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This Application Note explores the possibilities provided by the ViSi-Genie
environment in Workshop to work with an Arduino host. In this example,
the host is an AVR ATmega328 microcontroller-based Arduino Uno board.
The host can also be an Arduino Mega 2560 or Due. Ideally, the application
described in this document should work with any Arduino board with at
least one UART serial port. See specifications of Aduino boards here. Before

getting started, the following are required:
e Any of the following 4D Picaso display modules:

gend-uLCD-24PT gend-ulLCD-28PT

gen4-uLCD-32PT

uLCD-24PTU uLCD-28PTU uVGA-III

and other superseded modules which support the ViSi Genie
environment
e The target module can also be a Diablo16 display

gen4-ulLCD-24D series gen4-uLCD-28D series

gen4-uLCD-32D series

gen4-uLCD-38D series gen4-uLCD-43D series

gen4-uLCD-50D series

gend-uLCD-70D series
uLCD-35DT

uLCD-43D Series uLCD-70DT

e 4D Programming Cable / pUSB-PA5/uUSBPAS5-I|
for non-gen4 displays (uLCD-xxx)

e 4D Programming Cable & gen4-1B / 4D-UPA / gen4-PA
for gen4 displays (gen4-uLCD-xxx)

e micro-SD (uSD) memory card

Workshop 4 IDE (installed according to the installation document)

Any Arduino board with a UART serial port

4D Arduino Adaptor Shield (optional) or connecting wires

Arduino IDE

When downloading an application note, a list of recommended
application notes is shown. It is assumed that the user has read or
has a working knowledge of the topics presented in these
recommended application notes.
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Application Overview

It is often difficult to design a graphical display without being able to see the
immediate results of the application code. ViSi-Genie is the perfect software
tool that allows users to see the instant results of their desired graphical
layout with this large selection of gauges and meters (called widgets) that
can simply be dragged and dropped onto the simulated module display. The
following are examples of widgets or objects used in this application note.

LED
digits

Slider

Strings

User

LEp LS

hello warld Static

text

This application note shows how to create a ViSi Genie program and how to
use the ViSi Genie library for the Arduino IDE. To achieve these objectives, a
simple project is developed. This consists of a 4D Picaso module displaying
six objects — a LED digits, a slider, a cool gauge, a string, a user LED, and a
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static text (label). Several of these objects interact with an Arduino host in a
manner illustrated below.

4. The host sends a
value to update the
LED digits

5. The LED digits
is updated

1. User moves
the slider

-

3. The host 2. The slider sends

receives the value

its value to the host
and processes it

The host constantly
updates the status
of the cool gauge

The host sends a text
string to the display

Text string is displayed here

The host constantly

UserLED

monitors and toggles
: the state of the user

LED

The user LED changes its
state according to the

value written to it by the
host

To recreate the application described in this demo, the user first creates a
ViSi Genie program in the 4D Workshop IDE and downloads it to a 4D display
module. The user can also download and open the already-completed ViSi
Genie program from this Github repository:

https://github.com/4dsystems/ViSi-Genie-Arduino-Library

The Arduino host, on the other hand, is programmed using the Arduino IDE.
The latest ViSi-Genie-Arduino library files are in also in the Github repository
referred to above.

This application note was written to guide the user in setting up a working
system in the shortest possible time and to cover the important aspects in
the simplest possible manner. For topics that require further explanations,
references are pointed out to the user for further study.
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Note: The latest version of the ViSi-Genie-Arduino library (as of July 2014) is

#define GENIE VERSION "GenieArduine 20-JUL-2014"

Ln

The library version can be checked by opening the library file
“genieArduino.h”.

. » Libraries » Documents » Arduinoc » libraries » geniefrduino
Mame Type
| examples File folder
@" genieArduing.cpp CPP File
Team) | genieArduina.h H File

Instructions for installing the library are in the section “Program the Arduino
Host”. Users are encouraged to always update to the latest version.

Setup Procedure

The user can download the ViSi-Genie project example from:

https://github.com/4dsystems/ViSi-Genie-Arduino-Library

For instructions on how to launch Workshop 4, how to open a ViSi-Genie
project, and how to change the target display, kindly refer to the section
“Setup Procedure” of the application note

ViSi-Genie Getting Started - First Project for Picaso Display Modules (for
Picaso)

or
ViSi-Genie Getting Started - First Project for Diablo16 Display Modules (for
Diablo16).

Create a New Project

For instructions on how to create a new ViSi-Genie project, please refer to
the section “Create a New Project” of the application note

ViSi-Genie Getting Started - First Project for Picaso Display Modules (for Picaso)
or

ViSi-Genie Getting Started - First Project for Diablol6 Display Modules (for
Diablo16).
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Design the Project

Everything is now ready to start designing the project. Workshop 4 displays
an empty screen, called Form0. A form is like a page on the screen. The form
can contain widgets or objects, like sliders, displays or keyboards. Below is
an empty form.

- Workshop 4 - NoName2(uL.CD-32PTU, LANDSCAPE) - oIEH
BB Home View Tooks Comms Project
a = @ Butons  Digits  Gauges  Primitves  Lputs  Labels  systemMedia %)
NNNNNNN e s o oad || (5] @& [ ]
File Build

o =0 ) rosmez

At the end of this section, the user will able to create a form with six objects.
The final form will look like as shown below, with the labels excluded.

Cool
gauge

Static text§

label

Slider - O >
” Strings

User LED

The procedures for adding each of these objects will now be discussed.

Add a Cool Gauge Object

The cool gauge constantly receives values from the Arduino host. The dial of
the cool gauge will constantly move to correspond with the received values.
To create a cool gauge, go to the Gauges pane then click on the cool gauge
icon.

Buttons Digits System Media

B8 ) &) |
S

Gauges rrimitives Inputs Labels
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Click on the WYSIWYG (What-You-See-Is-What-You-Get) screen to place the
cool gauge. The WYSIWYG screen simulates the actual appearance of the
display module screen.

The object can be dragged to any desired location and resized to the desired
dimensions. The Object Inspector on the right part of the screen displays all
the properties of the newly created cool gauge object named Coolgauge0.

