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Technically, programming is the process of creating a
sequence of instructions that tell a computational device,
such as the Micro Controller on the Vex robot, how to
perform a task. However, a programmer’s real task is
much broader and more involved than simply listing
instructions for the robot to follow.

The programmer’s true task is to analyze the problem

at hand, and to identify the behaviors that the robot will
need to perform in order to accomplish its task. The
programmer must then break those behaviors down into
simpler and simpler parts until they are at the level that
the robot can understand directly, the level of a single
easyC icon. The programmer will then organize those
icons so that each simple behavior runs at the right time,
and the desired overall behavior will emerge.

There is, of course, always more than one way to solve a
problem, and it’s up to you, the programmer, to determine
what approach works best for your situation. By using
your creative and analytical abilities to the fullest, you
can build and program a robot to conquer any challenge!

............ s Inventor’s Guide




setup overview

The Vex programming kit is a combination of
software and hardware components that enable you to
write programs for your robot and to then download them
onto your Micro Controller.

You will program your robot on your computer with
easyC®, the software included on the Programming CD
that comes with the kit.

The Programming Kit includes both a USB-to-serial
cable and a programming module. The USB-to-serial
cable is used to convert your computer’s USB port into
a serial port. The serial end of the cable will then plug
into the programming module, allowing you to download
programs from your computer to the Micro Controller.

The following assembly pages will step through installing
and testing the programming kit hardware and software.

For information and an overview of programming for
Vex, see the programming introduction section.

Q Collect and identify the parts
from the list of materials hbelow:

materials gty
Vex Programming Kit CD

1
USB-to-serial adapter cable 1
robot interface cable 1

1

programming module

8°4 Inventor’s Guide
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setup overview, continued

Vex Programming Kit CD x 1

programming module x 1

USB-to-serial adapter cahle x 1

uﬁmna.mdx\

robot interface cable x 1

....................
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setup overview, continued

Follow this recommended sequence to install the
software and prepare your robot for programming:

Gﬂﬂiﬂ.ﬁl_l‘.&a-dl\

il

the Programming Module
interface cable. /

attaching
the robot

1. Install the easyC software
package included on the CD that
accompanies the kit. This includes the
easyC programming software and the
USB-to-Serial cable driver.

3. Download and test code on the robot.
Use the provided test program to check
communication between the computer and
the robot.

Inventor’s Guide
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installing the easyC programming software

ansert the easyC programming CD into your computer’s
CD-ROM drive.

eYour computer should automatically begin installing easyC.
You should see the following screen. Click Next.

easyC - InstallShield Wizard

‘Welcome to the InstallShield Wizard for intelitek easyC for VeX controller

will inztall int

NOTE: If this screen does not appear, you may need to
manually run the installer from the CD. You can do this by
opening My Computer from your desktop or Start Menu and
finding your CD-ROM drive. You can manually click the folder
labeled “'Install”, then click easyC.exe.

At the License Agreement screen, read the easyC licensing.
agreement. If you agree to the listed terms of use, click *‘Yes.”

easyC - InstallShield Wizard

License Agreement
: :

|LICENSE AGREEMENT

This document is an agiesment between pou, the LICENSEE, and Intelitek, Inc [hersinafter
“ntelitek")

BY INSTALLING , OPENING, OR USING THIS SOFTWARE Y0U ARE AGREEING TO
BECOME BOUND BY THE TERMS OF THIS AGREEMENT, WHICH INCLUDES THIS
SOFTWARE LICENSE

If you do not agiee ta the terms of this agrssment, promply return the packags to the place
whers pou obtained them

DEFINITIONS
Licensee:
The cunent registered user of this product, sither an individual ar enity

Oiiginal Licensee:
The registered user of this product prior to anp ficense tansfer

Inventor’s Guide



installing the easyC programming software, continued

°lf you need to install to a specific directory, or to a drive
other than the C: drive, press the Browse button to select an install
location, and then click Next to continue. Otherwise, just click
Next to continue.

easyC - InstallShield Wizard

se Destination Locati

easyC - InstallShield Wizard

Ready to Install the Py
Th

88 Inventor’s Guide
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installing the easyC programming software, continued

Qeasyc will be installed on your computer. This may take a
few minutes.

easyC - InstallShield Wizard

When the installation is done, you will see this screen. Check the
box to install RadioShack USB to serial adapter driver. If you

would like to add an easyC icon to the desktop, check that box as
well. Click “Finish”’ to conclude the installation process of easyC.

easyC - InstallShield Wizard

InstallShield Wizard Complete

QThe easyC icon should now be accessible from either your desktop
(if you checked the box for a desktop icon) or your Start Menu in
the Programs or All Programs area, under “‘intelitek easyC for Vex
controller”.

Inventor’s Guide 8:9
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installing the easyC programming software, continued

Q After installing the easyC software, the USB-to-serial cable
software installation will start. Click Next.

InstallShield Wizard x|

Welcome to the InstallShield Wizard for PL-2303
: USB-to-Serial

The InztallShield® Wizard will install PL-2303 USB-to-Serial
on your computer. To continue, click Mext.

QThe USB-to- serial cable software will be installed on your
computer. Click Finish to complete your install.

Installshield Wizard Il

InstallShield Wizard Complete

InstallShield already successfully to installed PL-2303
USB-to-Serial driver. Please press [Finizh] button to cloge and
out of InstallShield.

If you have been plugged cable on PC before run this setup,
pleaze unplug and then plug cable again for systern detect thiz
device!

Inventor’s Guide @ M.Z >
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installing the easyC programming software, continued

QYou will need to determine the COM port for your USB-to-Serial
cable. To do this you must open the device managetr.

é Internet Explarer _) My Documents

5 My Recent Documents  »
@ Windows Media Player
‘9 My Pictures

|® Tour Windows ZP _’J‘ My Music

@ Windows Movie Maker g’ My Computer

o Files and Settings Transfer
25 wizard

Defaults

£ 2y Printers and Fazes

@)\ Help and Support
p Search

all Programs P F=7 Run...

Single click on “'Start” in the Windows Desktop.
Single click on “Control Panel’ text.

The control panel may be in two different views. If it is in the
“'Category view" click “*Performance and Maintenance’’ and then
click “*System”’.

¥ Performance and Maintenance
Fle Edt Vew Favortes Tools Help

© - ¥ Pseacn [ roers [

£ Control Panel
Fle Edt Vew Favorkes Toos Heb

8 systen Restore

-
@) Help and support ¥ Network and Internet Connections [2) sterup end Shutdown
=

Other Crtrl Parel
° Options
E ‘Add or Remove Programs

(1) Sounds, Speech,and Audio Devices Accessibility Options.

or pick a Control Panel icon

@ Petormance and anenance "7 Security Center BF naministrative toots B3, power options
1]

If the control panel is in “'Classic View” simply double click the
“'System’ icon.

Y0«

D @ 9 £ 8

Accesshbity AddHardware  Addor  Adninstatve Auomatic DateandTme  Display
optons Remov. Tods Updates

w2 e P L = D

Game. e
Controlers Optcns

R Vindous Update
@) Felp and support

e

recti

4% L e

Securty  Somdsand  Speech  Symontec
Conter  Audo Devices Livedat

e & <

windows  Windaws ess
Frewall  Meda Cannict Network Set...
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installing the easyC programming software, continued

Once you are into the “'System Properties”, single click on the
“Hardware” tab. Single click on the “'Device Manager’’ button.

System Properties

| System Restore || Automatic Updates | Femate

Device bianager
The Device Manager lists all the hardware devices installed
- on your computer. Use the Device Manager to change the

properties of any device.
| eem= Simee=-

ST
2

——

Drivers

Driver Signing lets you make sure that installed drivers are
compatible with Windows. Windows Update lete vou set up
how Windows connects to ‘Windows Update for drivers.

[ Driver Sighing ] [ Windows Update

Hardware Profiles

Hardware profiles provide a way For you to set up and store
different hardware configurations.

Hardware Profiles

| General || Computer Mame Harduware Advanced

Apply

Within the device manager do the following:
Double click on “Ports (COM & LPT)”. Under Prolific USB-to-Serial
Comm Port (COMx) make note of the number “'x’ as it will be needed to

correctly configure your easyC software.

£ Device Manager
File  Action VWiew Help

mES 28 =Ra

E]i=1ES)

= g DIME400-5

+- i Computer

+-age Disk drives

+ § Display adapters

+ i DVDYCD-ROM drives

+-[Z8 Human Interface Devices

+ =) IDE ATAJATAPL controllers

+-p Kevboards

+- ") Mice and other pointing devices

+-H Monitors

+- B8 Metwork adapters

- Ports (COM&LPT)

;,' Communications Port (COMLY
ECD T

omm Port

+ W3R Pr

+-@), sound, video and game controllers

+- W System devices
+ Unitversal Serial Bus controllers

Close the “Device Manager’’ window.
Close the “'System Properties’” window.
Close the “*Control Panel” window.

Inventor’s Guide
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programming hardware setup

Connect your rohot to your computer.

Now that the software is installed, you are almost ready to download the

Vex test code to your robot. However, you still need to attach your Vex

Micro Controller to your computer using the programming kit hardware.
This setup will allow you to download code from your computer to your robot.

