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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 aanrently 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 revobniwhich 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 fiyl@amtivhat 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 progrargrare 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 aell as for those who are already
experienced and wish to perform complex collabweatobotic applications.

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

- An easy and entertaining way to learn.

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

This manual has been implemented to assist learnovg to use mOway. It
provides some basic notions on using mOway andurtstions 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 exercisescrabe 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

* Sensors and indicators group
* Power supply system

* An expansion connector

Gear
)
Encoder —

zm

mz-—o

TEMP

LIGHT.

PIC1886j50 PIC16F687

SPEAKER

mz-ozm

Encoder

Gear

. G

Image 1. Diagram of mOway'’s parts

3.1. Processor

mOways are governed by a 4 Mhz PIC18F87J50 mictoaier 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, inseead;ontrolled by one of the 12C/SPI
communication buses. The table below describesthewnicrocontroller pins are
distributed.

www.moway-robot.com
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Table 1. PIC-sensors connections

D

Pin PIC| /O] Sensor
PORTA
RAO I Light
RAl I Central left infrared receiver
RA2 I Right line sensor receiver
RA3 I Side left infrared receiver
RAS5 I Left line sensor receiver
PORTB
RB1 I First interruption of the accelerometer
RB2 I Second interruption of the accelerometer
RB3 0 Speaker
RB5 0 Top red LED
RB6 O Top green LED
PORTC
RC7 O Front LED
PORTD
RD1 0 Line sensors transmitter
RD4 I SDO signal for the SPI communication (acceleromete
RD5 0 SDI sinal for the SPI communication(accelerometer)
RD6 0 Clock sinal for the SPI communication(acceleromete
RD7 I Chip Select for the SPI communication(acceleromete
PORTE
RE5 | 0 Brake LED
PORTF
RF5 I Side right infrared receiver
RF6 I Central right infrared receiver
PORTH
RH5 I Tempreature sensor
RH6 I Battery measurer
RH7 I Microphone
PORTJ
RJ6 O Infrared transmitter
RJ7 1/C Free pad
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 elgctrpart is mainly in charge of
controlling the motor's speed and the mechanicat pow the mOway to move

unhindered over different terrains with adequategro

www.moway-robot.com
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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 e

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 propoafiazontrol 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
and when it shows the white sector the output $k&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.

www.moway-robot.com
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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.

Table 2. Processor - motor connections

Pin PIC| /O] Sensor

PORTE

REO 12C I12C clock

RE1 12C I12C data

RE7 | END_COMAND line

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
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e Speaker.

* Microphone.

* Accelerometer.
« Battery level.

PIC18f86j50

LIGHT_
SEN

SPEAKER

Image 4. Sensors and indicators group

Image 5. Top-view of mOway’s PCB

Image 6. Down-view of mOway’s PCB
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3.3.1. Line sensors

The line tracking sensors are two reflection optgpders 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 saaidn to be able to detect by using
the reflective IR beam the light reflected in teerdin.

In the images below the three possible cases cabd®ved:

1. Clear surface A white surface reflects all the infrared lighhda
therefore we obtain a low voltage reading at thedistor’'s output when

in regular mode.

Image 7. Line tracking sensor on a clear surface.

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

1 Due to CNY70 tolerance two different sensor cdfedi

www.moway-robot.com
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Image 8. 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 9. Line tracking sensor on a dark surface.

Table 3. Line tracking sensors - PIC connections

PinPIC [I/O | Sensor
PORTA
RA2 I Right line tracking sensor receiver
RA5 I Left line tracking receiver
PORTD
RD1 | a Left and right line tracking sensors transmitter

Image 10. Location of line sensors

www.moway-robot.com
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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 receivertafiure 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 11. Obstacle detection sensor

Table 4. Shock-proof sensor - PIC connections

PinPIC [l/O | Sensor

PORTA
RA1 I Central right infrared receiver
RA3 I Side left infrared receiver
PORTF
RF5 I Side right infrared receiver
RF6 I Central left infrared receiver
PORTJ
RJ7 | aQ Infrared transmitter

R

| ——

Image 12. Location of Obstacle Sensor

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

www.moway-robot.com
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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 coneedb 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 readfhg

Table 5. PIC - light sensor connection

PinPIC [1/O | Sensor
PORTA
RAO | [ Luz

rOuay

Image 13. Location of Light Sensor

3.3.4. Expansion connector

This connector allows the mOway to connect with aoynmercial 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 RtéJsb. With this module it is
possible to create complex collaboration applicetiovithout having to worry about
complicated wireless communications.

Table 6. Expansion connector connections

Pin Expa 110 PIC
Pinl | O Vce 3.3v
Pin2 | O GND
Pin3 | 1/O /PMD3/AN12/P3C RH4

/C2INC

Pin4 | 1/O/PMA5S/AN7/C2INB RF2
Pin5 | 1/0 /SCK1/SCL1 RC3
Pin6 | 1/0 /SDO1/C20UT RC5
Pin7 | 1/0O /SDI1/SDA1 RC4
Pin8 | I/O/INT RBO

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

www.moway-robot.com
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Image 14. 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

Table 7. PIC-Temperature sensor connection

PinPIC |[l/IO | Sensor
PORTH
RH5 | || Temperature sensor

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.

Table 8. PIC-Speaker connection

PinPIC [I/O | Sensor
PORTB
RB3 | a Speaker

3.3.7. Microphone

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

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

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

Table 9. PIC-Microphone connection

PinPIC [1/O | Sensor
PORTH
RH7 | || Microphone

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 acceleratiaesiar

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.

Table 10. PIC-Accelerometer connection

Pin Acce 1/10 PIC
Pin7 [ RD7
Pin8 [ RB1
Pin9 [ RB2
Pin12 [ RD4
Pin13 d RD5
Pin14 d RD6

3.3.9. Battery level

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

Table 11. PIC-Battery level connection

PinPIC |[l/O | Sensor
PORTH

www.moway-robot.com
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| RH6 | || Battery level

3.3.10. Front LED

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.

Table 12. PIC - front LED connections

PinPIC [1/O | Sensor
PORTC
RC7 | a Front LED

3.3.11. Top two-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.

Table 13. PIC-Top LED connection

PinPIC [I/O | Sensor
PORTA
RA4 | el Top red LED
PORTB
RB6 | a Top green LED

Image 15. Robot with Front LED and red LED switchedon

3.3.12. Brake LED

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

® 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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Table 14. PIC- Brake LED connection

PinPIC [1/O | Sensor
PORTE
RE5 | a Brake LED

Image 16. 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

Table 15. PIC-free Pad connection

PinPIC |[l/O | Sensor
PORTJ
RJ7 |10 | Free Pad

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,
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 llaek part of the robbt
Green LED indicates that mOway is switched on @awlLlED indicates that the battery
is charging. When the battery is full red LED velitch off.

® Advanced users only
" These LEDs can't be controlled by the user.
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Image 17. Charging (red) and switched on (green)

3.5. RF module and RFUsH

RF module allows communicate with other mOways ith WC using RFUsB’.

Image 18. RF module

RF module is connected in expansion connectortasd/ery easy to use with
mOwayGUI. The best way to start working with thedule is using an example project
provided in mOwayPack.

® 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



) Title: mOway User Manual
"%y MOWAY Rev: v2.1.0 — June 2010
Page 22 of 137

Image 19. RFUsb

The BZI-RF2GH4 radio-frequency communications module is based ln t
NRF24L01 transceptor manufactured by “Nordic Semucmtors”. 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 modutas follows:

* Low consumption.

* Working frequency: 2.4GHz,

* Transmitting power between-18 and 0 dBm,

e 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
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 developmieng tof wireless applications with
these modules.

3.5.1. Technical specifications

Table 16. Maximum Ratings

Parameter Min Max Unit
vdd -0.3 3.6 \
Vss 0 V
Data input voltage -0.3 5.25 \
Data output voltage Vss-Vdavss-vdd | V
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Power dissipation 60 mwW
Operating temperature -40 +85 °C
Storage temperature -40 +125 °C
Table 17. Specifications BZI-RF2GH4

Parameter Value Unit
Minimum supply voltage 1.9 V
Maximum supply voltage 3.6 V
Maximum power output 0 dBm
Maximum transmission speed 2000 Kbps
Current in transmission mode @ Odbm power output 131 mA
Current in reception mode@ 2000kbps 12.3 mA
Current inPower Dowrmode 900 nA
Maximum frequency of the SPI bus 8 Mhz
Temperature range -40a+85 | °C

Table 18. Pinout BZI-RF2GH4

Pins | N° Description

Vcce 1 Supply voltage of the module

Vss 2 GND

CE 3 Chip Enable

CSN | 4 | Chip Select of the SPI

SCK |5 SPI bus clock

SDI 6 Data input to the RF module of the SP1 bu©®)
SDO | 7 Data output from the RF module of the SP{M@SI)
IRQ 8 Output interruption

1 €9 R2
c

i - Y @
= N

Sr . TLtiscs 1. vee|
: 2. Vss

4 E c 3. ce |2
Tl * T
T EN— 4. CS |\

S [v el SR 5. SCK|lg;

| 6. SDI| T
— : 7. sDO|

u e, 1Re| =
[ jlemes - =] %

8" cz2 vz T1 o

Image 20. Module layout
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4. First Steps
4.1. mOway Pack installation

In mOwayPack (available in the webpage or in ttsailtation 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 stantking with mOway.
0 User manual contains detailed description of th®to

mOwayGUI software.

o0 This software controls all aspects of the robogpam download,
battery charge control, radio control, RF&smanagement and C or
assembler programs download.

Reference projects in assembler and C.
o Example projects to start working with mOway easily
RFUsb Driver

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

PC.

» MENU CD Setup
MOWAY CD MENL

-

C ing to finde different
.

Image 21. CD

1 Module not available in all kits
12 Module not available in all kits
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4.2. Download a program to mOway

Download process is always executed in mOwayGUIis Tdpplication can

download to the robot mOwayGUI, assembler (compiléth Mplab o gputils) and C
(C18 compiler) projects.

