resource v O L 1E= Resource
= QuickstartDown_WQVGA
i FHEE (C) ~
Exercises_PIC2001GFX
Find Images in Resource Folder Resource AR R
We prebuild and to provided \ / P _ OF .
N Shift + Click | === Shift + Click Shift + Click Shift + Click
StartStop_Start.  StartStop_StartP StartStop_Stop.p  StartStop_StopP
png ressed.png ng ressed.png

EESBEN):

"StartStop_StopPressed.png" "StartStop_ ~ | |Image Files (*.%)

FRE(Q) £y
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Custom Button Widget

* Imported image in “Image Manager”.

'E’ Image Manager — L X
File | View
- E|X X|GH\.E]\ £
Q/ = Image Properties
- == mchpLogo_small Sonrce Mame StartStop_Start.png
- = MHGS_logo_smaller source Format png
- e QuickstartDown_WQVGA Source BPP 32 =
Clui artllo AAD) Sonrce Size TeH28 -
. StartStop_Start Seurce Width 134 =
StartStop_StartPressed Source Height 134 -
StartStop_Stop Cmtput Mame StartStop Start
StartStop_StopPressed Output Format PHG =1
Cutput Width 134 —
Output Height 134 e
Data Location Tntrrnal Flagh
Freprocess I
Settings |
= PNG Image -

Color Maode RGBA 3388
Bits Per Pixel 32
Cutput Size TRhEE

L L
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Custom Button Widget

* Select Output Format to “RGB” for four new PNG images.

[
- |mage Manager

File View

(| >

-]
~ Image Manager

File View

SEENXX|(2a o

—N|X X|m\9\B

a/

-
-
-
—

mchpLogo_small
MHGS_logo_smaller
QuickstartDown_WQWVGA
QuickstartUp_WQWVGA

StartStop_Start
StartStop_StartPressed
StartStop_Stop
StartStop_StopPressed

Bl Image Prope:--

Sonrce Mame

StartStop Start.png

=V

&= mchplogo_small

= MHGS_logo_smaller

- = QuickstartDown_WQVGA
‘& QuickstartUp_WQVGA
StartStop_Start

9 StartStop_StartPressed
: StartStop_Stop

& StartStop_StopPressed

= [mage Prope---

Sonrce Name

p_StartPressed. png

Senrce Format  |png

Sonrce BPP 32

Bonrce Size TN

Source Widih 134

Sonrce Height

Cutput Name

Output Format.

Output Width

Output Heigh
Diata Location
Preprocess | File View

-]
= Image Manager

Settings |

=EENIXX| e e o

E Raw Image|
Color Mode

/
= mchplLogo_small
- MHGS_logo_smaller

-
= Image Manager

File View

- [m] X

= ENXX Ao

mchplogo_small

=onree Format  |pog
Sonrce BFP 32 :II
Source Size TE02E =
Sonrce Width 134 -
Source Height 134 =
Cutput Mame
Output Format | RGE
Cutput Width
Output Height 124 —1
Data Locatl OUtpUt Format : RGB |~
Freprocess | [

=ettings |

= Raw Image ---

Color Mode RGBA %838 =
Bits Fer Fixel |32 =
Color Count  |3115 =
Cutput Size 71324 =
Render Maode Fiveline ;l-
Enable Compre--{ |

Color Mask Mode Mone |

MHGS_logo_smaller
QuickstartDown_WQWGA
QuickstartUp_WQVGA
StartStop_Start
StartStop_StartPressed
StartStop_Stop

IIEREEEEE

StartStop_StopPressed

= Image Prope:--

Source Name

p_StopPressed.

Dng

Source Format  |png

Sourcs BPP 32 =
Source Size 72628 =
Source Width 134 =
Source Height 134 =

Cutput Name

Cutput Width

Cutput Format

E [mage Prope--:

Sonrce Name

Sonrce Height

Sonrce Format  |png

Sonrce BPP 32 =
Sonrce Size 72628 =
Sonrce Width 134 =

Cutput Name

Cutput Format

Ctput Width

134

Cutput Height =
Diata Location Tntarnal Flash
Preprocess r

Settings |

E Raw Image -
Coler Mode RGBA 8833 =
Bits Per Pixel (32 =
Color Count 2300 =
Cutput Size 71824 =
Render Mode Piveline =1
Enable Compre{ |
Color Mask Modd None =1

Cutpnt Height 134
Data Location | Tntarnal Flash |
Preprocess r

Settings |

= Raw Image -+
Color Mode RGBA 2888 -
Bits Per Pixel  [32 =
Coler Count 2140 =
Ctput Size 71524 =
Render Mode Proeline =1
Enable Compre={ |
Color Mask Modd None =1
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Custom Button Widget
* Click [Button] of Input Widgets window to add a button widget.

™ Legato Graphics Composer : — O X
File View Project Asset Window Help
S TAE
Screen Tree g Sereen( B \ Tool Box -
+ &3 x ¢ * & &L = Containers
1 Fanel Il Gradient 1 GroupBox
- &3 Layer0 | 1Tind
=+ [ BackgroundPanel
{ _ Check Box
= mchplogo prio s Y Key Fad
& mhgsLogo HARMONY HE List =Ll heel
GRAPHICS SUITE - H
A fastLabel ”’/ [ Radial M CI|Ck ]:110 Eutton
i E‘asl-’:tibz' | v B Seroll Bar b Slider
smartLabe! )
Text Fiald Touch Test
okl gsButton Fa st. E d 5y. ~ Display Widgets
M Arc lid Bar Graph
QO Circle (A Cirenlar Gauge
EE Draw Surface = [mage
- - & Image Rotate e [mage Scale
| Move and click to Place it | ||= 1mage Sequence A Label
# Line b2 Line Graph
#% Pie Chart 0 Progress Bar
Screens & O Eectangle
+ X | X v ! A%\ MicrocHie
| Visible ‘ Name | View |
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Custom Button Widget
* The new Button [ButtonWidgert0] and its configuration.

Screen Tree & Sereend £ Object Editor
. - B Widget
+ k-‘:} x ﬁ} r & Q Mame Button'Wid getl
Position [166,237]
- @ Layer(

= [ BackgroundPanel

----- O boundaryCircle
- = mchplLogo

| A ButtonWidgetO

Screens

+ XX 0 v

Visible Name WView

GRAPHICS SUITE

ﬁ'\ MICROCHIP

rt.

H Size

[100,25]

Enabled

[v

Visible

[v

=cheme

(nternal}

Background

Fill

- mthLDgD Border Bevel

- A fastLabel Alignment [Center Middle]
- A easylabel Marging [4,4,4,4]

~ A smartLabel Alpha Blending r

Alpha Level

233

B Button

Toggleable

String

Pressed Image

Released Image

Image Position

Image Margin

Press Offset

Bl Events

Pressed

Eeleased

B Editor Options

Locked

Hidden
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Custom Button Widget

Object Editor

= Wideet

Mame startstopButton
° ° = Position [14% 256]
* Let’s do some modify of Widget. z 1
Name : startstopButton e- o UEHE]
.l Heigh 134
Position X, Y : 149, 256 Enabljdt v
Wisible v
Size Wldth, Helght : 134; 134 giekn;und |;ilntezmal}
. Border Mone
Background ) None e ® Alignment ?Center,Middle]
Margins [4,4.4.4]
BO rder : None o ’ ﬂ.lphadgfending [
Alpha Level 200
Pressed Image : StartStop_StopPressed ST -
oggleable

String

Released Image :StartStop Stop

Pressed Image

Start=top StopPressed

Button Image added

in Image Assets Manager

Press Offset : 0 o

|1| ) K Kl T TR A T @

Event Pressed : Enable « |

Event Released : Enable «——

Eeleazed [mage Startistop_Stop
Image Position \Left Of
[mage Margin 10
Press Offset 0
= Events
Pressed ™
Released [
= Editor Options
Locked |
Hidden [
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Custom Button Widget
* Button Widget after configured.

Sereen( |

HARMONY

GRAPHICS SUITE

.

Fast. Easy.

ﬁ\ MICROCHIP

Smart.

Object Editor &
= Widget
MName startstopButton
= Position [149,256]
A 144 —
Y 256 —
B Size [134,134]
Width 134 —
Height 134 —
Enabled v
Visible [v
Scheme 1nternal b
Background Memne -
Border Mene |
Alignment [Center Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =
= Button
Toggleabla [
String

Pressed Image

Start=top StopPressed

Eeleazed [mage

Image Position

StartStop_Sto
ILeft of

E

[mage Margin

10

Press Offset

0

el

=B Events

Pressed

Released

<<l

= Editor Options

Locked

Hidden

171
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Custom Button Widget

* Widget Type Structure :

typedef struct </leWidgetType>
{

leWidget widget; // widget base class N

const lelmageWidgetVTable* fn; // widget interface function pointers (vector table)
<Other Widget depended elements>

} <leWidgetType>;

* Widget declarations :
<leWidgetType>* [Screen Name]_[Widget Name];

* Understand the Widget Interface functions

[Screen Name]_[Widget Name]->widget./Widget base class properties and functions];
[Screen Name]_[Widget Name]->fn->(Widget Interface Functions*)([Screen Name]_[Widget Name], ... );

Example:

Screen0_startstopButton->widget.rect.x = 100;

Screen0_startstopButton->fn->setX(Screen0_ startstopButton, 100 );
Screen0_startstopButton->fn-> toggleable = LE_TRUE;

@ MICROCHIP



Custom Button Widget
* Quick find Widget Interface Functions by MPLAB X IDE auto completion.

>R
. 13

int main ( void )

{

Screen0_startstopButton->fn->

_ ® clearDirtyState void(*) (leButtonWidget*) &
Yh”e(uue) B _damageArea void(*)(const leButtonWidget*,leRect*)
/* Maintain state mach & _destructor void(*)(leButtonWidget*)
SYS_Tasks (); B _handleEvent void(*) (leButtonWidget*,leEvent*)
} B _increaseDirtyState void(*) (leButtonWidget*,uint32 t)
/*meuﬂonshOMdnot(D_jnvalidateBorderAreas void(*)(const leButtonWidget*)
B _paint void(*)(leButtonhWidget*)
return ( EXIT_FAILURE );  ©_setDirtyState void(*) (leButtonWidget*,uint32 t)
} B _validateChildren void(*) (leButtonhWidget*)
EaddChild leResult(*)(leButtonWidget*, lelWidget*)
B containsDescendant leBool(*)(const leButtonWidget*,const leWidget*)
B focusGainedEvent void(*) (leButtonhWidget*)
B focusLostEvent void(*)(leButtonhWidget*)
B getAlphaAmount uint32 t(*)(const leButtonWidget*)
HgetAlphaEnabled leBool(*)(const leButtonWidget*)
B getBackgroundType leBackgroundType(*)(const leButtonWidget*)

B getBorderType leBorderType(*)(const leButtonWidget*) |
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Custom Button Widget
* Generate Code and Implement Start/Stop Button Event Callback.

\firmware\src\main.c

volatile bool StartStop = false;

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn)

{
if( StartStop )
Screen0_startstopButton->fn->setPressedimage(Screen0_startstopButton, (leimage*)&StartStop_StartPressed);
else
Screen0_startstopButton->fn->setPressedimage(Screen0_startstopButton, (lelmage*)&StartStop_StopPressed);
}
void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)
{
StartStop = IStartStop;
if( StartStop )
{
Screen0_startstopButton->fn->setReleasedimage(Screen0_startstopButton, (lelmage*)&StartStop_Start); Apply Start Released Image
RGB_LED_R_On(); RGB_LED_G_On(); and Turned LED On
}
else
{
Screen0_startstopButton->fn->setReleasedimage(Screen0_startstopButton, (lelmage*)&StartStop_Stop);
RGB_LED_R_Off(); RGB_LED_G_Off(); el L R
}
}
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Custom Button Widget
* The Start/Stop Button Widget Result after program.

vv

Fast. Easy. Smart.
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Custom Button Widget

Discuss

* To enable Toggleable feature of Button.

Screen Tree

+ S X+ F LD

&

EI 3 Layer0
= [ BackgroundPanel

""" O boundaryCircle
- = mchplogo

o
o [l
o [
o

CheckBoxWidgetGraphic1
CheckBoxWidgetEasy?2
CheckBoxWidgetGraphic2
CheckBoxWidgetButton

& @ ButtonWidgetToggleable

- M CheckBoxWidgetEasy1

START
STOP

ﬁ\ MICROCHIP

Object Editor &
B Widget

Mame Button'WidgetToggleable

Position [223,256]

Size [124,134]

Enabled v

Visible v

=cheme WhiteScheme 7

Background Meane R

Border Meone R

Alignment [Center,Middle]

Margins [4,4,4,4]

Alpha Blending M

Alpha Level 255 —
= Button

Toggleable

Fressed

String

Fressed [mage

| Enable Toggleable T

Eeleaszed [mage

Image Posttion

StartStop Start
ILef t of

E

Image Marmn

10

Press Offset

(0

el

= Events

Pressed

Released

<<l

= Editor Options

Locked

Hidden

171
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Custom Button Widget

Discuss

* Use Check Box widgets as Button.

Screen Tree g
+S X ¢ F &L

= €3 Layer0
- [ BackgroundPanel
""" O boundaryCircle
- = mchplogo
- (28 ButtonWidgetToggleable
- M CheckBoxWidgetEasy1

/Ea

v Easy.

¢

— o Smart.*

& ¥ CheckBoxWidgetGraphic1

- ¥ CheckBoxWidgetEasy?2
- CheckBoxWidgetGraphic2 e
~ W CheckBoxWidgetButton e——

J_IL

- -. Fast.

'?f Image Manager =
File | View u
= MM XX |S

=/

- ® Checked gue——

- Unchecked gee—

Object Editor =
B Widget
Iame CheckBoxWidgetGraphicl
Position [136,140]
Size [160,50]
Enabled v
Visible [v
Secheme WhiteScheme :
Background Fill =~
Eorder Mone Rd
Alignment [Left,Middle]
Margins [4,4,4,4]
Alpha Blending B
Alpha Level 255 =
= CheckBox
Checked B
String Smart.
Unchecked Image Unchecked
Checked Image Checked

Image Posttion | Left Of =1

Image Marmn 10 j
= Events

Checked [v

Unchecked [v
= Editor Options

Locked [

Hidden -
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Custom Button Widget
Discuss

\firmware\src\main.c
volatile bool StartStop = false;
void event_Screen0_ButtonWidgetToggleable_OnPressed(leButtonWidget* btn)
{
if( StartStop )
Screen0_ButtonWidgetToggleable->fn->setPressedimage(Screen0_ButtonWidgetToggleable, (lelmage*)&StartStop_StartPressed);
else
Screen0_ButtonWidgetToggleable->fn->setPressedimage(Screen0_ButtonWidgetToggleable, (lelmage*)&StartStop_StopPressed);
}

void event_Screen0_ButtonWidgetToggleable_OnReleased(leButtonWidget* btn)

{
StartStop = !StartStop;

if( StartStop )

{
Screen0_ButtonWidgetToggleable->fn->setReleasedimage(Screen0_ButtonWidgetToggleable, (lelmage*)&StartStop_Start);
RGB_LED_R_On(); RGB_LED_G_On();

}

else

{
Screen0_ButtonWidgetToggleable->fn->setReleasedimage(Screen0_ButtonWidgetToggleable, (lelmage*)&StartStop_Stop);
RGB_LED_R_Off(); RGB_LED_G_Off();

}

}
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Custom Button Widget
Discuss

\firmware\src\main.c
void event_Screen0_CheckBoxWidgetEasyl _OnChecked(leCheckBoxWidget* btn) { RGB_LED_R_On(); } hock  Red
void event_Screen0_CheckBoxWidgetEasyl_OnUnchecked(leCheckBoxWidget* btn) { RGB_LED_R_Off(); }

void event_Screen0_CheckBoxWidgetEasy2_OnChecked(leCheckBoxWidget* btn) { RGB_LED_B_Toggle(); }
void event_Screen0_CheckBoxWidgetEasy2_OnUnchecked(leCheckBoxWidget* btn) { RGB_LED_B_Toggle(); } L

void event_Screen0_CheckBoxWidgetGraphicl_OnChecked(leCheckBoxWidget* btn)

{ Screen0_CheckBoxWidgetGraphicl->fn->setString(Screen0_CheckBoxWidgetGraphicl, (leString*)&string_Fast); } e

Checked : Fast
Unchecked : Smart

void event_Screen0_CheckBoxWidgetGraphicl_OnUnchecked(leCheckBoxWidget* btn)
{ Screen0_CheckBoxWidgetGraphicl->fn->setString(Screen0_CheckBoxWidgetGraphicl, (leString*)&string_Smart); }

void event_Screen0_CheckBoxWidgetGraphic2_OnChecked(leCheckBoxWidget* btn)

{ Screen0_CheckBoxWidgetGraphic2->fn->setString(Screen0_CheckBoxWidgetGraphic2, (leString*)&string_Fast); } Check Box Graphic 2

Checked : Fast
void event_Screen0_CheckBoxWidgetGraphic2_OnUnchecked(leCheckBoxWidget* btn) Unchecked : Smart

{ Screen0_CheckBoxWidgetGraphic2->fn->setString(Screen0_CheckBoxWidgetGraphic2, (leString*)&string_Smart); }

void event_Screen0_CheckBoxWidgetButton_OnChecked(leCheckBoxWidget* btn)

{ RGB_LED_R_On(); RGB_LED_G_On(); }
Start-Stop Button

void event_Screen0_CheckBoxWidgetButton_OnUnchecked(leCheckBoxWidget* btn) Start : Yel'I'OW LED Off;
{ RGB_LED_R_Off(); RGB_LED_G_Off(); } Stop : Yellow LED O

int main (void ) { ... }
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Custom Button Widget

Discuss
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Deducing Image Storage Space
with Optimum Color Palette

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Deducing Image Storage Space with Optimum Color Palette

* Use GIMP M to open BMP image file and generate optimum palette.

& [StartStop_Start](EA)-1.0 {F{GB E5& 85T gamma %8, GIMP built-in.. — O X @& =sieEs X
BEE ®E8O =} mﬁm [imege PO TED ¥R #EW =50 EERERENARSIE =
: N = E%EIF{_} Ctrl+D l MR [StartStop_Start](EA)-1

» |« RGB &%ﬂﬁﬁ
\ :_m: : [ Generate optimum palette
b =5I6(). [ Maximum 256 colors

) Use web-optimized palette
) Use black and white (1-bit) palette
) Use custom palette

] e

#&(Dithering)
BesI0): & v
O s#eEgEBEsEER0

[] Enable dithering of text layers

=E(H) =iR(0) HE(C)

I I
111 I,
[T
filid
o
L=

https://github.com/mchpgfx/legato.docs/wiki/How-to-Add-Image-with-Image-Palette

GIMP - GNU Image Manipulation Program https://www.gimp.org @MICHO:HIP



Deducing Image Storage Space with Optimum Color Palette

» Export BMP with Color Look-Up Table (CLUT) in GIMP <& .

@ *[StartStop_Start](EE.A\)-1.0 (|G| 87T gamme
B=EE H=ED EEROS BRNM 280 BEEQL

T OETE(N)...

gp_Start.png(W)

< Page Setup...
= ZEN(P)..

B B StartStop_StopPressed.bmp 542 kB 2022/8/31

L] Show All Files
EERELET (KEEES)

2um E ELER Save and rename to new _CLUT BMP file] X

F R = EE(E)..
& BEEUEQD.. BEMRERRE): \ Exercises_PIC3001GFX | LabX Button_use_CLUT_Images |Resource EuEr#E(L

B FEREIEE(R) @, Export Image as BMP
4 AEFEA).. E= B StartStop_Start.bmp 542 kB 2022/8/31

BERELTM. = S EEL Bl StartStop_StartPressed.bmp 54.2 kB 2022/8/31 e
= 2EM B 1 i B StartStop_Stop.bmp 54.2 kB 2022/8/31 EEZZER

= B (H) ‘ Cancel
_Export |

ZBI(H)

GIMP - GNU Image Manipulation Program https://www.gimp.org
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Deducing Image Storage Space with Optimum Color Palette

* Import CLUT Bitmap Images in MHGS

ER

sssssssssss

BESBN):

"StartStop_StopPressed_CLUT.bmp" "StartSi v

Image Files (*.*) v [

% Legato Graphics Composer X .
s
~ Import RGBImage off' Legato Graphics Composer X .
v « >
< T Resoures 2 GLUT off' Legato Graphics Composer > .
HEEE ~ FIEERR .
Ao e off' Legato Graphics Composer x
hon310
et The selected BMP file "C:/Exercises_PIC3001GFx/
Temp LabX_Button_use_CLUT_Images/Resource/CLUT/
Rindiive StartStop_Start_CLUT.bmp" has an embedded color palette.
Wik Do you want to import the image color map and palette
. N — Cor separately or convert the indexed BMP to raw RGB and discard
EmE StartStop_Start_  StartStop_StartP the palette?
[ ] CLUT.bmp ressed_CLUT.bm
- p Cancel
- AR (D)

Separate Into Palette and Color Map

HE(O)

‘ BE ™S )
1 Import CLUT Bitmap Files
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Deducing Image Storage Space with Optimum Color Palette

e Each CLUT Bitmap image has an extra Color Palette with it.

= Image Properties
Source Name StartStop_Start CLUT. bmp
Source Format bmp
& I =
== Image Mana er Source BFF g =
- 9 9 Souree Size 19382 =
. . Source Width 134 =
F I I e | 1|||'Ir| 2V Source Height 134 =
Cutpnt Mame StartStop_Start CLUT
e Cutpnt Format Indexed (=
— |1| | x x | m& n& [ _ Cutput Width 134 =
-~ Output Height 134 =
= Drata Location Tnternal Flash
B fr | Preprocess [~
~ &= mchplLogo_small e
- me MHG S_l ogo_sma ller : = Color Map Settings
. B [mage Properties Palette Image StartStop_Start CLUT_paletif!
=] QUIEkStE rtD DW”_WQ".‘I’GA zource Eame 21?.18 Ppé Pixel 254 é’
ource Pormat olor Count S
- Qumksta U p_WQUGA Source BPP Output Size 1?|356 -
. Source Size Enable Comprassion
- Sta rtStDp_StE rt_:: I_UT - Source Width Index Mask Mode Nene =]
- Source Height
'-.‘ﬂl' Sta I'tStD FI_StE] l't_': I_UT_P d I E.‘ttE.‘ @ Cutput Name StartStop_Start CLUT paletta
Ontput Format RGE =]
- = StartStop_StartPressed_CLUT 1 Output Width 256 =
- Cmtput Height 1 =
(o) StartStop_StartPressed_CLUT_palette Dt Locston T
Praprocess r
- = StartStop_Stop_CLUT ’
s _ Settings
"‘# Sta rtStD p—StD FI_C LUT— B Palette Settings
Color Mode RGB 888 =1
= StartStop_StopPresse oo e = =
i Coler Count 236 :I
&) StartStop_StopPresse o — =
Optimum 256 colors palette @ MICROCHIP




Deducing Image Storage Space with Optimum Color Palette

* Use Color Mask to transparent background of images.
* The Color Mask has named “Index Value” to different with normal BMP.

