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32-bit MCU/MPU for Graphics Application
Hardware Overview

MPU w/ integrated LCD 
Controller

MPU

LCD 
Controller

RGB

MCU w/ integrated LCD 
Controller & GPU

MCU

LCD 
Controller

RGB

MCU w/ LCD Controller 
Emulation 

Low-Cost Controller-Less (LCC)

MCU
//

MCU + 
External LCD Controller

MCU
SPI or 

// LCD 
Controller

✓ Suitable for all display sizes
✓ Dedicated Display Controller
✓ Reduced overhead on MCU
✓ Advanced Graphics 

Capabilities
✓Up to 384KB integrated 

display buffer

✓ Displays up to 800 x 480
✓ Requires no LCD Controller
✓ Lowers system cost 
✓ Suitable for highest 

integration and simple 
systems

✓Up to 512KB integrated 
display buffer

✓ Displays up to 800 x 480
✓ Integrated LCD Controller w/ 

2D GPU
✓ Reduced overhead on MCU
✓ Advanced Graphics 

Capabilities
✓Up to 32MB DDR2 Integrated 

for display buffer

✓ Displays up to 1024 x 768
✓ Standard Audio/Video 

formats supported
✓ Camera capabilities
✓ Integrated LCD Controller w/ 

2D HW Acceleration
✓ Linux or RTOS/bare-metal
✓Up to 256MB LPDDR2 

Integrated



32-bit MCU/MPU for Graphics Application
Industry’s Broadest 32-bit Graphics Portfolio
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External LCD Controller Low-Cost Controllerless Integrated LCD Controller

Graphic Features

SAM D, SAM L, SAM C
Cortex-M0+, 45 DMIPS
16KB to 256KB Flash

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

SAM E5x
Cortex-M4F, 150 DMIPS 
256-1024 KB/128-256 KB

PIC32MZ EF FPU
MIPS M, 415 DMIPS 
512-2048KB / 512KB 

SAM S, SAM E, SAM V
Cortex-M7, 600 DMIPS
Highest Performing MCU

PIC32MZ DA
microAptiv, 330 DMIPS 
Graphics + Memory

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

SAMA5D2
Cortex-A5, 800 DMIPS 
NEON Media Processing Engine



32-bit MCU/MPU for Graphics Application
Scalable Support Across Platforms

SAMD21

Cortex-M0+

SAM E54

Cortex-M4

External LCD Controller

PIC32MZ EF 

200MHz MIPs

SAM E70

300MHz CM7

Low-Cost Controllerless

PIC32MZDA 

200MHz MIPs

SAMA5D2

500MHz Cortex-A

SAM9X60

600MHz ARM926

Integrated LCD Controller

MPLAB® Harmony Graphics Suite – Bare-Metal / RTOS
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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
• 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
Scalable Graphics Development Software

• Free! Developed and Supported by Microchip
• MPLAB Harmony Graphics Suite (MHGS)
• Bare-metal and RTOS
• MPLAB X IDE and MPLAB Harmony 
• Software Framework for Microchip MCUs and MPUs

• Ensemble Graphics Toolkit (EGT) - Linux
• 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

MHGS

EGT

Qt Embedded Wizard Crank

http://www.linux4sam.com/


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

Memory Configurator

Widgets Tool Box

Properties Editor

Graphics Asset 
Converter

Screen DesignerDesign Tree View

Screen manager

Designer – GUI composition



Complete Graphics Libraries
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



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
Display Manager

Graphics Library

Hardware Abstraction Layer

Display Controller Driver
Touch
Driver



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



PIC32MZ DA Brief
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PIC32MZ DA Key Features
• Core: 200 MHz/330 DMIPS MIPS32® microAptiv™

• 24-bit parallel interface supports displays up to WVGA (800 × 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

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

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



PIC32MZ DA Block Diagram



PIC32MZ DA Family
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PIC32MZ DA Radial Graphics
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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 

• SAMR30M18A Mi-Wi Module  
• A Cortex M0+ MCU + Sub-GHz Transceiver in a single package

• On-Board Analog and Linear Product Solutions 
• ATA6563 CAN FD Transceiver
• MCP2221 USB to I2C/UART converter IC
• MIC2289 white LED driver IC
• MIC45116, MIC5528 Power Management ICs
• MCP9808 Temperature Sensor IC
• DSC612 MEMS CLK IC

• Optional LCD Modules 
• Radial Display Module from Data Image.

• Industrial grade support
• 3" round display 432*432, 1000 nits , part number : LCF0300633GGU00

• Rectangular Display Module from Promate.
• MCHP maXTouch touch panel
• 4.3" LCD display 480*272, 420 nits , part number: 97P043C1A0F-PM



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 IoT and Cloud Connectivity

• On-board CAN Transceiver for vehicle display 
applications



PIC32MZ DA Radial Graphics Development Board

System Block Diagram – Microchip Direct ver.
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PIC32MZ DA Radial Graphics Development Board

Power Tree Block – Microchip Direct ver.

Extend Header

USB

Target

DC 
Jack

5V 3.3VVin
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PIC32MZ DA Radial Graphics Development Board

Placement (Top) – Microchip Direct ver.

J501 Extension

RGB LED

PIC32MZ2064DAR176

Buttons

J500 Extension

PIC32MZ USB/OTG

SST26VF064
QSPI Flash

RESET Button

PIC32MZ ICSP

Rotary Encoder
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Step-down Regulator 
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Buck Regulator 
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Digital Temp. Sensor
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PIC32MZ DA Radial Graphics Development Board

Placement (Bottom) – Microchip Direct ver.

LCD1 Touch Bus
LCF0300633GGU00 

ATA6563
CAN FD Transceiver

MIC2289
LCD1 Backlight

MCP2221A
PIC32MZ UART2USB

SD Card (SDIO)

MCP79412T
RTCC

PIC32MZ USB CDC

LCD1 Display Bus
LCF0300633GGU00
LCF030063OGN06 



PIC32MZ DA Radial Graphics Development Board

ICSP Adapter Board



PIC32MZ DA Radial Graphics Development Board

Debugger Connection



PIC32MZ DA Radial Graphics Development Board

Debugger Connection



Demo Applications



PIC32MZ DA Radial Graphics Development Board

Quick Start Project and Templets

MPLAB Harmony Configurator (MHC)

Board Support Package

LCD Module Template
Quick Start Demo Project



RPM Gauge Screen

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

Splash Screen



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 

Splash Screen Main Menu Screen



PIC32MZ DA Radial Graphics Development Board

Lock/Unlock Screen with Motion Gestures* Advanced Gesture Recognition

Touch and Hold Microchip Logo 
for 2 seconds to Lock the Screen

Draw ‘S’ on the 
screen to unlock

S

Detected Gesture is shown

* Usage outside this demo requires a Software License Agreement 
with Motion Gestures (www.motiongestures.com)

http://www.motiongestures.com/


PIC32MZ DA Radial Graphics Development Board

Demo Video



Software Preparation
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Software Preparation
• MPLAB® X IDE v6.0 https://www.microchip.com/mplab/mplab-x-ide

• MPLAB® XC32 v4.10 https://www.microchip.com/mplab/compilers

• MPLAB® Harmony 3 Launcher v3.6.4 (From X IDE plugin)

• MPLAB® Harmony Framework (From X IDE Harmony 3 Content Manager)

• bsp v3.15.0

• core v3.11.1

• csp v3.15.0

• mhc v3.8.5

• dev_packs v3.15.1

• usb v3.10.0

• gfx v3.12.2

• PIC32MZ-DA_DFP v1.4.118 (Device Firmware Pack) (From X IDE \Tools\Packs)

(Lasted Update : 2023/02/13)

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


Design Reference
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Harmony Graphic Design 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-p2ag5xsIIHhja-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

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 Design 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

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
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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.

• Primitive:
• 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. 



Graphics Basics 
• Font:

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

Arial-bold     新細明體

Courier New 標楷體
Time New Roman 微軟正黑體

• Glyph:
• A pixel representation of an individual character in a given typeface.

The Glyph types of character ‘A’ and Chinese ‘龘’ [tà]

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

龘(新細明體 36pt) 龘(標楷體 36pt) 龘(正黑體 36pt)

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



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.

• 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. 
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• 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.

• 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.

Graphics Basics 

QVGA VGA WVGA SVGA XGA WXGA SXGA HD Full HD 2K 4K

Width 320 640 800 800 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



• Alpha Blending:
• A graphical technique which blends pixels of overlapping widgets together instead of overwriting one 

with another. Alpha blending ranges from fully transparent to fully visible (blocking all beneath).

• 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). 

Graphics Basics 

50% 40% 30% 20% 10% 50% 40% 30% 20% 10%

Y Y Y Y Cb Cb Cr Cr

R R R R R G G G G G G B B B B B

R R R R R R R R G G G G G G G G B B B B B B B B

R R R R R R R R G G G G G G G G B B B B B B B B A A A A A A A A

Alpha Blending %

RGB 565 (16 bpp, R: 5 bits, G: 6 bits, B: 5 bits)

YCbCr 422 (8 bpp, Y: 4 bits, Cb: 2 bits, Cr: 2 bits)

RGB 888 (24 bpp, R: 8 bits, G: 8 bits, B: 8 bits)

RGBA 8888 (32 bpp, R/G/B: 8 bits, Alpha: 8 bits)



• 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.

• Graphics Controller:
• 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.

Graphics Basics 

Memory

Frame Buffer Display

Graphics
Controller

LCDC
Frame
Buffer

Graphics
Processor

LCDC 2D/3D Graphics
Engine

Frame
Buffer



• 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 x 432 x 32) / 8 = 746,496 bytes (729 KB)

Stored full frames : 32MB / 729KB = 44 Full Frames

Graphics Basics 

DDR2 SDRAM Memory (32MBytes)

……..

1 2 43 44

0xA8000000 0xA80B6400 0xA9DE6800 0xA9E9CC00 0xA9F53000 0xAA000000



MPLAB® Harmony Graphics Suite 
and Legato Graphic Library
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MPLAB Harmony Graphics Suite
• MPLAB® Harmony Graphics Suite is free to design with and use 

with our 32-bit microcontrollers.



Front Frame 
Buffer

Back Frame 
Buffer

Frame 
Buffer
Frame 
Buffer
Frame 
Buffer

Frame

• Screen tearing can be eliminated by using two frame buffers.
This scheme doubles the memory requirement.

Double Buffering

GFX 
Library

Display Display

Front Frame 
Buffer

Back Frame 
Buffer

GFX 
Library



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 Front Frame Buffer

Back Frame Buffer

Display

GFX Library Front Frame Buffer

Micro
Back Buffer

Display

Scratch 
Buffer

fast bulk transfer 

fast bulk transfer 



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

Harmony PLIB, Driver and System Service



Display Manager
• This course will not involve it, we will use RGDB template.