1. Attach the serial connector of the
USB-to-Serial cable to the programming
module.

2. Attach the rohot interface cahle
to the programming module.

-

cahle to the “'Serial”’ port on the Vex
Micro Controller.

e Inventor’s Guide 813
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download the test code

You are now ready to download the test code!
This code will make sure your robot is set up
properly and ready to be programmed.

QOpen easyC.

Vex User

Internet
Internet Explorer

{}D_—I E-mail
Jf Microsoft Office Outlook

___} My Documents

@ My Recent Documents »
j} My Pictures

_’_‘_’/ My Music

g! My Computer

Bﬂ Control Panel

£ Set Proararn Arress and
Arcessories »

f inkeli y ntroller 1| ZH intel
Startup
@ Internet Explorer

[£] intEtErToate

g UnInstal

@ COutlook Express

p.. Remote Assistance

all Programs B G) Windows Media Plaver

. Shut Down

QThe evaluation mode screen will appear. Click the “Run in
Evaluation Mode’ button.

Note: You must register your software to continue using easyC
after the 30 day evaluation mode is up. To register easyC, click
the “Get Unlock Code’ button and follow the instructions that
appear.

To access the registration and licensing screen at a later time,
click “Registration’ in the “Help’” menu.

Window
ﬂ ' Help F1
N

about,.,

&

Intelitek Software License ver. 1.0.1.3
intelitek»»

[Product: easyC 1.X

>

ICD Key

Ta complete the installation, you need to register

\your software and unlock it. To receive an unlock
\code for this PC, click 'Get Unlock Code!, and v

- License Status

PC Specific Code: 51754811
Status: EMALLATION
Evaluation Left [daps); 28
Unlock Status
* Register Licenze

" Extend the evaluation period

Enter Eight Digit Unlock Code:

V\silnurwehsite‘ Getl_lnlnckl:ndei , Ll J
s — |

i Evaluation Mcl Help ]

Inventor’s Guide
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download the test code. continued

“‘Loader Setup’ option.

Click OK.

aCIick “'File”’, then select “*Open Project”.

File

Edit Wiew Options Euild & Download

Mew Projeck Chrl+R

ChrlH-C

QOpen the folder called “'Test Code”. Find the file named
“TESTPROGRAM.ECP”. Double-click it.

Loak, i

Projects L] & E-

(eTest Code:

. : Test Cod B -

File pame: ’— Lookm.|@ st Code ;j &=
[E]pumpeRTEST EurasonicTesT

Files of type: | Load Projecl [@|enconerTesT
E|uaHTTeEsT
E|umrTrest
File pame: — [TESTPROGRAM Open |
Files of type: lLﬂad Project (“ECF] _ﬂ Cancel

e Make sure the terminal window will appear by clicking
the “Build and Download’’ menu and click the

°The “Loader Setup” configuration window will appear. In the
launch after download section, select “*Terminal Window"’. COM Port:

Eiuild & Download Il ]
R e ———

Build & Download F7
Download Default Code

Download Window, ..
Terminal Window...
on-Line Window..,

Loader Setup DZ|

oML

Launch After Download:

(* Terminal Window

" on-Line Window
" MNane

Options:
¥ Alhways on Top
¥ Confirm Download:

Cancel | Help

a

Inventor’s Guide
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download the test code, continued

gﬂﬂiﬂﬂ_l‘.&adl\

You must now set the COM port using the COM port information
you found in the installing the USB-to-serial adapter section. To
do this, open the Terminal window.

Now click on the terminal window icon in the toolbar.

R A EE e @B W B[ Qs =

IFlfintelitek Loader
(=), PESEEN Options  Help

¥ Egm; il Terminal ﬂ on.Linel
The terminal window will appear. Within the terminal window, click on Eg:i
the “'Port Setting’’ menu. In this menu, click on the COM port you found coms
in the installing the easyC programming section. If you were not able to e
locate your COM port, try different COM ports until downloading succeeds. | coms
COMa
CoM10
COMIL
COoMiz
I
We recommend that you update the Master Code for best performance.
The Master Code is responsible for the behind-the-scenes work inside the
Vex Micro Controller. First, turn your robot on.
°Since you are still in the terminal window, go to “'Options” and click
“'Download Master Code...”.
IFlfintelitek Loader,
Pork Setting Relsldlalys
Download Window. ..
%l Rl v Terminal Window, .. a|
On-Line Window...
Launch after Download »
Download Master Code >
8- wEx

16 Inventor’s Guide
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download the test code, continued

QYou will see a confirmation screen appear. Click “‘Yes”.

M IFlfintelitek Loader

% ? ) Do wou really want ko download the Master File?

QYou will need to choose which version of the Master Code to use to update
your Vex Micro Controller. Choose Master Code v5 and click “*Open”’.

Open

B
Lookin: [ Defaut - Bk E-
Lé [eef v 4
B s
My Recent
Documents
@
Deskiop
2
My Documents
A
< —
Mypr‘»laecl:w:rk Fie name: IVE/{MAETERJE - Open
Flesolpe,  [WoesFisC 8 =l If you see an error message during
. . . compling or downloading, refer to
The computer will begin downloading code to your robot. : ’
. . troubleshooting, page 50 at the end
This may take several minutes.

of the programming guide

@The terminal window will appear with the message “‘Download complete’.
You are now ready to download the test program to the robot!

IFlfintelitek Loader 53
Port Setting  Options  Help
=)
g‘ Download Terminal ﬁ On-Llnel
IFI=YEX - Master v5, User w1
Download Complete ... Now Reload User Code
Start Stop | Clear | Help |
\ Run mode is set.., ver,1,1 PICI8FES20 oML [115200

Inventor’s Guide 817
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download the test code, continued

@Iick the “Build and Download’ icon on the menu bar at
the top of the screen.

@You may see a confirmation screen appear. Click “‘Yes”.
Your computer will begin downloading code
to your robot. This may take several minutes.

M intelitek easyC for Yex controller

2

The HEX file was successfully builk.
Would vwou like to download the program?

ntelitek Loader
ng  ©Options  Help

lnad | Termma\! ﬁ

g ]

If you see an error message during

compling or downloading, refer to
troubleshooting, page 50 at the end
of the programming guide

On-Line |

Hezx File:

I.:.‘-,ch_:uam?-i;-.suntsmn a5y CYVERITESTP

@he program will begin to run immediately upon
finishing the download. You should see the window

below appear and text will begin to display. The
program will test each of the motor ports
(1 through 8) on your robot.

Any motor plugged into the Motor port bank will
move briefly when its port number comes up.

If your robot is configured according to the “‘logic”’
section of your Vex Inventor’s Guide, for example,
then you will see motors 2 (right side) and 3

(left side) respond when those numbers come

up, because you have motors plugged into those
two ports.

IFlfintelitek Loader [
Part Setting  Options  Help

=
%. Download Terminal

ﬂ On-Line |

Test code downloaded sucessFully!

Plzase make sure your rabot is in a safe location ko burn the matars an.
Maotars will now be switched on, reversed and switched off in sequence.

Tesking Mokor 1
Testing Motor 2
Testing Motor 3
Testing Mokor 4
Testing Mator 5
Testing Mokor 6
Testing Mator 7
Testing Motor 8

Tesk program complete,

Ta rerun the test program sw)

Start Stop Clear

(=

COM port is open... lver. 1.1 PICi&FE520  [COMI  [115200

Inventor’s Guide
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/nr_oatamming rogramming introduction
To start you off and give you a safe "home base" to return

to while you explore, a few key programs are already
included with the easyC software.

Code provided for you:

Online Code (page 21):

This code allows you to control the motors and monitor the sensor
values on your robot directly from your computer. The Online code is
a valuable testing and troubleshooting tool.

Default Code (page 22):

This code is the default programming for the Vex robot (the program
it came with fresh out of the box). This code is always available

in case you ever need to return your robot's Micro Controller

programming to its original state and get a fresh start.

The instructions on the following pages will show you how to
load and use these included programs.

When you do begin developing your own robot code, you
will find that your program's behavior will usually follow
one of three main patterns:

Writing your own code: All of the code written in the
Autonomous Code (page 27): programming guide is compatible with

Autonomous code allows a robot to perform behaviors without input the Squarebot design of the Vex robot.
from the radio control transmitter. Although these programs may be
applied to any Vex robot design, you

may have to make small tweaks (like
reversing the direction a motor spins)
to get a robot other than Squarebot to
perform the programs correctly.

Radio Control Code (page 45):
Radio control code allows you to configure the way in which the
radio control transmitter controls the robot.

Mixed Autonomous and Radio Control Code (page 47):
Autonomous code can be integrated with radio control code to

achieve even better robot performance for complex tasks.

The instructions and examples on these pages will guide you
through some hasic examples of each type of program hehavior.
These examples all use the same hardware configuration, found
on page 13. Please take a moment to ensure your rohot is set

up properly.

06/30/05
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o introducti
motorand sensorsetup

Before you begin the programming examples in this
section, please take a moment to ensure your robot’s
hardware is configured properly. All motor and sensor
configurations are based on the Squarebot design
presented in the assembly steps for the first six Inventor’s
Guide chapters.