[ click

'-E' Image Manager — O x "-E' Image Color Picker
File View 5 e
=
¥ N | X X | S CLUT BMP images]. = Image Pro--- -
a/ El Image Sonrce Mame |[Start CLUT bmp
- = mchplog... Sonrce Name  |[Starfl CLUT binp Source Format |bmp
-~ - MHGS _lo... Sonrce Format | bmp i Somce BPP |12 =
- = Quickstar... Source BFF |2 = | Sourcs Size 110382 =
- = Quickstar... Source Size  [10382 = Source Width 1124 =
: é::gg:zp... source Width | 124 = : £ 4 [ Pick Color ] Source Height |134 — ll
- StartStnEm Settings | Settings |
@ StartStop... = Color Map -- Ot cancel B Color Map ---
- & StartStop... Palette Image | StartStop_° Falette Image | StartStop_Start C
@ StartStop... Eits Fer Fixel |2 = Bits Per Pixel |2 =
- & StartStop... Color Count  |254 = Celor Count 254 =
- @ StartStop... Output Size  |17956 = Cutput Size | 17056 =
Enable Compr--1 [ Enable Compr--1 [
Index Mask M-+ | Index Mask M| [ndex Value _~|

Wask Index

@ MICROCHIP




Deducing Image Storage Space with Optimum Color Palette

* Compare the Flash size between normal BMP, CLUT BMP and PNG images.

tton_use CLUT Images - Dashboard =

MNavigator

Avalable Components

?g LabX_Button_use_CLUT _Images

: ?g Froject Type: Application - Configuration: default
E}@ Diavice

i PIC32MZ2064DAS 176

# Checksum: OxE48AB33F

g8 CRC32: 0xF8248D5B

=g Packs

; FICaohIZ s TEE (1.4 118%

=F ‘3;?2?52‘2 Normal BMP images | ..,
813,528 Bytes

% Frodn

Custom_Button_Widget -+

o

OHED

= | event Screen() startstopB--- | Available Component

~F Devic 6 2% |%g Lab2_Image_Assest Custom Button Widget
= @ Memory ) ----- 95 Froject Twpe: Application - Configuration: default
E| m Diata 535,360 {0x ACOO0) bytes & =8 @ Device
..... T @ @ FIC32MZ2064DAZ1TH
& Diata Used: 46,660 (03-:5644) Free: 608,700 {Ox040BC) - a8 Checksum: 0xE51445EE
B |:1 Frogram 2,007,152 (0x200000% btes @ . @B CRC32: 0x5AS67ARE
{ 305 = ; Facks o I
..... @ Program Used: $13,528 (0xCEIDS) Free: 1,283,624 (0 Lu_ciii P1Cl32
= oimpiler
<y PNGto RGB images |
~ T Produ 885,352 Bytes
-5 Devic 118)
[—}-@ Memory

= Q Data 655,360 (D AQDOD) bytes
'?%

tton_use CLUT_Images - Dashboard = | Mavigator

Mvailable Components

g Lab¥_Button_use CLUT_Images

%8 Project Type: Application - Configuration: defanlt
[—j@ Device

@ PIC32MZ2064DAS1TH

ot Checksum: 0xE3213CD5

L@ CRCE2: 0xETASSCIF

=g Packs

‘g PICIEMZ-DA_DFP (1.4.118)

2 Compiler Jaalahad

:;ﬁ CLUT BMP images [
[—Jmﬁen?::; 673,192 Bytes 118)

[Lj@ Data 625,300 [T ATOODY Bytes
: ?%
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Font and String Assets Manager

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)

@ MICROCHIP



Graphics Assets Converter (GAC)

Strings
Hello &4 Bonjour
CAAIHIE SHdsEL T

Hallo FHAES Hei

Graphics Composer Suite

Assets Manager

Fonts
geag XquAt EHAR
MNetara BEIERIE STENCIL
Zilla Slab Calibri $HRARE-ExtB

Images

HARMONY
GRAPMHICE SUITE

ﬁ\ MICROCHIP

Graphics Composer Suite

¥ T
Code Resource
Generator Converter

| | Floe St T Teropus Sans
A94M  Bunaziua 7y e S7Ninghat Imprint
0Ol4 Ciao Hola //‘ Forte curl; Mt $THupo
[ [ -
( — -
Graphics Assets Converter (GAC)
.

| |

Code Generator

Source Code
Strings Table Fonts Data ‘ Images Data

@ MICROCHIP



Font and String Assets Manager

Graphics Composer Suite

Assets Manager

= Font Manager

é )
Strings Fonts

Microchip Technology Times New Roman 24pt

\ [ J
\
( — — )
Graphics Assets Converter (GAC)
\ Font Assets Converter
String Assets Converter [ / Glyph Filter
= v
( [String depend to different] Code Generator [unique glyphs font bitmap] ]

character encode to be generated

r Source Code \
Strings Table Fonts Data
"Microchip Technology" c, & g, h, 1, I,
n ) 01 p; rl y1 M 1 T1 ;

\ ~

File
+ X X
= Ranges 1 Preview 1
A NotoSans_Regular + b
#A. NotoSansTC_Blod
Name Start Index | Start Character ‘ End Index | End Character | Count ‘
= Font Information Latin Standard {32 = 126 = ~ 95
Sonrce Name Notobans TC-Beld.otf
Glyph Count 95 —
Glyph Data Size 22304 —
Kerning Data Size | 1904 —
E Font Options
Glyph Tabla Loca**{ Intarnal Flash
Data Table Location Internal Flash ‘
Name MotoSansTC_Blod
Size 26 s
Antialiased [v
= String Manager - [m] X
File | Languages Encoding
=/ Mame: |Easy
Easy
Fast Description: |
Smart
Stzer 11
Language ‘ Value Font
Default ‘ Easy. NotoSans_Regular
Chinese B NotoSans TC_Blod

 String Language Table

@ x P+ <= ! Encoding Mode: |DNEIN_~ |

Name

Size (bytes) | Enabled ‘

Default

Chinese

16 [
18 [v

c\ MICROCHIP



Font Assets Manager

* Download free Chinese fonts from Google Fonts.

https://fonts.google.com

“B Google Fonts Fonts lcons

Knowledge

Q, Searchfonts Sentence ¥

11111111

Almost before we
knew it, we had left
the ground.

Sort by: Trending ~

Noto Sans Traditional Chinese
Google

BN H ASBXKEPRA R
ENEREBRMETE
HYA] 2 HYREFI HY 7K
500 JhettRER -~ IE
REANFHER

Noto Sans Traditional Chlnese
Google

S edii

ut & license |i & Download Family !!

| Click Download ]

@ MICROCHIP


https://fonts.google.com/

Font Assets Manager
* Add Fonts through the Asset “Font Manager”.

'E‘ Legato Graphics Composer :

File View iject indow Help

Y (e & | L  Images

Screen Tree m 08
7 Strings

+ S X ¢ .
— Globd __ Click ]
=- @ Lawer( ’ -

= [ BackgroundPanel -

- Q boundaryCircle MPLAB

- = mchplogo
- B mhgsLogo HARMONY
" A fastLabel GRAPHICS SUITE
- A easylabel “\v/r

- A rtLabel
@ gebutten Fast. Easy. Smart.

- [BE startstopButton

Screens g

+ XX 01!
Visible MName View
[ a C rprmmumil o

@ MICROCHIP



Font Assets Manager
* Add Chinese font [NotoSansTC-Blod.otf] from folder “Resource”

™ Font Manager — O X

™ Import Font W
A. NotoSans_Regular = 'mp
— " » Resource o O O = Resource
HEEE - FIEE R Ol 4 1IN | e
. — - - ahedefighkl sty ABCD EFS HILIKLM NOPQRETUYWIYZ
- TR {C:} ~ =15 ~ 123455?390m F? n:rlm ~

SN - Exercises_PIC3001GFX A ,NDtDSansTC—EIacthf 12 [WEDE > EeaES
in ont In Resource rolaer
| Nowsscsadot | o (DR > EREBAER

»  NotoSansTC- nghtotf A . h"'
4e -m%aﬁnmz Ei

BESE(N): |NotoSansTC-Bold.otf

Font Files (*.%)

@ MICROCHIP



Font Assets Manager

 Rename to NotoSansTC Blod, Size to 26 and Enable Antialiased.

“ Font Manager — 0 X
File |
+ X X |
= / Ranges | Preview |
A NotoSans_Regular + X
- A« NotoSansTC_Bold NI
Name Start Index | Start Character End Index | End Character Count

= MU G Latin Standard 32 = 126 = ~ 95

Source Mame MotoZans TC-Bold, otf

Glyph Connt Q5 =

Glyph Data Size 3536 —

Kerning Data Size 1904 —
5 Font Opfions Mame MNotomans TC_Bold

Glyph Table Location Tnternal Flash S

- 128

Iame BlotoSansTC _Bold T

o o : Antialiased

Antialiased [v

%n % Anti-aliased Disable %n % Anti-aliased Enable
r @Mlcnol:mp



String Assets Manager
with Multi-Lingual Label

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)

@ MICROCHIP



String Assets Manager with Multi-Lingual Label

* The string table stores associations of Strings, Language indices, and Font
assets. Accepts characters in ASCIIl, UTF8 and UTF16 encoding.

=2 String Manager — (] X = String Manager — O X
File Languages Encoding File Languages Encoding
+ X X + X X
=/ Mame: |Language =/ Name: |Unit
Curren Currency
m Description: | Language Description: |
Number Number
Unit Sizer T4 Sizer 27
Language Value Font Language Value Font
English Hello WetoSans Regular English dollar WoteSans Regular
TChinese i NotoSans TC_Bled TChinese L NotoSansTC_Bled
SChinese i NotoSansSC_Beold SChinese L NotoSansSC_Beold
Japan ZAIZBEE | NotoSans]P_Blod Japan = NotoSansIP_Bled
Korea HEMHZ MaoteSansKRE_Blod Korea e MNaoteSansKE_Bled
India BEEET NotoSansIN_Blod India g WotoSansIN_EBled
Thailand aiEm NotoSans TH_Blod Thailand um WotoSansTH_BElod

@ MICROCHIP



String Assets Manager with Multi-Lingual Label
* Modify Label Text through the Asset “String Manager”.

Bkd|$

Screen Tree

=) 2 Layer0

- = mchplLogo
- = mhgslLogo
- A fastlLabel
-~ A easylabel
- A smartlLabel
- B8] qsButton

Screens

+ XX |

™ Legato Graphics Composer :

Images

Fonts

=+ [ BackgroundPanel

- (B startstopButton

v 1

File View ProjectWindDw Help

¥ ox o I

a0 £

!

""" O boundaryCircle

&

Vigihla I Mame I W imar I

riaz

HARMONY

GRAPHICS SUITE

.

Fast.

Easy.

Smart.

/ ﬁ\ MICROCHIP

\



String Assets Manager with Multi-Lingual Label
* Add new Language “Chmese with “UTF-8" Encoding Mode.

&9 String Manager U X

File Encoding

Edit Languages

] Strlng Language Table x

% | 4 & |V |Encoding Mode: [A3CTT <]
y.

P

Click to add language | Size (bytes) | Enabled
Default 16 v

) Cl
Language Value Font o
Default Easy. MotoSans Regular ‘ I
'f_'-" String Language Table pd

e | X| * < | ! |EncodingMode IUTF-8 =1

a / .
E— e e
- Fast Description: I Default
'----Smart
Language Value — ( Rename to Chinese

Default Easy. MotoSans Resular

New Language of String 4 (i GGG D R

@ MICROCHIP



String Assets Manager with Multi-Lingual Label

* Edit Chinese String and given Chinese Font in String Manager.

©9 String Manager — b4 |

% String Manager — O ot
[
File Languages Encoding < Select Font X File Languages Encoding
+ X X =a/ + X X
a2e— - A« NotoSans_Regular
L [Easy ® NotoSansTC_Blod L [Fast
Fa Description: I Description: I
- Smart MNone | oK Cancel |
sizer 11 sizer 11
Language Value Font | Language Value Font
Default Easy. | MotoSans_Regular EE' String Manager Default Fast. MotoSans Fegular
Chinese ‘ File Languages Encodind Chinese |
+ X X
Y =Y,
Value : 5% as Easy. ., Nees e
~ ﬂ = i- Deseription: |
Value : L #E as Fast. B
EE
Value %u'u\ as Sma rt Language Value Font
Default Smart. | MoteSans Resular
Font : NotoSansTC_Bold Chinese ot TC Bl A3\ Microck




String Assets Manager with Multi-Lingual Label

* Preview multi-language Label string.

'E‘ Legato Graphics Composer :

File Project Asset Window Help

¥  Object Clipping

Sy  Display Language *

+SXT T T3
El %2 Layer0
E—JIZI BackgroundPanel [ Click | 2
- O boundaryCircle MPLAB

- = mchplLogo
- = mhgslLogo HARMONY
- A fastLabel GRAPHICS SUITE
- A easylabel v
- A smartLabel .

1)
- B8 gsButton EE FB%-EI E%

-~ 26l startstopButton

Default

Screens &
+ XX | 0!
Visible Name View

v P @MICHDCHIP



String Assets Manager with Multi-Lingual Label
* Implement Language Change in Quick Start Button Callback.

\firmware\src\main.c

™ String Manager — O X
volatile bool StartStop = false; File Languages Encoding
volatile uint32_t Language = language_Default; ] + X X
= / MName: |Easy
void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn) { ... } Description: |
void event_ScreenO_startstopButton_OnReleased(leButtonWidget* btn) { ... } Smart
oizer 11
void event_Screen0_qgsButton_OnPressed(leButtonWidget™ btn) Language value Font
{ ® Default |Easy. MotoSans_Regular
RGB _LED B ;
) GBLLED_BZOnl); Chinese BS | NotoSansTC_Blod
void event_Screen0_gsButton_OnReleased(leButtonWidget* btn)
{
RGB_LED_B_Off();
Language = (Language+1) % leStringTable_GetLanguageCount( leGetStringTable() );
leSetStringLanguage( Language );
}

int main (void ) { ... }

c\ MICROCHIP



String Assets Manager with Multi-Lingual Label
* Press Quick Start button to toggle Language.

MPLAB
HARMONY
\/‘v’

Fast. Smart.

\ MICROCHIP
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String Table Maintenance

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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String Table Maintenance

* Export String Table as “CSV” file format to easy edit.

% String Manager — O et
File Languages Encoding
New
Delete
Delete All Name: |Language % Export String Table e
R Description: I
« v 1 « LabX_Mult.. > Resource v D
Sizer V4
HEesiE E
Language Value Font AREE FIRAHRIR
1 Click _ ) Hello [FateSes, Firmnler LabX_Multi_Lingual_String_Export ©  Z%E
TChinese i NotoSansTC_Blod firmware Currency.csv
SChinese YT NotoSansSC_Bold Resource 1 N
Japan ZAlZB (x| NotoSansIP_Blod .
BESE(N): |Currency.csv Save to CSV file format
Korea HEHZ MotoSansKE_Blod . : i
FBEER(T): String Table File (*.csv) v
India T NotoSansIN_Blod
Thailand ateh NotoSansTH_Blod ~ BEENR

@ MICROCHIP



String Table Maintenance

* Check “CSV” file in Notepad, the data fields separated in commay(,).

| Currency.csv - 8EE — O e

mEE EEE BTO) BBV D6 Number,Engi!.lsh,1,NotoSan5_Regular,
Number,TChinese, 38.76,NotoSans_Regular,

Languages (name), (enabled),,, ~

Number,SChinese,6.98,NotoSans_Regular,
Number,Japan,136.2,NotoSans_Regular,
Number,Korea,"1,301.7",NotoSans_Regular,
Number,India,82.8,NotoSans_Regular,
Number,Thailand, 34.81,NotoSans_Regular,
Language,English,Hello,NotoSans_Regular,
Language,TChinese, 134 ,NotoSansTC_Blod,
Language,SChinese, i ,NotoSansSC_Bold,

English,true,,,
TChinese,true,,,
SChinese, true,,,
Japan,true,,,
Korea,true,,,
India,true,,,
Thailand, true,,,

i . Language,Japan, Z A (Z &[4 ,NotoSansJP_Blod,
Default Language,English,,, Language,Korea, d2M2,NotoSansKR_Blod,

2222 . L Language,India, @ NotoSansIN_Blod,
3§;ing? (name), (description), (folder path),, Language,Thailand, aiadNotoSansTH_Blod,

Currency,English,USD,NotoSans_Regular,
Currency,TChinese, ¥75%,NotoSansTC_Blod,
Currency,SChinese, \ 2 rf7,NotoSansSC_Bold,
Currency,Japan,|Z(f A 7 /A ,NotoSansJP_Blod,
22 . Currency,Korea,z= 2 ,NotoSanskR Blod,
String Entries (name), (language),(value), (font name), Currenc¥ India HﬁﬂﬂﬁmﬂotoSansIﬁ-Blod

Unit,English,dollar,NotoSans_Regular, . .
Unit,TChinese, 7T, NotoSansTC_Blod, Currency,Thailand, dulvsNotoSansTH_Blod, v

Unit,SChinese, j1,NotoSansSC_Bold,
Unit,Japan, [],NotoSansJP_Blod,
Unit,Korea, ®,NotoSansKR_Blod,
Unit,India,%,NotoSansIN_Blod,

Unit,Thailand,uvwNotoSansTH_Blod, @ MICROCHIP

Number,,/,,
Language,,/,,
Currency,,/,,

F15 2117 100%  Unix (LF) UTF-8




String Table Maintenance
* Import CSV file using MS-EXCEL.

EEET - Beel

Ex %A BA HEERE 22X BB #®E ®&#F Autom:

ﬁi%ﬁ:w ER kBB R{F v ™ [M=sseEs
HET &\ )\Web B3 X X %
+|] Import from TXT/CSV
i «— v 4 « LabX_Multi_Lingual_String_Export > Resource v | D O  f#= Resource
mERERER
Al . HEEE ~ FEE R =~ 0O @
LabX_Multi_Lingual_String_Export *  2iF h iz B &R Languages (name), (enabled),,, ~

A B o . English,true,,,
. Resource »w hinese,true,,,
a

pan, true,,,

] Korea, true,,,
WL > Y W

BERE(N): |Currency.csv v | | IFEE (fprntibdr.osy) v

8L -

@ MICROCHIP



String Table Maintenance

* Encoding is Unicode (UTF-8) and separated by commay(,).

Currency.csv

Columni
Languages (name)
English
TChinese
SChinese
Japan
Korea
India

Thailand

CETT UTF8 encoding
,

Separated by comma

Column2 Column3 Columnd Column5
(enabled)

true

true

true

true

true

true

true

-

EREREE
AT 200 EF

- s8EH

S Cimport )

=

@ MICROCHIP



String Table Maintenance

* You could save it as Excel format and deliver your translation agency.

EHEE (0FE)

FEEET - Bcel

g =wH WA SEEE X ER &K 8% Automate
=S B uEgsn=rE [E= T [5“ NE
= —_—

Currency B sr=ns EAnY | EE Eme
& mEmai) | QEEsnE DR v By OSEpHEL

= I= SRR E R
Al = b S

A B C D E

1 M Column? Bl Column3 B Column4 B Columns B
2 |Languages (name) (enabled)
3 |English true
4 |TChinese true
5 |5Chinese true
6 |lapan true
7 |Korea true
8 |Incha true
9 |Thailand true
10
11 |Default Language English
12
13 |Strings (name) (description) | (folder path)
14 |Unit /
15 |Number /
16 |Language /
17 |Currency !

i
2

19
20
21

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

45
46
47

Columnl

- |Column2 | v | Column3

- | Columné4

- |Column5 | «

| String Entries (name)
| Unit

| Unit

| Unit

| Unit
|Unit

| Unit

| Unit
|Number

| Number
|Number

| Number
| Number

| Number
| Number
|Language
|Language
|Language
|Language
|Language
|Language
|Language
|Currency
| Currency
|Currency
|Currency
|Currency
|Currency
| Currency

(language)

English
TChinese
SChinese
Japan
Korea
India
Thaland
English
TChinese
SChinese
Japan
Korea
India
Thaland
English
TChinese
SChinese
Japan
Korea
India
Thaland
English
TChinese
SChinese
Japan
Korea
India
Thaland

(value)
dollar

JC

JC

M

4

Z

1N

]

30.76
6.98

136.2
1,301.7
82.8

34.81
Hello
T
fdF
AW BT
o2 M
EEe
atad
usD
o
(ZIEAZA
k= 4
R 73T
wu'lna

(font name)

NotoSans Regular
NotosansTC Blod
NotoSansSC Bold
NotoSans/P Blod
NotoSansKR Blod
NotosansIN Blod
NotosansTH Blod
NotoSans Regular
NotoSans Regular
NotoSans Regular
Notosans Regular
NotoSans Regular
NotoSans Regular
NotoSans Regular
NotoSans Regular
NotosansTC Blod
NotoSansSC Bold
Notosans/P Blod
NotosansKR_ Elod
NotoSansIN Blod
NotosansTH Blod
NotoSans Regular
NotosansTC Blod
NotosansSC Bold
NotoSansJP Blod
NotoSanskKR Blod
NotoSansIN Blod
NotosansTH Blod
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String Table Maintenance

* You could export modified Excel file to CSV format file by “Save As”.
* Please remember to delete first row of CSV file.

»fFhtE

HifhuE

Currency.xlsx

[~ > Documents

EI;I p— Currency_Modified

= CSV UTF-8 (238 531®) (*csv) v

7@ %
MZUE

2=,

LE:LEE.’EE&HHLHT |
B S | Currency_Modified.csv - E8Z &

EEF) fFE(E) #F3(0) #E0) =REE

Delete this row
anguages (name), (enabled),,, from EXpOTtEd csv
English,true,,,

TChinese, true,,,

F15 . F117 100%  Windows (CRLF)

55 BOM 83 UTF-

@ MICROCHIP



String Table Maintenance

* Import the String Table (Modified CSV file) in MHGS.