Object I eck
bj nspector Logarithmic Mo

LogarithmicBase 10
Maximumyalue 100

Form | Forma

* Ohject | Coolgauged

MinimumVYalue 0
Properties | Eyvents Needle h
Property Value OuterCirde

Left 163 OuterRim

Feel free to experiment with the different properties. Take note of the
maximum and minimum values. These determine the range of values that
can be sent from the Arduino host to the cool gauge. To know more about
gauges, refer to ViSi-Genie Gauges.

Naming of Objects

Naming is important to differentiate between objects of the same kind. For
instance, suppose the user adds another cool gauge object to the WYSIWYG
screen. This object will be given the name Coolgaugel — it being the second
cool gauge in the program. The third cool gauge will be given the name
Coolgauge?2, and so on. An object’s name therefore identifies its kind and its
unique index number. It has an ID (or type) and an index.

Coolga uge(f
| |

—

Object ID

Object index

It is important to take note of an object’s ID and index. When programming
in the Arduino IDE, an object’s status can be polled or changed if its ID and
index are known. The process of doing this will be shown later.

Add a Text String Object

The display module can print text strings received from the Arduino host on
the screen. To create a text string object, go to the Labels pane then click on
the strings icon.
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Buttons  Digitt  Gauges  Primitives | System/Media Object Inspector £
[ ':I - - . Form | Formo W Alignment Left

{ TEAT Object | Stringsd » BGcolor MlcLacK

Height 58
‘ Properties | Events FGeolor [ wHITE
. . . Property Value

Click on the WYSIWYG screen to place the string. Again, the WYSIWYG Name Strings0

screen simulates the actual appearance of the display module screen.

properties as shown below.

To add background and foreground colours for the text string, edit the

| BGcolor

.

Choose the desired colour and click OK.

@

Windows Colors:

”
I cMaroon

B cGreen

I doiive

The space inside the red box will be the space occupied by the text string to W ey v
be displayed. The object can be dragged to any desired location and resized Theme Colors:

to the desired dimensions. The Object Inspector on the right part of the

[] office 2003 Classic ~ ~
] office 2003 (Blue)

screen displays all properties of the newly created strings object named Il Office 2003 (Olive)

StringsO0.

B Office 2003 (Silver)
[ ] office 2007 (Luna)

£

4DGL Colaors:

[ ] azure s
] eeIce
[ ] e1sque

Rl AKNCHEMAL MORD

W

Color Picker - O
u Iq
Hue: [160 Red: |0
Sat: |0 Green: |0
Lum: |0 Blue: |0
565 Color
0x0000{0,0,0)

7 o « X conce

recentcders: [ [ [ [ JCICICICICICICI]
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Do the same for the foreground colour.

| FGoolor \WHITE]

When done, the form should look similar to that shown below.

Add a Slider Object

The slider sends a message to the Arduino host when its status has changed.

To add a slider, go to the Inputs pane and click on the slider icon.

Buttons Digits Gauges Primitives Inputs Labels System Media

[r"‘n O LEE B
« W' : o

default.

Ohject Inspector
Form | Formo
Object | Sliderd

Properties | Events

Mame Sliderd
Bevel

Click on the WYSIWYG screen to place a slider object. Drag the object to any
desired location.

In the Object Inspector, the minimum value is 0 and maximum is 100 by

BorderColor
BorderWidth
Color

Height

Left
Maxvalue

Mirvalue

[ ]dBtnFace
1

WcLack
151

28

100

0
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Report Event

An object can report its current status independently without being asked
by the Arduino host. A slider, for example, can be configured to report its
current status to the host each time it is moved. To do this, click on the

Events tab in the object inspector and click on the ™ symbol in the

OnChanged line.

Object Inspector o3
Form | Formo W
Object |Slider0 W

Properties | Events

Event Handler
OnChanged S
OniChanging

The On event selection window appears. Select Report Message and click
OK.

On event selection

# Report Message
-Form0

CoolgaugelSet
Strings0Set

w ' OK

x Cancel

The Events pane is now updated.

Object Inspector 23
Form | Form0 W
Ohject | Slider0 L

Properties | Events

Event Handler
OnChanged
OnChanging

Report Message

Now every time the slider is moved or its status has changed, it sends a
message to the host controller. To be more exact, the slider will send a
report message when the stylus or finger moving it is lifted off the screen.
Selecting the OnChanging event, on the other hand, causes the slider to
send messages while it is being moved (the moving finger or stylus is not
lifted off yet). To learn more about the onChanged and OnChanging events,
read the application note ViSi-Genie onChanging-and-onChanged-Events.

The message or data being sent has a format which the Arduino host must
understand. A section of this application note is dedicated to explaining this
format (called the ViSi-Genie Communication Protocol) used by the display
module. Advanced users may refer to the ViSi-Genie User Reference

Manual.
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Add a LED Digits Object Go to the Object inspector and set the following property values.
The LED digits object will display values received from the Arduino host. To
add a LED digits object, go to the Digits pane and select the first icon. e erien Height 73
LeadingZero Yes
Form  Formi
Buttons Digits Gauges Primitives Inputs Labels System Media Left 4
- Object | Leddigits0 OutiineColor ~ [JlBLACK
LA E o i Properties | Events Bl Palette
Property Value High [Cveow
Mame | eddigit=0| Low WcLack
Click on the WYSIWYG screen to place it. Color WcLack Top B
Dedmale 0 Visible Yes
Digits 3 Width 105

The updated appearance of the LED digits object is shown below.
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Add a User LED Object

To add a user LED object, go to the Digits pane and select the user LED icon.

| Backgrounds  Buttons  Digits
TED)
o0l ¢ =

Click on the WYSIWYG screen to place it.

The properties of UserledO are:

Ohbject Inspector Active Yes (=] PaletteEx

R [H Bevel High1 [CJox14eCs
Height 27 High2 W ox377858

Losi s sl Left 72 Low1 Wl ox000051

Properties | Events OutlineColor WcLack Low2 WcLack

Property Value CutlineWidth ]

Mame SEred

Add a Static Text Object
The Static Text object is under the Backgrounds pane.

