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VISUAL DESIGNER TUTORIAL

INTRODUCTION

Visual Designer is a unique development tool that uses flowchart blocks together with
schematic clips of Arduino™ shields or Raspberry Pi hats to allow drag and drop creation of
real-world Arduino and rPi embedded systems.
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Single step debugging in Visual Designer with the AdaFruit Motor Shield

This document explains the various features of Visual Designer and includes several practical
example projects and walkthroughs. Other modules in the Proteus system such as the
schematic capture and general simulation have their own help files and are companion
resources to this document. You'll find these help files either on the help menu in the schematic
capture module or via the Help section on the Proteus home page.

.ll;qlll

@ Help Home

@ Schematic Capture
@ PCB Layout

@ Simulation

Launchpad for other help files.
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What is Arduino™ / Genuino™?

Arduino is an open-source computer hardware and software company, project and user
community that designs and manufactures microcontroller-based kits for building digital devices
and interactive objects that can sense and control objects in the physical world.

The project is based on microcontroller board designs, manufactured by several vendors, using
various microcontrollers. These systems provide sets of digital and analog I/O pins that can be
interfaced to various expansion boards ("shields") and other circuits.

L1 See Also: Arduino Website

@ The Arduino and Genuino names and logos are registered trademarks of Arduino,
LLC.The Visual Designer for Arduino simulation product is not directly connected or
endorsed by Arduino.

What is Raspberry Pi ?

Raspberry Pi is a series of small, low cost, single board computers. The Raspberry Pi is still a
complete Linux computer but is still often used to control external electronics.

What is Grove ?

Grove is a modular electronic platform for quick prototyping. Every module has one function,
such as touch sensing, creating audio effect and so on. Just plug the modules you need to the
base shield, then you are ready to test your ideas.

This Grove Starter Kit is a great way for beginners and students to get started with Arduino. The
Grove Base Shield drops onto your existing Arduino and lets you connect up to 16 Grove
modules without any fuss. The Arduino headers are still broken out on the top of the shield
making it very easy to connect other breakout boards and sensors to your Arduino.

Il See Also: Grove Starter Kit (Website)



https://www.arduino.cc/
http://www.seeedstudio.com/depot/Grove-Starter-Kit-p-709.html

Visual Designer

Raspberry Pi: Limitations of Simulation

The Raspberry Pi is a high level behavioural model in terms of simulation. Since the rPiruns a
full copy of Linux and arbitrary code can be executed a full simulation model is not possible.
Specifically, the following libraries are supported:

Smbus
Pygame
Wiringpi
RPi.GPIO
Spidev

There is also a set of Python libraries, which are supplied by us in the Raspberry Pi drivers
directory:

Adafruit_GPIO
Adafruit_12C
Adafruit. MCP230xx
Adafruit_MCP3008
Adafruit_MotorHAT
Adafruit_ PCA9685
Adafruit_PurelO
Automationhat
Explorerhat
ADS1x15

cap1xx

grove_128 64 oled
grove_rgb_lcd
grovepi

max31855

pcf8574

pcf8591

piglow

sn3218

If you are writing your firmware with Visual Designer flowchart blocks then the Raspberry
Pi simulation should work with no problems. However, if you convert your project

to write your program in Python then of course you can write code that is based on

other Python libraries. In such cases you may not be able to simulate your project
because your source code may pull in libraries unsupported in simulation.

GUIDED TOUR

Visual Designer is a tool for designing embedded systems via a simple flowchart interface and
then simulating and debugging the entire embedded system in software. It makes sense
therefore that the IDE changes and provides both an Editing Layout and a Debugging Layout.
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This topic introduces both environments and includes links to more detailed topics where
appropriate.

Visual Designer Environment

Editing Layout

At design time, we are creating our embedded system, adding both hardware shields
and embedded control logic. The Visual Designer Environment breaks down into six
main areas as shown below

@ Adafruit IL9341 TFT and SD card Bitmap Demo - Proteus & Professional (DEV) - Visual Designer - O X
File Project Build Edit Debug System Help
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J Schematic Capture ¢ - 5+ Visual Designer

Projects =]
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v Peripherals
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% drawRect
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@ setCursor
@ setTextColor
L]
A d
L]
A d
L]
sD)
VT

<

setTextColor
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setRotation
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1(Grove Te..
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V5M Studio Output X

Compiling flowchart to file 'Arduino Uno/main.ino’
mksketch -C pro328 -N atmega328p -F £000000 -U "3°}DE\’/IMAGE/\’5M Studio/drivers/Arduino”™ -A "C:\Progra

v
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The Visual Designer IDE at Design Time.

1) Menus, Icons and Tab 2) Project Tree
3) Flowchart Blocks 4) Editing Window
5) Output Window 6) Simulation Control Panel




Visual Designer

Debugging Layout
During simulation and debug, the environment changes to provide relevant tools.

@ Adafruit IL9341 TFT and 5D card Bitmap Demo - Proteus 8 Professional (DEV) - Visual Designer - a x
File Project Build Edit Debug System Help
DEEHS A EEGEE-B0 QA& 9o o s 35 o R|&|o b
3 Schematic Capture ¢ ¥+ Visual Designer X
AVR Source Code -U1 LED &Reset g X
- i
van = ¥ AN EDR 2 G
7.?
Grove Terminal & X
Name Date Modified Size
[ TEST.THT 01/01/00 01:00 1KB

[ IMAGE.EMP 23/09/15 226 KB
Vil rminal - VT1

FT Display Q J X

AVR Variables - U1 & x
Name Address value
Evar_Prot... 0XD2 0X00 ...
<anon... O00B0029B
type 00800298 0x00D2
00800290 0x00 0x01

P > Il B | B t1Messag. : PAUSED:00:0053 009380

The Visual Designer IDE when single step debugging a simulation.

7) Source Code Window 8) Pop-up Peripheral Windows
9) Active Popups 10) Variables Window / Debug Windows

These items are all discussed in the following sections and are also covered in a more practical
way in the tutorials.
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1) Menu's, Icons and Tabs

The top menu commands will be familiar to most users and specific functionality is discussed
where relevant in the tutorial and other areas of the documentation. Some of the iconography
may be new however and each icon is therefore listed below along with its use:

ICON DESCRIPTION | ICON DESCRIPTION | ICON DESCRIPTION
New Proteus Open VSM Studio Create New
Project / Visual Designer Firmware Project

Open Project

Open Project
Notes

Delete Existing
Firmware Project

Save Project

Open the Help
files

Add Source Files
to the Existing

WX

[] oie]
E Project
B Close Project @ Zoom In Remove Source
Files to the
Existing Project
Open Proteus Zoom Out Build / Compile
E Home Page Open Q =! Project
Proteus Home 01
Page
4 Open Schematic Zoom All Rebuild / Compile
4 Capture Program % Project
{é} Open the PCB q Undo I?'-a Stop Build
Layout Program L5,
(iq Open the 3D e Redo IxE Attached to IDE /
Viewer Hardware
Q Open the Gerber v Cut ) Project Settings
. Editor "y »
T Open the Design 5 Copy S Type of Build
Explorer
Open the Bill of Paste

Materials

The tabs allow you to switch between different areas of the Proteus Design Suite. We will be
working primarily inside Visual Designer but we are building an embedded system and that
creates a schematic design as well. The schematic will be automatically drawn as we add
shields and peripherals to Visual Designer but you can switch to the Schematic tab at any time
to look at your 'virtual hardware'. You can even drag and drop a tab onto a different monitor if
you want to look at both modules simultaneously.




Visual Designer

2@ Adafruit L9341 TFT and 50 card Bitmap Demo - Proteus 8 Pr
File Project Build Edit Debug System Help

DEEHS AFSEEED B0

ISchematic Capture 3 el Visual Designer

Drag and Drop Tabs onto a second monitor to split screen.

@ Having virtual hardware in the form of a schematic really shows its power during
simulation as you can take measurements anywhere you please. You simply place and
wire instruments such as oscilloscopes and logic analyzers to inspect waveforms. See
the tutorial for more information and examples.

2) Project Tree

Brapects &
4 &+ Arduino Owo(OL) |
4 Flowcharc Files

Main
4 Resouzee Files

asrTexcColor

serTexcSize

,'_i%(t((((c((t((((((l‘

The project tree in Visual Designer performs three main roles:
@ Control of Flowchart Sheets
@ Control of Resources in the Embedded System

@ Control of Hardware Peripherals in the Embedded System

Control of Flowchart Sheets

When you start a new project you will have by default a single sheet in the Editing Window
called 'Main'. You can add more sheets (for example a subroutines sheet) if your program is
likely to become quite large.
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Projects Ll
— Msin Projects. -
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[ Schematic Caphre x - i Visual Designer x
Projects .4

4 (= *Arduine Uno(U1) ==
Add Periphesal a F: Files

Add Resource 9 M ( I )
. 4l SubRoucins
Debug genrated code i s u E“' .1_ -

Cenvert ta Source Praject

Acd Resource

@ Debug generated code e
Convert to Source Project

& fill3czeen [ puild Project CileF?

@ aecPixzel

i Rebuild Projct AT
& Clean Project Clil-F6

§ draubisos B Peoject Settings

@ fillRect B . | B
Adding and naming a second sheet in the Flowchart.

Rernoe Rem

Rerame Sheet Iy

When you have more than one sheet in your project you can quickly move between sheets by
double clicking on the sheet name in the Project Tree. Alternatively, you can select the sheet
you wish to navigate to from the sheet tabs at the top of the Editing window.

@ You can also find the sheet commands on the Project Menu at the top of the Visual
Designer IDE.

Control of Resource Files

Resource files provide a great way to include pictures and audio files into your project. You can
add /remove resource files from the right click context menu on the Project Tree. Once you
have a resource file you can drag and drop it straight into the setup routine of your flowchart
program to assign it a handle.

Control of Hardware Peripherals

Visual Designer is a development environment for a complete embedded system and so the
peripherals block includes both on-board peripherals of the CPU and also external peripherals
(supported Arduino shields or Grove Sensors) that you add to build up your hardware design.
When you start a new project you will see two or three peripherals such as CPU core and
Timer1 related to the processor core and you add extra peripherals via the right click context
menu on the Project Tree or the command on the Project Menu.

@ Adafruit 1L8341 TFT and SD
File Project Build Edit De
%| Create Project
Delete Project

& New Sheet

Add Peripheral L

Print
Export PDF

Seected Perphers: Grove Lumnance Senace Madkie = [ oxs

Adding a LUX sensor to the current Flowchart Project

Once added, you can see all of the methods available to you. These are the means by which
you interact with the hardware and you simply drag and drop the method into
your flowchart program where it will appear as an 1/0O Peripheral Block.

8
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Projects LI
4 (= *Arduino OUno(01)
# Flowchart Filea

printin
"Luminance Value: °,
Luminance,” LUK *

Drag and Drop the method you want straight into place in the Flowchart Editor.

You can also rename Peripherals once added. This is particularly useful for example, if you
have several buttons or LED's where it is more transparent to name them according to their job.
Simply right click on the peripheral and select the rename option from the resulting context
menu.

3) Flowchart Blocks

The Flowchart Blocks are the building blocks of your program. While you will often drag and
drop straight from the Project Tree you can also drag and drop flowchart objects from this
column onto the Editing Window. Indeed, some object types such as Delay Blocks, Loop
Constructs and Event Handlers are only available from this column.

4) Editing Window

The Editing Window is the place where you actual design your flowchart and create your
programs. For programs with multiple sheets the Editing Window displays the current sheet and
provides a small tab-strip at the top for easy navigation to other sheets.

s Wisual Dezigner

=

( Main | Interrupt Handlers I Subroutines |
\_l_/ ’7

Three sheets in a Visual Designer Program with the Editing Window showing the Main Sheet.

The sheet size you see is simple a set number of grid squares wide and high. Flowchart blocks
and other object are then scaled to also be a set number of grid squares. You can, from the
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Page Setup command on the Project Menu, adjust the number of visible grid squares. This
allows you to change the relative size of the flowchart blocks on the screen; for example, if you
want the blocks to be bigger you reduce the number of grid squares on the screen.

55 Dialog ? X
Sheet Size
Project Build Edit
| Creste Project page width
3| Delete Project PR
Add Peripheral
The page width and height are specified in grid squares. By reducing the
| Print width and height of the work area you will get proportionately larger
flowchart symbols at the expense of the amount of program logic that
E Export PDF can be expressed on each sheet.
Page Setup [
Set Defaults Cancel

When you print to physical paper the chart will automatically fit to page.

You can place flowchart objects on the editing window by drag and drop from either the Project
Tree or from the Flowchart bar on the left hand size.

You can zoom in and out the Editing Window via either the middle mouse wheel, the F6 and F7
keys or the icons on the toolbar.

5) Output Window

The output window provides a dump of status information and will list any errors when you build
your flowchart or program the physical hardware.

@ If you close the output window the Editing Window will be larger and you will 'zoom in' a

little more on the flowchart. The output window will come back automatically when it is
needed (i.e. when you build your program)

6) Simulation Control Panel
Interactive simulations are controlled from a simple panel that behaves just like

a normal remote control. This control is situated at the bottom left of the screen
by default. There are four buttons that you use to control your simulation.

» Db Il W

@ The PLAY button is used to start the simulator.

10
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The STEP button allows you to step through the animation at a defined rate. If the button
is pressed and released then the simulation advances by one time step; if the button is
held down then the animation advances continuously until the button is released. The
single step time increment may be adjusted from the Animated Circuit Configuration

dialog box on the System Menu.

@ The step time capability is useful for monitoring the circuits more closely and seeing in
slow motion what is affecting what.

@ The PAUSE button suspends the animation which can then be resumed either by clicking
the PAUSE button again, or single stepped by pressing the STEP button. The simulator
will also enter the paused state if an breakpoint is encountered.

2 The STOP button tells the system to stop doing a real time simulation. All animation is
stopped and the simulator is unloaded from memory. All the indicators are reset to their
inactive states but the actuators (switches etc.) retain their existing settings.

7) Source Code Window

The source code window is the primary tool for debugging your designs in Proteus and allows
you to single step your program, advancing the entire embedded system as you debug your
software. When the simulation is paused the source window will display the flowchart with the

currently executing block highlighted in red.

DEEN AEGCERADE=R|@ a_a|nC
ok ¥ Pebug

3 SchematicCapture X Vsual Designer X

Man AL J S

=7

uuuuuuuuuuuu

~ DDz
£d

mmmmmmmmmmmmmm

Messag | PAUSED:

P > Il B | A\ 11Messag. | ANIMATING: 00014 526629 (CPUload 59%)

Simulation running and then displaying the program for single step debug when paused.

You can even choose to debug the source code rather than the flowchart by first selecting the
Debug Generated Code option from the project tree context menu.

8) Peripheral Popup Windows

Some peripherals present a popup window during simulation. For example, if you add the Grove
Terminal Module then you will see a virtual terminal popup during simulation that you can use to

read and write text.

11
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Virtual Terminal acting as a console with info dump on servo motor position.

Peripheral popups are typically visible during running simulation so that you can interact with
them. They can be closed at any time from the cross at top right and then re-opened from the
Debug menu when the simulation is paused.

9) Active Popups
Active popups are simply areas of interest on the schematic that appear as docked widgets on
the right hand side of the of the Visual Designer debugging layout. They have two main roles :

1) You can see relevant parts of the hardware while debugging the software (E.g. text
appearing on an LCD).

2) You can interact with relevant parts of the hardware while debugging the software (E.g.
press a button or adjust a sensor).

The end result of using active popups is that you don't have to constantly switch tabs between
the schematic and the firmware in a debug session. They allow all relevant information to be
displayed on a single tab.

@ You can, if you prefer, work with two tabs and switch between schematic and Visual
Designer as required. You can even drag and drop into space if you are at a workstation
with multiple monitors.

10) Variables Window

The variables window is a debugging tool that lists program variables during a debug session. It
includes several powerful features to help you when debugging.

12
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Expansion of compound types

The variables window will seamlessly handle compound types (structs, arrays, enums)
and pointers, providing an expandable tree displaying the contents of the type or
the de-referencing of the pointer.

AVR Variables - U1 ﬂ
Name Address value
Flvar_Proteuseall 008002 9B 0OxD2 Ox00 Ox00 Ox01
<aAnonymous union:= 00800298
[ltype 0080023E 000D 2
=type 00000002 ot
-] 00800250 O0x00 Ox01
[—lresource 008002 30 0x0100
*resource 00000100 ‘I
[—file 00800250 0x0100
[=l=File 00000100 Format (-1) not wvalid for type (0x00580000).

ptr oos00250

Change Notification and Previous Values

A variable in the variables window will highlight when the value of that variable changes and the
simulation is paused. You can also view the previous value of the variable by selecting the
Show Previous Values option from the context menu (right click on the variables window).

13
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Find ltem F3

Add to Watch Window

Lopy To Clipboard Cirl+X
v | Show Globals

AVR Varizbles - U1 B
Name Address value!
[Flvar_Proteusgall 0080023E 0xD2 {
<anofymous union- 00800258 v | Show Addresses? Ctrl+Shift+A
00800298 0X00D}
= 00000002 o" Show Typee? Ctrl+T
00800250 0x00K Show Previous Values?
00800290 0X010¢
*resource 00000100 Tt ﬁ Show GrigiTEsT Ctrl+G
i 00800230 0x0104 WMini S 5
00000100 Eormai Inimum ize pace
00000100
00000100 oxana! A | Set Font...

[DOODEDESIN TSN =22 | 5et Colours..
00004D49

00800290

If you have a compound type (such as a struct) and an element of the type changes then only
that element will highlight. This means that, unless the type is expanded, you will not see a
change in the variables window at the point the element changes.

Add to Watch Window

The variables window is not visible during free running simulation but it's companion the Watch
Window is. You can add a variable to the watch window by the right click context menu and you
can then open the watch window from the Debug Menu.

Debug  System  Help

»| s Debugging Ctrl+F12
Il | patise Debugging Pause
M| stop VSM Debugging Shift+Pause

A

AVR Variables - U1

Name Address value

Wt

Find [tem F3 B
Add to Watch Window
Copy To Clipboard Crl+X
¥ | Show Globals
Binary * Configure Diagnostics
=2

==/ Horz. Tile Popup Windows
DD Vertical Tile Popup Windows

1. Simulation Log
« | 2. Watch Window e
> .

14
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A If you drag a variable to the watch window and you then recompile the program and re-
simulate then there is no guarantee that you will be viewing the contents of the variable in
the watch window — this depends on how the compiler re-uses memory. The watch
window simply monitors an address in memory. Be careful.

@ |n addition to the Variables and Watch Windows there are many more available debug
windows which provide more detailed information about the MCU. These can all be

launched from the Debug Menu when the simulation is paused and are documented in
full in the Proteus VSM help files.

Colours, Fonts and Flowcart Editor

In Visual Designer you can edit the fonts, colours and the style of the Flowchart editor to your
own preference. To open the dialog go to the System Menu > Editor Configuration

Fonts and Colours

=1 Editor Configuration ? X

Fonts and Colours  TextEditor ~ Flowchart Editor
Settings for:

Text Editor = Load Defaults

Font (fixed-width fonts are bold): Size:

[ courier New v] |10 -
Display Items: Item foreground:

Text W 5l=ck -
Comments Item background:

Strings =

Constants White e
Operators [ Bold

Keywords -

Ttalic

Extensions o

Macros [ Underline

Caret Sample:

Indentation Guides

Margins

Selection Text

Call Tips

Call Tips Highlight
Matched Brace
Unmatched Brace

cancel

15
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Text Editor

Flowchart Editor

16

51 Editor Configuration ?
Fonts and Colours ~ TextEditor  Flowchart Editor
Lines
Highlight current line Display line numbers
Braces
Brace matching |Strict =
Indentation
@ Usetabs () Use Spaces
Indent width 4 =
Tab width 4 e
Tabindents [ ] Backspace unindents
[ Autoindent  [] Display indentation guides
Whitespace
\Whitespaces visibiity |Invisible -
Wrap mode No -
Code Folding
No <
Cancel
=51 Editor Configuration X
Fonts and Colours Text Editor Flowchart Editor
Sheet Style Defauilt Block Style
Background Colour: White: b Background: Custom -
Border Colour: | [Jlj Blue - Border: | [l Black -
Grid Calour: Black =
L selected Border: | [l Red -
Flow Line Style Border Line Width: | 2.0 -
Colour: Bladk -
olour: | Il Bl Text Colour: | [l Mavy -
selected Colour: | [lll Red -
Label Colour: | [Jll Green hd
Line Width: | 1.0 A
Breakpoint Style Spedial Block Background Styles
pen Colour: | [l Red - Error: | [l Red -
Background Colour: Red -
o u Program Counter: Custom  ~
Node Style
Nested Level 1 Custom -
Text Colour: | [l Purple -
Nested Level 2: Custom -
Font Family
MS Shell Dig 2 v| Nested Level 3: Custom -
Text Styles
Constant v [Mrupe > [Jeod []italic
Preview Restore Defaults Cancel
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Editing Skills

Overview

This topic explains how to interact with the flowchart editor. The focus here is on learning the
skills needed to drive the software and create a program; simulation and debugging are covered
separately and we will link to more detailed topics where appropriate.

Navigation

To zoom in and out on the Editing Window

You can either:

1)

2)

3)

4)

Roll the middle mouse wheel in and out. This will zoom the Editing Window around the
mouse position.

Use the zoom icons. This will zoom around the center of the Editing Window.

Press the F6 key to zoom in and the F7 key to zoom out. This will zoom the Editing
Window around the current mouse position. The F8 key will reset the zoom levels to
show the entire sheet.

Hold SHIFT key and left drag a box with the mouse. When you release, the Editing
Window will zoom to the area drawn out by the box.

|

1MAGE BF
forde = Fomamal

@Q@I

To pan across the sheet in the Editing Window

You can either:

1)

2)

Roll the middle mouse wheel backwards (Zoom out), move the mouse to desired place
and roll the middle mouse wheel forwards to zoom in.

Hold the SHIFT key down and bump the mouse against the side of the Editing Window.
This will pan the sheet across the Editing Window.

17
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To switch between sheets in the Editing Window

You can either:

1) Click on the sheet that you want on the small tabholder directly above the main Editing

window display.

2) Double click on the sheet that you want in the project tree.
=)

Projects

v = wArduino Uno (U1l)
v Flowchart Files
|&] Main

|&] New Sheet 1
v Resource Files D\'?
= IMAGE.EMP

Placing, Selecting and Deleting Blocks
To place a flowchart block

Peripheral Operation Blocks:

Add the peripheral via the right click context menu on the Project Tree and then drag and drop

the method onto the Editing Window.

5 Select Peripheral

[P,
“ Resource Files [\—J 2 =
S mir o El Peripheral Category: | Adafruit -
El .
~ Peripheral A
L& cpu | [ NewSheet b [—I
# timer ESHNL
1epi( Add Peripheral L
5D1 (S Add Resource File Adafruit SO Card
VI (5! @} Debug genersted cade TFT Display  with SPI
based on Interface
Convert to Source Project ILI9341
aty Build Project Ctrl+F7 =
£ Rebuild Project Alt+ET 5.
¥ Clean Project Ctrl+F6 2
Ardui G
4% Project Settings S

Selected Peripheral: |Adafru|tTFF Display based on ILI9341

Storage Block Types:

Add the resource via the right click context menu on the Project Tree and then drag

and drop onto the Editing Window

18




Visual Designer

Any block type:

Projects =2
“ [= Ardnino Uno(U1)
v Flowchart Files
|&] Main
v Resourq-—F<1-=
7| @ MNew Sheet
v Periphy Add Peripheral
& c i
& - Add Resource File
L G. Debug generated code
E 5 Convert to Source Project
g v
&b Build Project Ctrl+F7
£ Rebuild Project Alt+F7
<5 Clean Project Ctrl+F6
5 3

Project Settings

Drag and drop from the appropriate flowchart icon across into the Editing Window.

To select a flowchart block:

ASSIGNMENT

Left click the mouse on the block.

To select multiple flowchart blocks:

You can either:

]

1) Drag a box with the left mouse button over the blocks you want to select.

/ LCDL

setRotation
rotation 1= 1

LCD1

drawBitmap
hBitmap := ProteusBall

xPos := 0
yPos =0

=D
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2) Hold SHIFT key down and left click on blocks individually.

@ Note that many actions are specific to a single flowchart object (e.g Edit). So, while you
can for example move selected objects as a group, you will be prevented from performing
other block operations.

To delete a flowchart block:
You can either:
1) Right click on the block and select delete from the resulting context menu.
2) Left click to select the flowchart block and press the delete key on the keyboard.
To delete multiple flowchart blocks:
Select the blocks to delete and then press the delete button on the keyboard to remove them.
Attaching, Moving and Detaching Blocks
To move an unconnected block:
Select the block by left clicking and then drag the block.
To move a connected block:
Select and then drag the block. This will bump the adjacent block in the direction of motion and
result in a concertina affect. This is an important technique because it is the method you use to

make space on a flowchart for inserting a block.

@ You can quickly 'tidy' a flowchart vertically by moving the top or bottom blocks to make
the spacing between all of the blocks the same.

To move a series of connected blocks:

If the set of blocks you want to move includes both a start and end block then you can simply
drag a box around it and move it to a better place on the sheet.
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Block move of an entire routine

If you want to move the routine onto a different sheet you can use the clipboard cut and paste

across the two sheets.
& |

If you want to move a series of connected blocks that form part of a routine, but not the full
routine, then you must either:

1) Tear off the series of blocks and move them elsewhere.

@ Grove LEDs - Proteus 8 Professional (DEV) - Visual Designer

File Project Build Et Debug  System Help
D&aRE2 @B =0 a4 ] a 9

Y 513 |g f( of | Cut Ctrl+X

Ctrl+C

sk Schemic Captur =1| C°PY

SO X Delete  Delete

v (> Arduino U1

v Flowchart & Tear Off Ctrl+T
& Main

~ Peripherals
i cou

% timerl

LEDIL (Grove LED)

LED2 (Grove LED)

Main

s omoUNAD NGO
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2) Move them in the context of the current routine.

@ If you move vertically this will bump other blocks closer together but it will not allow you to
change the position of the selected blocks in the flowchart.

@ If you move horizontally it will move the entire routine horizontally.

Also, it can lead to some very strange looking charts!

Tmeliap & 0
Temeliapd = 1
TemeDised 1= 2
T i

Block Move of part of a routine.

To attach a block to a flowchart

When you want to insert a block you do so by dragging and dropping. As you drag the flowchart
block you will see connection nodes appear when the block is correctly positioned over the wire.
Releasing at this point will connect the block to the flowchart.

> =P > TF =

Connection Nodes tell you when to release the mouse - this will auto-connect the block to the
chart

@ You can do this as you initially place the block or by selecting a block that is placed but
unattached.

@ Note that some block can only be connected at top and bottom (e.g. delay block) while
others also allow sideways entry (e.g. assignment block).

If you are inserting a block you may need to first make some space. You can do this easily by
dragging one of the blocks in the flowchart up or down to clear an area for the new block to go.
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LOOP

o
fillScreen
colour (= BLACK
-

To detach a block from a flowchart
You can detach or tear off a block from a flowchart by either:

1) Right click on the block and select tear off from the resulting context menu. This will
detach the block and leave it slightly to the side for re-positioning.

Delete
Edit

Cut
=| Copy

Tear Off L\\,

6o Toggle Breakpoint

2) Select the block and hold the CTRL button down as you move the block away. This will
tear the block from the current chart and you can then re-position as required.
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To attach a series of flowchart blocks

1) Make some room at the place in the chart you want to insert.
2) Select the series of 'connected’ blocks you want to insert.

3) Move them into place, watching the top connection nodes of the uppermost block.
When this appears, check that the bottom connection node is also visible.

4) Release the mouse to insert.

To detach a series of flowchart blocks

1) Select the series of blocks you want to insert.

2) Hold the CTRL button down and drag the blocks off the flowchart or use the tear off

command on the Edit Menu.
/'_C:Il /
FillS cregery
coloor i = BLACK

LCD1
setRotation
rofalion = 1

@ Commands on the context menu apply to a single block whereas commands on the Edit
menu apply to all selected blocks. This is an important distinction as some commands
(e.g. Edit) are meaningless for multiple blocks.
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Editing a Block

To edit a block you can either right click and select Edit from the resulting context menu or you
can double click on the block.

L /
LCD1
drawBitmap
hBitmap := ProteusBall

XFos:= 0

yRos =0 X Delete
[ Edit N
=| Copy
:%>8 Tear Off
4o Toggle Breakpoint

Regardless of the type of block you are editing you are almost certain to want to enter an
expression to give the block meaning. In some cases such as calling a subroutine this will be
extremely simple but for other block types it can be a little more complex. Fortunately, Visual
Designer can help in several different ways:

Variable and Function Listing

Where appropriate, all current variables are displayed in the bottom left of the dialogue form and
standard library functions are displayed in the bottom right of the dialogue form. Double clicking
on variable/function will add it to the current expression.

You can easily create, edit and remove variables via the buttons at the bottom of the variables
display.

,,,,, Edit Assignment Bleck

Assignments
i~ hour/10
i= hourt%10
.= minute/10
1= minutE%10
.- FALSE

Variables Functions

Remove

Remove

Remove

Remove

Remove

=
i

CeRKRR
L §

Update  BOOLEAN - General Functions
tolnt

toFloat
toString
minute  INTEGER abs

hour INTEGER iR
. max
TimeDispd INTEGER

m|

halfsecond INTEGER

m

String Functions

}

Multiple Expression Assignments using Variables
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Combo-boxes will be used to restrict selection to variables of the correct type where possible.
For example, the loop variable in a For-Next loop must be of type INTEGER.

Auto Complete

The auto-complete system will both prompt you with function hinting during entry and also
automatically complete named variables when typing. Press TAB or ENTER to auto-complete.

Arguments

State: 5 |

Variable M Functions
ledStal| Sart e
_ . llsub | [ 1l

Auto-completion

General Functions

UDject. |LeumML | mMemod: lCIECl"'DII'I[

Convert string to an integer
toInt{string)

State: tolnt(

Argume

Function hinting
Syntax and Type Checking

Comprehensive syntax and type checking takes place as you enter the expression. The
expression status is indicated at the right hand side and clicking on the red info icon will provide
detail on any errors in the expression.

i o B’
s Edit Assignment Block ‘ -8 S
Assi s Absolute value of an integer
=R LR abs(value)

TimeDispd v | := abs(ElEEEER) +edState e\[Remove ]
TimeDispl ¥ | := |Incorrecttype for parameter 0. Was expecting INTEE?ER, not UNKNOWN |
TimeDisp2 | := minutef10 o
TimeDisp3 | := minute®:10 W

Get more information on incorrect expressions.

Refer to specifics on individual block types for more detailed information.
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Wiring blocks together

Blocks are connected together with flowlines and Visual Designer provides an point-to-point
router to help with the task. The golden rule is that you must connect from an output to an input.
To join blocks together with a flowline

1) Click on the output connection node.

2) Move the mouse to the destination (input) connection node.
3) Click to complete the flowline.

