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1. Prologue

The dawning of a new era; the era of the miniroblrtsreasingly more mobile
robotics applications enter our daily life. We acanrently find robots which help us
with simple tasks like cleaning household floorspwing the lawn or keeping the
swimming pool clean. As technology keeps improvihgse small devices which blend
mechanics, electronics and software are performmoge and more complex tasks*.
They are slowly introducing themselves into oue$ivin a useful manner and reducing
the burden of unpleasant jobs.

It's not too far-fetched to think that the revobaniwhich took place in the IT or
telecommunications fields will be repeated with atits in the next decade. Enough
technology is currently available to manufacturesthdevices and society is also ready
to receive them in the market. Yet, a specific lgatas needed to start this revolution.
People also need to be ready and prepared to fiylamtivhat fields microrobotics may
have an opportunity and which new applications tmajnteresting to implement.

Up till now processors weren't able to move. Butlap things have changed.
Software is one of the fundamental elements inatbed of mobile robotics. The main
difference between developing a program for thebets and running it with a personal
computer is interaction with the environment. Theginment isn’t changing randomly
in PC applications, so decision making and progrargnare simplified. On the other
hand, when running commands for a minirobot appboausually the result is
unknown, therefore algorithms have to considerasibms with a wider range of
possibilities, some of them unexpected.

The mOway robots are tools specifically designeddaching and research. Their
purpose is to bring the world of autonomous rolotiiser to the teaching centers.

mOway’s main purpose is to be a useful tool forsthavho are being introduced
for the first time to the world of the minirobots avell as for those who are already
experienced and wish to perform complex collabweeatobotic applications.

mOway aims to stimulate enthusiasm for this new amditing branch of
engineering in a prompt and enjoyable way throughgractical exercises included in
this manual.

- An easy and entertaining way to learn.

- This book’s purpose: to be mOway’s Manual antlanoomprehensive book on
minirobotics.

This manual has been implemented to assist learhowg to use mOway. It
provides some basic notions on using mOway anduitstions in a quick and clear
manner.

www.moway-robot.com
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This manual is divided in two parts. The first pextludes a description of the
elements which form part of the robot and theircfioning. The second part of the
manual includes a series of practical exercisesctmrabe executed with mOway.

www.moway-robot.com
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2. What is mOway?

mOway is an autonomous programmable small roboged mainly to perform
practical minirobotics applications.

It provides a perfect hardware platform for thosshmg to take their first steps
within the world of mobile robots as well as foosie who have already worked with
minirobots and want to develop more complex appbcs.

The mOway robot is equipped with a series of senadrich aid it to move in a
real environment. It also includes a drive unit evhallows it to move over smooth
terrain commanded by a 12C communications busthke peripherals are connected
to a microcontroller responsible for governing tabot.

This small robot incorporates 12C/SPI expansion tpigsons. As an example, a
wireless communications module, a video camerapottype card can be connected
to it as well as any other device considered istarg to perform a certain task.

mOway’s external design is very compact, intenaethove with grace and style
avoiding standstills due to obstacles or cornetsis Bmall mobile device has been
fittingly called a “pocket robot”.

mOway is a perfect tool for those who want to betirn and teach minirobotics.
The user will be pleasantly surprised by the speetthieving results even if this is the
first time he/she comes into contact with mobileats.

www.moway-robot.com
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3. Robot mOway

This chapter describes each of the parts that itoiesthe mOway. It is important
to highlight that it is not necessary to know tb&l functioning of the robot to be able
to program it, at least not at the level of detajplained here.

The following elements are to be found inside mOway

* Processor

* Drive system

e Sensors and indicators group
* Power supply system

* An expansion connector

Gear
———————————————
EnCOder ———————————————————

mz-ozm

TEMP

PIC18f86j50 PIC16F687

LIGHT.

SPEAKER

mz-ozm

Encoder

Image 1. Diagram of mOway'’s parts

3.1 Processor

mOways are governed by a 4 Mhz PIC18F87J50 mictoaider manufactured by
Microchip Technologies. All the peripherals distribd throughout the whole robot are
connected to its input/output ports. Some of theedna digital input or output, others
need an analog input or output and others, instaad;ontrolled by one of the 12C/SPI
communication buses. The table below describesthewnicrocontroller pins are
distributed.

www.moway-robot.com
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3.2. Drive system

To be able to move the mOway uses a double sentorrgooup. It includes both
an electronic part and a mechanical one. The elgctpart is mainly in charge of
controlling the motor's speed and the mechanicat pow the mOway to move
unhindered over different terrains with adequategro

Engrane

Encoder

PIC16F687

DO-HOZ=Z

S =D
Encoder —

—————————————————————
Engrane

. G

Image 2. Drive system: electronic and mechanical

The servo-motor group includes different features:

Speed control controls the speed of each motor.

Time control: controls the time for each command with a 10Qonegision.
Traveled distance control Controls the distance traveled by each command
with a precision of 1 mm aprox.

General speedometercounts distances traveled since the initial comana

Angle control: controls the angle when the mOway rotates.

wn PR

a s

The microcontroller sends the 12C command to tleedsystem that controls the
motors and therefore releasing the main microcdlatrso it can carry out other tasks.