Backagrounds xw

’.?I =T

—]

Click on the WYSIWYG screen to place it.

e

UserLED

The property “Caption” defines the text to be displayed by Statictext0. The
properties of StatictextO are:

Ohject Inspector AutoSize Yes Transparent fes
Caption IserLED Visible fes
Form | Form0 P «
Color WcLack Width 45
Object | Statictextd [ Font (WHITE, [, T4 | WordWrap Yes
Properties | Eyents Height 14
Property Value Left 72
Name Statictextd| | O 188
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Build and Upload the Project

For instructions on how to build and upload a ViSi-Genie project to the
target display, please refer to the section “Build and Upload the Project” of
the application note

ViSi-Genie Getting Started - First Project for Picaso Display Modules (for
Picaso)

or
ViSi-Genie Getting Started - First Project for Diablo16 Display Modules (for
Diablo16).

The uLCD-32PTU and/or the uLCD-35DT display modules are commonly
used as examples, but the procedure is the same for other displays.

Identify the Messages

The display module is going to generate and send messages to the host. This
section explains to the user how to interpret these messages. An
understanding of this section is necessary for the user to be able to properly
program the host controller. The ViSi-Genie User Reference Manual is

recommended for advanced users.

Use the GTX Tool to Analyse the Messages

Using the GTX or Genie Test eXecutor tool is the first option to get the
messages sent by the screen to the host. The GTX tool is a part of the
Workshop 4 IDE. It allows the user to receive, observe, and send messages
from and to the display module. It is an essential debugging tool.

Launch the GTX Tool
Under Tools click on the GTX tool button.

m Home View #Tools | Comms  Project

ABH S DR § O

Boot uSD  PmmC o Terminal Terminal Touch 4DGL
usD Tester Loader SE00 115200  Calibration uVGA Link

K.,
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A new window appears, with the form and objects created previously.

28 Genie Test eXecutor = B
Control
Port: COMG [ ]Reseton open |, Disconnect| |7 |%| | Contrast
* Active Form »CDDEEUQES ‘Sliders
FormO Query Query
0 =
* Leddigits cat
Query
= Sirings
I:I -
Query
Set
e 0 s
Set
Send —
Set

The Slider Object

Change the Status of the Slider
In the GTX tool window, move the slider and press Set. On the display
module, note that the slider has moved.

Sliders
Query

Set

Also, messages are sent to and received from the display module.

Control
7 & | Contrast 115200 baud

Set Slider Value 08:54:50.541 [01 04 00 DD 1F 1A]
ACH 02:54:50.574 [0&]

The white area on the right displays

e in green the messages sent to the display module

e and in red the messages received from the display module
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The actual message bytes are those inside the brackets. These values are in
hexadecimal. The figure preceding the actual message is the computer time
at which the message is sent. A label is also included to tell the observer
what the message represents.

time message

. SN

L 5 T
Set Slider Valuelp&:ﬁ4:50.54#!}ﬂi 04 00 00 1F 1A]: |

The message sent is formatted according to the following pattern:

Object Object Value Value
Command Type Index MSB LSB Checksum
01 04 00 00 1F 1A
WRITE_OB) Slider First 0x001F

The message stands for “Write to the first slider object on the display
module the value 0x001F.” Converting the hexadecimal value 0x001F to
decimal will yield the value 31.

The checksum is a means for the host to verify if the message received is
correct. This byte is calculated by XOR’ing all bytes in the message from (and
including) the CMD or command byte to the last parameter byte. Then, the
result is appended to the end to yield the checksum byte. If the message is
correct, XOR’ing all the bytes (including the checksum byte) will give a result
of zero. Checking the integrity of a message using the checksum byte is

handled automatically by the Arduino host thru the ViSi-Genie-Arduino
library.

ACK = 0x06 as shown below

[acK 08:54:50.574 [06] |

is an acknowledgment from the display module which means that it has
understood the message.

Message from a Slider

Remember that the slider was configured to Report a Message when its
status has changed. Now move the slider on the display module with a stylus
or a finger. Observe the message sent by the display module to the PC.

Slider Change 09:02:36.533 [07 04 00 OO0 42 41]

The message from slider object is formatted according to the following

pattern:
Object Object Value Value
Command Type Index MSB LSB Checksum
07 04 00 00 42 41
REPORT_EVENT Slider First 0x0042
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I he Display for th f the Sli
Snterroga:]et Fd 1spbzf1y 0'rt (S Statt;s o tde Slider . Command Object Object Value Value Checkeum
uppose the slider object is not configured to report an event when it has Type Index MSB LSB
moved. The host or the PC can ask the display module for the value of the
slider by sending a message. Now on the display module move the slider 00 04 00 - - 04
randomly. In the GTX tool window press Query.
READ_OBIJ Slider First Not applicable
W& 05 04 00 00 59 58
Query
REPORT_OB)J Slider First 0x0059

Observe the message area.

Regquest S5lider Value 09%:32:16.742 [00 04 00 04]
Slider WValue 03:3Z:16.7&0 [05 04 0D 0D 53 58]

The PC sends a request message. The display module replies with the
current value of the slider object. The messages sent and received are
formatted according to the following patterns.

REPORT_EVENT vs. REPORT_OB]J

It is important to take note of the difference between REPORT_EVENT and
REPORT_OBJ. REPORT_EVENT occurs if the user selects the event of a
widget in Workshop to be "Report Message". There is no need for the host
to ask the display module for the value of the slider. The slider
independently sends its current status since it was configured to do so.
Whereas REPORT_OBI is a result of the user doing a read of an object from
the host, using the Read Object function.

Experimentation with the different objects using the GTX tool is now left to
the user as an exercise. The following tables are shown below for reference.
Consult the ViSi-Genie User Reference Manual for more information.
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2.1.2 Command and Parameters Table

Command E Parameter 1| Parameter 2 | Parameter 3 Parameter 4| Parameter N| Checksum
READ_OBI 0x00 | Object ID Object Index | - - - Checksum
WRITE_OBJ 0x01 | Object ID Object Index | Value (msb) Value(lsh) |- Checksum
WRITE_STR 0x02 | String Index | String Length| String (1 byte chars) Checksum
WRITE_STRU 0x03 | String Index | String Length| String (2 byte chars) Checksum
WRITE_ CONTRAST| 0x04 | Value - - - - Checksum
REPORT OBI 0x05 | Object ID Object Index | Value (msb) Value(lsb) |- Checksum
REPORT_EVENT 0x07 | Object ID Object Index | Value (msb) Value(lsb) |- Checksum

This table is found in section 2.1 of the ViSi-Genie User Reference Manual .