NOTE: For instructions on how to attach motors to
your Vex Micro Controller, please refer to pages 6

0 Make sure the left motor is plugged into
Motor port 3 of your Vex Micro Controller.

and 7 of the “‘logic”’ section of your Inventor’s Guide.
Make sure the right motor is plugged into

Motor port 2 of your Vex Micro Controller.

J
L

ELaAMEEILNI
iy
]

\

J

hMALOG | DIGITAL

Front Bumper Sensor

Left Motor
Right Motor

SHOLOW
LR - ]

{

Check to see that the front-mounted bump sensor is plugged into
Analog/Digital port 6.

The rear bump sensor is not used in the following examples.
Please make sure the wire will not get caught in your robot's
gears or wheels.

820 Inventor’s Guide wEx
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This code lets you control the robot’s motors and monitor
its sensor inputs directly from your computer. This can be
very helpful in troubleshooting problems with your robot
or computer interface. To use the online code, follow the
steps below.

Make sure your programming hardware is connected correctly ™\
. RN Window  Help
(see programming hardware setup, page 13) and your robot |

Loader Setup...

is on. | compile Project CErl+F7
Build & Downlaad F7
Download Defaulk Code
Start easyC and select “'Online Window...” from the Download window...
“Build and Download"’ menu.
NS 4
4 )
IFl/intelitek Loaden 4] 1.Click “Download Online Code”. This
Port Setting  Options  Help will begin a download to your robot
%‘ Download] Terminal m on-Line |mmed|at9|y

NOTE: If your download does not
complete successfully, visit troubleshooting

In order touse the On-Line control, the On-Line
code must be downloaded to the Yex controller,

Makors: finalog Inputs: on page 50.
— #1: #3
#l: — a2 s 2. You are now ready to begin using your

computer to control your robot. Adjust the

—
=
o slider bars to make the robot’s motors spin
=
] [ ]

=]
L=N
&
5
3
=
@

#2: 127

clockwise or counter-clockwise, or not spin

—
= vl #
=—

R R — |
Y
1]
_-__\_-_
1]
R R |
#3 _] at all.
#7 #10
T ———_
4 3 | oigal outputs: If you have set up your robot according to
(R — AL ]': ks rr: the motor and sensor setup, then you will
# (. = g = e X adjust slide bars 2 and 3.
e el
y & 127 Interrupts:
- L 1123456l
R ———— |
#7: ~ reiz7 | 4. The Analog/Digital and Interrupt
e — windows allow you to monitor the status
#6 2 i of the sensors on each input port, or turn
 solalropeural | Help the output ports on or off. Try pressing
the button on the Bumper Sensor and see
COM port is open,.. lwia UnkwowM  jComt 115200 what happens.

3. As you slide in either direction, note
that the number indicator changes. A
setting of 0 means that the your robot’s
motor(s) will spin fastest counter clock-
wise (CCW) and a setting of 255 will spin
the motor(s) fastest clockwise (CW).

Inventor’s Guide 821
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Should you ever need or want to restore the default
functionality that your robot came with originally,
follow the steps below.

Make sure your programming hardware is connected correctly
(see programming hardware setup, page 13) and your robot
is on.

Select “Download Default Code’ from the “Build and
Download’” menu.

uiIu:I G indow  Help \
Loader Setup...

Compile Project Chrl+F7

Do
Terminal Window. ..

On-Line Window. ..

.

A confirmation screen will appear. Click “‘Yes.” The default code
will immediately begin to download to your robot.

M intelitek easyC for Yex controller

\ ? ) Lo wou really want to download the Default HEY File?

NOTE: For more information about the

Your robot will now function in its “‘out-of-box’’ state. elrerfior o i G aards, ey o e

Use the transmitter to operate the robot with its
“out-of-the-box’’ functionality.

* The Control chapter
* Appendix E - Control Configurations

following sections of the Inventor’s Guide:

822 Inventor’s Guide wEx
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programming introduction

programming seguence

Now that you’ve had some practice downloading and using
the included programs, it's time to learn to write some of
your own! These are the three basic steps you will follow
each time you create a new program for your robot.

1. Write Code 2. Compile & Download

/erte your program in easyc\
Launch easyC and select “‘New
Project” from the “File’” menu.

IHE Edit  Wiew Options  Build & Do

MNew Project

CErl+1
CErlHO

Cpen Praject...

Sawe Project Chrl+5
Save Project As...

Close Project

Print Flows Chart. .. Chrl+F

Print Preview Flow Chart
Prinkt Setup...

1 QUICKTRACKL.ECP
2 AROUNDCORMER.ECP
3 TESTPROGRAM,ECP
4 ULTRASOMICTEST.ECP

Exit

Drag function hlock icons
into the program window to
write or edit code.

@ :gp Btumper Suitch 10

- Light Sensor T
_QLtsth L

void main [ void )

| % o
@'@3 - (E)

. & nigtal outpt

~

Once you have completed
your code, make sure your
programming hardware is set
up properly and the robot is on.
Then select the “'Build & Down-
load” option from the “'Build &
Download” menu.

IFifintelitek Loader,
Port Setting  Options  Help

%t Davnload Tetminal

=

Mow Feload Us

IFI=VER - Masker +5, User w1
Diownload Complete ...

A confirmation screen will
appear. Click “‘Yes".

M intelitek easyC for Yex controller

b d The HE¥ file was successfully built,
2 Waould you like to download the program?

easyC will replace old code
on the robot with new code
you have written.

-
] \Progr. e i
lvmw-w‘sexz ver. 1.1 PICIEFE520  COMI 115200

If you receive an error
message during compile and
download, please refer to the
troubleshooting section.

~

Gun your code! Immediately
after download, your robot will
start executing the code. To
re-run the code from the
beginning, switch off your ro-
bot, and then switch it back on.

Inventor’s Guide
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Start simple. For your first program, you will learn how to turn a
single motor on.

o Launch easyC and select “*New Project” from the “‘File’”’ menu.
Edit Miew Ophions  Build & Dovwr

[ew Projeck Chrl4+M

Qpen Project... Chel+0
Sawve Proieck Chrl+5

e Select “L2" on the toolbar.

File Edit “iew Options Build & Download  Window  Help

2 A=E

P a

= == NOTE: All of the example problems in the

| il @ | i a‘ | ﬁ ‘ LM@ “Programming Guide’ use the “'L2" setting.

~ BIS setting determines what functions are
available in the “Function Blocks’” window.

In the Function Blocks window (leftmost panel in the
main window), under the “Outputs’’ heading, find the
“Motor - Motor Module’ block.

& intelitek easyC for Vex controller - [UNTITLED.BDS]
NOTE: Be sure to drag ile  Edit  Wiew Options Build & Download  Window  Help
and drop your icons onto 2 HEEE e ey B W wie @
the line in the programming Sg=we
window between the —  He % Bumper Switch
\ F7 W o amne e Light Sensar =
Begin’ and “End” icons. 7 S g -
e B, Line Follower w void main [ void ]
e % Optical Shaft Encoder {
% Ultrasonic Sensor ‘;']
@ Cutputs
----- ‘ Mator Module m }
% Servo Module
_g Digital Output J
Left-click and drag the “*Motor - Motor Module” block into the
program window, between the Begin and End blocks. Release the
block there.
The motor module configuration window will appear. Make sure K — |§|
- - - . jotor Module
“Motor Number’ is 3 and “Clockwise’ is selected. Click “0K."” =
Mokor Number: I - ‘
Maokor Direction:
s « I
Stop - 127
Counter-clockwise _
User Yalue o 255 1= ((; ;;r;ble
Code!
’]SetMotor(a,ZSS); ‘
Camment:
| |
‘ l[ancel | Help

8-24 Inventor’s Guide VE)‘
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e Your program should now look like this:

(I\Ol \

void main [ void ]

SetMotor [3. 205 ) ;

. .

You are now ready to compile and download
your first program!

Make sure your hardware is set up properly and the robot is
turned on. Select the “'Build and Download” option in the “*Build
and Download” menu.

N

( IFifintelitek Loader
Port Setting  Options  Help

I3
%‘ Download Terminal

IFI=YEX - Master w5, User w1

=

Diowwnload Complete ... Mow Reload Us

NOTE: If you receive any
error messages, please
refer to the troubleshooting
section on page 50.

e As soon as your program finishes downloading, the left
motor will turn on, making your robot spin in place. To make it
stop running, switch off the robot.

Q Now that your robot is off, you can unplug the wire from
the serial port on the Vex Micro Controller and place your

robot somewhere safe (for example, the floor). To run your
program again, switch the robot back on.

Save your program as “‘intro program one’’ by following
the steps on the next page.

your rohot sucessfully!

Congratulations, you have programmed

‘/EX Inventor’s Guide
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In programming, it is very important to save your programs
frequently. This will allow you to avoid losing work in case
something goes wrong, and let you store programs at important
milestones in their development, should you need to return to
them later.

To save a project in easyC, select “'Save Project” from the “‘File” menu.

Edit  “iew Options Build & Download 4

The “'Save Project As”’ window will appear.

ChrHN

Enter the name you would like to save the
program as. Be sure to name your programs
such that you can easily tell which program

Save in: I [ Projects

) Test Code
[&lintro program one

is which as you write more programs.
“*MazeRunner v3 6-7-05" is a good name;
“myprogram”’ is not.