% String Manager — L] X
File Languages Encoding
New
Delete
Delete All Mame: ILanguage
Description: I
Export Sizer 74
Close [ 'C“Ck ] Language Value Font
English Hello MotoSans Regular
TChinese i NotoSans TC_Blod
SChinese SR NotoSansSC_Beld
Japan ZAlZB (X | NotoSansIP_Blod
Korea HEHZ HNotoSansKE_Blod
India T NotoSansIN_Blod
Thailand #iEm NotoSans TH_Blod

™ Import String Table

% Wt

LabX_Multi_Lingual_S *
firmware

Fesource

BESBEN):

1 « LabX_Mult.. > Resource v | O

FIEE 3

28

Currency.csv
Currency_Modified.csv

Currency_Modified.csv ~

~ Import modified CSV

FEL(O) BE

@ MICROCHIP



String Table Maintenance

* Currency convert example with multi-lingual strings.

7T

HARMDNY

GRAPHICS SUITE

v

Hello

CAICBIE
CEAZA | 1362 B

A6 0)
Gulne | 34.81 | yn

A5\ MicrocHiP

c\ MICROCHIP



Label Widget with Dynamic Text

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Label Widget with Dynamic Text

Graphics Composer Suite

r Assets Manager \
Strings Fonts Fonts Fonts
Microchip Technology =  Time News Roman 24pt Consolas 12ptS Arial 10pt
\ [ . . J
~ s - - > ~

Graphics Assets Converter (GAC)
Font Assets Converter

‘ ) lyph R lyph R
String Assets Converter ] / Glyph Filter IIG1 glleF,x 3;:122 | r?d‘g,( L infzez
Q

[String depend to different] Code Generator

character encode unique glyphs font bitmap

everything within the specified range‘

e . to be generated ) Source Code lof glyphs font bitmap will all generate| N\
Strings Table Fonts Data Range Fonts Data Range Fonts Data
: : c, e, g h i | 1 " #5085 % %a é: §: %: A, B}(C} D, Ey Fy Gy Hy 1y Iy Ky LbM,
“Microchip Technology™ oML Wl e B I R Ny{Oy Py QuIR,IS) Tu U, VW XL Y} 12
n, o, p, I, Y, M, T, < T 2 2, @, C, e, g, hj [N H_Bagbilcidiedigih ik
‘ ‘ iy, 1, n, o, p, r, vy, M, T I5'm}, N, 0, |p, a5y ry Shithu, viw,Xiyhz
\. J
\ v
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Label Widget with Dynamic Text

* Open Font Asset Manage.

File View PrDjeWindDw Help
™ 2 | L Images

Screen Tree M
+ E‘::} x ﬁ}' { Strings

Ef Legato Graphics Composer :

08

Glnb{

Click )

= @ Laver(
= [ BackgroundPanel
O boundaryCircle
- = mchplogo

- = mhgslLogo

- A fastLabel

- A easylabel

- A smartLabel

- B gsButton

- 1B startstopButton

Screens

+ XX/ 0!

&

Vicihla I hame I Wimar I

HARMONY

Fast. Easy. Smart.
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Label Widget with Dynamic Text

* Check the Glyph range index from ASCII code index 32 to 126.

= Font Information

f_” Font Manager — O >
File
+ X X |
= / Fanges | Freview |
ﬁp MNotoSansTC_Blod X
® NotoSans_Regular +
Name End Index End Character

=ource Mame

IlotoZans Eegular

Latin Standard

Glyph Con
Glyph D
Kerning D [S PACE]
= Font Opt I
Glyph Tab “
Data Table
Ilame #
=1ze
Antialiased s
%
&
{

/|

*

+

W N P O -

O 00N O U1 b

I AN\ ~- .o

O M mMmOO®>E vV
O 9voO0oO2Z2<rmrrR"«—=I

—N<X=S<CHwnv=Ile

™ QO o T 9

O 53 3 — XA — — 0 —h|[=

< X S < C +~wv s O

[DEL]

95
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Label Widget with Dynamic Text

* Add new Label Text through the Asset “String Manager”.

Screen Tree Fonts

"-'f Legato Graphics Composer :

File View PrDjectWindDw Help
™ 2 | L Images

Global Pafeas

08

E| %3 Layer( 1

Click

)

= [ BackgroundPanel
O boundaryCircle
- = mchplogo

- = mhgslLogo

- A fastLabel

- A easylabel

- A smartLabel

- B gsButton

- 1B startstopButton

Screens &
+ XX 01!
Vicihla I hame I Wimar I

HARMONY

Fast. Easy. Smart.
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Label Widget with Dynamic Text

» Clickicon = to add three new strings and configure as below.

String Name Value

FastVal
EasyVal

SmartVal

&% String Manager — L X
File Languages Encoding
Click ] |[Fastval _
Description:
size: 10
Language Value Font
Default

Chinese

| Q0000 | NotoSans Eesular
| Q0000 | NotoZansTC_Blod

Font

00000 NotoSans_Regular
00000 NotoSansTC_Blod
11111 NotoSans_Regular
11111 NotoSansTC_Blod
22222 NotoSans_Regular
22222 NotoSansTC_ Blod

% String Manager

File Languages Encoding

'f-_'f‘ String Man

+ X X
Q/
Name: [EasyVal
Description:
- FastVal sizer 10
~Smart
- SmartVal Language
Default MeotoSans Regnlar
Chinese 11111 | HotoSans TC_Blod

File Language

+ X X
=/
. Name: [Snartal
- Easy
- EasyVal Description:
- Fast

Sizer 10

Language

Default

MotoSans Regular

Chinese

MotoSansTC _Blod
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Label Widget with Dynamic Text
 Click [Label] of Display Widgets window to add 3 Label widgets.

-8 startstopButton

Screens -]
+ X|%X|© v
Visible Name View

[Move and Place it

ﬁ'\ MiCROCHIP

EZ Draw Surface

| [mage Eotate

&, [mage Sequence

/ Lins = 308

¥ Pie Chart 0 Progress | : .

O Rectangle E[ Click ]
Object Editor g

" Legato Graphics Composer : - 0 X
File View Project Asset Window Help
g~y
Screen Tree & Sereen0 B | Tool Box a
+ S X ¢ TF &L = Containers
: [ Panel Il Gradient ™1 GroupBox
= &2 Layer0 ] Windowr
= [ BackgroundPanel = Input Widgets
- Q boundaryCircle Button /| Chack Box N Cirenlar Slider
- = mchplogo i Key Pad List List Wheel
& mhgslogo HARMONY (@ Radisl Menu @ Radio Butten B Seroll Bar
- A fastlabel GRAFHICS SUITE &b Slider Text Field Tonch Test
- A easylabel v = Display Widgets
A smartLabel Y Are sk Bar Graph
gsButton Fast. Ea Sy. Smart. O Circle ) Circular Gauge

e Image

FeTI——

Sereenl)

B Screen
Mame
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Label Widget with Dynamic Text

* After added three new Label widgets.

Screen Tree F

+3X+ T &L

Sereen £

=t %2 Layer0

= [ BackgroundPanel
- O boundaryCircle
- = mchplogo

- = mhgslLogo

~ A fastLabel

- A easylabel

- A smartLabel

- 26 gsButton

- A LabelWidget0

A LabelWidget1
- A Labelwidget2

Screens &
+ X (%X 0 v
Visible Name View

HARMONY

Fast. Easy. Smart.

ﬁ'\ MICROCHIP
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Label Widget with Dynamic Text
* Config Label Widget (for FastVal string) as below.

Object Editor

|

Sereen( £
MPLAB
S D)
[@323) _Hioolt, Easy Smart\
00000
}'!‘F (122,252)
[ Click |

ﬁ'\ MICROCHIP

B Widget

Ilame

e K fastVallabel

= Position

X

b

= Size

Width

Heisht

Enabled

Wigible

=cheme

Background

None

Border

Line

= Alignment

Horizontal

Wertical

H Margmns

Alpha Blending

Alpha Lewvel

= Label

=tring

B Fastval

Editor Options
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Label Widget with Dynamic Text

* Config Label Widgets (for EasyVal and SmartVal string) as below.

Object Editor & | Object Editor & |
B Wideet B Widget
Name oK easyVallabel Name ermpammk smartVallabel
= Position i = Position 09,215]
X X
b T
B Size B Size
Width Width
Height Heisht
Enabled Enabled
Wisihle Wisible
Secheme =cheme
Background Backgromd il ——4
Border Border
5 Aligtment = Alignment  [[CemerMiddlel
Horizontal Horizontal
Wertical Vertical  |Middle
Margins Margins
Alpha Blending Alpha Blending
Alpha Lewel Alpha Lewvel
= Label = Label
String String - SmartVal

. Editor Ophons

. Editor Options
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Label Widget with Dynamic Text

* After configure three new Label widgets.

Screen Tree & Sereen0 B
+ S X ¢+ TF &L L

EI %2 Layer0
= [ BackgroundPanel .
- O boundaryCircle MPLAB'

- = mchplLogo

~ &= mhgsLogo HARMONY i

- A fastLabel GRAPHICS SUITE PP Quick Start

-~ A easylabel v

- A smartLabel v

gsButton Fa St. Ea S}h Sma rt'

00000 11111 22222

START
\ STOP

Screens & _
+ %[0 v A%\ MicrocHP
Visible Name View
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Label Widget with Dynamic Text

* Generate Code and Implement Dynamic Text on Label widget.

\firmware\src\main.c typedef struct leFixedString

#include <stddef.h> {

#include <stdbool.h> .

#include <stdlib.h> leString base; /**< base data */
Ancliel e niens. |t const leFixedStringVTable* fn; /**< function table */
volatile bool StartStop = false; leChar* data; /**< data storage */
volatile uint32_t Language = language_Default; uint16_t capacity; /* * o string capacity */
char cCharBuffer[8]; uintle6_t length; /**< string length */
leChar fastLegatoCharBuffer[8] = {0}; const leFont* font; /**< string font */
leChar easyLegatoCharBuffer[8] = {0}; Legato Char buffer leFixedString:

leChar smartLegatoCharBuffer[8] = {0}; } leFixe tring;

leFixedString fastValString; . i
leFixedString easyValString; Legato string object
leFixedString smartValString;

void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn)

{
if( StartStop )

Screen0_startstopButton->fn->setPressedlmage(Screen0_startstopButton, (lelmage*)&StartStop_StartPressed);
else

Screen0_startstopButton->fn->setPressedlmage(Screen0_startstopButton, (lelmage*)&StartStop_StopPressed);
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Label Widget with Dynamic Text

* Dynamic Strings and Font initialization depend to Language.

\firmware\src\main.c

void DynamicStringlnitFont( leFixedString* String, uint32_t StringFontID )
{

}

void DynamicStringlnit( leChar* leBuffer, uint32_t size, leFixedString* String, uint32_t StringFontID ) ¢TI
{

String->fn->setFont( String, leStringTable_GetStringFont(leGetStringTable(), StringFontID, Language) ); < Dynamic Language ID (Toggle by gsButton) |

leFixedString_Constructor( String, leBuffer, size ); Create and initialize a Legato String object

DynamicStringlnitFont( String, StringFontID );

Assign a String Font to the Legato String

}

void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn) { ... }

int main ( void )

{
SYS_Initialize ( NULL );

DynamicStringlnit( fastLegatoCharBuffer, sizeof(fastLegatoCharBuffer), &fastValString, stringlD_FastVal );
DynamicStringlnit( easyLegatoCharBuffer, sizeof(easyLegatoCharBuffer), &easyValString, stringlD_EasyVal ); Dynamic String Initial

DynamicStringlnit( smartLegatoCharBuffer, sizeof(smartLegatoCharBuffer), &smartValString, stringlD_SmartVal );
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Label Widget with Dynamic Text

* Dynamic Strings update by given Text String buffer.

\firmware\src\main.c
void DymaticStringlnit( leChar* leBuffer, uint32_t size, leFixedString* String, uint32_t StringFontID ){ .. }

void DymaticStringUpdate( char* cBuffer, leFixedString* String, leLabelWidget* Label )
{

String->fn->setFromCStr( String, cBuffer ); Convert the C character string to Legato String
Label->fn->setString( Label, (leString*)String ); Set Legato String to target Label widget

}

void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn) { ... }

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)

{
|f( StartStop )

{ Show “Name” on SmartVal Label
sprintf( cCharBuffer, "Name" ); while Start/Stop button enable

DymaticStringUpdate( cCharBuffer, & martValString, Screen0_smartVallLabel );
}

else

{ Show “Pause” on SmartVal Label
sprintf( cCharBuffer, "Pause" ); while Start/Stop button disable

DymaticStringUpdate( cCharBuffer, & martValString, Screen0_smartValLabel );

}
}
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Label Widget with Dynamic Text

* Reconductor the Font of string while press qsButton to change Language.

\firmware\src\main.c

void DynamicStringlInitFont( leFixedString* String, uint32_t StringFontID )

void DymaticStringInit( leChar* leBuffer, uint32_t size, leFixedString* String, uint32_t StringFontID ){ .. }
void DymaticStringUpdate( char* cBuffer, leFixedString* String, leLabelWidget* Label )

void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn) { ... }

void event_ScreenQ_startstopButton_OnReleased(leButtonWidget* btn) { ... }

void event_Screen0_gsButton_OnPressed(leButtonWidget* btn) { ... }

void event_Screen0_gsButton_OnReleased(leButtonWidget™ btn)

{ RGB_LED_B_Off();

Language = (Language+1) % leStringTable_GetLanguageCount( leGetStringTable() );

leSetStringLanguage( Language );

Dynam!cStr!ngIn!tFont( &fastVaIStri|_1g, stri.ngID_FastVaI ); Reconductor the Font of string while
| DYnamicStringinitFont{ Remartvalstring, sringib_smartval ) R 2" E e}

int main ( void )

{

\./;/.hile (true)

.
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Label Widget with Dynamic Text

* Create a Timer to increase a Counter and update String in given period.

\firmware\src\main.c
volatile bool UpdateFlag = false;
volatile unsigned int Counter = 0;
char cCharBuffer[8];

leFixedString smartValString;

void TimerCallback ( uintptr_t context )

{
if( StartStop)  { Counter start or stopped depend to Start/Stop button
Counter = (Counter +1)%100000; Limit Counter value between 0 ~ 99999 for max 5 chars
} UpdateFlag = true; Set the Ul Update Flag for Dynamic Text Update in main loop
}

void DynamicStringlnitFont( leFixedString* String, uint32_t StringFontID ) { ...}

int main ( void )

{
SYS_Initialize ( NULL );

SYS_TIME_CallbackRegisterMS( TimerCallback, 0, 200, SYS_TIME_PERIODIC ); Timer Callback Function Register in 200ms period
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Label Widget with Dynamic Text

* Update the scroll animated Text string in Timer period.

\firmware\src\main.c

void UpdateScreen( void )

{
if( UpdateFlag )
{
UpdateFlag = false;
sprintf(cCharBuffer, "%u", Counter); _ Show Counter on FastVal Label
DymaticStringUpdate( cCharBuffer, &fastValString, Screen0_fastValLabel );
sprintf(cCharBuffer, "%c%c%c%c%c", 32 + ((Counter+0)%(126-32+1)), 32 + ((Counter+1)%(126-32+1)), 32 + ((Counter+2)%(126-32+1)),
32 + ((Counter+3)%(126-32+1)), 32 + ((Counter+4)%(126-32+1)));
} DymaticStringUpdate( cCharBuffer, &easyValString, Screen0_easyValLabel ); Show ASCII on EasyVal Label
} mmmmmmm It will show 5 chars as moving |eft
32 [SPACE] * 4 +0 | H R p
. . . ! + 5 4+ | S ] 8 q { .
'{”tma'"(vo'd) 6| 22,10 T A~ h ¢ | Font ASCIIl index
whilel(orue) # 7| sk v i s )
{ T s i e start from 32
SYS Tasks (); % / C M W a k u [DEL]
~Tasks () & 0 : D N X b | v Stop on 126
UpdateScreen(; —— S N N T T
} R T R e Total (126-32+1)
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Label Widget with Dynamic Text

* The Start/Stop Button could Enable/Disable Dynamic Text.

v

Fast. Easy. Smart.
00127 Name
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Label Widget with Dynamic Text

Discuss

 How to reduce Flash size if not use alphabet characters of a Chinese Font ?
* Please configure the Glyph Range to minimize the count of index range.

™ Font Manager — O X
File Glyph range 32 to 126, Total 95 characters |
rTxXe g Megoryﬁﬁ 360 ([0xA0000) b
a / Ranges ] Preview | E]@ ala : (0x ) bytes
‘NotoSansTC_Blod + X { (ki )
A. NotoSans_Regular - Data Used: 46,908 (0xB772) Free: 602,392 (Ox04828)
Name ‘ Start Index ‘ Start Character ‘ End Index | End Character | Count ‘ Elﬁ Frogram 2,097,152 (0x200000) bytes

ESFU"“;W"“H““” " |Latin Standard 32 = 126 ~ 95 - 44% _

TEoemm—TT . oo - Program Used: 918,512 (0xE03F0) Free: 1,178,640 (Ox11FC10)

Glyph Data Size  |26708 =]

Kerning Data Size  |2024 =

2 Font Manager - 0 X
= Glyph range 32 to 33, Total 2 characters | —
e @ Memory
+ XX Font ASCII index start from 32 and stop on 33 | | | Data 655,360 (0xA0000) bytes
ppra— Ranges | Total 2 characters e (ks .
e ansliet o + X - @@ Data Used: 46,968 (0xB778) Free: 608,392 (0x94888)

A NotoSans_Regular £ 3 Program 2,007,152 (0x200000) bytes
B Font Information - : { 43% J

a ) Latin Standar i Program Used: $95,080 (0xDAS68) Free: 1,202,072 (0x125798)

o I = Pt Fo8 "
Glyph Connt 8
Glyph Data Size 4032
Kerming Data S1ze | 164

=N AS\ MicrocHIP



Label Widget with Dynamic Text

Discuss

* Label value to use the same font both of Default and Chinese language.

String Name
FastVal

EasyVal

SmartVal

2 String Manager — d X

File Languages Encoding

+ X X

:J / Iame: IFast‘u’al

- Easy

- EasyVal Description: |

?----Fast

CEVI Se: 10

- Smart

L. SmartVal Language WValue Font
Default 00000 | NotoSans_Regular
Chinese 00000 NotoSans_Regular

Value Font

00000 NotoSans_Regular
00000 NotoSans_Regular
11111 NotoSans_Regular
11111 NotoSans_Regular
22222 NotoSans_Regular
22222 NotoSans_Regular

ff String Manage

File Languages Encoding

% String Manager — | X
File Languages Encoding
+ X X
:'I / ame: IEasyVal
- Eas
m Description: |
- Fast
FastVal Sizer 10
----- Smart
Smartval Language Value Font
Default 11111 | MotoSans_Regular
Chinese 1111 1| MoteSans_Regular

+ X X

:J / MName: ISmartVal

- Easy

EasyVal Description: |

é----Fast

FastVal Size: 10

~ Smart

Language Value Font
Default 22222 | NotoSans_Regular
Chinese 2222 NotoSans Regular
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Label Widget with Dynamic Text

Discuss

* What if to minimize Glyph range but have used partial characters ?

"E' String Manager — L X
File| Languages Encoding
+ X X
=/ Mame: |Easy

- EasyVal Description: |

- Fast

- FastVal stzer 12

-~ SmartVal Language Value Font

Default Easy. | MotoSans_Regular
« | |L| Chinese BE0 | NotoSansTC_BElod

Eﬁ Program 2,007,152 {0x200000% bytes
- 13%

Glyph range 32 to 33 without ‘0’, ‘1’, ‘2’

FProgram Used: SQS,DSG OxDAZEEY Free: 1,202,072 Ox 1257980

Elﬁ Frogram 2,097,152 Ox2000007% bytes
- 13%

Glyph range 32 to 33 with ‘0’, '1’, ‘2’

----- Frooram Used: 895,912 DxDABARY Free: 1,201,240 (0x125458)

HARMONY
\/‘v’
gl 50
00000 11111

START
_ STOP

ﬁ'\ MICROCHIP

@ MICROCHIP



External Graphics Resources - Font

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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External Graphics Resources - Font

* Add a customized Memory Location and configure as below.

= Legato Graphics Composer : C;/Exercises_PIC3001GFX/LabX_External_F ™ Memory Locations — H w0

File View | Project Asset Window Help x
Y gy © Project Settings

- System Usage l Contents |
Screen Tree  Event Manager & Screen0 B l Internal Flash
+ £3 N Internal SRAM . Image Data - 0 bytes (0%)
-+ User
- €3 Layer0 SDCARD_BIN B Font Data - 0 bytes (0%)
= [ BackgroundPar{  Click String Table - 0 bytes (0%)
O boundaryCircle

Free Space - 4000000 bytes (100%:)

= User Location Properties

Name SDCARD_BIN Name SDCARD BIN _
Capacity (bytes) 4000000 Capacty b7 o )
ACCESS MOde Read Use Logical Address [

° e ° BMory Mappe l_
Output F!Ie Type Raw Binary (.bin) i B B (o =
Output File Name NotoSansTC_Blod26 [} oupuFite Name NotoSans TC_Blod26
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External Graphics Resources - Font

* Add a new Glyph range for more Chinese words in Font Asset Manager.

Images

Bk g

Screen Tree

'ff Legato Graphics Composer : C/Exercises_PIC3001GFX/LabX_External_F
File View Project Asset Window Help

Strings 5

Screen

[

+ < X ¢ A

™ Font Manager

File

=) @ Lawer(

Global Pl Click ]

=1 BackgroundPanel

""" O boundaryCircle

+ X X

- .
- Select Memory Location X

= System
~ ~Internal Flash
~ ~Internal SRAM
= User

& SDCARD_BIN

NotoSansTC_Blod
A. NotoSans_Reqgular

OK Canf

)

= Font Information

Sonrce Mame

MotoSans TC-Bold.off

Glyph Count 4004

Glyph Data Size 2070792

Eerning Data Size 21584

Lol

= Font Options
Glyph Table Locatidy STDCARTY BIN

Diata Table Locatio

| SDCARD_BIN

Iame
Size 26 o
Antialiazed [v

Ranges | Freview |

X
Name Start Index | Start Character| End Indexl End Character|Count
Latin Standard |32 - 126 ~ 95
Chinese Word
Name Chinese Word
End Index 23960
Start Index 19968
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External Graphics Resources - Font

* Check Memory consumption in Memory Location window.