Touch Driver and Input System Service
• This course will not involve it, we will use RGDB template.



A New Harmony Project
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A New Harmony Project
• Create a new 32 bits Harmony Project for PIC32MZ-DA

OR



A New Harmony Project
• Categories : Microchip Embedded

• Projects : 32-bit MPLAB Harmony 3 Project



A New Harmony Project
• Given the directory path of your Harmony 3 Framework.

• You should download Harmony 3 Framework individually.

You could download Harmony 3 Framework by Content Manager



A New Harmony Project
• Given the Project Folder Location.

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

C:\Exercises_PIC3001GFX\Lab0_First_Project

Lab0_First_Project

Lab0_First_Project

\Lab0_First_Project\firmware\ \Lab0_First_Project.X

Folder name will be the Project Name



A New Harmony Project
• Device Filter : PIC32MZ2064DAS176

• Please do not miss any character of your part number.

Type in correct part number



A New Harmony Project
• Select Harmony Configurator window management mode,

if it’s your first time to entering Harmony after the install.

Type in correct part number



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

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



A New Harmony Project
• MPLAB Harmony Configurator (MHC) in Native Window Mode

v6.00 - Lab0_First_Project : default



A New Harmony Project
• Try Generate Code for a new Harmony Project.

v6.00 - Lab0_First_Project : default



A New Harmony Project
• Setup Project Properties for programming tool and compiler.

Either One

Right click

Double check the part number

v6.00 - Lab0_First_Project : default



A New Harmony Project
• Try program to make sure the connection and check result.

v6.00 - Lab0_First_Project : default



Board Support Packages (BSP)
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Board Support Packages (BSP)
• Find PIC32MZ DA Radial Board BSP in Available Components.

Double Click

PIC32MZ DA Radial Board BSP

v6.00 - Lab1_BSP_Templete_Legato



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

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template 
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Development Board Template
• Find Legato Graphic w/ LCF0300633GGU00 Display Template.

Double Click

Legato Graphic w/ LCF0300633GGU00 Display

Note that !!!
It will spend a while to add components, 

make activation and connected

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to auto-activation all the requested components.

v6.00 - Lab1_BSP_Templete_Legato



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

Click [No] !!!

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to deactivate components. (Not thing will be deactivated for a new Project)

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to auto-activation all the requested components.

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to auto-activation USB Device Layer (usb_device)

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to auto-activation USB HS Driver (drv_usbhs_v1)

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to auto-activation System Service TIME (sys_time)

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Please wait a while here (10 to 30 seconds).

Please wait a while and don’t to interrupt or click any thing.

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Click on [Yes] to automatic connection all the components.

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template
• Double Click on [Project Graph] tab to enlarge the window.

Double Click

v6.00 - Lab1_BSP_Templete_Legato



Development Board Template



Legato Graphic Composer

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



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

Click

v6.00 - Lab1_BSP_Templete_Legato



Legato Graphic Composer
• If 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

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


Legato Graphic Composer
• Create a new project using the new project wizard.

Click



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

432

432



Legato Graphic Composer
• Color Mode select to RGBA_8888

RGBA_8888



Legato Graphic Composer
• Memory Profile select to MZDA WVGA

MZDA WVGA



Legato Graphic Composer
• Start with a basic quick start project template.

Check



Legato Graphic Composer
• Finish a new Legato Graphic Composer project.

Click



Legato Graphic Composer
• Legato Graphic Composer GUI.

Screen Designer

Console

Tool Box Pane

Object and Scheme Editor Pane

Main menu bar

Toolbar Icons

Screen Tree Pane

Screen and Scheme Pane



Legato Graphic Composer
• Legato Graphic Composer GUI.

Main menu bar



Legato Graphic Composer
• Legato Graphic Composer GUI.

Toolbar Icons

Create New Design

Open Exist Design

Save Design

Generate Code



Legato Graphic Composer
• Legato Graphic Composer GUI.

Screen Tree Pane

New Layer

Delete selected Layer or Object

Move selected object Down

Move selected object to Top

Move selected object to Bottom

Move selected object Up

Activate selected Layer



Legato Graphic Composer
• Legato Graphic Composer GUI.

Screen and Scheme Pane

Reset Scheme

Delete All Schemes

Create New Scheme

Delete Scheme

Edit Scheme

Set Default Scheme

New Screen

Delete All

Set Screen as Primary

Set Screen Active

Duplicate Screen

Delete Screen



Legato Graphic Composer
• Legato Graphic Composer GUI.

Tool Box Pane



Legato Graphic Composer
• Legato Graphic Composer GUI.

Tool Box Pane



Legato Graphic Composer
• Legato Graphic Composer GUI.



• Legato Graphic Composer GUI.

Legato Graphic Composer



• Legato Graphic Composer GUI.

Legato Graphic Composer



Legato Graphic Composer
• Legato Graphic Composer GUI.

Object and Scheme Editor Pane



Legato Graphic Composer
• Legato Graphic Composer GUI.

Screen :
Basic Screen control.

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



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:
Widget event callback generation.

Editor Options:
Composer editor options.



Legato Graphic Composer
• Legato Graphic Composer GUI.



Legato Graphic Composer
• Generate Graphic Composer Design code to current project.

Click



Legato Graphic Composer
• Save Graphic Composer Design to [Config Name]_design.zip

Ex. default_design.zip

Click

default_design.zip



Legato Graphic Composer
• Return to Harmony and Generate Code for Template Project.

v6.00 - Lab1_BSP_Templete_LegatoPlease remember this step and will never remind again later



Legato Graphic Composer
• Try program to make sure the connection and check result.

v6.00 - Lab1_BSP_Templete_LegatoPlease remember this step and will never remind again later



Legato Graphic Composer
• The Template Result after program.



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

Click

v6.00 - Lab1_BSP_Templete_Legato

Please remember this step and will never remind again later



Legato Graphic Composer
• Return to Legato Graphic Composer.



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

Click
Click

Double Click

default_design.zip



Schemes

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



Schemes
• Click on widget could set its “Scheme” in Object Editor.

Click

Click



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

Click



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

Click



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

Click

Click



Schemes
• Click on color in Scheme Editor could show the Color Editor.

Click



Schemes
• Manage Schemes for your Graphic Design.

Reset Scheme

Delete All Schemes

Create New Scheme

Delete Scheme

Edit Scheme

Set Default Scheme

Click



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

https://github.com/mchpgfx/legato.docs/wiki/Draw-Acceleration-for-Anti-Aliased-Text

Alpha Blending

Look-up Table (Color Palette)✓

https://github.com/mchpgfx/legato.docs/wiki/Draw-Acceleration-for-Anti-Aliased-Text


Schemes
• Try build a colorful gradient List Wheel widget.

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



Event Handling

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



Event Handling



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.

Event Manager



Event Handling
• Screen Events Callbacks
• [Screen Name]_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 : Screen0_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 : Screen0_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.



Event Handling
• Widget Events Callbacks
• Naming rule :

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

• Examples :
• Button:

void event_Screen0_ButtonWidget0_OnPressed(leButtonWidget* 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)



Event Handling
• Widget Events Callbacks (cont.)
• 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_Screen0_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)



Event Handling
• Where and when to register and execute the event callbacks ?

\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_[Screen Name].c

leResult screenShow_[Screen Name](void)
{   ...

...

return LE_SUCCESS;
}

[Screen Name]_[WidgetName]->fn->set[Action]EventCallback( [Screen Name]_[WidgetName], [Widget Event Callback] );

[Screen Name]_OnShow();

leResult screenUpdate_[Screen Name](void)
{   ...

}
[Screen Name]_OnUpdate();

leResult screenHide_[Screen Name](void)
{

...
}

[Screen Name]_OnHide();

Example : le_gen_screen_Screen0.c

leResult screenShow_Screen0(void)
{   ...

Screen0_qsButton->fn->setPressedEventCallback( Screen0_qsButton, event_Screen0_qsButton_OnPressed );
...
Screen0_OnShow();
return LE_SUCCESS;

}

leResult screenUpdate_Screen0(void)
{   ...

Screen0_OnUpdate();
}

leResult screenHide_Screen0(void)
{   ...

Screen0_OnHide();
}



Event Handling
• Where the Callback functions prototype and widgets extern ?

\firmware\src\config\default\gfx\legato\generated\screen\le_gen_screen_[Screen Name].h

…
#include "gfx/legato/legato.h"

#include "gfx/legato/generated/le_gen_scheme.h"
#include "gfx/legato/generated/le_gen_assets.h"

// screen member widget declarations

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

…
// Screen Events:

extern <leWidgetType>* [Screen Name]_[WidgetName];

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

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

[Widget Event Callback]

Example : le_gen_screen_Screen0.h

extern leButtonWidget* Screen0_qsButton;

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn);

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

[Widget Event Callback]



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.



Event Handling
• Event Filters - Event ID (legato_event.h)

typedef enum leEventID
{

// internal events
LE_EVENT_NONE, /**< No event found. */
LE_EVENT_TOUCH_DOWN, /**< Touch down event. */
LE_EVENT_TOUCH_UP, /**< Touch up event. */
LE_EVENT_TOUCH_MOVE, /**< Touch move event. */
LE_EVENT_LANGUAGE_CHANGED, /**< Language changed. */

// widget events
LE_WIDGET_EVENT_PAINT = 100, /**< Paint event. */
LE_WIDGET_EVENT_MOVED, /**< Moved event. */
LE_WIDGET_EVENT_RESIZED, /**< Resized event. */
LE_WIDGET_EVENT_FOCUS_GAINED, /**< Focus gained event. */
LE_WIDGET_EVENT_FOCUS_LOST, /**< Focus lost event. */

} leEventID;



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;  

} 

void Screen0_OnShow(void)
{

app_WidgetEventFilter.filterEvent = ListWheel_filterEvent;
app_WidgetEventFilter.data = NULL;
Screen0_ListWheelWidget0->fn->installEventFilter( Screen0_ListWheelWidget0, app_WidgetEventFilter );   

}

Must return LE_FALSE



Button Widget Event
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Button Widget Event
• Return to Legato Graphic Composer.



Button Widget Event
• Click on               Button Widget, the Object Editor window will 

show the configuration of widget.

Click



Button Widget Event
• Enable Pressed and Released Events of Button widget.

Check Enable



Button Widget Event
• To check all screens and widgets events in “Event Manager”.

Event Manager



Button Widget Event
• Generate Design Code and Save it to MyProject.zip

• Please remember this step and will never remind again later.