File nam: MazeRunner v2 6705 Save

You may save programs to any directory on

Save as ype: | Project [FECP) B

Cancel |

-

your computer, but we recommend using the

o

projects directory to make it easier to find
programs later.

Edit “iew Options Build & Download 4

As you write more complex programs you may find it useful
to save multiple versions of the same code, so that you can
revert back to an earlier version if your changes cause
undesired behaviors. To save your project under a different

Chrhe
ChrhO

Mew Project
Open Project...
Save_Prois

name, select “'Save Project As..."”" from the “'File” menu.

To Open saved programs Select “Open Project...” from the “File’’ menu.

pen

Look i I [ Projects

The “'Load Project” window will appear.
Find the program you would like to

) Test Code
[Eintra program ane

open, left-click on it, and click “*Open”’.

The four most recent programs you have

had open may also be opened directly in Flegame: | pen | j
the “File” menu. Files of ype: | Load Project (ECP) =~ e 1)
“ |
/IHE Edit  View Options Build & Dow \
Mew Project Chri+N
Open Project... Chr+0
Save Project Ctrl+s
o . To move a program: " e EEE )
Y If you want to move a \w)d J’ ﬂ' m{ [
itk Prcvioe Flow s Back * (& | - search |[= Folders -
Emtimde e program, say from one Addhess hc:\?rugremwl - \Projects v Be
Print Setup...
h computer to another, you 'd e
2HCHITEST must move both the .BCP
JEMCODERTEST
and .ECP files.
8- 26 Inventor’s Guide wEix
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forward for three seconds.

If you recall from the first program, a window with

several motor control options appeared when you dropped
the Motor Module icon into the program diagram. Here is
a more thorough explanation of what all those options do:

autonomous programs
In the last section, you learned how to turn on one motor.
Now, you will take things one step further by turning on

both motors to make the robot move forward. In this
section, you will write a program to move your robot

Motor number - This specifies which motor will —
be controlled. This number refers to the motor port Mpforhogula X
numbers (1-8) on the Vex Micro Controller. @Numn —
With the hardware setup we're using (see page 11), the i Difec“'m:
left motor is motor number 3, because the left motor is GRS s
connected to motor port 3 on the Vex Micro Controller. Stap c i
The right motor is plugged into Port 2, so it would be counter-cockwise [ O
motor number 2. st -~ = = (r: Eirli;tule
-~ Code:
[ Settator (1, 255 );
—Commenk:
|
0K, I Cancel | Help |
\L 1/
"Motor Module" configuration window
wvEx Inventor’s Guide 8 27



Motor direction - This specifies which direction the
selected motor will turn. Clockwise and counter-
clockwise are oriented as if you were looking down
into the hole where the motor shaft goes.

The User Value option allows you to specify an exact
speed and direction value. See the online code section,
page 21, for the meanings of these numbers.

Squarebot has two motors, one controlling each side of
the robot. This combination is enough to perform any

of the basic movement functions. The chart at right
describes the combination of motor movement needed to
perform each maneuver.

Looking at the chart, you can see that to get the
robot to move forward, you must set the left motor to
"Clockwise" and the right motor to "Counter-clockwise".

To learn more about motors, refer to the Motion
Subsystem Chapter of the Vex Inventor’s Guide.

autonomous proqr_ams\

Motnr Module |§|
Mokor Nurmber: -
— Makar Direction:
Clockwise o _
Stop L 127
Counter-clockwise
‘@3 £ I £ E # Fized
—Code:
| Setotor (1, 255 ;
— Comrment:
|
K I Cancel | Help |
NG ' 4
"Motor Module" configuration window
(Left Motor Right Motor T )
@] @] =1
[l
[‘n —— ||’]
Clockwise Counter- =
Clockwise Forward
l @I 1|@| [4"{#@4\\&
=0
Counter- Clockwise 1
Clockwise i
Reverse
@] (@]
Counter- Counter-
Clockwise Clockwise
Turn Left
@] [1[@]
Clockwise Clockwise
\_ Turn Right

828 Inventor’s Guide
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Now it’s time to write the program. The goal is to make
the robot move forward for three seconds and then stop.

Launch easyC and open a "New Project" from the

& intelitek easyC for VeX controll

ﬁle menu. FIEW Edit  Wiew Options  Build & Downlc
Mews Project CErl-+r
Cpen Project... Chrl+0
Save Projeck Chrl+5

In the “Function Blocks” window, under the

File Edit View Options Build & Download Window Help
Module” block. P HEE e @ B W[y e

=@ Inpts »€] UNTITLED.BDS
% Burnper Switch
H % Light Sensor

& Limit Switch
% Line Follower -
% Optical Shaft Encoder -

E

@ Ulrasoric Sensor void main [void ]
E1-(&) Outputs {

TR @y )
. -# Digital Output

\ W,
Left-click and drag a “*‘Motor Module” e =~
block into the program window between the

. . . File Edit Wiew Options Build % Download ‘Window Help
“Begin’ and “End" icons. Release the icon. L

L EEET IR EL IR IE
B@ Inputs
----- % Burnper Switch
& o

..... i, Line Follower wvoid main [ wvoid )

----- % Optical Shaft Encoder t
----- % Ultrasonic Sensor
[=-(&) Outpuks }

Motor Module
‘ ----- % Servo Module

k ----- % Digital Cukput J

Reading from the chart on the previous page, forward movement requires the left motor to turn
clockwise, and the right motor to turn counter-clockwise.

The “Motor Module” configuration window Repeat steps 2 and 3, dropping the second motor
will appear. Make sure “*Motor Number’ is 3 module icon right below the first. In the "Motor
and “‘Clockwise” is selected. Click “0K.” Module" configuration window, set "Motor Number"

to 2 and select "Counter-clockwise". Click "OK".

g.. Q@ ([ xR

‘ Mator Number ! _ o ‘ ‘ Motor Nurnber ! |2 vl ‘
IMatar Direction: Mator Direction:
cokese = [N ochwse o s
Stop - 127 Stop g 127
Counter-tlockwise _ Counter-clockise & _
= " Variable =] € Yariablz
User Value L 255 =
User Value i e S == S
Code: Code:
’7| SetMotor (3, 255 ; ‘ ’7| SetMotor (2,00; ‘
"CQmment: ‘ "Comment: ‘
‘ Cancel Help Cancel Help
: \) = v

> - J
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rogram two: using th

In the "Function Blocks" window under the 0 Left-click and drag the "Wait" block into the

after the motors have been turned on.

rogrammin autonomous proqr_amS\

Next, the robot needs to wait three seconds (during which time the motors will remain on).

"Program Flow" heading, find the "Wait" block. program window. Drop the "Wait" icon on the line
below the two motor commands so it will occur

( ----- é Lighl& Sensar \
----- B2 Limit Switch
----- % Line Follower - :
----- % Optical Shaft Encoder . . .
----- B Ultrasonic Sensor void main [ void )
[=-(&) Oukputs {
----- % Motor Module
::% gz::l fng:i SetMotor [ 3, 255 ] ;
EI@ Program Flow
""" % ;: it SetMotor [2.0];
----- ﬁ While Loop
----- % For Loop }
----- % Timer
----- i I
----- ﬁ Assignment
----- Zamrnenk
. % y
e The "Wait" configuration window will appear. Q Your program should now look like this :
The "Wait" function is used to make the
program wait a specified amount of time before e ™
proceeding to the next icon.
The default for the "Wait" is one second (1000 : void main void )
milliseconds). You want your robot to wait {
for three seconds, so enter 3000 into the
"Wait[msec]" box, and click "0K". SeMatrllaeshls
/ , = ) SetMotor (2,0];
al
—Wait [msec]
I SUDU| Wait [ 3000 ] a
—Code:
[wait ¢ 3000 ; }
—Cornment:
|
2k ) Cancel Help I
—
\_ Y
N Y.

830 Inventor’s Guide
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stop both motors.

Repeat steps 2 and 3, dropping the new motor
module block after the Wait block. When the
“Motor Module” configuration window appears,
set “Motor Number’’ to 3 and select “'Stop”’.

Click “OK".
Motor Module |X|
Makar Mumbet: I_ vl
—Mator Direction:
Clockwise r _
Stop g 127
Counter-clockwise _
= ¢ Yariable
o GEG
User Yalue = e
—Code:
| setroror (3, 127 ) ;
— Camment:
—
[a]4 Cancel | Help |
\ — ~/
@ Your final code should like like this:

(o]

woid main [ void ]

SetMotor [ 3. 255

SetMotor[2. 0] ;

Wait [ 3000 ) ;

SetMotor [3,127]:

So far, this program will turn on both motors and wait for 3 seconds. The final step is to

autonomous programs

Repeat steps 2 and 3, dropping the new motor
module block just before the End block. When the
“Motor Module” configuration window appears,
set “Motor Number’ to 2 and select “'Stop”’.

Click “OK".
Motor, Module |§|
Makor Mumber: I_ 'I
— Matar Direckion:
Clockeise o s
Stop o 127
Counter-clackwise _
=3 " Variatle
User Yalug @ 255 =
= & Fied
-~ Code:
| Setmotor (2, 127 )
— Comment:
! K > Cancel | Help |

@ Compile and Download your code.

Refer to the Programming
Sequence section, page

23, for detailed steps on
compiling and downloading.

When the program is finished downloading,
your robot should move forward for three
seconds, then stop.