'E Legato Graphics Composer : C/Exercises_PIC3001GFX/LabX_External_F (e Memory Locations — O %
File View | Project Asset Window Help + x
Y (e & Project Settings :
— — = = System Usage | Contents |
Screen Tree  Event Manager & Screend B ~~Internal Flash
+ t® 3| Memory Locations E} U Internal SRAM . Image Data - O bytes (0%)
; : -User
=" @ Layer0 W ® SDCARD _BIN . Font Data - 2270792 bytes (~H4%)
=+ BackgroundPan___ Click String Table - 0 bytes (0%)
O boundaryCircle

Free Space - 1420208 bytes (~35%)

2 User Location Properties

Mame =DCARED BIN
Capacity (biytes) 4000000

Access Mode Eead Rd|
Use Logical Address [

Memory Wapped |_

Output File Type Raw Binarv (bind =
Cutput File Mame MotoSans TC_Blod26
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External Graphics Resources - Font

* Enable Stream feature in Project settings.

File View | Project Asset Window Help

'f‘ Legato Graphics Composer : C/Exercises_PIC3001GFX/LabX_External_F

= ] Project Settings

-

Screen Tree  Event Manager =

Click

== £3 X Memory Locatiors I

EI @ Lawer(
= [ BackgroundPanel

""" O boundaryCircle

Renderer

=% Project Settings pd
Assets =B Library Settngs
Code Generator [nput Crientation 0 =1
software Kender Orientation 0 hdl
Preemption Lewel 0 :I
Diriver Laver Support
Streaming Interface Enable I

Widget = Stream Cache Settings

W12, 128,128, 2042,400

L]

]

Debug Asserts

Image Decode Cache Size (bytes) | 128 :|'
Image Lockop Cache Size (bwtes) (128 :|'
Image Mask Cache Size (bytes) | 128 :|'
Image Blend Cache Size (bytesy  [128 :|'
IFPEG Decoder Cache Size (bytes) L2042 :|'
Font Cache Size (bytes) | [ 4096 ] =

Enable Raw Image Decoder

Enable JFEG Image Decoder

Enable FIG Image Decoder

Use PNG Seratch Address

Enable Monochrome Image Decoder

<1< <<
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External Graphics Resources - Font

* Find the Font binary file NotoSansTC_Blod26.bin in below ZIP file.

\[Project]\firmware\src\config\default\.legato generate cache.zip

Lab¥_External_Resource_Font SDCARD
firmware
LabX_External_Resource Font SDCARD.X
SIc
config
default
bsp
defaultmhc
driver
gfx
osal
peripheral
stdio
system
usb
: legato_generate_cachezip

¢ default_designzip

M

=t #£E Bk ZEBFRE

| ] NotoSansTC_Blod26.bin BIN %  751KB &=

Please copy Font binary file
NotoSansTC_Blod26.bin
to a SD Card with FAT32 format J

Notice!!
Remember to update Font binary

in your SD Card, each time
you to modify Strings in composer

EAN

2,511 KB
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External Graphics Resources - Font

* Enable SDHC reference clock in Clock Configurator of Harmony.

Ed MPLAB X IDE v6.00 - LabX_External_Resource_Font_SDCARD : defaul

File Edit MHC View Navigate Source Refactor Production Debug Te

USB Clock (USBCLK)

B Save Configuration v " R ABDMH:
Projects > Import fompooents Reference Clock #4 REFeLc
El@ Lak Export ARD REFCLKZ
=63 Auto-Calculate =
& Preferences REFCLKI
__ ) o REFCLK4 RETEERS
= enerate Code -m
o POSC —52500000 Hz
Tools > Clock Configuration |‘;. B FRC —g000000 Az
Display Manager . LPRC 37768 HZ
""" Utilities > _ ﬁ I
- DMA Configuration [ CI'Crk | S0sC !
- [ Exit EVIC Configuration | PBCLK
Legato Graphics Composer Fow |
Pin Configuration h;gg | SYSCLK
: ——
; FPLLIDIV FPLLMULT FPLLODIV | BFRC
I DvV_3 -~ MUL_50 w Div_2 e | SPLL
| FPLLICLK | t
Jlrise © Auto-Calculate | ROSELZ | 5YSCLK -
e
| |
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External Graphics Resources - Font
* Configure SDMMC Bus Speed to HIGH _SPEED in Harmony.

SPI1
Peripheral Library
SP1

SDHC
Paripheral Library
SDHC

SPI

Crriver

o Core Service

Instances -——|+

Instance 0
SPI

DRV_SPI

* UsB DEVICE CDC

SDMMC

Drriver

o Core Service
o SYS_TIME

Instance O
» SDHC

DRV_MEDIA

FILE SYSTEM
System Service

o Core Service

5YSs_F5
DRV_MEDIA

)

9]

Configuration Options [Hclp ]

=

= SOMMC

~PLIR Used =DHC
~Mumber of Clients

-~ Transfer Queue Size

~Data Transfer Bus Width 4L

- Protocol [
~INConfigure SDCD pin in Pin Configuration!!!

-~Enable Write Protection Check? []
-File system for SDMMC Driver Enabled

-Bus Speed HIGH_SPEED | HIGH_SPEED

t

~Card Detection Method Use SDCD Pin ~

—
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External Graphics Resources - Font

* Implement SD Card auto mount feature.

bool SDCardMounted = 0;

static void AutoMountEventHandler( SYS_FS_EVENT event, void* eventData, uintptr_t context )
{

switch(event)

case SYS_FS_EVENT_MOUNT:
case SYS_FS_EVENT_MOUNT_WITH_NO_FILESYSTEM:
if(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX0_MOUNT_NAME_VOLUME_IDX0) == 0)

SDCardMounted = 1;
SYS_CONSOLE_MESSAGE("\r\nMount SD card success!\r\n");
}

break;

case SYS_FS_EVENT_UNMOUNT:
if(strecmp((const char *)eventData, SYS_FS_MEDIA_IDX0_MOUNT_NAME_VOLUME_IDXO0) == 0)
{

SDCardMounted = 0;
SYS_CONSOLE_MESSAGE("\r\nUnmount SD card!\r\n");
}

break;

case SYS_FS_EVENT_ERROR:
break;

}
}

int main ( void )
{
SYS_Initialize ( NULL );

SYS_FS_EventHandlerSet((void const*)AutoMountEventHandler, (uintptr_t)NULL);
DynamicStringlnit( fastLegatoCharBuffer, sizeof(fastLegatoCharBuffer), &fastValString, stringlD_FastVal );

DynamicStringlnit( easyLegatoCharBuffer, sizeof(easyLegatoCharBuffer), &easyValString, stringlD_EasyVal );
DynamicStringlnit( smartLegatoCharBuffer, sizeof(smartLegatoCharBuffer), &smartValString, stringlD_SmartVal );
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External Graphics Resources - Font

* Implement Font file open and Media file handle Get function .

#define FONT_BIN_FILENAME "/NotoSansTC_Blod26.bin"

SYS_FS_HANDLE fHandle_SDCARD = SYS_FS_HANDLE_INVALID;
bool AssetFileReady = 0;

static void APP_SDCardFileOpen( void )
if( SDCardMounted==1 && AssetFileReady==0 )

fHandle_SDCARD = SYS_FS_FileOpen( FONT_BIN_FILENAME, SYS_FS_FILE_OPEN_READ );
if( fHandle_SDCARD == SYS_FS_HANDLE_INVALID )

SYS_FS_FileClose( fHandle_SDCARD );

}
else if( SYS_FS_FileSize( fHandle_SDCARD ) >0)
{

AssetFileReady = 1;

SYS_CONSOLE_PRINT("\r\nFont file %s Open success!\r\n", FONT_BIN_FILENAME );
}

}
}

SYS_FS_HANDLE APP_GetFileHandle( uint32_t dataLocation )
{
SYS_FS_HANDLE handle = SYS_FS_HANDLE_INVALID;

switch(dataLocation)
{
case LE_STREAM_LOCATION_ID_SDCARD_BIN:

handle = fHandle_SDCARD;
break;

}
default:
break;

return handle;

} c\ MICROCHIP



External Graphics Resources - Font

* Implement Legato Media Stream Callback functions.

#include <stddef.h>
#tinclude <stdbool.h>
#include <stdlib.h>
#tinclude "definitions.h”

#define FONT_BIN_FILENAME "/NotoSansTC_Blod26.bin"

bool SDCardMounted = 0;

SYS_FS_HANDLE fHandle_SDCARD = SYS_FS_HANDLE_INVALID;

bool AssetFileReady = 0;

leStream* MediaStream;

SYS_FS_HANDLE fHandle_MediaStream = SYS_FS_HANDLE_INVALID;

volatile bool StartStop = false;

static void AutoMountEventHandler( SYS_FS_EVENT event, void* eventData, uintptr_t context ) { ... }
static void APP_SDCardFileOpen( void ) { ... }
SYS_FS_HANDLE APP_GetFileHandle( uint32_t datalocation ) {...}

leResult leApplication_MediaOpenRequest(leStream™* stream)

if ( AssetFileReady==0)
return LE_FAILURE;

MediaStream = stream;
fHandle_MediaStream = APP_GetFileHandle( MediaStream->desc->location );

if( SYS_FS_FileEOF( fHandle_MediaStream ) == true )
{
if( SYS_FS_FileSeek( fHandle_MediaStream, (int32_t)0, SYS_FS_SEEK_SET ) ==-1)
{
return LE_FAILURE;

}
}

return LE_SUCCESS;

} c\ MICROCHIP



External Graphics Resources - Font

* Implement Legato Media Stream Callback functions.

#define FONT_BIN_FILENAME "/NotoSansTC_Blod26.bin"

bool SDCardMounted = 0;

SYS_FS_HANDLE fHandle_SDCARD = SYS_FS_HANDLE_INVALID;

bool AssetFileReady = 0;

leStream* MediaStream;

SYS_FS_HANDLE fHandle_MediaStream = SYS_FS_HANDLE_INVALID;

static void AutoMountEventHandler( SYS_FS_EVENT event, void* eventData, uintptr_t context ) { ... }
static void APP_SDCardFileOpen( void ) { ... }
SYS_FS_HANDLE APP_GetFileHandle( uint32_t datalocation ) {...}

leResult leApplication_MediaOpenRequest(leStream™* stream) { ... }

leResult leApplication_MediaReadRequest(leStream* stream, // stream reader
uint32_t address, // address
uint32_t readSize, // dest size
uint8_t* destBuffer)

if( SYS_FS_FileSeek( fHandle_MediaStream, (int32_t)address, SYS_FS_SEEK_SET ) ==-1)

{
return LE_FAILURE;

}
if( SYS_FS_FileRead( fHandle_MediaStream, (void*)destBuffer, readSize) <= 0)

{
return LE_FAILURE;

}

leStream_DataReady( MediaStream );

return LE_SUCCESS; // success tells the decoder to keep going
}

void leApplication_MediaCloseRequest(leStream* stream)

{
} c\ MICROCHIP



External Graphics Resources - Font

* Flash consume compare.

MPLAB
HARMONY .

y

=3 Memory
Elﬁ Diata 655,360 {0xAQQ00Y bites

Q

AfEL %0 832
00000 11111 22222

ﬁ'\ MICROCHIP

)

MPLAB

AfE 5 g2
A 3B il RERRVEIFC B P R A E

_/

Q

=G Memory

%

= Memeory

.Elﬁ Frogram 2,007,152 {0x2000007% bytas

7%

El@ Data 635,360 (DxA0000) bytes

ﬁ\ MICROCHIP

7%

E . Data Used: 47,316 {UxE8D4} Free: 02,0
.Elﬁ Frogram 2,097,152 (Ox200000% bytes

47 %o

----- FProgram Used: 989,064 OxF1758) Free: 1,102,088 Ox10E2YE)

Font at Internal Flash

; @ Data Usad: 46,968 {DxE'?'?S} Free: 608,302 (0x042880
.Elﬁ Program 2,097,152 Ox200000% bytes

@ Program Used: 918,696 (0xE04A3) Free: 1,178,456 (0x11FB58)

Font at SD CARD

8 Program Used: 980,020 (0xF175C) Free: 1,108,132 (0x 10E8AL)

Font at SD CARD

Font at Intérnal Flash
Will exceed flash size
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Multi-Screen and Splash Screen

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)

@ MICROCHIP



Multi-Screen and Splash Screen

* Check “Screen and Scheme Pane” and select to “Screens”.

2 Legato Graphics Composer:

File | View Project Asset Window Help

g Poile)
s q EmTn
Screens = *TF L N
', ' 10
I x x |:|_| V/ H ckgroundPanel
boundaryCircle MPLAB.
Visible Name View chptogo e e I
hgsLogo HARMONY PP Quick Start
- stLabel GRAFPHICS SUITE
[v  Screen0 - yLabel v
artLabel
Button Fast. Easy. Smart.
rtstopButton
stValLabel 00000 1 1 1 1 1 22222
syValLabel -
artValLabel
-]
START
H '
- STOP
Name View
creend - S\ MicrocHP
Console
X
(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b...
(00:29:15) : Initialization complete,
(09:29:15) : Welcome to Legato Graphics Composer!
(09:29:19) = Opening project: CoBExercises_PIC3001GFX/
Labl_BSP_Templste_LagatofirmerarafsrefeonfigidefanlthdyProject zip
SCreens mchemes
Creens Schemes

Tool Box

1 Panel
T Window

Object Editor

= Containers

] Gradient

B Input Widaste

Butto . .
~ e Object Editor &
EH List

© Radial M e Screen

[l Serell B Na e SCIEE]'.I.D

Text Fiel

& ];Tsplat:v Enabled I:

) e Persistent [~

Q Circle

EZ Draw Su | =] E‘u‘n‘i‘n s

o lmage R

o Image S {:}]'.I. ShOW I_

/ Line Om Hide [~

#5 Pie Char

[ Rectangl Om UDdEI.tE I_

Click

El Screen

Mame

Screen(

Enabled

Fersistent

El Evenis

On Show

Cn Hide

On Update

1 A

Object Editor Scheme Editor
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Multi-Screen and Splash Screen

* Manage Screens and check “On Show” event of Screen0.

New Screen

Check On Show Event

2 Legato Graphics Composer: — O X
File View Project Asset Window Hel
Delete All = -
7 o & |
H g s 0 Tool B g
Set Screen as Primary j§ i) | ool Box
Sl reens T 48 Containers
1 Panel B Gradient 1 GroupBox
g 3 ' 0 - T Window
x |:|_| V/ = ckgroundPanel 5 Input Widante
— y. — boundaryCircle MPLAB 5 Button Db ct Edt
"'-"r | I N "lul'r FhpLogo e —————— ™ Circular JE Itar
Isliae ime ew
hgsLogo HARMONY B Lis 5
I\_/ S 0 __ <tlabel GRAFPHICS SUITE 2 Radial I B Screen
creen0 — syLabel v B scroll B [0 ame | Screend)
artLabel Fast EaS Smart ] Text Fie Enabled v
Set Screen Active [ : y: : ERTE fable
& .
00000| 11111 |22222 e | | Persistent
Duplicate Screen syvalLabel = 8 Drew S Lyenis
artValLabel : R
mage R
Delete Screen ¢ = et (| 02 Sho®
SRV STAES / Line On Hide
. , STOP #§ Pie Char
Name View O3 Rectangl Cn Update
creen( - . M
ICROCHIP . . 5
e Obiect Editor | Scheme Editor |
Console
Object Editor g
X
El Screen
(09:29:15) 1 Initializing Legato Graphics Composer w1.25.2b... Neme —
(00:29:15) : Initialization complete,
(09:29:15) : Welcome to Legato Graphics Composer! Enabled [
(09:29:19) : Cpening project: C+/Exercises_PIC3001GFE/ Hersistent r
Labl_BSP_Templste_LagatofirmerarafsrefeonfigidefanlthdyProject zip = Events
On Show [
Screens | Schemes | On Hide r
On Update ™
Creens Schemes Cbject Editor Scheme Editor
%,
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Multi-Screen and Splash Screen
 Add New Screenl and check “On Show” and “On Update” event.

2 | egato Graphics Composer : — O o
File | View Project Asset Window Help
Bad| &
Cor, ee & Soreen0 [0 TF)D| Box -]
= 4 F &L & = Containers
SCI’EEHS - _‘:‘ 1 Panel B Gradient 1 GroupBox
X | %X oY ’ Dt
- = Input Widaate
(5] Button
iMble Name View écﬂcuhr Object Editor
= Li
— Screen0 - S raga 1y [ 5 SCTEEN
— —h-'—‘ u FEl Seroll B Na mne
— | ] Text Fi
[v Screent B o = Dighy || Enabled
|| R
l.:.l. 7 Are Fersistent

x

Q Circle

EX Draw Su
o lmage R
o Image S

On Show

/ Line

Cm Hide

% Pie Char
[ Rectangl

On Update

Ohbiect Editor

Console g

(09:29:15) 1 Imtializing Legato Graphics Composer w1.25.2b...
(00:29:15) : Inittalization complete,

(09:29:15) : Welcome to Legato Graphics Composer!

(09:29:19) : Opening project: CeBExercises_PIC3001GFX/
Labl_BSP_Templete_LagatofirmerarafsrefeonfigidefanlthdyProject zip

-]
hv !
MName WView
creen0 =
creen’ —
Screens | Schemes |
CIEENS Schemes

Object Editor

El Screen

Mame Sereen ]

Enabled

Fersistent

Bl Evenis

On Show

Cm Hide

I A Y

On Update

Obiect Editor Scheme Editor

2 ﬁ\ MICROCHIP



Multi-Screen and Splash Screen

e Set Screenl as Primary for the Start Up Screen.

2 | egato Graphics Composer : - O
File | View Project Asset Window Help
B @&
Sak ee T Sereend [ Sereen! B3 | Tool Box
= ¢ F L &L = Containers
S creens n 1 Panel B Gradient 1 GroupBox
+x /x| K = D
H :.. u = Input Wideote
Set Screen As Primary . & Button . .
. . mmw . [
Visible Na ek m ; crar| ObjeCt Editor
IC List
- ... G Radial b = Scniﬁn
[v ScreenD il o
— o B seroll B B8 [ame sereen 1
— . ] Text Fiel
d e I.I 5 Display Enabled I:
..................... N Are .
- : Fersistent [
N ...... Q Circle
Click - moawsu | B Events
|| —
E u :image S On Show [v
. mage S
| nderline on Scr n1. i " _ :
Underline on Scree B! ntun / Line Cm Hide B
| W W 5 Pie Char
i HEE
Name View um O Rectangl On Updﬂ.tﬂ I;
creen0 [ = ..
e = n Obiect Editor | Scheme Editor |
Console
x Object Editor
E Screen
(09:29:15) 1 Imtializing Legato Graphics Composer w1.25.2b... Weme FT—
(00:29:15) : Inittalization complete,
(09:29:15) : Welcome to Legato Graphics Composer! Enabled [
(09:29:19) : Cpening project: CyExercises_P1C300 1GFX/ Lorsotant r
Labl_BSP_Templete_LagatofirmerarafsrefeonfigidefanlthdyProject zip = Evenls
On Show [
Screens | Schemes | On Hide r
On Update ™
Creens Schemes Cbiect Editor Scheme Editor
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Multi-Screen and Splash Screen

* Add background of Screenl by using “Panel” of Containers.

™ Legato Graphics Composer - O X
File View Project Asset Window Help
s &
Screen Tree F  Sereen0 [ Tool Box
+SX T L
; I Gradient 1 GroupBox
""" t’é? Layer(
¥ Check Box
fH Key Pad
EH List =] List Wheel
TN : ‘=’ Radial Menu ® Radio Button
m' Seroll Bar b Slider
1 D Text Field B= Touch Test
nm ; = Display Widgets
Eil : M Are sk Bar Graph
1 ! Q Circle A Cirenlar Gange
| I — — - ER Draw Surface = Image
Move a. I.Ia"ce It o Image Rotate e Image Scale
Screens g =, Image Sequence A Label
+ X/ XD v / Line L2 Line Graph
Visibl N Vi #8§ Pie Chart 3 Progress Bar
isible ame iew
[ Rectangle
v
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Multi-Screen and Splash Screen

* Configure New Container Panel as below.

Name :
Position X :
Position Y :
Size Width :
Size Height :
Scheme :

0 &

0 o

432 *

432 o

BackgroundPanele— 2 e :
fidget
I3 me BackgronndFanel
= Position [0,0]
¥ ] —
T 0 =
= Si1ze [432,432]
Width 432 =
Height 432 =
Enabled v
Wisihle v
. Scheme WhiteScheme 7 |
Wh I tESCh em e Ol Background Fill =1
Border Mone |
Alignment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 055 =
= Editor Options
Locked [
Hidden [
Object Editor | Scheme Editer |
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Multi-Screen and Splash Screen

e Container Panel after configured.

Sereen( [ Sereen] £
| n,m | |432 |
S o 3
[432] 6 o
L e Dnmmnnmnnsmnsnennnnenn s en s 5
(431,431)

Object Editor o]
= Widget
Iame BackgronndFanel
= Position [0,0]
X 0 =
T 0 =
= Size [432,432]
Width 432 —
Height 432 —
Enabled Iv
Visible Iv
Scheme WhiteScheme 7
Background Fill =1
Border IMone i
Alignment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending r
Alpha Level 255 =
= Editor Options
Locked I
Hidden I
Object Editor | Scheme Editor |
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Multi-Screen and Splash Screen

* Add a Gradient Background of Containers.

@ Legato Graphics Composer : — O 4
File View Project Asset Window Help
P& &
Screen Tree ®  Screen0| Screen1 B | Tool Box &
+ S+ T oL = Containers
2 Panel ) Gradient [ GroupBox
> &3 Layer0 1 Windowp” ol I—> L ’
[ BackgroundPanel = ,hﬁﬁ Widgets =
J #%) Button [ Click ]
_*" || Cirealar Stider & Key Pad
// 8 List ] List Wheel
(217 (0] ,¢’ ? Radial Menu Lf) Radio Button
: r Bl Scroll Bar &b Slider
i T @ Text Field i Touch Test
= Display Widgets
@ 3 M Arc [k Bar Graph
O Circle M Circular Gange
B2 Draw Surface - Image
— W Image Rotate wo Image Scale
Screens & & Image Sequence A Label
+ X X O v ! / Line L Line Graph
= = ®® Pie Chart £ Progress Bar
Visible Name View
[ Rectangle
[v___Screen0 [
[v |Screent | -
|
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Multi-Screen and Splash Screen

* Configure Gradient Container as below.
GradientNight

Name :
Position X :
Position Y :
Size Width :
Size Height :
Direction :

Object Editor g
= Wideet
["ame GradientMight
= Position [0,0]
X 0 =
T 0 =
= Size [432,432]
Width 432 =
Height 432 =
Enabled v
Wisible v
scheme {1nternal} b |
Backoround | Fill 1
Border | Mone 1
Alienment [Center,Middle]
Margins [4.4,4,4]
Alpha Blending [
Alpha Level 255 =
= Gradient
Direction | Down |
= Editor Options
Locked [
Hidden |
Object Editor | Scheme Editor |
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Multi-Screen and Splash Screen

* Gradient Container after configured.

