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The project

Figure 1 - Youtube video link
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In this article we are going to look at how to program touch screen displays using the free version of Flowcode. In this case we

are going to make a test card which includes various coloured shapes, includes a bitmap image, use different fonts of texts and

draws a graph. This test card is not a project goal in itself: but you can use the techniques here in your other projects and a

test card like this allows us to set a benchmark for display performance. We are going to look at two types of graphical display

interface: a SPI serial bus and a parallel bus and we will compare the performance of the two.

The software we are using is Flowcode: the simulation features of Flowcode makes it very easy to design touch screen

systems :
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Figure 2 - final Flowcode program
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We will be using an ESP32 wroom development board with a separate SPI bus display on a prototype board. This uses a 480 x
320 resistive touch screen colour graphical display. You don’t have to use this processors or display: Flowcode supports
thousands of microcontrollers and many different displays including ST ARM, many types of PIC, Arduinos and more.

Figure 3 - touch screen front
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Figure 5 - breadboard with ESP32 Wroom and touch screen

For this project we are using a touch screen bought from Amazon and described as : “HGY LCD Module TFT Touch Screen
Display Serial Peripheral Interface 1L19488 HD 480x320 3.5in”. You can see the connections to it on the rear of the PCB. There
are two groups of connections: 1LI19488 graphical display connections and XPT2046 touch screen chip. You can see the final

project in figure 5.
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The connections between the touch screen and the ESP32 Wroom are as follows:

Touchscreen ESP32 Wroom32D
Pin1 VCC 3v3

Pin 2 GND GND

Pin 3 CS (LCD) 1027  PORTA.27
Pin 4 RESET 1026  PORTA.26
Pin5 DC (LCD) 1014 PORTA.14
Pin 6 MOSI (LCD) 1023  PORTA.23
Pin7 SCK (LCD) 1018 PORTA.18
Pin 8 LED background 3V3 (PWM)

Pin9 MISO (LCD) 1019 PORTA.19
Pin 10 SCK (touch) 018  PORTA.18
Pin 11 CS (touch) 1021  PORTA.21
Pin 12 MOSI (touch) 1023  PORTA.23
Pin 13 MISO (touch) 1019  PORTA.19
Pin 14 Not connected

So we have a SPI bus connected to both the Touch screen chip and the display driver chip with separate CS enable lines.
The software

Before developing any graphical display system you need a plan. It is possible to develop the system through continuous cycles
of design and coding, but this will take a lot of time. Having a clear plan of what you want to achieve before starting will help
you a lot.

For this project we designed our touch screen layout in Corel. It is important that you include an XY grid in your plan to give
you a good idea of the location of all of the elements of the design. You can export your design into a BMP file (not JPEG) so
that it can be loaded on the Flowcode panel as a design guide. We are going to design the basic software, simulate it to check
its functionality, and then we will deploy it on the two hardware platforms.

Here is the plan:
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Figure 6 - touch screen plan.

Then start up Flowcode Embedded. The processor type is ESP 32 WROOM_32. Add a new 2D panel and then select
COMPONENT LIBRARY... CREATION...IMAGE. In the Image properties add the plan graphic that you made earlier.
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Figure 7 - Flowcode panel design.
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Then add a 1LI9488 display, Graphical LCD bitmap drawer, Graphical LCD XY graph and PWM component for screen brightness.

Link the Graphical LCD bitmap drawer and Graphical LCD XY graph to the ILI9488 display in the properties of each component.

Next you need to make the virtual connections to the ESP32 microcontroller. First let’s look at the display:

Properties

|Component: gLCD_ILI9488

/‘ Properties @Posmon a:‘r_gl\la(ms

(" component

-,‘3’ Handle

Type

[} properties
Dimensions
Z Pixel Width
Z Pixel Height
P Finx
P Fio v

$ Monochrome
[ﬂ Foreground Color
E Background Color
@ Invert Colour
=2 st Depth
z Colour Bit D...

Z, Red Bt Depth
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Connections
Connection Type
AF Data Out (MOSI)
4 Clock (SCL)

& uvsecs

$ Toggle CS

AW Chip Select (CS)
A Reg Select (D/C)
$ Use Reset

A Reset

$ Use Backlight Pin

gLCD_ILI9488
GLCD (IL19488)

480
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Figure 8 - ILI9488 display Properties
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Here you can see the ILI9488 properties. A few things of note: You can select different orientations and X Y pixel counts - the
ILI9488 is capable of multiple resolutions. The 1LI9488 is an SPI bus controlled device. You can set up how this connects to the