Q Save your program as "intro program
two". For a refresher on how to save your

program, see tips for saving programs on
page 26.

Congratulations, you have programmed
your rohot to perform a real hehavior!

IEI @ZI SetMotor[2 ., 127 ] ;
END }
N 4
wEx

....................
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Sensors assist robots in seeing and feeling the physical
world through which they travel. A sensor will tell a
robot one very simple thing about its environment. The
programs that you write will determine how the robot will
react depending on the feedback from a sensor. Sensors

can be placed in two different categories based on the
type of signals they send or receive.

A brief review of sensors:

Digital sensors can distinguish between exactly
two different "states". The exact meaning of the
two states depends on the type of sensor being
used. The robot will interpret information from a
digital sensor as either 1 or 0.

For example the Bumper Switch can read 1
(when it is not pressed) or O (when it is pressed).
Similarly the Limit Switch can read 1 (when it is
not pressed) or O (when it is pressed).

Analog sensors can provide a range of feedback. e N\
The feedback provided by an analog sensor ranges
from zero to a pre-defined maximum limit for that
particular type of sensor. The robot will interpert
feedback from an analog sensor as a specific
number between 0 to that maximium value.

The Light Sensor and the Line Tracking Sensor,
available separately as sensor accessory kits,

are prime examples of analog sensors. They can
read the relative "lightness" of a tabletop or other
surface as a single numeric value. That value
ranges from zero to one thousand.

8- 32 Inventor’s Guide wEx

....................

06/30/05



06/30/05

introduction |

The Analog/Digital Port Bank on the Vex Micro
Controller consists of 16 ports that can be reconfigured
to work as Analog Input, Digital Input, or Digital
Output ports. The ports must be configured to match the
type of sensor that is plugged into them (digital input
for a digital sensor, etc.).

To configure the Analog/Digital ports, double click the
Input/Output (I/0) icon located on your programming
screen.

A window will appear revealing a blueprint of the
Vex Micro Controller.

The section labeled "Analog / Digital" represents the
sensor ports on your Vex Micro Controller. Left-clicking
the ports switches the port to either digital input or
digital output. Right-clicking these ports toggles them
between analog and digital settings.

Note that the Analog ports must always be together

on the bottom, so switching a port to Analog will
automatically change all the ports below it to Analog as
well.

Due to electrical load limitations on the Analog/Digital
port bank, you cannot configure a port as an Analog
Output.

Digital ouput ports are used for the Ultrasonic Sensor,
and other 5V digital output devices, such as LEDs.

Digital input ports are used for Bump Sensors, Limit
Switches, Jumpers, and other 5V digital sensors.

Analog inputs are used for the Light Sensor, the Line
Tracking Sensor, and any other 5V analog sensor.

Refer to the Sensors Subsystem
Chapter in the "Inventors Guide" or the
Sensor Accessory Pages which come
with Sensor Accessory Kits for more

information.

autonomous programs

-. void main [ void ]
{

~

U
B

ROBOTICS DESIGN SYSTEM

J

= Y
“nosoo~oo3igiiaa gy
i
Il
oL
[O O 0 D o}

ANALOG 1 DIGIT

SELLRRRRRRILITTT

g e e ey

|

|

Left-Click. ta set Digital Ifo

Right-Click ko set Analog Input o I

| Help |

n
o
=
a
=
o
i
b3
2
@
[=}
o)
o
=

\

Digital Output

Digital Inputs

Analog Inputs

3322888888 3008
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%

easyC includes a group of default sensor test files, which will allow you to test
your sensors. First, you will compile and download a sensor test file to your

robot to test it. Then, you will examine all the parts of this code and how they
interact.

To open the test file for the bump sensor, click "Open
Project..." in the "File" menu. Open the folder labeled Test
Code, then click on the file called "BUMPERTEST". Then

Edit “iew Options Build & Download '
Chrl+h

Mew Project

Open Project. ..

C”Ck uopenu Save Project Chr+s
Open \ Open \EHX|
Look in: | 5 Projects -~ EmE Look ju [ (3 Test Cods B E=
W W ElucrasonicTest
Intra program one ENCODERTEST
E|ueHTTEsT
E|umrrTest
2| meroL owerTEST
& TesTPROGRAM
Fiename: | Qpen | Fie pame:  [BUMPERTEST ( Open |./
Files of type: | Laad Project [*ECP) | Cancel Files of type: | Load Project ("ECP) | Cancel ]
-
4\ .
Q BUMPERTEST should open and your program window should
look like the following:

wvoid main [ void ]

{

fiConnect Bumper Switch to DI 6

H#Switch Open = 1, Switch Closed = 0

\
= —
= = E_E I

e while [loop ==1]

G
m bumper = GetDigitallnput [6] ;

PrintToS5creen ["Bumper Switch = 26d\n"', [intjbumper ]

|
—d
B

06/30/05
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Make sure your robot is set up according to the motor and sensor
guide and your robot is on. Compile and download this code to the

robot. (Refer to the programming sequence section earlier in this
chapter for detailed steps on compiling and downloading.)

At this point, your robot should not be doing anything. The
terminal window should open automatically. If it does not,
click on the terminal window icon in the toolbar.

a)ll

You should see the window below, with text scrolling across it.
If you press and release the bump sensor, you should see the
Bumper Switch output number change between 1 and 0. Press
and release the bump sensor until you are familiar with the its
operation.

T

IF lfintelitek Loader
Pork Setting  Options  Help

==
%l Download Terminal

ﬁ on-Line |

Burmper Switch = 1
Bumper Switch = 1
Bumper Switch = 0
Bumper Switch =10
Bumper Switch =0
Bumper Switch = 0
Bumper Switch =10
Bumper Switch =10
Bumper Switch =0
Burnper Switch = 1
Burnper Switch = 1
Burnper Switch = 1
Burmnper Switch = 1
Bumper Switch = 1
Bumper Switch = 1
Bumper Switch = 1
Burmper Switch = 1
Bumper Switch = 1
Bumper Switch =0
Bumper Switch =10
Bumper Switch =0
Burnper Switch =0
Burnper Switch =0
Burnper Switch =0
Burmper Switch =0
Bumper Switch =0
Bumper Switch = 1
Bumper Switch = 1
Burmper Switch = 1
Bumper Switch = 1
Bumper Switch = 1
Bumper Switch = 1
Bumper Switch =

Bumper Swikch = 1

2

[

Skart: Stop | Clear | Help |

COM port is open. .. Ija [UNKNCWN [COML BitRate
The terminal window is the window used to display any information
gathered from the robot, not only information from the bump sensor. If
you have purchased any of the Sensor Accessory Kits, you will find that
easyC also comes with test programs for all of these, and all the test
programs will function very similarly.

4
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Q While Loop =

Q Print to Screen

rogrammin

autonomous proqr_amS\

Let's take a closer look at how the bump sensor test code works.

void main [ void ]
{
HConnect Bumper Switch to DI 6
HSwitch Open = 1, Switch Closed = 0
LG v while [loop ==1
m bumper = GetDigitallnput [ 6] ;
[\
PrintToScreen [ "Bumper Switch = %din" . [intjbumper )
il ) !
\_TEo ) -

A

1. A variable is like a value-holding "container" with
a name (label). Any time you need to store a value
for later use in a program, you will need to use a
variable to store that bit of information. You can
then retrieve the value when it is needed.

2. To modify or create variables, open the
Program Variables window by clicking the
“Program Variables”” button on the menu bar.

The screen below should appear:

Program Variables \
# Type | Mame Value Cor
il int loop 1
z [int Bl burper | =
# _|char
signed char

unﬂgﬁ

shart

unsigned short
short long

unsigned short long
long

unsigred long

L 4. There are many types of variables, because

1"

3. If you enter a number into a variable’s “‘Value
field, the variable will start with that number in
it when the program begins. Here, the variable
“loop”” will have the number 1 in it when the
program starts, whereas the variable “bumper”
will have no value in it initially.

there are different types of data to hold (a
number versus a letter, for instance). For most
basic Vex applications, you will use the "int"

ot :I oot cancel_| (integer) type for a variable, because sensor and
Na -/ timer readings both use this data type.
.
8- 36 Inventor’s Guide wEx
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Comments - Comments allow you to leave notes to yourself and others
about your code. These comments do not affect how the program runs, but

are very important in helping others to understand your code (and reminding
yourself, if you revisit a program several weeks or months later).

Q While Loops - This is a block of code that will o e

repeat itself as long as the condition inside the While Loop 3]
parentheses is true. The condition in the while ~Expression:
loop in this program asks whether (loop == while { | loop == 1 3
1), i.e. whether the value of the variable "loop" e
. . . . Add Variable:
is equal to 1. The code inside of this loop will =
run over and over as long as "loop" is equal to ~Code: bumper |
"1". As it turns out, the variable "loop" was set | whie { loop == 1}
to a starting value of 1 in the variable window R
(see previous page). Since we never change the |
value of the "loop" variable, we can reason that
it will always be equal to 1, and so this "while" oK I Cancel Help
statement will repeat its code forever (or at least -
as long as the robot is on.)

Add Operatar; E

Print to Screen - This is the code that allows you to see
information in the terminal window. If you double click on the

icon next to the printf() statement, you will see the "Print To Screen"
configuration menu.