Secreen0 || Screen
| 0,0 I |432 |

R B R B B R R B R B B R B 5

(431,431)

Object Editor g
= Wideet
Mame GradientMight
= Position [0,0]
K 0 —
by 0 —
= Size [432,432]
Width 432 —
Height 432 —
Enabled Iv
Visible v
Scheme 1nternal 7
Backoround Fill 1
Border Mone =
Alignment [Center,Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =
= (radient
Direction | Down B
= Editor Options
Locked [
Hidden B
Object Editor | Scheme Editor |
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Multi-Screen and Splash Screen

* Add new Logo Image through the Asset “Image Manager”.

" Legato Graphics Composer :

File View Proje

ST

Screen Tree

| Screen1 B ||'

+ S X 43 Strings
Global Patete
- %23 Layer0

- 3 BackgroundPanel
- B GradientNight

Screens g

+ X X & v
Visible Name View
[v  |Screen0 -
[v Screent =

— O ot

Tool Box

= Containers

1 Panel I Gradient 1 GroupBox
] Window

= Input Widgets

[55] Button | Check Box

N Circular Slider B Key Pad

E8 List El List Wheel

(=’ Radial Menu ® Radic Button

Bl Scroll Bar b Slider

) Text Field

= Display Widgets
M Arc

Q Circle

EB Draw Surface
o Image Rotate

=, Image Sequence
/ Line

% Pie Chart

[ Rectangle

B= Touch Test

sk Bar Graph

(A Circnlar Gange
e Image

= Image Scale
A Label

ke Line Graph

= Progress Bar
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Multi-Screen and Splash Screen
* Add mchpLogo 338x78.png in “Image Manager”.

-] - Image Manager 0 X
File View
M X X e o
= Click J |
& mchplogo_small = Import RGB Image X
- == MHGS_logo_smaller
- & QuickstartDown_WQVGA | v 4 « Lab5_Multi_Screens_Splash_Screen > Resource v O £ $#= Resource
= QuickstartUp_WQVGA
= StartStop_Start e - 4 o
£ - H T E -
&= StartStop_StartPressed ASEE ek o e
= StartStop_Stop Lab5_Multi_Screens_Splash_Screen
& StartStop_StopPressed firmware @ ‘
Find Images in Resource Folder Resource
We prebuild and to provided mchplLogo_338x78.png D
Click
W
EES%(N): |mchpLogo_338x78.png ~| |Image Files (*.*¥) v
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Multi-Screen and Splash Screen
e Configure Output Format to RGB of mchpLogo 338x78 image.

'E"_' Image Manager — U X

Fi|e| View

=M N XX Ao

B Image Properties

Sonrce Name mehplogo 338x78 pog
- =ource Format png
- = MHGS_logo_smaller Source BPP 32 —
&= QuickstartDown_WQVGA Source Size 18826 =
= QuickstartUp_WQVGA Source Width 334 -
- &= StartStop_Start Source Height 78 =
- = StartStop_StartPressed Omtput Mame
-~ StartStop_Stop Cutput Format
- = StartStop_StopPressed Omtput Width _
Output Hedght =
Diata Location Tntrrnal Flash [ Select RGB ]
Freprocess [
Settings |
= Raw Image Setti---
Color Mode RGBA $588 =l
Bits Per Pixel 32 =
PNG image with transparent background Coler Count 1104 =
Crtput Size 105456 =
Eender Mode Pioeline Ll_
Enable Compression

Color Mask Mode A%\ MicrocHip




Multi-Screen and Splash Screen
* Click [Image Scale] of Display Widgets to add an Image widget.

" Legato Graphics Composer : - O X

File View Project Asset Window Help

T

Screen Tree & Sereend Screenl B Tool Box g
+ S X 4+ F L L = Containers
1 Fanel ] Gradient 1 GroupBox
- &3 Layer0 ] Window
[ BackgroundPanel - Tnput Widgats
I GradientNight Button | Check Box
N Cirenlar Slider £H Eey Fad
List List Wheel
‘w’ Radial Menu ® Radio Button
El Seroll Bar b Slider
Text Field Tonch Test
= Dhsplay Widgets
ok ™ Arc lid Bar Graph
=" -O_Cgcle (A Circular Gauge
& Drov Moo __

o

o Image Rotate
Screens g =, Image Sequence

+ X | X O v ! / Line ke Line Graph o ]
g - #% Pie Chart 3 Progress Ba Click ]
Visible Name View 1
[ Eectangle
[v  |Screen0 -
[v Screent B
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Multi-Screen and Splash Screen

* Configure Image Scale Widget as below.

Name :
Position X :
Position Y :
Size Width :
Size Height :
Background :

Alpha Blending :

Image :

Bl

ImageScalelLogo

48 o
177

338

78 o

None e

] e

=

mchplLogo 338x78

=

Object Editor =
Widget
[ ame [mage=calelogo
= Position [48,177]
X 43 =
T 177 =
= Size [338,78]
Width 338 =
Height 74 =
Enabled v
Wisible v
Scheme fintarnal) | 7 |
Background | Mone |
Border | Mone [ |
Alignment [Zenter,hdiddle]
Margins [4,4.4,4]
Alpha Blending [v
Alpha Level 255 =
Image Scale
Image mchploge_ 338x78 |
Transform [0,0,0,0]
Eesize To Fit [
Filter | Mearest Meiehbor |
Editor Options
Locked [
Hidden [

Object Editor | Scheme Editor |
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Multi-Screen and Splash Screen

* Image Scale Widget after configurated.

Secreen0 ||

Screenl

(48,177)

Object Editor =
B Widget
Iaime [mage=calelogo
= Position [48,177]
X 43 =
T 177 =
= Size [338,78]
Width 338 =
Height 74 =
Enablad Iv
Visible Iv
Schems iinternal} 7 i
Background Mone =
Border Mone -]
Alignment [Zenter,hdiddle]
Margins [4,4.4,4]
Alpha Blending v
Alpha Level 255 =
= Image Scale
Image mchplogo 333272 i
Transform [0,0,0,0]
Fesize To Fit r
Filter | Nearest Neighbor =
= Editor Options
Locked [
Hidden r

Object Editor | Scheme Editor |
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Multi-Screen and Splash Screen
* The lelsDrawing() API

* Whether your application is running in single-loop Harmony or in multiple
threaded RTOS configuration, initiating changes to the GUI while the previous
changes are still being rendered can lead to undesirable to catastrophic outcome.

* A catastrophic one would be initiating a screen-change mid-render. During a
screen change, memory allocated to widgets are freed to setup a new screen. If
the rendering pipeline is still trying to access these widgets, it will often crash the
application.

* The best way to prevent this is to safeguard application code from initiating any
change to the GUI by checking if all rendering activities have completed.

* In the case of using an RTOS, the best practice is to treat the GUI state like it is
running in another thread and lelsDrawing() is the mutex to use. The state should
not be altered while lelsDrawing() is returning LE_LTRUE.

ﬁ\ MICROCHIP



Multi-Screen and Splash Screen

* Generate Code and Implement Splash animation Interval Timer.

leFixedString smartValString;

#define SCREEN H 432 Screen Width and Height
#define LOGO_W 338 Logo Width and Height
#define LOGO_H 78

#tdefine SCALE_STEP 8
#define MOVE_STEP 15
#define ALPHA_STEP 10

volatile bool SplashUpdateFlag = false; Splash Update Flag

void SplashUpdatelntervalCallback( uintptr_t context ) ¢ R
{

}

void TimerCallback ( uintptr_t context) { ... }

SplashUpdateFlag = true; < Set the SplashUpdateFlag for scale up animation in ScreenlOnUpdate() event

int main ( void )

{
SYS_Initialize ( NULL );

SYS_TIME_CallbackRegisterMS( TimerCallback, 0, 200, SYS_TIME_PERIODIC );

SYS_TIME_CallbackRegisterMS( SplashUpdatelntervalCallback, 0, 20, SYS_TIME_PERIODIC );
while ( true ) { ..} AS\ MicrocHIP



Multi-Screen and Splash Screen

* Implement Image Scale Up Function.

void ScaleUplntervalCallback( uintptr_t context ) { ... }

bool ScaleUpLogo( uint32_t Init_W ) Image Scale Up Function
{

uint32_t W, H;

if( Init_W )
{
W = Init_W;
}
else
{ -
W = Screenl_ImageScaleLogo->fn->getWidth( Screen1_ImageScaleLogo ); ‘@aXdNLEUINE-CRVITE
W =W + SCALE_STEP; Increase Image Width by given SCALE_STEP
}
if(W >= LOGO_ W ) { return true; } Scale Up finish when Image Size has exceeded Screen Width
H =W * LOGO_H/LOGO_W;
Screenl_ImageScaleLogo->fn->setPosition( Screenl_ImageScaleLogo, ( SCREEN_W - W )>>1, ( SCREEN_H - H )>>1);
Screenl_lmageScaleLogo->fn->setSize( Screen1_ImageScaleLogo, W, H );

RGB_LED_G_Toggle(); Toggle Green LED

return false;

! @ MICROCHIP



Multi-Screen and Splash Screen

* Implement Image Fade Out Moving Function.

void ScaleUplntervalCallback( uintptr_t context ) { ... }
bool ScaleUpLogo( uint32_t Init W) {... }

bool FadeOutMovelLogo( void ) EIGET-LYTe[-No1TI &Y VNIV Ta i{e]y
{

int32_tX, Y;
uint32_t Alpha;
X = Screen1_ImageScaleLogo->fn->getX( Screenl_ImageScalelLogo );
X=X- MOVE_STEP; Decrease X by given MOVE_STEP to move out to left
Alpha = Screen1_ImageScaleLogo->fn->getAlphaAmount( Screen1_ImageScalelogo ); @I ENATEEEVAMIERT LI
Alpha = Alpha - ALPHA_STEP; Decrease Alpha amount by given ALPHA_STEP
if( X <= -LOGO_W )
{
return true; Moving finish while Image has move out of SCREEN
}
Y = Screen1_ImageScaleLogo->fn->getY( Screen1_ImageScaleLogo ); Get current Image Y Position

Screenl_ImageScaleLogo->fn->setPosition( Screen1_ImageScaleLogo, X, Y );

Screenl_ImageScaleLogo->fn->setAlphaAmount( Screenl_ImageScaleLogo, Alpha ); Update New Alpha amount of Image

RGB_LED_G_Toggle(); Toggle Green LED

return false;

} ﬁ\ MICROCHIP



Multi-Screen and Splash Screen

* Implement Screen0 and Screenl Event Functions.

void ScaleUplntervalCallback( uintptr_t context ) { ... }
bool ScaleUpLogo( uint32_t Init W) {... }
bool FadeOutMovelogo( void ) { ... }

void ScreenI_OnShow(void)
{

ScaleUpLogo( 8 ); Image Scale Up process (Initialize), Set initial Width to
RGB_LED_G_On(); RGB_LED_B_Off(); Turn on Green LED while Screen!OnShow() |

}

void ScreenI_OnUpdate(void) Update Splash Image in Screen1 OnUpdate()

{

if( lelsDrawing() == LE_FALSE && SplashUpdateFlag) © Checking Drawing completion and Update animation by Interval Timer

{
SplashUpdateFlag = false;

i ScaleUpLogo( 0 )
f FadeOutMoveLogol) ) {
legato_showScreen( screenlD_Screen0 ); Animation finished, Switch screen to Screen0
}
}

}
void Screen0_OnShow(void)
{

RGB_LED_G_Off(); RGB_LED_B_On(); Turn on Blue LED while Screen0 OnShow() |
! AS\ MicrocHIP




Multi-Screen and Splash Screen

* Logo Scale Up and Fade Out Moving left in Screenl then switch to ScreenO.

HARMONY

GRAFHICS SUITE

-
\ M Fast. Easy. Smart.
o\ MICROCHIP el 00000 [11111] [22222

JIC Saeid \ MicROCHIP
Green LED Toggle in Screenl 15
Blue LED On while switch to ScreenO

Screenl Screen(
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Multi-Layering

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Multi-Layering

 Layer operation and Objects sequence arrange.

"-'_’;" Legato Graphics Composer : New Layer — O
File View Project Asset Window Help " -
O @ | A L?elete selected Layer or Object
& ©|o
Screen Tree & sueen0f) Sceet @ | | Move selected object to Top &
i pr— :
:Layerl D S¢reen Tres L !
[ BackgroundPanel €——— = = Input Widgets
I | |GradientN'|ght <+ + 'i\:;_ x ﬁ.l\h ﬁf % & B Eqtton 7 Check Box
Top % ImageScalelogo < El £3 rLa}.?er[:l | Move Up ™ Cirenlar Slider [ Key Pad
n K d | List List Wheel
} ~ Bac QFDLIFI. Paje I e’ Radial Menu ® Radio Button ;I
- [l GradintNight = - -
- ks ImageScaleLoco Move Down Object Editor [}
| = Laver
Move selected object Down Layer0
Screens o RGBA 8888 =]
- Move selected object Up Render Mode Vertical =]
o8 MIcEoCHN Locked To Screen [v
lActivate selected Layer' &l Editor Options
Locked [~
Hidden r

Object Editor | Scheme Editor |

Y
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Multi-Layering
* Add Layerl of Screenl.

Screens | Schemes |

" | egato Graphics Composer : - O >
File View Project Asset Window Help
7 o & | &
T Screent ) | Screenl £ I Tool Box L]
= Containers -
1 Panel Il Gradient 1 GroupBox
E Window
= Input Widgets
— Button v Check Box
- N Cirenlar Slider £ Key Fad
- B Lis &) List Whsel
Cw’ Fadial Menu ® Radio Button ;I
® Object Editor F
MICROCHIP [T
. Mame Layerl
Screens g Color Mode RGBA 8938 k2
+ x | x ‘ Ml ! Render Mode Vertical =1
Locked To Screen [v
Visible MName View B Editor Options
[v Screen( — Locked r
= Hidd
I [v Screenl - = r

Object Editor | Scheme Editor |

Y
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Multi-Layering

* Move ImageScaleLogo widget to Layerl of Screenl.

EE' Legato Graphics Composer :

File View Project Asset Window Help

i~ YL
Screen Tree & Sereen0 [ | Screenl B l
+ S X ¢ F & L

- 3 Layerl)

- [ BackgroundPanel
- I GradientNight
B ™ ImageScaleLogo Sxs

el

45,177)

Screens &

+ X X T 0

(343,254
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Multi-Layering

e After move ImageScaleLogo widget to Layerl of Screenl.

md = ImageScaleLogo

il .\\ Mic

ROCHIR

(383,254

" | egato Graphics Composer : - O >
File View Project Asset Window Help
Pls @
Screen Tree 5 Sereenn [ | Sereenl E I Tool Box ]
+ S X 4+ F L L = Containers o
: : 1 Panel I Gradient 7 GrompBox
E| -‘::3 Lager < O Window
[ BackgroundPanel < B
; - [ GradientNight < Button v Check Box
> €3 Layerl ™ Cireular Slider £ Key Pad
List List Whesl

Cw’ Fadial Menu ® Radio Button ;I
Object Editor &
B Widget —
Mame [mageScaleLogo
Position [42,177]
Size [336,78]
Enabled [v
Visible [v —
Scheme fnternall |L|
Background Mone |
Border Mone =1
Alignment [Center,Middle]
Maroing [4.4.4.4] LI

Object Editor | Scheme Editor |

@ MICROCHIP



Multi-Layering
* Single Layer and Multi-Layers.

Screen Tree & TOp

+SX ¢+ F &L

Bottom |5 <& Lieo <
I [ BackgroundPanel

----- ] GradientNight

W <88 M/croCHIP

A A A

Bottom

TOp - &% ImageScaleLogo

Screen Tree &
+aX ¢ F oL
Bottom | G Lueo <
IZI BackgroundPanel
[ GradientNight |
B @ Layer]l <

- & ImageScaleLogo

A A

A

v

Bottom
@ MICROCHIP

Top




Multi-Layering

* Important !! Let all Screens to have the same number of Layers.

=t @ Layer(Q «
=1 packgroundPanel

O boundaryCircle
- = mchplogag

- = mhgsLogo

Gy Lauci

¥
- A smartlLabel

- B8 gsButton

- [ startstopButton
- A fastValLabel

~ A easyVallLabel

- A smartValLabel

Layer miss match !!

Screens &
+ XX v
L_Visible | Name | View
[v Screen0 (=4
v [Screent | =
Screens I Sechemes |

HARMONY

GRAFPHICS SUITE

e

-

00000

ﬁ'\ MICROCHIP

= Va

El @ Lawer0

roundPanel
1tNight

e
Screen Tree Tl Screent B Sereenl [ | Screen Tree 5 Sereend |:|I Sereenl B
— _ I
4+ X ¢ F &L $+ X ¢ F &L
ﬁ

----- o magescalelogo
Screens g
+ XX & v
Visible Name View
[v Screen( _—
[v  |Screent [
Screens | ochemes |

o\ MicrocHIP

@ MICROCHIP



Multi-Layering
* Add Layerl in ScreenO.

" | egato Graphics Composer : - O >
File View Project Asset Window Help
7 ol & |G _
ﬂ“ Screend £l |I Sereenl [0 | Tool Box &
= = Containers -
1 FPanel Il Gradient 1 GroupBox

Click

B oo

HARMDNY . ™ Cirenlar Slider
GRAPHICS SUITE PP Quick start EA List [=] List Wheel
v (w’ Radial Menn ® Eadio Button ;I
R mp 0 BB | |mue .
Bl Layer
Wame Layerl
Screens g 11111 22222 Color Mods RGBA 8938 k2
+ x | x ‘ Ml ! —~ Fender Maode Veartical =
= | | = Locked To Screen [v
Visible MName View B Editor Options
I [v Screen( [~ START Locked -
— \ STOP Hidden r
Jv Screen] | iy \
ﬁ'\ MICROCHIP
Sereens | Schemes | Object Editor | Scheme Editor |
y:
ﬁ\ MICROCHIP

] Window

] Input Widgets

Button v Check Box
= Key Pad




Multi-Layering
* Move Widgets to Layerl except the BackgroundPanel and Logo.

"-3‘ Legato Graphics Composer : Ci/Exercises_PIC3001GFX/Lab6_Multi_Screens_Splash_Screen/firmware/src/cc

File View Project Asset Window Help

haao

Screen Tree B Screen0 B ||| Screent £ |
+SX ¢+ TF L
E &3 LayerD

EHZI BackgroundPanel

- O boundaryCircle .
& mchplogo .
&= mhgslogo —-_— MPI-AB

e ‘ HARMONY ,
- A fastlabel . GRAPHICS SUITE \\G
- A easylabel v

-
- A smartLabel -
-

gsButton h EE FB%-% E%

- (B8 startstopButton

- A fastVallLabel . 00000 1 1 1 1 1 22222

- A smartValLabel

- A easyVallabel [ Drag and Drop ]

One by one
Screens g
+ X (X |H v !
Visible | Name | View
[v Screend - @ MicrocHIP
Iv |Screenl | .
Screens | Schemes | QM'CHD:H'F




Multi-Layering

* All Screens now to have the same number of Layers.

[
Screen Tree Tl Screent B Sereenl [ | | |Screen Tree & Sereend IZII Sereenl B
_ _ | —J
+ S X4 F L L ﬂ+MX%ﬁ&&
E| @ LawerQ « — El @ Lawer0
' u — pacrgroundPanel roundPanel
O boundaryCircle / 31 AL iantNight
&= mchplLogo it —_— ¢ “ = €3 Layerl
——mmicerogo HARMONY (R | == e TagEscaleLogo
- GRAPHICS SUITE
el
LA - bt
Layer. Matched IoE=
oW\ MICROCHIP
- [@9 startstopButton 22222
A fastVallabel
A aaan/all ahal
Screens & Screens &
+ X (X o v + XX 51
Visible | MName | View Visible MName View
[v Screen0 (=4 . [v Screen( _—
— A%\ MicrocHip —
v [Screent | = v Screend [~
Screens | Schemes | Screens | ochemes |

@ MICROCHIP



Multi-Layering

* Generate code and programming to board to check the changes.

HARMONY

GRAPHICS SUITE

C A

- c\/

LQoyVy.
J

Smart.
AAFIT

Not thing will be changed after use
Multi- Layermg to de5|gn your Graphlcs ::9

11111

N / \ ‘a4l @ MicROCHIP
Green LED Toggle in Screenl \
Blue LED On wh|Ie SW|tch to ScreenO

Screen(

Screenl

c\ MICROCHIP



Image Preprocess

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)

@ MICROCHIP



Image Preprocess

For fasten image processing, you could copy the Images from internal
Flash to embedded DDR2 SDRAM before use it, we called the

“Preprocessing”.

ashito]lDDR{(Slow)

PIC32MZDA
DDR

Flash

W\ MicrocHIP o\ MicrocHIP ,\\@ MICROCHIP

—

DDRIto]DDRIBitIBLIT{(Quick)

PIC32MZDA
DDR

Flash

.\\' MIcROCHIP O\ MicrocHIP

j.#]

A\ MicrocHIP

Rreprocess

@ MICROCHIP



Image Preprocess

* Generally, PIC32MZDA embedded DDR2 SDRAM has not been using by
application but dedicate for Graphic frame buffer or for Graphics Objects
preprocessing.

* PIC32MZDA has three physical hardware frame layers, all layers need a
dedicate DDR space for frame rendering.

* Double DDR space consumed if Double Buffering feature has enabled.

PIC32MZ2064DAR176

Layer0 Layer1l Layer?2 32MByte DDR2 SDRAM
Without Double Buffering

A8000000 AA000000

Layer0 Layerl Layer2 Layer0O Layer1l Layer2 PIC32MZ2064DAR176

1t Frame 15tFrame 1tFrame 2" Frame 2" Frame 2" Frame 32MByte DDR2 SDRAM
Buffer Buffer Buffer Buffer Buffer Buffer With Double Buffering

@ MICROCHIP



Image Preprocess

 Harmony could decide how many hardware layers to use in project and
given a pre-definition 800x480 with RGBA8888 frame buffer addressing.