Steps to download a program to mOway:
e Connect mOway to the PC through USB. The robot mioeseed any
driver.
e Open mOwayGUI application.

* Open or create a project in mOwayGUI, or importHEX file from
assembler or C project.

e Click download bottom. If a .HEX file has been imigal 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 explainekdeméxt section.

Project to check sensors:

ASM_SEN_01: Assembler software to check sensorsstd@le sensors are
checked and if an object is detected LEDs and speake switched on. This
project uses absoluld _sen_moway.indibrary.

ASM_SEN_02 : Assembler software to check sensofsstddle sensors are
checked and if an object is detected LEDs and speake switched on. This
project uses relocatablie_re_sen_moway.indibrary.

C_SEN_01 : C18 software to check sensors. Obssadsors are checked and if
an object is detected LEDs and speakers are swlitmhe

Project to check drive system:

ASM_MOT_01:. Assembler software to check drive gysteDifferent
movements of mOway are executed. This project ussEssolute
lib_mot_moway.inclibrary.

ASM_MOT_02: Assembler software to check drive gsysteDifferent
movements of mOway are executed. This project usekcatable
lib_re_mot_moway.inclibrary.

C_MOT_01: C18 software to check drive system. Dgf¢ movements of
mOway are executed.

Projects to check RF module:

» ASM_RF_01: Assembler software to check RF modulendS data to
channel 0x40 and address 0x02 every 2 sec. Thiggbrases absolute
lib_rf2gh4.inc library.

www.moway-robot.com



) Title: mOway User Manual
"%y MOWAY Rev: v2.1.0 — June 2010
Page 26 of 137

ASM_RF_02: Assembler software to check RF modulendS data to

channel 0x40 and address 0x02 every 2 sec. Thjsgbroses relocatable
lib_re_rf2gh4.inc library.

ASM_RF_03: Assembler software to check RF modulakd&s robot work

as a repeater. Reception without interruption. sTjmoject uses absolute
lib_rf2gh4.inc library.

ASM_RF_04: Assembler software to check RF modulakd&s robot work

as a repeater. Reception without interruption. Trigect uses relocatable
lib_re_rf2gh4.inc library.

C_RF_01: C18 software to check RF module. Sends athannel 0x40

and address 0x02 every 2 sec.

C_RF_02: C18 software to check RF module. Makestraliork as a

repeater. Reception without interruption.

First projects:

« mOway_first_project ASM: Assembler project explainen this manual.
mOway avoids obstacles rotating 180°.

« mOway first_project C18: C18 project explained st manual. mOway
avoids obstacles rotating 180°.

4.3.

RFUsb instalation

« This is a device that allows to communicate theaR@E 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 timeption.

* 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

') If your hardware came with an installation CD
<4z or floppy 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 22. Driver installation Wizard
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* Now the installation process will begin.

Found New Hardware Wizard

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

&

e Mowsy RF-USB

=7 7
libusb0.dil
A CAWINDOWS \systemn32

Image 23. Windows xp driver installation

* Assistant will then indicate that the hardwarenstalled.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for

< Moway RF-USE

Click Finish to close the wizard.

Image 24. Driver installed in Windows xp

» Check if Moway's software has detected the RFUsb

4.4. RF modules

RF modules are very useful tool to introduce RFceph
These are the steps to start working with them:
* Connect RF modules into the expansion connectagckCthat the

module is fully connected.
* Connect the robot to the PC through the USB cable.
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*  Open mOwayGUI.

* OpenmOway_RF_senproject included in the pack.
* Click the Program bottom.

» Disconnect and switch the robot on.

* Configure RFUsb module using RF window of mOway®\ith cannel
0x00 and address 0x01.

* Check receiving data in mOwayGUI.

RF

Ad  Channel
05 | |00 Can Dig

dir:02: [16:42:16:625)data:
00000 00 00 00 00 00 00

dir:02: [16:42:14:625)data:
00 00 00 00 00 00 00 g
dir:02: Me:42:12:6251data: V

0o | |00 0o 0o
0o | |00 0o 0o

Sen | Ad |00

Image 25. RF window
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5. Programming mOway in assembler

Microchip’'s MPLAB IDE is the most widely used PIC igrocontroller
programming environment (as Microchip also manufias these microcontrollers). It
basically uses assembly language, but other larguegn also be added. Thanks to it
source code can be compiled and hexadecimal fil#sX) generated. This compiler
can be downloaded, free of charge, from Microchyfy'sbsite.

mOwayPack offers sensor, motor and RF module magddiraries written for
MPLAB.

Summary:
* Very interesting to learn assembly language progreng (low level language).
* Ideal for large code size programs. Indispensalde dritical response
timeframes.

5.1. Creating a project

Use the MPLAB IDE Project Wizard to create thetfproject quickly.

* MPLAB IDE vB.33 =059
Filz Edit “iew L " Programmer T?o!s Configure Window Help
| o= b2l

| Checksum

B Untitled

Set Active Project

Guickbuild {no .asm filg)

Build Configuration
Build Options,..

Remave File From Project

Select Language Toolsuite, .,
Set Language Tool Locations...
Wersion Contral,..

Lgeelt

| FIC1BF2550 | ‘novzdoc |

Image 26. Project Wizard
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1. First select the PIC installed in mOway: PIC18F&6J5

| Project Wizard

Step One:
Select a device

Device:

[ < Abraz ” Siguiente>] [ Cancelar ] [ Apuda ]

Image 27. PIC selection

2. Then select the assembly tool: MPASM.

Project Wizard

Step Two:
Select a language toolzuite

Active Toolsuite: | Miciochip MEASHM Toolsuite

Toolzuite Contents

] ] w5 31 |
FPLIME Dh|ect Llnker [mpllnk e:-:e] wd, 3‘] [
MPLIE Librarian [mplib.exe] |

Lozation
{C:dchivos de programatMiciochiptPAS M Suite \MPASMWIN exe | [ Biiiiias, ]

[] Stare tool locations in project

[ Help! My Suite lsn't Listed! ] [] Shiow all installed toolsuites

[ < Atraz “ 5iguiente>] I_ Cancelar ] [ Auuda

Image 28. Tool selection
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3. In step three enter the project’s name and location

Project Wizard

Step Three: Eﬁ‘
Create a new project, or reconfigure the active project? /é'::}

(#) Create Mew Project File

hri0 projusS b smDway_first_project_a5h\wm0way_first_project

[ < Atras ” Siguiente>] [ Cancelar ] [ Ayuda

Image 29. Select name and folder

4. In the next step the mOway libraries which contliffierent features of the robot are
added to the project.

Project Wizard

Step Four: Eﬁ
Add existing files to wour project /{C:i}
=] A5M_SEN_D1 -~ lib_rot_mowaag inc

AS_SEM_01.mcp ib_sen_maoway.in:
ASM_SEM_01.mcs
AS_SEM_0T.mew
lib_sen_moway.inc
b i, asm
b air. cof
b it et
b ain HE
b ain. st
b air. map
2 Main.0 o
< > <

[ < Atrds ” Siguiente>] [ Cancelar ] l Ayuda

Imagen 30. Select mOway libraries
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5. With the steps above the project will now be créatbe next step is to create a
.ASM file for the source code.

Project Wizard

Summary

Click “Finizh' to create/configure the project with these
parameters.

Project Parameters
Device:  PIC18FEEJE0
Toolsuite:  Microchip MPASM Tooksuite

File: C:\Moaway_first_project. mep

A new work zpace will be created, and the new project added
to that work zpace.

[ £ Alraz ” Finalizar ] [ Cancelar ] ’_ Augda

Image 31. Wizard ends

6. The next step is to open the project and crea@nafie (New Fil§ saving it in the
same folder of the project &ain.asm This will be our source file.

r.

Guardar como

Guardar en: | |3 Moway_first_project

[ poem #
[Z] lib_rot_raoisay.inc

| l‘if] lib_sen_moway.inc

Marnbre: _Malnasm _| | Guardar |

Tipir E.f-‘-.ssemblyﬁaurce Files [*.asm;" az;".inc;" 2] v| [ Cancelar ]

Jump ta: r

Encoding: | &NSI v

[ &ddFile Ta Project

Image 32. .ASM creation
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7. Finally, the source file is added to the projectemsingProject/Add Files to
Project...

Yy Moway_first_project - MPLAB IDE ¥8.33 - Moway first_projeci.mcw ’:”EHZ'
File Edit View Project Debugger Programmer Tools Configure  SWindas Elp

D@ mE | fHs A8 2| [bow VisHBeO® Saal

J Checksum: 0x8358

B Moway_first_project.mow g@lz‘

e Mot mioay.inc
- (22 Objet Files
Library Files
[ Linker Script
- [0 Otteer Files

Files ]ﬂ: Symbols

| PIC1EFZ550

Image 33. Project with .ASM

5.2.  First program in assembler

To generate the first program a project has torbated first (previous chapter).
This first basic program will enable the mOway woid obstacles. (Absolute code)

1. First the list p=18F86J50 PIC installed in mOways hta be added to the
Main.ASM file.

2. It is also necessary to include into the projedddo the library for this
microcontroller which can be found at the MPLABtalktion directory or in
mOway'’s pack testing programs. Once this librargapied to the folder enter:
#include "P18F86J50.INC" in the Main.ASM file.

3. The next step is to add the starting (0x102A) esexktting (0x1000) vectors,

and to include the mOway libraries.

INIT and MAIN labels are added to create a loop.

Next, the SEN_CONFIG function is called to configuhe microcontroller’s

inputs and outputs.

Add winking to one of the LEDs.