IFlfintelitek Loader

Port Setting  Options  Help

The "Message" field lets you specify

text which you would like to display Bu covrload [ remnat | B ovne |
in the terminal window. | | [Bumeer Swich =1
< Bumper Switch =10
0 o H

Print To Screen X Bumps| Switch = 0
= Burnpe Switch =0

Message; e —— Bumpe) Switch =0
=i Bumpe Switch =10
Burnper Switch = — BUmper Switch =10

Burnper Switch = 1

Wariable: Bumnper Switch = 1
Burnper Switch =1
itk 1

B
- Bumper Switch =t
- . Burnper Switch
Qo Bumper Switch =
I PrinkToScreen  "Bumper Switch = <din’ , (intiburmper J ; Bumper Switch = 1
I Bumper Switch = 1

— Comment:

| The optional “‘Variable” field lets you display the current
value of a variable in the printed line (it will appear at

ok | Cancel Help the end, after the “Message’ text). The “‘Variable’ drop
down menu lets you choose which variable to display. The
“directive’” menu tells the computer how to display the
variable’s value. %d tells the computer to use a decimal
format, which works well for int-type variables like a bumper.
The ““typecast’’ menu specifies the type of the variable. This
should usually match the type of variable you specified.

Inventor’s Guide 8 - 37



program three: using motors and sensors together

This program will make your robot move forward forever,

unless the bump sensor is pushed in.

Start a new project in easyC by clicking
"New Project" in the "File" menu.

Double-click the Variables block in your
program to open the "Variables" window.
Create a new "int" type variable named

"bumper", then click OK.

Refer to the using a sensor
section, page 34, for more

information on variables.

e In the "Function Block" window, under
the "Program Flow" heading, find the
"While Loop" icon. Left-click on the icon
and drag it into the program window and
drop it between the begin and end icons.

The "While Loop" configuration menu
will appear. Set the condition of the
while loop to be "1==1". This has the
same effect as using a variable set

to 1, like in the sample bump sensor
code. Click "OK".

The "While Loop" will loop for an infinite
amount of time.

autonomous proqr_ams\

Edit

& intelitek easyC for VeX contr

View  Options

Build & Dow,

Mew Project
Open Project...
Sawve Project

ke
Chrl+0
Chrl+5

Program Variables

# ink bumper

#

Delete Cancel | Help

void main [ void ]

~

While Loop

— Expression:

while ( [ 1==1

Add Yariable: E

Add Operatar: E

~Code:

|

| while { 1==1}

Y

Eas

- Comment:

£=

.

Cancel H[-

T

\
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6 Your program should now look like this.

In the "Function Block" window, under the

"Inputs" Heading, find the "Bumper Switch" icon

and drag this into the program window between

the { and } brackets of the "While Loop". Set the
"Digital Input #" to 6 (where the front bumper switch
is plugged in, see page 33 for setup details), and the
"Retrieve to" to the variable you created, "bumper".
Click OK when you are done.

You have now set the variable "bumper" to be updated
with the current value of the bump sensor each time the
loop is run.

If the bump sensor is not pushed in, then you want the
motors to continue moving the robot forward. If the
bump sensor is pushed in, then you want the robot to
stop.

Since we are storing the bumper sensor's pushed/not-
pushed state in the "bumper" variable, that is where the
program must look to see whether it is being pushed. If

the sensor is pushed, "bumper" will have a value of 0. If it

is not pushed, "bumper" will be equal to 1.

We will use an if-else statement to perform this check.

e In the "Function Block" window, under the "Program

Flow" heading, drag the "If-else" block into the "While
Loop" underneath the "Bumper Switch" icon. In the
"If-else" configuration window, the first block asks you
to define the condition (just like a while loop). First,
click the small arrow next to "Add Variable" and select
"Bumper". Then, click the arrow next to "Add Operator"
and select the "==" operation. After the "==" sign, you
will enter the number 1. The if-else condition will now
check whether the variable "bumper" is equal to 1. Click
OK to continue.

autonomous programs

(o] h
o)

void main [ void )

WHILE 4? while [1==1]
{

W
Bumper Switch |z
Digital Input #: |6 'l
Retrieve ta: ot
—Code:
I buriper = GetDigitallnput (&) ;
— Comment:
|
ik, I Cancel Help |
Na .
T )
void main [ void ]
{
while [1==1]
{
bumper = GetDigitallnput [6] :
}
}
\ Wy
If - Else [z]

— Expression:

if{ I bumper == 1| i

Add Variable: E Add Cperator: B

~Code:
I if { bumper ==1}

- Comment:

.

Cancel Help I

>

..............

,,,,,,
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e Your code should look like the program on the left. Now, recall that if the bump sensor is not being
pressed in (that is, bumper is equal to 1), we want the robot to move forward. You already know
which combination of icons makes your robot move forward (refer to program two if you need a
reminder). Drag in two motor modules between the brackets under the "if" statement. Set them up
so that your robot will drive forward. Be sure to place the move-forward motor commands in the
section immediately after “'if (bumper==1)" because you want them to execute when bumper is

equal to 1.
e N\ (T )
void main [ void |
void main [ void ] @ {
{ = while [1==1]
(e while [1==1] || I

— {

bumper = GetDigitallnput [6] :

bumper = GetDigitallnput [6] ;

F if [bumper==1]
{
etMotor (2, 0] ;

—d»
| @ ;

@ L@

if [ bumper==1]
{

etMotor [3, 265 ] ;

e Your program should now look like this.
K@ } ) (Eoy ) our program should now look like this
The other half of this program's behavior is that if the f I
bumper is being pressed in, we want the motors to stop. L
Drag in two motor modules between the brackets under _BEGIN ‘{'“” mainilgrerad
the "else" statement. Configure them so that they form a g \{,,hi,e (1==1]

stopping behavior (see program two).

bumper = GetDigitallnput (6] ;

m Check your code to make sure it looks like the code on

the right. Compile and download your code. ilpumger==l

Refer to the programming sequence section for detailed SEMOINR 255,

steps on compiling and downloading SetMotor (2,01

Test your code. Your robot should now drive forward until
the front bump sensor is hit, at which point the robot will
stop. If you move the robot so that the front bump sensor

is no longer pressed, it will once again move forward. SEtMOtORIE, 2T

SetMotor [ 2, 127

@ Save your program as “‘intro program three”. We will be

revisiting this program soon! For a refresher on how to dy
save your program, see tips for saving programs on
page 26. —ai

Congratulations, you have integrated sensor feedbhack - )
\ into your rohot behavior! Cen ) ( Your program should now look like thwj>

8 - 40 Inventor’s Guide \,EA
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(nmgmmm[ng autonomous programs

In this section, you will enhance the code from program three by making it back up, turn,
and then continue on its way when the bumper sensor is hit, rather than just stopping.

ﬁﬁ Edt View Options Buld & Dav

! t Chil+N

Q Open your saved program three file. /4 T
Select “Open Project” from the “‘File”’ e
menu, then click on INTRO PROGRAM Sl ione

THREE and click “Open”. Lok in: I@ Projects

| Test Code

E imkro programm bwo

Before editing the code, save the code as “'intro - ™
program four”
'
== void main [ void )
Save As {
Savein: | ) Proiects | - B E- = while [1==1]
— {
) Test Code
|ntr0 program one L per = GetDigitallnput [6 ] ;

intro program three

intro program bwo
if (bumper==1)

{

SetMotor [ 3, 265 ];

File name: |intlo program foud Save

Save as bipe: IProiect [*ECF] | Cancel |

SetMotor [2.0];

o |

For a refresher on how to save
your program, see tips for saving

SetM 3.127]);
programs on page 26. etMotor [ ]

SetMotor (2,127 )

\ CEn ) E Your program should now look like this. )

g J
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rogrammin

The current programmed behavor is: if the bump
sensor is not being pressed in, the motors turn on;
when the bump sensor is pressed in, the motors turn
off.

We will edit this program so that instead of stopping
when the bump sensor is pushed, your robot will back
up, turn right, and then resume moving forward.
This means that the new turn-backup code will be
replacing the old stop code icons in the

else statement.

Start by clearing away the old code. Delete both of
the Motor Module commands in the else statement.
Right-click the first icon, then select delete from the
menu that appears. A screen will appear asking if
you are sure; click yes. Repeat for the second motor
block.

Next, we want to start building the new behavior
into the else statement. Begin with the first action,
backing up (the idea is to move your robot clear of
the obstacle it has encountered).

To do this, drag in two “*Motor module’ icons
between the brackets of the else statement.
Configure them so the robot starts moving in reverse.

See using the motors on page 27
for the motor directions

autonomous proqr_am§\

;
Delete
woid main [ void ] ——————————
{ Comment Qut Block

while [TE=TT
{

bumper = GetDigitallnput [6 ] :

if [bumper==1]

SetMotor [ 3, 265 :

SetMotor (2, 0] ;

)
void main [ void ]
{
e while [1==1]
— {
bumper = GetDigitallnput [6] ;
if [bumper==1]
{
SetMotor [ 3, 2656
SetMotor [2, 0] ;
H
else
{
SetMotor (3, 0] ;
SetMotor [ 2, 2656
—— @
—diin
END ]

Your program should now look like this.