Speed control is carried out by means of propoaficzontrol with negative
feedback from the encoders’ signal. The illustratiesplays the controlling system. The
microcontroller feeds the motors through an H beidgpntrolled by pulse width
modulation (PWM) signals. Wheel rotation is morgiiby an encoding sticker and an
infrared sensor. When the sticker shows its blagirgent, the logical output shall be 1

www.moway-robot.com
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and when it shows the white sector the output ¢b&ald. The microcontroller analyzes
these signals (it can determine the exact whe&dspg measuring the pulse width) and
acts on the motors. This way, the mOway will beedblkeep the speed constant on any
surface.

PIC16F687

Mecanic

Diver system

Image 3. Motor control

To send a movement command to the robot, via tha marocontroller, all we
need to do is send the movement command paramé&tethis end some libraries were
designed in assembly and C language to simplify momcations through some
functions which are responsible for 12C communmadi The format for these frames is
explained in the motors and drive system libractisa.

The table below describes connections between thia ®CB and the servo-
motor unit.

3.3. Sensor and indicators group

This group consists of different luminous sensoid iadicators, connected to the
mOway microprocessor, through which the robot eates with the external world:

* Two line tracking sensors.

* Four obstacle detection sensors.
* Alight sensor.

* An expansion connector.

e Four LED diodes.

* Temperature sensor.

www.moway-robot.com



Title: mOway Beginner Manual

"W MOWAY Rev: v3.0.0 — June 2011
Page 10 of 47

* Speaker.

* Microphone.

» Accelerometer.
« Battery level.

PIC18f86j50

LINE_TX LIGHT_
SEN

SPEAKER

Image 4. Sensors and indicators group

3.3.1. Line sensors

The line tracking sensors are two reflection optgders mounted on the top front
part of the robot. They use infrared light refleatito detect the color of the terrain at
the point where the robot is.

These two sensors are connected to two microctertrahalog ports so strong
terrain contrasts, like white lines on black backgrds, can be detected. They are also
capable of distinguishing different tones.

The Vishay CNY70 sensor has a compact construetioere the emitting light
source and the detector are arranged in the samaidn to be able to detect by using
the reflective IR beam the light reflected in teerain.

In the images below the three possible cases cabdmrved:
1. Clear surface A white surface reflects all the infrared lighhda

therefore we obtain a low voltage reading at thadistor’'s output when
in regular mode.

www.moway-robot.com
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Image 5. Line tracking sensor on a clear surface.

» Colored surface A colored surface reflects part of the emitteghti
obtaining an intermediate voltage at the microauldrs analog
channel input. This way colors are easily identfie

—_ ‘

Image 6. Line tracking sensor on a colored surface.

1. Dark surface: A dark surface reflects very little light obtamgi a high
voltage reading at the sensor’s output.

—_ ‘

Image 7. Line tracking sensor on a dark surface.

1 Due to CNY70 tolerance two different sensor cdfedi

www.moway-robot.com
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Image 8. Location of line sensors

3.3.2. Obstacle detection sensors

Similar to line tracking sensors, obstacle detectiensors also use infrared light
to detect objects located in front of the mOwaye Blensor includes two infrared light-
emitting source (Kingbright KPA3010-F3C) and foeceivers placed on both sides of
mOway.

The output of the Sharp PT100FOMP receivers arenexied to the
microcontroller’s analog inputs so it can deteet phesence of any object (digital mode)
and also measure how far away it is (analog nfode)

The sensor functions similarly to the line trackisgnsor. The light emitter
generates a 70us pulse which allows the receivetafure any obstacle using a
filtering and amplifying stage. Once the signapiscessed electronically, the PIC can
measure it by means of the ADC or as a digital inpbe digital distance range is close
to 3cm and a bright environment is recommendedhb@ece infrared light reflection.

Image 9. Obstacle detection sensor

2 Due to tolerance two different sensors can dffiem each other.

www.moway-robot.com
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Image 10. Location of Obstacle Sensor

3.3.3. Light sensor

This sensor allows mOway to recognize the lighensity that enters through a
small half moon-shaped opening on the top pat@fchassis. Since it is facing forward
it enables it to detect where the light sourcecated and to act accordingly.

The output of the AVAGO APDS-9002 sensor is coneeédb the analog port of
the microcontroller so that with a simple readirighee ADC we can register the light
intensity level and any change in intensity ley®sed on the last readihg

mOway

Image 11. Location of Light Sensor

3.34. Expansion connector

This connector allows the mOway to connect with aoypnmercial modules or
electronic circuits the user may choose.

As shown in the above table, it is possible to emhicommercial SPI devices. On
the other hand, the RF BZI-RF2GH4 module availaiblethe market is totally
compatible with mOway and with specific librari@his module enables the mOway to
communicate with other robots and with a PC via RkJsb. With this module it is
possible to create complex collaboration applicetiovithout having to worry about
complicated wireless communications.

% Top two-color LED has to be switched off to haweatid measure.

www.moway-robot.com
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Image 12. RF modules into expansion connector.

3.3.5. Temperature sensor

mOway has installed as a temperature measurer &th8rmistor from Murata,
a semiconductor whose electrical variable resigtalecreases as temperature increases.
The sensor is located in the front part of the tpbery close to obstacle sensor.

The thermistor is connected to the analog porhefrmicrocontroller so that with a
simple reading of the ADC it is possible to get temperature value in that moment
and notice any change in it since the last redding

3.3.6. Speaker

The CMT-1102 speaker from CUI INC directly connelcte the microcontroller,
is capable to play tones from 250 Hz to 65 KHz.

3.3.7. Microphone

The CMC-5042PF-AC microphone from CUI INC enablss itobot to detect
sounds from 100 Hz to 20 KHz.