Click Click



Button Widget Event
• Return to Harmony and Generate Code.

• Please remember this step and will never remind again later.
v6.00 - Lab2_Button_Widget_Event_Boundary_Circle



Button Widget Event
• What’s different between before and after we changed widget ?

leResult screenShow_Screen0(void)
{

...

root0->fn->addChild(root0, (leWidget*)Screen0_qsButton);
leAddRootWidget(root0, 0);
leSetLayerColorMode(0, LE_COLOR_MODE_RGBA_8888);

showing = LE_TRUE;

return LE_SUCCESS;
}

Screen0_qsButton = leButtonWidget_New();
Screen0_qsButton->fn->setPosition(Screen0_qsButton, 256, 142);
Screen0_qsButton->fn->setSize(Screen0_qsButton, 160, 74);
Screen0_qsButton->fn->setBackgroundType(Screen0_qsButton, LE_WIDGET_BACKGROUND_NONE);
Screen0_qsButton->fn->setBorderType(Screen0_qsButton, LE_WIDGET_BORDER_NONE);
Screen0_qsButton->fn->setPressedImage(Screen0_qsButton, (leImage*)&QuickstartDown_WQVGA);
Screen0_qsButton->fn->setReleasedImage(Screen0_qsButton, (leImage*)&QuickstartUp_WQVGA);
Screen0_qsButton->fn->setPressedEventCallback(Screen0_qsButton, event_Screen0_qsButton_OnPressed);
Screen0_qsButton->fn->setReleasedEventCallback(Screen0_qsButton, event_Screen0_qsButton_OnReleased);

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

qsButton Widget
Event Callback function registered



Button Widget Event
• What’s different between before and after we changed widget ?

...
// screen member widget declarations
extern leWidget* Screen0_BackgroundPanel;
extern leImageWidget* Screen0_mchpLogo;
extern leImageWidget* Screen0_mhgsLogo;
extern leLabelWidget* Screen0_fastLabel;
extern leLabelWidget* Screen0_easyLabel;
extern leLabelWidget* Screen0_smartLabel;

// screen lifecycle functions
// DO NOT CALL THESE DIRECTLY
leResult screenInit_Screen0(void); // called when Legato is initialized
leResult screenShow_Screen0(void); // called when screen is shown
void screenHide_Screen0(void); // called when screen is hidden
void screenDestroy_Screen0(void); // called when Legato is destroyed

extern leButtonWidget* Screen0_qsButton;

// event handlers
// !!THESE MUST BE IMPLEMENTED IN THE APPLICATION CODE!!
void event_Screen0_qsButton_OnPressed(leButtonWidget* btn);
void event_Screen0_qsButton_OnReleased(leButtonWidget* btn);

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

qsButton Widget

Callback function of Button pressed

Callback function of Button released



Button Widget Event
• Implement Button Widget Event Callback Function.

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

int main ( void )
{

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

while ( true )
{

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

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn)
{

RGB_LED_B_On();
}

void event_Screen0_qsButton_OnReleased(leButtonWidget* btn)
{

RGB_LED_B_Off();
}

\firmware\src\main.c

Button pressed, LED On

Button released, LED Off

Callback function of Button pressed

Callback function of Button released



Button Widget Event
• The Button Widget Result after program.

Button pressed, LED On

Button released, LED Off



Boundary Circle Widget
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Boundary Circle Widget
• Add a Circle Widget to indicate the display boundary.

Click

Move and Click to Place it



Boundary Circle Widget
• Configure Circle Widget as below.
• Name : boundaryCircle

• Position X : 0

• Position Y : 0

• Size Width : 432

• Size Height : 432

• Enable : Modify later

• Visible : Modify later

• Radius : 216



Boundary Circle Widget
• Circle Widget after configured.



Boundary Circle Widget
• Drag and Drop Circle Widget under the BackgroundPanel.

Drag and Drop

Move Circle Under BackgroundPanel



Boundary Circle Widget
• Set Circle to Disable and Invisible
• Name : boundaryCircle

• Position X : 0

• Position Y : 0

• Size Width : 432

• Size Height : 432

• Enable : Disable

• Visible : Disable

• Radius : 216

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



Boundary Circle Widget
• Given the position (X, Y) to relocated all widgets as below

and all Label Text Alignment Horizontal to Center.

(74, 17) (245, 81)

(309, 170)(43, 170)

(181, 170)

(156, 394)

Click



Boundary Circle Widget
• Boundary circle will show in composer but not output on screen.



Graphics Assets
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Code Generator

Graphics Composer Suite

Graphics Assets Converter (GAC)

Graphics Assets Converter (GAC)

Assets Manager

Strings Table Fonts Data Images Data

Source Code

Strings Fonts Images



Image Assets Manager

PIC32MZ DA Radial Graphics Development Board and
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Code Generator

Graphics Composer Suite

Image Assets Converter

Image Assets Manager

Image Assets Manager

PNG Data
(Compressed)

Source Code

Images

JPG Data
(Compressed)

RAW RLE
(Compressed)

RAW Data
(Uncompressed)



Create Your Design
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START

STOP

ENGINE

START

STOP

ENGINE

Create Your Design
• Create four Start/Stop images for button animation.

START

STOP

ENGINE

START

STOP

ENGINE

START

STOP

ENGINE

START

STOP

ENGINE

StartStop_Stop StartStop_StopPressed StartStop_Start StartStop_StartPressed

Animation

START

STOP

ENGINE

START

STOP

ENGINE

START

STOP

ENGINE



START

STOP

ENGINE

START

STOP

ENGINE

Create Your Design
• Use PowerPoint        to create your fantasy design.

START

STOP

ENGINE



Generate Transparent Background Image
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Generate Transparent Background Image
PNG - Transparent Background Images

• Use PowerPoint       to save your design to PNG images.

START

STOP

ENGINE

Right Click

Click Save

Select PNG format

Click Save As



• Use GIMP         to generate transparent background PNG images.

Generate Transparent Background Image
PNG - Transparent Background Images

Click On the color 
your want set to transparent

Delete selected region
to transparent background

delete

Adjust the threshold

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

Export As PNG



Generate Transparent Background Image
PNG - Transparent Background Images

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

PNG images PNG images

Output Format : RGB

RGB



Generate Transparent Background Image
Color Mask - Transparent Background Images

• Use MHGS        and set Color Mask Mode as “Color Value” to pick-up a 
color for background transparent in Image Manager.

Click

BMP images

Pick Color



Generate Transparent Background Image
Color Mask - Transparent Background Images

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

BMP images BMP images

Color Mode : RGBA_8888

RGBA_8888



Generate Transparent Background Image
Color Mask - Transparent Background Images

• Trick of Color Mask for transparent background.

START

STOP

ENGINE

#FEFEFE , RGB = (254,254,254)
#FFFFFF , RGB = (255,255,255)

START

STOP

ENGINE

#FF0000 , RGB = (255,    0,    0)

Make sure the Color Mask is 
unique color in Image



Generate Transparent Background Image
Color Mask - Transparent Background Images

• Trick of Color Mask for transparent background.

START

STOP

ENGINE

START

STOP

ENGINE
Design Image on same color 

background to get anti-aliased 
Image outline boundary
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Custom Button Widget
• Add Custom Button Images through the Asset “Image Manager”.

Click



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

Shift + Click Shift + Click Shift + Click Shift + Click

Find Images in Resource Folder
We prebuild and to provided

Click



Custom Button Widget
• Imported image in “Image Manager”.



Custom Button Widget
• Select Output Format to “RGB” for four new PNG images.

Output Format : RGB



Custom Button Widget
• Click [Button] of Input Widgets window to add a button widget.

Click

Move and click to Place it



Custom Button Widget
• The new Button [ButtonWidgert0] and its configuration.

Click



Custom Button Widget
• Let’s do some modify of Widget.
• Name : startstopButton

• Position X, Y : 149, 256

• Size Width, Height : 134, 134

• Background : None

• Border : None

• Pressed Image : StartStop_StopPressed

• Released Image :StartStop_Stop

• Press Offset : 0

• Event Pressed : Enable

• Event Released : Enable

Button Image added
in Image Assets Manager



Custom Button Widget
• Button Widget after configured.



Custom Button Widget
• Widget Type Structure :

typedef struct <leWidgetType>

{

leWidget widget;                             // widget base class 

const leImageWidgetVTable* 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:

Pointer of Struct

Pointer of Function

Structure

Screen0_startstopButton->widget.rect.x = 100;
Screen0_startstopButton->fn->setX(Screen0_ startstopButton, 100 );
Screen0_startstopButton->fn-> toggleable = LE_TRUE;



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

int main ( void )
{

…

Screen0_startstopButton->fn->

while ( true )
{

/* Maintain state machines of all polled MPLAB Harmony modules. */
SYS_Tasks ( );

}

/* Execution should not come here during normal operation */

return ( EXIT_FAILURE );
}

>ㄡ
. 舟

shift



Custom Button Widget
• Generate Code and Implement Start/Stop Button Event Callback.

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, (leImage*)&StartStop_StopPressed);

}

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)
{

StartStop = !StartStop;
if( StartStop )
{

Screen0_startstopButton->fn->setReleasedImage(Screen0_startstopButton, (leImage*)&StartStop_Start);
RGB_LED_R_On();    RGB_LED_G_On();

}
else
{

Screen0_startstopButton->fn->setReleasedImage(Screen0_startstopButton, (leImage*)&StartStop_Stop);
RGB_LED_R_Off();    RGB_LED_G_Off();

}
}

\firmware\src\main.c

Start/Stop Flag Toggled

Callback function of Button pressed

Callback function of Button released

Apply Stop Released Image
and Turned LED Off

Apply Start Released Image
and Turned LED On

Apply Start Pressed Image

Apply Stop Pressed Image

Start/Stop Flag



Custom Button Widget
• The Start/Stop Button Widget Result after program.

Started, LED On

Stoped, LED Off



Custom Button Widget
Discuss

• To enable Toggleable feature of Button.

Enable Toggleable



Custom Button Widget
Discuss

• Use Check Box widgets as Button.