LOOP ( LBoR )

2 )
oo * TcD1
fillBaeen fillsaeen
colour ;= BLACK colour := BLACK

@ |t's good practise to connect flowlines from top downwards to bottom because it makes
loops much clearer. Try to avoid connecting from bottom to top in normal flow.

To adjust/ move a placed flowline

1) Click to select the flowline.

2) The mouse cursor will change to show you the available direction of movement.
3) Left drag with the mouse to drag.

( LOOP ) ( LOOP )

=

[C

LCD1 LCD1
fillscreen fillscreen
cofour ;= BLACK cofpur 1= BLACK

To delete a flowline

1) Right click on the flowline and select the delete option from the context menu.

Splitting the flowchart into columns

If the flowchart is getting to the bottom of the page inside a single routine you may need to split
the flow with interconnect blocks.

1) Right click on the flowline near the bottom of the page and select split from the resulting
context menu.

27



LABCENTER ELECTRONICS LTD.

2) Block Move the bottom portion up to the top of the page at the right hand side.
3) Make some space.
4) Continue inserting blocks.

X Delete
Split

To change the flow of decision blocks

1) Place two flowlines corresponding to the output paths of the decision.
2) If the YES and NO paths are the wrong way around, right click on the decision and
swap them.

Ho X Delete

D Edit

o Cut
= Copy
B&  Tear Off

52 Toggle Breakpoint

Swap Yes/No

Clipboard Commands

Clipboard commands in Visual Designer work in exactly the same way as other Windows
applications and can by invoked in the normal way.

@ CTRL+X: Cut to Clipboard.

@ CTRL+C : Copy to Clipboard.

@ CTRL+V : Paste from Clipboard.
@ Menu Icons.

@ Commands on Edit Menu.
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%BEB]

The most common use for the clipboard in Visual Designer is for organizing flowchart routines in
the Editing Window and, in particular, for moving routines between sheets.

Remember when copying and pasting that you may be pasting blocks that include peripherals
(e.g. hardware shields). In this case the paste will duplicate the flowchart blocks and
assignments but will not create new hardware on the schematic. If that is what you want to do,
you need to add a peripheral, edit the relevant pasted blocks and assign the method to the
correct hardware.

@ Adafruit IL9341 TFT and 5D ¢

File Project Build Edit De @ Edit /0 Block ? X

[ =% Create Project i}é
F

3| Delete Project
-11 L' ~ | Method: |on -

Object: |LED1
ros |& | New Sheet cpu
E = Variables| fg‘g’ll Functions

~ 1 =
¢ 501
Add Peripheral l,\\) F LED1

Peripheral

General Functions ~
tolnt

toFloat

Export PDF toString

Print

Adding, Using and Removing Peripherals

To add a peripheral device

1) Right click on Project Tree and select Add Peripheral from the resulting context menu.

2) Select the shield or Grove peripheral from the Browser.

3) If you are using Grove peripherals you may need to switch to the schematic module,
double click on the label and change the connector to a unique ID.

59 Select Peripheral 70X

8 AdsfruitIL9341 TFT and SD ¢ Perihord Cateoory: ISEE hd LED8LUE

L
xgcped LI L

File Project Build Edit De ~

1|5 Create Project ;
a.

ol 3| Delete Project
k)

%3 Edit Component

| = | BERARARARERENNAREC N i
bviode | Blod) N D2 Sr | JEEEESEERTIE ER T ] e
‘ LEbaLuE } N D3 m R =

B. B. b ——————— | i Comnector ID

[ NewSheet

Projel

Add Peripheral
N Hide Al
Print

LISA Mods File: Hide Al
Export PDF
GrovelED  Grove LED

(Green) (Red) Other Propeties:

Selected Peripheral: |Grave LED (Blug) | [ Cancel

@ With Arduino, it is quite easy to add shields that are incompatible with each other. For
example, if two shields use the same CPU timer, the program is unlikely to work. You
need to check this compatibility yourself as Visual Designer does not interfere with the
Arduino drivers.
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To use a peripheral device

1) Expand the menu in the Project tree to access the methods of the peripheral.
2) Drag and drop the method onto the flowchart.

v Peripherals

& cpu
@ timer1
¥ Peripherals v [@ LED1 (Grove LED)
€ cpu @ on
€ timerl o of \
~ [B LEDI (Grove LED) & set d
voon & dim
@ off & toggle
@ set LEDZ (Grove LED)

& dim
@ toggle
LED? (Grove LED)

aDoO/nQDD[

LED1
~(EE
To remove a peripheral device

1) Right click on the peripheral in the Project tree and select Remove Peripheral from the
context menu.
2) Confirm from the resulting dialogue box.

@ dim
@ toggle

H —7 51 Remove Peripheral Block X
[B LED2 (Grove LED)

Add Peripheral ‘-@' Do you want to remove 'LED2(Grove LED)' from the project?

X Remove Peripheral This operation cannot be undone.

Rename Peripheral

@ Reload Driver

@ If you remove a peripheral device, it will not remove any flowblocks that referenced the
device. You need to adjust or delete all such blocks manually.

Adding, Using and Removing Variables

Variables are created and manipulated inside the object editing dialogue forms and are always
global to the project. The following types are supported:

@ Boolean (TRUE / FALSE)

@ Integer (Integer number)

2 Float (Floating point number)
@ String (String of characters)

@ Handle (Handle to a resource).

The expression editor will type-check assignments automatically.

To create a new variable

1) Edit the block you are working on.
2) At the bottom left, use the New button to launch the Create Variable dialogue.
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3) Enter the name of the variable and assign it a type.
4) Click OK to exit the dialogue.

B Edit 1/0 ®
Peripheral
Object: |L531 '| Method: |nn '|
Wariables Functions
MewVar_1 INTEGER ‘Genaral Functions ry
@ New Variable ? X
Type: | IMTEGER < 2

1, Click New. 2, Set the Variable and click OK.

To use an existing variable

Edit the block you are working on and then either:
1) Use the variable drop down to select the variable.

L9 (o

| Assignments

i TimeDispd = |:= 0

4+ |Remove

TimeDispt « | := 1

o |Remove

TimeDisp2 + |:= 2

4+ |Remove

Update
halfsecond
second
minute

TimeDispd

TimeDispl
TimeDisp2

second

minute

Column -

hour =

| TimeDisp2_ ~ | := 3

Functions

4+ |Remove

o |Remove

halfsecond INTEGER
INTEGER
INTEGER

[ New

| [ Delete

Edit

)

General Functions

tolnt
toFloat
toString
abs
min

max

String Functions

[1en

) Conm ]

31



LABCENTER ELECTRONICS LTD.

2) Type the variable name and use the auto-complete.

Eclit Decision Block I = Eait Desision Block [ B fomi
Condition I Condtion
halfs (] halfsecond> 1] ]
i e
ledState  BOOLEAN - General Funciions - ledState  BOOLEAN = General Functions =
Column  BOOLEAN telnt E 9 Column  BOOLEAN | tolnt |g
= toFloat R g taFlaat L5
Update  BOOLEAN s Updste  BOOLEAM | it
halfsecond INTEGER e halfsecond TNTEGER = I ™
second  INTEGER i second  INTEGER miin
winute  INTEGER = minute  INTEGER Ll
b ITEALD X Strineg Funclions s IRITECLD. x String Functions
(Cew ) (Coaeie ] (CEm ] [l - (Cren—) (Cosem) ) [ l-
(o ] [ conce
i

hour/10

hour%:10 4 |Remove
minute,10 4 |Remove
minute %10 + |Remove
FALSE o [Remove

o [Remove |

Variables Functions

Update BOOLEAN General Functions
halfsecond INTEGER tolnt

toFloat
becengirecer

minute INTEGER abs

hour INTEGER min

max
TimeDispd INTEGER

String Functions

[ mew ][ Dekte ][ Edt |

[len

To edit a variable

1) Edit one of the blocks on the flowchart.
2) Select the variable from the list on the left hand side.
3) Click the edit button and change the name and/or type of the variable.
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51 Edit /0 Block

? X
Peripheral
Object: |LE31 'l Method: |w| -
Variables Functions
General Functions ~
tolnt
toFloat
toString
abs
min
max
String Functions
New | | Delete (| | Edit | [ —

To remove a variable

1) Edit one of the blocks on the flowchart.

2) Select the variable from the list on the left hand side.
3) Click delete to remove the variable

5 Edit /0 Block

? X
Peripheral
Object: |LEJI 'l Method: |on -
Variables Functions
General Functions ~
tolnt
toFloat
toString
abs
min
rnax
String Functions
vew (| Delete | Edt | len v

@ |f you edit or remove a variable you need to remember to check and change all the other
flowchart blocks in which the variable has been used.
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Flowchart Blocks

Visual Designer includes a small set of flowchart blocks which are used as the programming
constructs in your firmware. These will be familiar to many users and are listed below in full.

ICON DESCRIPTION ICON |[DECRIPTION
Event Start Block: Used

Time Delay: A time

) together with an end block to delav in proaram
‘—l—/ define a sub-routine or event yir prog
handler. execution.
n ock: Used together wi ecision Block:
End Block: Used togeth ith Decision Block: A
i
| |

flowchart.

Loop Construct: Used
to simplify the
configuration of
different types of loop.

Interconnector : Used
in pairs to connect
longer sequences of
blocks into separate
columns on the editor.

Comment: Allows you
to add a textual
comment on the
flowchart.

sub-routine or event handler.

Assignment Block: Used to
assign a value to a variable.

an event start block to define a <> boolean decision in the
]
J

Subroutine Call: Used to call a
sub-routine.

O

Stored Data Block: Used to
specify an action on a storage | ABC
object (such as an SD Card).

I/O (Peripheral) Operation:
Used to specify an action on
the hardware, either internally
to the CPU (e.g. timer) or
external (e.g. LCD).

QA O

Event / Subroutine Block

The event block is used together with the end block to define the start and end of sub-routines
(e.g. to write to a display) and event handlers (e.g. to handle a timer interrupt).

If you are creating a subroutine then all that is required is a name for the block. This is the name
of the routine and will be selectable when placing and editing subroutine call blocks.
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Name

TimeUpdate

Triggers

Simple Subroutine Config - Only the name is required.

If you are creating a routine to handle a triggerable event such as an interrupt handler then you
need to also specify the trigger

-
o SoctTigger ol
o Edit Event Block Hardware Trigger | Periodic Trigger |
Name a £ cpu(CPU)
& RESET
OnTimerISR i INTO (102)
& INTL (103)
Triggers

4 £ timerl (TIMERL)
Timer Match | % Timer Match

timerl

Setting up a timer interrupt service routine based on a timer1 match event.
@ The periodic trigger provides a very handy way to get a repeatable call at regular time

intervals. It does however make use of one of the CPU timers so be careful not to use it
elsewhere if you configure it here for use here.
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End Block

The end block is used to terminate a routine or event handler and is normally placed together
the event block.

@ A typical Arduino project will initialize with two event and end blocks, one for program
setup and the other for main program execution.

Assignment Block

This is the standard block for assigning values to variables. It is also the place to create new,
edit and delete variables.

f ™
wue Edit Assignment Black ILM-
Assignments
= 5 v
- v
second »|:= |0 4 | Remove
Variables Functions
led5State BOOLEAN - General Functions -
Column  BOOLEAN i talnt e :
3 toFloat
Update BOOLEAN toString i
halfsecond INTEGER abs I
second INTEGER min
; max I
minute INTEGER -
String Functions
[ Mew | [ opDeete |[ Edt | | |-
en

k = —

Assigning values to variables for the time.
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Subroutine Call Block

The subroutine block lets you call a function defined elsewhere on the flowchart.

.
o Edit Subroutine Call -

Subroutine to Call

~

Sheet: [{all) * | Method: |OnTimerIsR
SETUP

TimeUpdate
TimeDisplay

L ——

Specifying the subroutine to call.

@ You must first create and name the subroutine with an event and end block. The combo-
box on the subroutine dialogue lists all named routines.

Stored Data Block

The storage block is used to denote an action or method on a storage object (SD Card). The
methods are then typically used with resources (e.g a text file) to manipulate the filestore.

9 Edit /0 Block ? *
Peripheral
Projects 0 Object: |SD1 ~ | Method: |apen -
()| Man
v [ *Arduino Uno (U1) - Arguments
v Flowchart Files =
B Main (j jame: |"FRED.TXT" ) ‘Q/
v Peripherals Mode: |READ -
# cou El
4 cimer1 Results
v
B spi(sp cazq) ﬂ:ﬂ Fle <> [fle =
Gopen —0 |
% close Hﬁ—\\ =0t Varizbles Functions
% remave
o mkdi = open file HANDLE General Functions ~
o mdir - name := ? tolrt
@ read D) moce := READ |y taFloat
- " 5
% readin file => file toString
@ wiite abs
 wiitein <
@ print o max
& _printin — String Functions
New Delete Edit "—‘ v

When you add a shield that contains an SD card it will almost always have a method for using
the contents of the SD Card. For example, a TFT shield has a DrawBitmap() method and a
Wave shield has a Play() method. In these cases, you should not use the storage data blocks
but rather just drag and drop the resource onto the chart
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Frojects a8 M
ain
v & savamino oy | @D " L ,
~ Flowchart Files
[£) Main (j
v Resource Files
|5 IMAGE.BMP :
v peripherals 7 Edit 10 Block ? X
# cou
Pp— [ LCDL Peripheral
& zeoirFn setRotation Object: [LCDL ~ | Method: [drangitmap -
B sp1(sD cara) rotation:= 1
Arguments
Files |‘]MAGE BMP” |¢
() oo [ = (-]
C YPos: [/ e
I LCD1 Varisbles Functons
() drawBitmap GenerslFuncaons ~
O file := "IMAGEBMP' Tolnt
XPos =7 toFlost
ABC ny =7 %3 (zStrmg
abs
min
max
String Functions
New Delete Edit P —
3 Cancel
' END ’
VSM Stuio Output
[

Peripheral Operation Block

A peripheral operation block basically allows you to perform an action on the hardware. With a

new project the hardware will consist of only the processor and the available actions are
therefore limited.

- S

Peripheral
Object: |cpu * | Method: |pinMode

Arguments analogReference

analogWrite

Pin:  Firnumbe analogRead

digitalWrite
pulseln

enablelnterrupt

dizableInterrupt

debu:
"!'éEHEHI'I'ﬂHEEMm

tolnt
toFloat

Variables

toString
abs

min

max

String Functions

Deete fen

Laft

Available actions on the processor.
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However, as you add peripheral shields to your project you will be able to interact and control
their 1/0O via this block type.

Peripheral
Object: | Servo Motor | Method:
Arguments writeMicroseconds
detach
Angle: Angle value fo write, from 0 to Jreattach
readAngle
attached
Variables T
| setAngle  FLOAT | |General Functions - |

Available methods on the Grove Servo Motor Shield.

Time Delay Block

This block is used to introduce a specific delay in the program.

1 ¥ [pisecnie |

Variables Functions

setdingle  FLOAT General Functions
value FLOAT tolnt

is_attached BOOLEAN foFloat
toString

abs

min

max

String Functions

|Ir:n

Specifying a 100ms Delay in the program.

@ In Arduino, no other reading of sensors, mathematical calculations, or pin manipulation
can go on during the delay function, so in effect, it brings most other activity to a halt.
Interrupts and other specific functions will however still work. Refer to the Arduino
documentation on Delay() for more detail.

39



LABCENTER ELECTRONICS LTD.

Decision Block

The decision block is the basic yes/no question that determines desired program flow. The
dialogue form is fairly self-explanatory and requires a boolean expression.

w Edit Decision Black CE (-0 [
Condition
is_attached o
Variables Functions
setAngle  FLOAT General Functions - |
value FLOAT tolnt =
toFloat I
is_attached BOOLEAN oo
to5tring
abs
min |
max
String Functions I
[ new | [ Delete | [ Edt | |'E” |v |
[ Ok ] [ Cancel ]

Testing the is_attached variable in a decision block.

When a decision block is linked on the flowchart, the YES and NO labels are placed in default
locations. You can swap them over via the context menu if that better suits the flowchart.

o 1o RaaaRaEaaaE

DECISI[} Delete
s[5 Edit

Cut
Copy

Tear Off

&o  Toggle Breakpoint

Swap Yes/Mo
P
Swap the YES and NO flowlines on a decision block.

Loop Construct Block

The loop construct provides a simple, dialogue driven way to configure some common types of
program loop. It is placed as a pair and the required logic blocks are then attached inside the
loop. The edit loop dialogue then provides several options:
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Count Loop

The count loop is simply a way of executing the loop body a specified number of times.

For-Next Loop

Countloop | For-Nextloop | Whie-wendloop | Repeat-ntiLoop |

T

Loop Variable E]

Count: 0 o

The count loop causes the loop body to be executed 'count times' with the loop variable
incrementing by 1 on each iteration of the loop.

This is a simplified version of a Forfext loop,

Variables Functions

setfingle  FLOAT General Functions -

value FLOAT tolnt
is_attached BOOLEAN toFloat
toString
i INTEGER be

min

m

max

String Functions

len

MNew | [ Delete | [ Edit | I_Eft

o] (o

Count Loop

A For-Next Loop is an extension of the count loop as you need to specify the start, stop and
step to determine how often the loop body will execute.

Countloop | ForNextloop | whie-Wendloop | Repeat-untiloop |

EEEI

| Loop Variable [:]

Start Value: 0

<
Stop Value: 360 «
L4

Step Value:  angleinc

The For-hext loop starts by setting the loop variable to the start value, It then executes the
loop until the stop value is reached, The step value is added to the loop variable after each
iteration, If no step value is given, the loop will count up or down in steps of 1.

Variables Functions
setAngle  FLOAT General Functions -
value FLOAT tolnt |
is_attached BOOLEAN tofloat
toString
i INTEGER abs
angleinc  INTEGER min
max
String Functions
len
left
[ New ][ Delete ][ Edt | - -

) [

For-Next Loop.
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While-Wend Loop
This construct executes the body of the loop while the tested condition evaluates as TRUE.

‘ Count Loop I For-hext Loop | While-Wend Loop | Repeat-Until Loop |

Loop While:  angleinc < 10]

The While-wend loop executes so long as the while condition evaluates to TRUE. The loop
condition is tested at the top of the loop and so if it evaluates to FALSE on entry to the loop
then the loop body will not be executed at all.

Variables Functions

setAngle  FLOAT General Functions
value FLOAT tolnt
is_attached BOOLEAN toFloat
toString

i IMTEGER abs

angleinc  INTEGER min
max

String Functions

len
] left

[ mew | [ pelete ][ Edit

While-Wend Loop

@ Note that the test takes place at the top of the loop and so if the test is FALSE to begin
with the loop contents will not be executed at all

Repeat-Until Loop
Repeat-Until is very similar to While-Wend except:

@ |t executes until the tested condition evaluates to FALSE

@ The test takes place at the bottom of the loop and so the loop body always executes at
least once.
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o Edit Loop ‘

(2

Count Loop For-Mext Loop I While-Wend Loop

Repeat-Until Loop

Loop Until: |angleinc 1]

least once,

The Repeat-Until loop executes so long as the until condition evaluates to FALSE. The loop
condition is tested at the bottom of the loop and so the loop body will always be executed at

4

Variables

Functions

setAngle  FLOAT

value FLOAT
is_sttached BOOLEAM
i INTEGER

angleinc  INTEGER

[ New ][ Delete ][

Edit

.

General Functions

tolnt
toFloat
toString
abs

min
max

String Functions

len
left

m
= s e = == - ——— ==

o [ |

Repeat-Until Loop

Interconnector Block

The interconnect blocks are basically 'virtual connections' and need to be in pairs. If you have
two interconnect blocks with the same number then you can imagine an invisible wire joining
them together. The purpose of the interconnect blocks is to let you split flowchart logic into

multiple columns.

You can either drag and drop two interconnect blocks, link them on the flowchart and then re-
number appropriately, or you can simply right click and split a flowline.

0 TEDHT
display display.
o= posi=2
el 1= TimeDis sl sellie = TimeDisp2

]

1
o T
display display
oo posi=3
sl 1= TimaDisel il = Tanalisp

S

Splitting into two separate lines with interconnect
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@ You can join two interconnects together into a single line by dragging one over the top of
the other.

Comment Block

The comment block enables a free format block for the entry of descriptive text.

-
wes Edit Comment Properties B |
Text: | yeflg World.|
I
1
|
G

Comment Block Dialog

ARDUINO HARDWARE

Introduction

Designing 'virtual hardware' for your project is greatly simplified in Visual Designer. The various
options available to you are described in detail below.

Arduino Base Board

In hardware, Arduino is a system consisting of a fairly simple base board with an AVR
microcontroller, some supporting electronics and Arduino pin headers (connectors). There are
then a wealth of peripheral boards (shields) which plug into the pin headers to form the
hardware for a particular project.

In Visual Designer for Arduino, the creation of the project is the point at which you make your

decision on the base board (E.g. Arduino Uno, Arduino Mega). This is automatically placed on
the schematic when the project is created.
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ybime S Ty

Automatic placement of the Arduino Mega on the Schematic when the Project is created.

Arduino Shields

Arduino shields are modular circuit boards that piggyback onto your Arduino base-board to
instill it with extra functionality. They are the simplest way to add hardware functionality to your
project because the circuitry and connectivity on the schematic happens automatically.

Adding a Shield

When you then want to add a shield in Visual Designer you right click on the Project Tree and
select 'Add Peripheral' from the resulting context menu. Select the 'Adafruit' category on the
peripheral browser and then select the shield you want to add. This will auto-place the shield
electronics on the schematic.

e ]
Perpharal Categry: [Adafut =)

*m

Adafnst | 5O Card

TFTDisplay  with SP1
basedon  Interface
[T

‘Selected Peripheral: Adafrut TFT Display based on 1LI9341 o cancel

Adding a Peripheral will auto-place and auto-connect on the schematic.
Writing a Program to Control a Shield

Shields appear in the project tree in Visual Designer once picked from the Peripheral Gallery.
They include high level methods that allow you to quickly control the connected electronics via
flowchart blocks.
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Drag and Drop methods make it simple to drive the shields.

Potential Pitfalls

Working with Virtual Shields is the simplest method to quickly create projects in Visual Designer.
You do however still have to take care with what hardware you choose to use. For example:

2 You need to make sure that your use of Arduino shields is compatible with hardware. For
example, some shields are incompatible because they make use of the same resource
on the CPU (e.g. Timer1). Others are pin incompatible.

@ You need to make sure that your target Arduino base board has enough memory to
handle the shields you are adding to it. In particular, with an Arduino Uno you can run
out of memory if you add shields with large and complex software stacks.

Grove Sensors and Modules

Grove is a modular electronic platform for quick prototyping. Every module has one function,
such as touch sensing, creating audio effect and so on. You simply plug the modules you need
into the base shield and then connect the base shield to the Arduino base board in the normal
way.

The Grove Starter Kit Plus is a great way for beginners and students to get started with Arduino.
The Grove Base Shield drops onto your existing Arduino and lets you connect up to 16 Grove
modules without any fuss. The Arduino headers are still broken out on the top of the shield
making it very easy to connect other breakout boards and sensors to your Arduino.
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Grove e
starter
Kit=—

Grove Starter Kit Hardware.

Adding a Grove Module

You can add a Grove module in the same way as adding a shield, except that you select the
Grove category in the Peripheral browser.

x sectPeripheral [
- =
| peripheral categary: [Grove =
|
{ | !,J o s e mes BT Wopn momew | TEE
wE 1 e o E bl [
Grove Groved-  Momentary Grove Grove Grove2C  Groved8Jem  GroveRGB  Grove LED
138654 Digit ActionPush  Buzzer Differential  12-6itADC  Infrared LCD bar Module
OLED Display Buttan Module Armplifier Proximity Module
display Module Module Senser
Module Module
- el . 2 ,... . . =l _I_":’ e =1 |- B
Grove LED Grove LED Grove LED Grove LED  Grove Light Grove Grove Relay Grove RTC
(Blue) (Green) (Red) (Vellow) Sensor Luminance  Module Rotary Angle Module
Module Sensar potentiomenter
Madule based sensor.
P i & 5 9
@l m §on W B g o milpa
Sound/volume  Grove SPOT  Thermistor Grove Grove Grove Grove
level sensor  slide Switch based Terminal Touch Ultrasonic Voltage
temperature  Module Sensor Ranger Divider
sensor Module Medule Medule
Selected Peripheral: Grove 128354 OLED dsplay Madude e ][ coa |

Adding Grove Starter Kit modules in Visual Designer.
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You can then control the Grove peripherals via the high level methods available from the Project
Tree. Multiple peripherals and sensors can easily be added to a single project which provides
an extra level of flexibility over using standard Arduino shields.

Potential Pitfalls

When you are working with Grove modules in Visual Designer the process is identical to
working with complete Arduino shields. However, since the modules themselves plug into an
Arduino shield, you need to take care not to re-use a connector on the Grove board. The real
Grove base-board shield will look something like the following:

Grove Shield - the sensor modules plug-in to the exposed header pins.

When you add a Grove peripheral it will be assigned an ID on the schematic corresponding to a

connector on the real board. If you get a duplicate, you'll need to edit and rename one of the
connectors to a free slot.

If two grove modules have the same connector, you need to edit one and assign to an unused
header slot on the Grove Shield.

2 You need to make sure that your use of Grove modules is compatible with hardware.
Since the pins used in each socket overlap it is quite easy to mistakenly use the same pin
twice. A good example of this is discussed in Tutorial 2

Breakout Boards and Peripherals

The third category of hardware that you will find in the Peripheral Gallery is breakout boards.
These are useful and interesting pieces of electronics (often single components) for which we
have provided control methods inside Visual Designer. So, when you add a breakout peripheral
to your project, you can drive it from the methods it adds to the Project Tree.
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557 Select Peripheral ? X - o
lect Feriphers File Project Build Edit Debug System Help
DEED AEPEFEER-E @
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. 3¢ Schematic Capture X 7 Visual Designer X
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L = ~ (= *ARDUINO UNO(U1) L'_/' N
e - v Flowchart Files
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= @PS2 (EFS Modul
— . 2 ( odule) e
Selected Peripheral: |GPS card with serial Interface J[ ok || cancel

Breakout boards provide even more flexibility on the schematic. Indeed, they often connect to
other schematic components that you want to place and wire yourself.

Potential Pitfalls

CPU resources and pin assignments need careful consideration.

Schematic Design

With Visual Designer you have access to the full power of the Proteus VSM simulation
environment. This means that you have a professional schematic capture tool with tens of
thousands of embedded components that you can place, wire and simulate.
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This is the most flexible design method of all but involves a significantly higher learning curve.
The programming in Visual Designer will have to be done via the CPU methods rather than
specific methods for peripherals.
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T’lSchemaﬂc Capture ¢ 5] Visual Designer
Projects = p Main
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% Flowchart Files
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@ pinMode SETUP
& analogReference “:l]
& analogWWrite
% analogRead
& digitalWrite G cpu
& digitalRead — pinMode
@ pulseln pi =12
& enablenterrupt mode := PULLUP
& disablelnterrupt D
& debug
v timerl <>'
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d
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@ pwm
@ disablePwm
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END

Potential Pitfalls

Schematic design for simulation is a large and relatively complex topic. In addition to the basic
of placement and connectivity there will also be power considerations and you will need to
program for interconnect protocols where appropriate. At this stage, the transition from Visual
Designer to Proteus VSM should be considered as there is a point beyond which C
programming is required to effectively design the embedded system.

RASPBERRY PI HARDWARE

Introduction

Designing 'virtual hardware' for your project is greatly simplified in Visual Designer. The various
options available to you are described in detail below.

Raspberry Pi Base Board

In hardware, Raspberry Pi projects start with the Pi computer board and then sometimes will
have additional electronics attached via the header block. These can be either complete
functional electronics blocks (known in the Pi world as 'hats' ) or loose electronics components
such as LED's or buttons.

In Visual Designer for Raspberry Pi the creation of the project is the point at which you make
your decision on the base board. You can choose between the Raspberry Pi 3 or the Raspberry
Pi 3 with Grove. The latter can be thought of as the Pi3 with the Grove hat stacked on top of it
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Visual Designer

Equivalent Hardware: Raspberry Pi on the Left and Raspberry Pi with Grove Hat on the right

Your choice will be automatically placed on the schematic when the project is created.

RPI3

soa O GFI02
scL O—) GFI03

XD O——) GFI014
R¥D {O——) GFI01s

GRIC11 ) CLK
GPRICE i) MIZO

r U1
| GPIos O—a2d GPIOS GPIQ4IGRIC. GCLK [————() GFio4
| GFPIOS 0—3; GRIOE GPIO17IGPIO_GEND 112—0 GRIO1T
GFIO12 0—33 GRI012 GPIO18/GPI0_GEN1 TO GFRIO18
| GFIO13 O_aa GFIO13 GPIO2TIGRI0_GENZ [—————iT) GFI027
GFIO18 {:)—35 GFIO16 GPIO2Z2/GPI0_GEM3 {) GFIO22
| GFIO18 0—33 GFRIO1D GFIOZ3GRI0_GEN4 ) GFIo23
GFIOZ0 0—3? GRIOZ0 GPIO24/GPIC_GENS [ ) GFio24
| GFIOZ2E O_-w GRIOZE GFID25/IGRI0_GENS [—= {) cFIo25
GFI021 {J———— GFI021 e
| % GFIO10MMOSI 21—0 GFIO10
GFIO14 OT GRIO14TXD0 GRIOQIMISO 23—0 GFIOS
| GFI015 {J— GFIO15RXD0 GPIO11/CLE 24_0 GFRIO11
z GRIOE(SFI_CED [———) GFio8
| GFIO2 O = GPIO2ISDA1 GPIOTEPI_CE1 [—0 cGFIO7
| GPIO3 {J——] GPIOHSCL1

Automatic placement of the Raspberry Pi 3 on the Schematic when the Project is created.

@ In theory, the Raspberry Pi Zero W should also work as the pinout is identical and it
contains the wi-fi chip. If you are working with this device select Pi 3 in the configurator.
Raspberry Pi 2 will not work with Visual Designer because the pinout is completely

different.

Raspberry Pi Hats

Raspberry Pi Hats are modular circuit boards that sit on your Pi3 base-board to instill it with
extra functionality. They are the simplest way to add hardware functionality to your project

because the circuitry and connectivity on the schematic happens automatically.
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Adding a Hat

When you then want to add a hat in Visual Designer you right click on the Project Tree and
select 'Add Peripheral' from the resulting context menu. Select either the 'Adafruit’ or the
Pimoroni category on the peripheral browser and then select the hat you want to add. This will
auto-place the electronics on the schematic and connect it to the Pi baseboard.

e U e
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Adding a Peripheral will auto-place and auto-connect on the schematic.

@ The connections are made by terminal name. Two terminals with the same name can be
thought of as being connected with an invisible wire.

Writing a Program to Control a Hat

The Raspberry Pi Hat will appear in the project tree in Visual Designer once picked from the
Peripheral Gallery. They include high level methods that allow you to quickly control the
connected electronics via flowchart blocks.