ESP32 pins in the Connections section of the Properties. You can embed up to 4 fonts in the display program. You can choose
the fonts in the system or have custom fonts if you provide a file. The properties set up the fundamentals of the touch display

and set the connections to it.
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Figure 9 - Bitmap drawer properties
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In Fig 9 you can see the Bitmap drawer properties. This is quite simple: you select the file you want and this component makes
sure that the bitmap is sent into the ESP32 chip and stored in ROM ready for the program to load and send to the graphical

display. Finally you set up the graph:

Properties :
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Figure 10 - XY graph properties
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Now you are ready to start to write your program.
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Developing text and graphics for the display is carried out through hardware macros. Highlight the ILI9488 display component

on the panel and select COMPONENTS in the Project Explorer on the left of the screen. Expanding the ILI9488 entry you can

see all the hardware macros you have available to you as shown in Figure 11:

Praoject Explorer

o e

g Backlight
o[ BtmapDrawert

E XYGraphCreatorl
=[] oLcp_1104s8
AF spiot

" BacklightOff
© BacklightOn
© ClearDisplay
¢ DrawaArc

- DrawCircle
" DrawElipse
¢ Drawiline

¢ DrawRectangle

© FastPlot

-~ Initialise

F LCD_Write_Reqg
- Plot

 Print

¢ PrintNumber

~ ReadFontStat
¢ ReadFontwidth

~ SetFontScaler

¢ Window

and add it to your program with Red=0, Green=0, Blue=0:
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¢ DrawRoundedRectanale

 LCD_Write_Data8

" SetBackgroundColour
" SetDisplayQrientation

© SetForegroundColour

Figure 11 - hardware macros of the ILI19488 display

You need to initialise the display - so drag an Initialise component into your program. Then you select the Foregroundcolour

Properties: Macro

Display name

I |
|]:::|] Macros 1@ Components | {__ Buittin Functions
L |

¢ LCD_Write_Data8
LCD_Write_Reg
Plot
 Print:
Printumber
ReadFontStat
; ReadFontwidth
SetBackgroundColour
SetDisplayQrientation
; SetFontScaler

-2 Window
@ 3D System Panel
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Name Tipe

B red BYTE
B creen BYTE
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Expression
o
o

0

=y P ———
2) OK & Edit Macro

Figure 12 - Macro Foregroundcolour dialogue box
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Then add DrawRectangle onto your program to give you a dialogue box: as follows:

Properties: Macro

Display name

il |
[l__:]] Macros |m Components | & § Builtin Functions
5 I |

Drawhrc
: DrawCircle
© DrawElipse
DrawlLine

4 DrawRectangle

: DrawRoundedRectangle

Parameters:

Name Type Expression
Z'« umT 100
' UINT 100
Zx UmT 300

Z umT 300

B trensparent BYTE 1

B soid BYTE 1

Retum Value:

@) OKsEdibace | [ ok || Cancel

Figure 13 - Macro DrawRectangle dialogue box

Then select DEBUG....RUN. This is the result:
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Figure 14 - your first shape
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Then you need to compile this to the hardware. First select BUILD...PROJECT OPTIONS and make sure the PROGRAMMER PORT

is set up correctly. If an option does not come up you may need to load a driver from the Espressif site. Then select
BUILD...COMPILE TO TARGET. If you have everything set up correctly then you will get a rectangle on your display.

Now that you understand how the macros are used you should be able to design the test card which just consists of a sequence
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of shapes, lines and bits of text. Here is the code for drawing the black and white chequers on the top and bottom of the
display - shown in Pseudocode this time rather than flowcharts:

Start of macro "draw_cheguers"

/[ Draw black and white chequers on the top and bottom

oSO I R

5 lise the variables
B
7 y1=0
8 height =20
9 width =50
10
11 loop 2 times // top row then bottom row
12 Loop 4 times
T
14 // Draw a white rectangle
i 3] X1=x1+50
16 X2 = X1 + width
17 ¥2 = Y1+ height
SetForegroundColour (255, 255, 255) // foreground white
19 DrawRectangle (x1,y1,x2,y2)
20
1 // Draw a black rectangle
2 X1=x1+50
3 X2 = X1 + width
4

Y2 =Y1+ height
SetForegroundColour (0, 0,0) // foreground black
DrawRectangle (x1,y1,x2,y2)

oo

~l

End // Loop 4 times

// Set up coordinates for bottom set of chequers
y1=maxy -height-1
x1=0

End //loop 2 times // top row tl hottom row
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End of macro "draw_chequers"

o

Figure 15 - Draw chequers macro in Pseudocode

And here is the main program:

Start of macro "Main”
Initialise all variables
Draw grey background with white grid lines
Print tex with 4 different fonts
Draw black and white chequers top and bottom
Draw coloured bars
Draw grey scale blocks
Draw Horizontal lines
Draw vertical lines
Draw a graph component and continuously plot a sine wave
End of macro “Main"
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Figure 16 - Main program in Pseudocode

The Graph macro sets up a graph and continuously plots a sinewave with limited number of points.