Object [[»] Meter 16 (0x10)
Dipswitch 0 {0x00) Strings 17 (0x11)
Knob 1 (Ow01) Thermometer 18 (0x12)
Rockerswitch 2 (0x02) Userled 19 (0x13)
Rotaryswitch 3 (0x03) Video 20 (0w14)
Slider 4 (0x04) Statictext 21 (0x15)
Trackbar 5 (0w05) Sound 22 (0x16)
Winbutton 6 (0x06) Tirner 23 (0x17)
Angularmeter 7 (0x07) Spectrum 24 (0x18)
Coolgauge 8 (0x08) Scope 25 (0x19)
Customdigits 9 |0x09) Tank 26 (0xlA)
Form 10 [0x0A) Userimages 27 (Ox1B)
Gauge 11 (0x0B} PinOutput 28 (0x1C)
Image 12 {00C) Pinlnput 29 (0x1D)
Keyboard 13 (0x0D) 4Dbutton 30 (0x1E)

AniButton 31 (0x1F)
Led 14 (0x0E) ColorPicker 32 (0x20)
Leddigits 15 {0x0F) UserButtan 33 (0w21)

This table is found in section 3.3 of the ViSi-Genie User Reference Manual.

Program the Arduino Host

This section discusses how to program the Arduino host to make it work with
the display module. It is assumed that the user has a basic understanding of
how the Arduino host works and how to program in the Arduino IDE.
Inexperienced users may need to frequently refer to the Arduino website
for more information.

Download and Install the ViSi-Genie-Arduino Library

The ViSi-Genie-Arduino library files are located here:

https://github.com/4dsystems/ViSi-Genie-Arduino-Library

On the right side of the github page, click on the Download ZIP button. Save
the zip file and extract its contents to the folder where additional Arduino
libraries are saved.

HTTPS

w

“ou can clone with HTTPS,
Subversion, and other methods.

4 Clone in Desktop

- &> Download ZIP
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Here is a link to a tutorial on installing additional libraries in the Arduino IDE.

http://arduino.cc/en/Guide/Libraries

In Windows for example, the library files will be saved here:

:(—:l - 4+ ;v Libraries » Documents » Arduino » libraries v O
ol MName Type
B Deskto ) ) )
] FJ J geniefrduing File folder
. Libraries
= || readme Text Docurnent
j Documents

Remember to restart the Arduino IDE after installing the libraries. The
genieArduino demo sketch should be accessible under the File — Examples
menu.

4D-AN-00017
genie2ports | Arduino 1.5.2 =
File | Edit Sketch Tools Help
Mew Ctrl+M
Open... Ctrl+0
Sketchbook 3
Examples > 01.Basics 3 ;’ze r% . Arduing
Digi 3 eri
Close Ctrl+W 02.Digital Arduine
Save Ctrl+5 03.Analeg » andle
Save As... Ctrl+ Shift+5 04.Communication » 0=00,
Upload Ctrl+U 05.Control » Downl
1 I X 3
Uplead Using Programmer  Ctrl+Shift+U 0&.5ensors The ViSi.
i 07.Display 2
Page Setup Ctrl+5hift+P 08.5tri
.Strings 3
Print Crl+P g Click on
09.USB 2 0
contenty
Preferences Ctrl+Comma 10.Starterkit 3 >
Quit Ctl-Q ArduinolSP In Wind
Audio 4 2 —
&)
Ethernet b
LiguidCrystal »
Scheduler 2 B Desh
<D , = Li
=1
Servo »
SPI 3 R
estart {
USBHest 4 h
- the men
WiFi » w0
Wire 3
genieArduino 3 genieArduino_Demoh
I

Understanding the Arduino Sketch Demo

Open the genieArduino_Demo sketch. Note that comments have been
added to the code to help the user. Additional explanations are now given
below.
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Open a Serial Port and Set the Baud Rate
In the setup (), the line shown below sets the data rate in bits per
second (baud) for serial data transmission of the port SerialO.

Serial.begin(200000); // Seriall @ 200000 (200

The next line indicates that the ViSi-Genie-Arduino library will use the port
Serial0 for communicating with the display.

genie.Begin (Serial); 7 Uze Seriall for talki

Port Serial0 cannot be used therefore for any other purposes such as talking
to the serial monitor. Logically, the 4D display should also communicate with
the Arduino host at the same baud rate. To check the baud rate of the ViSi
Genie program go to the project menu in Workshop.

Project

Comms Speed: 200000 - uLCD-32PTU
LANDSCAPE_R -

Sound Buffer: 4096 -

Destination
Run ( Run
|7 RAM m Flash m usb

Genie Display

To change the baud rate of the ViSi Genie program, simply click on the drop
down arrow.

Project

|- Comms Speed: 200000 -
1o
300
&00
1200
2400

-

57600
115200
128000

Choose the desired baud rate (9600 bps for instance) and download the
program to the display module again. Now change the baud rate of the
Arduino host as well.

Serial.begin (2600) ; Seriall @ 2400 Baud
genie.Begin (Serial); // Usze Seriall for talking
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For Arduino boards with four hardware serial ports (like the Due and Mega
2560), the user can choose another port to talk to the display. To use Serial2
at 9600 bps for example:

FfBerial. . begqin (2600) ;
//B8eriall.begin (9a00) ;

Jf SBeriall @ 9800 (9&00)
4 Beriall @ 9800 (96007
ff8eriall3.begin (26007 ; 4 Beriall @ 9600 (9A00)
;i Usze Seriall for tall

S/ Use Beriazall for tal

F4 U=ze Berial? for tallki
S/ Use Berialld for tal

f/genie.Begin(Serial) ;

//genie.Begin(Seriall);

//genie.Begin(Seriall);

To use a software serial port,

#include <genieArduino.h>

#include <ScftwareSerial.h>

Genle genle;

Softwareferial DisplaySerial (10,11) ;«IX pin of A
#define RESETLINE 4

void setup ()

{
Serial.bkegin (576000 ; //2erial port for PC and Ard)
DizplavSerial.begin (2600) ;

genie.Begin(DisplaySerial) ; /4 Use DisplaySeria
genie.AttachEventHandler inyGenieEventHandler); //

Refer to the product page of your Arduino board to know the pins that can
be used for a software serial port. The section “Connect the 4D Display
Module to the Arduino Host” towards the end of this application note
shows how the TX and RX pins of the host are connected to those of the
display. The following are the SoftwareSerial baud rates that were tested to
work with 4D displays using the basic application that comes with this
application note.