✓



Custom Button Widget
Discuss

volatile bool StartStop = false;
void event_Screen0_ButtonWidgetToggleable_OnPressed(leButtonWidget* btn)
{

if( StartStop )
Screen0_ButtonWidgetToggleable->fn->setPressedImage(Screen0_ButtonWidgetToggleable, (leImage*)&StartStop_StartPressed);

else
Screen0_ButtonWidgetToggleable->fn->setPressedImage(Screen0_ButtonWidgetToggleable, (leImage*)&StartStop_StopPressed);

}

void event_Screen0_ButtonWidgetToggleable_OnReleased(leButtonWidget* btn)
{

StartStop = !StartStop;

if( StartStop )
{

Screen0_ButtonWidgetToggleable->fn->setReleasedImage(Screen0_ButtonWidgetToggleable, (leImage*)&StartStop_Start);
RGB_LED_R_On(); RGB_LED_G_On();

}
else
{

Screen0_ButtonWidgetToggleable->fn->setReleasedImage(Screen0_ButtonWidgetToggleable, (leImage*)&StartStop_Stop);
RGB_LED_R_Off(); RGB_LED_G_Off();

}
}

\firmware\src\main.c



Custom Button Widget
Discuss

void event_Screen0_CheckBoxWidgetEasy1_OnChecked(leCheckBoxWidget* btn)        {    RGB_LED_R_On();    }
void event_Screen0_CheckBoxWidgetEasy1_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();    }

void event_Screen0_CheckBoxWidgetGraphic1_OnChecked(leCheckBoxWidget* btn)
{    Screen0_CheckBoxWidgetGraphic1->fn->setString(Screen0_CheckBoxWidgetGraphic1, (leString*)&string_Fast);    }

void event_Screen0_CheckBoxWidgetGraphic1_OnUnchecked(leCheckBoxWidget* btn)
{    Screen0_CheckBoxWidgetGraphic1->fn->setString(Screen0_CheckBoxWidgetGraphic1, (leString*)&string_Smart);    }

void event_Screen0_CheckBoxWidgetGraphic2_OnChecked(leCheckBoxWidget* btn)
{ Screen0_CheckBoxWidgetGraphic2->fn->setString(Screen0_CheckBoxWidgetGraphic2, (leString*)&string_Fast);    }

void event_Screen0_CheckBoxWidgetGraphic2_OnUnchecked(leCheckBoxWidget* btn)
{    Screen0_CheckBoxWidgetGraphic2->fn->setString(Screen0_CheckBoxWidgetGraphic2, (leString*)&string_Smart);    }

void event_Screen0_CheckBoxWidgetButton_OnChecked(leCheckBoxWidget* btn)
{    RGB_LED_R_On();   RGB_LED_G_On();    }

void event_Screen0_CheckBoxWidgetButton_OnUnchecked(leCheckBoxWidget* btn)
{    RGB_LED_R_Off();   RGB_LED_G_Off();    }

int main ( void ) { … }

\firmware\src\main.c

Check Box Graphic 1
Checked : Fast

Unchecked : Smart

Check Box Easy1 to control Red LED

Check Box Easy2  to toggle Blue LED

Check Box Graphic 2
Checked : Fast

Unchecked : Smart

Start-Stop Button
Start : Yellow LED On
Stop : Yellow LED Off



Custom Button Widget
Discuss



Deducing Image Storage Space
with Optimum Color Palette

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



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

Deducing Image Storage Space with Optimum Color Palette

https://github.com/mchpgfx/legato.docs/wiki/How-to-Add-Image-with-Image-Palette
GIMP - GNU Image Manipulation Program https://www.gimp.org

Image

Mode

Indexed

Generate optimum palette

Maximum 256 colors

Convert



• Export BMP with Color Look-Up Table (CLUT) in GIMP          .

Deducing Image Storage Space with Optimum Color Palette

Export As

Save and rename to new _CLUT BMP file

Export

Export

Unchecked

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



• Import CLUT Bitmap Images in MHGS        .

Deducing Image Storage Space with Optimum Color Palette

Import CLUT Bitmap Files

Separate Into Palette and Color Map



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

Deducing Image Storage Space with Optimum Color Palette

Optimum 256 colors palette



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

CLUT BMP images

Pick Color



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

Deducing Image Storage Space with Optimum Color Palette

Normal BMP images
813,528 Bytes

CLUT BMP images
673,192 Bytes

PNG to RGB images
885,352 Bytes



Font and String Assets Manager

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



Code Generator

Graphics Composer Suite

Graphics Assets Converter (GAC)

Graphics Assets Converter (GAC)

Assets Manager

Strings Table Fonts Data Images Data

Source Code

Strings Fonts Images



Code Generator

Graphics Composer Suite

Graphics Assets Converter (GAC)

Font and String Assets Manager

Assets Manager

Strings Table Fonts Data

Source Code

Strings
Microchip Technology

Fonts

Font Assets Converter

Glyph Filter
String Assets Converter

"Microchip Technology" c , e , g , h , i , l ,

n , o, p, r, y, M, T,

unique glyphs font bitmap
to be generated

String depend to different 
character encode 



Font Assets Manager
• Download free Chinese fonts from Google Fonts.

Click Download

https://fonts.google.com

https://fonts.google.com/


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

Click



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

Manager”.

Click

Find Font in Resource Folder
We to provided

Click



Font Assets Manager
• Rename to NotoSansTC_Blod, Size to 26 and Enable Antialiased.

New Font

Anti-aliased Disable Anti-aliased Enable



String Assets Manager
with Multi-Lingual Label

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



String Assets Manager with Multi-Lingual Label
• The string table stores associations of Strings, Language indices, and Font 

assets. Accepts characters in ASCII, UTF8 and UTF16 encoding.



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

Click



String Assets Manager with Multi-Lingual Label
• Add new Language “Chinese” with “UTF-8” Encoding Mode.

Click to add language

Click

New Language of String

Rename to Chinese

Encode UTF-8

Click

Close



String Assets Manager with Multi-Lingual Label
• Edit Chinese String and given Chinese Font in String Manager.

Value : 簡易 as Easy. 
Value : 迅捷 as Fast.
Value : 智慧 as Smart.
Font   : NotoSansTC_Bold



String Assets Manager with Multi-Lingual Label
• Preview multi-language Label string.

Click

Language Preview



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

…
volatile bool StartStop = false;

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn) { … }
void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn) { … }

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn)
{

RGB_LED_B_On();
}

void event_Screen0_qsButton_OnReleased(leButtonWidget* btn)
{

RGB_LED_B_Off();

}

int main ( void ) { … }

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

\firmware\src\main.c

Language Change looped

volatile uint32_t Language = language_Default;

Callback function of Button released

Initial Language ID to Language_Default



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



String Table Maintenance

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



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

Click

Save to CSV file format

Save



String Table Maintenance
• Check “CSV” file in Notepad, the data fields separated in comma(,).



• Import CSV file using MS-EXCEL.

String Table Maintenance

Import from TXT/CSV

Import

Click



String Table Maintenance
• Encoding is Unicode (UTF-8) and separated by comma(,).

Import

UTF8 encoding Separated by comma



String Table Maintenance
• You could save it as Excel format and deliver your translation agency.



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.

Delete this row
from exported CSV

Save



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

Click

Import modified CSV 

open



String Table Maintenance
• Currency convert example with multi-lingual strings.



Label Widget with Dynamic Text

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



Code Generator

Graphics Composer Suite

Graphics Assets Converter (GAC)

Label Widget with Dynamic Text

Assets Manager

Strings Table Fonts Data

Source Code

Strings
Microchip Technology

Fonts
Time News Roman 24pt

Font Assets Converter

Glyph Filter
Glyph Range
Index 32 ~ 64

Glyph Range
Index 65 ~ 122

String Assets Converter

"Microchip Technology" c , e , g , h , i , l ,

n, o, p, r, y, M, T,

unique glyphs font bitmap
to be generated

String depend to different 
character encode 

Fonts
Consolas 12pt

Range Fonts Data

Fonts
Arial 10pt

Range Fonts Data
!, ", #, $, %, &, ’, (, ), 
*, +, ,, -, ., /, 0, 1, 2, 
3, 4, 5, 6, 7, 8, 9, :, ;, 
<, =, >, ?, @, c, e, g, h,
i, l, n, o, p, r, y, M, T

everything within the specified range 
of glyphs font bitmap will all generate

A, B, C, D, E, F, G, H, I, J, K, L, M,
N, O, P, Q, R, S, T, U, V, W, X, Y, Z,
[, \, ], ^, _, a, b, c, d, e, f, g, h, i, j, k, 
l, m, n, o, p, q, r, s, t, u, v, w, x, y, z



Label Widget with Dynamic Text
• Open Font Asset Manage.

Click



Label Widget with Dynamic Text
• Check the Glyph range index from ASCII code index 32 to 126.

32 42 52 62 72 82 92 102 112 122
[SPACE] * 4 > H R \ f p z

! + 5 ? I S ] g q {
“ , 6 @ J T ^ h r |
# - 7 A K U _ i s }
$ . 8 B L V ` j t ~
% / 9 C M W a k u [DEL]
& 0 : D N X b l v
‘ 1 ; E O Y c m w
( 2 < F P Z d n x
) 3 = G Q [ e o y



Label Widget with Dynamic Text
• Add new Label Text through the Asset “String Manager”.

Click



Label Widget with Dynamic Text
• Click icon         to add three new strings and configure as below.

String Name    Value Font
FastVal 00000  NotoSans_Regular

00000  NotoSansTC_Blod
EasyVal 11111  NotoSans_Regular

11111  NotoSansTC_Blod
SmartVal 22222  NotoSans_Regular

22222  NotoSansTC_Blod

Click



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

Click

Move and Place it



Label Widget with Dynamic Text
• After added three new Label widgets.



Label Widget with Dynamic Text
• Config Label Widget (for FastVal string) as below.

Click

23

213

100

40

None

Line

Center

FastVal

fastValLabel



Label Widget with Dynamic Text
• Config Label Widgets (for EasyVal and SmartVal string) as below.

309

213

100

40

None

Line

Center

SmartVal

smartValLabel

166

213

100

40

None

Line

Center

EasyVal

easyValLabel



Label Widget with Dynamic Text
• After configure three new Label widgets.



Label Widget with Dynamic Text
• Generate Code and Implement Dynamic Text on Label widget.

#include <stddef.h>
#include <stdbool.h>
#include <stdlib.h>
#include "definitions.h"

volatile bool StartStop = false;
volatile uint32_t Language = language_Default;

char cCharBuffer[8];
leChar fastLegatoCharBuffer[8]  = {0};
leChar easyLegatoCharBuffer[8]  = {0};
leChar smartLegatoCharBuffer[8] = {0};
leFixedString fastValString;
leFixedString easyValString;
leFixedString smartValString;

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, (leImage*)&StartStop_StopPressed);

}
...

\firmware\src\main.c

Legato Char buffer

Legato string object

C character buffer

typedef struct leFixedString
{

leString base; /**< base data */
const leFixedStringVTable* fn; /**< function table */
leChar*     data; /**< data storage */
uint16_t    capacity; /**< string capacity */
uint16_t    length; /**< string length */
const leFont*  font; /**< string font */

} leFixedString;



Label Widget with Dynamic Text
• Dynamic Strings and Font initialization depend to Language.