3 server
v U2(PimoroniFiGlowHat}
setlLeg

4

setColour
setRing
setlED
allon

& aloff
 Resource Files

Drag and Drop methods make it simple to drive the hats.

Lo o4
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Potential Pitfalls

Working with Virtual Shields is the simplest method to quickly create projects in Visual Designer.
You do however still have to take care with what hardware you choose to use. For example:

@ You need to make sure that your use of hats is compatible with hardware. For example,
some hats are incompatible because they make use of the same resource on the CPU
(e.g. Timer1). Others are pin incompatible.

Grove Sensors and Modules

Grove is a modular electronic platform for quick prototyping. Every module has one function,
such as touch sensing, creating audio effect and so on. You simply plug the modules you need
into the base shield and then connect the base shield to the Raspberry Pi base board in the
normal way.

The GrovePi+ is the Pi Hat which attaches to the Pi 3 baseboard and includes 15 Grove 4-pin
interfaces that then let you directly connect Grove sensors to the Raspberry Pi.

@ |In Visual Designer if you want to want to work with Grove and Raspberry Pi you should
choose the Raspberry Pi 3 with Grove option during project creation.

Grove Pi+ Starter Kit is a great way for beginners and students to get started with Raspberry
Pi. The Grove Base Shield drops onto your existing Pi and lets you connect up to 16 Grove
modules without any fuss. The headers are still broken out on the top of the shield making it
very easy to connect other breakout boards and sensors to your Pi.

Grove Pi+ Starter Kit Hardware.
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Adding a Grove Module

You can add a Grove module in the same way as adding a shield, except that you select the
Grove category in the Peripheral browser.

Category: |Grove ) E:]
LR e

L=
Grove Grove 4- Momentary Grove Grove
12854 Digit Action Push Buzer Differential
OLED Dsplay Button Module Amplifier
display Module % Module
Module
sinnd B woem S (W
Grove 12C  Grove30cm  GroveRGE  Grove LED Grove LED
12-bit ADC Infrared Lco bar Module (Bhse)
Prasimity Module
Sensor
Module

m. @. | . .:"' -t

Grove LED Grove LED Grove LED  Grove Light Grove
(Green) (Red) [vellew) Sensor Luranarnce
Module Sensol ¥
Grove 12564 OLED dsplay Module Chose

Adding Grove Starter Kit modules )'n Visuél Designer.

You can then control the Grove peripherals via the high level methods available from the Project
Tree. Multiple peripherals and sensors can easily be added to a single project which provides
an extra level of flexibility over using standard Raspberry Pi shields.

Potential Pitfalls

When you are working with Grove modules in Visual Designer the process is identical to
working with complete hats. However, since the modules themselves plug into a hat, you need
to take care not to re-use a connector on the Grove board. The real Grove base-board shield
will look something like the following:

Grove Shield - the sensor modules plug-in to the exposed header pins.
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When you add a Grove peripheral it will be assigned an ID on the schematic corresponding to a

connector on the real board. If you get a duplicate, you'll need to edit and rename one of the
connectors to a free slot.

$ Edit Component

Part Refersnce: GC4

Element: New

Connector ID: D2 ~ | | Hide|
LISA Model File: * | Hide

Cther Properties: D5

v

If two grove modules have the same connector, you need to edit one and assign to an unused
header slot on the Grove Shield.

A You need to make sure that your use of Grove modules is compatible with hardware.

Since the pins used in each socket overlap it is quite easy to mistakenly use the same pin
twice.

Breakout Boards and Peripherals

The third category of hardware that you will find in the Peripheral Gallery is breakout boards.
These are useful and interesting pieces of electronics (often single components) for which we
have provided control methods inside Visual Designer. So, when you add a breakout peripheral
to your project, you can drive it from the methods it adds to the Project Tree.
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Breakout boards provide even more flexibility on the schematic. Indeed, they often connect to
other schematic components that you want to place and wire yourself.

Potential Pitfalls

CPU resources and pin assignments need careful consideration.

Schematic Design

With Visual Designer you have access to the full power of the Proteus VSM simulation
environment. This means that you have a professional schematic capture tool with tens of
thousands of embedded components that you can place, wire and simulate.

This is the most flexible design method of all but involves a significantly higher learning curve.
The programming in Visual Designer will have to be done via the CPU methods rather than
specific methods for peripherals.

A Perip-h&rﬂls

v 1% cpu

& pinMode

pulllpDnControl
digitaMVrite
digitalR.ead
playSound
VS
millis

LS N G G S 4

debug

ﬁ storage
£ timer

Potential Pitfalls

Schematic design for simulation is a large and relatively complex topic. In addition to the basic
of placement and connectivity there will also be power considerations and you will need to
program for interconnect protocols where appropriate. It should also be noted that the
Raspberry Pi simulation model in Proteus is a high level behavioural model. Since the real rPi
runs a full operating system it is quite easy to run Python code that is not supported in
simulation.
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DEBUGGING SKILLS

Overview

When developing your embedded system you may want to test your program as it evolves and
you will certainly want to test it when it is complete. It is a rare occasion when everything works
perfectly first time and you'll therefore also need to debug your program in order to find and fix

errors.

Visual Designer makes this process extremely simple because it all happens in software. The
following topics summarize the essential skills needed to simulate, debug and measure with
Visual Designer. It's assumed at this stage that you are familiar with all the required editing skills
and have a project ready for testing.

System Level Simulation

When you add peripherals and control them in your flowchart program you are building an
embedded system. Loosely speaking, there will be the microcontroller board and some
hardware pieces representing the peripherals. Running a system level simulation is the real
power of Proteus because you are simulating the microcontroller together with all of the analog
and digital electronics connected to it. This allows you to interact with, test and debug your
project entirely inside the Proteus software suite.

To start a simulation

To begin simulating either press the F12 shortcut key or the play button on the animation control
panel. Your program will compile and simulation progress will be reported on the status bar.

b B B h D W] 0 e CHISIING 000001 0B Ut 5

When you start the simulation the time elapsed is shown on the status bar.

To stop a simulation

To end a simulation either press the ESCAPE shortcut key or the stop button on the animation
control panel. The program will stop and Visual Designer will return to the Editing Layout

S | || .% & 4Messagels) © Stop the simulation,
Stop the simulation via the Control Panel.
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To pause a simulation

Pausing the Proteus system level simulation is an important concept; you are effectively
stopping time. For example, your capacitors wont discharge and your motors will maintain their
angular position and their momentum. This allows you to inspect both your program and your
virtual hardware and when you single step debug the entire system will advance in time
synchronously. Your embedded system works to the clock on the status bar, not the clock on
the wall and you are in charge of the clock ! It's enormously powerful and we'll see many uses in
both these topics and more practically in the tutorials.

To pause a running simulation either press the PAUSE button on the keyboard or click the
pause button on the animation control panel.

bl

Pausing a Simulation

A simulation will also be automatically paused at a breakpoint. Breakpoints are discussed in the
Debugging Skills topic below and demonstrated in the various tutorial topics.

Whenever the simulation is paused, Visual Designer will switch to full debugging layout and
both the flowchart and the various debug windows will become available for inspection and
interaction.
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Pausing the Simulation prepares Visual Designer for debugging.

@ You don't see the flowchart during free running simulation because the program is
executing so quickly that actually showing it's current position would be impossible.

To interact with a simulation

When the simulation is running you will see Visual Designer in its debugging layout, with all the
interactive elements aligned on the right hand side of the application. These will almost certainly
be a mix of indicators (led's, LCD's, etc.) that provide you with feedback and actuators (buttons,
switches, keyboards, etc.) that you click to provide stimuli to the simulation. Here's an example
where we adjust an infra-red proximity sensor:
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@ Start the Simulation

@ Move the mouse over the adjustment arrows on the sensor.

@ Click up or down as required.
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Clicking on the IR sensor adjustment controls mimics the behaviour of a physical test.

You can just as easily switch to the schematic tab and interact on that screen if you prefer.
However, it's handy to have everything in one place and particularly so during a debugging
session when you want to view hardware while single stepping your flowchart.

@ The virtual terminal is slightly different as you can simply click and type when the
simulation is running. This means you can use the terminal as a command interface to
your program which has many, many uses.

Debugging Skills

To set a software breakpoint

Right click on the flowchart block either before simulation or when the simulation is paused and
select the toggle breakpoint command from the context menu.

I sStepTo

&2 Toggle Breakpoint o

To single step debug your flowchart

When the simulation is paused, use the step commands at the top of the window or the F10 and
F11 shortcut keys to single step through your flowcode.
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Faup <<

@ To watch the program flow it is often helpful to try a simulation run by pressing pause and
then the animated single step command from the Debug Menu. This is slow enough that
you can see the path your program executes through decision blocks and is often a quick
way to spot a problem.

To step to a block on the flowchart

To step to a specific block on the flowchart, first pause the simulation, then right click on the
block and select the Step to command from the context menu.

To set a timed breakpoint

It's occasionally useful to pause a simulation after a period of time rather than on a particular
flowblock. You can do this by selecting the Run Simulation with Timed Breakpoint command
from the Debug Menu.

Debug  System Help

|# | Start VSM Debugging Ctrl+F12

I Pausevs 1 Debugging Pause

M| Stop VSM Debugaging Shift+Pause
¥ Run Simulation F12

Run Simulation (ne breakpoints) Alt+F12
Run Simulation (timed breakpoint) b

% Step Over Source Line F10
,Lt Step Into Source Line F11
,E Step Out from Source Line Ctrl+F11

To set a hardware breakpoint

You can also set a breakpoint on a hardware condition as opposed to a software condition. The
procedure is:

1) With the simulation stopped switch to the schematic capture tab.
@ Grove LEDs - Proteus 8 Professional (DEV) - Visual Designer
File Project Build Edit Debug System Help

DOoRFATH#E@AR

v Flowchart Files
|&] Main
% Peripherals
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2) Place a voltage probe on the wire of interest.

]| ==

@ Terminals with the same name are considered connected by an invisible wire. It is a
simple way to keep shields and breakouts self-contained and not have wires criss-
crossing all over the screen.

3) Edit the probe and configure the Real Time Breakpoint settings.

4) Run the simulation

To add a variable to the watch window

The watch window is the only debugging window available during a free running simulation. You
may therefore choose to add a program variable to the watch window in order to monitor the

value as the program executes. To do this:

1) With the simulation paused, open the watch window from the Debug Menu. By default,

the window will dock beside the variables window.

Debug System Help

|| Start VSM Debugging Ctrl-F12

" Pause V5M Debugging Pause

M| Stop VSM Debugging Shift+Pause
Z#| Run Simulation F12

Run Simulation (ne breakpoints) Alt+F12

Run Simulation (timed breakpoint)

Tk

Step Over Source Line F10

Step Into Source Line F11
Step Out from Source Line Ctrl+F11
Animated Single Step Alt+F11
Configure Diagnostics

Horz. Tile Popup Windows

Vertical Tile Popup Windows

1. Simulation Log
2. Watch Window e
3. AVR 4

4. LED Reset
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2) Switch to the variables window, right click on the variable of interest and select the 'Add
to Watch Window' command.

Find Item F3

Add to Watch Window

Copy T, ard &nx
[v | Show &

Binary

Octal
Hexadecimal
Signed Integer

|7 Unsigned Integer
Floating Paint

ASCI Text
| v | Show Addresses? Ctrl+Shift+ A
Show Types? Ctrl+T
Show Previous Values?
[E| show Gridlines? Ctrl+G
Watch Window @ Minimum Size Space
AVR Variables -U1 A SR
Name Address value Egi Set Colours...
.

var_state 00000000 o

3) Switch back to the Watch Window and run the simulation.

Watch Window AVR. Variables -U1 I
Watch Window
Name Ad ss value watch E...
loooooooo 11 | ]

A Variables are identified in the Watch Window by address. If you change your program
between simulation runs there is a chance that the compiler will assign a different
address to the variable and you will not be monitoring the variable on subsequent
simulation runs. This can be extremely confusing and it's best to remove and re-add the
variable when debugging after programming changes.

To add other items to the watch window

The watch window is simply a monitor on memory so you can add AVR registers or other
program locations. For example, to add a register:
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1) With the simulation paused make sure the Watch Window is open from the Debug
Menu.

Debug  System Help
|| Start VSh Debugging Ctrl+F12

M| Stop VSM Debugging Shift+Pause

Run Simulation F12
Run Simulation (ne breakpoints) Alt+F12

Run Simulation (timed breakpoint)

._r,'% Step Over Source Line F10
,H Step Into Source Line F11
,E Step Out from Source Line Ctrl+F11
[ i Ctrl+F10

Alt+F11

* Cenfigure Diagnostics

nable Remote Deb

Horz Tile Popup Windows
Vertical Tile Popup Windows

1. Simulation Log
[v | 2 watch Window 6
3. AVR 3

|V | 4.LED Reset

2) Right click on the Watch Window and select add item by name.

Add ltems (By Name)... Alt+N k
Add ltems (By Address)... Alt+A

Watchpoint Condition...

Select All Ctrl+A

3) Select the register you want to watch and add it.

"7 Add Memory tem ? X
Memory: | AVRVI/O Registers - U1 ~
Watchable ftems
[N ECRA QCR2A SFOR TIFR
\ADCH EIFR OCR2B SPH TIFR!
\ADCL EIMSK QSCCAL SPL TIFR
IADCSRA GPIORO PCICR SPMCSR TIME
\ADCSRB GPIOR1 PCIFR SPSR TIME!
ADMLIX GPIOR2 PCMSKQ SREG TIME
IASSR GTCCR PCMSK1 TCCROA TWA
ICLKPR ICRTH PCMSK2 TCCROB TWA
DORE ICRIL PINE TCCRIA TWEB
DDRC MCUCR PINC TCCR1B TWC
DDRD MCUSR PIND TCCR1C TWEL!
DIDRD QCROA PORTB TCCRZA TWS
DIDR1 QCROB PORTC TCCRZB UBR
EEARH OCR1AH PORTD TCNTD UBR
EEARL QCRI1AL PRR TCNTIH ucsi
EECR QCR1BH SMCR TCNTIL ucsi
EEDR OCR1BL SPCR TCNTZ ucsi
< >
(Double click an item to add it to the watch window ) Done
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The process is very similar when adding memory locations by address.

To set a conditional breakpoint

A conditional breakpoint (a watchpoint) is where you set a breakpoint to occur when a preset
condition is met on an item in the watch window. It is often under used as a debug tool - for
example, it is the perfect way to pause the simulation every time a timer overflows. To set a
watchpoint condition:
1) Use the methods described above to add either a variable or a register to the watch
window.

2) Right click on the item in the Watch Window and select Watchpoint Condition from the
context menu.

3) Configure as required.

B Watchpoint Condition ? X

Global Break Condition

(O Tum off (disable) watch points
(®) Suspend the simulation f ANY expression is true.
(O Stop the simulation only when ALL expressions are tue.

ltem Break Expression
ltem var_switchState R

Mask None | |00

Condtion: | Greater or Equal To ~ _
0K,

Cancel

4) Run the simulation.

There is an option on the dialogue to specify whether the watchpoint is a Global Break
Condition. This just determines whether the simulation suspends when any item expression is
true, or only when all watchpoints are true.

To open a debug window

In addition to the source, variables and watch windows there are a host of additional debug
windows that we encourage users to explore. After all, the more familiar you are with the
available tools the better at finding problems you will become and the debugging toolset in
Proteus is unparalleled. Often, you can even open debug windows on the shield peripheral
models as well as the processor model. The process is:

1) Pause the simulation.
2) Launch the debug window you want from the Debug Menu.
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| S + FIULEUS © FIEESMILTIa] (WEY, - VisUal esigrer

:  Debug | System Help

tl} Start VSM Debugging Cul+F12 p CHERONG X s PR RER E Bebug = 2

-/ M Stop VSM Debugging Shift+Pause
¥ Run Simulation Fiz
Run Simulation (no breskpoints)  Alt=F12
ozt FALLUE =
Run Simulation (timed breakpoint) ERE=ICN i
= s
B Step Over Source Line Fio
B step Into Source Line Fl1
B Step Out from Source Line Chrl+F11
o Name Address value
var_pressure 00800148 1009. 22
Animated Single Step Alt-F11 var_humidity 008001AC 69,7036
var_temperature 00800144 27.6367
=
00 54 63 6D (65 3A DO 54|65 6D 70 65 | .Time:.Tempe &
= /g 72 61 74 75|72 65 3A 00|50 72 65 73 | raturei.mres
e 73 75 72 65|34 00 48 75|6D 63 64 63 | sure di
K Configure Diagnostics =Y 73 73 A 00|00 20 00 2A[00 44 &5 &3
= 20 31 34 20(32 30 31 3500 31 35 3
== 7 7 503134 52 5 0o e aiee 00 &3 o
& 7 |ce 0o 2 00lso 00 93 02
3| Horz. Tile Popup Windows 56 00 0u 00|00 b0 00 Da|0a b2 of 08
99 48 00 14/00 54 0 00 33 00 00 15
[0 Vertical Tile Popup Windouws PC INSTRUCTION 0C 00|00 00 00 47|10 16 10 CF
051 LDIR?2,500 OF D3 OF £3|0F FE OF 00|ea 5: b0 00
- . 07 FF 06 05 |04 02 02 00|00 00 00 08
¥ | 1. Simulation Log SrE  TREUEE (EELE @G 0¢ 02 03 02 0 85 01 BOoi 30 o2 00
& 11000010 150930154 93 99 02 93|02 00 91 09|00 18 DD 41
2. Watch Window o7 EER L R TR e

3.AVR 1. Source Code - U |
4.DS1307 » 2. Variables - U1 _ e B s =
B H R12:00 R20:EQ R28:EC
| 5.LED Reset 3. CPU Registers - U1 RO5:00 R13:00 R21:00 R29:08 FFFF FF FF|FE FF FE FF | -....... ~
. *=IR0E:00 R14:00 R22:00 R30:80 e
| 6. Weather Station Shield 4. Data Memory - U1 RO7:00 R15:00 R23:47 R31:00 N EERE
5. EPROM Memory - U1 —— - - - 2 | FE FF FF FF|FF FF FF FE
3 g verRee Tenngy AR FE PR rr FrIRE FE FE FF
Program Memory - U1 FF FF FE FF|FF FF FF FF
FF FF FF FF|FF FF FF FE
7.40 ers - U1 FF FF FE FF|FF FE FE FF

o0 01 15 02[14 12 15 10[FF FF FF FF EEREENEENCE!EEREEREENEE
w|EaREREREEEEE

18 |FF FF FF FF|FF FF FF FF|FF FF FF FF
24 |FF FF FF EF|FF FE FF FF|FF FF FF FF
30 |FF FF FF FF|FF FF FF FF FF FF FF FF
C | FF FF FF FF

FF FF FF FF|FF FF FF FF
FF FF FF FF|FF FF FF FF
FF FF FF FF|FF FF FF FF
FF FF FF FF|FF FF FF FF
FF FF FF FF|FF FF FF FF
FF FF FF FF|FF FF FF FF

Source Time

@ If you find yourself with a very busy screen you can close debug windows and re-open
them when needed from the Debug Window. Additionally, with the exception of the Watch
Window, they will all disappear during free running simulation.

RESOURCE FILES & DATA STORAGE

Introduction

Visual Designer includes a very powerful yet simple storage model. This takes the form of
resource files which can be added to the current project directly from the Project menu or via
the context menu in the Project Tree. Resource files can be anything from a text file to a picture
to an audio clip.

How it Works

It is very common to have a shield containing both an SD Card and other electronics for using
the contents of the SD Card. Obvious examples include the TFT shield which can render
pictures stored on the SD card and the Wave shield which can play WAV files stored on the SD
Card. Like everything else in Visual Designer the process for working with these shields is fairly
straightforward:
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1) Add the shield containing the resource file (e.g. Wave shield, TFT Shield)

a

File Project Build Edit Debug System Help

DA AXEdAQEOI=1 @ @ aa
AR E OEE X e

; Projects & 55 Select Peripheral
~ (= Arduino Uno(U1)
| v Flowchart Files Peripheral Category: | Adafruit
l & Main d
v Resource Files _ (| — | |[HE===—=
= = No e No
| E| IMAGE.BHP [E | tumbnan S0 1] thumbnail
| v Peripherals found LT found
| ooy NewShet
% i Adafruit SD Card Arduino Arduino
B ic Add Peripheral o TFT Display with SPI Wave Shield Weather
. based on Interface (Plays Station
| B spt AddResource file ILI9341 AudioWAV  Shield
| ‘. Debug generated code o Files)
|
| Convert to Source Project

1, right click and on Peripherals, 2, Add Peripheral, 3, Select Peripheral.

2) Check that the SD Card image size is big enough for your intended purposes. Clearly, the SD
Card image size for wave files needs to be larger than that for pictures.

&% Edit Component 7 x
Part Reference 501 Hidden: []
Fo e st 0 | [ o
Heusk Hew) Hidden Pins
VSH Model Bk MMC DLL Hde Al i)
Size of media (MB) Hde Al ~
e T
Manifest File C:/Users/me/AppData/Local/ T Hide Al ~
Require SPI Int sequence: | Yes ~ | Hide Al ~
Read Only? O Hde Al ~
PCE Package: MICROSD 68 [Heea -

Other Properties

[ Exclude from Simulation [ Attach hierarchy module
[] Exclude from PCB Layout Hide common pins

] Exclude from Bill of Materials [] Edt all properties as text

Change the size to cope with what you are loading. i.e. a WAV file will be larger than an image
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file.

@ In software, Proteus works some magic here and will create a FAT image for you of the
correct size. If you are programming the real hardware you'll need to make sure you have
a FAT16 or FAT32 SD Card of a suitable size in the SD Card slot of the shield before you
hit the program button!
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3) Add the resource file(s)

Projects

¥ Flowchart

v [= Arduine Uno (U1)

Files

[§ Main
v |Resour " i
EE g MNew Sheet
v Periph Add Peripheral
=
g © Add Resource File
L 0. Debug generated code
s Convert to Source Project
v
st Build Project Ctrl+F7
£ Rebuild Project Alt+F7
<3 Clean Project Ctrl+F6
¥ Project Settings

A Be careful with the naming of resource files. The Arduino SD stack by default supports
only 8.3 filenames in order to support FAT16 cards. This means that the namestem must
be 8 characters or less and the extension must be 3 characters or less. For example, a
picture called ProteusLogo.bmp will not load whereas renaming it to logo.bmp or

image.bmp will work fine.

4) Drag and drop the resource file into your program. Visual Designer will automatically:

@

s

(LA

Detect a destination IO routine for the resource (e.g. DrawBitmap() or Play())

Set the source for the routine to be the resource.

If you add a resource file there must be either an SD Card in an included shield or an

SD Card breakout peripheral otherwise
hardware !

The Filestore

Sometimes you just need to store and manipulate data in your program. The filestore gives you
this capability. To use the filestore:

you have no place to store the resource in

1) Add the resource(s). This is the data being stored (e.g. text file).

Projects

-]

v Flowchart
[£] Main
v |Resour

v [= Arduino Uno(U1)

Files

B 1 &
v Periph

& c

G4 B

New Sheet

Add Peripheral

Add Resource File

Debug generated code
Convert to Source Project
Build Project Ctrl+F7
Rebuild Project Alt+F7

Clean Project Ctrl+F6

Project Settings
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2) Add the SD Card peripheral. This is the filestore.

v Resource Files —
2 TMAGE.BMP El Peripheral Category: | Adafiuit -
v |[Periphera™—
£ cpu | [ MNewSheet N "
o o
& time Add Peripheral thumbnail = thumbnail
reol found o found
Add Resource File
sD1
{ * Deb ted cod Adafruit 16 Adafruit SD Car\k Arduino Arduino
| B gmaziies Channel  TFTDisplay ~ withSPl  WaveShield  Weather
Convert to Source Project Pwm Servo based on Interface (Plays Station
Shield gz Audio WAV Shield
=) Build Project Crl+F7 Files)
£ Rebuild Project Al+F7
<f Clean Project Ctrl+F6
' Project Settings
Selected Peripherals [SD Card with SPL Interface [[ o ]| cancel

3) Use the methods on the filestore (storage data blocks) to open, read and otherwise
manipulate the data in your program.

&= Edit Component ? hos
P e i ]
Pat Yalue: Hidden: L1 | ™ g
Bement Hew Hidden Fins
VSM Model DLL: MMC.DLL hide Al Cancel
Card image Fie: HeM
Marifest Fie: C-/Users/MEY AppData/Local/ [ 3] [Hide &I~
Require 5P| Init sequence: | Yes ~ || Hide All ~
Read Only? O Hide Al ~
ACB Package MICROSD v |[@] [ Hde  ~
Cther Properties:

[ Exclude from Simulation [ Attach hierarchy module
[] Exclude from PCB Layout Hide comman pins
[ Exxclude from Bill of Materials [[] Edit all properties as text

When you program the physical hardware the programmer will handle the transfer of the
resources to the SD Card (as long as there is a suitable SD card in the hardware!).

PROGRAMMING THE PHYSICAL HARDWARE

Introduction

This topic discusses how to program the Arduino hardware from inside Proteus Visual Designer
so that you can see your projects working in the real world.

For technical support or problems with programming please refer to either the troubleshooting
guide below or to the following Arduino resources:
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@ https://www.arduino.cc/en/Main/FAQ

@ https://forum.arduino.cc

@ https://forum.arduino.cc/index.php?topic=261445.0

A Quick Guide to Programming

For convenience, Proteus Visual Designer includes an interface to the Arduino AVR
programmer. To program your hardware from inside Proteus you will need to :

1. Make sure you have the Arduino drivers installed. If you don't you can install them from the
Labcenter Program Group or by installing the Arduino IDE from their website.

P

l Proteus 7 Professional

. Proteus & Demonstration

l Proteus & Professional Mew ~
ARES Layout Help

Install drivers for Arduine  Mew

B
_t_-’.’
==
=

2

Install drivers for Arduin... Mew
Install or Uninstall virtual netwo...
Install or Uninstall virtual USB D...
1515 Schematic Help

Licence Manager

Migration Guide

x Proteus § Lite

Proteus Help

@ Back

Installing Drivers from the Labcenter Program Group in the Start Menu.

2. Go to the Project Settings dialogue

= & W ¥ Ebug v

Launching the Project Settings Dialog in Visual Designer
3. Specify the programmer (AVRDUDE) and the board (eg. UNO)
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541 Project Options

Edit |Debug (Active) + | Configuration

Tool chain: |\|'isual Designer for Arduino AVR

Controller Options

Processor ARDUINO UNO{UL) -
Family [arDUINO |
Controller Arduino Uno N

Embed Files

Arduino board | pro328

Clock for delays |8000000

Programmer | Monge

hd |

Mone

0

Cancel

4. Specify the correct Interface based on the physical hardware you have connected.

5. Plug in the hardware, check device manager and enter the COM Port that your PC is using
for the USB here. Refer to the instructions below if you are unsure what to select
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Specify the Programmer.

Arduing board | pro328

Clock for delays |8000000
Programmer AVRDILDE
Interface ino (ATmega 168)

Arduino (ATmega168)

Port Arduino (ATmega238)
Arduino Leonardo
Port Speed Arduino Mega1280

Arduino Mega2560

Specifying the Interface.

Clock for delays (8000000

Programmer | AVRDUDE
Interface Arduino Una
Port comMs
Portspeed  [115200
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Set the Correct COM Port.

6. Compile your program and press the program button to transfer to the real hardware

sih Q [ i (¥ Debug |+
Upload L

Build and Program the Hardwatre.

You should receive the following message:

VSM Studio Output

avrdude.exe L vice initialized and ready to accept instructions
avrdude.exe
avrdude.exre
avrdude.exe

avrdude .exe:

avrdude.exe done. Thank vou.
Done uploading

Completed Upload to Hardware.
The Controller Dialog

Apart from the basic programming options there are a number of additional options on the
dialogue form which are discussed in full below.

DI\# Q ] ﬂ El:lug t

Launch the Project Settings Dialogue Form.

Processor, Family and Controller

The Processor, Family and Controller fields are set when you create the project and will be
automatically populated for you in this dialogue form.

5 Project Options ? ®

Edit |Debug (Active) + | Configuration

Toal chain: |\-'isua| Designer for Arduino AVR

Controller Options

Processor ARDUINO UNO(U1) -
Family ARDUINO
Controller Arduino Uno
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Processor, Family and Controller Options are preset when you create the project.

Embed Files Option

The Embed Files Option keeps all source and debug files inside the .PDSPRJ file container.
This avoids common problems with relative paths to libraries and files as well as making the
project easily portable. We do not recommend turning this option off without good reason.

Embed Files

Arduino Board Option

The Arduino board option is a string which is passed to, and used by the Arduino compiler and
linker to identify the processor on the board. Do not change this option unless you are confident
that you know what you are doing.

‘ Arduino board  |pro328 | ‘

Clock for Delays Option

The clock for delays option is basically the processor clock frequency. For simulation, this is
halved to 8MHz to ensure good performance even on modest computers. For the real hardware
it needs to be changed to 16MHz but there are two ways to do this.

We recommend that you leave the value in the field alone. Each time you upload you will get a
message explaining the discrepancy and Visual Designer will then program the real board with
the correct 16MHz clock. This option give the best of both worlds as you will simulate with an
8MHz clock and program with a 16MHz clock.

55 Project Options ? s

Edit | Debug (Active) + | Configuration

Tool chain: ‘Visual Designer for Arduino AVR.

Controller Options

4 Incompatible Project Configuration *
Processor ARDUINO UNO(U1) -

; @ Oneormorevalues in the current Project Settings do not match the values
Family [aroumo | 'ﬂ' required by the hardware board. As a result the compiled code will not work
Arduino Uno properly on the selected hardware.

Embed Files The firmware will be rebuilt using the correct values for the hardware prior to
An Gard |pro ‘ uploading.

Clock for delays [so00000 ) |

mmer None hd

o

Leave the clock option alone for best simulation performance while maintaining correct
hardware compilation.

If you prefer, you can change the value in the field to 16MHz. This will be correct for the real
hardware but may impact simulation performance.
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Arduino board | pro328

Clock for delay§ | 16000000 )

Programmer AVRDUDE

P Il B | @ 4Messagels) = ANIMATING: 00:00:08.370422 {CPU load 100%)

Change the clock for correct hardware compilation at the expense of degraded simulation

performance.

Programmer Option

The programmer field should be set to the AVRDUDE programmer. If this is not
available/installed then you can easily get it by installing the Arduino IDE from their website.

Interface Option

5 Project Options ? *

Edit |Debug (Active) + | Configuration

Tool chain: ‘\-‘isual Designer for Arduino AVR

Controller Options

Processor ARDUINO UMO(U1) -
Family [aroumo |
Controller Arduino Uno -

Embed Files
Arduino board |pro328 |

Clock for delays 8000000 |

Programmer | Mone - |

0

Cancel

The interface field should then be set according to the real hardware (e.g Arduino Uno for the

Uno board).
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5] Project Options ? X

Edit |Debug (Active) - | Configuration

Tool chain: |V\sual Designer for Arduino AVR.