Processor Tested SoftwareSerial baud rates (bps)

"5 4800, 9600, 14400, 19200, 31250, 38400

pIELEeris 14400, 19200, 31250

As of writing, the latest version of the SoftwareSerial is documented to work
at 115200 bps. This is easily demonstrated to be false as any interrupt (e.g.
the timer interrupt that updates millis()) will result in software serial being
unable to ‘extract’ the current byte being read. Thus the maximum, possibly
reliable baud rate is 57600 bps. Therefore, since the library currently uses
‘calculated’ baud rates, other than the earlier fixed lookup table, users
should be able to successfully test and use valid baud rates (lower than
57600 bps) other than those specified in the table above. Note that if other
interrupts are in use the maximum baud rate may need to be lowered
further. Users are encouraged to always use a hardware serial port of the
Arduino host for talking to a 4D display. Refer to the Arduino website for
more information on the issues and limitations of the SofwareSerial library.
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N.B.: Again, remember that the baud rate of the display module should
match that of the Arduino host. Also, when a serial port has been set to
communicate with the display, it cannot be used for talking to other
devices.

genieAttachEventHandler()

genie.AttachEventHandler (myGenieEventHandler) ;

This function is used to tell the library the name of the function used in the
user’s code space, so it knows what to call when an event is received and it
needs processing. Full explanation is given in the section “Receiving Data
from the Display”.

Reset the Arduino Host and the Display

It is essential that the display is ‘ready’ before the host starts sending
commands. To satisfy this condition, the host program can be made to reset
the display and wait for some time (for the display to start up and initialize
properly) before it starts sending commands. This sequence is ideally placed
at the start of the host program. To illustrate:

#define RESETLINE 4 // Change thi=z if vou are 1

A4 Bet Dd on Arduilrn
// Reset the Displd

pinI"IOde (RESETLINE, OUTEUT) ;
digitalWrite (RESETLINE, 1):
delay (1000 ;

digitalWrite (RESETLINE, 0); // unReszet the Dis=p

delay (3500); //let the display start up after g
If using the new 4D Arduino Adaptor Shield (Rev 2)

Note that the GPIO pin D4 of the Arduino host is used here for resetting the
display. When using the new 4D Arduino Adaptor Shield (Rev 2.00 written
on the PCB), simply connect RESto AR in jumper J1. See the section “Connect
the 4D Display Module to the Arduino Host”. If using the old 4D Arduino
Adaptor Shield (Rev 1), simply change the code above. Use pin 2 instead of
pin 4.

#define RESETLINE 2 // Change this 1f vou are 1

If using the old 4D Arduino Adaptor Shield (Rev 1)

If using jumper connecting wires, connect the RESET pin of the display
modaule to the D4 pin of the Arduino with a 1kohm series resistor in between
(see the section “Connect the 4D Display Module to the Arduino Host”), and
modify the code as shown below.
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;/ Bet D4 on Ardulrn
// Reszet the Diszpls

pinI”IOde (RESETLINE, OUTFEUT) ;
digitalWrite (RESETLINE, 0);
delay (1007 ;

digitalWrite (RESETLINE, 1);:

// unRezet the Diszp

If using jumper wires

Note that the logic state for resetting the display is reversed if not using
any of the 4D Arduino Adaptor Shields. It is now 0 instead of 1. This is
because the display module’s RESET pin is directly connected to D4 via a
1lkohm resistor. If using a 4D Arduino Adaptor Shield, the display module’s
RESET pin is switched by the D4 pin via a transistor.

Set the Screen Contrast
To make sure that the LCD is turned on, write

genie.WriteContrast(l); // 1 = Display oM, 0O = I

A contrast value of 1 can be too low for displays that support contrast levels
from 0 to 15. Use a higher contrast level value for these displays. Read
further below for more information.

To turn off the display, write

genie.WriteContrast (0); // 1 = Digplay OMN, 0 = I

Most Picaso display modules can only have a value of 1 or 0 (on or off) for
contrast. The uLCD-43P/PT/PCT modules and Diablo16 display modules,
however, support contrast values from 0 to 15, which makes power saving

possible. This function does not apply to uVGA-II/Ill modules. Check the
datasheet of your display for more information.

Send a Text String
To write to a string object on the display, write,

genlie.WritesStr (0, GENIE VERSION) ;

The first argument of the member function WriteStr() is the index of the
string object to which the string will be sent. The second argument is a null-
terminated character array. GENIE_VERSION is a string constant defined in
the ViSi-Genie-Arduino library.

The Main Loop

This is now the main part of the program. Three variables are declared and
used here — waitPeriod for checking how much time has elapsed,
gaugeAddvVal holds the increment or decrement value of the cool gauge,
and gaugeVal holds the value to be sent to the cool gauge.

vold loop ()
{

static long waltPeriod = milli= () ;

static int gaugeAddval = 1;

ztatic int gaugeval = E50;
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Receiving Data from the Display
The function below receives and queues the data received from the display.

genie.DoEvents () ;

Another function (to be written by the user) is needed to process the
received data. The function genie.DoEvents() will call this user-defined
function internally. A diagram of how data from the display is received and
processed is now shown on the next page.

The Use of a Non-blocking Delay

Note how the main loop uses a non-blocking delay to be able to execute
other instructions besides genie.DoEvents(). Ideally, genie.DoEvents() is the
main task and it should be called as often as possible such that all events
from the display are processed immediately. The main loop can be
represented with the flow chart in the right column. This flow chart is the
recommended model for Arduino programs communicating with a 4D
display. The use of the function delay() is discouraged since events from the
display will not be processed in “real time”. Also, the time duration for the
execution of other instructions/subroutines besides genie.DoEvents()
should be kept as short as possible.

I

waitPeriod = current timer value

» <
» <

Execute genie.DoEvents()

l

Is the value of the current No
timer greater than that of
waitPeriod?