Test the program on mOway programming it in mOway@kd verify that the

green LED blinks.

ok

~N o
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list p=18F&86350
:* PIC register definition
#include "P18FS6350. INCT
;%  Reset wveotor

org Ox1000

goto IMIT
;%  Program memory

org Ox102h

PR EE R R R A A A A A EEEEREENANNNST [ MOWAT LIBRARY] S A A A A A A A A A A AR A AR AN A AN A A A A

#include "lih sen moway.inc™
l:*************##**1:1€1€********ﬂ'ﬂ'ﬂ'ﬂ'#1f#***1€1:************###*************ﬂ'ﬂ'*f

INIT
sMicrocontroller configuration to use the sensors
call SEN_CONFIG
sizreen LED blink
call LED ToP GREEN COM OFF
;ﬁﬁﬁﬁﬁﬁﬂﬂﬁwﬁwfﬁwwﬁﬁﬁﬁﬁﬁﬁﬁﬁ'ﬁ'ﬁ'ﬁ'w[HAIN PROGRAH] il el

HATN

goto MATM

'-‘?f‘k‘k‘kﬂ'##ﬂ'###1{1{1{1{1{***‘k‘k‘k‘k‘k#ﬂ'###1{1{1{1{1{1{**‘k‘k‘k‘k‘k‘kﬂ'#######*********‘k‘k‘k####?

END

Image 34. First program: configuration and LED

8. To detect obstacles call up the SEN_OBS_DIG functwth OBS_CENTER_L
parameter, in infinite loop, which will inform ohé presence of an obstacle
through the SEN_OBS variable.

9. If it detects an obstacle the front LEDs light up.

10.Test the program on mOway and verify that the LE®#ch on when an object
is placed close to the front part of the mOway.
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Tist p-10FD6350
;% PIC register definition
ginclude "P18FSa350. INC™
;% PReset wector

org Ox1000

goto INIT
;% Program memory

arg Ox10Z4h
;ﬁ##w#ﬁﬁﬁ##w*ﬁﬁ##w#ﬁﬁﬁ‘ﬁ"ﬁ'?f?fﬂ'?f[HO'[JAY LIBRARY] b ol Bl el el O el o
#include "lib =en moway.inct
;7;ﬂ"ﬁ'?f?fﬂ'?fﬁ'ﬁ"ﬁ'wﬂ'ﬁ'7;##w#ﬁ'ﬁﬁ##w#ﬁﬁﬁ##w*ﬁﬁ##w#ﬁﬁﬁ‘ﬁ"ﬁ'?fﬂ'ﬂ'?fﬂ"ﬁ"ﬁ'wﬂ'ﬁ'ﬁ##w#ﬁﬁﬁ##wﬁﬁﬁ##w#ﬁ?
INIT

sMicrocontroller configuration to use the sensors

call kEN conFIc

sigreen LED blink

call LEDr ToOP GREEN ON OFF

_:wwﬁx-a--mrwwxwwwwwﬁxwwwwwﬁxw-mrww[HAIN PROGRAH] Ea i e i e e e i e e e i
MATN

;Check central left obstacle sensor

mov 1w OBES CENTER L

movwE SEN CHECE CBE3

call SEN OBS DIG

;If a ohstacle is detected robot awvoids it

htfsc SEN OES,0

call LED _FRONT QN

htfss SEN_OES,0

call LED_FRONT CFF

goto MATH
goto MATI

;wwwxwwwwwxw-mrwwwxw-mrwa-ﬁxwwwwwxxwwwwwxwwwwwxwwwwwwxwwwwwwxwwwwwxwwwwwv

Image 35. First program: detecting obstacles

11.We then add movement to the robot: unrestrictedigitt command until it
encounters an obstacle.

12.lib_mot_asm.inc is added to the project.

13.MOT_CONFIG is called to be able to use Diver system

14.Go straight on the first time.
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list p=18F86350
;% PIC register definition
finclude "PLSFS6350. INC™
;% Reset wvector

org Ox1000

goto INIT
;% Program memory

org Ox10Z &k

:**************#*****#*****#[HOUAY LIBRARY]**#***********************************
finclude "lib sen mwoway.inc'

finclude "lib mwot mMOWaY.inc'™
:**ﬁ##**ﬁﬁ#***ﬁ#****ﬁ#****ﬁ#****ﬁ#***ﬁﬁ##**ﬁ##***ﬁ#****ﬁ#****ﬁ#****ﬁ#***ﬁ###**ﬁ#*

INIT
;Microcontroller configuration to use the sensors
call SEN_CONFIG
;Microcontroller configuration to use the engines
call MOT CONFIG
;Green LED bhlink
call LED_TOF_ GREEN OMN OFF

;?ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁ??ﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁ[HAIN PROGRAH]ﬁﬁﬁ??ﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬁ?

;3traight on 50% speesd

mov 1w .50
movwE MOT VEL
movlwr .0
movwE MOT T DIST LNG
bsf MOT COM, FUDBACE
bst HOT _CCH, COMTYFPE
call HOT STR

MATN

;Check central left ckstacle sensor

mov i OBS_CENTER_L
mownrE SEN CHECE OBS
call SEN_OBS_DIG

Image 36. Configuration and first movement

15.When it encounters an obstacle a command is sentdte 180° and the top red
LED lights up (the front LEDs will not operate). &mobot will wait until this
command has ended and will then continue moviraagtit forward.
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MAIN
;Check central left obhstacle sensor
mov 1w 0OB3 CENTER L
movwE SEN CHECE OE3
call SEN_OBS_DIG
;If a ohstacle is detected rokot avoids ic
htfsc SEN_OBS,0
goto OB3_DETECT
htfss SEN _OBES,0
call LED_FRONT_OFF
goto MaATM
OBS_DETECT
call LED_FRONT_ OHM
;Botate 150° at 20% speed
mov 1w .20
movwE HOT VEL
mov 1w .50
movwt MOT_T_DIST ANG
mov 1w O=01
movwE HOT CENWHEEL
hef MOT_CoON, FUDEACK
het MOT_CoMN, COMTYPE
hef MOT_CON, RL
call MOT_RoOT
;WMait until comand finishes
call MOT _CHECE END
;S3traight on 50% speed
mov 1w .50
movwt MOT_VEL
mov 1w .0
movwt MOT_T_DIST ANG
hsf MOT_CON, FUDEACKE
hsf MOT_CoON, COMTYPE
call HOT _3TR
goto MaATM
:ﬂ'**ﬂ'*ﬁ**ﬂ'#*ﬂ'*ﬁﬁ'ffﬂ'**ﬂ'*ﬁﬁ'ffﬂ'**ﬂ'*ﬁﬂ'*ﬂ'#*ﬂ'*ﬁﬂ'*ﬂ'**ﬂ'ffﬁﬂ'*ﬁ*1;ﬂ'ffﬁ#*ﬁ#*#*ﬁ#*ﬁ**ﬁ*ﬁ#*ﬁ#**

Image 37. . First program: detecting obstacles nwing

This project is included in the mOway pack.

5.3. Libraries
5.3.1. mOway’s sensors library in assembly language

There are two libraries in assembly language wrdah be included in any
mOway project and allow the user to control thesses with ease. Both are identical
except that one of them can relocate the codelagadriables (using the MPLAB IDE
projects).
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It is essential to understand that every time ation library is called up it uses
an additional call stack level. This means thdeast two call stack levels must be free
before calling one of these functions to avoid exro

5.3.1.1. Description

The library includes a series of functions in cleaof reading the data provided by
the robot’s sensors. They configure the input antpwt ports, the microcontroller's
ADC and the luminous indicators.

5.3.1.2. Variables

SEN_STATUS

This read-only variable checks the validity of teta returned by the sensors.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Unused | Unused | Unused | Unused | Unused | Unused | DWRONQ@Q SENOK

Bit 7-2: Unused

Bit 1: DWRONG: shows if input data is correct.
1 = Incorrect data.
0 = Correct data.

Bit O: SENOK: shows if the sensor has been read correctly.

1 = Correct reading. Valid output data.
0 = Incorrect reading. Invalid output data.

SEN_ACCE_TAP

Read-only variable that shows if SEN_CHECK_ACCE_TiRction detects one
or two taps.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Unused | Unused | Unused | Unused | Unused | Unused | TAP_TAR TAP

Bit 7-2: Unused

Bit 1: TAP_TAP: shows if double tap is detected
1 = Double Tap detected
0 = Double Tap not detected
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Bit O: TAP: shows if tap is detected
1 = Tap detected
0 = Tap not detected

SEN_CHECK_OBS

This write-only variable shows which sensor mustdsal by obstacle functions.

Table 19. Allowed values for SEN_ CHECK OBS

Define Value
OBS CENTER L 0
OBS_SIDE L 1
OBS_CENTER R 2
OBS SIDE_R 3

SEN_CHECK_ACCE

This write-only variable shows which axis must beead by
SEN_ACCE_XYZ_READ function.

Table 20. Allowed values for SEN CHECK ACCE

Define Value
ACCE_CHECK_ X 0
ACCE_CHECK_Y 1
ACCE_CHECK Z 2

SEN_CHECK_LINE

This write-only variable shows which sensor mustdaal by line functions.

Table 21. Allowed values for SEN_ CHECK_LINE

Define Value
LINE_L 0
LINE_ R 1

SEN_SPEAKER_ON_OFF

This write-only variable shows if speaker have uenton, turn off or play an
amount of time.
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Table 22. Allowed values for SEN  SPEAKER_ON_OFF

Define Value

SPEAKER OFF 0

SPEAKER_ON 1

SPEAKER_TIME 2
SEN_LIGHT_ P

This variable records the percentage of light reeghhe light sensor. It is
updated every time the SEN_LIGHT function is called

SEN_BATTERY_P

This variable records the percentage of the batexsl. It is updated every time
the SEN_BATTERY function is called.

SEN_TEMPERATURE_C
This variable records the value of the temperatuf€. It is updated every time
the SEN_TEMPERATURE_C function is called.
SEN_MIC

This variable records the value of the microphoriee data will be digital or
analog depending on the updating function: SEN_NIIG and SEN_MIC_ANALOG.