Controller Options

Processor ARDUINO UNO(U1) -

Family [aroUINO |

Controller Arduino Uno
Embed Files
Arduino board |pm}23 |

Clock for delays | 15000000 |

Programmer AVRDUDE -
Interface Arduino Uno -
Port comM1 -
Port Speed 115200

o

COM Port Option

The COM port field is likely to cause the most confusion. This is determined by your PC when
you connect the Arduino hardware to the computer and it is vital that you provide the correct
port number in this field. The easiest way to make sure you have the correct number is to

a) Open Device Manager.
b) Plug in the Hardware
c) Make a note of the COMx number that appears and select it in the Port field.

Port Speed Option

The Port Speed or baud rate option is defined in the Arduino datasheets (e.g. 115200 for the
Arduino Uno) and should not be changed unless you are sure that you know what you are
doing.

Resource Uploader

Finally, the Resource Uploader file is used by Labcenter to automatically transfer Visual
Designer resources such as WAV files and Bitmaps to the SD card. You should not modify this

field.
d
Resource Uploader  ArduinoUnoR 3. hex
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Troubleshooting Guide

Program Button is Disabled
Problem
This happens when the programmer is not installed or set.

oin ﬁl @ DEbUg w

Solution

Plug the USB cable in to the board and in to the PC. Make sure that the board has power (LEDs
will light up on the board). Visual Designer does not automatically detect that a board has been
plugged in so the Upload icon may still be greyed out. Click on the Project Settings icon:

oﬂ. Q ) ﬂ ebug v

We need to let Proteus know which programmer we wish to use. In this case it is the AVRDUDE
If there is nothing listed you will need to install Arduino IDE from:
https://www.arduino.cc/en/Main/Software

Programming takes a long time and then reports multiple errors

@ You can stop a build or program at any time by clicking on the Stop Build icon on the
toolbar

There can be several different causes for this...

Cause 1

Problem

The wrong COM port has been selected. Go back to the Project settings and select the correct
COM port.

VSM Studio Output

Uploading...

Lexe:
.exe:
.exe:
Lexe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
.exe:
de.exe:
.exe:
.exe:
.exe:
.exe:

: programmer is not r
() attempt 1 of 1

programmer is
() attempt 2 o
programmer is not

programmer
() attempt 4
programmer i
() attempt 5 a
programmer is

1 resp=0x00

: resp=0x00

programmer
() attempt 7 =sp=0x00

programmer is
() attempt 8 of 1
programmer i
() attempt 9 of 1
programmer is no
() attempt 10 of

: resp=0x00

25p=0x00

avrdu rasp=0x00

avrdude.exe done. Thank you
Error code 1

Uploading failed
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Solution
1. Making sure the board is plugged in
2. Open the Windows Device Manager
3. Select 'Windows Device Manager > Ports (COM & LPT1) > USB Serial Device (COMx)'.
4. Use whatever COM port number is stated there.

A Computer Management - m] X
File Action View Help
e AEHIBE P EX®

E'g Computer Management (Local ) Human Interface Devices ~ | Actions

v [[’& System Toels % Imaging devices Device Manager -
@ Task Scheduler = Keyboards 2
2] Event Viewer @ Mice and other pointing devices Mere Actions 4
| Shared Folders = Menitors
& Local Users and Groups P Network adapters
(@) Performance ~ i Ports (COM & LPT)
;.j.: Device Manager ﬁ Communications Port (COM1)

v 55 Storage E Printer Port (LPT1
= Disk Management & USB Serial Devigé
:::(; Services and Applications = Print queues
1 Processors
B Software devices
i Sound, video and game controllers
9.‘. Storage controllers
E= System devices
‘ Universal Serial Bus controllers

Cause 2

Problem
Incorrect Port Speed.
Solution

Have a look on the data sheet to find out what the Port Speed should be and in the project
Settings form, change it to be the correct number (Generally 115200).

Programmer | AVRDUDE - |

Interface Arduino Uno A

Port comM1 -

Port Speed 115200 é

Clock for Delays Error

Problem
You get the following error messages:

76



Visual Designer

© Incompatible Project Configuration x

One or more values in the current Project Settings de not match the values
required by the hardware board. As a result the compiled code will not wark
properly on the selected hardware.

The firmware will be rebuilt using the correct values for the hardware prior to
uploading.

VEM Studio Qutput

ar ru arduino/arduino.a arduino/grove_4digit/IM1637.cpp o
make[1]: Leaving directory 'C:/Users/djs/AppData/Local/Temp/28ed4db2c4f147e72441c66CcB81015348/ARDUINCG UNC/Debug”

avr-gec -Wall -gdwarf-2 -fno-exceptions -ffunction-sections -fdata-sections -DF_CPU=8000000 -T .. -T "../../../../../../../../Prog
avr-gec -Wl,--gc-sections -mmcu=atmega328p -o "./Debug.elf” "main.o" arduino/arduino.a -1m

avr-objcopy JJC ihex -R .eeprom "./Debug.elf” "./Debug.hex"
avr-objcol 3, .eeprom --set-section-flags=.seprom="alloc,load"” --change-section-lma .seprom=0 --no-change-warnings -0 ihex "./Deb
Compiled sfully.

Project option 'Clock for delays' with value '8000000' is different from the wvalue '16000000' required by the hardware board.
<

This will generally be because the clock speed / 'Clock for Delays' value on the board for this
particular variant is different than that of the program. In the error message in the output
window, it will show the 'set' value in the in the Project Settings dialog, and the 'expected' value
required by the board. The software will compile the code with the 'expected' and upload the
program. But it will not change it in the settings, so this error will always appear every time the
Upload button is pressed.

Solution
This is not necessarily a problem. Indeed, for good simulation performance on modest
computers it is almost essential that the clock speed for simulation is different from the clock
speed of the real hardware. However, if you do want to change the field to be consistent you
can do so by going to to the Project Settings dialog and set the Clock For Delays to be the
'Expected’ value or read the datasheet for that variant to find out what the clock speed should
be..

Embed Files

Arduino board ||:|r0328 |
Clock for delays | 1SDDDDDQD |

i

Programmer AVRDUDE -
Interface Arduino Uno -
ELF File not found
Problem
There is no compiled firmware to upload
Solution

Compile the firmware via the build button and then try again.

.\{. E ¥ Debug |«
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CONFIGURING RASPBERRY PI

Introduction

Unlike the Arduino, the Raspberry Pi needs to be configured to work with Proteus before it can
be programmed. This is normally a one time configuration but can be quite involved. There are
three main stages:

1) Prepare the SD Card.
2) Find the Raspberry Pi.
3) Configure the Raspberry Pi for use with Proteus.

Preparing the SD Card

Before you start with your Raspberry Pi you will need a copy of Raspbian installed on an SD
card. If you don’t know how to do this there is a link below which will walk you through it.
https://www.raspberrypi.org/downloads/raspbian/

DOWNLOADS COMMUNITY HELP FORUMS EDUCATION q

RASPBIAN %

Raspbian is the Foundation's official supported operating system. You can install it
with NO

3S or download the image below and follow our installation guide

Raspbian comes pre-installed with plenty of software for education, programming
and general use. It has Python, Scratch, Sonic Pi, Java, Mathematica and more.

The Raspbian with Desktop image contained in the ZIP archive is over 4GB in size,
which means that these archives use features which are not supported by older
unzip tools on some platforms. If you find that the download appears to be corrupt
or the file is not unzipping correctly, please try using 7Zip (Windows) or The
Unarchiver (Macintosh). Both are free of charge and have been tested to unzip the

image correctly.

RASPBIAN STRETCH WITH RASPBIAN STRETCH LITE
DESKTOP Minimal image based on Debian Stretch
Image with desktop based on Debian Stretch Version: BApril 2012

@ Version: Bpril 2018 (\) Release date 2018-04-18
Release date 2018-04-18 Kernel version: 4.1a
Kernel version: 4.14 Release notes: Link
Release notes: Link

[ pownload Torrent | £ Download ZIP

SHA-256: 5a0747b2bfbBcE664192831b7dc5022847718a1cb77639a153dD3EE

[ Download Torrent | £ Download zIP

SHA-256' 0e2922e551a895b136f2eaB3d1bcOcaTlellée6d50244ba3das2bd? 3b242dc9g

64d£5d1bE

Download Raspbian onto an SD Card.
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@ Proteus will work with both Raspbian and Raspbian Light depending on your preference

however Raspbian Light will boot up much faster.

Copying Files

Now that you have Raspbian on an SD card you’ll need to open it on your main computer. Don’t
plug the SD card into the Raspberry Pi yet. Instead, remove it and re-insert it into your
computer. Once you open the SD card in your computer you should see a list of files like this.

J overlays 19/04/2018 13:12
System Volume Information 19/04/2018 11:30

|| bem2708-rpi-0-w.dth 19/04/2018 13:11
|| bem2708-rpi-b.dth 19/04/2018 13:11
|| bem2708-rpi-b-plus.dth 19/04/2018 13:11
|| bem2708-rpi-cm.dth 19/04/201813:11
| bem2709-rpi-2-b.dtk 19/04/201813:11
|| bem2710-rpi-3-b.dtk 19/04/201813:11
| bem2710-rpi-3-b-plus.dtb 19/04/201813:11
|| bem2710-rpi-cm3.dtb 19/04/201813:11
|| bootcode.bin 19/04/2018 13:11
. cmdline.tet 19/04/2018 13:.07
. config.be 19/04/2018 13:.07
|| configure.sh 19/04,/2018 09:57
|| COPYING.linux 19/04/2018 13:11
|| fixup.dat 19/04/2018 13:11
|| fixup_cd.dat 19/04/2018 13:11
|| fixup_db.dat 19/04/2018 13:11
|| fixup_x.dat 19/04/201813:11
|| issuebd 13/03/2018 21:53
|| kernel.img 19/04/2018 13:11
1] kernelT.img 19/04/2018 13:11
|| LICEMNCE.broadcom 19/04/201813:11
|| LICEMSE.oracle 13/03/2018 21:53
|| start.elf 19/04/201813:11
|| start_cd.elf 19/04/201813:11
| start_db.elf 19/04/201813:11
|| start_x.elf 19/04/2018 13:11

File folder

File folder

DTE File

DTE File

DTE File

DTE File

DTE File

DTE File

DTE File

DTE File

BIM File

Text Document
Text Document
SH File

LINUX File
DAT File

DAT File

DAT File

DAT File

Text Document
Disc Image File
Disc Image File
BROADCOM File
ORACLE File
ELF File

ELF File

ELF File

ELF File

22KB
22KB
22KB
21 KB
23 KB
24 KB
24 KB
23 KB
51 KB
1KB
2KB
2KB

19 KB
TKB
3KB

10 KB
10 KB
1KB
4,567 KB
4,807 KB
2KB

19 KB
2,759 KB
658 KB
4,852 KB
3821 KB

SD Card Files on your computer (*Not* the Raspberry Pi)

Now collect all the files from the drivers directory of your Proteus installation:

..\VSM Studio\drivers\RaspberryPi\Configure

And insert them into the SD card. If you’re not using ethernet you will need to edit
wpa_supplicant.conf which will allow you to connect to the network on bootup. Simply input the
network name and password and the Raspberry Pi will connect on bootup.

Also at this stage edit the configure.sh file and provide a unique hostname for the Raspberry Pi.

79



LABCENTER ELECTRONICS LTD.

ctrl interface=DIR=/var/run/wpa supplicant GROUP=netdev
update config=1
country=«your_ IS0O-3166-1 two-letter country codex
network={

ssid=" -

psk="jgyour PSE»"

key mgmt=WPA-PSK

Enter wireless access details in the wpa_supplicant file.

o~

Mame Date modified Type Size

#% | configure.sh 13-37‘-231&—1:—13 5H File 3KB
| iotbuilder 10/07/2018 14:40 File 2KB
# | ssh 15/06/2018 12:53 File OKB
% | wpa_supplicant.conf 15/06,/2018 12:53 COMF File 1 KB

Files to be copied onto the SD Card from your computer.

Now safely eject the card from the computer.

Finding the Raspberry Pi

You will need to find the IP address of your raspberry Pi. There are numerous ways to do so,
including the following.

First, installing a free port scanner. This saves time and means you don’t have to plug in your
Raspberry Pi to a screen and keyboard. So visit the Advanced Port Scanner website.
https://www.advanced-port-scanner.com/

Now follow their instructions and install Advanced Port Scanner. The Download button is on
their main page. Note this software is free.

Once installed power on the Raspberry Pi.Raspian light will boot faster than normal Raspian as
there is no GUI to load. Then use Advanced Port Scanner to look for your Raspberry Pi.
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Visual Designer

| File | Actions Settings View Help

Scan IP C % g:

10.0.0.1-254, 192.168.100.1-254

Resuilts | Favorites ‘

Well-known TCP ports 1-1023

=

4| [

Status MName P Manufacturer MAC address Ports
@ raspherrypi 192.168.100.10 Raspberry Pi Foun... B8:2T:EB:QE:B8:F3
E,- Cameron-PC 192,168.100.15 Intel Corporate C4:D9:8T:62:FE:26

L3

Scan paused |

raspberrypi

Status:

Operating system:

IP:

MAC:
Manufacturer:
NetBIOS:
User:

Type:

Date:
Comments:

sarves et

Search oo

=8

Alve

192.168.100.10
B8:27:EB:9E:BE:F3
Raspberry Pi Foundation

You will most likely have lots of devices on your network. You will be looking for a device with

name raspberrypi and manufacturer Raspberry Pi Foundation. Find the IP which in this case is
192.168.100.10. Do not turn off the raspberry Pi.

Configuration of the Raspberry Pi

Method 1: Inside Proteus

Create a blank Raspberry Pi Project in proteus and open project settings. Change Programmer
from None to RPISSH and enter the IP address into the Host section.
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Edit |Debug (Active) + | Configuration

Toal chain:  Visual Designer for Raspberry Pi

Controller Options

Processor [RPI3{U1) -
Family Raspberry Fi

Controller RPI3

Embed Files

Programmer [R.PISSH - ]
Interface [F{aspl::ls.-rr\-I Pi - ]
Host 152,168,100.10 M

User Name  pi
Pazsword raspberry

TargetPath  jvsm

[ OK ] [ Cancel ]

Now Upload the blank project to your Pi. A dialogue box will pop up asking for confirmation to
complete the Raspberry Pi configuration, press OK to continue (Picture may be required). This
section will take a while as it downloads necessary libraries and sets it's self up Once complete,
the Raspberry Pi will reboot and connection will be lost giving Error Code: -1

W5M Studio Output

THRPTGFID
Successfully installed RPi.GPIO-0.6.3
Collecting spidev
Downloading hitps:/fwiww. piwheels.org/simple/spidev/spidev-3. 2-cp35-cp3Sm-linux_armvT | whl
Instaling collected packages: spidev
Successfully installed spidev-3.2
Starting avahi-daemon (via systemctl); avahi-daemon.service,
Configuration complete. Restarting. ..

Wait a moment for the Raspberry Pi to reboot and the process is complete.

Your raspberry pi will now appear in Proteus every time you boot it up and advanced port
scanner is no longer needed.

Now if you go into program settings the raspberry pi will be there with whatever name you
provided in the configure.sh file.
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5 Project Options |i‘ﬂ_hj
Edit Configuration
Tool chain:  visual Designer for Raspberry Pi
Processor [RPIS{U].) d
Family Raspberry Pi
Controller RPI3
Embed Files
Programmer [RPISSH V]
Interface [F’.aspbern,I Pi hd ]
Host TutorialRaspberryPi.local. (192, 168, 100, 10) -
User Name  pi
Password raspberry
TargetPath  fvsm

Method 2: PuTTY

You should be able to work with PUuTTY to talk to the Raspberry Pi without plugging in a
keyboard, mouse and screen. If you are using Raspbian and are plugging in a keyboard and
mouse you may not need this step.

This link will take you to PuTTYs main site and will talk you through the download steps.
https://www.raspberrypi.org/documentation/remote-access/ssh/windows.md

Connect PUTTY to the Raspberry Pi and write:

sudo /boot/configure.sh

This may take a while to install everything but once it has finished you will need to reboot the
Raspberry Pi.

Method 3 : Keyboard and Mouse

If you are instead using keyboard and screen open the command line which is called Terminal
in Raspbian. Now write:

sudo /boot/configure.sh

This may take a while to install everything but once it has finished you will need to reboot the
Raspberry Pi.
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ARDUINO TUTORIALS

Introduction

It's remarkably simple to design and create electronic projects with Visual Designer. These short
tutorials each cover a separate project and include various different techniques and methods in
the project design.

Arduino Tutorials

Tutorial 1 : Flashing an LED (Grove).

Covers project creation, adding peripherals. basic flowchart programming and Proteus
simulation.

Tutorial 2 :Nightlight (Grove)

Includes grove module configuration, decision making flowcharts, interactive simulation and
basic debugging.

Tutorial 3: Data Storage (AdaFruit Shield)

Includes resource handling, adding shields, taking measurements and programming physical
hardware.

Tutorial 4 : Motor Control (Adafruit Shield)
Includes programming with loops, adding and calling sub-routines and using the clipboard..
Tutorial 5: LED (Schematic Design)

Includes schematic entry for the electronics, using interrupts and CPU methods in Visual
Designer.
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Tutorial 1 : Flashing LED's

Introduction

This tutorial starts when you open Proteus and finishes with the flashing of an LED in a Proteus
simulation. The goal here is to cover the basics with the most simple of projects.

New Project Wizard

Visual Designer is integrated into the Proteus Design Suite and so we start our Visual Designer
Projects from the Proteus Home Screen. The easiest and best way to create a Visual Designer
Project is, unsurprisingly, through the New Project Wizard.

Open Project Import Legacy  Open Sample

New project from the Home page of Proteus

The first page allows you to select the name and destination of your project.
@ MNew Project Wizard: Start 4 X

Praoject Name

Name | My _Projectl.pdsprj |

Path |C:\\-‘isua\ Designer Projects) | Browse

(® New Project () From Development Board Blank Project

The second screen of the wizard allows us to select which size of schematic sheet we want.
The default is fine for all but the largest of projects and is certainly OK for the flashing of an
LED.
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@ New Project Wizard: Schematic Design ? X

(") Do not create a schematic.
(®) Create a schematic from the selected template.

Design Templates

Landscape Al
Landscape Al
Landscape AZ
Landscape A2
Landscape Ad
Landscape US A
Landscape US B
Landscape US C
Portrait AD
Portrait A1
Portrait A2
Portrait A3
Portrait Ad
Portrait US A
Portrait US B
Portrait US C
Sample Design

DAPRODEVAIMAGE\Templates\DEFAULT DTF

Back Cancel Help

If your license includes Proteus PCB Design the next screen will offer you an option to create an
accompanying PCB with the project. It's not necessary for our purposes and beyond the scope
of this document so we'll leave the option disabled.

@ New Project Wizard: PCB Layout ? X

(®) Do not create a PCB layo
() Create a PCETayout from the selected template

Layout Templates

Arduino MEGA 2560 rev3

Arduing UNO rev3

DEFAULT

Double Eurocard {2 Layer)

Double Eurocard {4 Layer)
Extended Double Eurocand (2 Layer)
Extended Double Eurocand (4 Layer)
Generic Single Layer

Single Furocard (2 Layer)

Single Eurocard (4 Layer)

Single Eurocard with Conniector

Badk Mext Cancel Help

@ You may not see this screen at all if your license key doesn't include PCB Design.

Next up is the firmware screen and it is here that we really define our Visual Designer project.
First, we change the radio buttons at the top to the option for Flowchart Project and then we
select the Arduino family and either the Arduino Uno or the Arduino Mega from the controller
combo box.
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@ MNew Project Wizard: Firmware

() No Firmware Project
O Create Firmware Project

(®) Create Flowchart Project

Family ARDUINO hd
Controller Arduino Uno -
Compiler Visual Designer for Arduino AVR ~ | | Compilers...
Create Quick Start Files

@ The firmware selection refers to a Proteus VSM simulation project rather than a Visual
Designer flowchart project.

Finally, you will be presented with a summary page of your configuration.

@ MNew Project Wizard: Summary ? X

Summary

Saving As: C:\Visual designer Projects\My_Project1.pdsprj
W Schematic

Layout
W Firmware

Details

Schematic template: D:\PRODEV\IMAGE \Templates\DEFAULT.OTF
No PCB layout

Firmware project: Arduino Uno compiled by Visual Designer for Arduino AVR,, autoplace processor on schematic

Back

After you exit the dialogue form the project will be created and you will see both a skeleton

schematic with the Arduino processor placed and a skeleton chart project with the familiar
Setup and Loop routines on the Editing Window.
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@ My_Project] - Proteus 8 Professional (DEV) - Visual Designer - O X
File Project Build Edit Debug System Help

DOAFATAWAEI=E @ Q@ O BB
RER =L B X 3E/E

Projects a
Main
~v (= ARDUINO UNO (U1}
v Flowchart Files
[&] Main (j
v Peripherals
© o= =
&% cimerl
=]
& .
—
=
VSM Studio Output 5 X

' I’ Il . | w Mo Messages Ready

@ The standard Arduino Sketch includes two functions, namely Setup and Loop. The Setup
function is intended for one time initialization and the Loop function provides a place for
the main program loop. Visual Designer for Arduino uses the same paradigm and you
must have at least one of these two constructs in your flowchart for it to compile. If
you have deleted them, just add an event block and name it appropriately.

Now we are ready to start designing our project.
Adding a Peripheral

The first thing to do is to add the peripheral(s) for the project. These can be Arduino shields or
just little Grove sensors. The Grove system consists of an Arduino shield with lots of 4-pin
headers into which any number of sensors, buttons and LED's can be plugged. This makes it
very flexible and ideal for experimenting.

We'll be adding a Grove LED. In Visual Designer, we right click on the Project Tree and select
the Add Peripheral command. Next, switch to Grove and select one of the LED's.
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5] Select Peripheral 7 x

@ Adafruit IL9341 TFT and SD ¢ Perpheral Cat=gory=" (FEE -

File Project Build Edit De "

[/ Create Project ;«E —
- B

‘ __= | Delete Project =

e ' |
1
Projel | e Grove LED  Grove LED I D2 220 |
o - bar Module (Bluel |
’ |

Add Peripheral 5 : : L LEL-BLUE |
Ik .;'.'_ .;‘ GrovelLED
Print b s e HE
Export PDF
Grove LED Grove LED
(Green) (Red)
v
L R
Selected Peripheral: |Grave LED (Blue) | | OK I Cancel

Repeat the process to add a Grove button. If you then switch to the schematic tab you will see
that the 'virtual hardware' has been autoplaced for you.

1 Select Peripheral 7 X
Peripheral Category: |Grove =
i
~
- e 5
gl =k . S
Grove Groved-  Momentary
12864 Digit  Action Push
OLED Display Button
display Module
Module
[
B = Tl
Grove Grove Grove 2C v
Selected Perpheral: [Momentary Action Push Button [[ x| cancel

To avoid clutter on the schematic, connections are made on the schematic by giving terminals
the same name. Any terminals with the same name can be thought of having an invisible wire
between them

>CINTD ]10—0 108
2ONTT —— 109
20INT2 —=2—0 1010 1010 O———
2aNT3 & 1011 011 O—
SCINT4 |——0 1012 1012 O———
20NTS 22— 1013 1013 O———
SCINTS ——
CINTT 2

In real hardware, this equates to connecting up the Grove button and Grove LED to the shield
and attaching the shield to the Arduino Uno.
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Grove LED and Grove Button connected onto the Arduino UNO.

Note that you must plug the peripherals into the same connectors on the Grove shield as they
are designated on the Proteus schematic. You must also ensure that you don't have two
peripherals with the same connector ID on the schematic; if you do, you need to switch to the
schematic and change the ConnectorID on one of the peripherals.

K Delete Object

- 3 i ;
D2 : | | Drag Object
YGontes T - | EditProperies B Chil-E

UEDELUE ; C' Rotate Clockwise Num-Sub
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, P
Grove LED I
X Edit Component ? X §TTTTTTTTTmTmmmmmossssmmmmoosismsomoosoosoeo
= . : B1
0 1 0
Part Reference: [aet ] Hidden: [ ] i ] i
! e b
Hidde ! B
= N D2 .
Element New El — [PI
Connector ID 02 | HdeA  ~ i
LISA Model Fie: 02 ~|Hdea v Grove Button

Other Properties: D5
D7 ' i
D3 g |
. : . —

[ Exclude from Smuiation [l Atach hierarchy module B LEDBLUE
Exclude from PCB Layout Hezcommonprs | B e
(] Exclude from Bil of Materils [JEdt =l propeties as text Grove LED
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Drag and Drop Flowchart Design

Back in Visual Designer, you'll notice that the Project Tree now has two entries under the
peripherals section.

B Schematic Capture ¢ 5+ Visual Desi

Projects =
v [= ARDUINO UNO(U1)
v Flowchart Files
& Main
v Peripherals
& cou

£ cimerl

LED1 (Grove LED)
Bl (Grove Button)

The beauty of Visual Designer is that you can expand the peripherals to find a list of methods.
These methods are the primary way in which we interact with the hardware. For example, drag

and drop the 'On' method of the LED into the loop routine.

[Z] Main (j Thp
% Peripherals
@ o =
% timerl
~ [B LED1(Grove LED)
= |
& off T
: 1\ & iR
% dim
& toggle E
@ Bl (Grove Button) D
a ( D )
O

To test this simply press the play button. The program will compile, the simulator will start and
the LED will turn on. You can see this either via the Active popup at the right of Visual Designer

or by switching to the schematic tab.



Arduino Tutorials

11 Schematic Capture 3¢ &+ Visual Designer

AVR Source Code - U1 LED & Reset g X

P e
Lo o9

Simulation is Running
| |

Grove LED & x

AVR Varizbles - U1 & X

D3 Eliieg

l Simulation is Running LED-GREEN

> DIl B O T—

: ANIMATING: 00:03:14.400000 (CPU load 33%)

Press stop to exit the simulation and we'll extend our program to switch the LED on and off with
a button press. You'll notice that the button has no methods in the project tree.

il HO
; ANIMATING: 00:03:1 (CPU load 33%)

The only sensible information we need from the button is to know whether it has been pressed
and for that we have what we call a 'sensor function'. A sensor function returns either TRUE or
FALSE depending on whether the basic peripheral function is true or not. For example, the
sensor function for a button will return TRUE when the button is pressed and FALSE if it isn't.
Similarly, the sensor function for an LED will return TRUE when the LED is on and FALSE when
the LED is off. Place the sensor function for the button by dragging and dropping from the
button itself onto the loop function of the flowchart.

_ﬁ Schematic Capture ¢ @ Visual Designer >

Projects =z
- f ) Main
(= *ARDUINO UNO(U1) \_'_/
¥ Flowchart Files
B eta (@) =)
v Peripherals
@ oo =
£ cimer:
LED1 (Grove LED) _ﬂ:ﬂ_t 810
Bl (Grove Button) —T1 4 tﬁ
TEDT
O i
(] END
O

You will notice that it appears as a decision block. Sensor functions always return TRUE or
FALSE and a decision block allows us to split our code into two conditional paths. Your loop
routine should currently look something like the following.
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LOOP

B1()

YES

&

We are constantly testing the button to see if it is pressed and we are turning on the LED if it is.
However, we still need to tell the program what to do if the button is not pressed. We want the
LED to turn off so lets drag and drop that method into space alongside the ON operation.

3 Schematic Capture ¢ % Visual Designer X

&
Main

Projects
~ (= *ARDUINO UNO (U1)
“ Flowchart Files
[Z Main
v Peripherals
&% cou
& timerl
~ [@ LED1(Grove LED)
@ on
@ off —

@ set

@ dim
& toggle
@ Bl (Grove Button)

mooupoG@

@]

Now, we need to wire from the decision block to the top of the OFF command. To place a
flowline click on an output node (the decision block), move the mouse to an available input node

(top of the OFF routine) and click the mouse again.
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Similarly we need to connect the flow from the bottom of the OFF command back into the main
loop.

L
o

= {l"/m T fEED| | EEE
(=D

Your program should now look like the following

LOOP

B1()

YES

st e

END

Note that the decision block has two labels indicating which code path is followed if the decision
resolves to TRUE (YES) and which code path is followed if the decision resolves to FALSE
(NO). If these are the wrong way around you can switch them by right clicking on the decision
block and selecting the swap command from the context menu.

Delete
=+ Edit

Cut
=] Copy

Tear Off

5&  Toggle Breakpoint

Swap Yes/No

Having made this change, our program now turns the LED off when the button is down and on
when the button is released. To compile and test, first press the play button and then use the
mouse to press the button down.
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L ]
Grove Button g x

Grove Button F X

o Bl
BTy
B

) 4 Grove LED B X Grove LED B X

= m

I' 220 230

= []
LED-GRERM LED-GRERM

You can experiment further here with changing the decision or swapping in the toggle method.
You might also find it useful to add a delay.

Q Main

(i) (e

= Fot

— =

- ey
| y— %

©

s | B

O

e D

For more information, read Tutorial 2.
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TUTORIAL 2: LUX SENSOR

Introduction

In this tutorial we are going to use a couple of Grove sensors and an LED to design a mini
nightlight. Project setup is covered in the first tutorial so we'll assume that you have a blank
Arduino Uno project in front of you.

@ My_Praject] - Proteus & Professional (DEV) - Visual Designer - o X
File Project Build Edit Debug System Help

DAk AR E =00 RREDC XL BB
B E D X FE R

Frojects a
Main
v [ ARDUINO UNO (U1}
v Flowchart Files
[£ Main (j
v Peripherals
@ s =
@ timer1
@ New Project Wizard: Firmware ? X D —=
O Ne Firmware Project ]
(O Create Firmware Project 7
(® Create Flowchart Project D
Family ARDUINO -
Controller Arduino Uno - : —=
Compiler Visual Designer for Arduino AVR ~ | | Compilers... ¥
Create Quick Start Files - =
x
Back = |

> |’ “ . € o Vessages  Ready

b This tutorial is also covered by a short movie on the Labcenter Youtube Channel

Adding Hardware

We'll use the Grove infra-red proximity sensor and the Grove luminance sensor along with a
Grove LED. All of these can be picked via the Add Peripheral command on the Project Menu.
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e

Peripheral Category: |Growve -

@ Adafruit L9341 TFT and SD Grove 80crn Grove RGB Grove LED Grove LED Grove LED Grove LED
fie I Build Edt D Pl:.l:):iar:i; I;(‘;Ele bar Module (Blue) (Green) (Red)

D 1,_-‘5 Create Project :E Sensor

’ -I b 4 Delete Project . Module & ¢
LW g

Prajes @/ New Sheet B e (e = ] .k

warlc Remove Sheet ) _. 2 =i s 5 !_5 1

Add Peripheral |, ¥

= L\\ Grove LED Grove Light Grove Grove Relay Grove RTC
(Yellow)

Pri Sensor Luminance Maodule Rotary Angle Meodule
ok Meodule Sensor potentiomenter

Export PDF Module based sensor.