842 Inventor’s Guide
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Set the amount of time for the robot to move with a “*‘Wait" icon like
you did in program two (page 27). Drag a “'Wait" icon into the else
statement under the two “‘Motor Module’ icons. In the “Wait”
configuration window, set the “Wait [msec]” to 1000 (one second.)

=S )

;

~oid main [ void )
while [1==1]
{
bumper = GetDigitallnput (6] ;
= i(l [ bumper==1]

SetMotor [ 3, 255 ;

SetMotor (2, 0] ;

I— 0

else

{

SetMotor (3, 0] ;

SetMotor [ 2, 255 ;

Wait [1000]) ;

)

—
L

= y

e To make your robot turn right, drag two “Motor
Module” icons below the wait icon, inside the
else statement. Configure them so the robot

turns right.

See using the motors on page 27

for the motor directions

Wait

—Wait [msec]

~ Code:

| wait ( 1000 ) ;

r—Comment:

[ o 1

Cancel

Help |

\

wvoid main [ void )

while [1==1]
{

bumper = GetDigitallnput [6] ;

if [bumper==1)
{

SetMotor[2,0];

SetMotor [3.,0];

Wait (1000] ;

SetMotor [ 3, 255];

SetMotor [ 2, 255];

SetMotor [ 3, 255];

SetMotor [ 2, 255];

autonomous programs

...............

}
— @ )
K|E|||:| 1 J
wE>¢ Inventor’s Guide 843




rogrammin autonomous progr_amS\

0 To specify the amount of time your robot will turn / N\
right, drag a “*“Wait” icon into the else statement
under the two “*Motor Module” icons. In the “Wait"’ gy o' miniveid)
configuration window, set the “*Wait [msec]”’ to 500 o TR TE=A]

(which is 500ms, or half a second.) This should make

your robot turn approximately ninety degrees. bumper=yGetDigitalinput6).;

if [bumper==11]
{

Note: The amount of turning produced by this pro-
gram will vary from robot to robot. You may have to
tweak the timing for your robot to turn away from the
wall.

SetMotor [3, 2565 ;
SethMotor (2.0 :

H

else

SethMotor (3.0 :
SetMotor [2, 255 ] ;
YWait [1000] ;
SetMotor [ 3, 265 ;
SetMotor [2, 255 ] ;

e Compile and Download your program. Wait (500 ;
Refer to the programming sequence section for

detailed steps on compiling and downloading.

H

v

Your code should now look like the program above

Q Test your code. Your robot should drive forward until the front bump sensor is hit, at
which point the robot will back up, turn right, and then resume forward motion.

Be sure to save changes to your code. Refer to tips for saving programs on page 26.

Congratulations! Your rohot now performs an intelligent autonomous hehavior!
Let your robot run for a while to see how long it can continue roaming around a
room. Identify areas for improvement in the design, and construct and program
an improved version.

844 Inventor’s Guide "E"
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fnmmmng remote control programs

This section will explain how to incorporate Radio
Control into your programs. Please make sure your RF
receiver module is plugged into the RX1 port of your Vex
Micro Controller. The rest of your robot should still be
configured according to the instructions on page 13.

Q Start a new project in easyC by clicking
"New Project" in the "File" menu.

& intelitek easyC for VeX contro
EIEN Edit  MWiew Options  Build & Dowr
MNew Project Chrl+h ‘

e In the "Function Block" window, under gpen Pm.ject'” g ‘
ave Project Chrl+3
the "Program Flow" heading, find the
"While Loop" icon. Drag this into the program
window between the Begin and End icons.
e Set the condition of the "While Loop" Whilg Loop [z
as "1==1"in order to create a continuous ~Expression:
loop. Click OK. while ([ 1==1 y

Add Yariable: E Add Operatar: E]

~Code:
|while (1 ==1)

— Comment:

|
o4 I Cancel Help I
= —/
0 In the "Function Block" window, under the e ™\
"RC Control" heading, find the "Tank -
2 motor" icon. Drag the "Tank - 2 motor"

icon into the "While" loop (drop it between the
{ and } icons as shown). This icon causes

the robot to wait for a signal from the radio
control transmitter.

BEGIN void main [ void )

while [1==1]
{

U

Note that the RC Icons only work when they are 7
inside a loop. The icon must be executed repeatedly
by the program in order to provide continuous }
control. Otherwise it will only give you radio control
for an invisibly brief moment, then move on.

END }
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ive: using the radio control transmitter, o

e The "Tank - 2 Motor" configuration window
will appear. Leave the RX# set to auto.

remote control proar_ams\

° Set the left channel to "3", indicating the vertical
axis of the left joystick on the transmitter will be
considered the "left" control. Set the right channel
to "2", indicating the vertical axis of the right
joystick on the transmitter will be considered the
"right" control.

0 In the "Motor Number" section, set "Left Motor" to

"3" and "Right Motor" to "2". This specifies which
motors are being controlled, by the corresponding
joysticks selected in step 6. The motor numbers
are determined by your current motor set up,
which is described in the motor and sensor setup
section on page 38.

Click OK to continue. The icon should appear
between the “Begin’’ and “End" icons with
“Tank2(0,3,2,3,2);" beside it.

Note: “Tank2’’ means that you chose the Tank-
style controls with a two motor setup. The

first number, “'0”, shows that the program

will automatically use the RX port that has a
signal. The first 3 and 2 following that show the

transmitter channels. The second pair of numbers,
3 and 2, show which port you set the left and right

motors to, respectively.

1O

/B— HII\ .

ank - 2 motor |Z
Transmitker:
’7 R #: |AUTO 'I ‘
~Transmitter Channel:
eft Channel: |3 =7
Wchannel: 2 'I
S — —
-~ Mokar Murnber:
eft Mator |ERI ~ > z | Right Moto
Invert Direction | : I Invert Direction
1
— " Ak
[~ Code:
|Tarkz(0,3,2,3,2,0,0); ‘
"CU!TI!TIEI‘It: ‘
oK l Cancel Help

void main [ void ]

while [1==1]

2|88 Tank2(0.3.2.3.2.0,0):;

Compile and download your code. (Refer to the “*Programming

Sequence” section for detailed steps on compiling and downloading.)

Test your code. Your robot should be controllable using the radio
control transmitter. The right joystick will control the right motor

and the left joystick will control the left motor.

Save your program as “‘intro program five”’. For a refresher on how
to save your program, see tips for saving programs on page 26.

Congratulations, you have programmed your rohot sucessfully!!

846 Inventor’s Guide
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In this section, we will explain how remote control code
can be combined with autonomous code. In this example
we will adjust the code from program four to include
remote control similar to that in program five.

Open your saved program four. Select “'Open - EIIZ
Project” from the “File’” menu, then click on Lock [ 3 Prfees B
INTRO PROGRAM FOUR.ECP (or whatever you Srest coce

B3] ntro pragram five

saved it as) and click “Open”.

inkro program one
\ntro program three
\ntro program two

Refer to the tips for saving programs section, e o og-m o O
page 26, if you are unsure of how to do this. il - Pioect CECF) ol tend | 2)
Recall that in this program, the motors switched ™\

on autonomously if the bump sensor was not being
) ’
pressed in. When the sensor was hit, the robot would \[mid main [ void |

back up, turn, then continue on its way.

= \[qrhile [1==1)
Now, you will modify this code so that instead of B ; bumper = GetDigitallnput [ 6] ;

driving forward, you will have control of the motors dD

“ if [bumper ==1]
via the radio control transmitter unless the front {
bump sensor is pressed. This means that code to [A[@] setMotor(3.255);
enable radio cqntrol WI|| re.place the old B seiiiionizain
move-forward icons in the if-else statement.
—— @y )
(mse ) L f'“

SetMotor (3. 0);
[+ 8] setMotor[2.255];
(T ) wait(1000);
[1[&@] setMmotor(3,255);
[1|&] setMotor(2,255);
Wait (500 ) ;
— @il
—ald

e} ( Your program should now look like this)
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ram six: combhinin n

Start by clearing away the old code. Delete
both of the “*Motor Module’” commands in the
if statement. Right-click the first icon, then
select delete from the menu that appears. A
screen will appear asking if you are sure; click
yes. Repeat for the second motor block.

Comment Cut Block

programming autonomous and remote control programs

(e

wvoid main [ void )

while [1==1)
{

Next, you want to put tank control identical to the
code you used in program five into the if statement.
To do this, drag the “Tank-2 motor’’ icon from the
“Function Blocks” window into the program area
and drop it between the { and } of the if-statement.
Set up the “Tank 2-motor’’ configuration window
as shown.

{ | I
{ase) | -
SetMotor (3, 0);
SetMotor [ 2, 255 ;
X ] wait(1000);
W SetMotor [ 3, 2551 ;
SetMotor [ 2, 255 ;
X ] wait(500]:;
{ ) 3
— il
Gour program should now look like thia
T Y.