The output is directly connect to an analog induhe microcontroller so that it is
capable to detect not only if there is sound or(dfital mode) but also the intensity of
the sound with a simple reading of the ADC (anatagle).

* Temperature measured by the sensor can be 5°€rhifgin external temperature.

www.moway-robot.com
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3.3.8. Accelerometer

An accelerometer is a device that measures actieleend the gravity induced
forces: the movement and rotation. There are mgmgstof accelerometers, most of
them based on piezoelectric crystals, but the& 200 big. Because of that, it was
tried to design a small device in the field of mlectronics, which might improve the
applicability. Then, the MEMS (Microelectromecheadi Systems) accelerometers were
created.

An easy way to create an accelerometer is meascinagges in a capacitor.
Capacitors can work as sensors or as actuatotise loase of mOway, it is a capacitive
accelerometer, which consists of two capacitorgldced in differential mode whose
electrical capacity changes as the acceleratiaes/ar

By measuring X, Y, Z axes of the MMA7455L accelestar from
FREESCALE Semiconductor, it is possible to knom{®way is correctly positioned,
inverted or tilted.

3.3.9. Battery level

The robot has a LiPo cell battery rechargeable pfFaper operation of the
microcontroller, the battery is connected to onésoénalog inputs through a splitter.
Thus, with a reading of the ADC battery level camnheasured.

3.3.10. FrontLED

The front LED is a white LED placed on the fromdesiof mOway. The output of
the OSRAM LW A6SG LED is connected to a digitalmuttof the microcontroller.

3.3.11. Toptwo-color LED

This double indicator and the light sensor shaeestiime opening on the top part
of the robot. They are connected to two microcdieraligital outputs.

® Please note that since they share the same opasiihg light sensor it is fundamental to switch
them off when wanting to perform a light intensigading.

www.moway-robot.com
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Image 13. Robot with Front LED and red LED switchedon

3.3.12. BrakeLED

The brake LED is double indicator placed on theklsade of mOway. The output
is connected to one digital outputs of the micracmier.

Image 14. Brake LED location. Switch on green LED.

3.3.13. Free Pad

mOway has implemented a free Pad to allow expeetrsuso connect their
electronics. It is accessible opening the robotitisdocated near brake LED

3.4. Power Supply System

mOway’s battery is located inside and accessiblly &y disassembling the
product. It is a small rechargeable LiPo cell.

The battery can be charged via a computer's USB thwough the mOway’s
MINI-USB-B port. There is no need to wait for thattery to be completely discharged,

® Advanced users only

www.moway-robot.com
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as it can be plugged in any time since these ledtelo not have memory effect (also
known as lazy battery effect). These batteriesaaperfect power source for mOway
due to their small size, lightness and flexibility.

Battery duration depends to a great extent on ¢tieeasensors and the amount of
time the motors are used. Charging lasts about 2h.

Power supply system controls two LED located in leek part of the robét
Green LED indicates that mOway is switched on atUED indicates that the battery
is charging. When the battery is full red LED veWitch off.

Image 15. Charging (red) and switched on (green)

3.5. RF module and RFUsb®

RF module allows communicate with other mOways ith ®C using RFUsB.

" These LEDs can’t be controlled by the user.

® This LED can swap between on and off when theebats fully charge because there is energy
consumption when mOway is plugged.

° Available in some packs

19 Available in some packs

www.moway-robot.com
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Image 16. RF module

RF module is connected in expansion connectortasd/ery easy to use with
mOwayWorld".

Image 17. RFUsb

The BZI-RF2GH4 radio-frequency communications module is based hmn t
NRF24L01 transceptor manufactured by “Nordic Semucwtors”. This integrated
circuit has been fitted with all the logic requiréal establish wireless bidirectional
communications with acknowledgement of receipt. @ummications with the
microcontroller is made via an SPI bus.

The main characteristics of the BZI-RF2GH4 modu&as follows:

* Low consumption.

* Working frequency: 2.4GHz,

e Transmitting power between-18 and 0 dBm,

* Transmission speed between 1 and 2 Mbps,

e 128 in transmission channels selectable by theb8&I

In addition to the Cl nRF24L01, thBZI-RF2GH4 is also fitted with all the
associated electronics for its correct operatiars @ microstrip antenna on the same

1 Option not yet available

www.moway-robot.com
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board with the impedance adaptation network. Irs thiay the user can forget
completely about the hardware required to implentteatadio part of his application.

As interface, the device has four pins availabletlie SPI bus, two more pins for
controlling the module and another two for the dypp

In order to facilitate the handling of the modwenumber of libraries have been
developed to simplify and shorten the developmené tof wireless applications with
these modules.

www.moway-robot.com
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3.6. Camera module and mOway Videocap

Thanks to the camera modute@way Camera Board) it is possible to display
on the computer what mOway is “watching” . Camavard sends images wirelessly to
the videomOway Videocap?.

Image 18. Camera module mOway Camera Board

Camera module is connected in expansion conneatbritais very easy to use
with mOwayWorld®. Video mOway Videocap must be connected to an USB
connector of the computer.

Camera control is performed by MicrochiCP23S08 device which is an
input/output port managed by SPI. A library is pdad to make easier for user to
develop programs with the camera module. The Hasittions are the camera ON and
OFF, and the selection of the transmission chainoel de camera to the videaOway
Videocap. User have to select the same channel (from 1) tooth in program and
mOway Videocap The status of the camera is shown by a LED orecarnoard.