SEN_SPEAKER_FREQ

This variable records the value of the frecuenegwieen 250 Hz and 65 KHz, to
create the tone.

SEN_SPEAKER_TIME
These variable records the time the speaker modttbe tone.
SEN_OBS

This variable stores the value of the obstacle@ef@EN_CHECK_OBS). This
value is updated when SEN_OBS_DIG or SEN_OBS_ANg&LiOnctions are called.

SEN_ACCE

This variable stores the value of the accelerafltve axis is selected by
SEN_CHECK_ACCE. This value is updated when SEN_KECXYZ_functions is
called.
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SEN_ACCE_TAP

This variable recordd mOway has been taped. It is updated every tihee t
SEN_ACCE_CHECK_TAP function is called up.

SEN_LINE

This variable stores the value of the line sen&EN_CHECK_LINE). This
value is updated when SEN_LINE_DIG or SEN_LINE_AN2G functions are called.

5.3.1.3. Functions

A series of functions to control mOway’s sensord BBD diodes are included in
the lib_sen_moway and lib_re_sen_moway libraries.

Below is a brief description of each one of thasefion.

Table 23. ASM function summar
INEE Input variable Output variable Description

SEN CONFIG - Configured to use the
B Sensors.
SEN_LIGHT - SEN_LIGHT_P Reads light sensor valugs.
SEN_BATTERY - SEN_BATTERY_P Returns the battery leve|.
SEN TEMPERATURE - SEN_TEMPERATURE_C| Detects the temperaturg in
— °C.
SEN_MIC_ANALOG - SEN_MIC Detects sound intensity.
SEN MIC DIG - SEN_MIC Detects if there is sound
- = or not.
SEN SPEAKER SEN_SPEAKER_FREQ - Emits tones in 9§
- SEN_SPEAKER_TIME frequency between 250
SEN_SPEAKER_ON_OFH Hz and 65 KHz.
SEN OBS DIG SEN_CHECK_OBS SEN_OBS Detects obstacles
— — SEN_STATUS
SEN OBS ANALOG SEN_CHECK_OBS SEN_OBS Detects the distance to
B B SEN_STATUS obstacles
SEN ACCE XYZ READ SEN_CHECK_ACCE SEN_ACCE Calculates the X,Y,Z axe$
B B - SEN_STATUS acceleration of mOway.
SEN ACCE CHECK TAP - SEN_ACCE_TAP Detects if mOway has
— — _ SEN_STATUS been taped.
SEN LINE DIG SEN_CHECK_LINE SEN_LINE Detects dark zones (blac
- - SEN_STATUS lines)
SEN LINE ANALOG SEN_CHECK_LINE SEN_LINE Detects surface colors
— ~ SEN_STATUS
LED BRAKE_ON - - Brake LED on
LED_FRONT_ON - - Front LED on
LED _TOP_RED_ON - - Top red LED on
LED TOP_GREEN_ON - - Top green LED on
LED_BRAKE _OFF - - Brake LED off
LED_FRONT_OFF - - Front LED off
LED TOP_RED OFF - - Top red LED off
LED TOP_GREEN_OFF - - Top green LED off
LED BRAKE ON_ OFF - - Brake LED blink
LED FRONT_ON_OFF - - Front LED blink
LED TOP_RED ON_OFF - - Top red LED blink
LED TOP_GREEN_ON_OFH - - Top green LED blink

www.moway-robot.com



Title: mOway User Manual
"'Ow‘jy MOWAY Rev: v2.1.0 — June 2010
Page 42 of 137

SEN_CONFIG

This function configures the inputs and outputsunegyl to manage the sensors
and initialize the variables.

Table 24. PIC-sensor connections

Pin PIC| /O Sensor
PORTA
RAOQ I Light
RAL I Central left infrared receiver
RA2 I Right line sensor receiver
RA3 I Side left infrared receiver
RA5 I Left line sensor receiver
PORTB
RB1 I First interruption of the accelerometer
RB2 I Second interruption of the accelerometer
RB3 0 Speaker
RB5 0 Top red LED
RB6 ©) Top green LED
PORTC
RC7 O Front LED
PORTD
RD1 0 Line sensors transmitter
RD4 I SDO signal for the SPI communication (acceleromete
RD5 0 SDI sinal for the SPI communication(accelerometer)
RD6 0 Clock sinal for the SPI communication(acceleromete
RD7 I Chip Select for the SPI communication(acceleronete
PORTE
RE5 | 0 Brake LED
PORTF
RF5 I Side right infrared receiver
RF6 I Central right infrared receiver
PORTH
RH5 | Tempreature sensor
RH6 I Battery measurer
RH7 I Microphone
PORTJ
RJ6 O Infrared transmitter
RJ7 1/C Free pad

SEN_LIGHT
Output variables
SEN_LIGHT_P | Percentage of ambient light.

The SEN_LIGHT function captures the analog valueegated by the inciding
light on the photo-transistor. To achieve thisdallthese steps:

» Activate the ADC.
* Wait for the data acquisition process to end (1R0us
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* Read the analog value.

» Calculate the inciding light percentage based eratimlog voltage
measurement.

e This information is then copied to the SEN_LIGHTva&iable.

SEN_BATTERY

Output variables
SEN_BATTERY P | Percentage of battery level.

The SEN_BATTERY function captures the analog vatiethe battery”. To
achieve this, function follows these steps:

» Activate the ADC.

* Wait for the data acquisition process to end (1R0us

* Read the analog value.

e Calculate the battery level percentage based oartalg voltage measurement.
* This information is then copied to the SEN_BATTERPYvariable.

SEN_TEMPERATURE

Output variables
SEN_TEMPERATURE_ C | Temperature in °C.

The SEN_TEMPERATURE function captures the analogevgéhat depends on
the temperature captured by the thermiétoFo achieve this, function follows these
steps:

* Activate the ADC.

e Wait for the data acquisition process to end (1R0us

* Read the analog value.

» Calculate temperature based on the analog voltagesunement.

* This information is then copied to the SEN_TEMPERJRE_C variable.

SEN_MIC_ANALOG

Output variables
SEN_MIC | Sound Intensity.

3 The output value can differ from mOwayGUI.
4 Sensor measures mOway's temperature which caifféxedt from ambient temperature.
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The SEN_MIC_ANALOG function captures the analogueaihat depends on the
sound intensity from the microphone. To achievs, thinction follows these steps:

» Activate the ADC.

e Wait for the data acquisition process to end (1R0us

* Read the analog value.

* This information is then copied to the SEN_MIC ahie.

SEN_MIC_DIG

Output variables
SEN_MIC | Indicates if there is sound or not.

The SEN_MIC_DIG function indicates if there is sduor not. To achieve this
function follows these steps:

» Check if there is sound in the microphone.
* This information is then copied to the SEN_MIC ahie.

SEN_SPEAKER

Input variables
SEN_SPEAKER_FREQ Sound frecuencia (see table).
SEN_SPEAKER_TIME Time.
SEN_SPEAKER_ON_OFF On, off or time.

The SEN_SPEAKER function emits tones in a frequeretyveen 250 Hz and 65
KHz. SEN_SPEAKER_ON_OFF is going to say if we wemswitch on, switch off or
activate the speaker an amount of time (100msvakex. To achieve this, function
follows these steps:

*  PWM on with frequency SEN_SPEAKER_FREQ and 50%utb{.d
* If SEN_SPEAKER_ON_OFF is SPEAKER_TIME(2) functiomite until
command finishes.

Table 25. Allowed values for SEN  SPEAKER ON_ OFF

Define Value
SPEAKER_ OFF 0
SPEAKER ON 1
SPEAKER_TIME 2
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Table 26. SEN_ SPEAKER FREQ vs PWM frequenc

PWM frequency
SEN_SPEAKER_FREC( Hz
0 0,0000000
10 5681,8181818
20 2976,1904762
30 2016,1290323
40 1524,3902439
50 1225,4901961
60 1024,5901639
70 880,2816901
80 771,6049383
90 686,8131868
100 618,8118812
110 563,0630631
120 516,5289256
130 477,0992366
140 443,2624113
150 413,9072848
160 388,1987578
170 365,4970760
180 345,3038674
190 327,2251309
200 310,9452736
210 296,2085308
220 282,8054299
230 270,5627706
240 259,3360996
250 249,0039841
255 244,1406250

SEN_OBS_DIG

Input variable

SEN_CHECK_OBS |

Which sensor must be read

Output variable

SEN_OBS |

Indicates if there is obstacle or not.

Output

SEN_STATUS: SENOK
DWRONG
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This function indicates if the obstacle is situatedthe right front side or on the

left front side. To achieve this function followsese steps:

Ensure that there is no noise source interfereatmd sending the infrared light
pulse.

Emit the infrared light pulse to detect obstaclgss light-beam will be

reflected back if there is any existing obstacle tins signal will be perceived
by the infrared receiver.

Check for any eventual signals from the four IRereers.

Copy the digital receiver’s value to the outputiailes.

Deactivate the infrared diode.

Check for interfering signals.

If there is no signal interferences and the prodesglops normally the SENOK
flag is activated.

Table 27. Allowed values for SEN CHECK OBS

Define Value
OBS CENTER L 0
OBS_SIDE L 1
OBS CENTER_R 2
OBS SIDE_R 3

SEN_OBS_ANALOG

Input variable

SEN CHECK_ OBS | Which sensor must be read
Output variable
SEN_OBS | Indicates if there is obstacle or not.
Output
SEN_STATUS: SENOK
DWRONG

This function indicates if the obstacle is on tlght front side or on the left front

side and its distance from the robot. To achieigeftilow the steps indicated below:

Ensure that there is no noise source interferelpefse you send the infrared
light pulse.

Emit the infrared light pulse to detect obstacles.

Activate the ADC.

Check for any possible signals from the four IRereers.

Copy the analog receiver’s value to the outputaldes. The higher the value
the shorter the distance will be.