Yes l

Execute some instructions

Change the value of waitPeriod to a

future value
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b /./

genie.DoEvents| ) [

T;iis function receives and gueues the '\\
|-data received from the display. The -

data received can represent an event
(a Reported Message sent from the
Display due to a user interaction) or
can be a result of a Read Object call {a
manual poll of information from the
user to the display, requesting
information from a particular object).
genie DoEvents()  is  located and
defined in the Visi-Genie-Arduing
library.

To process the data received,
genie.DoEvents() calls an external
function which is located in the user's
code space, not in the library. This
external function is called the "Event
Handler" — a function written by the
LSEr.

rr;'.rGenieEventHandler{ |

/]Fhis. i5 @ user-defined function and
can be named arbitrarily. This
function enzbles the program 1o
evaluate the data queusd by
genie.DoEvents{). This function
takes ong set or frame of data
[ome frame is for one event) from
the event gueue and evaluates it
based on the code defined by the
user. The user can break down the
event into object type and index
number, and extract the data from
the event of a particular object
when the event is received by the
Arduino. At the start of this
function, the event iz removed
from the gueue wusing the
genie.DequeueEvent() function.

genie. AttachEventHandler()

default, the user's function is called myGenieEventHandleri).

This function tells the Visi-Genie-Arduino library the name of the external function
(myGenieEventHandler) above) that needs to be called from the uwser's code.
genie.Dobvents() does not know what external function to call for processing the
received data since this external function is user-defined. There is therefore a need for
the user to tell genie.DoBEvents() which function to call. Do this by writing
genie AttachEventHandleriname-of-your-function-here) at the start of the program. By
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To sum it up, the display sends information to the Arduino, whether it is by
result of a Reported Message or from a Read Object. The Arduino is
executing its code in the main loop. It comes to the genie .DoEvents ()
function and calls the ViSi-Genie-Arduino library. The Arduino 'sees' there is
some information available and stores it in a queue. When the Arduino
processes the queue, the first event is taken out of the queue and processed
based on the commands set out in the user-defined Event Handler function.
The Arduino then returns to executing any other functions in its main loop,
and then jumps to the start of the loop again.

How to Change the Status of an Object
To change the status of the cool gauge, use the function indicated below.

genie.WriteObject (GENIE OEJ COOL GAUGE, 0xz00, gaugewval):;
JgqaugevVal += gaugelddval;

if (gaugeval == 99) gaugehddval = -1;

if {gaugeval == 0) gaugeaAddval = 1;

GENIE OBJ_ COOL_GAUGE is the object’s ID or type, 0x00 is the index,
and gaugeVal is the value to be written to the object. Note that
gaugeVal is incremented or decremented by gaugeAddval. Also
gaugeVal is limited to a value between and including 0 and 99. Remember
that the cool gauge in the display module has minimum and maximum
values of 0 and 100.

It is possible to change the status of any object as long as the object ID and
index are known. The image below lists the object types or IDs already

defined in the ViSi-Genie-Arduino library. All of the objects can be written
to except the GENIE_OBJ_KEYBOARD and GENIE_OBJ_STATIC_TEXT.

#define GENIE_OBJ DIPSW 0 GENIE OBJ THERMOMETER 18
faef'_ne GENIE_ OBJ_ENOB 1 GENIE_OBJ USER LED 19
Taefl_ne GENIE OBJ_ROCKERSW 2 |GENTE OBJ VIDEO 20
#define GENIE_OBJ_ ROTARYSW 3 = - i
. = T GENIE OBJ STATIC TEXT 21
#define GENIE OBJ SLIDER 4 =

#define GENIE OBJ TRACKBAR 5 |GENIE _OBJ_SOUND 22
$define GENIE_OBJ_ WINBUTTON ¢ |GENIE_OBJ TIMER 23
#define GENIE_OBJ ANGULAR METER 7 |GENIE_OBJ SPECTRUM 24
#define GENIE OBJ COOL_GARUGE 8 |GENIE_ OBJ SCOPE 25
#define GENIE OBJ CUSTOM DIGITS 2 GENIE OBJ TANK 26
#define GENIE OBJ_FORM 10 |GENIE_OBJ_USERIMAGES 27
#define GENIE_ OBJ GAUGE 11 aFNIF OBT PINOUTEUT og
tdefine GENIE_OBJ_IMAGE 1z o

roetane - ~* |GENIE OBJ PININPUT 29
#define GENIE_OBJ KEYEOARD 1z - =

. e -~ ., |SENIE OBJ 4DEUTTON 30
fdefine GENIE_ OBJ LED 14 - - J
#define GENIE OBJ LED DIGITS 1; |GENIE_OBJ ANIBUTTON 31
#define GENIE_ OBJ METER 1¢ |GENIE_OBJ_COLORPICKER 32
#define GENIE_OBJ STRINGS 1" |GENIE_OBJ USERBUTTON 33

This list is found in the library file “genieArduino.h”.

. b Libraries ¢ Docurments + Arduine » libraries ¢ geniefrduino

~ Marne * Type
| examples File folder
5 Qf’ geniedrduing.cpp PP File

ces # Qf’ geniefrduino.h H File

The latest library may include more objects. Thus, the user must always
update to the latest version.
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How to Know the Status of an Object

The Arduino can interrogate the display module for the status of a certain
object. For instance, read the current status of the user LED using the
command indicated below.

/¢ The results of this call will be available tdg
// Do a manual read from the UszerLEd0 okject
genie.ReadObject (GENIE CBJ USEE LED, 0x=00);:

The status of any object can be read as long as the object ID and index are
known. The display module will then reply with a message containing the
object’s current status. This message is received and queued by
genie.DoEvents () and dequeued and evaluated by the user’s event
handler.

The User’s Event Handler

First, the union Event of the genieFrame type is declared.