As interface, the device has four pins availabletlie SPI bus, two more pins for
controlling the module and another two for the dypp

NOTE: Both camera transmission and RF module trgsssom are in the same
frequency band. So that, when camera is active, nitfelule reception distance
decreases.

12 Available in some packs
13 Available in some packs
14 Option not yet available
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4. First Steps

4.1. mOway Pack installation

In mOwayPack (available in the webpage or in trstaillation CD) you will find

the software, mOway’s libraries, test programsdowimentations.

Following setup steps you will have all the resesrc

* Beginner's and User manual.

0 Beginner's manual includes all you need to stamkng with mOway.
o User manual contains detailed description of th®to

«  mOwayWorld software.

o This software controls all aspects of the robotogpam download,
battery charge control, radio confrolRFUsH® management and C or

assembler programs download.

» Reference projects in assembler, C and mOwayWorld.
o Example projects to start working with mOway easily

« RFUsb Driver

o Driver for RFUsB’ that allows the communication between robots and

PC.
«  mOway Videocap Driver

o Driver for mOway Videocap® that allows to grab images from mOway

camera to display on PC.

If a security warning message appears during iasitah, please click on “install

driver anyway”.

15 Option not yet available

6 Module not available in all kits
" Module not available in all kits
18 Module not available in all kits

www.moway-robot.com
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-« MENU CD Setup
MOWAY CD MENLI

-

Image 19. CD

4.2. Download a program to mOway

Download process is always executed in mOwayWorkis application can
download to the robot mOwayWorld projects, assenyimejects (compiled with Mplab
o gputils) and C (C18 compiler) projects.

Steps to download a program to mOway:

» Connect mOway to the PC through USB. The robot niveseed any
driver.

*  Open mOwayWorld application.

« Open or create a project in mOwayWorld, or impoa .HEX file from
assembler or C project.

* Click download bottom. If a .HEX file has been imegal the download
progress will start automatically.

» Disconnect the robot and check the project.

mOwayPack provide 8 compiled projects: 3 to chesisers, 3 to check the
drive system and 2 programs that are explainedaméext section.

4.3. RFUsh instalation

* This is a device that allows to communicate theaR@€ mOway.

A driver that it’s included in mOwayPack is reqdire

* The first time the RFUsb is connected, the PC ddtect it as a new
device and an “Assistant for new hardware found’ssage will be
displayed. Select thdo, not this time option.

9 Option not yet available
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In the following window select the recommended aptilnstall software
automatically.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

Moway RF-USE

'7') If your hardware came with an installation CD
<& or lloppy disk, insert it now.

‘What do you want the wizard to do?

() Install the software automaticaly (Recommended)
() Install from a list or specific location (Advanced)

Click Next to continue.

Image 20. Driver installation Wizard
* Now the installation process will begin.

Found New Hardware Wizard

Please wait while the wizard installs the software. .. h\
&

e Mowsy RF-USB

7 i/
libusb0.dil
A CAWINDOWS \system32

Image 21. Windows XP driver installation

* Assistant will then indicate that the hardwarenstalled.

www.moway-robot.com
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Completing the Found New
Hardware Wizard

The wizard has finished installing the software for

@ Moway RF-USB

Click Finish to close the wizard,

Image 22. Driver installed in Windows XP

* Check if mOway'’s software has detected the RFUsb.

4.5 mOway Videocap driversinstallation

As with RFUsb device, a driver that it’s includedmOwayPack is required

to use video capturer:

» The first time thenOway Videocapis connected, the PC will detect it as
a new device. Driver installation runs automaticalf it doesn’t, an
“Assistant for new hardware found” message willdigplayed. Select

theNo, not thistime option.

* In the following window select the recommended aptilnstall software

automatically.

* Now the installation process will begin.

* Assistant will then indicate that the hardwarenstalled.

* Check if mOway'’s software has detectediti@way Videocap.
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5. mOwayWorld programming

mOwayWorld application allows to design programsrmsans of flowchart
diagrams, so that mOway robot can be programmedeasily. Different modules
represent functions that control robot’s sensotsatuators. These modules are joined
by means of arrows to define the program flow. ey programming knowledge is
not essential to use flowchart programming.

5.1 Creating a Project

The first step to start to use mOwayWorld is toateea new project, by
clicking on the “New project” icon. A name for tpeoject and a path to save it must
be chosen. The option “Activity Diagram (Graphitafust be selected.

jajfw e s

@ Disconnected 11 —

Image 23. mOwayWorld initial screen
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5.2. mOwayWor |d workspace

The following lines describe the different partsx@®wayWorld workspace.

5.2.1. Toolbar

Toolbar allows the user to manage the project,tbdiflowchart, create variables,
program mOway robot and many other functions.

BE = 2 %R s |y Ol& & mQway

Image 24. Toolbar

5.2.2. Flowchart Editor

The Flowchart Editor window is where modules aept and connected to
develop the program. When a new project is creaeslwindow is empty except for
the starting point. In flow diagrams there is al&ay/ starting point” from which the
program begins.

Flowchart

Main +

©

Image 25. Flowchart Editor window
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5.2.3. Toolbox

On the left side of the workspace we can find thelox section. Here there are
all the modules to control mOway, such as moveraetibns, checking sensors,
communication, and so on. Modules are grouped &y tinoe of function (Actions,
Sensors, Data, Flowchart Control and Expansion ecton).