We will not go through all of the macros here: you can either have a go at recreating them using the information above, or you
can download the completed program from the link given in the Resources section at the bottom of the document. The
information above should give you a good steer on how to design your program if you fancy the challenge.

Flowcode simulates the whole program. The following image shows the simulated image:
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Figure 17 - Final simulated display

If you are building the program from scratch then it would be a good idea to repeatedly build the program and send it to the
hardware as you go.

This works very well. But the time taken to draw the display is around 20 seconds. This is the problem with SPI addressed
Graphical displays: the SPI bus is quite slow.

Lets take a look at an alternative. The Rowland Technology display has an ESP32 WROOM32 and a 480 x 320 graphical touch
screen display built int to it.

Figure 18 - Rowland technology GLCD - front
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Figure 19 - Rowland technology GLCD - rear

From the photo of the rear of the board you can see the ribbon cables of the graphical display and the FT6236 touch chip. The
display is connected using 16 parallel wires. That allows data to be sent to tit much faster. The ESP32-S3 chip is has a similar
performance to the ESP32-WROOM32 used on the prototype board. The connections are as follows:

Touchscreen ESP32 Wroom32D

Data 0-15 (LCD) 100-1015

Reg Select or D/C (LCD) 1016

Read (LCD) 1017
Write (LCD) 1018
Backlight (LCD) 1021
Chip Select (SD card) 1038
MOSI (SD card) 1045
MISO (SD card) 1035
SCK (SD card) 1046
Card Detect (SD card) 142

Interrupt (Touch) 1039
SCL (Touch) 1047
SDA (Touch) 1048

So you can see that the connection to the graphical display is a 16 bit parallel connection, the touch screen chip is I12C and the
SD card is SPI.

Figure 20 - ILI9488 properties for parallel connection

Copyright © 2024 Matrix TSL



FLOWCODE

Electronic system design software

Properties i

2w R

[Component: gLCD_TLI9488

/Propemes OI:DJOPosltlon HMacros

[ component
: 4 * Handie

- Type
@ Properties
& Dimensions
Z Pixel Width
- g, Pixel Height
@ Flip X
@ Flip ¥
= Colour
@ Menochrome
|Z| Foreground Color
|Z| Background Color
@ Invert Colour
o-[Z] Bt Depth
o z Colour Bit D...
o z Red Bit Depth

= onnections
Connection Type
Write (WR)
-4 Read (RD}
@ usecs
-4 Reg Select (D/C)
@ Use Ports

A Data[7:0]

A D:ta[15:8]
@B Use Reset

@B Use Backight Pin

gLCD_IL19488
GLCD (IL12488)

480
Yes
Mo

No
[l ooooco
| rrrrre

Mo

16

16 Bit Interface
$PORTA.18
$PORTA.17

No

$PORTA.16
Yes

$PORTAQ
$PORTAL

Mo

No

_E Fonts
Font Count
Font 0
Font
Character S...
~[E] space width
= Font 1
Font
Character S...
Space Width
e Font 2
Font
Character S...
-] space width
= Font 3
Font
Character S...
Space Width
E Simulation
Component Label
User Label Text

; R Component Lab...

Physical Orientati...

Page 11

Calibri 11
1 Pixel
4

Arial Bold 14
1 Pixel
4

Times New Roman 16
1 Pixel
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4

Custom
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In the resources section you will see that we have written two programs: one for the SPI bus display with ESP32 WROOM32 on

the prototype board, and one for the Rowland Technology display with the ESP32-S3 and the parallel connected ILI9488

display.

The key difference is the performance of the final hardware: the parallel connected display takes just over 1 second to draw

the display versus 20 seconds for the SPI display.

Conclusions

e The simulation facilities of Flowcode make it a great tool for designing graphical displays.

e Using the SPI bus to communicate display data is very easy from a connection and prototyping point of view.

e Using the SPIbus is very slow and is likely only to be useful in simple displays without graphics.

e Using the parallel bus for graphical displays is very fast .

e To take advantage of the parallel bus you need to either make your own PCB with Flexi circuit board connections of you

need to use an off-the-shelf module from Rowland Technologies, Elecrow or other manufacturer.

o If you use an off the shelf graphical display module then moving to a two processor solution for your electronic sytsems

may be the way forward.

Resources

The programs developed in this article can be downloaded from the Flowcode Wiki:

https://www.flowcode.co.uk/wiki/index.php?title=Graphical Colour Displays
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