[ = 4

B - sm B
o

Grove Serve  Sound/velume  Grove SPDT  Thermistor Grove Grove
Maodule level sensor slide Switch based Terminal Touch
temperature Meodule Sensor v

Selected Peripheral: |Grove 128x64 OLED display Module

After they have been added to the project, you will see the methods for controlling the

peripherals in the Project Tree and the 'virtual hardware' for the peripherals placed for you on
the schematic.

0 o7 BEIGIE HE L L E T TP PP :
~ Peripherals 0 ; 2 B 0 4 w0 0
: - —{we mmm| — -
cpu
e 4 A0 B 5 T Eep '
# timer1 . GND Vo h
[ 6IP1(Grove Infrared H [ ;
v B - H GRIYOAZIYKOF ' |
@ readvoltage ' N.B. This project clip follows the real hardware il LED-BLUE 0
@ readDistance 1 0_is eannected to $1G1 50 Grove A willwiratg ANL 1 Go s opmm oo s s oo oo mmm o

- @ PD1 (Grove Luminance.. [SE===sss=============s=s==============s=s=ss==================3
@ readLuminance

@ readvoltage ! 3 ;
. ! I
v LED1 (Grove LED) : W7d i
o on ‘ 1 d !
@ off i 2 |
@ set | i APDS-9002 L1} i
. I
& din i 1k 10uF |
@ toggle '

Grove Luminance $ensor

A Note that the connectors are both labeled A0 and will need to be manually changed to be
A0 & A2.

It is vitally important to configure the Grove connectors properly and this is often not as simple
as it first appears. Let's take an example:
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The real proximity sensor requires only three wires with the fourth left NC. Note therefore that,
when plugged into socket AO the sensor is connecting to analog pin A1.

This is fine, except if you then plug the luminance sensor into socket A1. The luminance sensor
will use analog pin A1 on socket A1 and therefore clash. You should plug this sensor into socket

A2.

Golden Rule
Look closely at the Grove board to see the connections and double check against the sensors

for conflicts.
The sockets include connections through to two Arduino 10 pins and there is a pin overlap. For

example:

- Socket AO can use pins A0 and A1
- Socket A1 can use pins A1 and A2
- Socket A2 can use pins A2 and A3.
- efc.
15
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Digital sockets are exactly the same.

Our configuration for this project is therefore proximity sensor in socket A0 and luminance
sensor in socket A2. The LED can be in any digital socket we like.

1 0on D

B 3 o 0 [ 130 |

AD e EEW 1
) "™ = e I

GND gl !

' ' '

GPZYOAZIVEDF
real harduare . gl
rve AD will wire b AINT, 1 Fm = m = n e e e e

H 13

] o«

i 1 1 >I

0 2

E ET: i AP DS-0002 LY}

1k 10uF
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Designing the Program

In our nightlight mock up we are looking for our LED to light when the following are true:
@ |t's is dark.
@ Someone is nearby.

These are both decisions on the flowchart. Start by drag and drop the readLuminance() method
onto the loop routine of the chart.

Projects =
v = *ARDUINO TNO(U1)
v Flowchart Files

-

e & =D
[=]
1

v Peripherals
& cru
£ timerl
W GIP1 (Grove Infrared.
@ readVoltage

g readDistance
b4 PD1 (Grove Luminance.. |
g readluminance
@ readVoltage
v [ LED1 (Grove LED)

A

This sensor returns a lux value between 0 and 1000, with 0 being pitch black and 1000 max
light. Let's then use our result in a decision block and set our initial test value to around 100.

L i /

B3 Edit Decision Block ! X

Condition

Lun<100
Lux<100 |

5 Variables Functions

General Functions A

tolnt
toFloat
toString
abs

min

max

( END ) String Functions

New Delete Edit | len | v

@ The datasheet for the APDS-9002 photo sensor used in this Grove module provides data
on lux values.

17
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See Also: https://www.seeedstudio.com/Grove-Luminance-Sensor-p-1941.html

For the proximity sensor, we want to read a distance so drag and drop into the top of the loop.

Projects = "
~ (= *ARDUINO UNO(U1) Q an
v Flowchart Files
s -
v Peripherals
@ = =
£ cimerl {GIPI i
~ @ GIPl(Grove Infrared.. [I:l] readDistance /
@ readVoltage reading => cm
@ readDistance -—-—"-_—Cj___ &
hd @ PD1 (Grove Luminance.. I
& readLuminance
@ readVoltage iy FD1
~ B 1ED1(Grove LED) m!::;.umi:al_nm
=> Lux

Condition
‘mmzn /

Variables

Functions

General Functions

Lux  FLOAT
cm  FLOAT

tolnt
toFloat
toString
abs
min

See Also: http://wiki.seeedstudio.com/Grove-80cm Infrared Proximity Sensor/

Since, we need both conditions to be true for the LED to turn on, make sure that the second
decision is on the YES branch of the first decision.

Next, drag and drop the led on method at the bottom of the YES branch.
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Projects =)
v [ *ARDUINO UNO (U1)
v Flowchart Files

Main

|& Main

v Peripherals ¢
& cou
@ timerl YES

~ [ GIPl(Grove Infrared.
i@ readVoltage
@ readDistance

4 @ PD1 (Grove Luminance..
g readLuminance

@ readVoltage

v [ LED1 (Grove :V—
on

A

off
zet

dim D

toggle

oo@mzm&a
T
]

A
@
@
L)

Finally, place the LED off method to the right of the main loop beside the LED on method.

L ;
E s |

Since we want the LED to turn off if either condition is false we can wire both NO branches from
the decisions to this method.

Finally, connect the bottom of the NO program branch back into the main program loop.
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GIF1
readDistance
reading => cm
I
FD1
readLuminance
reading == Lux

END

Simulating and Testing
To test our program, all we need to do is press the play button and then adjust the distance

display on the proximity sensor and the lux display on the luminance sensor.

g X

Grove Infrared Proximity Sensor
GCASIGT
</ V=1.32025

GPZYOAZTYIKOF

M B This project clip follows the real hardware

VO is connected to SIG1 so Grove ADwill wire to AlNT.
F X

Grove Luminance Sensor

> 1l | )

APDE-0002

10uF

The LED should turn on when the distance value is less than 20 and it's a little cloudy.
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Grove Infrared Proximity Sensor 8 X
GC(SIET)
7 V=1.32026

YCC 3
VO @ ©
GMND

GPZYDAZ1YKOF
M.B. This project clip follows the real hardware.
VO is connected to SIG1 so Grove AQ will wire to Al

Grove Luminance Sensor g X

APDS-0002
10uF

Grove LED g X

Pause the simulation and set a breakpoint on the LED off method.

LED1
- /
/ I+ StepTo

&5 Toggle Breakpoint

Press play again to run the simulation and change either the distance or the light until the
breakpoint triggers

Grove Luminance Sensor =

> > Il

APDS-9002

10uF
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You'll notice that both our variables are available in the variables display.

AVR Variables - U1

Name Address value
war_cm 00800117 19.0729
var_Lux oDEDD113 104.832

Comparing these values to the tested decisions will tell us which condition has failed.

AVR Variables - U1

Name Address value

wvar_cm 00800117 - -
var_Lux 00800112 104.832 -

As you single step via the icons at the top you'll notice the LED turn off.

3 Schematic Capture 3 5 Visual Designer

AVR. Source Code -U1 LED &Reset g X
5 | 8 @ =
Man ¥ FaUlULE =< O
1 L] L]
= = - Grove Infrared Proximity Sensor R 5 X
on off m Y veidms
7] E]
AOD i
i 2 Gup
GRZVORZTHF
H.8. Thi project clip Tolkws e real karvare.
WO COMNAEEO D SIE1 £0 G ALWILWIE T AINT

E e o Grove Luminance Sensor
=s]

AVR Variables - U1 5 X
Name Address value
var_ecm 00800117 19.0729
var_Lux 00800113 104.832
> > | H O ezt

i PAUSED: 00:00:09.652373

1, Single step once. 2, Notice the END block is highlighted. 3. LED has turned off
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Programming

Since everything seems to working in good order, the remaining task is to plug in the Arduino
and program the real hardware. The process here is:

1) Plug the Grove sensors into the Grove baseboard in the same connectors as on the
schematic. See also the golden rule discussed earlier.

2) Connect the baseboard to the Arduino and connect the Arduino to the PC. Until you
have something like so:

3) Click the program upload button in Visual Designer.

4) Testin hardware.
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@ |If the programming fails, click on the project settings icon (next to the icon shown above)
to make sure the COM port and settings are correct.

Edit | Debug {Active) + | Configuration Tool chain: | Designer for Arduino AVR.
Controller Options

Processor | ARDUING UNO(UY)

Family |aroumio

Controller Arduino Uno
Embed Files
Arduino board |pro325

Clock for delays |5000000

Programmer | AVRDUDE

Interface |Arduino Uno

Part |comz )

PortSpeed | 115200
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TUTORIAL 3: DATA STORAGE

Introduction

This tutorial introduces data resources and the storage model. We'll be creating a program to
display a bitmap on an SD card onto the TFT display, although the same principles would hold
true for audio (\WAV) files on the Wave Shield.

It is assumed as this stage that you have worked through the other tutorials and are familiar with
general placement and connecting of flowblocks.

You can watch a short movie of this tutorial on the Labcenter Youtube Channel.

Setup

We'll set up this project in the usual way via the new project wizard and configure it as an
Arduino Uno flowchart project.

@ New Project Wizard: Firmware ? X

() Mo Firmware Project
() Create Firmware Project
(® Create Flowchart Project

Family ARDUING -
Qpen Project ( New Project ) Import Legacy Open Sample Contraller Arduina Uno h
Compiler Visual Designer for Arduino AVR ¥ | Compilers...

Create Quick Start Files

Back Cancel Help

Next, we'll want to add our peripheral shield. We right click on the Project Tree and add the
Adafruit TFT shield. Note that this is not a module for the Grove Shield but a completely
different shield which contains both an SD card and a TFT display.

3

‘Eile Project Build Edit Debug System Help

ECTIEET e =) aaa
‘- nja ‘g ﬂ % Debug [+ @x @ &

| Projects a 5 Select Peripheral
v [= Arduino Uno(Ul)
| v Flowchart Files Peripheral Category: | Adafruit
4] Main d
v Resource Files i
No =5 = No
IMAGE.BMP = . g e )

| = E thumbnail E—e | thumbnail

v Peripherals found [ found

8 ooy (L New Sheet

% cin b Adafruit SD Card Arduino Arduino
red Add Peripheral o TFT Display with SPI Wave Shield Weather
. b based on Interface (Plays Station
‘ | | Aol ILIg341 Audio WAV Shield
| O. Debug generated code o Files)
|
Convert to Source Project

25


http://www.youtube.com/channel/UCFNnl5S532GMtwXJUYRo_wQ

LABCENTER ELECTRONICS LTD.

The last thing we need to do is add the resource. In our case this is the picture that we want to
store in the SD card and display on the TFT display. We do this via the Add Resource
command on the right click context menu.

|&] Main

| ==

w |Peripherals
& cpu
£ cimerl
LCD1 (TFT)
B sp1(sp caxd

=

e

BB

Mew Sheet

Add Peripheral

Add Resource File
Debug generated code

Convert to Source Project

Build Project Ctrl+F7
Rebuild Project Alt+F7
Clean Project Ctrl+F6

Project Settings

A Be careful with the naming of resource files. The Arduino SD stack by default supports
only 8.3 filenames in order to support FAT16 cards. This means that the namestem must
be 8 characters or less and the extension must be 3 characters or less. For example, a
picture called ProteusLogo.bmp will not load whereas renaming it to logo.bmp or
image.bmp will work fine.

Designing the Program

Now that we have all the pieces we need, the remaining job is to create the program. This could
hardly be easier in Visual Designer. First, drag the fillSreen() method onto the top of the loop
and set the fill colour to black.

=21 Edit 1/0 Block ?

Peripheral

Object: |LCD1 ~ | Method: | filScreen

Projects
= Main Arguments
v (= *ARDUINO UNO (U1)
v Flowchart Files = Golot=| |FEESS M
2 aso @ Wiab.es_sm
v Peripherals WHITE
s RED
8 cou El e e GREEN
8 timerl ___P-___' Pl AK BLUE
v LCD1 (TET) F_B,_— CYAN
@ fillScreen —T] TSEEWA
@ =etPixel (j TEE
@ drawLine @ min
=20
4 drawFastHLline = max
@ drawFastVLline String Functions
@ drawRect [ |
en
left
New Delete Edit right v

Cancel

Next drag and drop the bitmap resource into the loop routine. Visual Designer knows that the
only sensible target for the resource is the TFT display and it knows the method for rendering
the resource is drawBitmap() and so it will automatically configure the flowblock for you.
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Projects =
v (= *ARDUINO UNO(U1)
v Flowchart Files
[E] Main
w Peripherals
> 4 cpu
> 4 cimer1
v LCD1 (TFI)
@ fillScreen
setPixel

Main

drawLine
drawFastHLline
drawFastVLline

drawRect
fillRect
drawCircle
fillCircle
drawBitmap
print
println
getCursor

setTextColor
setTextBackground
getTextSize
setTextWrap
setBase

FomoUNAOMGO

Lo S S S 28 2K 2K S S S SiE SiE 23 S S SNE Sl ¢

setPlaces
& setRotation
> B sD1(SD card)
“ Resource Files
Tmage . bmp

Now you need to edit the Image and set the xPos and yPos to be 0

B35 Edit /O Block ? *
Peripheral
Object: |LCD1 | Method: |drawBitmap -
Arguments
File: |[TImage.bmp” |
¥Pos: |0 |V
YPos: |0 |V
Variables Functions
General Functions ~
tolnt
toFloat
toString
abs
min
max
String Functions
MNew Delete Edit [len | ¥

Press the play button to compile and run the simulation.
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avr-gcc -Wl, --gc-sections -mmcocu=atmegal?
avr-objcopy -0 ihex -R .eeprom "./Debug.
avr-objcopy -j .eeprom --set-section-fla
Compiled successfully.

> |’ “ . 08Messag... Re

If necessary, you can configure the rotation in the setup routine via the same drag and drop
method.

drawFastVLline

drawRect
fillRect
drawCircle
fillCirecle
drawBitmap
print
println
setCursor

LCD1
setRotation
rotation .= 1 %}

LCD1

drawBitmap
setTextBackground file := "Image.bmp"
setTextSize XBPos =0
setTextWrap WPos =0

setBase
setPlaces /
setRotation

B sp1(5D cazd)
* Resource Files
= Image.bmp END

Taking Measurements

setTextColor

:omOo ULl

Lo S S 2 S 2R SR SISl SO Sl S S 2

<

One of the nice things about Visual Designer is that it contains the Proteus schematic. This
means that, if you want to, you can look a little deeper at what is happening in your design. For
example, in our example the SD card is connected to the processor on the SPI bus and so we
can place and wire a protocol analyzer to examine the SPI packets. In Proteus, all signals and
waveforms travel through the wires, and two terminals with the same name have an 'invisible
wire' between them.

—_— i 4 O————— I

Two terminals with the same name are connected together as though they were wired.

Given this, the easiest way to connect the SPI terminal is to place one and wire it to terminals
with the same names as the other SPI lines. The alternative is to connect up to existing wires.
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Placing a SPI Analyser:

@ Tuterial 3 - Proteus 8 Professi
File Edit View Tool Desi

ODeaEB A

:{ Schematic Capture )

i
=

== |SPI
—

==

INSTRUMENTS
0SCILLOSCOPE
== |LOGIC ANALYSER
COUNTER TIMER
VIRTUAL TERMINAL
SP1 DEBUGGER

12C DEEMEGER

SIGN. RATOR
PA NERATO
DC VOLETER

DC AM ER

AC VO, ER
AC Al
WA

CERYIn B SE 3

Wiring SPI Analyser:

104 B

|oMog
. MSO B
80K

Next, set a breakpoint in the drawBitmap() command as this is where the majority of the SPI

transmissions happen.
¥

LCD1
drawBitmap
file := "Image.bmp"
xPos := 0

yPos =0

S

—
Q0

Cut
Copy

Tear Off

Toggle Breakpoint [,

29



LABCENTER ELECTRONICS LTD.

Now, when we run the simulation we'll see some initialisation chatter on the SPI bus until we hit
our breakpoint. When we single step, we will see an awful lot of data being moved from the SD
card corresponding to the bitmap being read by the processor. You can drill all the way down to
bit level on any packet if need be.

@ The same basic process will work with any instrument (Oscilloscope, Logic Analyser, 12C
Analyser etc.).

A\ Attaching instrumentation is essential for analysis but will slow down simulation. It's worth
deleting instruments when a debug session is complete.

Programming Hardware

When we are finished development we can easily program the physical hardware. First, connect
the Adafruit TFT shield to the Arduino Uno and make sure a compatible SD card is inserted in
the shield. Then, connect to the PC and then simply press the program button.

If the upload doesn't start, use the settings dialogue to specify the COM port that you have
connected to and try again.

Edit Debug (Active) + Configuration Tool chain: | Designer for Arduino AVR

Controller Options

Processor ARDUINO UNO{U1) -
Family ARDUINO

Controller Arduino Uno
Embed Files
Arduino board | pro328

Clock for delays | 3000000
Programmer AVRDUDE A

Interface Arduino Uno A

Port Speed 115200

You should see an upload complete message in the simulation log and your TFT should be
displaying the picture.

This programming process is twofold. First, the resource is written to the SD card and then the
firmware program is sent to the AVR microcontroller.

@ They physical SD Card must be FAT16 or FAT32 and big enough to hold the resource file
that will be programmed onto it.
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TUTORIAL 4 : MOTOR CONTROL

Introduction

This tutorial shows how you can easily control both DC motors and Stepper motors with Visual
Designer. We'll do this using the Arduino Motor Shield V1 R3.

didididididld ded s d 5L L0 -

sammne S
SHIELD
DISABLE
- - L)
L - -
L] L L

DISABLE ‘:‘ -

¢oo0ocC

Bl
> W . ARDUINO . CC
LR,

U aSnnn

Front View Rear View

See Also: https://www.arduino.cc/en/Main/ArduinoMotorShieldR3

@ You can experiment with Servo motors using the Grove Servo peripheral and you can
also use BLDC motors by drawing on the schematic.

DC Motor Control

Start by creating a new Visual Designer Project and then Add the Arduino Shield with DC
Motors in the normal way.

55 Select Peripheral ? X

Peripheral Category: |Motor Control -

@ Adafruit IL9341 TFT and 5D DCand Stepper ~
Stepper motors
File | Project Build Edit D motors
D Tg Create Project ;
: __= ¥ | Delete Project .': ;
@ New Sheet el e
projel ¥ =" - T
o 2 Remove Sheet ) Motor Arduino
— Shield V2 Motor
Add Peripheral , 8 with four Shield (R3)
[S DC motors with DC
Print Motor%
Export PDF

== v

Selected Peripheral: |Arduwno Motor Shield (R3) with DC Motors | I OK. Cancel
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Note that under the Motor Control heading there are actually two shields. These are identical
except that the first has the board configured and populated with two DC motors and the second
is configured and populated with one stepper motor. In the real hardware of course you would
need to configure and populate the shield manually according to which project you were
programming the Arduino with.

You should notice that in the Project Tree you now have two motors with associated methods.

=

v DPeripherals
& cou
£ cimerl
M1 (DC Motor 1)
M2 (DC Motor 2)

Let's write a small program to drive the motors in opposite directions. The first thing we want to
do is initialise a variable for the speed of the motors so drag and drop an assignment block into
the Setup routine (we only need to do this once).

Edit the block, create a new variable and assign a value.

@ MNew Variable ? b4 53¢ Edit Assignment Block 7 %
Mame: |Rotate | ignments
Type: | INTEGER - Rotate » | := |11) ‘V Remove
T i ‘v’ Remove
== - Frcior
Rotate INTEGER |General Functions A

Now, let's drive the first motor forwards. Drag and drop the run methods into the loop routine.
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@ Tutorial 4 - Proteus 8 Professional (DEV) - Visual Designer
File Project Build Edit Debug System Help I

Projects

8 Main
v (= *ARDUINO UNO(U1) Q
v Flowchart Files
|£ Main
v Peripherals
> £ cou
> 4 timerl
~ M1(DC Motor 1)

$rm —

@ stop

O
=
7
—
D

run
> M2 (DC Motor 2) gir := FORWARDS

speedi= 55

al 8 7 X
Peripheral
Object: |M1 * | Method: |run -
Arguments
Dir: FORWARDS -
Speed: |255 / |¢
Variables Functions
Rotate INTEGER General Functions A
tolnt
toFloat
toString
abs
min
max
String Functions
len |
MNew Delete Edit Lot v

Repeat the process for the second motor to send it spinning backwards
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M1

nun
dir 1= FORVYARDS
spead 1= 255

Next, we'll add a sub-routine to stop the motors. Drag and drop an Event block into an empty

place, edit the Event block and give it a sensible name.

=D

B Edit Event Block

Q Main

' STOPMOTOR }

k Name
- (o e

[=]

Triggers

o=

Now, drag and drop the stop routine for both motors into the sub-routine we've just added.

& pvm

iy disablePwm

iy setPwmDuty
v M1(DC Motor 1)

& run

§ stop

@ release
v M2 (DC Motor 2)

@ run

' STOPMOTOR '

@ stop
iy release

Finally, drag and drop a subroutine call block into the main loop and edit it to call our routine.
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[I:l] Subroutine Call i

5% Edit Subroutine Call

Subroutine to Call

Sheet: | Main ¥ | Method: | STOPMOTOR A

o UO0A

=D

To see this in action press the pause button and then single step the code using the Step-Into
icon at the top of the source window. You'll notice that the code executes through the sub-

routine and then returns to the main loop.

> | H) Z‘@tﬁ*

We have most of the pieces of our program in place but we are starting and stopping the motors
very quickly which isn't going to help them build momentum. Much better to add a delay in the
drive phase and a similar time delay in the stop phase. Again, this is drag and drop from the
flowblock menu onto the chart routines.

t STOPMOTOR ’

CHE

run
1= FORVMARDS
spead := 255

" [ ovem ]
D) =D

If you run the simulation now you can monitor the drive and spin down loops via the time display

on the status bar
ANIMATING: DD:00:12 535506 (CPU load 45%) l

You could also pause the simulation, set a breakpoint and step the code. Unlike the real
hardware the motors won't lose momentum when you are at a breakpoint - a real advantage to

debugging in software.
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X Delete
[Z Edit

stop of  Cut
= Copy

i b Tear Off

oo Toggle Breakpoint %

For more advanced analysis you could place and wire an oscilloscope on the schematic and
watch the PWM waveforms drive the motor.

| Channel ©

M1

mun
dir 1= FORVYARDS
spead 1= 225

M2
run
dir 1= BACKVUARDS
spead ;= 135

0l o

Pma

(L]
ni1 O

(]
o1

012 Lipgs

= 0 o= =

As always, you can program the physical board at any time via the upload button.

Stepper Motor Control

For the stepper motor we are using the same hardware shield (Arduino Motor Shield V1 R3) but
configured for a single unipolar stepper motor. Start a new Visual Designer project and bring in
the virtual shield via the Add Peripheral command.
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@] Select Peripheral ? X

D vain | @&
v Peripherale

$ c @ MNewSheet

Peripheral Category: | Motor Control

& - withfour  Shield R3)  *
Add Peripheral DC motors with DC
Add Resource File Motors

‘. Debug generated code

Convert to Source Project

b Build Project Ctrl+F7 n
Arduino
Q Rebuild Project Ale+F7 Motor
Shield (R3)
< Clean Project Ctrl+F6 with
. Stepper
.
1F Project Settings Motor
=] hd
Selected Peripheral: |Arduir|u Motor Shield (R.3) with Stepper Motor | I QK | Cancel

We'll design a small program to step the motor in one direction and then reverse direction and

step backwards. Ouir first job is to define the speed which we can do by dragging the setSpeed()
method into the Setup routine.

551 Edit 1/0 Block ? X
Peripheral
Object: |M1 = | Method:  setSpeed -
¥ riuwcnari ciies
& Main d)
M- =D :
& cou = ? @'“'_PD/) |v
rimerl Wariables Functions
v M1 (Stepper Motor) “:I] M1 1
@ step setSpeed General Functions ~
& oneStep qom =10 tolnt
& release ;4" toFlost
@ setSpeed — D toString

abs
min

max

String Functions

New Delete Edit [ w
Coree

In order to step a set number of times we want to use a loop construct. Drag and drop one onto
the Main (Loop) routine and edit the block.
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O T T hhne L TLT Y

P 0 S

ow®OULAOM

the loop 12 times.

55 Edit Loop ? X

Count Loop For-Next Loop While-Wend Loop Repeat-Until Loop

Loop Variable -
Start Value: (]
Stop Value: G
Step Value: EY4
The For-Next loop starts by setting the loop variable to the start value. It then executes the

loop until the stop value is reached. The step value is added to the loop variable after each
iteration. If no step value is given, the loop will count up or down in steps of 1.

Variables Functions

General Functions ~

tolnt
toFloat
taString
ahs
min
max

String Functions

len
left
ful

New Delete Edit

OK Cancel

We'll use a For-Next loop here so add a variable for count, initialise to zero and let's go round

53 Edit Loop ? X
CountlLoop  For-Nextloop  While-WendLloop — Repeat-Until Loop
Loop Variable |COUNT -
Start Value: |0 ‘ o
Stop Value: | 12 ‘ o
Step Value: | 1 ‘ W

The For-Mext loop starts by setting the loop variable to the start value. It then executes the
loop until the stop value is reached. The step value is added to the loop variable after each
iteration. If no step value is given, the loop will count up or down in steps of 1.

Variables

Functions

COUNT INTEGER

General Functions ~

tolnt
toFloat
toString
abs
min
max

String Functions

len

Mew Delete

Edit

left

Now, drag the step() method of the motor inside our loop - you'll notice the colour change to

indicate it's part of the loop construct.
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M1
setSpeed
pm =10
o = /
FOR OOUNT

FOR COUNT
0TO 12 STEP 1
0TO 12 STEP 1

M1 "
step M1
stgps = 1 step
dr = FORWARDS steps =1
mode := INTERLEAVE dir := FORWARDS

& cimerl
hd M1 (Stepper Motor)

% scep

& oneStep
% release
& =etSpeed

%

5 oaoo/@/u AD|
Ty
I
i };1

mode = INTERLEAVE

L

NEXT COUNT J

l NEXT COUNT l
|

H

Edit the flowblock and make the number of steps 4 so that we get sensible movement, set the
direction to forwards and the mode to interleave.

== Edit 1/ Block ? 4
Peripheral
Object: |M1 ~ | Method: |step -
Arguments
Steps: |"1l |V
Dir: FORWARDS Mumber of steps -
Mode: | INTERLEAVE -

@ Single Mode means single-coil activation, Double mode means 2 coils are activated at
once (for higher torque) and "interleave" mode means that it alternates between single
and double to get twice the resolution (but of course its half the speed). Lots more info on
this in various internet resources.

Add a modest delay after the step routine to allow the drive phase to complete before we iterate
the loop.

5 Edit Delay Block 7 x
Delay
& FOR COUNT I
0TO 12 STEP 1
j Variables Functions
COUNT INTEGER General FL A
D step tolnt
Fam toFloat
<> dir := FORWARDS testrmg
mode ;= INTERLEAVE e
[ min
(W] max
O String Funi
; v
New Delete Edit < >
_DK Cancel
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That's the forwards motion in place. Driving the motor in the opposite direction is identical
except that we change the direction in the step routine. You can place a second loop and drag
methods in or we can just use the trusty copy and paste. Drag a box with the right mouse

around the loop and select copy from the resulting context menu.

Ctrl+Z
Redo Ctrl+Y

23
[=
5
o
o

Ctrl+X
Copy Ctrl+C
Paste Ctrl+V

b i) o5

#E  Tear Off Ctrl+T

X Delete Del

Next, right click (or CTRL+V) to paste a second set of blocks.

Drag them into place underneath the first loop, releasing the mouse when the top node appears

with a dot.

40

Undo

Redo
Cut

Copy
Paste

Tear Off
Delete

Ctrl+Z
Ctrl+Y

Ctrl+X
Ctrl+C
Ctrl+V

Ctrl+T
Del
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FOR COUNT
0TO 12 STEP 1

M1

sfﬂm =4
dr 1= FORWARDS
moge 1= INTERLEAVE

I 500 ms

L

|
/
)
ﬂExrlct ]
i
|
)
J

FOR OUNT
0TO 14STEP 1

500 ms

!

NEXT COUNT

L
/ stﬁmv =4
dr = FORWARDS
= INTERLEAVE
I
|

Finally, edit the step method and change the direction.

| w ? x
Peripheral
Object: M1 * | Method: | step -
Arguments
Steps: |4 |¢
Dir:  [BACKWARDS * -]
Mode: | INTERLEAVE -
Variables Functions

That's it. Press play and watch the motor step forwards and backwards or pause, set a
breakpoint and single-step your program. Note that the counter variable is displayed in the
variables window which will tell you instantly how many more iterations of your loop remain.

AVR Variables - U1

Name Address value
var_COUNT OO080010E E.

> > i B O
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TUTORIAL 5: SCHEMATIC BREADBOARD

Introduction

So far in all of the tutorials we have used pre-existing Arduino shields or Grove modules for the
hardware. There is however nothing to stop us designing our own hardware directly on the
schematic. We will cover the basics in this tutorial with a button and an LED. Note however that
there are literally thousands of parts that can be simulated in the Proteus libraries. Start by
creating a new project with a schematic, no PCB and with Firmware for Arduino Uno using the
Visual Designer Compiler for Arduino.

This tutorial is also covered by a short movie on the Labcenter Youtube channel.

Drawing on the Schematic

There is a good deal of documentation on schematic drawing in the main Proteus help files so
we'll cover only in brief here. Our task is to draw the following circuitry on the schematic;

+5
iy
dr
R5
FULLUF
I e
o O O 102
RE D2
AN . o 100
220
1 LECBLUE

The three main steps are pick, place and wire.
Picking
To pick from the library select the 'P' button above the parts bin on the schematic. This presents

us with the library browser. We are only interested in those parts that we can simulate so start
by checking the box to filter the results.

Results (No Fiter) Schematic Preview

| Device

D

| [ egories ~
Analog ICs

| | Capacitors

| |CMOS 4000 series

| | Connectors

Data Converters

Debugging Tools

[Mathing selected far preview)
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We will need an LED, a 220 Ohm resistor, a pullup resistor and a button, all of which we can
find by typing keywords at the top left of the dialogue form.

_ﬁ Pick Devices

Keywords: Besults (1):
|P"'""'p El Device  Library Description
Match Whole Words?
PULLUP DSIMMDLS Digital Primitive M
Show only parts with models? e

Category:

All Categories)

Madelling Primitives

To pick a part into the parts bin, simply double click on the result.

/" B Schematic Capture 3

wr
ﬂ

,,
=1
=

[ 31TR=

[P] DEVICES
SC04021AZZ00FLHF3
ARDUING UND
BUTTON
LED-BLUE
LED-YELLOW

@ You may be asked if you want to replace the existing part. This will happen when you
pick a part already in the parts bin; for example, there is already an LED in the parts bin
because it's used in the Arduino Uno Shield.