...
void DynamicStringInitFont( leFixedString* String, uint32_t StringFontID )
{

String->fn->setFont( String, leStringTable_GetStringFont(leGetStringTable(), StringFontID, Language) );
}

void DynamicStringInit( leChar* leBuffer, uint32_t size, leFixedString* String, uint32_t StringFontID )
{

leFixedString_Constructor( String, leBuffer, size );

DynamicStringInitFont( String, StringFontID );                      
}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn) { … }
…

int main ( void )
{

SYS_Initialize ( NULL );

DynamicStringInit( fastLegatoCharBuffer,    sizeof(fastLegatoCharBuffer),    &fastValString,    stringID_FastVal );
DynamicStringInit( easyLegatoCharBuffer,   sizeof(easyLegatoCharBuffer),    &easyValString,   stringID_EasyVal );
DynamicStringInit( smartLegatoCharBuffer, sizeof(smartLegatoCharBuffer), &smartValString, stringID_SmartVal );
...

\firmware\src\main.c

Create and initialize a Legato String object
Assign a String Font to the Legato String 

Dynamic String Initial

Dynamic String Initial

Dynamic Language ID (Toggle by qsButton)

Dynamic String Font Initial

Call Font Initial



Label Widget with Dynamic Text
• Dynamic Strings update by given Text String buffer.

void DymaticStringInit( leChar* leBuffer, uint32_t size, leFixedString* String, uint32_t StringFontID ) {    …    }

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

String->fn->setFromCStr( String, cBuffer );    
Label->fn->setString( Label, (leString*)String );

}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn) { … }

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)
{   

…
if( StartStop )
{   …

sprintf( cCharBuffer, "Name" );
DymaticStringUpdate( cCharBuffer, &smartValString, Screen0_smartValLabel );

}
else
{   …

sprintf( cCharBuffer, "Pause" );
DymaticStringUpdate( cCharBuffer, &smartValString, Screen0_smartValLabel );

}
}

\firmware\src\main.c

Show “Name” on SmartVal Label
while Start/Stop button enable

Convert the C character string to Legato String
Set Legato String to target Label widget

Dynamic String Update

Show “Pause” on SmartVal Label
while Start/Stop button disable

Dynamic String Update

Dynamic String Update

Modify to your Name



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

…
void DynamicStringInitFont( 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_Screen0_startstopButton_OnPressed(leButtonWidget* btn) { … }
void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn) { … }
void event_Screen0_qsButton_OnPressed(leButtonWidget* btn) { … }

void event_Screen0_qsButton_OnReleased(leButtonWidget* btn)
{

RGB_LED_B_Off();

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

DynamicStringInitFont( &fastValString,    stringID_FastVal );
DynamicStringInitFont( &easyValString,   stringID_EasyVal );
DynamicStringInitFont( &smartValString, stringID_SmartVal );

}

int main ( void )
{ …

while ( true )
{   …

Label Widget with Dynamic Text

\firmware\src\main.c

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



Label Widget with Dynamic Text
• Create a Timer to increase a Counter and update String in given period.

volatile bool UpdateFlag = false;
volatile unsigned int Counter = 0;

char cCharBuffer[8];
…
leFixedString smartValString;

void TimerCallback ( uintptr_t context )
{

if( StartStop )     {
Counter = (Counter +1)%100000;
UpdateFlag = true;

}
}

void DynamicStringInitFont( leFixedString* String, uint32_t StringFontID ) { … }
…

int main ( void )
{

SYS_Initialize ( NULL );

SYS_TIME_CallbackRegisterMS( TimerCallback, 0, 200, SYS_TIME_PERIODIC );
...

\firmware\src\main.c

Timer Callback Function Register in 200ms period

Timer Callback function

Counter start or stopped depend to Start/Stop button
Limit Counter value between 0 ~ 99999 for max 5 chars

Set the UI Update Flag for Dynamic Text Update in main loop

GUI Update Flag

Counter value variable



Label Widget with Dynamic Text
• Update the scroll animated Text string in Timer period.

void UpdateScreen( void )
{

if( UpdateFlag )
{

UpdateFlag = false;

sprintf(cCharBuffer, "%u", Counter);
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 );
}

}

int main ( void )
{ …

while ( true )
{

SYS_Tasks ( );

UpdateScreen();
}
…

\firmware\src\main.c
Task for Update UI

Task for Update UI

Show Counter on FastVal Label

Show ASCII on EasyVal Label
It will show 5 chars as moving left32 42 52 62 72 82 92 102 112 122

[SPACE] * 4 > H R \ f p z

! + 5 ? I S ] g q {

“ , 6 @ J T ^ h r |

# - 7 A K U _ i s }

$ . 8 B L V ` j t ~

% / 9 C M W a k u [DEL]

& 0 : D N X b l v

‘ 1 ; E O Y c m w

( 2 < F P Z d n x

) 3 = G Q [ e o y

Font ASCII index 
start from 32

Stop on 126
Total (126-32+1)

+0

+1

+2

+3

+4

32

126



Label Widget with Dynamic Text
• The Start/Stop Button could Enable/Disable Dynamic Text.

Started, LED On

Stoped, LED Off



• 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.

Label Widget with Dynamic Text
Discuss

Font ASCII index start from 32 and stop on 33
Total 2 characters

Glyph range 32 to 126, Total 95 characters

Glyph range 32 to 33, Total 2 characters



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

Label Widget with Dynamic Text
Discuss

String Name    Value Font
FastVal 00000  NotoSans_Regular

00000  NotoSans_Regular
EasyVal 11111  NotoSans_Regular

11111  NotoSans_Regular
SmartVal 22222  NotoSans_Regular

22222  NotoSans_Regular



Label Widget with Dynamic Text
Discuss

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

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

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



External Graphics Resources - Font

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



External Graphics Resources - Font
• Add a customized Memory Location and configure as below.

Click

Name SDCARD_BIN
Capacity (bytes) 4000000
Access Mode Read
Output File Type Raw Binary (.bin)
Output File Name NotoSansTC_Blod26



External Graphics Resources - Font
• Add a new Glyph range for more Chinese words in Font Asset Manager.

Click

Name Chinese Word
End Index 23960
Start Index 19968SDCARD_BIN

Click



External Graphics Resources - Font
• Check Memory consumption in Memory Location window.

Click



• Enable Stream feature in Project settings.

External Graphics Resources - Font

Click

4096

Enable



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

\[Project]\firmware\src\config\default\.legato_generate_cache.zip

External Graphics Resources - Font

Please copy Font binary file
NotoSansTC_Blod26.bin

to a SD Card with FAT32 format

Notice!!
Remember to update Font binary

in your SD Card, each time
you to modify Strings in composer



• Enable SDHC reference clock in Clock Configurator of Harmony. 

External Graphics Resources - Font

Click

1

REFCLK4Enable



• Configure SDMMC Bus Speed to HIGH_SPEED in Harmony. 

External Graphics Resources - Font

HIGH_SPEED

Click



• Implement SD Card auto mount feature.

External Graphics Resources - Font

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(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX0_MOUNT_NAME_VOLUME_IDX0) == 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);

DynamicStringInit( fastLegatoCharBuffer,  sizeof(fastLegatoCharBuffer),  &fastValString,  stringID_FastVal );
DynamicStringInit( easyLegatoCharBuffer,  sizeof(easyLegatoCharBuffer),  &easyValString,  stringID_EasyVal );
DynamicStringInit( smartLegatoCharBuffer, sizeof(smartLegatoCharBuffer), &smartValString, stringID_SmartVal );



• Implement Font file open and Media file handle Get function .

External Graphics Resources - Font

#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;

}



• Implement Legato Media Stream Callback functions.

External Graphics Resources - Font

#include <stddef.h>
#include <stdbool.h>
#include <stdlib.h> 
#include "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;
}



• Implement Legato Media Stream Callback functions.

External Graphics Resources - Font

#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)
{

}



• Flash consume compare.

External Graphics Resources - Font

Font at Internal Flash

Font at SD CARD

Font at SD CARD

Font at Internal Flash
Will exceed flash size



Multi-Screen and Splash Screen

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



Multi-Screen and Splash Screen
• Check  “Screen and Scheme Pane” and select to “Screens”.

Click

Click

Click



Multi-Screen and Splash Screen
• Manage Screens and check “On Show” event of Screen0.

New Screen

Delete All

Set Screen as Primary

Set Screen Active

Duplicate Screen

Delete Screen
Check On Show Event

Check



Multi-Screen and Splash Screen
• Add New Screen1 and check “On Show” and “On Update” event.

Click

Click

Check On Update Event

Check

Check On Show Event



Multi-Screen and Splash Screen
• Set Screen1 as Primary for the Start Up Screen.

Click

Click

Underline on Screen1



Multi-Screen and Splash Screen
• Add background of Screen1 by using “Panel” of Containers.

Click

Move and Place it



• Configure New Container Panel as below.
• Name : BackgroundPanel

• Position X : 0

• Position Y : 0

• Size Width : 432

• Size Height : 432

• Scheme : WhiteScheme

Multi-Screen and Splash Screen



Multi-Screen and Splash Screen
• Container Panel after configured.



• Add a Gradient Background of Containers.

Multi-Screen and Splash Screen

Click

Move and Place it



• Configure Gradient Container as below.
• Name : GradientNight

• Position X : 0

• Position Y : 0

• Size Width : 432

• Size Height : 432

• Direction : Down

Multi-Screen and Splash Screen



Multi-Screen and Splash Screen
• Gradient Container after configured.



Multi-Screen and Splash Screen
• Add new Logo Image through the Asset “Image Manager”.

Click



Multi-Screen and Splash Screen
• Add mchpLogo_338x78.png in “Image Manager”.

Click

Click

Find Images in Resource Folder
We prebuild and to provided



Multi-Screen and Splash Screen
• Configure Output Format to RGB of mchpLogo_338x78 image.

Select RGB

PNG image with transparent background



Multi-Screen and Splash Screen
• Click [Image Scale] of Display Widgets to add an Image widget.

Click

Move and Place it



• Configure Image Scale Widget as below.
• Name : ImageScaleLogo

• Position X : 48

• Position Y : 177

• Size Width : 338

• Size Height : 78

• Background : None

• Alpha Blending : 

• Image : mchpLogo_338x78

Multi-Screen and Splash Screen



• Image Scale Widget after configurated.

Multi-Screen and Splash Screen



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.