* The Preprocessing Images should put after dedicate Layers Frame Buffer.

EHLE GLCD drv_gfx_glcd.c
Legato Graphics w,/ LCF0300633GGUOO Display ~Some settings are being managed by the GFX Co
Legsto Graphics w/ LCFO300633GGUOD Display EEJ--CIDck Settings #define SYNC_RECT_COUNT 200
" = Layer Configuration /*** GLCD Layer 0 Configuration ***/
= Enable Lavers #idefine GFX_GLCD_LAYERO_BASEADDR 0xA8000000
: _ [aver® #define GFX_GLCD_LAYERO _DBL_BASEADDR  0xA8465000
LE Display Driver < —‘ LE Display Driver t::z:; /*** GLCD Layer 1 Configuration ***/
LE 20GPU o EETIT ——— #define GFX_GLCD_LAYER1_BASEADDR 0xA8177000
LE 20-GPU Graphics Procassor e ot o st [BEEATERED #tdefine GFX_GLCD_LAYER1_DBL_BASEADDR  0xA85DC000
LEGPUDnver ‘ounuuuuu N | [ UVseooubieeuieng 1l /*** GLCD Layer 2 Configuration ***/
-~ Frame Buffer Memary Mode ﬁk\\\ v #define GFX_GLCD_LAYER2_BASEADDR OxA82EE000
- Use 8-bit Palette? ] #define GFX_GLCD_LAYER2_DBL_BASEADDR  OxA8753000

F-0Other Settings

1

A8000000 A8177000 A82EE000 A8465000 A85DCO00 A8753000 ASSCA000 AA000000

Layer0 Layer1l Layer2 LayerO Layerl Layer2 Preprocessing
800x480  800x480  800x480  800x480  800x480  800x480
RGBA8883 RGBA8888 RGBA38388 RGBA8838 RGBA8838 RGBA8888

Spare space

Frame Buffer Size is 800 x 480 x 4 = 0x177000 @MICHDCHIP



Image Preprocess

* Reserve DDR Image Preprocessing Space in Memory Locations.

"E‘ Legato Graphics Composer : C/Exercises_PIC3001GFX/Lab7_Preproces ™ Memory Locations — n e
File view Project Asset Window Help x 2 Memory Size Calealator »
T g & Project Settings :
—— = System Memory Size (bytes): | 131072 =
Screen Tree  Event Manager & Screen B ~ ~Internal Flash |
+ {,;.; , Internal SRAM ~Common Sizes
| - : & User sekB Il wsxe | oske | ke | sexe |
=8 @ LHF‘EIU DD R_prEPrIDEESS 640 KR B 5 ME | A ME | % MB |
E}IZI EackgroundPE}r{ Click ~Valve Adjustments
O boundaryCircle
w05 | x| sz | asm |
+10% | +Hp% | +50% | +75% | +100% |
OK | Cancel |
= User Location Properties
N ame D D R_P re P rocess Mame DDE_FreProcess
Capacity (bytes) 131072 (128 kg) Caacly e el
Access Mode Write Address A83CA000 Click
Al 4 -
Address A88CA000 S
Alignment i}

@ MICROCHIP



Image Preprocess
* Modify Logo Image through the Asset “Image Manager”.

™ Legato Graphics Composer : - O >
File View Proje indow Help
™ o & ol Images
Screen Tree Fonts enl) [ Seretnl B | Tool Box ]
+ 3 x 4 3 strings Click k = Containers -
Global Pateme 1 Panel Il Gradient 1 GroupBox
; 0 Lazed O Window
- [ BackgroundPanel = Input Widgets
P ] GradientNight Button | Check Box
= G Layerl N Cirenlar Slider EH Eey Fad
) GENERATED_Layer1_BasePanel List List Wheel
&= ImageScaleLogo 48,177) ? l?adi_a-l _Menu I.E.J lf_a.d-io Button ﬂ
e L SRR ' Object Editor [}
2 ¢\ MICROCHIP |5 ‘
’ Wame [mageScaleLogo
Screens g - e ; Position [48,177]
+ XX © v (383,254 Size [336,78]
Enabled ™
Visible MName View Vieible v —1
[v Screen( [ =cheme (internal) |L
v - : — Background Mone =
v
il B Border Mone =1
Algnment [Center,hiddle]
Maromns [4.4.4.4] ﬂ
Screens | Schemes | Object Editor | Scheme Editor |

@ MICROCHIP



Image Preprocess

* Enable “Preprocess” of mchpLogo 338x78 image as below.

2 Image Manager - | X

File View

=EN XX aao

B Image Properties
Sonrce Name mehploge 338x7E png

Sonrce Format png

Source BPF 32

Source =ize 185820

=ource Width 338

Sonrce Height T

Cutput Name mchplogo_ 338x78
Cmtput Format RGE

Cutput Width EE

Cmtput Height e

Diata Location
Preprocess

= mMCNpLogo_sma
- = MHGS_logo_smaller

- QuickstartDown_WQVGA
- = QuickstartUp_WQVGA

- = StartStop_Start
StartStop_StartPressed
StartStop_Stop

-~ == StartStop_StopPressed

Ll el b ek

Write Location

Color Maode “
- . it
< Select Memory Location —  select DDR_PreProcess |
E Raw Image Settings
=-U Color Mode RGBA 8833 Rl
| DDR_PreProcess Bits Per Pixel 32 =
Color Connt 1104 =
Output Size 105456 =
Render Mode Piceline ;l-
Enable Compression - .
Color Mask Mode Mone =~ @ M|CH°CH|F




Image Preprocess

* Memory consume after enable Image Preprocess.

'%' Memory Locations — O X % Memory Locations — O X

+ X + X
El System Contents | El System Usage |

-~ Internal Flash -~ Internal Flash O\

~Internal SRAM B Image Data - 105456 bytes (~830%) _ Internal SRAM
= User = User

& DDR_PreProcess . Font Data - 0 bytes (0%) & DDR_PreProcess

Name / Type Size (bytes)

mchplogo_3238x78 |Preprocessed Image| 105456

String Table - 0 bytes (0%) B User Location «--

Free Space - 25616 bytes (~19%) MName DDE_FreProcess
Capacity (hytes)| 131072 = ..

Access Mode | Wyite
Address AZRCANDND
Allgnment 4

o

K

= User Locanon Properties
Mame DDE_FreFrocess
Capacity (bwtesy (131072
Access Mode | Wit
Address AZBCADDD
Alignment 4

Lfk L|L_L

ﬁ\ MICROCHIP



Image Preprocess

* What’s new to generate after enable “Preprocess” of image ?

void legato _initializeScreenState(void)

{

leSetStringTable(&stringTable);
initializeStrings();
legato_preprocessimages();

screenlnit_Screen0();
screenlnit_Screenl();

currentScreen = -1;
changingToScreen = -1;

legato_showScreen(screenlD_Screenl);

#include "gfx/legato/generated/le_gen_assets.h"

void legato_preprocessimages(void)

{
}

- .
— Memory Locations

+ X

- d bt

= System

Internal Flash
“ Internal SRAM

E+ L_Iser

& DDR_PreProcess

B User Locanhon Properties

MName DDER_PreProcess

Capacity (bytesy |131072 ;’: I
Access Mode | Vit |
Address ABBCAOD0
Alipnment 4 =1

leProcessimage(&mchplLogo_338x78, 0xA88CA000, LE_COLOR_MODE_RGBA_8888);

Usage l Contents ]

I Image Data - 105456 bytes (~80%)
B Font Data - 0 bytes (0%)

String Table - O bytes (0%

Free Space - 25616 bytes (~19%)

le_gen_init.c

le_gen_preprocess.c

@ MICROCHIP



Image Preprocess

* How to work of leProcessimage function ?

leProcessImage(&nchpLogo 338x78, 0OxA88CA000, LE_COLOR_MODE_RGBA 8888)

legato_image.c
void leProcessimage(lelmage* img, size_t addr, leColorMode mode)

{

lelmage newlmage;
leRect srcRect;

if(img == NULL) return; Allocate newimage buffer to use target DDR Address]

lelmage_Create(&newlmage, img->buffer.size.width, img->buffer.size.height, mode, (void*)addr, LE_STREAM_LOCATION_ID_INTERNAL);

srcRect.x = 0;

srcRect.y = 0;

srcRect.width = img->buffer.size.width;
srcRect.height = img->buffer.size.height;

[ Get Rectangle of Source Image ]

lelmage_Render(img, &srcRect, 0, 0, LE_TRUE, LE_TRUE, &newlmage); [Render Source Image to DDR buffer of newlmage]

!mg->header = newlmage.header; [ Point Source Image header to newimage header ]
img->format = LE_IMAGE_FORMAT_RAW;

img->buffer = newlmage.buffer;

[ Point Source Image buffer to newimage buffer ]

c\ MICROCHIP



Image Preprocess

* Important !! Widget Image Scale or Image Rotate cannot

support Preprocessed Image feature.
* Please delete old [yEIENILUET e and change to use a new basic

Widget Image to instead of it.

" Legato Graphics Composer :

File View Project Asset Window Help - . : b
: ey — Confirm Delete Objects >

=[O0 - :

Screen Tree & Sereen x ¢ Are you sure you want to delete the selected objects? This

ran not be undone.

-+  F & L
= £ Layel05y| Delete Selected Objects

[ BackgroundPanel
] GradientNight

E @ Laverl

..... L] Iy BE L

Delete selected objects?

|F® ImageScaleLogo
_________________________________________________________ Object Editor
= Widget
Mame ImageZcalelogo
Position [48,177]

Size [336,78]

Enablad [v .
Vst v u ﬁ\ MICROCHIP

Screens
+ XX |5

Visible Name View

(383,254




Image Preprocess
* Click [Image] of Display Widgets to add a New Image widget.

File View Project Asset Window Help

T

Screen Tree

+S3X ¢ F L L

[

E‘ Legato Graphics Composer : C/Exercises_PIC3001GFX/Lab7_Preprocess/firmware/src/config/default/default_design.zip*

Tool Box

Sereenl B l ||

Sereend [

a X

= %3 LayerD)
1 BackgroundPanel
I GradientNight

- %2 Laverl
1 GENERATED_Layer1_BasePanel

Screens

+ XX 0!

visible |

= Containers
1 Panel

] Window

= Input Widgets
Button

] Key Pad

Cw Radial Menu
b Slider

= Dusplay Widgets
M Are

Q Circle

s Image Rotate
. Image Sequence
/ Line

®% Pia Chart

[ Rectangle

Move and Place it

Object Editor

BE Diaw S ===

] Gradient

¥ Check Box
List

® Radio Button
Text Field

[ GronpBox

™ Cirenlar Slider
List Wheel

El Scroll Bar
Tonch Test

[ Bar Graph

(=

A Label

k< Line Graph | Click Image |

0 Progress Bar

B S¢reen

Hame

Screen

Enabled

[\ \Screen

| Console F X

Persistent

[v Screent

X El Events

Cn Show

10:32:32) : Inittalizing Legato Graphics Composer v1.23.2b...

_Sereens | Schemes |

Cn Hide

(10:232:320 : Imtialization complete, On Update

<1<l [Tl

(10:32:320 : Welcome to Legato Graphics Composer!

(10:34:400 : Writing generated ontput to: C:

~|  Object Editor | Scheme Editor

@ MICROCHIP



Image Preprocess

e Configure new Image Widget as below.

Name :
Position X :
Position Y :
Size Width :
Size Height :
Background :

Alpha Blending :

Image :

ImageScalelLogo

48 o

177 =

338

78 o
None e

Object Editor g
B Widget
Mame [mageScaleLogo
= Position [42,177]
| 43 -
Y 177 =
=2 Size [338,78]
| Width 338 -
| Height 78 -
Enabled v
Wisible v
Scheme (internal) | 7 |
Background | Mone |
Border | Mone |
Alignment [Center Middle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =

] e

mchplLogo 338x78e

B Image

Image

| mchploge_338x78

B Editor Options

Locked

=

Hidden

=

Object Editor | Scheme Editor |

@ MICROCHIP



Image

Preprocess

* Image Widget after configurated.

Secreen0 ||

Screenl

(48,177)

Object Editor g
B Widget
Mame [mageScaleLogo
= Position [48,177]
X 43 =
Y 177 =
= Size [338,78]
Width 338 =
Height T =
Enabled v
Wisible v
Scheme (internal) 7 |
Background | Mone |
Border | Mone |
Alignment [Center Middle]
Margins [4.4,4,4]
Alpha Blending [
Alpha Level 255 =
B Image
[mage | mchploge_338x78 |
B Editor Options
Locked [
Hidden [

Object Editor | Scheme Editor |

@ MICROCHIP



Image Preprocess

* What'’s different after using Image Preprocess and Image Widget?

Image Scale up animation change to Rectangle Enlarge
because Image Widget has not support Scale Up feature.
But animation speed has not improved !! Why ??

HARMONY

GRAPHICS SUITE

-

Fast. Easy. Smart.

N MICROCHIP 00000 [11111] [22222

@ MiCROCHIP

Screenl Screen(
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Image Preprocess

* Important !! The Image width need be [pltliil:)[zX:i &:{ for proper
GPU Memory Bit BLIT function.

* Please delete old [ildsJs1XeT- Lo MEEL:I ¥4 and add a new PNG image
nledEIl! from \Resource folder that has 336 pixels width.

e
- Image Manager

File View

¢ o]
- Confirm Image Delete

not be undone.

-wxlm\ﬂ.m

"os| Delete Image |

- = MHGS_logo_smaller

- e QuickstartDown_WQWVGA
- = QuickstartUp_WQWVGA

- == StartStop_Start

- = StartStop_StartPressed

- = StartStop_Stop

- = StartStop_StopPressed

Delete selected image?

‘*r'esr\

No |

Yes

ource

X

Are you sure you want to delete the selected image? This can

o 338uTE png

18526

338

78

Source Size
Y - ] {
1 g i (" F‘I I I I Source WIdth
sonrce Height
Cutput Mame

mchplogo 338«78

Cmtput Format

EGE

Cutput Width

338

Cmtput Height

78

9 T TAK T T A

MICROCHIP



Image Preprocess
 Add mchpLogo.png in “Image Asset Manager”.

"E Image Manager - O X
File View
M X X | o
= Click ] I
- &= mchpLogo_small = Import RGB Image x

= MHGS_logo_smaller
~ = QuickstartDown_WQWVGA —

) v 4 « Lab7_Preprocess > Resource v | D 2 #Z Resource
QuickstartUp_WQWVGA

= StartStop_Start 4 E— |
HEEE ~ FIEE Rk & -
& StartStop_StartPressed == o - e
= StartStop_Stop Lab7_Preprocess ~
& StartStop_StopPressed f @ ‘
irmware
Find Images in Resource Folder Resource
We prebuild and to provided mchpLogo.png
Click
LY
EES%(N): |mchpLogo.png ~| |Image Files (*.¥) v

@ MICROCHIP



Image Preprocess

* Configure Output Format to RGB of mchpLogo image.

(Select RGB )

2 Image Manager - | X
File View
- MIXX Qe o
E Image Properties
I B mchplogo Sonrce Name mehplogo.png
e mcnplogo_sma Sonrce Format png
- &= MHGS_logo_smaller Source BEP ) =
- QuickstartDown_WQVGA Source Size =
- = QuickstartUp_WQVGA Sonrce Width
- = StartStop_Start Sonrce Height
- = StartStop_StartPressed Output Name Wi i e T
- = StartStop_Stop Cmtput Format RGE
- = StartStop_StopPressed Cmtput Width W=
Cmtput Height Ta
Data Location Tnternal Flash
Praprocess -
Settings |
B Raw Image Settings
Color Mode RGEBA 8838 =~
- - Bits Per Pixel 32 =
PNG image with transparent background PR, 1104 -
Output Size 104332 =
Render Mode Piceline =
Enable Compression
Color Mask Maode [Mome 3

@ MICROCHIP



Image Preprocess

* Enable “Preprocess” of mchpLogo image as below.

2 Image Manager - x
File View
=@M XX ao
= Image Properties
_ Sonrce Name mehplogo.png
e mcnplogo_sma Sonrce Format png
- &= MHGS_logo_smaller Source BEP ) =
- QuickstartDown_WQVGA Source Size 12703 =
- = QuickstartUp_WQVGA Sonrce Width 336 =
- = StartStop_Start Sonrce Height 7 j
- = StartStop_StartPressed Output Name mehpLogo
- = StartStop_Stop Cmtput Format RGE |
- = StartStop_StopPressed Cmtput Width 336 -
Output Height 78 =
Diata Location

- .
- Select Memory Location

Preprocess

Write Location
Color Mads

ngs

=-U

f| DDR_PreProcess

=B Raw Image Settings

[Select DDR_PreProcess]

Color Mode RGBA 8838 =~
Bits Per Pixel EX) =
Color Connt 1104 =
Output Size 104332 =
Render Mode Ficeline ;l-
Enable Compression -

Color Mask Mode Mone =~

@ MICROCHIP



Image Preprocess

* Configure ImageScaleLogo Widget as below.

* Name:

* Position X :

* PositionY:

* Size Width :
* Size Height :
* Background :

* Alpha Blending :

* Image :

Object Editor -
B Widget
Imagesca Ie Logo Mame [magescaleLogo
= Position [48,177]
4 8 o- ¥ 43 =
Y 177 =
p. = Size 0, 76] .
177 Width ﬁ | Width : 336 |
| Height 5 =
[ Enabled v
3 3 6 Wisible [w
Scheme {internal) | ¥ |
7 8 @ Background | Mone |
Border | Mone =1
Alignment [Center, hdiddle]
None * Margins [4,4,4,4]
Alpha Blending [
M - Alpha Level 255 =]

El [mage

[mage

B Editor Options

[siziozo)] [ mehplogo

mchplLogo ®

Locked

Hidden

=
=

Object Editor | Scheme Editor |

@ MICROCHIP



Image Preprocess

* ImageScaleLogo Widget after configurated.

Secreen0 || Screenl

(48,177)

Object Editor F
B Widget
Mame [magescaleLogo
= Position [48,177]
X 43 =
T 177 =
= Size 6,76] i
Width ﬁ | Width : 336 |
Height 75 =
Enabled v
Wisible v
Scheme {internal) | ¥ |
Background |Mone Rdi
Border | Mone =1
Algnment [Center, hdiddle]
Margins [4,4.4.4]
Alpha Blending ™
Alpha Level 255 =
El [mage ]
Image mchplLogo ]
= Editor Options r
Laocked [
Hidden [

Object Editor | Scheme Editor |

@ MICROCHIP



* |If you to met Legato Graphic Composer “Crash and Close Issue”,
please do below steps could avoid it.
(1) Delete old mchpLogo 338x78 image in Image Assets Manager.
(2) Close Image Assets Manager.
(3) Save Current Design.
(4) Exit Legato Graphics Composetr.
(5) Enter Legato Graphics Composer.
(6) Add new mchplLogo image in Image Assets Manager.
(7) Configure Output Format to “RGB”
(8) Enable “Preprocess” feature and select “DDR_PreProcess” section.
(9) Set Width to 336 and assign mchplLogo to ImageScaleLogo widget and.
(10) Save Current Design.
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Image Preprocess

* What'’s different after using Image Preprocess and Image Widget?

Move Left and Fad Out animation speed has improved !!

HARMONY

GRAPHICS SUITE

-

Fast. Easy. Smart.

N MICROCHIP 00000 [11111] [22222

@ MiCROCHIP

Screenl Screen(
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Image Preprocess

 Summary Image Preprocess important notes :
* Create DDR Preprocessed Memory Section after all Layers Frame Buffer.

Layer O Layer 1 Layer 2 Layer O Layer 1 Layer 2

Preprocessing

1t Frame 1tFrame 1tFrame 2" Frame 2" Frame 2"d Frame
Spare space

Buffer Buffer Buffer Buffer Buffer Buffer

8.
|

([ J
a‘
(o
=
@)
—'1
O
)
(D

©
-
@)
O
(D
wn
n
(D
o
3
Q)
0Q
(D
n
>
@)
-
o
G
(D
c
=,
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* Image Scale and Image Rotate Widget can’t support Preprocessed Image.
* Image and Image Sequence Widget could support Preprocessed Image.

&Image Eotate {Image

¢ Tmage Sequence xlmage =eale

[Image Widget]->fn->setPosition() support GPU DDR Bit BLIT.
[Image Widget]->fn->setAlphaAmount () support GPU Alpha Blending.
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Image Preprocess
without using Graphics Composer

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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Image Preprocess without using Graphics Composer

* |If you have many Images would like to configure as Preprocess
Image in Legato Graphics Composer, then it has many mouse
click works to do and bring bad user experience !
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£ Memory Locations

+ X

= System
Internal Flash
Internal SRAM
= User

DDR_PreProcess

= User Location Pr---

n006_626_%

n006_88_223

Name DDE_PreProcess

Capacity (btes) 8338608 =] .. | |n008_625_223

Access Mode Write j n008_89_219

#ddress AZBCADD =

Alignment 4 [=]] n010_624 218
n010_89_214
n012_624 213
n012_90_210
n014_623_209
n014_91_209

n1A A28 2N&

xX1000 RPM

Preprocessed Image
Preprocessed Image
Preprocessed Image
Preprocessed Image
Preprocessed Image

Preprocessed Image

Dranraracead Imane

i
Preprocessed Image

File View

=@ N XX ®Qo

e
— Image Manager

n328 611_271
n330_613_269
n332_615_266
n334_620_264
n336_617_262
n338_618_259
n340_621_259
n342_622_256
n344 623_254
n346_619_251
n348_624_250
n350_625_248
n352_625_246
n354_629_244
n356_629_242

rpm_backgro...

-l

n358 629 240 :‘

speedo_backg...

Source Height 24 :Iﬂ
Ontput Mame n358_629 240

Output Format [RGB =1
Output Width a7 -
Cutput Height 24 =
Data Location Tnternal Flash

Preprocess [,

Preprocess Op---

Settings ]

D @PmcessRGBA M

~olor Maode

Many Clicks !!