Placing

To place a part, select it in the parts bin, left click once on the schematic, then drag into place
and left click again to drop.

} @M DEvices )
=== [GCO0Z1AZZ00FLHF2 -
== |ARDUINO UND

If you need to rotate, you can do this with the plus and minus keys on the keyboard during

placement.

Place all of the parts approximately in position - something like the following:
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4
RS
FULLUP
— @
—©  o—
RE D2
AN~
= LED-ELUE

We can apply power and ground by selecting terminal mode and placing /rotating in the same
way as we did the parts.

/_ﬁ Schematic Capture

L4BEL

I8} (@ TERMINALS

=== |DEFAULT

== [INPUT R5

OUTPUT FULLLP
dedy [Ei0IR
E:E GROUND g
CHASSIS
Edit the power terminal and specify the correct voltage.
» X
Label | style |
45 | Drag Object Sting: v %] Dtede?

Edit Properties Rtat Auto-Sync?

| Delete Object % @H:rizontal ) Vertical
Shows &l
c Rotate Clockwise Justify
) Rotate Anti-Clockwise @it (O)Centre () Right
%Y Rotate 180 degrees OTop @ Middle O Bottom
4+ X-Mirror
—
oK Cancel

We'll also need a terminal to connect our button and our LED up to the correct pin on the
Arduino. We can use default terminals for this.
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o _ﬁ Schematic Capture

D2

LRBEL CH=

DEFAULT k

LED-BLUE

V(00 6 |

It is here that the hardware and the firmware designs start to merge. The best way to wait for a
button press in firmware is via a pin change interrupt. This means however that we need to
connect the button to a pin on the Arduino for which a pin change interrupt is available. On the
Uno we can use 102 for this and can connect the LED to any available 10 pin.

N — ]
—0 o— — 102
RE D2
“AAA— . & —0 19
=0 LECBLUE

You want it to look like the one below (without the wires at this stage).

+5\
R5
FULLUP
—O_IZIE: —) 107
RE D2
—AAN— —O 109
_|_ — LECLBLIUE
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Wiring
Wiring on the schematic is point to point. First, hover the mouse over a pin until the cursor turns
green and then left click

D2

—0 109
LED-BLUE

Next, move the mouse to the destination pin/wire until the cursor turns green again.

D2
109
LED-BLUE
Left click the mouse again to complete the wire.
D2
109

LED-BLUE

After wiring is complete your schematic should look like the following.

+

Fi\N
&%
R5
PULLUP
P s B ]
S o O 102
R6 D2
O 109
220
ne LEDBLUE
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@ Remember the two terminals with the same name on the schematic have an 'invisible
wire' between them so by wiring the button to a terminal called |02 we have actually
connected it to the 102 pin on the Arduino chip.

PDO/RXD/PCINT 16
PDA/TXD/PCINT17
PD2/INTO/PCINT 18
PD3/INT1/0C2B/PCI
104 PD4/TOXCK/PCINTZ
105 (O—————1 PD5/T 1/OCOB/PCIN
106 (O————F=—1 PDG/AINO/OCOA/PCI
107 O———— PD7/AIN1/PCINTZ23

| 17
| AREF O—— AREF
B G—LE ] avce

Q
=
QTB%

7 Q
OO
ro| [

L= Gi-j[

Designing our Program

Everything we have done so far is hardware design. The program design itself takes place on
the Visual Designer tab. Unlike our other tutorials we don't have any external peripheral
methods in the project tree so we will have to drive the electronics directly using the CPU
methods.

v Peripherals

v & cpu
@ pinMode

v
v
W
W
v
v
v
W
W

analogReference
analogWrite
analogRead
digitalWrite
digitalBRead
pulseln
enableInterrupt
disableInterrupt
debug

We'll start by dragging and dropping the pin change interrupt routine in to the Setup routine.

Projects &
v [= *ARDUINO UNO(U1)
v Flowchart Files
4] Main
v Peripherals
v $& cpu
9 pinMode

Main

analogReference
analogWrite
analogRead
digitalWrite
digitalRead
pulseIn H
enableInterrupt /’/
diszableInterrupt

UﬁQDmG@

OO OLO4L
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Now, there are two available interrupt pins on the Uno but we need to select INTO because we
wired the button onto 102.

| peripheral

Object: |cpu | Method: |enableInterrupt hd |O1 O_L{ PD1/T /PCINT17
= _ PD2{INTO/PCINT18
- 103 O— PD3/INT1/OC2B/PCINT 19

| Variables Functions

| | [General Functions |

Similarly, we need to set the interrupt to trip on a falling edge because we wired the button to
pull low when pressed.

54 Edit 1/0 Block ? x

Peripheral

Object: |cpu | Method: |enablelnterrupt -

Arguments o O—u PD1/TXD/PCINT17
W [mm - 1C2 0_1 PDZlNTOElNT'IS I
Made: [FALLING @ - 103 O_ PD3/INT1 B/PC
Variables Functions
General Functions ~

Now we need to handle the interrupt event. Drag and drop an event block onto the Flowchart
Editor and edit. Give a sensible name and then specify the trigger as INTO.

== Edit Event Block T >

Name ] Select Trigger ? X

INTERRUPT

Hardware Trigger Periodic Trigger

Triggers

v & cpulCPU)
cpu INTO (102) & RESET
@ INTO(02)

( D ) @ INTT(03)

& timerl (TIMERT)

Add Remove

Cancel

We are going to turn on an LED when the button was pressed so we need to write out a logic
high on one of the 10 lines. Specifically, it needs to be 109 because that's where we wired the
LED on the schematic.
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D2

—.—o 109

LED-BLUE

Start by setting the pin to be an output pin. We can do this directly in the Setup routine by
dragging a pinMode routine on to the Flowline.

B Schematic Capture ¢~ %71 Visual Designer X%

Projects - Vi
3in
v [= ARDUINC UNO(U1) Q
v Flowchart Files
. DHTERAUPT
e &) =
~ Peripherals
51 Edit 1/0 Block ? bd
v 8 = -
& pinMode
() analugkefhm\ II:[I Peripheral
& analogWrite I Object: |cpu ~ Method: pinMode -
@ analogRead E\
@ digitalWrite Arguments
@ digitalRead = @ v
@ pulseln
@ enableInterrupt Mode: | OUTPUT -
@ disableInterrupt D
Variables Functions

@ debug

Then drag and drop the digitalWrite method into the interrupt handler, name the pin and set the
state to true.

55 Edit I/0 Block ? X
Peripheral
Object: |cpu w | Method: | digitalwrite -
Arguments
Pin: ‘9 ‘V’
State: |TRUE k%3

Variables Functions

That's it. Press play to simulate, switch to the schematic tab and press the button to test.

> > 1 my %LI

To bring an area of the schematic into the Visual Designer we need to specify it as an Active
Popup. To do this, stop the simulation, select Active Popup mode and drag a box with the left
mouse around the components of interest.
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e

Ly
B acivepopup ot |

R&
NN—p——o = |
220 :

Schematic Animation

This time, when you press play you can test in Visual Designer via the Active Popups. It's a
matter of preference in this case but, when debugging, it's often very useful to be able to see
the circuit at the same time.

You can easily add a few blocks to change the program into a toggle or continue with
developing the hardware on the schematic.
Your Flowchart project should finally look something like the following:

TR Coor
Trigger: cpu

cpu
enableIntermupt
igi=INTO U ‘ END '.
mode:= FALLING digitalWrite /

oin:=19
siate := TRUE

cpu

pinMode

mn=10 !

A Interrupts are really useful but be aware that in the Arduino environment you are limited in
what you can do. For example, attempting to write to an LCD inside an interrupt routine
will simply fail because the Arduino stack for writing to the LCD itself uses interrupts.
Caution is required.
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Introduction

It's remarkably simple to design and create electronic projects with Visual Designer. These short
tutorials each cover a separate project and include various different techniques and methods in
the project design.

Raspberry Pi Tutorials

Tutorial 1 : Flashing an LED (raw Pi).

Covers project creation, adding peripherals. basic flowchart programming and Proteus
simulation.

Tutorial 2 : Nightlight (w/ Grove).

Includes grove module configuration, decision making flowcharts, interactive simulation and
basic debugging.

Tutorial 3 : Motor Control (w/ rPi Hat)
Includes programming with loops, adding and calling sub-routines and using the clipboard..
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Tutorial 1 : Flashing LED

Introduction

This tutorial covers the basics of project creation, working with flowcharts, raspberry Pi
simulation and programming the real hardware. The actual goal of flashing the LED is kept as
simple as possible so that we can cover the end-to-end process. Working with more complex
peripherals and hats is covered in subsequent tutorials.

New Project Wizard

Visual Designer is integrated into the Proteus Design Suite and so we start our Visual Designer
Projects from the Proteus Home Screen. The easiest and best way to create a Visual Designer
Project is, unsurprisingly, through the New Flowchart Wizard.

Dpen Project Mew Project Open Sample

The first page allows you to select the name and destination of your project.

@ New Flowchart Project Wizard: Start ? &
Project Mame
MName Mew Project.pdsprj
Path  C:\Users\ces\Desktop'\Raspberry Fi Hats Browse
Back Next ] [ Cancel Help
4
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Next up is the firmware screen and it is here that we really define our Visual Designer project.
First, we change the radio buttons at the top to the option for Flowchart Project and then we
select the Raspberry Pi family and either the RPi3 or the RPi3 + GrovePi Hat from the controller
combo box.

® New Flowchart Project Wizard: Firmware ? X

(@ Create Flowchart Project

Family Raspberry Pi -
Controller Raspberry Pi 3 -
Compiler Visual Designer for Raspberry Pi * | | Compilers...

Back Cancel Help

Finally, you will be presented with a summary page of your configuration.
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® New Flowchart Project Wizard: Summary

Summary

Saving As: C:'Temp'Mew Project.pdspri
&/ Schematic
Layout

\/ Firmware

Details

Schematic template: C:\PRODEVVIMAGE Templates\DEFALLT.OTF

Firmware project: Raspberry Pi 3 compiled by Visual Designer for Raspberry Pi, autoplace processor on schematic

Back

Help

After you exit the dialogue form the project will be created and you will see both a skeleton

schematic with the Raspberry Pi processor placed and a skeleton chart project with the familiar
Setup and Loop routines on the Editing Window.
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® New Project - Proteus 8 Professional (DEV) - Visual Designer - [m] X
File Project Build Edit Debug System Help
DEEF AT GQ@ABEI=RO X &3 13 RER E RN Q@ WM Y BR
Projects a8 — Main
= )
T revnrs T
=)
= N
(]
&
=
)
°
oy @
o
ABC Ce=

VSM Studio Output

Compiling flowchart to. file RPI/main. py

> I’ “ . oﬂMessage(s] Ready

Now we are ready to start designing our project.

Adding a Peripheral

The first thing to do is to add the peripheral(s) for the project. These can be Raspberry Pi Hats
or just little breakout peripherals. The Raspberry Pi does not need a Hat to operate and you can
add peripherals which talk to the GPIO Pins Directly.

We'll be adding a Breakout LED. In Visual Designer, we right click on the Project Tree and
select the Add Peripheral command. Next, switch to Breakout Peripherals and select one of the

LED's.
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Projects =

v [= RPI3(U1) (jy_

w Flowchart Files

|&] Main (;L
v Peripherals

& cpu Add Peripheral

ﬁ sto - -

l  Build Project Ctrl+F7
& time
3 ser oF Rebuild Project Alt+F7

» HResource Fi

@’ ghg

= " . .
B trag & Project Settings

Clean Project  Ctrl+F6

T
Add the Peripheral from the context menu command in VSM Studio

557 Select Project Clip ? ¥

Category: |Breakout Peripherals <

L =E =y
P = = Eﬂ

4 channel Hat to 8 channel Momentary Buzzer
Analogto expand the Analogte  Action Push Breakout
Digital GPIO pins Digital Button Board

Converter Converter

. £
=8 =87 =8 s | ‘
|oP|01DB—|:I—.1 \
| 230
LED (Blue) ~ LED (Green)  LED (Red) LED Piezo HEREE—= ‘
(Yellow) Breakout |
Board RaspbemyFiLED

SEae R, | B
RGE RGE SPDT slide
Common Common Switch
Anode LED Cathode
LED

|LED (Blue) ‘ Close
Double click on the LED to add it to the project.

Repeat the process to add a Breakout button. If you then switch to the schematic tab you will
see that the 'virtual hardware' has been autoplaced for you.

% ]
SO GRIoa
GRIOT
(CaSR CED

cPios
GRoT

D oWl T emmE
RD GRIDS 1 F

Schematic view with both LED and push button auto-placed.
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To avoid clutter on the schematic, connections are made on the schematic by giving terminals
the same name. Any terminals with the same name can be thought of having an invisible wire
between them.

. X

Terminals with the same name are considered connected together.

In real hardware, this equates to connecting the Breakout button and Breakout LED to the GPIO
Pins on the Raspberry Pi

Note that you must attach the peripherals onto the same GPIO pins on the Raspberry Pi as they
are designated on the Proteus schematic. You may need the pinout to see which GPIO pins go
where.
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Raspberry Pi 3 GPIO Header
3.3 B0 Sv
GPIO02 (@] e Sy
GPIO03 (@) o] Ground
GPION4 Lo | (®) GPIO14
Ground [o @) GPIO15
GPIOL7 o0 GPIO1B
GPIO27 o0 Ground
GPI022 o0 GPIO23
3.3v o0 GPIO24
GPIO10 (@) o] Ground
GPIODS (@) . GPIO25
GPIO11 @O GPIOUS
Ground {o )} GPIOOT
1D_SD @@ ID_sC
GPIONS 00 Ground
GPIOOG 00 GPIO1Z
GPI013 00 Ground
GPIO1S o0 GPIO16
GPIO26 00 GPIO20
Ground (o]s] GPIOZ1

Toinaizots vevw,lement14,.com/Raspberry®i

GPIO pins on the Raspberry Pi

You must also ensure that you don't have two

peripherals with the same terminal label on the

schematic; if you do, you need to switch to the schematic and edit the terminal labels on one of
the peripherals. Some pins may need unlocking.

L epioto :

: 20 :

: ! cRi010 B—
: . i a0

BaspbenyPLLED ol

: Restbery FLLED

L GPIOT0 :

i 30

! 6PI010 B—

Raspberry Pi LED

¥ Edit Terminal Label

Label WSME\ :
1\ GRIC0S
Sting GPIOTE & i 330
Rotate : LECELUE
®Horizontal € g =
sty —> FambewyPLED
@Lleft O Certre :
OTop @ Midde !
| GRIOT0
g 330
LED-BLLE —

Raspberry Pi LED

If you have two terminals with the same name they will be connected ! Need to edit one and re-
assign to another GPIO line.

Flowchart Design

Back in Visual Designer, you'll notice that the Project Tree now has two entries under the

peripherals section.
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% Peripherals
£ cpu
ﬁ storage
& timer
Server
BTN1(RPi Butten}
LEDH (RPi LED)
v REEOOTCE Tes
ﬁ' showlog. py
= transportjs
The beauty of Visual Designer is that you can expand the peripherals to find a list of methods.
These methods are the primary way in which we interact with the hardware. For example, drag
and drop the 'On' method of the LED into the loop routine

~ Peripherals
£ cpu
E storage
£ timer
B server
BTN1(RPi Button)
v LED (RPi LED)
§ on —
@ off
iy set
iy toggle
~ Resource Files

@’ showlog.py
= transportjs

Drag and Drop methods onto the program.

QUDFQM[

To test this simply press the play button. The program will compile, the simulator will start and
the LED will turn on. You can see this either via the Active popup at the right of Visual Designer
or by switching to the schematic tab.
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# New Project - Proteus & Professional (DEV) - Visual Designer - O X

File Project Build Edit Debug System Help

DAk AFE@ABI=E 0 t2
019 E‘E %‘ ﬂ Debug @ Q @ ,‘ '\ FE] B

VSMPY Source code -U1 Raspberry Pi Button Breakout Board g x
GPio2 B3
—_
Q_.o O—t
L]
Simulation is Running 1k
Raspberry PiLED & X
VSMPY Variables - U1 J X
GRID10 R — -
330
LED-BLUE
Simulation is Running =

’ |’ “ . o 2 Message(s) : ANIMATING: 00:00:22 499973 (CPU load 70%)

Run the simulation to test results.

Press stop to exit the simulation and we'll extend our program to switch the LED on and off with
a button press. You'll notice that the button has no methods in the project tree

> Il B O

ANIMATING: 00:03: 14 ({CPU load 33%)

Stop the simulation when finished.

The only sensible information we need from the button is to know whether it has been pressed
and for that we have what we call a 'sensor function'. A sensor function returns either TRUE or
FALSE depending on whether the basic peripheral function is true or not. For example, the
sensor function for a button will return TRUE when the button is pressed and FALSE if it isn't.

Similarly, the sensor function for an LED will return TRUE when the LED is on and FALSE when

the LED is off. Place the sensor function for the button by dragging and dropping from the
button itself onto the loop function of the flowchart

10
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~ Peripherals
£ cou
E storage
& timer
B server
BTN1(RPiButton)  —H
v LED (RPi LED}
@ on
@ off
i set
i toggle
v Resource Files
& showloaov

Drag the sensor function onto the flowchart

>UquME

You will notice that it appears as a decision block. Sensor functions always return TRUE or
FALSE and a decision block allows us to split our code into two conditional paths. Your loop
routine should currently look something like the following.

We are constantly testing the button to see if it is pressed and we are turning on the LED if it is.
However, we still need to tell the program what to do if the button is not pressed. We want the
LED to turn off so lets drag and drop that method into space alongside the ON operation.

4 Peripherals
& cpu
> E storage
4§ timer
- @ server
a LED1{Arduino LED)
@ on
& off ]
g set
i@ toggle
BTN1 (Arduino Butten}
4 Resource Files
& showloa.py

>OE)A D m

f chr ]

Now, we need to wire from the decision block to the top of the OFF command. To place a
flowline click on an output node (the decision block), move the mouse to an available input node
(top of the OFF routine) and click the mouse again.

11
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BTHL(

7 7

END

Similarly we need to connect the flow from the bottom of the OFF command back into the main

loop.
BTN

1]

END

Your program should now look like the following.

LoOP

EMND

Having made this change, our program now turns the LED off when the button is down and on
when the button is released. To compile and test, first press the play button and then use the
mouse to press the button down..

12



Raspberry Pi Tutorials

Programming the Hardware

GrRIo2 B GPIo2 B

BTN1 BTN

o >
g n5 o] N |
— ——
1k 1k

Raspberry Fi LED 5 X Raspberry Fi LED 5 X
GPIO10 2 = = /./’r-. GRIO10 = U B m

0 LED-BLUE — 0 LED-BLUE L

@ This section assumes that you have completed the initial configuration of the Raspberry

Pi.

13
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Raspberry Pi 3 GPIO Header
P NANME NANME Pingt
o1 3.3v DC Power b DC Power Sv o2
03 GPIOO2 (SDAL , 12C) CINE 3C Power Sy o
05 GPIOO3 (SCLL |, 120) -l . Graund 06
ar GPIO04 (GPIO_GCLK) o e (THDOY GPIO14 0g
o9 Ground by (RHDD) GPID1S 10
11 GPIOLT (GPIO GEND) bt 1L (GPIO GEN1) GPID18 12
GPIO27 (GPIO_GENZ) L Ground 14
15 GPIO22 (GPIO_GEN3) Lt 1L [GPIO_GEN4) GPIO2Z3 16
17 3.3v DC Power Lt 1L [GPIO_GENS) GPIOZ4 18
19 GPIO10 (SPI MOSI) *le Ground 20
21 GPIOO9 (SPI_MISO) i AL (GPIO GENG) GPIOZS 22
23 GPIOL11 (SPI_CLED CONE (SP1_CE0_N) GPIONS 24
28 Ground & Lis [SPI_CE1_N) GPIOOZ 26
27 ID_SD (12C 1D EEPROM|[OMOM (12C 1D EEFROM) ID_SC 28
29 GPIOOS L 1L Ground 3f
31 GPIOOG b 1L GPIO12 32
33 GPIO13 ale Ground a4
a5 GPIO19 Lt I GPIO16 36
a7 GPIO26 L L] GPIO20 38
39 Ground *Le GPIO21 4
E;:.’Ei.mﬁ www.element14.comyRaspberryPi

Here on the Left is a Raspberry Pi 3, and on the Right is the pinout for the GPIO Pins. The very
first thing you need to understand is the orientation. Both these images are oriented in the same
way. The top 2 pins are both power (Left pin is 3.3V and Right pin is 5V). You can find this
pinout on the raspberry pi website. Some of the Raspberry Pi | cases have the pinout engraved
into it making it very easy to find each pin. Failing that, you can use a template or make one
with a little bit of card to make life easier.
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Engraved casing or simple template to identify lines on the header block.
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Now in our program we connected the LED to GPIO 10. Not to be confused with Pin 10 which is
GPIO 15. GPIO and Pin numbers are very different so make sure you connect the correct one.
Just like the schematic we've included a protection resistor to prevent he LED from getting
damaged by the current from the Raspberry Pi.

o i

Here you can se we've used Male to Female wires connecting the Raspberry Pi to the
Breadboard.

Assuming all is correct your led should flaéh just like the project.

16
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Tutorial 2 : Night Light (w/ Grove)

Introduction

In this tutorial we are going to use a couple of Grove sensors and an LED to design a mini
nightlight. Project setup is covered in the first tutorial however this time we will want to change
the controller to the RPI3 + GrovePi Hat.

B Mew Flowchart Project Wizard: Firmware ? x

Mo Firmware Project
Create Firmware Project

(® Create Flowchart Project

Family Raspberry Pi -
Controller Raspberry Pi 3 + GrovePi Hat -
Compiler Visual Designer for Raspberry Pi ¥ | | Compilers...

Create Quick Start Files

Create Peripherals

Adding Hardware

We'll use the Grove infra-red proximity sensor and the Grove luminance sensor along with a
Grove LED. All of these can be picked via the Add Peripheral command on the Project Menu.

File

Project

Build Edit Debug

[} =2/ Create Project
- e ¥ | Delete Project

-

Projer

4

&

& &

Mew Sheet

Add Peripheral
Add loT Control
Add Resource File

Print
Export PDF
Page Setup

Convert to Scurce Project

Syste

De

54 Select Project Clip

? 0=

Category: [Grove

Groved-
Digit
Display
Module

Grove LED
bar Medule

o -

B

Grove Light
Sensor
Module

Momentary
Action Push
Button

B .

Grove LED
(Blug)

e

Grove
Luminance
Sensor
Module

Grove
Buzzer

Medule

B =

Grove LED
(Green)

i
=

Grove Relay
Module

Grove  Grove80cm
Differenticl ~ Infrared
Amplifier  Proximity
Module Sensor
Module
2. @,
GrovelED  GroveLED
(Red) [Vellow)
L
Rotary Angle

potentiomenter
based sensor.

m

Grove Luminance Sensor Module

Add

Close
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After they have been added to the project, you will see the methods for controlling the
peripherals in the Project Tree and the 'virtual hardware' for the peripherals placed for you on
the schematic.

4 Peripherals
> 4 cpu
> E storage
> 4 timer
@ server
4 PD1(Grove Luminance Sensor)
i readlLuminance

& readVoltage A e e e e e P e P T |—————____‘
|
|

a LEDM (Grove LED)

@ on

\
| B
: R | |
@ set \ _L APDS-8002 1) Preapre DL
dim | I 10eF } ar- GCUSIGT) ]
\

v
VCG
iy toggle VO H ‘

4 GIP1(Grove Infrared Proximity 5... ﬁmmmcﬁ?ffffffifiifii” GND
i readVoltage ‘

GPIVOAZTYROF
M.8. This project clip folows the reaf hardware
| W0 is connected to SIG1 so Grove AD wilwire ty AN |

2 is connected to SIG1 30 Grove A will wire 10 AINT

i readDistance Brove Infrared Proximity Sensor

Itis v}tally i_mportant to configure the Grove connectors properly and this is often not as simple
as it first appears. Let's take an example:

The real proximity sensor requires only three wires with the fourth left NC. Note therefore that,
when plugged into socket AO the sensor is connecting to analogue pin A1.

This is fine, except if you then plug the luminance sensor into socket A1. The luminance sensor
will use analogue pin A1 on socket A1 and therefore clash. You should plug this sensor into
socket A2.

Golden Rule

Look closely at the Grove board to see the connections and double check against the sensors
for conflicts. Unlike the Arduino the conflicts are not shown on the board and need to be
checked separately.
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The sockets include connections through to two Raspberry Pi 10 pins and there is a pin overlap.
For example:

@ Socket A0 can use pins A0 and A1

=]

Socket A1 can use pins A1 and A2
Socket A2 can use pins A2 and A3.

@ etc

=]

Digital sockets are exactly the same.

Grove Peripherals connected.

Our configuration for this project is therefore proximity sensor in socket A0 and luminance
sensor in socket A2. The LED can be in any digital socket we like.

| ]
|
| 1 1 LED-ELUE
I S
| | APDS-2002 (1 GrovelBD L
BCISBT}

| 1 10uF | | |
| ! -
_________________J| GND |
Grove Luminance Sensor

|

GPIYIAZTYHIF
| M.B: This project clip follows the real hardware:
MO is connected to SHG1 so Grove AD will wire fo AN

Grove Infrared Proximity Sensor
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Designing the Program

In our Nightlight mock up we are looking for our LED to light when the following are true:
@ |t's is dark.
@ Someone is nearby.

These are both decisions on the flowchart. Start by drag and drop the readLuminance() method
onto the loop routine of the chart.

~ Peripherals
& cpu
a storage
£ timer
& server
£ grove

GIP1(Grove Infrared Proximity S...

()
[=]
(]
(¢
LED1 (Grove LED) {
D)
<&

v PO (Grove Luminanceseﬂ[}/.
& readLuminance
@ readVoltage

~ Resource Files

@’ showlog.py
|£| transport.js

This sensor returns a lux value between 0 and 1000, with 0 being pitch black and 1000 max
light. Let's then use our result in a decision block and set our initial test value to around 100.

reading == Lux 1

& Edit Decision Block x

s
Condition

Lux<100 e |+«

Variables Functions

General Functions

Lux  FLOAT

@ The datasheet for the APDS-9002 photo sensor used in this Grove module provides data
on lux values.

I See Also: http://wiki.seeedstudio.com/Grove-Luminance_Sensor/

For the proximity sensor, we want to read a distance so drag and drop into the top of the loop.

£ cpu
a storage
£ timer
& server
£ grove
w GIP1(Grove Infrared Proximity S...
i readVolage
@ readDistance
LED1 {Grove LED)
PD1{Grove Luminance Sensor)

—

quzm
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Set the Variable that it's reading to be LUX

241 Edit 1/O Block

Peripheral

Object: |GIP1

Lux=100
Results

Reading == m

Luix
Variables m

The proximity sensor can detect up to 80cm but we'll set our initial test to 20cm. Add another
Decision block above the LUX Decision block, and set to be cm<20:

& Edit Decision Block

DECISION
Condition

YB&5

Il See Also: http://wiki.seeedstudio.com/Grove-80cm Infrared Proximity Sensor/

Since, we need both conditions to be true for the LED to turn on, make sure that the second
decision is on the YES branch of the first decision.

21


http://wiki.seeedstudio.com/Grove-80cm_Infrared_Proximity_Sensor/

LABCENTER ELECTRONICS LTD.

Next, drag and drop the led on method at the bottom of the YES branch.

& orove
GIP1(Grove Infrared Proximity S...
v LEDM (Grove LED)
@& on
@ off \\
iy set
iy dim
togagle

Finally, place the LED off method to the right of the main loop beside the LED on method.

- e
£ orove
GIP1(Grove Infrared Proximity S...
v LED1(Grove LED)
@ on
@ oif
@ set
@ dim
@ toggle
PD1(Grove Luminance Sensor)

Since we want the LED to turn off if either condition is false we can wire both NO branches from

the decisions to this method.

Finally, connect the bottom of the NO program branch back into the main program loop. Your

final program should look like the following:
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Simulation and Testing

To test our program, all we need to do is press the play button and then adjust the distance
display on the proximity sensor and the lux display on the luminance sensor.

1
@ 1k

1 a'N N

C1(SIG1)

=1.52185
3
vee  EEEE
1lvo @
21 GND \r
GPZY0AZTYROF

M.B. This project clip follows the real hardware.
WO is connected to SIG1 so Grove AOD will wire to AINT.

The LED should turn on when the distance value is less than 20 and it's a little cloudy.
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Grove Infrared Proximity Sensor B x

GCI(SIG1)
57 =1 52120

vee  [HEIE
Vi [ )
GND
GP2YDAZ1YKOF
IN.E. This project clip follows the real hardware

VO is connected to SIG 1T so Grove AD will wire to AINT.

Grove LED 5 X

LED-BLUE

Grove Luminance Sensor

Pause the simulation and set a breakpoint on the LED off method.

Luex<100

B

i J i

oo Toggle Breakpoint

Press play again to run the simulation and change either the distance or the light until the
breakpoint triggers
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Grove Luminance Sensor

o

You'll notice that both our variables are available in the variables display.

AVR Variables -U1

Name Address value
wvar_cm 00800117 19.07239
war__Lux 00800113 104.832

Comparing these values to the tested decisions will tell us which condition has failed.

AVR. Variables - U1

Name Address value

var_cm 00800117 -Fai =
var_Lux 00800113 104.832 -

As you single step via the icons at the top you'll notice the LED turn off.

P Schematic Capture 3 5 Visual Designer 3

AVR. Source Code -U1 LED &Reset & X
| 8 T

Man v FaLULE =< =<
1 1 L] L]

.

= = - Grove Infrared Proximity Sensor R F X
on it w1 ez
] E]
AQ i
d 2 cuo
CRZTORTVHIF

N, ThEE projectclip Tallove e real karare,
U0 Conerd D SIG1 £0 Grobe A1 Wl T AINT

E e e Growe Luminance Sensar
=/s]

AVR Variables -U1 g X
Name Address value
var_cm 00800117 19.0729
war_Lux 00800113 104.832

> ime —

: PAUSED: 00:00:09.652373
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Programming
A\ Before programming the Raspberry Pi you need to first perform the one time. See
Programming the Raspberry Pi

Since everything seems to working in good order, the remaining task is to plug in the Raspberry
Pi and program the real hardware. The process here is:

1) Plug the Grove sensors into the Grove baseboard in the same connectors as on the
schematic. See also the golden rule discussed earlier.

2) Connect the Grove hat to the Raspberry Pi and connect the Raspberry Pi to the same
WIFI as the computer. Now within Proteus within the project options change the
Programmer from NONE to RPISSH and the raspberry pi should appear.