Deactivate the infrared diode.
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» Check for interfering signals. If there is no sigméerferences and the process
develops normally the SENOK flag is activated.

Table 28. SEN CHECK_ OBS allowed values

Define Value
OBS CENTER L 0
OBS_SIDE L 1
OBS CENTER R 2
OBS_SIDE R 3

SEN_ACCE_XYZ_READ

Input variable

SEN_CHECK_ACCE

| Which axis must be read

Output variable

SEN_ACCE

| Acceleration value

Output

SEN_STATUS: SENOK
DWRONG

SEN_ACCE_XYZ_READ returns the acceleration of tlobat in the 3 axes.
Resolution is £0.0156G/bit. Value 0 is -2G and &53G.

Image 38. Accelerometer axes

« Communication between microcontroller and acceletemis SPI.

¢ Command is sent to change the mode of the acceéteoto “measure”.
* Function waits until the value is calculated.

* Value is read.

* Change the mode to “tap detection”.

Table 29. SEN_ CHECK_ACCE allowed values.

Define

Value

ACCE_CHECK_X

0

ACCE_CHECK_Y

1

ACCE_CHECK_Z

2

SEN_ACCE_CHECK_TAP
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MOWAY

Output variable

SEN_ACCE_TAP |

Detects taps

Output

SEN_STATUS: SENOK
DWRONG

Accelerometer detects taps.

Communication between microcontroller and acceletemis SPI
Checks if “tap interrupt” has been detected
SEN_ACCE_TAP value is changed.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Unused | Unused | Unused | Unused | Unused | Unused | TAP_TAR TAP
Bit 7-2: Unused
Bit 1: TAP_TAP: shows if double tap is detected
1 = Double Tap detected
0 = Double Tap not detected
Bit O: TAP: shows if tap is detected
1 =Tap detected
0 = Tap not detected
SEN_LINE_DIG

Input variable

SEN_CHECK_LINE |

Which sensor must be read

Output variable

SEN_LINE | Digital value of the sensor
Output
SEN_STATUS: SENOK
DWRONG
The SEN_LINE_DIG function indicates whether thess®e are or are not on a

dark surface. To achieve this follow the stepsdatéid below:

Emit the infrared light pulse to detect the lindisTlight-beam will be reflected
back if the line is detected and this signal wélferceived by the infrared
receiver.

Wait for the data acquisition process to end (960 u

Read the sensor.

www.moway-robot.com




) Title: mOway User Manual
"%y MOWAY Rev: v2.1.0 - June 2010
Page 49 of 137

Copy the value to the SEN_LINE variable. If thefage is dark (no light is
reflected) the variable will return a'1’ value.

Table 30. SEN CHECK LINE allowed value

Define Value
LINE_L 0
LINE_R 1
SEN_LINE_ANALOG
Input variable
SEN_ CHECK_LINE | Which sensor must be read
Output variable
SEN_LINE | Analog value of the sensor
Output
SEN_STATUS: SENOK

DWRONG

The SEN_LINE_ANALOG function indicates the light flected in the

optocoupler¥. To do this follow the steps indicated below:

Emit the infrared light pulse to detect the lindisTlight-beam will be reflected
back if the line is detected and this signal wélerceived by the infrared
receiver.

Wait for the data acquisition process to end (9R0us

Read the sensor.

Copy this value to the SEN_LINE variable. The higte values the darker will
the surfaces be.

Table 31. Allowed values for SEN CHECK LINE

Define Value
LINE_ L 0
LINE_R 1

LED_BRAKE_ON

This function switches on the brake LED.

LED_FRONT_ON

This function switches on the front LED.

LED TOP_RED_ON

15 Due to tolerance two different sensors can difiem each other.
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This function switches on the red LED.
LED _TOP_GREEN_ON

This function switches on the green LED.
LED BRAKE OFF

This function switches off the brake LED.
LED _FRONT_OFF

This function switches off the front LED.
LED TOP_RED OFF

This function switches off the red LED.
LED TOP_GREEN_OFF

This function switches off the green LED.
LED BRAKE_ON_OFF

Blink brake LED.
LED_FRONT_ON_OFF

Blink front LED.
LED TOP_RED ON_OFF

Blink red LED.
LED TOP_GREEN_ON_OFF

Blink green LED.

5.3.2. mOway’s motor library in assembly language

There are two libraries in assembly language wrdah be included in any
mOway project and which allow the user to easilytod the drive system. Both are
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identical except that one of them can relocatectiae and the variables (by means of
MPLAB IDE projects).

It is essential to understand that every time atfon library is called up it uses
three additional call stack levels. This means #tdeast four call stack levels must be
free before calling one of these functions to aveidrn errors.

5.3.2.1. Description

The library includes a series of functions in cleaof sending 12C commands to
the Drive System, which will be responsible for toliing the motors and therefore
releasing the main microcontroller so it can cauy other tasks.

Communications with the motor module are condugtadhe 12C protocol. Any
microcontroller with this kind of communications nc&ontrol the motors; use the
libraries in assembly. The format for the Drivings&m [2C frame can be observed in
the following illustrations. Each of these framasts approximately 350 us.

Image 39. Command format: MOT_STR, MOT_CHA_VEL

Image 40. Command format: MOT_CR, MOT_ROT

Image 41. Command format: MOT_STOP, MOT_RST

Image 42. Command format: MOT_FDBCK

5.3.2.2. Variables
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MOT_STATUS

A register that shows the command’s status.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Unused | Unused | Unused | Unused | Unused | Unused | DWRONG | COMOK
Bit 7-2: Unused
Bit 1: DWRONG: Appears if data is incorrect.
1 = Incorrect data.
0 = Correct Data.
Bit O: COMOK: Appears if the command has been sent correctl Gy
1 = Correct dispatch.
0 = Incorrect dispatch.
MOT_CON

Control register. This register defines commandpesters.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
Unused| Unused| Unused| Unused| Unused| COMTYPE | RL FWDBACK
Bit 7-3: Unused
Bit 2: COMTYPE: Type of command.
1=Time.
0 = Distance or angle (in MOT_ROT).
Bit 1: RL: Right or Left
1 = Right.
0 = Left.
Bit O: FWDBACK: Forward or backwards.
1 = Forward.
0 = Backwards.
MOT_VEL

Desired command speed.
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MOT_T_DIST_ANG

According to the COMTYPE and command values, théab&e will be the time,
the distance or the angle.

MOT_CENWHEEL

Rotate on the robot’s center or on one of the wheel
MOT_RAD

Radius for the MOT_CUR command.
MOT_RST_COM

Type of reset desired.

MOT_STATUS_COM

Type of motor data to be read.
MOT_STATUS_DATA_0-1

These two variables store the value required byted FDBCK function.

5.3.2.3. Functions

A series of functions designed to control mOway'lwal system are included in
the lib_mot_moway and lib_re_mot_moway libraries.

Table 32. Summary of assembly languague functionserflib_mot _mowa

Return Description
MOT_CONFIG - - Configuration to
- communicate with the
motors
MOT STR MOT_VEL MOT_STATUS A command to move in a
- MOT_T_DIST COMOK straight line
DWRONG
MOT_CON
FWDBACK
COMTYPE
MOT CHA VEL MOT_VEL MOT_STATUS A command to change the
- - MOT_T_DIT COMOK speed of a motor
DWRONG
MOT_CON
FWDBACK
COMTYPE
RL
MOT ROT MOT_VEL MOT_STATUS A command to rotate the
- MOT_CENWHEEL | COMOK robot
MOT_T_ANG DWRONG
MOT_CON
FWDBACK
COMTYPE
RL
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MOT CUR MOT_VEL MOT_STATUS A command to execute a
- MOT_RAD COMOK curve
MOT_T_DIST DWRONG
MOT_CON
FWDBACK
COMTYPE
RL
MOT STOP - MOT_STATUS A command to stop the robqt
- COMOK
DWRONG
MOT_RST_COM MOT_STATUS A command to reset the
MOT_RST COMOK temporary variables for time|
DWRONG and distance
MOT EDBCK STATUS_COM MOT_STATUS_ A command to determine the
- DATA O motor’'s status
MOT_STATUS_
DATA_1
MOT_STATUS
COMOK
DWRONG
MOT_CONFIG

This function configures the inputs and outputs tee microcontroller can
communicate with the Drive System.

Table 33. Pic-drive systetonnections

PinPIC |[I/O | Sensor
PORTE
RE7 || Indicates when the motor ends the

command.
SCL of the 12C protocol
SDA of the 12C protocol

REO
RE1

Qlo

Port RE7 indicates the end of a command. Thisipdabeled as MOT_END in
the library.

Example:

;Straight forward at 100% speed for 10 secondsr{is00 100)

;Nothing is done until the command has ended
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MOT_CHECK_END function also can be used.

MOT_STR
Input
MOT_VEL Desired speed 0 100
MOT_CON, FWDBACK Movement direction 1-FWD 0-BACK
MOT_CON, COMTYPE Type of command 1-TIME 0-DIST
MOT_T_DIST Time value 0 255
Distance value 0 255

Output variables

FLAGS MOT_STATUS: COMOK and DWRONG

Command to move in a straight line. You will hagespecify speed, direction,
type of command and the time or the distance tetrd he time has a resolution of 100
ms and the distance of 1mm and with a value oftOrmed by MOT_T_ DIST the

command shall be maintained until another ordepexified.

Example:

;Straight ahead at 100% speed during 10 secon@sd& 100)

;Straight backwards at 15% speed 100mm (1mm x 100)

MOT_CHA_VEL

Input
MOT_VEL Desired speed 0 10
MOT_CON, FWDBACK Movement direction 1-FWD 0-BACK
MOT_CON, RL Left or right 1-RIGHT| O-LEFT
MOT_CON, COMTYPE Type of command 1-TIME 0-DIST
MOT_T_DIST Time value 0 255
Distance value 0 255

www.moway-robot.com




® Title: mOway User Manual
l'mﬂy ‘ MOWAY Rev: v2.1.0 — June 2010
Page 56 of 137

Output variables
FLAGS MOT_STATUS: COMOK and DWRONG

A command to change the speed of any of the twaoreotyou will have to
specify speed, direction, motor, type of commandi thie time or distance to cover. The
time has a resolution of 100 ms and the distanoenl and with a value of O returned
by MOT_T_DIST the command shall be maintained waribther order is specified.