/4 LONG HAND VERSION, MAYEE MORE VISIELE AND MORE LIKE
vold myGenieEventHandler (void)

{
genieFrame Event;

The genieFrame union type is defined in the ViSi-Genie-Arduino library.
It contains the structure reportObject, which is of the
FrameReportObj type.

lunion genieFrame {
uintf t
FrameReportObj

bytes[GENIE FRAME SIZE];
reportObject;

-}

The FrameReportObj structure type contains five bytes, each
representing a byte to be received from the display module. To illustrate:

Hstruct FrameReportOb] {
uintf t cmd ;
uintg t object;
uintf t index;
uintg t data msb;
uintf t data 1sb;

-}

The next step now is to take an event or a message from the event queue of
the genie.DoEvents () function. Observe the correct syntax.

genie.DequenseEvent (&Event) ;

Then break down the message into its components. A part of the sketch
demonstrates how this is done.
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//TIE the cmd received 1z from a Reported Object, which ccocurs 1f

if (Event.reportOkject.cmd == GENIE REPORT_ OEJ)
{
if (Ewvent.reportObject.object == GENIE_CEJ_USER_LED)
{
if (Event.reportObject.index == 0}

{
bool UserLed0_vwal = genie.GetEventData (&Event);:
UserLedl_wal = lUserLed0_wal;
genie.WriteObject (GENIE OBJ USER _LED, 0x00, UserLed0 wval):
H

Here is a list of Genie command type constant definitions taken from the
genieArduino.h file of the ViSi-Genie-Arduino library.

GENIE READ OBJ

GENIE WRITE OBJ
GENIE WRITE STR
GENIE WRITE STRU
GENIE WRITE CONTRAST
GENIE REPORT OBJ
GENIE REPORT EVENT

e I Y R L e

In conclusion the user’s event handler evaluates each byte of a message
(command, object, object index, and value), and then makes a decision
according to the result of this evaluation.

Connect the 4D Display Module to the Arduino Host

This section discusses several ways of connecting the display module to the
Arduino host. The user has the option of using a 4D Arduino Adaptor Shield
(there are two versions of this — the old and the new) or jumper wires.

Using the New 4D Arduino Adaptor Shield (Rev 2.00)

Definition of Jumpers and Headers

Jumpers

12

4D PROG CABLE/ADAFTOR 40 DISPLAY

The 5-way cable coming from the display should be connected to H1. When
the Arduino host cannot supply enough power to the display, the display can

Page 28 of 38

www.4dsystems.com.au



APPLICATION NOTES

4D-AN-00017

be powered separately thru H2 (jumper J2 should be configured
accordingly).

J1 is for choosing which pin resets the display — either the RES pin of H2 or
pin D4 of the Arduino host. J2 is for choosing the power supply source for
the display —either the Arduino host or the programming module connected
to H2 (if the Arduino host power supply is inadequate). The middle pin of J3,
RX, goes to the TX pin of the display and must be tapped to the correct RX
pin of the Arduino host. The middle pin of J4, TX, goes to the RX pin of the
display and must be tapped to the correct TX pin of the Arduino host.

Default Jumper Settings
The image on the right column shows the default settings for jumpers J1 to

14,
e Pin D4 of the Arduino host resets the display (J1 shorts pins RES and
AR).
e The Arduino host powers the display (J2 shorts pins PWR and AR).
e The Arduino host talks to the display thru port SerialO.

a0 PRoG cABLs/ADAPTOR |3 R/ o

Default Settings for J3 and J4

Jumpers J3 and J4 are configured, by default, to connect RX (TX0 of the
display module) to DO (RX0 of the Arduino) and TX (RX0 of the display
module) to D1 (TXO0 of the Arduino). Communication in this case is thru
Serial0 of the Arduino host and COMO of the display module.

Arduino host

RX0 TXO0
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4D Arduino
Adaptor Shield

Display

module

The Arduino Host Powers the Display

The following are images wherein the display module is powered by the
Arduino host. Note that the power supply must be able to provide enough
current for both the display module and the Arduino host. Refer to your
display module’s datasheet for the specified supply current.

Using the USB cable (the Arduino host powers the display):

Using the jack(the Arduino host powers the display):

uuuuuu

' r "
agic
ﬁ,‘;?-. —
Eoa s

H\,i. 2Bt r R nk

DNINAYY o ionxe o
et

a
Adsystems.comsu i."'
oy o0B8=80

Change the Arduino Host Serial Port

To use the other hardware serial ports of the Mega or Due, remove the
jumper connectors of J3 and J4 and connect the display TX0 and RXO pins to
the desired Arduino serial port TX and RX pins using jumper wires.

Arduino host

RX1, RX2, RX3, or TX1, TX2, TX3, or
software serial RX pin software serial TX pin

I
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4D Arduino
Adaptor Shield

Display

module

Power the Arduino Host and the Display Separately

If the display requires a higher current to operate (the uLCD-70DT for
instance), it is not advisable to power it off the 5V out of the Arduino host.
To power the display separately from the Arduino board, set J2 as shown
below. Power will then be supplied to the display thru H2.

] Yevwdtal s

v it
"’? ' 'g"q"i] -

H2 is for the 4D USB Programming Cable or uUSB-PA5 (power supply
source), and H1 is for the display module. The following image shows how
the Arduino host and the 4D display are connected when they are powered
separately.
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Complete setup (host and display are powered separately):

Note that the display module cannot be programmed thru the pUSB-PAS5 in
this setup since H2 transfers power only. Before programming the display
module, disconnect it first from the Arduino Adaptor Shield. Likewise,
before programming the Arduino host, make sure that it is not connected to
the display module. Do this when the communication is thru Serial0
(Arduino host) and COMO (4D display). Always double check the orientation
of the connections.