B R E O Q&N
AN

2] Project Options ? .

s

Edit |Debug (Active) + | Configuration

Tool chain: |\-'isua| Designer for Raspberry Pi

Controller Options

Processor  |RPI3{(U1) -
Family |Raspberry Pi

Controller  |RPI3 .
Embed Files

Programmer |RPISSH -
Interface Raspberry Pi -
Host | b

User Name | pi

|
|
Password | raspberry |
|

Target Path | Jusmi

el

3) Click the program upload button in Visual Designer.

l:

4) The program will now run on the Hardware.
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Tutorial 3 : Motor Control

Introduction

This tutorial shows how you can easily control both DC motors and Stepper motors with Visual
Designer. We'll do this using the Adafruit DC and Stepper motor hat for Raspberry Pi.

Setup

Start by creating a new Visual Designer Project and then Add the Raspberry Pi Hat with DC and
Stepper Motors from the peripheral menu.

& Select Project Clip s P
Category: [.ndafruit ']
.
T on pE TR L
= ; [ el e _ | - - _
Sl = Bt g vl Bnr=: = |
—_— == = | le= | o T
! ! uz
16-Channel D and 2 Channel 4 Channel e EE} %Eﬁ}
PWM Servo Stepper Relay Relay " i Wi
HAT Motor HAT MNumato Breakout “,?_:U—:J e %:}
Shield Board = - 4 4
I EFRUTHOTCR |
S
DC and Stepper Motor HAT [ Add ] [ Close

Picking the Adafruit Hat from the Add Peripherals command in Visual Designer

Unlike the Arduino Hat the Raspberry Pi Hat lets you connect the motors yourself. This means
you need to first find the motors via the schematic pick devices form (MOTOR-DC & MOTOR-
BISTEPPER) and double click to insert them into the project.
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$ Pick Devices 7 %
eyugrds Besults (26) MOTOR-DC Freview:
| [ Device Ubrary  Description Schematic Modsl [DCMOTDR]
e B Ll | A0AFRUIT MOTOR HAT PHATS
Show oniy parts wih models? [ | " cor o MOTORS
Categery BLOC-TRIANGLE MOTORS
DRVE816 ANALOG  DMOS Dual 1/2-H-Bridge Motor Drivers
fnalog s DRVES71 ANALOG  3.6-A Brushed DC Motor Driver With Intemal Currert. Sense (P
jectromechanical
Mochanics D5128850 MAXIM  12C RTC with 128-Byte NV RAM, Motorola./Intsl Parallel interfa
Microprocessor (Cs D5128855 MAXIM  12C RTC with 128Byte NV RAM, Motorola/Iniel Parallel interfa
Miscellaneous DS512885T MAXIM  12C RTC with 128-Byte NV RAM, Motorola/Ints! Parallel interfa [ +55.5 |
D512887 MAXIM  12C RTC with 128Byte NV RAM, Motorola/Iniel Parallel interfa
D512887A MAXIM  12C RTC with 128-Byte NV RAM, Motorola.Intsl Parallel interfa
5120887 MAXIM  12C RTC with 128Byte NV RAM, Motorola/Iniel Parallel interfa
D512C887A MAXIM  12C RTC with 128-Byte NV RAM, Motorola.Intsl Parallel interfa
FAN-DC MOTORS PCB Previsw
1257 ANALOG  Stepper Motor Cortroller
MOTOR ACTIVE  Smpls DC Motor model
MOTOR MOTORS  Simple DC Motor model
MOTOR-3PH MOTORS  Induction 3phass motor model
MOTORBISTEFFER  MOTORS Animated Bipolar Stepper Motor model
— MOTCE.BLBEN MOTORS  Arimated Brushlsss C Motarmeee
& d MOTORS _Animated DC Motor model With Inertia And Loading
L WMOTORS  Animated DC Motor model Viith Inertia Losdine—=rd postion ¢
MOTORFPWMSERVO  MOTORS Arimated PYM Cortrolled Serve Motor model {Hobby Servo)
MOTOR-SERVD MOTORS  Animated Servo Motor modl
MOTOR-STEPPER MOTORS  Animated Unipolar Stepper Motor model
TBBE12FNG PIMHATS  Driver IC for Dusl DC motor
T ) TBEE12FNG ANALOG  Driver IC for Dual DC mtor
Manfacturer
< >

Using the Pick Devices Dialogue on the Schematic to add the motors to your design.

Then connect the part to the hat using the terminals. The usual rules apply in that terminals with
the same name are deemed connected together

| | 2\
| 4 | M11 O (@) O 12
le—e | =
| e . | E=E
| e e sDA Q— sba M ——O mn |
| $—= o—— scL O—— scL Mi2 [———Q M2 |
Al M21 :8 M21 >
| o —'e M22 M2 | M21 O (o) O M2z
| ¢—o A0 | \Q?/
| R | Al M31 :8 M31 |
o —'e A2 M32 M32 [+83.8 |
TR =
' | N
| - OH bt ADAFRUIT MOTOR HAT | a1 O ( C(:)> ) O M4
| '?#:x% <TEXT> I M32 O 2/ O M4z
Adafruit DC and Stepper Motor Hat | | [

Here you can see we have connected one stepper motor and two DC motors with connections
made by terminals.

Programming

For this project we will have 2 buttons, one will start a dc motor and the other will stop that
motor. After we have this project working we will then simulate it and work with the debugging
tools.

Firstly, you will need 3 components, 2 buttons and a motor. Add the two buttons using the add
peripheral method.
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& Select Project Clip . ‘ D ||
Cateqory: [Breskout Peripherals -]
4 channel Hat to 8channel  Momentsry  Buzzer
Analogto  epandthe  Analegto  |ActionPush  Breakout

Digital GPIO pins Digital Button Board

Converter Converter _—

| oFloz |

— BTN1
T ST s SRS S o | = ||
LED (Blus)  LED (Green)  LED (Red) LED Piezo | [
(Yellow) Breakout i
Board | — |

RaspbernPiBution BreakoutBoar

RGB RGB SPDT slide
Cemmon Commen Switch
AnodelED  Cathode
LED
Momentary Action Push Button [ Add ] [ Close:

Add Button Peripheral.

Make sure you change the GPIO pins so that they are not both using the same pin

11
|

T
|

Raspberry Pi Button Breakout Board

Make sure the buttons are assigned to unique GPIO Lines

You should already have at least one DC motor. If not then make pick one from the libraries and
make sure it is connected to motor 1 (M11,M12) of the hat. It should look something like this:
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M1 O @ £) w12

Correctly connected DC Motor on Motor 1 of the Hat.

@ Note that if you want the motor to appear in Visual Designer during simulation you will
need to draw an Active Popup box around the motor.

Now you can drag the code blocks on. We want to change the speed of motor 1 each time a
button is pressed. Button 1 will start the motor and button 2 will stop the motor. You won’t need
any code in setup. Your finished program should look like the following

set DcMotor
Motor Number:= 1
Direction 1=
FORWARD
Speed =1

set DcMotor
Motor Number:= 1
Direchion 1=
FORWARD
Speed1=0

Motor Control flowchart. Uses the sensor functions for the buttons to make decisions.
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Testing and Debugging

Now that the project is ready to go we can test it out in simulation. The remainder of this tutorial
is essentially a detailed look at simulation and stepping commands to make sure that you
understand how to control a running simulation and how you might debug problems with your
code.

The simulation is controlled from the animation control panel at the bottom left of the Proteus
application.

> > Il H

Here you will find the play, step, pause and stop buttons. The play button will start the project or
continue if the project is paused.

The step button will allow you to slowly step through the project pausing after every block of
code.

The pause button will pause time allowing you to look at variables, voltages and other elements.
The pause button will not stop the project and you can restart it with the play button.

The stop button will stop the whole project and allow you to edit and modify it.
Basic Single Stepping

We will start by simply pressing run, the program will start, and you will enter simulation mode.
Press button one to start the motor going. Let the motor gain some speed then press button 2 to
stop power to the motor. The motor will now slow down. Once you have tested this and
confirmed that everything is working properly you can stop the program using the stop button.

3 SchomatcCapus X Vsl Desioner X

Y Source code UL oCHotars

VSvPY Varaies U1

Siuston s furving

» b I m O 2 Messagets) ANIMATING: 00.00:11.132433 (CPU load 63%)
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Next, press the step button once to start then pause the program. At this stage the program
code is currently sat in the setup block. Next, pres the Step Into button to get to the end of the
Setup block:

l

FABUE

You will now see the End of setup light up. This shows that the setup function has ended.

C== )
C=o

Pressing the Step Into button again will advance the program to the first decision block of the
loop routine.

B

If button 1 is pressed the code will follow the 'Yes' line, if its not pressed it will follow the 'No'
line. In our case the button is not pressed so when we keep stepping the code the program will
move through to the next decision block. We'll then continue running around this loop routine
until a button is pressed.
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Finally, note that you can lock a button in place by pressing the red vertical arrows in the side of
it. This way it will be held down even when you take your mouse away

o

GPI09 g
BTN
m o,
|| : ||
1k
Stepping and Routines

Let's look now at how the step into and step out debugging commands work when we have sub-
routines in our program. These basically navigate us in and out of the program stack.

LY

To help explain, we have modified our program to include a couple of sub-routine calls.

( LOOFP ) CheckBution1 Check Button2

[| chedsuton: ||
[|  checksutonz ||
uz uz
setDdMotor setDcMotor
Mo for Mumber :=1 Motor Mumber:= 1
END Directorn = Direciion 1=
FORW ARD FORW ARD
Sneadi=1 Speed =10
ENMD END
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In this new program you can step through however it will only highlight the event call and not
enter the event block. It will jump between CheckButton1, CheckButton2 and End without
entering the two events. If you do want to enter an sub-routine wait until the event is highlighted.

Then press step into to enter the routine and highlight the first code block in the routine.

heckButionl

We could continue to step through the routine with our normal step commands or use the step
out button to exit the routine and pause at the next code block following the return from the
routine.

Breakpoints

Breakpoints allow you to stop the code when it reaches a specific block of code. To toggle
breakpoints, enter Visual designer, right click on the block you wish to place the breakpoint and
toggle breakpoint.

setldiotor
Moior Numberi= 1
Lirecton 1=
FORW ARD

Delete g

X
(5! Edit
of  Cut

)

1

:[] = Copy
)

H% Tear Off

ao Toggle Breakpoint

] A o ATy s
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Now run the program, assuming button 1 is up nothing will happen. The code will run normally
until you press button 1. Once button 1 has been pressed the code will pause on that block.

( woe ) ( CheckBuront )

|
|

From here you can step through the code to debug further.

Debugging Generated Code

If you want to look deeper into what is happening in the code you can look directly at the code
and not the blocks. Right click on the project menu and select debug generated code.

Projects =

—
4 [[= *RPI3US g |
4 Flowcha| (@ Mew Sheet
&l Add Peripheral
4 Resourcy
9’ Add IoT Control
= | Add Resource File
4 Peripher .
- [ & Debug generated code
4 E 52 Always Recompile
B .
) Convert to Source Project
> ¥ Delete Project
&b Build Project Ctrl+F7
£¥ Rebuild Project Alt+FT
<5 Clean Project Ctrl+Fé
*  Project Settings

I
Now when you run the project the flowchart won'’t be present. Instead there is a blank screen.
By pressing the step button once it will load up the python script. Now every time you step it will
step line by line opposed to block by block.
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® New Project - Proteus 8 Professional (BETA) - Visual Desig
File Project Build Edit Debug System Help
Al AT EEq
[ & O EL JORN
_ﬁSchematic Capture =+ Visual Designer
WSMPY Soyrce code - U1
Debug'main py
D018 pio. storage.begin ()
001C pio.server.begin (0)
001D # Install interrupt handlers
001E
001F def peripheral_loop () :
0020 pio. timer.poll ()
0021 pio.server.poll ()
0022
0023 #---CONFIG_END-—-
0024 def wariables_setup () :
0025 # Flowchart variables
0026
0027 pass
0028 # Flowchart Routines
0029 @with_goto
00zZA def chart_SETUP () :
0028 return
002C
002D @with_goto
002E def chart_LOOP
002F chart_CheckButtonl ()
0030 chart_CheckButton2 ()
0031 return
0032
0033 @with_goto

You should now be able to navigate and follow the code using the same debugging and
stepping tools we discussed earlier. To navigate through different routines, use the dropdown
box above the code.

Note about Addresses

Some hats are stackable such as this motor hat. When using multiple hats together you may
need to change the 12C addresses. You can do this by using the jumpers. The Hat will have a
base address, for the motor hat the base address is 0x60. The Jumpers work in binary so by
connecting AO the address will go to 0X61, and connecting A1 the address will go to 0x62 and
so on. The motor hat has a possibility of 32 different addresses including address 0x60.

i2c addr
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TURTLE SIMULTAION

INTRODUCTION

Overview

Robot turtles are extremely popular and fun to work with and are used extensively in both
education and hobbyist circles. While the possibilities are endless, problem solving typically falls
into three distinct categories:

1) Line Following.
2) Obstacle Avoidance.
3) Maze Escape.

Proteus combines an electrical model of the turtle (motors, sensors, etc,) together with the
Arduino baseboard and then presents a simple but flexible virtual world in which the turtle
motion can be simulated. Control of the turtle in Visual Designer is vastly simplified by the use
of high level methods in a flowchart program, while greater flexibility and complexity can be
managed by writing Arduino C code directly. Regardless of the coding choice the simulation,
test and debug takes place entirely inside the Proteus software before deploying to the physical
turtle.

The following robot turtles are currently supported:
Funduino
Web Link

The Funduino turtle is a simple robot using an Arduino Uno baseboard
alongside the motor driver board and 3 line hunter sensors. The ultrasonic
range finder sits on top along with a stepper motor which allows you to
swivel the sensor head. All of this is modelled in Proteus meaning that
you can write your flowchart or firmware program and then test it in
software.

Since the Funduino is the cheapest turtle we could find (around $50 at the time of writing) it's
not surprising to find some limitations. In particular, there are no position encoders on the motor
wheels and the line hunter sensors are digital.
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Zumo
Web Link

The Zumo robot for Arduino is an Arduino-controllable tracked robot
platform. It includes two micro metal gearmotors coupled to a pair of
silicone tracks, a stainless steel bulldozer-style blade, an array of six
infrared reflectance sensors for line following or edge detection, a
buzzer for simple sounds and music, a 3-axis accelerometer,
magnetometer, and gyro for detecting impacts and tracking
orientation.

The zumo is a more advanced turtle than the Funduino and can perform far better at line
following and maze escape challenges but it does not have ultrasonic range finder and
therefore is not as well suited to obstacle avoidance challenges.

Virtual Environment / Obstacle Map

In order to test a written program the robot turtle needs an environment in which to operate
during a simulation run. While there are many sophisticated and complex physics engines on
the market, the goal of our simulation is to check and debug the firmware program and so we
have kept things very simple. Our virtual world is a picture drawn in MS Paint or similar in which
the following simple rules apply:

- 1 pixel is 1mm.
- Black is to be followed.

- Red is to be avoided.
- Green is a breakpoint and will pause your program !

[ ]
4 ©

From Left to Right : Line Following example, Obstacle Avoidance example and Line Following
with Obstacle example

To create and apply an environment for simulation

1) Draw the required route / obstacles in the graphics package of your choice. Remember that
the scale is 1 pixel to 1 mm so drawing a 5 pixel wide line will equate to 5mm in the real world.
Width of the line being followed can affect the algorithm (e,g if all the sensors are never over the
line) so it's important to give this some thought.
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@1 ¢ = | Untitled - Paint _ o %
Home View (2]

0 Bes G @7 S [ W EEEETEEEE gy
Paste Select & A& Q Brushes shapes Size Color | Color Edit
- . b~ - - - 1 2 colors
=8 b 08 Ok O
Best match
_'/f“ Paint
" Desktop app
o
5B My s £ Web
paint
a a
+ 1] 10 1152 = 648px s0% (2 @

2) Save the graphic as a PNG file into the same directory as your Proteus project.

2 Save As X
4 « 05(C) » Proteus v 0 Search Proteus o

Organize v MNew folder = - (7]

3 This PC
[ Desktop
|=| Documents
& Downloads
J’l Music

Track.png

| Pictures
B videos
- 05(C)
= 050k
e O5(K2)

H

L

File name: M ~

Save as type: | PNG (*.png) ~

A Hide Folders Cancel

3) Edit the turtle component on your schematic and specify the graphic you have just saved as
the obstacle map.
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3 Edit Component ? X
Part Value: TURTLE Hidden: [] Cancel

) ] ] S e Bement New
7 B

TUR Hide Al

LISA Model File:
Obstacie Mep: ([PrresTdeons ) o[

‘ Angle of turtle in degrees at start (Dis turtle poirting up)
|

e — |7 I
Stating horizontal postion of tutle rlative to environment in mm (same 2s pivels] Hde Al v
N e — Starting vertical postion of turtle relative to environment (0is top) Hde Al v
e Uk Revs/sec of wheels at max speed Hde Al -
| Delete Object Other Properties
C'| Rotate Clockwise Num-Sub
)| Rotate Anti-Clockwise Murn-Plus

[ Exclude from Simulation [ Attach hierarchy module
[ Exclude from PCB Layout Hids common pins
[ Exclude from Bill of Materials [ Edt all properties as text

4) Run the simulation.

Positioning the turtle in the virtual world
@ The turtle can be picked up and placed somewhere else on the map with the left mouse.
2 You can rotate the turtle by holding the CTRL key and using the left mouse.

You can specify an initial position by first pausing the simulation, then positioning as required
and finally, right clicking and specifying the current position as the new start position.

Hio_T1_LH
Eio T [
var_DISTANCE

io_cpu - -
= P - Set current position as start position

Reset turtle to start position

‘mu}_l 1_5H

L
[ | I G R
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TUTORIAL - OBSTACLE AVOIDANCE

Introduction

This tutorial shows how to set up a Visual Designer project with the Funduino turtle, program it
to avoid obstacles and then test and deploy to the real hardware.

@ While we are using the Funduino turtle for this tutorial we could easily use the Zumo turtle

and change the challenge to something like a line follower. The principles are the same
for both turtles.

Project Setup

The first stage is to create the new project and add the Virtual Turtle.

1) Open the New Project Wizard from the Proteus home page and specify the project name and
destination path as required.

@ Mew Project Wizard: Start ? X

Project Mame

Mame |TUR'|1_E .pdsprj |

Path | C:\Proteus | Browse

(® New Project () From Development Board Blank Project

Back Cancel Help

2) Create the schematic from the default template and then create a flowchart project with the
Arduino Uno.

@ New Project Wizard: Schematic Design ? X @ New Project Wizard: Firmware ? x
) Do not create a schematic O No Firmware Project
(@) Create 3 schematic from the selected template . .
() Create Firmware Project

Design Templates (@ Create Flowchart Project

Landscape AD Family ARDUINO -
Landscape Al

Landscape A2 Controller Arduino Uno -
Landscape A3 Compiler Visual Designer for Arduing AVR ~ | Compilers...
Landscape A4

Landscape US A Create Quick Start Files

Landscape US B

Landscape US €

Portrait AD

Portrait AT

Portrait A2

Portrait A3

Portrait A4

Portrait LS A

Portrait LS B

Portrait US C

Sample Design

C:APRODEVMMAGENTemplates\DEFAULT.DTF
Back Cancel Help Back Cancel Help
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@ If your license key includes Proteus PCB Design you will need to choose not to create a
PCB on that page of the wizard. If your license does not include PCB design you will not
see the PCB design page of the wizard.

3) Continue and exit the wizard to create your project. You should see on the Visual Designer
tab that you have a skeleton flowchart with the familiar Arduino setup and loop routines while on
the schematic you'll find the Arduino Uno pre-placed.

¥ Schematic Captwre X 1Visual Designer X
¥ Schematic Capture % | 51Visual Designer 3
Projects L)
— 1 ()| Man
* o0 . ~ (= ARDUINO UNO(U1) -
c = P e men s | © Flowchare Files —
> o == == | 2 waan A
| DCOBRC 5/SCHIP t: v Peripherals —
4+ v So e |
| 107 O——— FOTANUFCINTZY  PBTTOSCZXTALZPCINTT [— | & cpu =
e . @ cinesl o
- era= g | o L
h § UNO | PesmposronTi ——0 135 | :
i =
e Loy TELOoW | " eCRReET e | (g
| T
- 2g——gm. lmg——gue | =
| erg——onm | =
= 1013 QP——Q 52K - —
f=| [ o—0m = |
i ‘ lots G———0 70i RESET
b= BEg—g18 |l
1 \ 13:28:@ e L |
2= .
= L == - [ |
’ I’ II . L1} No Messages COMPONENT U1, Valuz=ARDUINO UNQ, Module=<NONE:>. Device=ARDUINO U
e = >l
Ready

4) We now need to add the Virtual turtle to the project. We do this from the Add peripheral
command in Visual Designer.

557 Select Peripheral 7 X
Peripheral Category: |Motor Control -
Motor Arduin ~ r————————
— ] Shield V2 Motor | |
+ [Peripherr- — withfour  Shield (R3) A |
43 cpu (@ NewSheet DCmotors  with DC | =
4@ tim  Add Peripheral Metors | g e |
Add Resource File =N |8 |
& Debug generated code L = | s ‘
Arduino Arduino L B — v Peripherals
Motor Turtle & cou
Shweld&fR}J & timerl
i v T1:DRIVE (PWM-DRIVE)
T1:SH (SONAR-HEAD)
Selected Peripheral: | Arduino Turtle I[ox || concel T1:LH (LINE-HUNTER)

5) The next thing we need to do is create an obstacle map or virtual world for our turtle to
simulate in. To do this we open MS Paint (click on START button and type in 'paint' in WINS or
higher) or similar and draw some obstacles. The two vital points to remember are that anything
red is considered an obstacle and that one pixel equals one millimeter. If we set our canvas to
2000 pixels wide by 1500 pixels that corresponds to around 2 meters by 1 1/2 meters in the real
world which is plenty for an obstacle avoidance playground. After that, simply place a few red
shapes inside a 'play area' to act as the obstacles and then save our as a PNG file.
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[=] < | Untited - Paint

‘ 2
I o ve
EIRIENIES < ? =

Clipboard Image  Tools | Brushes Shapes

)
m J II:I: ll:lm

Color | Color Edit
colors

&2 @& 0 08 o #n L

Best match

Paint
# Desktop app

= Myg] P Web

paint

New folder

& Downloads
B Music

) Pictures
& Videos

5. 05(C) .

[« 05(C) > Proteus

Obstical png

Trackpng

0 Fie g Y

Save astype: | PNG (*.png)

~ Hide Folders

10 2000 15009 %o B )

i

Cancel

@ If we were setting up a line-following environment we would use black lines for the course
to be followed and then shrink the canvas size around the map (the world doesn't need to
be much bigger than the race-course).

6) The final task is to tell Proteus which obstacle map to simulate the turtle inside. We do this by
editing the Virtual Turtle on the schematic and specifying the location of the obstacle map in the

resulting dialogue form.

o4 Py
e Emmm | Drag Object
103 63
Edit Properties Ctrl+E

11 B I}
1912 [ 2| Delete Object
200 [

C'| Rotate Clockwise Num-Sub

' Rotate Anti-Clockwise Num-Plus

Firmware Design

3 Edit Component

Fart Reference:
Part Value:
Elemert

LISA Mode! File:
Obstacle Map
Angle of turle in degrees at start (0is turle pointing up)

Starting horizontal position of turle relative to environment in mm (same as picels)

Starting vertical posttion of turle relative to environment (0 is top)

S[=
==
3
=
=
m

==

Hidden:
Hidden:

New

BTLE Hide All

CECEEErY

Hide All
Hide All
Hide All

When we added the Funduino turtle to our project above we received a number of high level
methods that we can use on the flowchart to control the turtle. These are discussed individually
in the Visual Designer methods topic which may prove a useful reference as we work through
the program. We'll also assume here that the user is familiar with the basics of flowchart design
in Visual Designer - these are covered in depth in other tutorials.

@ You'll find the completed program in the Obstacle Avoidance sample design so if you are
comfortable with the firmware design you can load the completed version (File Menu ->
Open Sample, type 'obstacle avoidance', select and open) and continue to the simulation

and debug section of the tutorial.
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Our basic algorithm will be to continuously send out sonar bursts (ping method), to compare
against previous values (test if we are stuck) and then check distance to obstacle if not stuck
(test if we need to turn now). The first step is to create some working variables and initialize

them in the setup routine.

)
)| man
T
O

e || [ P [ sowar

£20) ASSIGNMENT

NTER) @ X Delete

= Edit N

) o cut
]
o )

5 Edit Assignment Blc
+|:= 8 New Variable X
LastPingValue FLOAT | Type: |FLOAT - N
Cancel
Deett

5 Edit Assignment Black
Assignments
g faue - 00
PingVelue = 00 LastPnglalue ~]:=[po
Suncbravdicot s e
E=C] Pinglalue v:=[p0
SamePingValueCount ~ | = [0
Variables
LastPingValue FLOAT
PingValue FLOAT
SamePingValueCount INTEGER
D

Add .3 variables: LastPingValue (Float), PingValue (Float) & SamePingValueCount (Integer).

At the top of the loop routine we then want to set out ping method by dragging and dropping
from the project tree and assigning the result to our pingValue variable.

B Schematic Capture 3 - 5] Visual Designer

T1:LH (LINE-HUNTER)

Projects a
" @ | Man (oo ) .
v [= *ARDUINC UNO(U1) - 5541 Edit 1/0 Block
v Flowchart Files
Main (—‘—\ TESH e Peripheral
~ Peripherals — Pingvalue Object: | TL:5H
£ cou =
§ vimer1 Results
T1:DRIVE (PWM-DRIVE)
~ [B T1:5H(SONAR-HEAD)
i &
% setRange
@ ping LastPingValue
—

TTSH
ping
FingValue

The result of this is the basis of our decision making. Our first test is to see whether the value is
approximately the same as the last one. If it is we'll consider ourselves to be the same distance
from the obstacle. What we need then is to place a decision block, subtract the current
pingvalue from the previous ping value and we'll consider a difference of less than 0.5 to mean
that our distance from the obstacle is unchanged. Note that we use the fabs() math function to
return an absolute floating point value.

Visual Designer %

= ,@, Main
@
=l Piaaaue
1
¢
7
O
<
=

DECISION

] Edit Decision Block

Condition

|fabsU.astgValue-P\ngVa\ue)<U. 5

Variables Fu

LastPingValue FLOAT
PingValue FLOAT
SamePingValueCount INTEGER

prppe—————]

TLER
ping
PingValus

2 bs{ L astPin gValo
&-FingValue }<0,
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This branches our program into two forks, one where we are considered the same distance
from the obstacle and the other where we are not. As in the image below, we do this by
incrementing our samevaluecount variant in one direction (YES), or resetting it in the other
direction (NO). This is done by dragging and dropping assignment blocks.

DB ing sanEPlngflueCt)unt
~pogvalie) 10, Y samePingValueCount+1

NO

samePingValueCount
=0

In the case where we are not stuck our job is fairly simple. Without going into detail we test
whether we are closer than 15cm to the obstacle and we turn right if we are or keep going
forwards if we are not. A delay is used at the end to allow a little driving time before the next

iteration of the loop. 1

[ 10 ms )

lastPingValue :=
pingvalue

NO

T1:5H(15,0
( j YES, T
T1:DRIVE T1:DRIVE
forwards turn
speed ;= 255 peed = 255
i)
)
END

In the case where we may be stuck we need to test whether we have registered the same
distance from an obstacle many times and, if so, we will reverse for a little bit and then turn right
for a little bit before rejoining the main loop at the bottom. This is shown below.
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SamePingValueCo HO
unt=10

T1:DRIVE
backwards
speed ;= 255
I}
[ 200 ms )

4
| 200 ms

T1:DRIVE
turn
speed := -255

@ As said earlier, the completed code can be found in the sample in the 'Avoid Obstacle'
sample design in the Visual Designer section.

Simulation and Debug

Having written our program we can compile via the Build Project command or the icon at the top
of Visual Designer. Progress will be shown on the output window at the bottom of the editing

window and we should eventually see a compiled successfully message.
| Il

V5M Studio Output

Compiling flowchart to file 'ARDUINC UNO/mai
mksketch -N atmega328p -F 8000000 -U "../../
make -f arduino/Makefile all

make[1]: Entering directory °“C:/Users/dis/Bp
make[l]: Hothing to be done for "all'.

;? nﬂ |g > E 5 W] make[1l]: Leaving directory “C:/Users/dis/Lpp
B -E} avr-gcc -Wall —-gdwarf-2 -fno-exceptions -ffu

avr-gocc -Wl,--gc-sections -mmcu=atmega32ip

Build Prc:jectL avr-objcopy -0 ihex -R .eeprom "./Debug.elf"

pEo ——set-section-flags=.

Pressing the play button on the animation control panel will then start the simulation. You will
see a popup window hosting the obstacle map that we created in the setup and a little turtle
driving around inside it. The purple cone shows the range and scope of the sonar and the turtle
behaviour is dictated by the program we have just written. For example, if we stop the
simulation and change the distance test from 15cm to 5cm and then re-run the simulation you

10



Turtle Simulation

will see that the turtle is getting very close to obstacles before turning and will actually crash
when approaching at certain angles.

Virtual Turtle - T1 [~

g

lastPingValue : = |
pingValue
= Blod
FLO. @4

¢ Z samePingValueCount INTE
<

NO

E
rwards
) ad:= 255

T1:SH(5,0)

We can pause the simulation at any time via the pause button on the animation control panel

P | | vesoucn : pavsen ossomoms

Setting Breakpoints
If we need to we can set breakpoints in several different ways:

1) Via the right click context menu on one of the flowchart blocks.

samePing VaueCount
=0

Delete
Edit

@ X

Cut

|E|||" 0%‘

Copy

%

Tear Off

10 ms

!

oo Toggle Breakpoint l}

11
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2) By drawing in green on the obstacle map.

Virtual Turtle - T1 B

3) By setting up a condition on a watch window item.
B Watchpoint Conditien ? X

Global Break Condition

() Tum off (disable) watch points.
(®) Suspend the simulation f ANY expression is true.
() Stop the simulation only when ALL expressions are true.

ltem Break Expression

em: FORTEO w
Mask: MNane w | |00
Condition: | Mone -

Cancel

Regardless of how the breakpoint is triggered, the reason that we set it is so that we can
investigate the behaviour of the turtle more closely at that point. With Proteus, we are in the
unique position that we can control time because the turtle is simulating under our control. This
means for example that we can step through the code and the turtle will behave exactly as it

would have were there no debugging in place (motors won't lose momentum etc.).
Single Stepping

We can step through the code for our turtle program at multiple levels:

12
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1) At flowchart level by right clicking and setting a breakpoint on the flowchart block.

samePing VaueCount

=0
X Delete
[E Edit
of Cut
&5 Copy |
:-}8 Tear Off

10 ms 52 Toggle Breakpoint l}

2) At source code level by first stopping the simulation and then selection the debug
generated code command from the project tree.