Bits Per Pixel =
Color Connt 548 —
Cmtput Size 5027 =
Render Mode | Fiveline =1
Enable Compressiol [v

Color Mask Mode |Mone =1~
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Image Preprocess without using Graphics Composer

* The Image Preprocess feature could direct implement in your
project, and it will be much easy to insert/modify or remove.

le_gen_preprocess.c

#include "gfx/legato/generated/le_gen_assets.h"

void legato_preprocessimages(void)

{

leProcessimage(&n_02_84_240, [INNTJo001, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_14 90 251, 0xA88D8C00, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_04_85_ 242, 0xA83CCOAO, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_06_84 244, 0xA83CE238, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_08_88_246, 0xA88D07D8, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_10 89 248, 0xA838D30A0, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_12_91_250, 0xA88D5CF8, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_16_92 254, 0xA838DC64C, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_18_93_256, 0xA88DFCCO, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_22 98 259, 0xA88E70EC, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_20_95_258, 0xA838E35DC, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_26 97 255, 0xA88EECDC, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_24_99 262, 0xA83EAESC, LE_COLOR_MODE_RGBA_8888);
leProcessimage(&n_28 104 257, 0xA88F2F7C, LE_COLOR_MODE_RGBA_8888);

leProcessimage(&n_32_108 261, 0xA88FB7BC, LE_COLOR_MODE_RGBA_8888);

leProcessimage(&n_30_106_259, 0xA88F71BC, LE_COLOR_MODE_RGBA_8888);

= @ N

File View

n328 611_271
n330_613_269
n332_615_266
n334_620_264
n336_617_262
n338_618_259
n340_621_259
n342_622_256
n344 623_254

n356_629_242

n358 629 240 :‘

rpm_backgro...
speedo_backg...

e Height 24 =0
Phutpnt Name 358_629_240
Output Format [RGB =1
Output Width a7 -
Ontput Height 24 =

Tntarnal Flash

™

++ | [[DE_FreProcess, RGBA ¥

Settings ]

Color Maode

|RGBA =1 ﬂ

Bits Far Fixel

Color Count

Cutput Size

Render Maode

| Fiveline

Enable Compressio

™

Color Mask Mode

|Mone
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Image Preprocess without using Graphics Composer

 How auto calculate DDR address and alighment of each Image ?
* Important !! DDR Address should in ileRO% = alighment !

main.c

bool FadeOutMovelogo( void ) { ... }

#define DDR_PREPROCESS _ADDR [Q:t:t:{e:olhlo
void legato_preprocessimages_runtime(void)

{
size_t AddressDDR = DDR_PREPROCESS_ADDR;

lelmage *pPreProcessimages|] =
{ &mchpLogo, &mchpLogo_small, &MHGS_logo_smaller,

&QuickstartDown_WQVGA, &QuickstartUp_WQVGA, .
&StartStop_Start, &StartStop_StartPressed, [Images POInter Array]
&StartStop_Stop, &StartStop_StopPressed };

for( int i=0 ; i<sizeof(pPreProcessimages)/sizeof(lelmage*) ; i++)

{
leProcessimage(pPreProcessimages[i], AddressDDR, pPreProcessimages[i]->buffer.mode);

AddressDDR = AddressDDR + (pPreProcessimages|i]->buffer.buffer length);
AddressDDR = AddressDDR + [{AG[s [T 0101075 Kol R V-G L [0 1 75 K H0) | .
y 16-bytes alighment

}

c\ MICROCHIP



Image Preprocess without using Graphics Composer

* We could Turn OFF the LCM backlight while doing Image
Preprocess because it’'s needed much time to finish.

main.c

bool FadeOutMovelogo( void ) { ... }

#define DDR_PREPROCESS_ADDR O0xA88CA000
void legato_preprocessimages_runtime(void)

{
-

void Screen1l_OnShow(void)

{

BACKLIGHT_TYPE_1_Clear(); [ Execute Runtime Image Preprocess in OnShow() event of Screenl ]

legat | time(); . . .
;E@K‘{.-SLGTT%?EEE Zi‘:{’,;r““ fal and Turn OFF the LCM backlight while doing Image Preprocess

ScaleUpLogo( 8 );

RGB_LED_G_On();

RGB_LED_B_Off();
}

void Screen1_OnUpdate(void) { ... }
A8\ MicrocHIP



Image Preprocess without using Graphics Composer

* Image placement simulation in DDR Memory.

0xA88CA000 0xA88E3980 xA88E6E00 0xA8904950 0xA891025
_

.\\ MICROCHIF

@ MICROCHIP



GPU Bit BLIT Stretch Image

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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GPU Bit BLIT Stretch Image

* In previous sections, we know the Image Scale Widget is
implement in software and cannot support Image Preprocess.

* |f we want to implement a scaling up image animation, then we
can use Image Preprocess by sequence Images we pre-built.

e But it’s difficulty to prepare many different images and put them

[ J h [ J ' I
In Legato Graphics Composer !! 2 image Manage - o x
File | View
. - | e o
Resource *» Scaledlmage v O O 2 Scaledimage XX AR D
=/ . = Image Prop--- -
= mchplLogo Source Mame  |mchplogolZ png
- - o~ = mchplLogo_small Source Format |png
- . & mchpLogoO1 Source BFP |32 = |
mchplLogo01.pn mchplogo02.pn  mchplogo03.pn  mchplogoO4.pn  mchplLogo05.pn - mC:Ptogogg : OOOOO fﬁ;?zm ;‘2838 =
= mchplogo02 || . B Soure i =
g 9 g g 9 = mchpLogo04 o Source Height |19 jj
= mchplLogo05 == :
T @ Q @ = mchpLogo06 Setings l
=2 PNG Imag--- o
mchplogo06.pn  mchplogo07.pn  mchplLogo08.pn  mchplLogo09.pn - mC:PtDQDg; Color Mods  [ROBA 5588 =1
= mchplogo ; ; =
g g g g = Bits Per Pixel |32 =,
TF!TP}?QOOQ ﬂ Cintent Sima ;ﬂ
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GPU Bit BLIT Stretch Image

* PIC32MZ DA support GPU (Nano2D) Graphic Bit BLIT Stretch
could help to Pre-built sequences Images in efficiently.

N MICHCHEA MICRGEHE A, MICROCHI



GPU Bit BLIT Stretch Image

* The default Legato Graphic Library has not ready function could
help for easy implement Scaled Up/Down animation sequence
of Images, then here has an example could help you to finish it.

* Please copy the implementation files Preprocess.c and .h in

folder \Resource to [Your Project]\firmware\src folder and
include them in your project.

27

=) Preprocess.c

® Preprocess.h

Lab9_GPU_BitBLIT_Stretch

&

» Resource

_Copy |

Lab9 GPU_BitBLIT Stretch * firmware > src @

28

config
= app.c
= app.h
B main.c
® Preprocess.c

= Preprocess.h

A

Projects = | Files
= Lab9 GFU B#BLIT Stretch

El[aﬁ Header Files

I_IITI

ITI

& app.h
.ﬁ conf1g

- [ Important F1les

-5 Linker Files

—:I"[aﬁ Sonree Files

& app.c
.ﬁ conf1g

’ Al reprocess, o
[ Libraries

ITI

-5 Loadables

[Add Existing Item}

to your Project
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GPU Bit BLIT Stretch Image

* Let’s look at Preprocess.c and go through in briefly. .. ......

#include "Preprocess.h”

#define DDR_PREPROCESS_ADDR [Q:t:t:{eelily)
#define MAX_SCALED_IMAGE 50

static lelmage Scaledimage[MAX_SCALED_IMAGE];
static uint32_t ScaledimageCount;

// Legato Color Mode to GFX Color Mode
static gfxColorMode _convertColorMode(leColorMode mode)

{
. Color Mode Convert

// Hardware GPU Bit Blit Stretch Image to Destination Buffer in DDR
extern leRenderState _rendererState;
leResult leGPU_BIitStretchimageBuffer( const lePixelBuffer* sourceBuffer, const lePixelBuffer* destBuffer,

const leRect* sourceRect, const leRect* destRect,
uint32_t a)
{ . . .
) GPU Bit BLIT Stretch Image from Source Buffer to Destination Buffer

// Bit BLIT Stretch Source lelmage to new Destination leimage in DDR
leResult leStretchimage( leimage* imgSrc, leimage™* imgDst, leRect* dstRect, size_t Addr)

{
. Stretch Source lelmage to New Destination lelmage and Allocate to DDR

@ MICROCHIP



GPU Bit BLIT Stretch Image

* Preprocessed Image sequence generate. Preprocess.c
void [ESIE G EEEL T GIE( lelmage™® imgSrc, int32_t StartWidth, int32_t EndWidth, int32_t StepWidth, size_t dstAddr )
¢ float srcRaito; (Start Width) [End Width] [Step Width) (Dest Address |
leRect dstRect;

srcRaito = (float)(imgSrc->buffer.size.height)/(float)(imgSrc->buffer.size.width);
dstRect.x = 0;
dstRect.y = 0;
dstRect.width = StartWidth; // Must be multiple of 8
ScaledimageCount = 0;
while( ScaledimageCount < MAX_SCALED _IMAGE )
{
if( StartWidth <= EndWidth )
{ if( dstRect.width > EndWidth ) break;

(}else Stretch or Shrink finish check
{ if( dstRect.width < EndWidth ) break;
}
dstRect.height = (int16_t)((float)(dstRect.width) * srcRaito);
while( leStretchimage( imgSrc, &Scaledimage[ScaledimageCount], &dstRect, dstAddr ) == LE_FAILURE ) {}
ScaledimageCount++;
dstAddr = dstAddr + (dstRect.width * dstRect.height * 4);
dstAddr = dstAddr + (dstAddr%16?16-(dstAddr%16):0); Alignment 16 for GPU Bit BLIT
dstRect.width = dstRect.width + StepWidth; // Must be multiple of 8

}

} ﬁ\ MICROCHIP



GPU Bit BLIT Stretch Image

* Preprocessed Image sequence generate.

Preprocess.c

void [ESIE G EEEL T GIE( lelmage™® imgSrc, int32_t StartWidth, int32_t EndWidth, int32_t StepWidth, size_t dstAddr )

{

ﬁ\ MICROCHIP
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GPU Bit BLIT Stretch Image

’
 Let’s look at Preprocess.c Preprocess.c
void legato_preprocessimages_runtime(void)
{
size_t AddressDDR = DDR_PREPROCESS_ADDR; [Images POinter Array]

lelmage *pPreProcessimages[] = { &mchpLogo, &mchplLogo_small, &MHGS_logo_smaller, ..., &StartStop_StopPressed };

for( int i=0 ; i<sizeof(pPreProcessimages)/sizeof(lelmage*) ; i++)

{ leProcessimage(pPreProcessimagesli], AddressDDF_!, pPreProcessimages[i]->buffer.mode);

e gl

Must after leProcessimage
ST S [ ETE e =5 ( &mchplogo, 8, mchpLogo.buffer.size.width, 8, AddressDDR );

}

bool legato_preprocessimages_ScaleUp( lelmageWidget* imgWidgetDst, uint32_t Scaledimageldx )
{

if( Scaledimageldx < ScaledimageCount )

{
imgWidgetDst->fn->setimage( imgWidgetDst, &Scaledimage[Scaledimageldx] );

if( Scaledimageldx == ScaledimageCount-1)
return false;
}

return true;

} ﬁ\ MICROCHIP



GPU Bit BLIT Stretch Image

* New ScaleUpLogo function to use Preprocessed Images.

main.c

#include "Preprocess.h” Include Preprocess.h

{

bool ScaleUpLogo( uint32_t Init_W ) ENEWATGET-LRY R o]}

uint32_t W, H;

static uint32_t Scaledimageldx = 0; Static Sequence Index

if( Init_W )
{
Scaledimageldx = 0;
}
" | caleUn( Screent ImageScaleLogo, Scale ) Assign given Indexed Image to
if( legato_preprocessimages_ScaleUp( Screenl_ImageScaleLogo, Scaledimageldx .
{ ImageScaleLogo Widget
return true; Scale Up finish when Index has exceeded Preprocess Count
}
W = Screenl_ImageScaleLogo->fn->getWidth( Screenl_ImageScaleLogo );
H = Screenl_ImageScaleLogo->fn->getHeight( Screen1_ImageScalelLogo ); Ll e
Screenl_ImageScaleLogo->fn->setPosition( Screenl_ImageScaleLogo, ( SCREEN_W - W )>>1, (SCREEN_H - H )>>1);
Scaledimageldx++;

RGB_LED_G_Toggle(); Toggle Green LED

return false;

@ MICROCHIP



GPU Bit BLIT Stretch Image

* Congratulation!! You finally have all improved animation effect.

Image Scale Up and Move Left, Fad Out
animation speed are all improved !!

HARMONY (CEED)
| \ M Fast. Easy. Smart.
o\ MICROCHIP 00000| [11111] [22222
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GPU Bit BLIT Stretch Image

Discuss

 How about if disable the Double Buffering in Harmony ?

Viewr: Kool

Legato Graphics w/ LCFO300633GGU00 Display
Legato Graphics w' LCFO300633GGU00 Display
LE GLCD
LE GLCD Display Controller Legato
» Graphics Display Graphics Library
LE Display Driver < LE Display Driver
+ LE GPU Driver

LE 20-GPU Graphics Processor
LE GPU Driver

LE 2DGPU l

%3

E-LE GLCD

-~ Some settings are being managed by the GFx Core
Bl Clock Settings

~~Master Clock Source EEFCLES -

%‘""l"-"l.EIStEI’ Clock (Hz) 200,000,000 2
 Pixel Clack Divider (1-32) 13
~Pixel Clock (Hz) 18,181,818 2

E-Layer Configuration

é}--EnabIe Layers
%----Layer[l
%----Layer 1
E~----L.Eﬁ_.rer2

El-Frame Buffer Settings

~Use g-hit Palette? []
El-Other Settings

- pdate on vhlank
~Zanvas Mode []

~Use GPU far Blits? [ ]
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CANVAS Virtual Display

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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CANVAS Virtual Display

e Canvas is a virtual display for:

» Storing or pre-rendering frame data Legato Library Application
using the Legato Graphics Library.
Frame

* Configuring the Display Controller Layers .
to display the Frames. Interface

Canvas Functions

* Applying effects like Motion, Sprite Object 1
Canvas

Animation, Cropping and Fade In/Out Object 2

Canvas

using Display Controller Layers. Object 3

The Graphics Canvas feature is only - Display Driver
supported for devices with internal graphics

controller with layer support such as the Display Controller
PIC32MZ DA or the SAM9x60.

@ MICROCHIP



CANVAS Virtual Display

. Canvas Objects

* Contains frame information assigned a o
HW Layer in the Display Controller. e - i Laver

e Buffer address, resolution, color mode.

* Layer ID, size, position, alpha.
* Layer effects status and settings. Application

gfxcStartEffectMove

* Canvas Effects *

* Graphics Canvas can be used to display a Canvac
frame in various ways — cropped, Object
translated, alpha blended, etc.

* Graphics Canvas has ready-to-use APIs
to apply ‘Effects’ like Motion or Fade
In/Out.

- HW Layer

@ MICROCHIP



CANVAS Virtual Display

* Create new project and finish to Boundary Circle, add Screen0 OnShow/OnUpdate.

Sereen( B3 l

Ww .

A 1y

GRAPHICS SUITE
(306,170%

PP Quick Start

-

Fast o] ¢ Fast. Easy. Smart.
/ (A02,200%
Object Editor
= Screen
3 me Sereenl)
Enabled v
(156, 394) Persistant |
B Events A8\ Microckip
ﬁ\ Mlcﬂ/ On Show v
o Hide [
Om Update ™
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CANVAS Virtual Display

e Legato Graphics Composer Layers and Display HW Layer.

Bottom 1t Frame Bottom
L
ayerO Buffer 0 HW LayerO
15t Frame

Buffer 1 HW Layerl

15t Frame
Top Buffer 2

HW Layer2

Legato Composer Display Controller

Buffer O
2" Frame
Buffer 1

2"d Frame
Buffer 2

DDR Memory

Preprocessed
Image Objects

Objects Pixel Buffer

ﬁ\ MICROCHIP



CANVAS Virtual Display

* Disconnected LE GLCD and Legato Module in Harmony

GFY Care LE Legato Graphics w/ LCFO300633GGU00 Display
Legato Graphics w' LCF0200623GGU00 Display
efw driver gled (LE Dusplay Driver)
SLFIELLIEZEELLY LE GLCD Satisfied Direct Capability

432432 PCAP Display LE GLCD Display Controller

el Yo

Touch Panal g LE Display Driver < SCSSSSSISSS Grap
_____—‘l LE Display Driver

__———‘ LE GPU Driver

LE 20GPU 2l Right Click

LE 2Z0-GPU Graphics Processor
LE GPU Driver

LCFO300633GGU00 LE GLCD
i i LE GLCD and Legato
432x432 PCAP Display LE GLCD Display Controller

Graphics Display Graphics Display Disconnected
* Legato

Tomwnln Mo H H & .
TouCH Fanar 2 L.Eﬂlspfﬂy D.I'TVE.I'I‘ Q: A TR Graphics Library
*an® & . . .
LE 2DGPU l‘ﬁ gE Display Driver

*
LE 20-GPU Graphics Processor LE GPU Driver
LE GPU Driver
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CANVAS Virtual Display

* Insert Graphics Canvas Module in Harmony

GFX Core LE Legato Graphics w/ LCFO300633GGUOO Display
Display Management Legato Graphics w/ LCFO300633GGUOO Display

efx driver gled (LE Display Driver)
LCF0300633GGU00 LE GLCD Available Direct Capability

432x432 PCAP Display LE GLCD Display Controller

Graphics Display Graphics Display > B
Touch Panel 3 ‘ LE Display Driver > Graphmﬂ‘d;, Canvas (gfx_ca nvas]
N g : =
LE 2DGPU ¥y Right Click Legato (gm_legato) "‘ .
LE 2D-GPU Graphics Processor LE GPU Driver |

LE GPU Driver
GFX Core LE Legato Graphics w/ LCFO200633GGU00 Display
Display Managsment Legato Graphics w LCFO200622GGU00 Display

Graphics Canvas |

LCFO300633GGU00 LE GLCD Graphics Canvas

432x432 PCAP Display LE GLCD Display Controller
Graphics Display Graphics Display GF¥ Canvas Virtual Display
Touch Fanar g LE Display Driver LE Display Driver .
. . o . . .
LE 2DGPU LE Display Driver l‘ﬁ ‘gE Display Driver
LE 2D0-GPU Graphics Processor LE GPU Driver
LE GPU Driver

Graphics Canvas
Legato

» Graphics Library
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CANVAS Virtual Display

 Complete insert Graphics Canvas between LE GLCD and Legato Module.

GFX Core LE Legato Graphics w/ LCFO300633GGUOO Display
Display Management Legato Graphics v/ LCFO300633GGUOO0 Display

LCF0300633GGUO0 LE GLCD

ofx_canvas (LE Display Driver)

432x432 PCAP Display LE GLCD Display Controller Graphics Canvas | Awailable Direct Capability
Graphics Display Graphics Display GFX Canvas Virtual Displ
Touch Panel < LE Display Driver LE Display Driver i
T | LE Display Driver 7 F TE Display Driver Legato (gfx_legato)
LE 2D-GPU Graphics Processor =% LE GPU Driver " W

LE GPU Driver
GFX Core LE Legato Graphics w/ LCFO200633GGU00 Display
Display Managsment Legato Graphics w LCFO200622GGU00 Display

LCFO300633GGU00 LE GLCD Graphics Canvas

432x432 PCAP Display LE GLCD Display Controller

Graphics Display Graphics Display

Right Click

[ Legato (gx legato) )

Graphics Canvas
GF¥ Canvas Virtual Display

Legato
Touch Panal g LE Display Driver i; LE Display Driver T e T
LE Display Driver | E Display Driver

LE 2DGPU
LE 2D-GPU Graphics Processor
LE GPU Driver

LE GPU Driver
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CANVAS Virtual Display

 Enable Canvas Mode in LE GLCD.

GEX Core LE Legato Graphics w/ LCFO300633GGU00 Display
Display Management Legato Graphics w' LCFO200632GGU00 Display

LCFO300633G6U00 LE GLCD
432x432 PCAP Display LE GLCD Display Controller

Graphics Display ?—4 Graphics Display
Touch Fanat q LE Display Driver -
LE 2DGPU

LE 2D-GPU Graphics Processor
LE GPU Driver

Graphics Canvas
GF¥ Canvas Virtual Display Leg

=~ LE Display Driver Graphics
LE Display Driver LE Displa

___.-——‘ LEGPUI

EH-LE GLCD

E-Clock Settings
%""'l"-"l.EIStEF Clock Source
%‘""l"-"lEIStEI’ Clock (Hz)

- Pixel Clack (Hz)

El-Layer Configuration

é}--EnabIe Layers
%----Laﬁ_.rerlil
%----Layer 1
E~----La@.rer2

E-Frame Buffer Settings

E-Other Settings

.....

- 5Some settings are being managed by the GFY Core LE and have been hidden.

EEFCLES
200,000,000 2

- Pixel Clock Divider (1-32) 1113

18,181,812 3

%----Frame Buffer Color Mode RGEA 823228 .

%‘""USE Couble Buffering?
:»----Frame Buffer Memory Mode (DDE v
“-Use 8-bit Palette? []

"% (__Enable Canvas Mode |
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- Graphics Canvas

CANVAS Virtual Display

~Default Calor Mode EGEA_8888 -

o o - Default Mumber of Layers 3=

* Configure Graphics Canvas as below. - Max Number of Parameters % <
=-Canvas Objects 35

E--CanvaS[D]

GEY Core LE Legato Graphics w/ LCFO300633GGUOO Display - Width 4323
Display Managemant Legato Graphics w/ LCFO300633GGU00 Display %----Height 4322

Color Mode RGBA_8888

LCFO300633GGU00 LE GLCD ‘ .
4321432 PCAP Display LE GLCD Display Controller e - F:FEI'I'IE Buffer allocation  Manuval -
Graphics Display Graphics Display GFX Canvas Virtual Display Legato Lepddress O ABOOOOOD k2
Touch Panal : LE Display Driver > LE Display Driver Graphics Library & C:EIWES[ 1]
LE 2DGPU LF Display Driver || LE Display Driver Wit 4325
. - Height 4322
LE 2D0-GPU Graphics Processor __—J LE GPU Driver e

= Color Mode EGEA_83288 -

LE GPU Driver

El Frame Buffer allocation  Manual -~

- address Ox[AS17/000 4
E-Canvas[2]
- idth 4322
- Height 432/=

Objects Width Height Allocation Address - Calor Mode RGBA B35 -

B-Frame Buffer &llocation | Manual ~

CanvaS @_ 432 432 Manual A8@@@@@@ wopddress Ox|ASZEEDDD |2
Canvas[1] 432 432 Manual A8177000 o

L - ~Effects Interval (ms)

Canvas[2] 432 432 Manual A82EE000 -~ Enable Fade Effects [

| 2 | “-Enable Move Effects
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CANVAS Virtual Display

e Canvas API functions

gfxcSetPixelBuffer(unsigned int canvasiD, unsigned int width, unsigned int height, const GFXC_COLOR_FORMAT format, void * buf)
gfxcCopyBuffer(unsigned int srclD, unsigned int destID, const gfxRect * srcRect, const gfxRect * destRect)
gfxcSetBaseCanvasID(unsigned int base)

gfxcSetLayer(unsigned int canvasID, unsigned int layerID)

gfxcGetlayer(unsigned int canvasID)

gfxcClearLayer(unsigned int canvasID)

gfxcSetWindowAlpha(unsigned int canvasID, uint8_t alpha)

gfxcSetWindowPosition(unsigned int canvaslID, int xpos, int ypos)

gfxcGetWindowPosition(unsigned int canvaslID, int* xpos, int* ypos)

gfxcSetWindowsSize(unsigned int canvaslD, unsigned int width, unsigned int height)

gfxcGetWindowsSize(unsigned int canvasID, unsigned int* width, unsigned int* height)

gfxcShowCanvas(unsigned int canvasID)

gfxcHideCanvas(unsigned int canvasiD)

gfxcCanvasUpdate(unsigned int canvasID)

gfxcStartEffectMove(unsigned int canvasID, GFXC_FX_MOVE_TYPE type, int startX, int startY, int endX, int endY, unsigned int delta)
gfxcStartEffectFade(unsigned int canvasID, uint8_t startAlpha, uint8_t endAlpha, uint8_t delta)
gfxcSetEffectsCallback(unsigned int canvasID, gfxcCallback cb, void * parm)

gfxcStopEffect(unsigned int canvasID, GFXC_FX_TYPE effect) ,
AS\ MicrocHIP



CANVAS Virtual Display

e Canvas Virtual Display feature enabled.