Image 26. Toolbox section

A module is inserted by just dragging and dropping the flowchart editor. This
module function can be configured by making dowtilk on it. Some modules are

grouped by a more specific type (Movement, Sound;This is represented by a little
black arrow in the toolbox module types.

www.moway—robot.com
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5.24. Arrows

Modules execution order is established by mearmsrofvs. In order to connect
the modules, following steps must be taken:

e Place the cursor over a module until red and whiaeks appear.
* Click on one of these marks.
* Click on one of the next module mark.

Image 27. Arrow drawing

In order to describe a loop, the procedure is sintilt in this case the arrow
starts on a module mark and finishes on anothek ofahe same block.

Image 28. Arrow drawing for a loop

If more precision is needed, the connector togkry useful. To activate it, click
on “Connect tool” icon in the toolbar.
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5.3. First program in mOwayWorld

In order to develop your first program, first youush create a project (see
previous chapter). This first basic program willkmanOway avoid obstacles.

1. Once a new project is created, the program stattsar2-second delay. Just add
a “Pause” module and configure it with a constaite of 2.

2. The command to make green LED blink is added whih ‘_ights” module.
Configuration of both modules are shown below.

In the Light Module you can control mOway's four LED lights. Switch them on. off or let thern
blink. Nead help?
1
s _ et
C for mOway
Here, the application programmer have to write a little descnption of Front [No Change] % Top (green) | LetBlink
the window. - : fa —
‘ Brake [No Change] - Top (red) [No Changa]
Setlings
Pause time

i e [=] [200 =] seconds o510 12)

W Save ‘ | »® Cancel

Image 29. Pause and LED configuration

3. The end of the program is added (“Finish” module)tsat the application can
be compiled.

4. The program is compiled and recorded into the rathoking on “Program
mOway” button in the toolbox, shown in the next gea

5. Test the program and check that after waiting 2isé¢he green LED lights up.
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Main +

Image 30. Flowchart of the program and “Program mOwvay” button

6. In order to detect obstacles, four “Sensor Checkt@be” has to be added and
configured one for each obstacle sensor.

'@ Sensors - Obstacle Detectian [C2 ) (& sensors - cbstatic Dot

Configure mOways' four different obstacle sensors (and connect them with the and/or operator) to setthe Configure mOways' four different obstacle sensors (and connect them with the andlor operator) to set the:
condition for a true and false output. Need help? condition for a true and false output. Need help?

Setiings Sattings

Left Central Sensor Right Central Sensor Left Central Sensor Right Central Sensor
[1Detecion nacivel [<] Obsiacle detected

Right Side Sensor

[Detection inactive]

Left Side Sensor
Obstacle detected | =

Right Side Sensor Left Side Sensor

[Dstection inactivel [Detection inactive] | =

Configurs mOways' four different obstacle sensors (and connect them with the and/ar operator] to set the
condition for a trus and false output Need help?

Canfigure mOways' four different obstacle sensors (and cannect them with the andiar operator) to set the
condition for a true and false output Need help?

Setlings

Settings

Left Central Sensor
Left Side Sensor

[Detection inactive] | =

Right Central Sensor
| Detection inactivel [

Right Side Sensor
Obstacle detected

Left Central Sensor

Right Central Sensor
Obstacle detected | =

Right Side Sensor

[Detection inactive] .

Left Side Sensor

[Detection inactive]

Image 31. Check Obstacles configuration
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7. Condition modules have a true output and falsewdutff the condition is true
(obstacle detected) the corresponding LED lightsotiperwise it remains off.

8. Test the program and check that the front LEDst liglh when an obstacle is
detected.

Image 32. First mOwayWorld program: obstacle detedbn

9. We add movement to the robot: straight on indedlgituntil an obstacle is
found.

10.When an obstacle is found, a command is sent todiet to rotate 180°. The
robot will continue to move in a straight line whity@ rotation is completed.
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& Movement - Module: Rotate [

in this Movement Module you can let mOway rofate around ts own axis (rotate center) or around
one whezl (rotate wheel). Need help?

Commands for mOway
Rotate Speed
[Corsarispees 8] 50 B aeruns

Rotation Mode
&) Rotate about the center of Moway

left (COW) -

O Rotate on a Moway wheel

[rightwheel - forward
Flowshart Gontrol

commands run () continiously (until next movement module in flowchart)

Qfor | Constant Time | ELAl seconds (0.1to 26.5)

@ for | Constant Angle =l degrees {3610 36T)

[ finish time/angle limit before continuing with the next action in flowchart

(&) Movement - Module: Straight

EAES

In this Movement-Module you ean give mOway the command to move straight Need help?

‘Commands for mOway
Wheel Speed
Cons@ntSpeed || 70 1] @4100%)
Diraction
@ goforward
O go backward

Flowchart Control
TRV (%), (until next nt module in flowchart)
O for | ConsantTime i 0.1 | seconds (0.1t0 25.5)
O for | Constant Distance 02 2] cerimeters (01t0255)

O finish timeldistance limit before continuing with the next action in flowchart

[wowe | [xowed |

Image 34. End of first program in mOwayWorld
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54. Modules

The mOway programming consist of functions or addithat control the robot.
Modules are these functions or actions that mOway carry out: moving, reading
sensors, transmission of radiofrequency messages,These modules are grouped

depending on their function.

For more flexible programs some modules allows de variables for some of
their values (for example, speed value, pause tiea& sensor values, etc.). A variable
contains a value that can change during the exactuati the program. These variables
can be created from some modules. They can alsdebeed from the toolbar, by
clicking on “Variables” and then clicking on “Newakiable”. A name and an initial

value have to be selected.