Tank - 2 motor ‘z

Transmit itter:

’V R #: |AUTO - ‘

-~ Transmitter Channel:

Left Channel: |3 x
Right Channel: [2 ~
~Motar Mumber:
Left Motar m m Right Makor

For more information about putting tank
control into a program, refer to program five

and the using radio control section.

bumper = GetDigitallnput (6] ;

~

i{f [ bumper ==1]

Inwerk Direction [

T Invert Direction

Code:

’7|Tank2(U,3,2,3,Z,U,U);

"Cnmmer\t:
I

o]

Cancel Help

\_
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4 )
?uid main [ void ]
o while [1==1)
bumper = GetDigitallnput [6 ] ;
IF 4? i{f [ bumper ==1
2|FE TankZ [0,3.2.3,2,0,0);
— @ )
@&@—@@
SetMotor [3.0];
SetMotor (2, 255 ;
X ] wait(1000);
SetMotor (3, 255 ;
SetMotor (2, 255 ;
Wait (5001 ;
— @D
—@
S (2l } Gour program should now look like this)

Q Compile and Download your code. Refer to the programming
sequence section for detailed steps on compiling and downloading.

a Test your code. Your robot should now be controlled by the
radio control transmitter, as long as the front bump switch is not
pressed in.

Q Save your program as “intro program six”’.
For a refresher on how to save your program, see tips for saving
programs on page 26.

Congratulations! You have successfully comhined autonomous
and radio control code to give you a rohot that can he manually
controlled, but has a huilt-in safety mechanism that hacks the
robot up and turns it away from an obstacle when it detects a
collision.
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In addition to the tutorials and instructions provided here
in the programming guide, easyC has its own set of help
files that may help you find the answers you seek.

Help on any specific function block (like a “Wait”’ block or a
“Timer” block) can be found by dragging the icon you are curious
about into the program window. The configuration window should
appear and there will be a “*Help’’ button in the lower right hand
corner of the window.

Timer

—5elect command:
& Start
" Presst
7 Get

" Stop

— Timer [msec]:

Tirmer #: |1 'l

—Code:
IStartTimer (1),

—Camment:

(ol 4 I Cancel |< Help ! ’
- >’

For more general information about using easyC, try the help menu
on the menu bar at the top of the screen.

about.. .V\E
Reaqistration. ..
4
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/nr_oatammmg troubleshootin
There are different problems that you may encounter
while programming with easyC. Here are some of the

more commonly encountered ones, and some possible
solutions.

Programming Strategies:
Describes strategies to help you program more efficiently.

Compilation Errors:
Covers errors in your code.

Other Errors:
Covers download and access right errors.

Download Errors:
Describes errors when downloading your code to the robot.

Access Right Error:
Covers errors that occur when you are not an administrator.

NOTE : If you would like to download
the default code that accompanies your

robot, refer to page 22.

wEx Inventor’s Guide 8 - 51
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rogrammin troubleshooting

This section will outline useful coding habits that may
help you program more effectively.

Test each section of your program to make sure each one works individually. The program as a whole
can’t work if the parts don't.

e Build your program step by step and test at intervals. Never write out the whole program at once.

Use “Wait” and “'Print to Screen” commands at strategic points in your program. This will help you
identify where your errors occur.

Use comments to document what important lines in your code are doing. You aren’t going to
remember every single line of code when you come back to your program in a week, and it helps other
programmers on your team to understand how your code works.

e When using loops or if (-else) statements, use the drop-down menus to help write the condition.

Don’t use the “User Code’ icon unless you have experience in programming. Using the “User Code”
icon allows you to write your own code that the easyC software cannot help you correct.

easyC can not identify all of the errors you will make, because your incorrect code may still look like
a legitimate program. Programs may compile correctly, yet will not work as you want them to.

If you are using sensors, be sure you connect them to an input port of the correct type. For more on
how to change this refer to the /ntro to sensors section (page 33).

0 Save your code often. Also save your code under a different name before making major changes so
you can revert back to an earilier version if needed.

Before beginning to code a program, identify the behaviors you will need, and how they will need to be
arranged. You can do this by simply writing out the steps or using a flow chart like the one below.

- N
(geem)  void main [void )

= |

4 @i_ SetMotor [1,0];

Wait 1 Sec E Wait [ 1000 ] i

] @i_ SetMotor [1.,127];

() )

ing strateai
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M troubleshooting
~

lati

Compilation errors are errors in your code that prevent
the Vex Micro Controller from understanding the
program. This section will teach you how to use easyC to
find errors in your code.

If you click on the “Build and Download”’ button and you have
x|

compilation errors in your code, you will receive this
There were compilation errars! Ses 'Output’ window For the details.
error message. 1\

As each errar is selected in the 'Output’ window, the corresponding
line containing the error is selected in the programming window,

& intelitek easyC for Vex controller - [UNTITLED.BDS]

&& File Edit View Options BuldDownload Window Help - A x
MELIE EFE T =L NI el | vBsx
1 #include "UserAPLh"
= (&) Inputs -~ >
B frionualll | = A
B Limit Switch | . i . —;mid f
% Line Follawer E BEGII ‘(’“"1 main [void ] {—
B Sl | B oo ==
Ejogtpuft; E | : .,},’,,ufeﬂé—@ \‘uhilgm T —
lokor Module | o ] | 3 g = per ol | B b
ué%;fﬁmoﬁw Tank? (0.3,2,3,2,0,0);
If - Else
% ::fhile Loop @ }
o
’ - .
?1 Enor1108] lineht 7
J
Ready | UM [Program size: Unknown line 7 of 11 [10:498M /JI
1. The output window will 2. If you click on the error
display what type of error in the “'Output Box"’, the line
has occurred and the line that the error is on will be
number indicating where the highlighted in the
error is located. “C Programming Window"’.
The function block will also
be selected

. v
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Compilation errors will be displayed in the “Output Window”
according to the following format:

Error [error number] line# (the line number of the error) : description of error

Error{1105] linett 7 - syrnbol looop’ has ot been defined

& Buid Dutput |

There are several common errors displayed in the “‘output window’’:

Q“Symbol has not been defined’’: This occurs when you misspell a
variable name or if you try to use a variable that has not been
defined in the Variable Window at the top of the program.

a“Syntax error’”’ : This occurs most frequently when you do not
complete the condition in an if statement or loop. For example,
in “'if( loop ==)", the “loop == " condition is not a complete

statement.

warning[2056] linet 19 : expression is always tue

Gl Buid =] Ouput

|Ready

T —

Add Yariable: E Add Operator: E

Code:
’7|\r(1==1)
eThe output window may also point out some warnings of possible (l
errors in your program, even if it compiles correctly. One example \L | ]
of this is “‘expression is always true’’, which occurs when you use

an expression that is always “‘true’ in an “if-else’’ conditional
statement (the program warns you that this is suspicious — after all,
why would you want an if-else statement that never used the else
block?)
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(.llr_om‘_ammmg troubleshooting
M\

1. Download errors

Download errors occur when you are attempting to download code
to your robot. These errors can occur because your hardware is not
set up properly or because your software is not configured properly
with your hardware. This section will teach you what the different
download errors mean and how to correct them.

If you are downloading code and you receive this error
message, try the following steps to correct the error.

IFlfintelitek Loader

' E To enable download, make sure that power is on and the serial cable is connected.

Check to make sure your hardware is set up
according to the programming hardware page
(page 13).

a Make sure your robot is on.

6 Make sure you have properly installed the USB-to
serial driver and your COM port is set properly
(refer to installing the easyC programming software,
page 13).

If the loader freezes up and then closes in the middle of
downloading, try the following steps to correct the error:

Check to make sure your robot was not turned off
during download. Check your battery levels.

a Be sure all cables are plugged in.

2. Access rights errors

Access rights errors will occur if you are not set up as an
administator on your computer.

intelitek easyC for Vex controller ‘z‘

' : Cannot write  File!

This error message will appear if you are not an

administrator and you attempt to compile a program.

This error message will appear if you are not an
administrator and you attempt to save a file in a
restricted location.

intelitek easyC for Vex controller

' : #Access to C\Program FilesiIntelitekheasyC\Projects\test, BDS was denied.

To solve this problem, talk to your system administrator
about getting your user privileges upgraded to include
file write access to the folder on the computer where
easyC is installed. This is “'C:\Program Files\Intelitek"
on most machines.

. J
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programming

Build and program a wandering robot that will run
straight until it hits a wall, then back up and turn, all
the while keeping track of the number of walls it has hit.
After hitting a wall for the third time, the robot must
come to a complete stop.

The code solution to the
challenge can be downloaded

challenges

from www.Vexrobotics.com

Q The robot must begin facing a wall.

Once it hits a wall, it must reverse for
1 second, then turn or pivot right, and
then resume traveling forward.

The program should stop after the third
wall collision (it can back up and turn,
but should not move forward).

Xan {Ie

e g
(== ]

Use this space to draw a flowchart and write your solution:

8 <56 Inventor’s Guide
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(nr_mtammmg challengf.s\
M—
Use a bumper switch to help you navigate a maze by -
“feeling’’ your way through. You will be able to see the challenge can be downloaded

maze ahead of time to plan your route, but your robot must from www.Vexrobotics.com
use the bumper switch sensor to detect walls.

You will be able to see the maze
ahead of time to plan a route.

Your robot must be able to move
from the starting area to the finish
area without human assistance
once turned on.

e The robot must use wall collisions
to guide it through the maze. It
cannot navigate by timed move-
ments alone.

\

Hint: Like most long sequences
of behaviors, this one is easier to <
program if you write and test your
program one segment at a time.

VEX

=N
=

Use this space to draw a flowchart and write down ideas:
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