Example:

;Change speed (80% forward) of the right motorlfdiseconds
;(100ms x 100)

;Change speed (20% backwards) of the left motorcandr a distance of 100 mm

;(Imm x 100)
MOT_ROT
Input
MOT_VEL Desired speed 0 100
MOT_CON, FWDBACK Movement direction 1-FWD 0-BACK
MOT_ CENWHEEL On the center or on the wheel 0x01-CEBx00-WH
MOT_CON, RL Right or left 1-RIGHT| O-LEFT
MOT_CON, COMTYPE Type of command 1-TIME 0-ANG
MOT_T_ANG Time value 0 255
Angle value 0 100
Output variables
FLAGS MOT_STATUS: COMOK and DWRONG
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Command to make the mOway rotate. It is necessaspécify speed, direction,
type of rotation, the motor, type of command anel fiime or the rotation angle. The
time has a resolution of 100ms and with a valu® oéturned by MOT_T_ANG the
command shall be maintained until another ordepexified.

Regarding the angle, the following equations show o calculate the value of
MOT_T_ANG taking into account the desired rotataogle. If the rotation is produced
on one of the wheels more resolution is obtainedtl@ other hand, mechanical inertia
has to be considered, therefore it is advisablestiuce the speed to achieve greater
precision.

Equation 1. MOT_T_ANG when rotating on its center

MOT T _ANG= round(—Anglf‘; 333)

Example:
;Rotate in relation to the center, to the righi®@% speed for 10 seconds
;(100ms x 100)

;Rotate on the left wheel forward at 20% speed 180°
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MOT_CUR
Input
MOT_VEL Desired speed 0 100
MOT_CON, FWDBACK Movement direction 1-FWD 0-BACK
MOT_RAD Radius 0 100
MOT_CON, RL Right or left 1-RIGHT| O-LEFT
MOT_CON, COMTYPE Type of command 1-TIME 0-DIST
MOT_T_DIST Time value 0 255
Distance value 0 255
Output variables
FLAGS MOT_STATUS: COMOK and DWRONG

Command to describe a curve. It is necessary toifgpgpeed, direction, radius,
course, type of command and the time or the distémcover. The radius is the speed
which shall be subtracted or added to the robdtbal speed. This means that if the
specified speed is 50 and the radius 10, one ofnitters shall work at 60% speed and
the other one 40%. Therefore the radius has toradbehe following restrictions:

Equation 2. Condition 1 MOT_RAD
0<MOT_VEL-MOT_RAD<100

Equation 3. Condition 2 MOT_RAD
0<MOT_VEL+MOT _RAD<100

The time has a resolution of 100ms and the distanémm, and with a value of 0
returned by MOT_T_ANG the command shall be maimdimuntil another order is
specified.

The speedometer counts the distance traveled éyntbtor located on the
external side of the curve.

Example:

;Curve forward to the right at 50% with a radiusl@fduring 10 seconds
;(100ms x 100)

;'VEL_I=60

'VEL_D=40
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;Curve forward to the left at 80% with a radiusdising 100mm
;(Imm x 100)

'VEL_1=95

'VEL_D=65

MOT_CHECK_END
Function that waits until the movement commandsfies.
Example:

‘Wait the end of the command

MOT_STOP

Output variables

FLAGS MOT_STATUS: COMOK

A command to stop the robot.
Example:

;Stop the mOway

MOT_RST
Input
MOT_RST_COM The parameter that needs to be reset T_RS
RST_DIST
RST KM

Output variables

FLAGS MOT_STATUS: COMOK
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Resets the motor’s internal time, distance anddspeeter temporary variables.
Example:

;Reset elapsed time

:Reset distance traveled

MOT_FDBCK

Input

STATUS_COM The parameter we want to look up STATUS
STATUS_A
STATUS V_R
STATUS V_L
STATUS D R
STATUS D_L
STATUS KM

Output variables
MOT_STATUS DATA 0 First response byte (time, angigeed, distance and first
speedometer byte)

MOT_STATUS DATA 1 Second response byte (seconddspaeter byte)

FLAGS MOT_STATUS: COMOK and DWRONG

Command to recall different drive system parametédfe can look up elapsed
time, angle (only through the MOT_ROT command),espef each motor, distance
traveled by each motor and the speedometer.

This function updates two variables where the maguinformation will be saved.
All the petitions except STATUS_KM return one byt&OT_STATUS DATA 0)
maintaining MOT_STATUS_DATA_ 1 at a OxFF value. Ta@etvo variables are
updated every time a new command is sent (e.gll tbeatime elapsed since the last
command). Whenever using STATUS KM the two bytesstmhe considered. This
command is very useful to calculate the length lii@while the robot is following it.

Table 34. Parameter resolution

Parameter Resolution
STATUS T 100ms/bit
STATUS A 3.69/bit
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STATUS_V_R 1%/bit
STATUS_V_L 1%/bit
STATUS_D_R I1mm/bit
STATUS_D_L I1mm/bit
STATUS_KM I1mm/bit

Example:

;Recall time elapsed since the last command

;E.g. Output:

;MOT_STATUS_ DATA 0=0x7F =>12.7 seconds elapsadesthe
;last command

;MOT_STATUS DATA 1=0xFF; => Invalid data

byte 1 byte 0
;Recall distance traveled by the right motor sittoe | 0x01 0x08
last command 0000 0001| 0000 0100
264
Distance: 264*1mm
264mm

5.3.3. BZI-RF2GH4 library in assembly language

5.3.3.1. Description

With this library it is possible to communicate ibadetween mOway and the
BZI-RF2GH4 module.

In turn it is important to take into account thatirder to call any library function,
three free stack levels are necessary and the hdatf must be deactivated.

In view of the fact that all the functions use tBBI protocol, it is necessary to
enable the microcontroller hardware for this pugyd do this, just add a few lines of
code in the initial configuration of programme.

5.3.3.2. Variables
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MOWAY

RF_STATUS

This read-only variable reports on the communicetisituation via the radio

module.

Bit7

Bit6

Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Unused

CONFI
GOK

OFFOK | ONOK | RCVNW| RCVOK | ACK SNDOK

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

Unused

CONFIGOK: Shows whether the module has been configuredattyre
1 = The module has been configured correctly.

0 = Module has been de-configured. Communicatiortls tkie module
impossible due to the absence of or incorrect ebattconnection.

OFFOK: Shows whether the module has been switched oféciby.

1 = The module has been switched off correctly.

0 = The module has not been switched off corre@fymmunications
with the module impossible due to the absencerafjcmrrect electrical
connection.

ONOK: Shows whether the module has been switched orattyr
1 = The module has been switched on correctly.

0 = The module is not active. Communications with tmodule
impossible due to the absence of, or incorrectretat connection.

RCVNW: Shows whether there is still data to be read.

1 = There are data frames to be read in the radautestack.

0 = After the last reading, the module data stack erapty. There are no
pending messages.

RCVOK: Reports that data has been received correctlysaadcessible
for processing.

1 = Correct reception.

0 = No data has been received or the informatioeived is corrupt.

ACK: Shows whether the ACK (confirmation) has been reszkfrom
the receiver following a transmission.

1 = The receiver has confirmed that the data has les®ived correctly.
0 = Confirmation from the receiver has not beenixezk This may be
due to the fact that the signal has not been redew that the stack is
full and cannot store more messages.

SNDOK: This shows whether data was sent the last time.

www.moway-robot.com



) Title: mOway User Manual
"%y MOWAY Rev: v2.1.0 — June 2010
Page 63 of 137

1 = Radio module has sent the data. This bit doesdate that
someone has heard it.

0 = It has not been possible to send the data.mhisbe due to a failure
in the communication with the radio module.

RF_DATA_OUT 0, RF_DATA OUT 1,... RF_DATA OUT 7

This group of variables consists of 8 bytes. Irhega@nsmission the contents of
the 8 bytes is sent.

RF_DATA_IN_0, RF_DATA IN _1,... RF_DATA_IN 7

This group of variables consists of 8 bytes. Inha@ception these 8 bytes are
updated.

RF_DIR_OUT

This variable is of one byte only. This indicatee direction of the device that
wants to send the data.

RF_DIR_IN
This variable is of one byte only. It indicates #ulress of the data received.
RF_DIR

This variable is of one byte only. It indicates #dglress with which the module is
configured.

5.3.3.3. Functions

The library consists of nine functions that will keathe task of developing a
communications application witBZI-RF2GH4 modules considerably easier. A brief
description of each one of these functions is givelow.

Table 35. Assembler RF functions.

Functions for the BZI-RF2GH4 module

Configures the inputs and outputs of the microadidr as

RF_CONFIG well as the radio module parameters.

Configures the inputs and outputs of the microadidr as
RF_CONFIG_SPI well as the parameters required to use the SPI bus.

RF ON Activates the radio frequency module in receive eod

RF OFF Deactivates the radio frequency module and leavadow
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consumption mode.

RF SEND Sends a data frame (8 Bytes) to the address imdicat
RF_RECEIVE f(igri%ks whether a reception has occurred and dddlects the

Carries out the same function as RF_RECEIVE bthiscase

RF_RECEIVE_INT checks whether there has been an interruption.

This routine enables the external interruptiontfiar radio

RF_INT_EN module in the microcontroller.

RF_CONFIG_SPI

The speed of the SPI must not exceed 8 Mhz andftiterthe use of this function
is limited to PIC microcontrollers with a frequenof less than 32Mhz. The different
parameters of the SPI module and the pins of tBedé configured in the function.