Moway Subroutines ‘v’aria_l;les_| Hé.lp

| MNew Variable |

Variables

-

Image 35. A new variable creation.

Each of the modules included in mOwayWorld are dieed below.

www.moway-robot.com




mOWay MOWAY

Title: mOway Beginner Manual
Rev: v3.0.0 — June 2011
Page 34 of 47

54.1. Moway Actions

This group of modules allows to control mOway’suatbrs: engines, speaker and
LEDs. Functions of these modules can be perforroed fiser-defined period of time or
distance if théfinish time/distance limit before continuing with the next action in
flowchart” option are selected. If this option is not selectee function will be
executed indefinitely until another module chanidpescurrent function.

* Movement — Straight

mOway robot has two motors, one in each wheel. @hes it a
great flexibility in its movements. Movement stiaigommand makes
mOway to go forward or backward describing a shilige trajectory.

Speed value can be modified.

&> Movement - Module: Straight

[ =]

In this Movement-Madule you can give mCway the command to move straight. Need help?

Commands for mOway
Wheel Speed
|ConstantSpeed | +| |50 |5 @u100%

Direction
® goforward

o go backward

Flowchart Control

commands rin @) continiously (until next movement module in flowchart)

S | seconds {0.1t0 25,5)

[ finish timefdistance limit before continuing with the next action in flowchart

‘ W Save |

‘ ¥ Cancel |

)

1| centimeters (0,110 25.5)

Image 36. Movement — Straight configuration window

¢ Movement — Free

Free movement is similar to straight movement,ibthis case the

speed of each motor can be adjusted separately.
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[2] = |

&5 Movement - Module: Free

In this Movement-Moduls you can give mOway the command to move around freely (by controlling its two
wheels individuslly). Need help?

Settings
Left wheel Speed Right wheel Speed
S —_—
!Consmnt%pg&:l |L| Constant Speed x

6o = @100

Right wheel Direction

= @00

Left wheel Direction
® goforward

{4 go backward

® go forward
o go backward

Flowchart Control

commands iun & continiously (until next movement module in flowchart)

|=| |01 ] seconds @1t 255

Cifor | Canstant Time

O for ||Lor~a|antD|.=:[an:e |'| 10.2 : | certimeters {0.1to 25.5)

[ finish time/distance limit before continuing with the next action in flowchart

| W Save | | ¥ Cancel ‘

Image 37. Movement — Free configuration window

* Movement — Turn

In this function, drive system will calculate th@egd of the motors in
order to be able to trace a curve, indicating pieeed and turning radius.

[ ]

) Movement - Medule: Turn

In this Movement Moudle you can give mOway the command to make a turn. Need Help?

Commands for mOway

Wheel Speed

|ConstantSpeed [ =] |50 || @ow100%)

)

Direction

® go forward 5] go backward

Turning radius

‘Cuns‘am Radius |1I |‘I .37: centimeters (110 29)

Turning direction

() turn right O turn left

Flowchart Control

Commands run &) continiously (until next moverment module in flowchart

~| seconds (0110 25.5)

O for | Constant Time = oo

O for | Canstant Distance (02 [ centimeters (0110 25.5)

[ finish time/distance limit before continuing with the next action in flowchart

| V' Save | | ¥ Cancel |

Image 38. Movement — Turn configuration window
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¢ Movement — Rotate

With this command, mOway will rotate either on d@sntre or on
one of its two wheels. Turning direction and raiatspeed can be defined.

&3 Movement - Module: Rotate

[ = |

in this Movement Module you can let mOway rotate around its own axis (rotate center) or around
one wheel! (rotate wheel). Need help?

‘Commands for mOway

Rotate Speed
[Consntspesd  [=] B0 B powtoon

Rotation Mode
) Rotale aboutthe center of Moway

lighticw) [+
) Rotate on a Moway' wheel

}nghtwhee\-hr«\‘ard El

S

lowchart)

- seconds 0.1t0 25.5)

Flowchart Control
commands run ® continiously (until next movement module in fi
O for ; Constant Time -‘ o1 F
O for ;Canslanl.i\ngle »| ‘3 B

| degrees (3610 360)

[ finish timefangle limit before continuing with the next action in flowchart

‘ W Save ‘ |xcanue| |

Image 39. Movement — Rotate configuration window

* Movement — Stop

This command stops mOway’s engines.

e Sound - Play

This function allows mOway to emit tones from 230to 65 KHz.
It is possible to define the time that the speak#be activated.
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) Sound - Module

Commands for mOway

In the Sound Medule you can tell mOway to play a tone at a specific frequency. Need help?

Frequency |ConstantFrequency | v 24414 2] hermios (2441410 6243984

c D EQF G A B

c D EQF G

Flowchart Control

O for | Constant Time = |0

Commands un (3 continiously (until next sound medule in flowchart)

[ finish time/distance limit before continuing with the next action in flowchart

+| seconds (0.1t0 255)

[ v | [ X cwea |

Image 40. Sound — Play configuration window

e Sound - Stop

Stops the speaker sound.

* Lights

This module allows to operate on mOway's LED dsodéou can
turn them on, turn them off or make them blink.

& Light - Module

blink. Need help?