• Generate Code and Implement Splash animation Interval Timer.
…
leFixedString smartValString;

#define SCREEN_W 432
#define SCREEN_H 432
#define LOGO_W 338
#define LOGO_H 78
#define SCALE_STEP    8
#define MOVE_STEP 15
#define ALPHA_STEP 10
volatile bool SplashUpdateFlag = false;

void SplashUpdateIntervalCallback( uintptr_t context )
{

SplashUpdateFlag = true;
}

void TimerCallback ( uintptr_t context )  {  …  }

int main ( void )
{

SYS_Initialize ( NULL );

SYS_TIME_CallbackRegisterMS( TimerCallback, 0, 200, SYS_TIME_PERIODIC );
SYS_TIME_CallbackRegisterMS( SplashUpdateIntervalCallback, 0, 20, SYS_TIME_PERIODIC );

while ( true ) { … }

Multi-Screen and Splash Screen

Splash Update Interval Timer Callback in 20ms period

Splash Update Interval Timer Callback function

Screen Width and Height

Logo Width and Height

Scale Up Step

Move Left Step

Alpha Diming Step

Splash Update Flag

Set the SplashUpdateFlag for scale up animation in Screen1 OnUpdate() event 



• Implement Image Scale Up Function.
…
void ScaleUpIntervalCallback( uintptr_t context ) { … } 

bool ScaleUpLogo( uint32_t Init_W )
{

uint32_t W, H;

if( Init_W )
{

W = Init_W;
}
else
{

W = Screen1_ImageScaleLogo->fn->getWidth( Screen1_ImageScaleLogo );
W = W + SCALE_STEP; 

}

if( W >= LOGO_W ) { return true; }

H = W * LOGO_H/LOGO_W;
Screen1_ImageScaleLogo->fn->setPosition( Screen1_ImageScaleLogo, ( SCREEN_W - W )>>1, ( SCREEN_H - H )>>1 );
Screen1_ImageScaleLogo->fn->setSize( Screen1_ImageScaleLogo, W, H );

RGB_LED_G_Toggle();

return false;
}

Multi-Screen and Splash Screen

Centering  Scaled Image Position

Toggle Green LED

Image Scale Up Function

Set initial Image Width

Keep ratio of image

Get current Image Width

Update Scaled Image Size

Scale Up finish when Image Size has exceeded Screen Width

Increase Image Width by given SCALE_STEP



• Implement Image Fade Out Moving Function.
…
void ScaleUpIntervalCallback( uintptr_t context ) { … } 
bool ScaleUpLogo( uint32_t Init_W ) { … }

bool FadeOutMoveLogo( void )
{

int32_t X, Y;
uint32_t Alpha;

X = Screen1_ImageScaleLogo->fn->getX( Screen1_ImageScaleLogo );
X = X - MOVE_STEP;
Alpha = Screen1_ImageScaleLogo->fn->getAlphaAmount( Screen1_ImageScaleLogo );
Alpha = Alpha - ALPHA_STEP;

if( X <= -LOGO_W )
{

return true;
}

Y = Screen1_ImageScaleLogo->fn->getY( Screen1_ImageScaleLogo );
Screen1_ImageScaleLogo->fn->setPosition( Screen1_ImageScaleLogo, X, Y );
Screen1_ImageScaleLogo->fn->setAlphaAmount( Screen1_ImageScaleLogo, Alpha );

RGB_LED_G_Toggle();

return false;
}

Multi-Screen and Splash Screen

Image Fade Out Move Function

Get current Image X Position

Moving finish while Image has move out of SCREEN

Get current Image Y Position

Update New Position of Image

Update New Alpha amount of Image

Decrease X by given MOVE_STEP to move out to left

Get current Image Alpha amount

Decrease Alpha amount by given ALPHA_STEP

Toggle Green LED



• Implement Screen0 and Screen1 Event Functions.
…
void ScaleUpIntervalCallback( uintptr_t context ) { … } 
bool ScaleUpLogo( uint32_t Init_W ) { … }
bool FadeOutMoveLogo( void ) { … }

void Screen1_OnShow(void)
{

ScaleUpLogo( 8 );
RGB_LED_G_On();   RGB_LED_B_Off();

}

void Screen1_OnUpdate(void)
{

if( leIsDrawing() == LE_FALSE  && SplashUpdateFlag )
{

SplashUpdateFlag = false;
if( ScaleUpLogo( 0 ) ) {

if( FadeOutMoveLogo() ) {
legato_showScreen( screenID_Screen0 );

}
}

}

void Screen0_OnShow(void)
{

RGB_LED_G_Off();   RGB_LED_B_On();
}

Multi-Screen and Splash Screen

Turn on Blue LED while Screen0 OnShow()

Image Scale Up process (Initialize), Set initial Width to 8

Checking Drawing completion and Update animation by Interval Timer

Image Scale Up process (Update)

Update Splash Image in Screen1 OnUpdate()

Turn on Green LED while Screen1 OnShow()

Image Fade Out Moving process

Animation finished, Switch screen to Screen0



Multi-Screen and Splash Screen
• Logo Scale Up and Fade Out Moving left in Screen1 then switch to Screen0.

Screen1 Screen0

Green LED Toggle in Screen1

Blue LED On while switch to Screen0



Multi-Layering

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



Multi-Layering
• Layer operation and Objects sequence arrange.

New Layer

Delete selected Layer or Object

Move selected object Down

Move selected object to Top

Move selected object to Bottom

Move selected object Up

Activate selected Layer

Move Up

Move Down

Top

Bottom

Bottom

Top



Multi-Layering
• Add Layer1 of Screen1.

Click



Multi-Layering
• Move ImageScaleLogo widget to Layer1 of Screen1.

Drag and Drop



Multi-Layering
• After move ImageScaleLogo widget to Layer1 of Screen1.

Bottom

Top



Multi-Layering
• Single Layer and Multi-Layers.

Bottom

Top

Bottom

Top

Top

Bottom

Top

Bottom



Multi-Layering
• Important !! Let all Screens to have the same number of Layers.

Layer miss match !!



Multi-Layering
• Add Layer1 in Screen0.

Click



Multi-Layering
• Move Widgets to Layer1 except the BackgroundPanel and Logo.

Drag and Drop
One by one



Multi-Layering
• All Screens now to have the same number of Layers.

Layer Matched



Multi-Layering
• Generate code and programming to board to check the changes.

Screen1 Screen0

Green LED Toggle in Screen1

Blue LED On while switch to Screen0

Not thing will be changed after use 
Multi-Layering to design your Graphics 



Image Preprocess

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



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”.

PIC32MZDA

Flash

DDR

PIC32MZDA

Flash

DDR

Preprocess

Flash to DDR (Slow) DDR to DDR Bit BLIT (Quick)

Bit BLIT



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.

Layer 0 Layer 1 Layer 2

Layer 0
1st Frame 

Buffer

Layer 1
1st Frame 

Buffer

Layer 2
1st Frame 

Buffer

Layer 0
2nd Frame 

Buffer

Layer 1
2nd Frame 

Buffer

Layer 2
2nd Frame 

Buffer

A8000000 AA000000

PIC32MZ2064DAR176
32MByte DDR2 SDRAM

Without Double Buffering

PIC32MZ2064DAR176
32MByte DDR2 SDRAM
With Double Buffering



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.

Layer 0
800x480

RGBA8888

Layer 1
800x480

RGBA8888

Layer 2
800x480

RGBA8888

Layer 0
800x480

RGBA8888

Layer 1
800x480

RGBA8888

Layer 2
800x480

RGBA8888

A8000000 A8177000 A82EE000 A8465000 A85DC000 A8753000 A88CA000

Preprocessing
Spare space

AA000000

…
#define SYNC_RECT_COUNT 200
/*** GLCD Layer 0 Configuration ***/
#define  GFX_GLCD_LAYER0_BASEADDR 0xA8000000
#define  GFX_GLCD_LAYER0_DBL_BASEADDR 0xA8465000
/*** GLCD Layer 1 Configuration ***/
#define  GFX_GLCD_LAYER1_BASEADDR 0xA8177000
#define  GFX_GLCD_LAYER1_DBL_BASEADDR 0xA85DC000
/*** GLCD Layer 2 Configuration ***/
#define  GFX_GLCD_LAYER2_BASEADDR 0xA82EE000
#define  GFX_GLCD_LAYER2_DBL_BASEADDR 0xA8753000
…

drv_gfx_glcd.c

Frame Buffer Size is 800 x 480 x 4 =  0x177000



Image Preprocess
• Reserve DDR Image Preprocessing Space in Memory Locations.

Click

Name DDR_PreProcess
Capacity (bytes) 131072 (128 KB)

Access Mode Write
Address A88CA000
Alignment 4

Click



Image Preprocess
• Modify Logo Image through the Asset “Image Manager”.

Click



• Enable “Preprocess” of mchpLogo_338x78 image as below.

Image Preprocess

Enable Preprocess

Select DDR_PreProcess



• Memory consume after enable Image Preprocess.

Image Preprocess



Image Preprocess
• What’s new to generate after enable “Preprocess” of image ?
void legato_initializeScreenState(void)
{

leSetStringTable(&stringTable);

initializeStrings();

legato_preprocessImages();

screenInit_Screen0();
screenInit_Screen1();

currentScreen = -1;
changingToScreen = -1;

legato_showScreen(screenID_Screen1);
}

le_gen_init.c

#include "gfx/legato/generated/le_gen_assets.h"

void legato_preprocessImages(void)
{

leProcessImage(&mchpLogo_338x78, 0xA88CA000, LE_COLOR_MODE_RGBA_8888);
}

le_gen_preprocess.c



Image Preprocess
• How to work of leProcessImage function ?

void leProcessImage(leImage* img,  size_t addr,  leColorMode mode)
{

leImage newImage;
leRect srcRect;

if(img == NULL)    return;

leImage_Create(&newImage,  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;

leImage_Render(img,  &srcRect,  0,  0,  LE_TRUE,  LE_TRUE,  &newImage);

img->header = newImage.header;
img->format = LE_IMAGE_FORMAT_RAW;
img->buffer = newImage.buffer;

}

legato_image.c

Allocate newImage buffer to use target DDR Address

Get Rectangle of Source Image

Render Source Image to DDR buffer of newImage

Point Source Image header to newImage header

leProcessImage(&mchpLogo_338x78, 0xA88CA000, LE_COLOR_MODE_RGBA_8888)

Point Source Image buffer to newImage buffer



Image Preprocess
• Important !! Widget Image Scale or Image Rotate cannot 

support Preprocessed Image feature.

• Please delete old ImageScaleLogo and change to use a new basic 
Widget Image to instead of it.

Delete Selected Objects

Yes



Image Preprocess
• Click [Image] of Display Widgets to add a New Image widget.