Table 36. SPI configuration

PIN RF PIN PIC

SCK RC3

SDI RC5

SDO RC4

RF_CONFIG
Input variables
RF_DIR Device address. Must be a value of between 0x0D=aREH.
RF_CHN Channel to be used in the communication. Must b&l@e of
between 0x00 and 0x7F (128 channels).

Output variables
FLAGS: CONFIGOK

This function configures the transceptor, enablitsgown watch address and the
‘broadcast’ address. In trun, it configures othargmeters such as the PIC pins, the
channel, the transmission speed, the emitting potiveraddress length, the CRC code
length, etc.

Table 37. RF pin configuration

PIN RF PIN PIC
IRQ RBO
CSN RF2
CE RH4

The channel must be common to all the modulesategoing to take part in the
communication. Users can choose any channel faomong the 128 available.
Nevertheless, if there is more than one commurmicatn the environment between
modules in different channels, a spacing of 2 nimgsteft between the channels to be
used in order to avoid interferences, thus lead@2ghannels usable. Another question
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to be taken into account is the existence of atbennologies that use the ISM 2.4GHz
band (Wi-Fi, Bluetooth, etc.) and that might alsause interference in one of the
channels.

Channel Channel
0x01 0x04
24Ghz  2.401Ghz  2.402Ghz 2.403Ghz  2.404Ghz  2.405Ghz 2.525Ghz

Image 43. RF channels
The address assigned to each device must be onesttary each channel.

If the SPI communication of the PIC is configuredarrectly, the connection has

been made incorrectly or in the absence of the hepdoe CONFIGOK RF_STATUS
bit of will remain at 0.

RF_ON

Output variables
FLAGS: ONOK

This routine activates the radio module in watchdman order to be able to
receive data and/or send data.

It is important to take into consideration that|dwing the call to this routine, the
module requires 2.5 ms to be ready.

If the SPI communication of the PIC is configuredarrectly, the connection has
been made incorrectly or in the absence of the heodne ONOK RF_STATUS bit
will remain at O.

Example:

;--[Configuration without interruption and activaiti routine]-----
;Configure SPI modules of the PIC

; Configure RF module (own channel and address)
; Own address

:Channel
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;Module not configured

: Activate RF module

:Module not initialised

RF_OFF

Output variables
FLAGS: OFFOK

This routine deactivates the radio module leavhig in low consumption mode.
It does not clear the established configuration.

If the SPI communication of the PIC is configuredarrectly, the connection has
been made incorrectly or in the absence of the hepdine OFFOK RF_STATUS bit
will remain at 0.

RF_SEND
Input variables
RF_DIR_OUT Direction to which it is required to sketihe data (1 byte).
RF_DATA OUT 0- Variables to be transmitted (8 bytes).

RF_DATA_OUT_7
Output variables
FLAGS: SNDOK and ACK

This function sends 8 bytes of data to the indat@gdress and reports the correct
reception to the recipient. Following this, the idewvill return to watch mode.

If a message is sent to the address 0x00, thisbeilleceived by all the modules
on the same channel. It must be taken into accthattthe module accepts the first
ACK it receives, therefore we cannot be certairt the data has arrived at all the
devices.

Example:

=== m=m———————————e [Data sending routine]----—--------------
; Preparation of the receiver address
; and of the data.

:Receiver address
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:Data to be sent

;Send frame
:Not sent
:No ACK
RF_RECEIVE
Output variables
RF_DIR_IN Address of the person who has sent thedr
RF_DATA IN_0- Frame received from the address indicated.
RF_DATA IN_7
RCVOK and RCVNW

This routine is responsible for checking whethee@eption has taken place and if
so, it returns the data received. Likewise, it repavhether there is any data that has not
been read in the reception FIFO of the module.

When a frame is received, the RCVNW bit of the RFABUS variable must be
checked and if this is active, the RF_RECEIVE fioctmust be called up once again
after processing the data. The transceptor haleeeBstack, and therefore if the receive

function is not called before the stack is filltae device will be unable to receive more
data.

As interruptions are not used, the probabilityasfihg packages, with high traffic
levels, is moderate. It is advisable to use thiy am environments in which there are
just a few devices and/or little data traffic. Tipioblem can also resolved by causing
the images to resend the same frame until the conwaion is correct, but in
environments with a great deal of traffic, collissoincrease exponentially, causing
considerable increases in sending times.

Example:

;-----[ Reception routine without interruption]——--------
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:Procces data

RF_RECEIVE_INT

Output variables

RF_DIR_IN Address of the person who has sent tuedr
RF_DATA IN_0- Frame received from the address indicated.
RF DATA IN 7

RCVOK, RCVNW

This is the optimum reception routine. This routisevirtually the same as
RF_RECEIVE, the difference being that this one afes by interruption. For this
reason, it must be placed within the interactiodecand the interruptions must be
configured beforehand (RF_INTER_EN). It is respblesfor checking that an external
interruption has occurred (RBO) and if so, it céetire interruption flag. The probability
of losing packages is minimal. Even so, it is adbis for transmitters to resend if the

send flag is not activated.

Example:

mmmmm e -[Data reception routine with interrupti]---------

: Process data

RF_INT_EN

This routine is responsible for enabling the exérinterruption of the
microcontroller (RBO) that uses the RF module itad&ception. For this reason, the
RBO pin is configured as input. Although the modwan be managed without
interruptions, the minimum response time is notrgogeed.
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Example:

;--[Configuration with interruption and activatisautine]-----
; Enable interruptions
call RF_INT_EN

;Configure SPI modules of the PIC

call RF_CONFIG_SPI

; Configure RF module (own channel and address)
moviw 0x01 ; Own address

movwf RF_DIR

moviw 0x40 ;Channel

movwf RF_CHN

call RF_CONFIG

btfss RF_STATUS,CONFIGOK

nop ;Module not configured

: Activate RF module

call RF_ON
btfss RF_STATUS,ONOK
nop ;Module not initialized

5.3.3.4. Flow diagram for sending and receiving data
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Define
RF_DATA

RF_SEND

~ D
0 ACK no recived

Data sent and
ACK received

Diagram 1. Sent data in
assembler

Interrupcion ext

-~

RF_RECEIVE
_INT

-

o

process data

@

0

Out interruption

Diagram 2. Receive interruption

in assembler

IRQ=1
RF_RECEIVE

IRQ=0

*

process data

<

Out receive

service

0

Diagram 3. Reception in
assembler
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6. Programming Moway with C18 Compiler

C18 is a compiler that can be acquired in the ntagkel which supports the
PIC18F86J50 microcontroller. In the Moway Webslte tibraries required to manage
sensors, motors and RF modules, written for thepdem

Its greatest advantage is that it compiles in @yl@age. Managing numerical
variables (char, int, etc.) and flow controllingusttures (if, for, etc.) is very simple and
it includes many pre-compiled functions which ghgaissist programming (12C, SPI).
However, the size of the generated programs ifdhgn with assembly language.

To summarize:
Very interesting if you wish to start working wikhoway quickly.
Very interesting to carry out easy or average diffy tasks.
Inadequate for programs with large coding.
Inadequate for critical response timeframes

6.1. Creating a project

Use the MPLAB IDE Project Wizard to create the tfipsoject quickly. C18
compiler has to be installed. These example is rogdédPlab v8.3.

* MPLAB IDE vE.33 (=153
File Edit LU Project Dreh
| O E [
Mes, .,
Cpen...

Window  Help

Programmer Tools  Configure

ll 2] | L

| Checksum

! 5 Closs :
BB Untitled W Set Active Project 4

Quickbuild {no . asm file)

Packagein .zip

Build Configuration »
Build ©ptions. .. ¥

,\ o ersiol
Files | 53

| PIC18FE550 i novzdoo |

Image 44. Project Wizard
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1. First select the PIC installed in mOway: PIC18F&6J5

| Project Wizard

Step One:
Select a device

Device:

[ < Abraz ” Siguiente>] [ Cancelar ] [ Apuda ]

Image 45. PIC selection

2. Choose C18 C compiler.

Project Wizard

Step Two: r‘

=
Select a language toolzuite /ég.

Active Toolsuibe: | Microchip C18 Toolsuite w |

Toolzuite Contents

Location
| C | [ Browse...
[]5tare toal locations in project
[ Help! My Suite lsn't Listed! ] []5haw all installed toolsuites
[ < Abras “ Siguiente = l [ Cancelar ] [ Agpuda

Image 46. Tool selection
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3. In the next step user has to specify location.

Project Wizard |
Step Three: E
Create a new project, or reconfigure the active project? /{'@}

() Create Mew Project File

b0 projsC18smOway_first_projectimOway_first_project

[ £ Alraz ” Siguiente>l [ Cancelar ] [ Apuda

Image 47. Location

4. Add mOway libraries. It is highly recommended t@gahose libraries to the folder.

Project Wizard g

Step Four: Eﬁ
Add exizting files to your project /{é}
-] ©_MOoT_01 ~ C lib_sen_moway.h | C:Julen'bd D
c018io C lib_mot_maway.h | Chlulent D
C_Mat_01.cof
C_Mat_01 hex
C_Mat_01.map
C_MOT_01.mcp
C_MOT_01.mcs
C_MOT_01.mow
delays.h
fib_rrat_rncway, b
miain. ¢
Bl main.o b/
< > < b3
[ < Alrds ” Siguiente > l [ Cancelar ] [ Apuda

Image 48. Add libraries
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8. With the steps above the project will now be créatee next step is to create a .C
file for the source code.

Project Wizard g|

. Summary

Click. “Finizh' to create/configure the project with these
parameters,

Fraoject Faramgters
Device:  PIC18FERIS0

Toaoluite:  Microchip C18 Toolsuite

File: C:imOway_first_project. mop

& news work space will be created, and the new project added
to that workzpace.