-

=
-

V' Save | |

In the Light Module you can control mOway's four LED lights. Switch them on, off or let them

Commands for mOway
Front ‘.Turn Cn |'| Top (green) [ Let Blink _|_v.;
Erake ‘.Turn Off |'| Top (red) [_[_Nn Chan_gf_] _|_v.;

¥ Cancel |

Image 41. Lights configuration window
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54.2. Sensors Check

This group of modules allows to get the mOway’'ssses values. These are
conditional modules, so that they have two différrtputs: if the condition configured
in the module is true, the output will be “true’t¢gn mark in the flowchart). Otherwise,
if the condition is false, the output will be “fals(red cross in the flowchart).

e Obstacle

This module checks the digital value of the foustalle sensors. Each sensor can
perform one of the following conditions:

0 obstacle detected
0 no obstacle detected
0 detection inactive

In addition, it allows to check the AND or OR boaheoperation. If AND option
is checked, all the conditions must be true toagttue” output. On the other hand, if
OR is checked, just one of all the condition halsddrue to get a “true” output.

&5 Sensors - Obstacle Detection =

Configure mOways' four different obstacle sensors (and connect them with the and/or operator) o setthe
condition for a true and false output. Need help?

Settings
Left Central Sensor Right Central Sensor
Chbstacle detected = k Obstacle detected -

' N '
Left Side Sensor 7 \ Right Side Sensor
Mo Obstacle |= \\ ; [Detection inactive] x|

(& AND Cor
Cutput  TRUE - If obstacle detected on upper right corner AND no obstacle detected on right

cormer
FALSE - Otherwise

| W Save 3 Cancel

Image 42. Sensors Check - Obstacles configuratiorindow
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e Line

This module checks the digital value of line seas®his module is very useful
for making mOway follow a line (black or white) dme floor, detect boundaries, etc.

Each sensor can perform one of the following cooiast
0 black line detection

o0 white line detection
0 detection inactive

In addition, it allows to check the AND or OR boaheoperation. If AND option
is checked, all the conditions must be true toagttue” output. On the other hand, if
OR is checked, just one of all the condition halsddrue to get a “true” output.

(&0 Sensors - Line Detection s

Configure mOways' two line detection sensors (and connect them with andior operator) to set the
condition for a true and false output. Need help?

Commands for mOway

Left Line Sensor Right Line Sensor
[ Black Line = I White Line [+]

& AND O oR

Output  TRUE - If a black line is detected on the right side
FALSE - Otherwise

v

Image 43. Sensors Check — Line configuration window

* Noise

This module has a “true” output if mOway detectswal sound. It
has not any configuration window.
e Tap

This module has a “true” output if mOway detectagor a high
acceleration. It has not any configuration window.
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543. Data

This group of modules make it possible to readterand modify data that
mOway robot can provide from sensors and interreahory.

Data is stored in user-defined variables. A vadablcreated by clicking on
“Variable” on the toolbar and then clicking on “Nesariable”. A name and an initial
value have to be defined for this new variable (se®ious chapter).

Some of the modules allow to create these variabtestly from their

configuration window. This permits to configure tm@dule with values that can be
modified during the execution of the program.

NOTE: Each variable is stored in one byte of mOwagternal memory, which
means that the value of the variable goes fromZbto

e Calculate

This module adds (+=) or subtract (-=) two vallésst parameter %
is always a variable and it stores the operatisnlteSecond parameter =

can be a constant or a variable.

* Reset mOway Data

This module initializes time and distance counstoged in 5

mOway’s internal memory.

» Assign Variable

This group of modules allows to assign a value tisex-defined variable. This
value can be constant or the analog value of mGs&gnsors.

o Value: assigns a constant value to a variable.

o Time: assigns elapsed time to a variable. Value goes @o
to 255 tenths of a second.

0 Speed:assigns the speed value of one of the wheels to a :
variable. Value goes from 0 (stopped) to 255 (maxm - '@,__._.
speed).
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o Distance:assigns distance value covered by mOway to a
variable. Value goes from 0 to 255 centimetres.

o Angle: assigns the value of mOway turning angle to a
variable. Value goes from 0 (0 degrees) to 100résmonding
to 360 degrees).

0 Brightness: assigns the light sensor value to a variable. &a
goes from 0O (dark) to 100 (light).

0 Line: assigns one of the line sensors value to a variabl
Value goes from 0 (white colour detection) to ZBE&ck
colour detection).

o0 Obstacle:assigns one of the obstacle sensors value to a
variable. Value goes from 0 (no detection) to 1€l6gest
detection).

0 Accelerometer:assigns one of accelerometer axis value to
variable. Value goes from 0 (negative accelerdimit) to
255 (positive acceleration limit). When there i$ no
acceleration, the value is 127 (range mid-point).

o Noise:assigns microphone value to a variable. Value goes
from O (silence) to 255 (loud noise).

o Temperature: assigns the robot temperature value to a
variable. Value goes from 0°C to 255°C.

o Battery: assigns battery level to a variable. Value goas fr
0% to 100%.

« Compare

This group of modules allows to compare a variaila sensor value with
another value (constant value or user-variableg. fbHowing are the comparison
operators: equal (==), different (<>), greater @rgater or equal (>=), less (<), less or
equal (<=).

o Data: compares a variable with a constant value or g use
variable.

o Time: compares elapsed time. Values goes from 0.1 f® 2!
seconds.
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(@)

Speed:.compares one of the wheels speed value. Values
goes from (stopped) to 100 (maximum speed).

Distance: assigns distance value covered by mOway to a
variable. Value goes from 0 to 255 centimetres.

Angle: compares the value of mOway turning angle. Valuc
goes from 0 (0 degrees) to 100 (corresponding €0 36
degrees).