Bottom Canvas Object O Bottom
432 x 432 W fayerd
-
Canvas Object 1 G 2l
432 x 432 & é HW Layerl
Canvas Object 2 % E
T0p 432 x 432 ~ 3 HW Layer2

Legato Composer Display Controller

Preprocessed
Image Objects

DDR Memory

Objects Pixel Buffer
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CANVAS Virtual Display

* Canvas Virtual Display Objects connect to Display HW Layer.

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID_2 };

enum { DSP_LAYER_0, DSP_LAYER_1, DSP_LAYER 2 }; & Canvas Objects 3ja
L‘i}-CamraS[D]
void Screen0_OnShow( void ) - width 432/
{ - Height 432/
memset( (char*)0xA8000000, 0, 432*%432*4 ); Clean Memory for Layer 0 - Color Made RGBA 8838
memset( (char*)0xA8177000, 0, 432*%432*4 ); Clean Memory for Layer 1 B Frame Buffer Allocation |[Manual ~
memset( (char*)0xA82EE000, 0, 432*432*4 ); Clean Memory for Layer 2 - Address Ox[AS000000 %

gfxcSetLayer( CANVAS_ID_0, DSP_LAYER_0 );

E-Canvas[1]

gfxcSetLayer( CANVAS_ID_1, DSP_LAYER_1 ); ~Width 43202
gfxcSetLayer( CANVAS_ID_2, DSP_LAYER 2 ); -~ Height FEPIE
} - Calor Mode RGBA_8888
E-Frame Buffer Allocation  Manual
void Screen0_OnUpdate( void ) - pddress OxASLT/000 |2
{ E-Canvas[2]
- Width 4322
} - Height 4322
- Caolor Mode RGBA_8888
void event_Screen0_qgsButton_OnPressed(leButtonWidget* btn) { ... } = Frame Buffer allocation | Manual
void event_Screen0_qgsButton_OnReleased(leButtonWidget* btn) { ... } -Address Ux[ABZEEOUD |5

int main ( void )

= ﬁ\ MICROCHIP



CANVAS Virtual Display

* After Canvas Virtual Display Objects connect to Display HW Layer.
432 x 432

TN
Bottom
Canvas Object 2

Canvas Object O Bottom
lop 432 x 432

432 x 432 il ERiend

Canvas Object 1

HW Layerl

JuLaWIU3ISSy
19Ae1q jesisAyd

HW Layer2

Legato Composer Display Controller

Image Objects

Objects Pixel Buffer DRR Memory A3\ MicrocHip



CANVAS Virtual Display

* Legato Graphics Composer Layers cannot output.
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CANVAS Virtual Display

* Show all Canvas Objects and Update all.

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID_2 };
enum { DSP_LAYER_0, DSP_LAYER_1, DSP_LAYER_2 };

void Screen0_OnShow( void )

{
memset( (char*)0xA8000000, 0, 432*%432*4 );
memset( (char*)0xA8177000, 0, 432*%432*4 );
memset( (char*)OxA82EE000, 0, 432*432*4 );
gfxcSetLayer( CANVAS_ID_0, DSP_LAYER_ 0 );
gfxcSetLayer( CANVAS_ID_1, DSP_LAYER_1 );
gfxcSetLayer( CANVAS_ID_2 , DSP_LAYER_2 );
gfxcShowCanvas( CANVAS_ID_0 );

gfxcCanvasUpdate( CANVAS_ID_0 );
gfxcShowCanvas( CANVAS_ID_1 );
gfxcCanvasUpdate( CANVAS_ID_1 );
gfxcShowCanvas( CANVAS_ID_2 );
gfxcCanvasUpdate( CANVAS_ID_2 );

}

void Screen0_OnUpdate( void )
{

} @ MICROCHIP



CANVAS Virtual Display

* Legato Composer could output Layers after show all Canvas Objects.
432 x 432

TN
Bottom
Canvas Object 2

Canvas Object O Bottom
lop 432 x 432

432 x 432 il ERiend

Canvas Object 1

HW Layerl

JuLaWIU3ISSy
19Ae1q jesisAyd

HW Layer2

Legato Composer Display Controller

Canvas Object
Show / Hide

Preprocessed
Update control

Image Objects

Objects Pixel Buffer DRR Memory A3\ MicrocHip



CANVAS Virtual Display

* Legato Graphics Composer Layers can output now.

MPLAB]|
HARMONY (CREED))

Fast.

Smart.

@ MICROCHIP
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CANVAS Virtual Display
* Add four Start Stop Button Images in Legato Graphics Composer.

-]
h _ ~ Image Manager — O x
- |mage Manager [ X File View
. . = ® A
File View XX o
=/ = [mage Prope--
= = mchplogo_small Source Name p_StartPressed. png
— III | x x | m\_ ﬁ‘\, El - MHGS_logo_smaller Sonrce Format  |png
-~ &= QuickstartDown_WQVGA Sourca BPP 32 =
| f El Imuge P"‘G‘De' e ‘& QuickstartUp_WQVGA Sourca Size 72628 =
StartStop_Start Source Width 134 =
- &= mchplLogo_small Source Name  |StartStep_Start.png B StartStop, StartPressed Souce Height =
: StartStop_Stop Cutput Name
&= MHGS_logo_smaller Source Format  |png L& Startstop StopPressed
= QuickstartDown_WQWVGA Source BPP 32 - gzizﬁi‘;
. . = £ ™ Image Manager — ] X
= QuickstartUp_WQVGA Source Size 72608 = Data Locstion — 00
— S't -tS‘t St + S Wdth 134 | Preprocess | File View
SSistartstop_star Ource 1. j Sottngs | | = O MXXaamo
= StartStop StartPressed Sonrce Height 1534 - B Raw Image| 1 / 5 Image Prope-—
—
Celor Mods = mchpLogo_small Sonrce Name  |StartStop Stop.pnz
- StartStDP_StDp C'utput Name Eits Per Pixel - MHGS_logo_smaller Sonrce Format  |png
. - : Sonrce BPP 32 =
&= StartStop_StopPressed Output Format  JJRGE 2 Image Manager - o  x e, — =
{}utput Width File View Soumrce Width  |134 =
- = - Sonrce Height =
C‘utput HEl"k* 124 _I - Ill | x x |m\ O\ = Cutput Name
- . S/ = Image Prope---
Data L-OCF.ltl OUtpUt Format ° RGB ]._ mchplogo_small Source Name p_StopPressed.png Cutput Width

COutput Height | 134 =

PIEDIOCESE | I_ = MHGS_logo_smaller Source Format  |png =
= QuickstartDown_WQVGA Sourcs BPP 32 = Data Location | Tntarnal Flash
= QuickstartUp_WQVGA Source Size 72628 = Preprocess r
Settings | - = StartStop_Start Sowes Width | 134 E Sotings |
‘= StartStop_StartPressed Source Height 134 =
- == StartStop_Stop Output Name El Raw Image -
=

B Raw Image ---

Color Mode RGBA 83888
Bits Per Pixel |22

Color Count 3115

Omtpat Size Tlazd

Render Maode Fiveline gf;";;‘f;‘j:el ;;GBA T
Enable Compre ) T_ it
Color Mask Mode Mone

!

Color Mode RGEA 8883

Output Width - Bits Per Pixel |32
Output Height |14 = Color Count _[2300
Trtarnal Flash Output Size 71824
Render Mode Piveline
Enable Compre{ |
Shiing | Color Mask Modd Hone =]
= Raw Image -+

StartStop_StopPressed

]

Data Location
Preprocess r

L

]

Enable Compre={ |

=
Render Mode Proeline =1
[~=]]

Color Mask Modd None
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CANVAS Virtual Display

* Implement Image Preprocess function to put all Image in DDR.

#define DDR_PREPROCESS_ADDR (Rt {eelily
void legato_preprocessimages_runtime(void)

{
size_t AddressDDR = DDR_PREPROCESS_ADDR;

lelmage *pPreProcessimages[] = { &mchpLogo_small, &MHGS_logo_smaller,
&QuickstartDown_WQVGA, &QuickstartUp_WQVGA,
&StartStop_Start, &StartStop_StartPressed,
&StartStop_Stop, &StartStop_StopPressed };

for( int i=0 ; i<sizeof(pPreProcessimages)/sizeof(lelmage*) ; i++)

{
leProcessimage(pPreProcessimages[i], AddressDDR, pPreProcessimages[i]->buffer.mode);
AddressDDR = AddressDDR + (pPreProcessimages[i]->buffer.buffer length);
AddressDDR = AddressDDR + [{:G[[f=130 1013079 Ko R VA6 [ (X0 10 1375 [ K1) )

}
}

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID_2 };
enum { DSP_LAYER_0, DSP_LAYER_1, DSP_LAYER 2 };

void Screen0_OnShow( void )
{

legato_preprocessimages_runtime();

memset( (char*)0xA8000000, 0, 432*432*4 );

@ MICROCHIP



CANVAS Virtual Display

* Implement lelmageToCanvas function to assign lelmage object to Canvas.

#define DDR_PREPROCESS _ADDR 0xA88CA000
void legato_preprocessimages_runtime(void)

{
-

void lelImageToCanvas( uint32_t canvaslD, lelmage *Image, int32_t X, int32_t Y, uint8_t Alpha)
{

int32_t W, H;

leBuffer *PixelBuffer;

W = Image->buffer.size.width;

H = Image->buffer.size.height;

PixelBuffer = Image->buffer.pixels;

gfxcSetWindowsSize( canvasiD, W, H );

gfxcSetPixelBuffer( canvasiD, W, H, GFX_COLOR_MODE_RGBA_8888, PixelBuffer );
gfxcSetWindowPosition( canvasiD, X, Y );

gfxcSetWindowAlpha( canvasiD, Alpha );

gfxcShowCanvas( canvasiD );

gfxcCanvasUpdate( canvasiD );

}

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID_2 };

enum { DSP_LAYER 0, DSP_LAYER 1, DSP_LAYER 2 }; ,,
ﬁ\ MICROCHIP



CANVAS Virtual Display

e Qutput StartStop Stop Image to Canvas 0 in end of Screen0_OnShow().

#define DDR_PREPROCESS _ADDR 0xA88CA000
void legato_preprocessimages_runtime(void)

{
-

void lelmageToCanvas( uint32_t canvasID, lelmage *Image, int32_t X, int32_t Y, uint8_t Alpha)
{

}

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID 2 };
enum { DSP_LAYER_0, DSP_LAYER_1, DSP_LAYER 2 };

void Screen0_OnShow( void )

{

legato_preprocessimages_runtime();

// memset( (char*)0xA8000000, 0, 432*432*4);
memset( (char*)0xA8177000, 0, 432*432*4 );
memset( (char*)OxA82EE000, 0, 432*432*4 );

lelmageToCanvas( CANVAS_ID_0, &StartStop_Stop, 149, 256, 255 ); )
} A8\ MicrocHIP



CANVAS Virtual Display

* The Pixel Buffer of StartStop_Stop Image will update to Canvas I object.

S

Bottom Canvas Object O Bottom
432x 432 e

Canvas Object 1
432 x 432 HW Layerl

Canvas Object 2
lop 432 x 432

JuawWuUsIssy
19Ae1q jesisAyd

HW Layer2

Legato Composer Display Controller

Preprocessed Image
StartStop_Stop
134 x 134

Objects Pixel Buffer DRR Memory A3\ MicrocHip



CANVAS Virtual Display

* Result seems bad, why ?

MPLAB]|

Fast.
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CANVAS Virtual Display

 The Composer Layer0 to share the same memory of Canvas I

T

Canvas Object O
134 x 134

Canvas Object 1
432 x 432

Canvas Object 2
432 x 432

HW LayerO

HW Layerl

Juawudissy
19AeT |eaisAyd

HW Layer2

Legato Composer

Display Controller

Preprocessed Image
StartStop_Stop
134 x 134

Objects Pixel Buffer DDR Memory
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CANVAS Virtual Display

* Please put StartStop_Stop Image to Canvas 1 to separate from LayerO.

#define DDR_PREPROCESS _ADDR 0xA88CA000
void legato_preprocessimages_runtime(void)

{
-

void lelmageToCanvas( uint32_t canvasID, lelmage *Image, int32_t X, int32_t Y, uint8_t Alpha)
{

}

enum { CANVAS_ID_0, CANVAS_ID_1, CANVAS_ID 2 };
enum { DSP_LAYER_0, DSP_LAYER_1, DSP_LAYER 2 };

void Screen0_OnShow( void )

{

legato_preprocessimages_runtime();

// memset( (char*)0xA8000000, 0, 432*432*4 );
memset( (char*)0xA8177000, 0, 432*432*4 );
memset( (char*)OxA82EE000, 0, 432*432*4 );

lelmageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 ); )
} A8\ MicrocHIP



CANVAS Virtual Display

* The Pixel Buffer of StartStop Stop Image now update to Canvas 1 object.

S

Bottom Canvas Object O Bottom
432x 432 e

Canvas Object 1
134 x 134 HW Layerl

Canvas Object 2
lop 432 x 432

JuawWuUsIssy
19Ae1q jesisAyd

HW Layer2

Legato Composer Display Controller

Preprocessed Image
StartStop_Stop
134 x 134

Objects Pixel Buffer DRR Memory A3\ MicrocHip



CANVAS Virtual Display

* Looks good now.

ARMDNYm
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CANVAS Virtual Display

e Canvas objects are induvial memory, you could reassign it in dynamically.

T

Bottom Canvas Object O Bottom
432x 432 e

Canvas Object 1
432 x 432

HW Layerl

JuawWuUsIssy
19Ae1q jesisAyd

Top HW Layer2

Legato Composer

Canvas Object 3 Display Controller
432 x 432

Preprocessed
Image Objects

Objects Pixel Buffer DRR Memory A3\ MicrocHip



CANVAS Button

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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CANVAS Button

* Add a StartStop button as below.

Name :

Position X, Y :

Size Width, Height :
Background :
Border :

Pressed Image :
Released Image :
Press Offset :

Event Pressed :
Event Released :

startstopButton e-

149, 256 «

134, 134 «
None o
None e

Keep Empty
Keep Empty
0O o ‘

Pressed Image

Object Editor =)
= Wideet
Mame startstopButton
= Position [149,256]
hid 149 -
Y 206 =
= Size [134,134]
Width 134 =
Height 134 =
Enabled v
Visible v
Scheme {1nternal’ 7 |
Background Mone ~]
Rorder Mone ~]|
Alenment [Center,biddle]
Margins [4,4,4,4]
Alpha Blending [
Alpha Level 255 =]
= Button
Toggleabla
String

Eeleazed [mage

Image Position

[mage Margin

Enable « |

Press Offset

2 Events

Enable «——

Pressed

Released

<<l

= Editor Options

Locked

Hidden

.

Don’t use the Images
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CANVAS Button

* Button Widget after configured.

Sereen( £

HARMONY

GRAFPHICS SUITE

>

Fast. Easy.

L Beememeeee

S\ mi

Smart.

Object Editor [
= Widget
MName startstopButton
= Position [149,236]
A 144 —
Y 256 —
B Size [134,134]
Width 134 —
Height 134 =
Enabled v
Visible v
Scheme internal !
Background Hone -
Border Mene |
Alignment [Center Middle]
Margins [4,4.4,4]
Alpha Blending [
Alpha Level 255 =]
= Button
Toggleabla [
String
Pressed Image
Eeleazed [mage
Image Position Left Of =
[mage Margin 10 j
Press Offset 0 —
= Events
Pressed [v
Released [v
= Editor Options
Locked [
Hidden -
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CANVAS Button

* Implement startstopButton Pressed and Released event.

void event_Screen0_gsButton_OnPressed(leButtonWidget™ btn)
{

}

RGB_LED_B_On();
void event_Screen0_gsButton_OnReleased(leButtonWidget™ btn)
{

}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn) Callback function of Button pressed
{

RGB_LED_B_Off();

lelmageToCanvas( CANVAS _ID_1, &StartStop_Start, 149, 256, 255 );
RGB_LED_R_On();
RGB_LED_G_On();

}

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)

{
lelmageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );

RGB_LED_R_Off();
RGB_LED_G_Off();
}

int main ( void )

{.
} ﬁ\ MICROCHIP



CANVAS Button
* The Start/Stop Button Widget Result after program.

vv

Fast. Easy. Smart.
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CANVAS Button

Discuss

* What’s different if to use Widget Image in Composer ?

= Button = Button
Tozgleable - Toggleable I
String String
Fressed Image Fressed Image StartStop StopFressed
Eeleaszed [mage Eeleased [mage Startstop Sto
[mage Posttion Left ©f | — Image Posttion ILeft of =1
Image Margin 10 :|' [mage Maroin 10 :|'
Press Offset 0 — Press Offset 0 —
= Events = Events
Pressed v Pressed v
Released v Released [v

void Screen0_OnShow( void ) { ...

// lelmageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );
}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn) {
// lelmageToCanvas( CANVAS_ID 1, &StartStop_Start, 149, 256, 255 );
.}

void event_Screen0_startstopButton _OnReleased(leButtonWidget* btn) {
// lelmageToCanvas( CANVAS_ID 1, &StartStop_Stop, 149, 256, 255 );

) ﬁ\ MICROCHIP



CANVAS Animation Effect

PIC32MZ DA Radial Graphics Development Board and
MPLAB® Harmony Graphics Suite (MHGS)
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CANVAS Animation Effect

 CANVAS support two animation application function could be easy to use.

gfxcStartEffectMove e GFXC_FX_MOVE_FIXED  GFXC_FX_MOVE_ACC  GFXC_FX_MOVE_DEC

(

unsigned int canvasiID,
GFXC_FX_MOVE_TYPE type,
int startX,

int starty, )
int endX,

int endY, ’
unsigned int delta «——

(----

@ MICROCHIP



CANVAS Animation Effect

 CANVAS support two animation application function could be easy to use.
gfxcStartEffectFade — 255 50 «¥—

( -

unsigned int canvasiD,
uint8_t startAlpha, ——¢
uint8_t endAlpha, «——
uint8_t delta *—

-------------»

) .50 —+— 150 200 255 .|

-

@ MICROCHIP



CANVAS Animation Effect

* Register a CANVAS Effect Callback function could capture the animation
Start, Run, Done /lIdle status. gfx_canvas_api.h

typedef enum

{

GFXC_FX_IDLE, //Done or idle, no active effects
GFXC_FX_DONE = GFXC_FX_IDLE,

GFXC_FX_START, //Starting effect
GFXC_FX_RUN, //effect in progress

} GFXC_FX_STATUS;

main.c
GFXC_FX_STATUS MoveStatus = GFXC_FX_IDLE;

GFXC_FX_STATUS FadeStatus = GFXC_FX_IDLE;
void CanvasEffectCallback(unsigned int canvasID, GFXC_FX_TYPE effect, GFXC_FX_STATUS status, void * parm)

{
if( canvasID == CANVAS ID_1)
{
if( effect == GFXC_FX_MOVE ) { MoveStatus = status; }
else if( effect == GFXC_FX_FADE ) { FadeStatus = status; }
}
}

void Screen0_OnShow( void )

{..
lelmageToCanvas( CANVAS ID 1, &StartStop_Stop, 149, 256, 255 );

gfxcSetEffectsCallback( CANVAS ID 1, CanvasEffectCallback, 0 ); GFX v3.12.2 : CANVAS Effect Callback is necessary| .
} ﬁ\ MICROCHIP



CANVAS Animation Effect

* Press and hold gsButton to Move Out and Fade out StartStop button.
* Release qsButton to Move In and Fade In StartStop button.

void Screen0_OnShow( void ) { ... }
void Screen0_OnUpdate( void ) { ... }

void event_Screen0_gsButton_OnPressed(leButtonWidget™ btn)

{
RGB_LED B_On();

gfxcStartEffectMove( CANVAS_ID 1, GFXC_FX_MOVE_ACC, 149, 256, 149, -134, 10 );
gfxcStartEffectFade( CANVAS_ID_1, 255,0,5);

}

void event_Screen0_gsButton_OnReleased(leButtonWidget* btn)

{
RGB_LED_B_Off();

gfxcStartEffectMove( CANVAS_ID 1, GFXC_FX_MOVE_DEC, 149, -134, 149, 256, 10 );
gfxcStartEffectFade( CANVAS_ID_1, 0, 255, 5 );

}

void event_ScreenO_startstopButton_OnPressed(leButtonWidget* btn) { ... }

void event_ScreenO_startstopButton_OnReleased(leButtonWidget* btn) { ... }

int main ( void ) @MICHOCHIP



CANVAS Button
* The Start/Stop Button Widget Result after program.
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Microchip Trademarks

Overview

Microchip Technology Incorporated’s products are marketed and sold under one or more of the following trademarks belonging to Microchip or one of Microchip’s subsidiaries. Questions
regarding use of these trademarks should be addressed to the Microchip’s Legal Department via email: legal.department@microchip.com.
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