Using the Old 4D Arduino Adaptor Shield (Rev 1)

SW3LSAS

..;d'~~ -.‘u N

PIRIYS Joidepy ouNply ab

ONINQYY :pmmxs

VOO I
‘\ :rs | F

The old 4D Arduino Adaptor Shield (Rev1) uses digital pin D2 for resetting
the display. The reset routine of the Arduino sketch must be modified

accordingly.
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Connection Using Jumper Wires

EXPANSION HEADER
H1
101 | . SPK-
102 . ’ SPF+
103 . g T2C 5CL
04 : : T2C_SDA
B, 0 — .
11 17 =
3057 | 12 |4 Ao I0
= BUS6 | 5 % ALUDENE
BUSS | 1o oy —BESET _ +3.3W OUT
BUSA | 5, 55 T
BUSI | 5. o R0
BUS2 ;; - Tal0
BUST | 57 3% T
BUSO | 35 3¢ RAL
IDC HDR %15

Note that the display here is powered off the 5V out of the Arduino board.
Pin D4 of the host will also reset the display (logic of the reset routine must

be inverted). Connect the 5V and GND pins of the display to an external 5V

'NI 90TYNY

power supply source if a separate supply is needed. The reset pin, RES, of
the display can also be connected to another GPIO pin of the Arduino host
and the sketch can be modified accordingly.
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Changing the Serial Port of the Genie Program

A ViSi-Genie program uses the serial port COMO by default. This is also the
serial port through which the display is programmed by Workshop. The
datasheet for the uLCD-32PTU, for example, shows the H1 1/0 Expansion
header and the programming header.

microLCD I

PICASO Platform Display

As the reader may have already perceived, the TX and RX pins on the
programming header are the same pins as TXO and RX0 on the H1 I/O
expansion header. In Workshop it is possible to change the serial port being
used by a ViSi-Genie program. Instructions for doing this are as follows.
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Under the File menu, select Options then select the Genie tab.

Mew Compiler Designer Editor Environment | Genie | Serial Updates

Mote: 200,000 baud is a reliable baud raj
Open D — ¥ | to accumulated inherent baud rate error

q 56,000 are not reliable.
Default Sound Buffer | 1024 W

[~ Recent
] - Comms Port Diablo com1 Pins
J @ o RXPin PAll w
= (11 TXPFin |PAl3 w

B
. Save As
Maximum String Length ‘ Each addition byte of string length uses |

1_|:| Zip Project

x Cancel

For Picaso displays there are only two available serial ports — COMO and
COM1. To use COM1, click on the button next to it then click OK.

4D-AN-00017
Comms Port Diablo coml Pins
(o R¥Pin |PA1L v
@1 TXPin PA13 w

o

Compile and download the program to the display. All subsequent ViSi-
Genie programs will now use COML1. Also, the TX and RX pins of the host
shall now be connected to the RX and TX pins of COM1 instead of COMO.

x Cancel

The Diablo16 processor has four serial ports — COM0, COM1, COM2, and
COM3. The TX and RX pins of COMO are fixed and are used for programming
the processor. Again, COMO is also the default serial port used by a ViSi-
Genie program. The TX and RX pins for COM1, COM2, and COM3, on the
other hand, are ‘mappable’ —that is, they can be configured to be ‘mapped’
out to any (but not all) of the GPIO pins. The table below shows the GPIO
pins that can be used as TX and RX pins for COM1, COM2, and COM3. This
table is taken from the Diablo16 datasheet.
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DIABLO16 Serial TTL Comm Port

Configuration Options
TX1 RX1 TX2 RX2 TX3 RX3

N NSNS N LN EN CNEN CNENEN IS
NENENINENININEN CNENINENEN EN
NENENINEN N IS EN N EN N ENEN EN

Workshop, however, only provides the option of using COM1 as an
alternative to COMO. To use the GPIO pins PA13 and PA12 as RX and TX pins
respectively, specify them under Diablo com1 Pins then click OK.

Comms Port Diablo com1 Fins
D 0 RXPFin |PAL1I w

w1 TXPRin |PA12 w

W COK

Compile and download the program to the display. All subsequent ViSi-

x Cancel

Genie programs with a Diablo16 target display will now use COM1 with
the specified TX and RX pins. Also, the TX and RX pins of the host shall now
be connected to the specified RX and TX pins of COML1. If using a uLCD-
35DT for example,

Consult the datasheet of your display for more information.

Changing the Maximum String Length

The host can dynamically write to the strings object of a ViSi-Genie program.
The default maximum length of a character array that can be dynamically
written to a strings object is 75 characters (excluding the overhead bytes).
Worskhop provides an option for increasing this limit.
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Under the File menu, select Options then select the Genie tab. Here the
maximum length is set to 200 characters. Click OK.

: Mew Compiler Designer Editor  Environment | Genie | Serial Updates
Mote: 200,000 baud is a relisble baud raj
| Open LEEimes =600 ¥ | to accumulated inherent baud rate error
| 56,000 are not reliable.
Default Sound Buffer | 1024 W
-~ Recent
: . Comms Port Diablo com1 Pins
FJ_| @ 1] RXPFin PAL1l w
- M1 TXPin |PA13 w
—
—) Save As
Lim

Maximum String Length Each addition byte of string length uses |

Compile and download the program to the display. All subsequent ViSi-
Genie programs will now have this configuration.
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Proprietary Information

The information contained in this document is the property of 4D Systems Pty. Ltd. and may be the subject of patents pending or granted, and must not be

copied or disclosed without prior written permission.

4D Systems endeavours to ensure that the information in this document is correct and fairly stated but does not accept liability for any error or omission. The
development of 4D Systems products and services is continuous and published information may not be up to date. It is important to check the current position
with 4D Systems.

All trademarks belong to their respective owners and are recognised and acknowledged.

Disclaimer of Warranties & Limitation of Liability

4D Systems makes no warranty, either expresses or implied with respect to any product, and specifically disclaims all other warranties, including, without
limitation, warranties for merchantability, non-infringement and fitness for any particular purpose.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be superseded by updates.
It is your responsibility to ensure that your application meets with your specifications.

In no event shall 4D Systems be liable to the buyer or to any third party for any indirect, incidental, special, consequential, punitive or exemplary damages
(including without limitation lost profits, lost savings, or loss of business opportunity) arising out of or relating to any product or service provided or to be
provided by 4D Systems, or the use or inability to use the same, even if 4D Systems has been advised of the possibility of such damages.

4D Systems products are not fault tolerant nor designed, manufactured or intended for use or resale as on line control equipment in hazardous environments
requiring fail — safe performance, such as in the operation of nuclear facilities, aircraft navigation or communication systems, air traffic control, direct life
support machines or weapons systems in which the failure of the product could lead directly to death, personal injury or severe physical or environmental
damage (‘High Risk Activities’). 4D Systems and its suppliers specifically disclaim any expressed or implied warranty of fitness for High Risk Activities.

Use of 4D Systems’ products and devices in 'High Risk Activities' and in any other application is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless 4D Systems from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any 4D Systems intellectual property rights.
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