Click ImageMove and Place it



• Configure new Image Widget as below.
• Name : ImageScaleLogo

• Position X : 48

• Position Y : 177

• Size Width : 338

• Size Height : 78

• Background : None

• Alpha Blending : 

• Image : mchpLogo_338x78

Image Preprocess



• Image Widget after configurated.

Image Preprocess



Image Preprocess
• What’s different after using Image Preprocess and Image Widget?

Screen1 Screen0

Green LED Toggle in Screen1

Blue LED On while switch to Screen0

Image Scale up animation change to Rectangle Enlarge 
because Image Widget has not support Scale Up feature.

But animation speed has not improved !! Why ??



Image Preprocess
• Important !! The Image width need be multiple of 8 for proper 

GPU Memory Bit BLIT function.

• Please delete old mchpLogo_338x78 and add a new PNG image 
mchpLogo from \Resource folder that has 336 pixels width.

Yes

Delete Image



Image Preprocess
• Add mchpLogo.png in “Image Asset Manager”.

Click

Click

Find Images in Resource Folder
We prebuild and to provided



Image Preprocess
• Configure Output Format to RGB of mchpLogo image.

Select RGB

PNG image with transparent background

336 x 78



• Enable “Preprocess” of mchpLogo image as below.

Image Preprocess

Enable Preprocess

Select DDR_PreProcess



• Configure ImageScaleLogo Widget as below.

• Name : ImageScaleLogo

• Position X : 48

• Position Y : 177

• Size Width : 336

• Size Height : 78

• Background : None

• Alpha Blending : 

• Image : mchpLogo

Image Preprocess

Width : 336

mchpLogo



• ImageScaleLogo Widget after configurated.

Image Preprocess

Width : 336

mchpLogo



Graphic Composer Issues (v3.12.x fixed)

• 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 Composer.
(5) Enter Legato Graphics Composer.
(6) Add new mchpLogo 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 mchpLogo to ImageScaleLogo widget and.
(10) Save Current Design.



Image Preprocess
• What’s different after using Image Preprocess and Image Widget?

Screen1 Screen0

Green LED Toggle in Screen1

Blue LED On while switch to Screen0

Move Left and Fad Out animation speed has improved !!



Image Preprocess
• Summary Image Preprocess important notes :
• Create DDR Preprocessed Memory Section after all Layers Frame Buffer.

• Width of Preprocessed Image should be multiple of 8.

• Image Scale and Image Rotate Widget can’t support Preprocessed Image.
• Image and Image Sequence Widget could support Preprocessed Image.

• [Image Widget]->fn->setPosition() support GPU DDR Bit BLIT.
• [Image Widget]->fn->setAlphaAmount () support GPU Alpha Blending.

Preprocessing
Spare space

Layer 0
1st Frame 

Buffer

Layer 1
1st Frame 

Buffer

Layer 2
1st Frame 

Buffer

Layer 0
2nd Frame 

Buffer

Layer 1
2nd Frame 

Buffer

Layer 2
2nd Frame 

Buffer

✓
✓



Image Preprocess
without using Graphics Composer

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



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 !

Many Clicks !!!!



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.

#include "gfx/legato/generated/le_gen_assets.h"

void legato_preprocessImages(void)
{

leProcessImage(&n_02_84_240, 0xA88CA000, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_14_90_251, 0xA88D8C00, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_04_85_242, 0xA88CC0A0, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_06_84_244, 0xA88CE238, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_08_88_246, 0xA88D07D8, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_10_89_248, 0xA88D30A0, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_12_91_250, 0xA88D5CF8, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_16_92_254, 0xA88DC64C, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_18_93_256, 0xA88DFCC0, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_22_98_259, 0xA88E70EC, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_20_95_258, 0xA88E35DC, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_26_97_255, 0xA88EECDC, LE_COLOR_MODE_RGBA_8888);
leProcessImage(&n_24_99_262, 0xA88EAE9C, 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);
…

}

le_gen_preprocess.c



Image Preprocess without using Graphics Composer

• How auto calculate DDR address and alignment of each Image ?

• Important !! DDR Address should in 16-byte alignment !!
…

bool FadeOutMoveLogo( void ) { … }

#define DDR_PREPROCESS_ADDR 0xA88CA000
void legato_preprocessImages_runtime(void)
{

size_t AddressDDR = DDR_PREPROCESS_ADDR;

leImage *pPreProcessImages[] = 
{  &mchpLogo, &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(leImage*) ; i++ )
{

leProcessImage(pPreProcessImages[i], AddressDDR, pPreProcessImages[i]->buffer.mode);
AddressDDR = AddressDDR + (pPreProcessImages[i]->buffer.buffer_length);
AddressDDR = AddressDDR + (AddressDDR%16?16-(AddressDDR%16):0);

}
}

main.c

16-bytes alignment

Images Pointer Array



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.

…

bool FadeOutMoveLogo( void ) { … }

#define DDR_PREPROCESS_ADDR    0xA88CA000
void legato_preprocessImages_runtime(void)
{

…
}

void Screen1_OnShow(void)
{

BACKLIGHT_TYPE_1_Clear();
legato_preprocessImages_runtime();
BACKLIGHT_TYPE_1_Set();

ScaleUpLogo( 8 );
RGB_LED_G_On();
RGB_LED_B_Off();

}

void Screen1_OnUpdate(void) { … }

main.c

Execute Runtime Image Preprocess in OnShow() event of Screen1
and Turn OFF the LCM backlight while doing Image Preprocess



Image Preprocess without using Graphics Composer

• Image placement simulation in DDR Memory.
0xA88CA000 0xA88E3980 0xA88E6E00 0xA8904950 0xA8910250

0xA891BB50 0xA892D3E0 0xA893EC70 0xA8950500 0xA8961D90



GPU Bit BLIT Stretch Image

PIC32MZ DA Radial Graphics Development Board and
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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. 

• If we want to implement a scaling up image animation, then we 
can use Image Preprocess by sequence Images we pre-built.

• But it’s difficulty to prepare many different images and put them 
in Legato Graphics Composer !!



GPU Bit BLIT Stretch Image
• PIC32MZ DA support GPU (Nano2D) Graphic Bit BLIT Stretch

could help to Pre-built sequences Images in efficiently.



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.

Copy

Add Existing Item
to your Project



GPU Bit BLIT Stretch Image
• Let’s look at Preprocess.c and go through in briefly.

#include "Preprocess.h“

#define DDR_PREPROCESS_ADDR 0xA88CA000
#define MAX_SCALED_IMAGE          50
static leImage ScaledImage[MAX_SCALED_IMAGE];
static uint32_t ScaledImageCount;

// Legato Color Mode to GFX Color Mode
static gfxColorMode _convertColorMode(leColorMode mode)
{

…
}

// Hardware GPU Bit Blit Stretch Image to Destination Buffer in DDR
extern leRenderState _rendererState;
leResult leGPU_BlitStretchImageBuffer( const lePixelBuffer* sourceBuffer,    const lePixelBuffer* destBuffer,

const leRect* sourceRect,                    const leRect* destRect,
uint32_t a)

{
…

}

// Bit BLIT Stretch Source leImage to new Destination leImage in DDR
leResult leStretchImage( leImage* imgSrc, leImage* imgDst, leRect* dstRect, size_t Addr )
{

…
}

Preprocess.c

Color Mode Convert

GPU Bit BLIT Stretch Image from Source Buffer to Destination Buffer

Stretch Source leImage to New Destination leImage and Allocate to DDR



GPU Bit BLIT Stretch Image
• Preprocessed Image sequence generate.

void leStretchImagePreprocess( leImage* imgSrc, int32_t StartWidth, int32_t EndWidth, int32_t StepWidth, size_t dstAddr )
{

float srcRaito;
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
{    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);
dstRect.width = dstRect.width + StepWidth; // Must be multiple of 8

}
}

Preprocess.c

Source Images Start Width End Width Step Width Dest Address

Stretch or Shrink finish check

Keep Ratio as Source Image

Stretch Source to Destination

Increase Count of Stretched Image

Offset Image Size in 4 bytes

Alignment 16 for GPU Bit BLIT

Image Width must be Multiple of 8



• Preprocessed Image sequence generate.
void leStretchImagePreprocess( leImage* imgSrc, int32_t StartWidth, int32_t EndWidth, int32_t StepWidth, size_t dstAddr )
{

}

GPU Bit BLIT Stretch Image

Preprocess.c

Source Images Start Width End Width Step Width Dest Address

Stretch (Scale Up)
+ Step Width

Shrink (Scale Down)
- Step Width



GPU Bit BLIT Stretch Image
• Let’s look at Preprocess.c

void legato_preprocessImages_runtime(void)
{

size_t AddressDDR = DDR_PREPROCESS_ADDR;

leImage *pPreProcessImages[] =   {  &mchpLogo, &mchpLogo_small, &MHGS_logo_smaller, …, &StartStop_StopPressed };

for( int i=0 ; i<sizeof(pPreProcessImages)/sizeof(leImage*) ; i++ )
{

leProcessImage(pPreProcessImages[i], AddressDDR, pPreProcessImages[i]->buffer.mode);
AddressDDR = AddressDDR + (pPreProcessImages[i]->buffer.buffer_length);
AddressDDR = AddressDDR + (AddressDDR%16?16-(AddressDDR%16):0);

}

// Must after leProcessImage
leStretchImagePreprocess( &mchpLogo, 8, mchpLogo.buffer.size.width, 8, AddressDDR );

}

bool legato_preprocessImages_ScaleUp( leImageWidget* imgWidgetDst, uint32_t ScaledImageIdx )
{

if( ScaledImageIdx < ScaledImageCount )
{

imgWidgetDst->fn->setImage( imgWidgetDst, &ScaledImage[ScaledImageIdx] );
if( ScaledImageIdx == ScaledImageCount-1 )

return false;
}
return true;

}

Preprocess.c

16-bytes alignment

Images Pointer Array



GPU Bit BLIT Stretch Image
• New ScaleUpLogo function to use Preprocessed Images.

…
#include "Preprocess.h“

bool ScaleUpLogo( uint32_t Init_W )
{

uint32_t W, H;
static uint32_t ScaledImageIdx = 0;

if( Init_W )
{

ScaledImageIdx = 0;
}

if( legato_preprocessImages_ScaleUp( Screen1_ImageScaleLogo, ScaledImageIdx ) )
{

return true;
}

W = Screen1_ImageScaleLogo->fn->getWidth( Screen1_ImageScaleLogo );
H = Screen1_ImageScaleLogo->fn->getHeight( Screen1_ImageScaleLogo );
Screen1_ImageScaleLogo->fn->setPosition( Screen1_ImageScaleLogo, ( SCREEN_W - W )>>1, ( SCREEN_H - H )>>1 ); 
ScaledImageIdx++;

RGB_LED_G_Toggle();

return false;
}

main.c

Centering Image Position

Toggle Green LED

New Image Scale Up Function

Reset Sequence Index

Get current Image 
Width and Height

Increase Index

Scale Up finish when Index has exceeded Preprocess Count

Assign given Indexed Image to 
ImageScaleLogo Widget

Include Preprocess.h

Static Sequence Index



GPU Bit BLIT Stretch Image
• Congratulation!! You finally have all improved animation effect. 