Brightness: compares the light sensor value. Value goes
from O (dark) to 100 (light).

Line: assigns one of the line sensors value to a variabl
Value goes from O (white colour detection) to Ibck
colour detection).

Obstacle: compares one of the obstacle sensors value to
variable. Value goes from 0 (no detection) to 1€169est
detection).

Accelerometer:compares one of accelerometer axis value
Value goes from -2g (negative acceleration linotRg
(positive acceleration limit). When there is noteleration,
the value is 0 (NOTEg value is 9.81m#A.

Noise:compares microphone value. Value goes from O
(silence) to 100 (loud noise).

Temperature: compares the robot temperature value. Valt
goes from 0°C to 255°C.

Battery: compares battery level. Value goes from 0% to
100%.
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544, Flowchart Control

 Pause

This module allows to insert a pause in the prognatin a duration
set in multiples of 0.05 seconds. The pause pasamay be a constant o
a variable.
* Finish

This module sets the program end. If the progransist of an infinite
loop, this module is not necessary.

5.4.5. Expansion

This group of functions allows to control the exgian connector of mOway
robot, either to use radiofrequency (RF) commuracatbor user expansion modules.

WARNING!
Only advanced users can use the pinout configurafiay incorrect connection
of electronic elements to the expansion connecey damage the robot irreversibly.

* Module 10 - Configure

This module configures the expansion connector gsnisiputs or @
outputs and assigns a initial value for outputs. -

¢ 10 Module - Configuration | 23 |

In this module you can configure expansion ports as inputs or outputs.

Commands for mOway

Line 1 Line 2 Line 3 Line 4 Line 5 Line 6

Data Input Input Input Input Input Input

Direction | 0t Output Output Output Output Output
InitValue [On (1) | = |On (1) |=| |On(1) |=| |OF(0) |=| |On(1) |=||COn (1) | =

Image 44. Module 10 — Configuration configuration window
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* Module IO — Set Output

This module sets (on), resets (off) or toggles agpmn connector pins that are
configured as outputs.

WARNING!
“Set Output” values only can be assigned for piosfigured as
outputs, leaving other lines with “No change” vallfea value is assignec

to an input, this may damage the robot irreversibly

& 10 Module - Set Qutput | |

In this module you can set on, off or toggle expansion output ports.

Settings

Line 1 Value Line 2 Value Line 3 Value Line 4 Value Line 5 Value Line 6 Value

Cn (1) > | | Off (0) > | |Toggle = | |[Nochange] | = [No change] |= | [Mochange] | =

Image 45. Module 10 — Set Output configuration winaw

* Module 10 — Check Input

This module checks the digital value of one oféfght pins of the
expansion connector. It compares if the value efstflected pin is equal
==) or different (<>) to “on” (1) or “off” (0).

« Communicate — Start

This module configures the robot in order to esshbh
radiofrequency (RF) communication. An identificatifor the robot and
a communication channel must be selected. Forledtab
communication between two mOways, they must beigordd with the
same channel and a different identification forneae.

If the configurations is correct, the output isu&f. Otherwise, the output is
“false”.
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2 Communicate - Start | 2|

In this module you can configure communication parameters.

Commands for mOway

MowayId |1

IERIED

Communication Chanel |10

‘ v Save | ‘ % Cancel |

Image 46. Communicate — Start configuration window

* Communicate — Stop

This module stops the RF communication. It hasangt
configuration window.

« Communicate — Send

This module makes it possible to transmit a frama $pecific
address. The address of the receptor and thewdaitzh) can consists of
constants or variables, must be indicated in then&. If the sent data has
been received by the receptor, the output is “tr@gherwise the output is
“false”.

Before using this conditional, the RF communicatiaust be configured using
the "Communicate - Start" module. All the robotsig part in the RF communication
must have the same channel and different addresses.

& Communicate - Send message [ = |
In this module you can tell moway to send a message to another Moway.
Meed help?

Commands for mOway

Moway receptor Direction |1 = (0-255)
Data0 |ConstantValue ~ 5 + (p-255)
Data1 VariabData - ] : (0-255)
Data2 |ConstantValue ~ [0 = (0-255)
Data3 | Constant Value ~ [0 < (0-255)
Data 4 Constant Value - o % (0-255)
Data 5 Constant Value - o = {0-255)
DataB |ConstantValue ~ [0 = (0-255)
Data7 | Constant Value ~ [0 = (0-255)

| Vv Save | | % Cancel |

Image 47. Communicate — Send configuration window
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« Communicate — Receive

This module makes it possible to receive a fraramfa specific
address. It must be indicated at least two varsalaee for collecting the
transmitter address and the other for the dathelflata sent by the
transmitter has been received correctly, the ougptitue”. Otherwise the
output is “false”.

Before using this conditional, the RF communicatmuast be configured using
the "Communicate - Start" module. All the robotkinig part in the RF communication
must have the same channel and different addresses.

& Communicate - Receive a message | BS |
In this medule, you can tell Moway to reveice a message from
another Moway. Need help?

Commands for mOway
VariabTxer ~ = Senderdirection
VariRxed1 ~ = Datal
VariRxed2 - — Datal
[Ma Variable] - = Data2
[No Variable] - = Data 3
[No Variable] - — Datad
[No Variable] - =S Data 5
[No Variable] - — Datab
[No Variable] - =S Data 7
| Vv Save | ‘ 3 Cancel |

Image 48. Communicate — Receive configuration windo
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