PU_ o _unavE. L m2sa g,
delay(200);

goto 117;

} else {
var_samePingvalueCount=0;

Projects -]
v (= ARDUINO UNO(U1)

2| Main__ Subrou

ul

=vz add ‘ Dissassembly Ctrl+D

B
N % New Sheet if (!(i0_T1_SH(15,0
v Peripherals e 117:;( Eu}x_likx\s's.m X
v @& cpu Add Peripheral goto 120; [El Goto Line... Ctrl+L
113:; i0_T1_DRIVE.foi
@ pinMode Add Resource File T CLESEETR [ Goto Address...
& analogReferer I’ I . ‘ Find Ctrl+F
& analogWiite | @ Debug genensted code s i > void setup () { i —
// Peripheral initia Find Again Crl+G
% analogRead Convert to Source Project i"—Tl—DRI‘I;E-”eD‘(; C =
- i0_T1_sH.begin H
& digitalWrite Delete Project i0_T1_LH.begin (); @ Toggle (Set/Clear) Breakpoint F9 Ik
& digitalRead . @
// Install interrupt| ¢ | Enable All Breakpoints
& pulseln @b Build Project Ctrl+F7 /7 €all user SETUP rq o
——blalod chart_SETUP(); $ | Disable All Breakpoints
b %§| Clear All Breakpoints Ctrl+F3
void 100
oAl TRE L o a [ | Fix-up Breakpoints On Load

&, Make sure you use the Debug Generated Code command and not the Convert to Source
Project command here. This will switch your project from flowchart to source code but it is
not a reversible operation.

3) At machine code level by selecting the disassembly command from the context menu.

Float wvar_lastPingvalue;
Float var_pingvalue;
long var_samePingvalueCount;

= dd =
2id chart_seTuP() { 25 Dissassembly Ctrl+D
var_lastPingvalue=0.0, Q I}
B4 Goto Line... Ctrl+L
3id chart_LOOP{) { L
var_pingvalue=io_T1_s [E) Goto Address...

In either case the single step commands can be found on the debug menu or via the icon strip
at the right hand side of the main window.

13
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Defug | System  Help

|P “start VSM Debugging Ctrl+F12
] Stop V5M Debugging Shift+Pause
=¥ | Run Simulation F12

Run Simulation (no breakpoints) Alt+F12

Run Simulation (timed breakpoint)

5 Step Over Source Line F10
H Step Into Source Line F11
H Step Out from Source Line Ctrl+F11
B>
Animated Single Step Alt+F11

@ You can also use the shortcut keys F10 for step over and F11 for step into.

Changing the Virtual Environment

One of the neatest things about virtual turtle simulation is just how easy and fast it is to test your
program against challenges of different sizes and complexity. All you have to do is change the
picture and then enter the name in the properties of the component. Here's a few line following

examples

Programming the Physical Turtle

Proteus includes built in support for the common AVRDUDE programmer so that you can
program the real hardware directly from the Proteus software.

This process is discussed in full in the Visual Designer help documentation linked below.

14



VISUAL DESIGNER COMMAND
REFERENCE

Introduction

When working in Visual Designer, a lot of the complexity of driving the turtle is provided by
several high level methods that abstracts much of the electronics complexity, leaving the user to
focus on the control algorithms. Since each turtle is made up of different pieces the driver
methods in Visual Designer for each are also different. These are discussed below.

Advanced users can simply convert their project to a source code project via the context menu
command on the project tree and then write their programs in Arduino C.

2 Schematic Capture X 7 Source Code X

8 manino

Designer

3 Schematic Capture X~ #|Visual Designer X

Projects &
—_—— | @) | Man

| Arauino Uno (U1)
v Flowchart Files G Newshest SETUP
Main Add Peripheral )
v Peripherals
1 cou
# timer1 @ Debug generated code
PWMCL (FWM Se Convert to Source Project N

3 Delete Project

S Build Project an-r DMIN 1= 220
2 Rebuild Project a7 JMAX 1= 450
&f Clean Project cisfs [QNUM :=0

Project Settings var_ o,
[} ,—L
O % void chart_LOOR() {

PWMC1 27 for (var_pulsesvar_ servoMIN;var_ servoMINCvar servoMAX ? var pulsec=var_serv
O setPWMFreq B o BNCT.ascEM(var ssrveNm,o,var pulss);
ABC freg := 60 B o

<File

Add Re:
= mmServoController (1, 1, 1, 1, 1, 1):

_pulse=var_servoMBX; var_pulse>=var_servoMIN; var_pulse+=-1) {
_BWMC1.secPWM (var_servoNUM,0, vaz_pulse) ;

var_servoNUM+1;
voNUM>2) {

& Once a program is switched to be a source code project from a flowchart project you
cannot switch back.

This may have some advantages as users can access the on board peripherals (e.g. gyro,
accelerometer) at the register level but will undoubtedly be more challenging. At the end of the
day, the Proteus simulation is of the real hardware however which means that users can
develop their programs in whatever way they want. In particular, it means that 3rd party libraries
and source code examples on the internet can be added, used and tested in a Proteus code

project.
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Funduino Turtle

Control of the turtle falls into three categories :
@ Using the line hunter sensors to detect position relative to a line..
@ Using the sonar head to detect obstacles.
@ Driving the two DC motors attached to the wheels.

Line Hunter Control

There are three sensors underneath the Funduino turtle. These provide a digital response to the
circuit based on whether they detect the line or not. In Visual Designer we query these sensors
with a single decision block called the sensor function. You use the sensor function by dragging
and dropping directly from the peripheral in the project tree as shown below:

4 Main
~ Peripherals

£ o (& NewSheet i : \|. |> Fi 71\|1
; Add Peripheral } |ﬁ=,” | + P _) ALH(0,0,
1 Add Resource File I | n ki
T/ @' Debug generated code i
Cerrr e

We then need to edit the decision to test the sensors based on a set of conditions we wish to be
true. There are three parameters corresponding to the left, center and right sensors and for
each one we can test as follows:

1 : Must be TRUE.
0 : Must be FALSE.
-1 : Don't care.
Examples
If we want to test that all 3 sensors are over the line we would set all three parameters to 1.
[+ Edit Decision Block *
Condition ( LO O p )
[TLLA(L L) |+
Variables Functions
General Funictions ~
talnt
toFloat
toString
abs
min
max YE
String Functions

All three sensors can see the line



Command Reference

When this decision is true you know that the turtle is fully over the line and you may choose to
attempt some damping or correction if the turtle is wobbling.

If we want to check when we need to make a sharp turn right then we are looking at the case
when only the right hand sensor is picking up the line.

< Trineon >

YES
Only the right hand sensor sees the line

If we want to simply drive forwards then testing that the middle sensor is over the line is likely
sufficient, provided we do so after other relevant conditions have been tested.

S

YES

Sonar Head Control

The ultrasonic sonar sends out short bursts (pings) to detect obstacles and is mounted on a
rotatable unit. This allows users to first position the sonar head and then check for obstacles
inside a certain range. There are three methods and a sensor function for the sonar head.

Sensor (Sonar) Function

The sensor function is a decision block that allows you to query the peripheral and it is used by
dragging and dropping from the peripheral itself in the Project Tree. In the case of the Sonar
Head the decision block takes two arguments for distance and head angle. It returns true if an
object is detected within the specified distance at the given head angle. The example below
would return TRUE if an obstacle was within 50cm on the left of the turtle.

@4 Edit Decisien Block X

Condition =
= | (s, 75 v
YES YES

General Functions ~

tolnt
toFloat
taString

setAngle() Method

The setAngle() method allows you to position the sonar head. For most applications this will be
added to the setup routine with a value of 0 (start by looking straight ahead) and then if required
through program execution.
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v Peripherals o 4 Edit 1/0 Block ®

£ cpu

S = —

T1:DRIVE (PWM-DRIVE) 1 Object: |TL:5H + | Method: |setAngle -

~ [B T1:53 (SONAR-HERD) &

& setAngle (j » Arguments
@ s.e1Range ngle: ‘0 ) |v
T —

T1:LH(LINE-HUNTER) Varizbles Functions

setRange() Method

The setRange() method allows you to specify the maximum range in which you want to detect
obstacles. This is significant as it determines the time-frame in which the firmware will consider
the reply to a ping to count as a reflection from an obstacle. You would normally set this (as
small as possible) inside the setup routine and then adjust as required in the program.

. 5 Edit /O Block
T1:DRIVE (EFWM-DRIVE)

v T1:SH (SCNAR-HEAD) Peripheral
& setAngle .
% setRange Object: |T1:5H - Me
in
S Arguments

T1:LH (LINE-HUNTER)

Meriablan

ping() Method

The ping() method fires a sonar burst, converts time to response into distance in cm and returns
either that value or -1 if nothing is detected. After placement, the user must edit the method call
and assign the return value to a variable.

A This variable must be a FLOAT variable otherwise it will not appear in the 'Results' drop

down list.
Results
DISTANCE
v Feripherals — T 1-SH{2.7) Variables Functions
@ o =]
8 timerl DISTANCE FLOAT | General Function
T1:DRIVE (PWM-DRIVE) I]:l] —
w T1:5H (SONAR-HEAD) @ New Variable I} *
@ setAngle (j
% setRange Name: |DISTANCE
% ping Ll T1:5H Type: |FLOAT ~
T1:LH(LINE-HUNTER) pibo
) & :
=D Cancel
New | ["Delete” [T Edit | [Tright
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Motor Drive Control

The Drive methods give control over the left and right wheels of the motor. The user is
presented with a series of simple control methods as follows.

Drive() Method

The drive method allows you to specify the wheel(s) to control, the direction of travel and the
speed. The latter is a value from 0 -> 255 and represents the duty cycle of the PWM drive
signal. For example, you might set up full speed ahead as both wheels forwards at around

speed 200.

v L= TAKUULNU UNU{UL)
v Flowchart Files
[£] Main

v Peripherals
% cpu
f# cimerl
v T1:DRIVE (PWM-DRIVE)
@ drive
@ forwards
@ backwards
@ tumn

Forwards() Method

41 Edit /O Block

Peripheral

Object: T1:DRIVE * | Method: drive

Arguments
Wheel: |BOTH
Dir: | FORWARDS

With the forwards() method the direction of travel is explicit and so all that is needed is the

speed value.

e e e i e
w Flowchart Files
& Main
¥ Peripherals
£ cpu
& timerl
v T1:DRIVE (PWM-DRIVE)
& drive
forwards
backwards
turn

& ¢ |9

Backwards() Method

—

- .
(=] TT.DRIVE
forwards
ﬂ:ﬂ speed i = 255
(¢
7

Object: | TL:DRIVE
Arguments
Speed: |255

5251 Edit 1/0 Block

Peripheral

¥ | Method: |forwards

Variables Functions

As with the forwards() method, all that is needed is the speed at which to reverse.

£ cpu

£ cimerl
v T1:DRIVE (PWM-DRIVE)

& drive

& forwards
% backwards
& turn
v stop
v T1:5H (50NAR-HELD)

[=]
1

)
()

!

T1:DRIVE
backwards
speed 1= 200

o] Edit /0 Block

Peripheral

Object: | TL:DRIVE

qgumenm

Speed: | 200

¥ | Method: | backwards
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Turn() Method

The turn() method simplifies the turning of the turtle by allowing you to specify a speed of turn.
Negative values turn left while positive values turn right and the magnitude of the value is the
speed of turn. In practise, this will execute a turn by turning one wheel forwards and the other
backwards at the specified speed. It can therefore be thought of as a sharp turn where a soft
turn involves stopping one wheel and turning the other.

B3] Edit 1/0 Block

& drive
& forwards
% backwards
& tum
9 stop
v T1:5H (SONAR-HEAD)

Peripheral

T1:DRIVE
turn
speed ;= 255

Object: | TLDRIVE ~ | Method: |turn

—>

Arguments

Speed: \rmu

@ The same effect can be achieved with greater precision by using the drive() command
twice and controlling speed of wheels independently.

Stop() Method

The stop() method immediately stops drive of both wheels.

/ﬂiDRWE

v T1:DRIVE (PWM-DRIVE)
drive

forwards

backwards

turn |
stop —]
: 5H (SCONAR-HEAD)
setAngle

setRange

ninA

QOQQD

re®®00ec

Zumo Turtle

Control of the Zumo turtle in Visual Designer falls into three basic categories :
@ Using the line hunter sensors to detect position relative to a line.
@ Using the gyro and compass to position or orientation the turtle.
@ Driving the two motors attached to the tracks.

Line Follower Control

The Zumo comes with a mounted array of six IR reflectance sensors that allows the Zumo to
detect contrasts in reflectivity directly beneath its blade, which can be used for following lines or
detecting edges. Each reflectance sensor consists of an IR emitter coupled with a
phototransistor that responds based on how much emitter light is reflected back to it. Unlike the
Funduino therefore, the Zumo is well suited to Proportional Integral Derivative (PID) control
algorithms when line following.



Command Reference

readLinePos() method

- Takes no parameters.

- Returns an integer between 0 and 6000 indicating the position of the line underneath the six
IR sensors.

This method first reads the calibrated value from each of the six sensors into an array. Values
per sensor range from 0 to 1000 where and are a measure of the reflectance in abstract units,
with higher values corresponding to lower reflectance (e.g. a black surface or a void). An
estimated position of the robot with respect to the line is then calculated used a weighted
average of the sensor values multiplied by 1000. This means that a return value of 0 means that
the line is directly under sensor 0, a return value of 1000 indicates that the line is directly below
sensor 1 and so on. Intermediate values indicate that the line is between two sensors. The
formula used is :

0*valued + 1000*valuel + 2000%value? + ....

value0 + valuel + value2 + ...

Example:

1) Add the Zumo turtle to the Visual Designer Project.

7 Select Peripheral ? X
3 Schematic Capture 3¢~ ] Visual Designer X
Projects g Peripheral Category: |Motor Control e

v (= ARDUINO UNO(U1) gl

v Flowchart Files

~

[l Main Arduino Arduino Arduino

v [Peripherals Motor Motor Turtle -
4 cou [@ MNew Sheet Shield (R3)  Shield (R3) 2

with DC with £

{# cimerl Add Peripheral Motors Stepper :

Add Resource File [ Motor

&' Debug generated code

< -

Convert to Source Project

i Build Project Ctrl+F7
Arduino
£ Rebuild Project Alt+F7 Zumo
Robot
<f Clean Project Ctrl+F6 v
y

Project Settings
T

Selected Peripheral: | Arduine Zumo Robot [[ ok Cancel
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2) Drag and drop the readLinePos() method onto the flowchart.

Projects =
v (= *ARDUINO UNO (U1)
v Flowchart Files
|&] Main

Main

v Peripherals (j
@ oo =

% timerl
Z1:DRIVE (DRIVE) ||:[|
7

N Z1:LINESENSCR (LINES.. Z1:LINESENSOR

& readLinePos —— i readLinePos
& readRawValue s e
Z1:COMPRSS (COMPASS) L

21:GYRO (GYRO)

3) Edit the method and create an integer variable (e.g. linePos). Set the variable to store
the return value from the method.

Peripheral

Object: |ZL:LINESENSOR +  Method: | readlinePos -

Results
4 Edit 170 Block x
Newvar_1 ¥

) Peripheral
Variables @ New Variable x
— Object: |ZL:LINESENSOR ~ [Method: |readlinePos A
~
e [ 2 I

Results

Type: |INTEGER -
lineFos ~

Variables Functions
Cancel
linePos INTEGER General Functions ~
[String Funcians [omt |
len
left
New Delete Edit right ©
Cancel

If you get a value of 0 the line is underneath the far left hand sensor, 1000 means the line is
flush underneath the second sensor from the left, 2500 means that the line is right in the middle
of the turtle between sensors 3 and 4 and a value of 6000 means that the line is underneath the
far right sensor.

readRawValue() method

- Takes an integer parameter corresponding to the index of the IR sensor you want to read
(0..5).

- Returns the raw (uncalibrated) value from the specified sensor.
The number returned is based on the reflectance. The higher the number, the less reflectance

so a black line gives a high value. The numbers are not calibrated meaning that care is required
with return values as they would change under different conditions in the real world.

8
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Example:

1) Drag and drop the readRawValue() method onto the flowchart.

2) Edit the method and create an integer variable (e.g. rawSensorValue). Set the variable

to store the return value from the method.

| Peripheral

| Object: |Z1:LINESENSOR » | Method: | readlinePos

| Results

NewvVar_1 ~ @ Mew Variable

MewVar_1 INTEGE Type: |INTEGER

| Variables Mame: |rawSensorValue Q

-

canca

o

New Delete Edit

T

max

String Functions

len
left

right

1 Edit 170 Block X

Peripheral

Object: |ZL:ILINESENSOR ' -
Arguments

Index: |Sensor ingex ‘G
Resuits

rawSensorvalue v
Variables Functions

General Functions

rawSensorValue INTEGER

3) Set the index parameter to specify which sensor you want to query. 0 is the left hand

sensor, 5 is the right hand sensor.

Compass Control

Designer methods:

readMagneticField() method

Arguments

The Zumo includes an integrated LSM303D chip which can be controlled by the following Visual

- Takes three floating point parameters (void readMagneticField (float *magX, float *magY, float

‘magZ))

- Returns the X,Y,Z components of the magnetic field in units of Gauss.
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This method passes in pointers to three floating point variables and the internal routine then
populates them with the X,Y and Z components of the magnetic field. Note that the compass is
widely inaccurate in relative and absolute terms. l.e. the vector is offset from the origin and
North is impossible to determine without calibration.

A In the read device the compass gets a lot of interference from the motors, batteries, PCB,
and its surroundings, so it is not generally useful for precision navigation. However,
having been calibrated it can be used for rough orientation measuring in many
environments.

Example:
1) Drag and drop the method onto the flowchart.

3 Schematic Capture X 1 Visual Designer X

Projects (=
v [ *ARDUINO UNO(U1)
v Flowchart Files
|&] Main
v Peripherals
& cou
& timerl
[ z1:DRIVE (DRIVE)
v [§ z1:LINESENSOR (LINES..
 readlLinePos
& readRawValue
~ [B z1:COMPASS (COMPASS)
@ readMagneticField ~—_ ||
& calibrateHeading
@ readHeading
[ z1:6YR0(GYRO)

Main

Z1:LINESENSOR
readLinePos
raveSensorvaiue

ZB:LINESENSOR

Z1:COMPASS
readMagneticField

omoquasz@

>
&

10
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2) Edit the method and create three new variables (e.g. magX, magY, magZ)

B
of
( END B

Cut
Copy

Tear Off

Toggle Breakpoint

Peripheral

Object: | Z1:COMPASS

Results

~ | Method: | readMagneticField -

|

Variables

@ New Variable *

linPes
magX
mag¥
magZ

rawSensorValue INTEGER

INTEGER
FLOAT
FLOAT
FLOAT

Type: |FLOAT s -

New

Delete

Cancel
String Functions
len
left
Edit right v
Canc

3) Enter the three variables in to the Results field separated by a comma. This passes the
three variables as parameters to the method.

Peripheral

Results

521 Edit /0 Block

Object: |Z1:COMPASS

* | Method:  readMagneticField -

mag¥,magy,magZ e

Variables

calibrateHeading() method

- Returns no values

- Takes no parameters

rawSensorValue INTEGER

INTEGER
FLOAT
FLOAT

FLOAT

|«

Functions
General Functions -

tolnt

toFloat

toString

abs

min

This function uses the drive method to spin the Zumo on the spot and take multiple magnetic
readings. It takes the minimum and maximum X and Y magnetic values found and uses these to
calculate the centre. It stops spinning when no new min or max values are set over a period of
500ms._Before calling this function it assumes the Zumo is facing North. Thus is uses the

first magnetic reading to work out the angle of the vector that points to North.

11
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readHeading() method

- Takes no parameters
- Returns a float representing the heading.

This function requires calibrateHeading() to have been called. If it hasn't then -1.0 is returned.
Otherwise the heading angle in degrees limited to [-180.0, +180.0] is returned (0 is North).

Example:

1) Drag and drop the calibrateHeading() method onto the flowchart. This is best done at
the very beginning where the Zumo can be pointed north so the setup routine makes
sense.

Projects &
~ (= *ARDUINO UNO(U1)
v Flowchart Files
[# Main
v Peripherals
@ cou
@ timerl
Z1:DRIVE (DRIVE)
v Z1:LINESENSOR (LINES..
% readLinePos
% readRawValue
~ Z1:COMPASS (COMPASS)
L] readMagnet\cF\e\d/'
% calibrateHeading
% readHeading
21:GYRO (GYRO)

Main

0

Z1:COMPASS
calibrateHeading

Uﬁ\mgm

IZI:LINESE\ISOR ?

2) Drag and drop the readHeading() method anywhere after the calibration routine.

_ﬁ Schematic Capture 3¢ . **Visual Designer X

Projects =
[ Main
¥ [ *ARDUINO UNO(U1) L'_/
v Flowchart Files
|4 Main (j
v Peripherals Z1:COMPASS
4 timerl
Z1:DRIVE (DRIVE) II:H 71:COMPASS
A Z1:LINESENSOR (LINES.. readH?ading
@ readLinePos (1
@ readRawValue Ly
v [@ z1:COMPASS (COMPASS) /{
& readMagneticField “
@ ca\lbraleHeade
& readHeading D
Z1:GYRO (GYRO) <>

12
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3) Edit the readHeading() method and create a variable of type float (e.g. heading) to
receive the function return.

Z1:COMPASS
readHeading
¥ @ MNew Variable *

Delete

Edit N
of  Cut
L5 Copy

i »

A2 Tear Off

oo Toggle Breakpoint

A value of 0 means the Zumo is pointing north, a value of 180 means South, a value of -90
means West and so on.

Gyro Control

The Zumo (V1.2) includes an integrated L3GD20H 3-axis gyroscope that can be used to track
rotation and, together with the LSM303D effectively provides an inertial measurement unit that
programs can use. The Visual Designer wraps some of this functionality in two high level
methods:

readAnqularAcc() method

- Takes three floating point parameters (void readAngularAcc(float *angX, float *angy, float
*angZ))

- Returns the X,Y,Z components angular acceleration in units of degrees per second.
This function returns the angular acceleration of the Zumo in three dimensions. Note however,

that due to the 2D nature of the simulation environment, only the angZ parameter will be non-
zero.

13
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Example:

1) Drag and drop the method onto the flowchart.

Projects 8
~ [ *ARDUINO UNO(U1)
v Flowchart Files
[El Main
~ Peripherals
> {# cpu
> f# timerl
> 21:DRIVE (DRIVE)
v Z1:LINESENSOR (LINES..
& readLinePos
& readRawValue
v 21:COMPASS (COMPASS)
& readMagneticField
& calibrateHeading
& readHeading
v 21:GYRO (GYRO)
& readAngularAcc
& readlinearAcc

Main

koo U\B\Q DB00

2) Edit the method and create three new variables (e.g. angX, angY, angZ)

B Edit 1/0 Block X |
Peripheral
Object: | Z1:GYRO | Method: | readAngularAce -
Results
Z1:GYRO
readAngularAce |
?
— X Delete Variables
[Z Edit [s @ New Variable ®
angX FLOAT ~
o cut angy FLoAT | Mameifnz ]
B e angZ FLOAT | Type:
BE Tear Off
53 Toggle Breakpoint ‘ Cancel
len
; left
New Delete Edit right v
Cancel

14
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3) Enter the three variables in to the Results field separated by a comma. This actually
passes pointers to the three variables into the method which will then return the relevant
values.

B3 Edit 1/0 Block x

Peripheral

Object: |Z1:GYRO w | Method: | readAngularacc -

Results

angX,ang',angZ N | v
lag”

Variables Functions

angX FLOAT General Functions ~

ang¥ FLOAT tolnt
toFloat
angZ FLOAT ored

toString

readLinearAcc() method

- Takes three floating point parameters (void readLinearAcc (float *linX, float *linY, float *linZ))
- Returns the X,Y,Z components angular acceleration in units of G.

This function returns the linear acceleration in three dimensions.

The actual measurement of linear acceleration is on the LSM303 device whereas the angular
acceleration is read from the L3GD20H device. Linear acceleration is a tricky one to measure in
a simulation environment as it happens over such a short amount of time. The following is an
explanation of the implementation:

The physics modelling does not simulate acceleration - when a the turtle is driven it sets the
speed instantaneously. The reason for this is that the turtle and Zumo get up to speed so
quickly there was any point in modelling it. However, this is no good if you're measuring linear
acceleration. So acceleration has been modelled by looking at the change in velocity from one
(simulation) frame to the next and limiting the change to a maximum of 1G for driven
acceleration and 10G for collisions. Obviously, 1G accelerations occur over more frames than
10G accelerations and therefore are more successful to catch when polling the device for
changes.

In practice, we assume the linear acceleration may be used in a tight loop to test against a
collision with an obstacle. We welcome feedback on this - tell us what you are doing and if our
implementation is lacking.

Motors Drive Control

The Zumo contains two integrated micro metal gearmotors with a DRV8835 dual motor driver to
control them. The following methods are used in Visual Designer to control this hardware.

15
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drive() method

- Takes three parameters (which wheel, which direction and what speed).
- Has no return value.

This is the workhorse method to move the Zumo turtle. It allows you to drive one or both of the
wheels in a direction and speed of your choice.

Example:

1) Drag and drop the drive method onto the flowchart.

Projects =l
v [= *ARDUINO UNO(U1)
v Flowchart Files
[£ Main
v Peripherals
% cou
4 cimerl
~ [B z1:DRIVE (DRIVE)
@ drive
forwards

Main

ZLDRIVE
ik

wheel := BOTH
dir ;= FORWARDS
speed:= 255

L]

@ backwards

& tumn

@ tunDegrees

& stop

@ Z1:LIMESEMSCR (LINES..
H 1

OLAOuWGO

2) Edit the method and specify the wheel and direction to drive.

55 Edit /0 Block X ©51 Edit /0 Block b
Peripheral Perpheral
Object: Z1:DRIVE ~ | Method: drive - Object: ' ZL:DRIVE ~  Method: | drive -
Delete
Edit % Arguments Arguments
D‘é’ Cut Wheel: [LEFT - Wheel: LEFT -
& Copy Dir:  [RiGHT Dir:  [FORWARDS -]
BOTH FORWARDS
o=t TV il 64CKWARDS »

3) Specify the speed at which you want to drive the wheel. This is a value between 0 and
255 where 255 represents full speed.

Arguments

Wheel: |LEFT -
Dir: FORWARDS -
Speed: [100 ) |+

16
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@ The range 0..255 are used because they represent a byte and at a lower level the motor
is driven electronically by altering the duty cycle of a PWM signal (using the Arduino
analogWrite() method).

forwards() method

- Takes one parameter for speed.

- Has no return value.

With the forwards() method the direction of travel is explicit and so all that is needed is the

speed value.

Projects

v [= *ARDUINO UNO(U1)
v Flowchart Files
[£ Main
v Peripherals
> £ cpu
> @ timerl
v 21 :DRIVE (DRIVE)
@ drive

L]

% backwards
@ tumn

% tumDegrees
& stop

z

>

forwards —

1:LINESENSOR (LINES..

UDQ@@G@

Main

backwards() method

- Takes one parameter for speed.

- Has no return value.

& Edit 170 Block

Peripheral

Object: |Z1:DRIVE ~  Method: | forwards

Arguments

Speed: |200

As with the forwards method except driving the turtle straight backwards at the specified speed.

Projects

=]

v [= *ARDUINO UNO(U1)
v Flowchart Files
[£ Main
v Peripherals
> {# cpu
> f# timerl
v 21:DRIVE (DRIVE)
& drive
forwards

tum
turnDegrees
stop

OO

backwards ~ — |

4

Main

( LOOP )

Z1:DRIVE
backwards
speeds= 255

bn@zm&

24 Edit 1/ Block

Peripheral

Object:  Z1:DRIVE

Arguments

| Method: |backwards

Speed: |200

17
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turn() method

- Takes one parameter for speed.

- Has no return value.

The turn command allows the Zumo to turn either clockwise or anti-clockwise at a given speed.
The range of the speed parameter is -255..255 where:

-255 -> 0 : turn anti-clockwise by driving right wheel forwards and left wheel backwards.

0->255 : turn clockwise by driving left wheel forwards and right wheel backwards.

Example:

1) Drag and drop the method onto the flowchart.

Projects

=}

v [ *ARDUINC UNO(U1)
¥ Flowchart Files
|Z] Main
v Peripherals
&% cpu

% timexl

& drive
forwards
backwards
turn
turnDegrees

A
A4
A4
A4

~ [B) z1:DRIVE (DRIVE)

/-

2) Edit the method and set the speed value between 0 and 255. Prefix with a minus sign if
you want to turn anti-clockwise.

turnDegrees() method

5] Edit 1/0 Block x

Peripheral

Object: | Z1:DRIVE * | Method: |turn -

Arguments
e 1) v

- Takes two integer parameters, one for the number of degrees to turn and the second for the

speed of turn.
- Has no return value.

18
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The turnDegrees() method allows you to control the amount of turn programmatically. You
specify the number of degrees that you want to rotate (0..360) and the speed at which you wish
to do so (-255...255).

Internally, this method uses the gyro, reads the angular acceleration in Z and then calculates

the time needed to turn the specified number of degrees. It follows that, while fairly accurate, it
will be an approximation.

Example:

1) Drag and drop the method onto the flowchart.

Projects 5
v [= *ARDUINO UNO(UL1)
v Flowchart Files
& Main
w Peripherals
& cou
8% timerl
v Z1:DRIVE {DRIVE)
& drive
& forwards
& backwards
& tumn /—
& turnDegrees
& stop
Z1:LINESENSOR (LINES...

Main

Z1:DRIVE

UD@D@G@

2) Edit the method and set the speed value between 0 and 255. Prefix with a minus sign if
you want to turn anti-clockwise.

5 Edit 170 Block X

Peripheral

Object: |Z1:DRIVE + | Method: |turnDegrees -

Arguments

19



LABCENTER ELECTRONICS LTD.

3) Set the number of degrees to turn.

B Edit /0 Block X
Peripheral
Object: | Z1:DRIVE | Method: |turnDegrees -
Arguments
Degrees: |90) |v’
Speed: |'15U |V7

stop() method

- Takes no parameters
- Has no return value

This method will stop the motor drive and bring the turtle to a halt.

Mechanical Forces

It is important to understand that a Proteus simulation of the Virtual Turtle, while electrically
accurate, is not a physics aware simulation. The motor control of the turtle is open loop and
therefore the amount of distance travelled in a period of time is not deterministic. All sorts of
physical effects such as inertia, momentum, friction, load/slope and battery power can have
significant impact on distance travelled in the real device. In no way therefore should you rely on
a timed value in the programming of the device unless you are confident that the real world
conditions are not going to change.

@ In the Zumo turtle you can query the distance travelled via the gyro which helps
enormously with writing the firmware but you still cannot determine the distance travelled
over a period of time in advance.

For example, the turtle may travel 20 cm on the table but 10cm on carpet, it may lose 20%
power as the batteries run down and may not start moving at all if the duty cycle of the PWM
doesn't provide enough power to overcome inertia.

Similarly, there may be significant differences in behaviour with line sensing depending on the
lighting conditions and the contrast of the line against the background.
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