Screen1 Screen0

Green LED Toggle in Screen1

Blue LED On while switch to Screen0

Image Scale Up and Move Left, Fad Out
animation speed are all improved !!



GPU Bit BLIT Stretch Image
Discuss

• How about if disable the Double Buffering in Harmony ? 



CANVAS Virtual Display

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



CANVAS Virtual Display
• Canvas is a virtual display for:
• Storing or pre-rendering frame data 

using the Legato Graphics Library.

• Configuring the Display Controller Layers 
to display the Frames.

• Applying effects like Motion, Sprite 
Animation, Cropping and Fade In/Out 
using Display Controller Layers.

The Graphics Canvas feature is only 
supported for devices with internal graphics 
controller with layer support such as the 
PIC32MZ DA or the SAM9x60.



CANVAS Virtual Display
• Canvas Objects
• Contains frame information assigned a 

HW Layer in the Display Controller.

• Buffer address, resolution, color mode.

• Layer ID, size, position, alpha.

• Layer effects status and settings.

• Canvas Effects
• Graphics Canvas can be used to display a 

frame in various ways – cropped, 
translated, alpha blended, etc.

• Graphics Canvas has ready-to-use APIs 
to apply ‘Effects’ like Motion or Fade 
In/Out.



• Create new project and finish to Boundary Circle, add Screen0 OnShow/OnUpdate.

CANVAS Virtual Display

(74, 17) (245, 81)

(309, 170)(43, 170)

(181, 170)

(156, 394)



• Legato Graphics Composer Layers and Display HW Layer.

DDR Memory

Display Controller

Objects Pixel Buffer

Legato Composer

HW Layer0

HW Layer1

HW Layer2

CANVAS Virtual Display

Top

Bottom

Preprocessed
Image Objects

Top

Bottom
Layer0

Layer1

Layer2

2nd Frame
Buffer 0
2nd Frame
Buffer 1
2nd Frame
Buffer 2

1st Frame
Buffer 0
1st Frame
Buffer 1
1st Frame
Buffer 2



• Disconnected LE GLCD and Legato Module in Harmony

CANVAS Virtual Display

Right Click

LE GLCD and Legato
Disconnected



• Insert Graphics Canvas Module in Harmony

CANVAS Virtual Display

Graphics Canvas

Right Click Graphics Canvas



• Complete insert Graphics Canvas between LE GLCD and Legato Module.

CANVAS Virtual Display

Graphics Canvas

Right Click Legato (gfx_legato)



• Enable Canvas Mode in LE GLCD.

CANVAS Virtual Display

Enable Canvas Mode



• Configure Graphics Canvas as below.

CANVAS Virtual Display

Objects   Width Height Allocation Address
Canvas[0] 432   432    Manual     A8000000
Canvas[1] 432   432    Manual     A8177000
Canvas[2] 432   432    Manual     A82EE000



• Canvas API functions

gfxcSetPixelBuffer(unsigned int canvasID, unsigned int width, unsigned int height, const GFXC_COLOR_FORMAT format, void * buf)

gfxcCopyBuffer(unsigned int srcID, 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 canvasID, int xpos, int ypos)

gfxcGetWindowPosition(unsigned int canvasID, int* xpos, int* ypos)

gfxcSetWindowSize(unsigned int canvasID, unsigned int width, unsigned int height)

gfxcGetWindowSize(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)

CANVAS Virtual Display



• Canvas Virtual Display feature enabled.
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• Canvas Virtual Display Objects connect to Display HW Layer.

CANVAS Virtual Display

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*)0xA82EE000, 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 );

}

void Screen0_OnUpdate( void )
{

}

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn) { … }
void event_Screen0_qsButton_OnReleased(leButtonWidget* btn) { … }

int main ( void )
{ … }

CANVAS ID

CANVAS 0 to Display HW Layer 0

Display HW Layer ID

CANVAS 1 to Display HW Layer 1

CANVAS 2 to Display HW Layer 2

Clean Memory for Layer 0

Clean Memory for Layer 1

Clean Memory for Layer 2



• After Canvas Virtual Display Objects connect to Display HW Layer.
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• Legato Graphics Composer Layers cannot output.

CANVAS Virtual Display



• Show all Canvas Objects and Update all.

CANVAS Virtual Display

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*)0xA82EE000, 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 )
{ 

}

CANVAS ID

Show Canvas 0 and Update

Display HW Layer ID

Show Canvas 1 and Update

Show Canvas 2 and Update



• Legato Composer could output Layers after show all Canvas Objects.
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• Legato Graphics Composer Layers can output now.

CANVAS Virtual Display



CANVAS Virtual Display
• Add four Start Stop Button Images in Legato Graphics Composer.

Output Format : RGB



• Implement Image Preprocess function to put all Image in DDR. 

CANVAS Virtual Display

#define DDR_PREPROCESS_ADDR 0xA88CA000
void legato_preprocessImages_runtime(void)
{

size_t AddressDDR = DDR_PREPROCESS_ADDR;

leImage *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(leImage*) ; i++ )
{

leProcessImage(pPreProcessImages[i], AddressDDR, pPreProcessImages[i]->buffer.mode);
AddressDDR = AddressDDR + (pPreProcessImages[i]->buffer.buffer_length);
AddressDDR = AddressDDR + (AddressDDR%16?16-(AddressDDR%16):0);

}
}

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 );



• Implement leImageToCanvas function to assign leImage object to Canvas.

CANVAS Virtual Display

#define DDR_PREPROCESS_ADDR    0xA88CA000
void legato_preprocessImages_runtime(void)
{

…
}

void leImageToCanvas( uint32_t canvasID, leImage *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;
gfxcSetWindowSize( 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 };



• Output StartStop_Stop Image to Canvas 0 in end of Screen0_OnShow().

CANVAS Virtual Display

#define DDR_PREPROCESS_ADDR    0xA88CA000
void legato_preprocessImages_runtime(void)
{

…
}

void leImageToCanvas( uint32_t canvasID, leImage *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*)0xA82EE000, 0, 432*432*4 );
…

leImageToCanvas( CANVAS_ID_0, &StartStop_Stop, 149, 256, 255 );
}



• The Pixel Buffer of StartStop_Stop Image will update to Canvas 0 object.
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• Result seems bad, why ?

CANVAS Virtual Display



• The Composer Layer0 to share the same memory of Canvas 0.
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• Please put StartStop_Stop Image to Canvas 1 to separate from Layer0.

CANVAS Virtual Display

#define DDR_PREPROCESS_ADDR    0xA88CA000
void legato_preprocessImages_runtime(void)
{

…
}

void leImageToCanvas( uint32_t canvasID, leImage *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*)0xA82EE000, 0, 432*432*4 );
…

leImageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );
}



• The Pixel Buffer of StartStop_Stop Image now update to Canvas 1 object.
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• Looks good now.

CANVAS Virtual Display



• Canvas objects are induvial memory, you could reassign it in dynamically.
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CANVAS Button

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



CANVAS Button
• Add a StartStop button as below.
• Name : startstopButton

• Position X, Y : 149, 256

• Size Width, Height : 134, 134

• Background : None

• Border : None

• Pressed Image : Keep Empty

• Released Image : Keep Empty

• Press Offset : 0

• Event Pressed : Enable

• Event Released : Enable

Don’t  use the Images



CANVAS Button
• Button Widget after configured.



• Implement startstopButton Pressed and Released event.

CANVAS Button

void event_Screen0_qsButton_OnPressed(leButtonWidget* btn)
{

RGB_LED_B_On();
}

void event_Screen0_qsButton_OnReleased(leButtonWidget* btn)
{

RGB_LED_B_Off();
}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn)
{

leImageToCanvas( CANVAS_ID_1, &StartStop_Start, 149, 256, 255 );
RGB_LED_R_On();
RGB_LED_G_On();

}

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn)
{

leImageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );
RGB_LED_R_Off();
RGB_LED_G_Off();

}

int main ( void )
{   …
}

Callback function of Button pressed

Callback function of Button released



CANVAS Button
• The Start/Stop Button Widget Result after program.

Started, LED On

Stoped, LED Off



CANVAS Button
Discuss

• What’s different if to use Widget Image in Composer ?

void Screen0_OnShow( void )  {  …
// leImageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );

}

void event_Screen0_startstopButton_OnPressed(leButtonWidget* btn)  {
// leImageToCanvas( CANVAS_ID_1, &StartStop_Start, 149, 256, 255 );
…  }

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn) {
// leImageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );
… }



CANVAS Animation Effect

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



• CANVAS support two animation application function could be easy to use.
gfxcStartEffectMove

(

unsigned int canvasID,

GFXC_FX_MOVE_TYPE type,

int startX,

int startY,

int endX,

int endY,

unsigned int delta

)

CANVAS Animation Effect

GFXC_FX_MOVE_DECGFXC_FX_MOVE_FIXED GFXC_FX_MOVE_ACC



• CANVAS support two animation application function could be easy to use.
gfxcStartEffectFade

(

unsigned int canvasID,

uint8_t startAlpha,

uint8_t endAlpha,

uint8_t delta

)

CANVAS Animation Effect

255 200 150 50

50 150 200 255



• Register a CANVAS Effect Callback function could capture the animation 
Start, Run, Done /Idle status. 

CANVAS Animation Effect

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 )
{  …

leImageToCanvas( CANVAS_ID_1, &StartStop_Stop, 149, 256, 255 );

gfxcSetEffectsCallback( CANVAS_ID_1 , CanvasEffectCallback, 0 );
}

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;

gfx_canvas_api.h

main.c

GFX v3.12.2 : CANVAS Effect Callback is necessary



• Press and hold qsButton to Move Out and Fade out StartStop button.

• Release qsButton to Move In and Fade In StartStop button.

CANVAS Animation Effect

void Screen0_OnShow( void ) { … }

void Screen0_OnUpdate( void ) { … }

void event_Screen0_qsButton_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_qsButton_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_Screen0_startstopButton_OnPressed(leButtonWidget* btn) { … }

void event_Screen0_startstopButton_OnReleased(leButtonWidget* btn) { … }

int main ( void )



• The Start/Stop Button Widget Result after program.

CANVAS Button
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