’ < Atras ”_ Finalizar J [ Cancelar I [ Ayuda

Image 49. Wizard ends

9. The next step is to open the project and creatnafie (New Filg saving it in the
same folder of the project &ain.c. This will be our source file.

Guardar como @
Guardar en: |@mﬂway_first_proiect v| QF o

ﬂ lib_mot_moway.h
ﬂ lib_sen_moway.h

Mambre; |main.d | [ Guardar l
Tipo: |AIISource Files [*.c:* ;" asm:™ s inc." " bas] vl [ Cancelar ]
Jump to: | C:ADocuments and Settings'Julen\E scritorio % |

Encoding: AMSI w

[] &dd File To Project

Image 50. .C creation
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10.Finally, the source file is added to the projectemsingProject/Add Files to
Project... After that user has to add Linker Script to thejgct. This can find y
mOwayPack o in another example project.

oebuy Vo sHB@@® SBEB

[ moway_lkr. ke
(23 Other Fies

[ Fies | symbols

Image 51. Project with .C

6.2.  First programin C18

To generate the first program a project has torbated first (previous chapter).
This first basic program will enable the mOway woid obstacles.

1. Add code to redefinition of the reset and interropdes. This code is required.
Also lib_sen_moway.h is added.
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finclude "pl3f26350_h" S iMoway microcontroller
f#include "lib_sen_moway.h" fiBensors library

P o R R A Ak AT AT TR 4w

##4 JUMPING THE EOOTLOADER
P L L L e L e LS ey
f#define REMAPPED RESET_VECTOR_ADDRESS O0x1l000  f/Reset adress for the correct bootloadg
f#define REMAPPED HIGH INTERRUPT_WECTOR_ADDRESS Oxl008 //High pricrity interruption adress for
fdefins REMAPPED LOW_INTERFRUPT_ VECTOR_ADDREZS O0x101l8 //Low priority inmterruption adress for 4

roid YourHighPricrityISRECode(); //Function that executes the needed code in case of the high prj
roid YourlowPriorityISRCode () J/Function that executes the needed code in case of the low pri

fiErErErrrssarrrrrserxxDESET, HIGH AND LOW PRIORITY INTERRUPTION BEMAP**==stessrrssrsssrrrrssrtsd
extern void _startup (wodd):
fpragma code REMAPPED RESET VECTOR = REMAPPED RESET_VECTOR ADDRESS
woid _reset (woid!
{
_asm goto _startup _endasm
}
fpragma code

frragma code REMAPPED HIGH INTERRUPT WECTOR = REMAPPED HIGH INTERRUPT VECTOR _ADDRESS
woid Remapped High ISR {(weoid! { _asm goto VourHighPriorityISRCode _endasm |

frragma code REMAPPED LOW INTERRUPT WECTOR = REMAPPED LOW_INTERRUPT VECTOR_ADDRESS
woid Remapped Low ISR (wvoid! { _asm goto TourLowPricrityI3RCode _endasm |

fpragma code
frragma interrupt TourHighPricrityISRCode

woid YourHighPriorityISRECode() |
FSihigh pricrity interrupt code

fprragma interruptlow TourlowPriorityIZECode
woid YourlowPriorityISRCode() |
Fflow pricrity interrupt code

AL e i ) N L L i A Lt S L L L L L Lt

wroid maini)

Image 52. First program: vector redefinition.

Next, the SEN_CONFIG function is called to configuhe microcontroller’s

inputs and outputs.
Add winking to one of the LEDs.

Test the program on mOway programming it in mOway@kt verify that the

green LED blinks.
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NOo

."I." wﬁwwﬁwwﬁwwﬁwwﬁwwﬁwwwwwwwwwwwwwwwwwww[HAIN] ol o e e ol ol ol ol ol e ol e o
roid main()

{

JiErrarsa s xSENSOR CONFIGURATICH #s#xssnxsns/ )
SEN_CONFIG():

fiGreen LED blink
LED TOF GREEN CN OFF () :

while (1) {

Image 53. First program: configuration and LED

To detect obstacles call up the SEN_OBS_DIG() viBS CENTER_L as
input value.

If it detects an obstacle the front LEDs light up.

Test the program on mOway and verify that the LE@&ch on when an object
is placed close to the front part of the mOway.
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,n',r-a-w-.Hr-a-w-a-wa-wa--.vw-xw-xwwwwwwww:wwwwwwwwxww[HAIN] b e e il e e e i e e e e e e
roid main)

JAEERER R AL ERZENSOR CONFIGURATION S #*adasnsrasa/
SEN CONFIG():

ffGreen LED blink
LED_TOP GREEM ON OFF (] :

while (1) {

f/Check Center Left Chstacle sensoﬂ
if (SEM OBS DIG(OBS CENTEE L)) {
LED FRONT CM():
i
else

LED_FRONT OFF (] :

Image 54. First program: detecting obstacles

8. We then add movement to the robot: unrestrictedigdit command until it
encounters an obstacle.

9. lib_mot_asm.inc is added to the project.

10.MOT_CONFIG is called to be able to use Diver system

11.Go straight on the first time.

12.When it encounters an obstacle a command is sentdte 180° and the top red
LED lights up (the front LEDs will not operate). &mobot will wait until this
command has ended and will then continue moviraggtit forward.
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."r.f WTXT'RWTXT'RH‘TXT'RWTXT'RWTXT'RWT'R?'KWT'R?KW[HAIN] b e e e e e e e e
void mwaini)

fffﬁﬁ#ﬁ#ﬁﬁ#ﬁ#SENSoR CONFIGURATION#*#**#*#**#*,{I
SEN CONFIG():

FAERE R s s v S ¥ ENGINE CONFIGURATION T#wwswawnaws,f
MOT CONFIGI():

fiGreen LED blink

LED _TOF GREEN ON OFF(]:

fig8traight on

MOT STR(S0, FWD, TIME, 0);

while (1) {

fiCheck Center Left Ohstacle sensor
if (SEN OBS DIG({OES CENTER Lj){
LED FRCNT ON():
J/Rotation
MOT ROT (20, FWD, CENTER, LEFT, ANGLE, 50) :
while [ !MOT END) {}:
fiStraight Dﬂ
MOT STR (S0, FWD, TIME, 0Oj;:
i

else!

LED FRONT OFF () :

Image 55. First program: detecting obstacles movin

This project is included in the mOway pack.

6.3. Libraries

6.3.1. mOway’s sensors library in C18

6.3.1.1. Description

The library includes a series of functions in cleanf reading the data provided by
the robot’s sensors. They configure the input antbut ports, the microcontroller’s
ADC and the luminous indicators.
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6.3.1.2. Functions

A series of functions to control mOway’s sensord BBD diodes are included in
the lib_sen_moway library.

Table 38. C function summary

Name Input Description
constants

Configured to use the sensors.

void SEN_CONFIGURARYoid)

unsigned chaBEN_LIGHT(void) - Reads light sensor values.

unsigned chaBEN_BATTERY(void) - Retums the battery level.

unsigned chaSEN_TEMPERATURKvoid) - Detects the temperature in °C.

unsigned chaSEN_MIC_ANALOG (void) - Detects sound intensity.

unsigned chaBEN_MIC_DIG (void) - Detects if there is sound or not.

unsigned char SEN_SPEAKERunsigned char| SPEAKER_OFF Emits tones in a frequency between 250
SPEAKER_ON Hz and 65 KHz.

unsigned char, unsigned char) SPEAKER TIME

unsigned char SEN_ACCE_XYZ_READ(unsigned chgrACCE_CHECK_X | Calculates the X,Y,Z axes acceleration|of
ACCE_CHECK_Y | mOway.

ACCE_CHECK_Z
unsigned chaBEN_ACCE_CHECK_TARoid) - Detects if mOway has been taped.

unsigned chaBEN_OBS_DIGunsigned char) OBS_SIDE_L Detects obstacles
OBS_CENTERL

OBS_CENTER_R

OBS_SIDE_R
unsigned chaBEN_OBS_ANALOGunsigned char) OBS_SIDE_L Detects the distance to obstacles
OBS_CENTERL
OBS_CENTER_R
OBS_SIDE_R
unsigned chaBEN_LINE_DIQunsigned char) IE:“EJS Detects dark zones (black lines)
unsigned chaBEN_LINE_ANALOG (unsigned char) t:mg_lf Detects surface colors
void LED_FRONT_ONyoid) - Front LED on
void LED_BRAKE_ONoid) - Brake LED on
void LED_TOP_RED_ON{oid) - Top red LED on
void LED_TOP_GREEN_ON/(oid) - Top green LED on
void LED_FRONT _ OFF(oid) - Front LED off
void LED_BRAKE_OFFyoid) - Brake LED off
void LED_TOP_RED_OFR/oid) - Top red LED off
void LED_TOP_GREEN_OFHKpid) - Top green LED off
void LED_FRONT _ON_OFR(oid) - Front LED blink
void LED_BRAKE_ON_OFF{oid) - Brake LED blink
void LED_TOP_RED_ON_OFRpid) - Top red LED blink
void LED_TOP_GREEN_ON_OFF6id) - Top green LED blink

void SEN_CONFIG(void)

This function configures the inputs and outputsuneml to manage the sensors
and initialize the variables.
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Table 39. PIC-sensorrsw®ections

Pin PIC| /O] Sensor

PORTA

RAO I Light

RAl I Central left infrared receiver

RA2 I Right line sensor receiver

RA3 I Side left infrared receiver

RAS5 I Left line sensor receiver

PORTB

RB1 I First interruption of the accelerometer

RB2 I Second interruption of the accelerometer

RB3 0 Speaker

RB5 0 Top red LED

RB6 O Top green LED

PORTC

RC7 O Front LED

PORTD

RD1 0 Line sensors transmitter

RD4 I SDO signal for the SPI communication (acceleromete
RD5 0 SDI sinal for the SPI communication(accelerometer)
RD6 0 Clock sinal for the SPI communication(acceleromete
RD7 I Chip Select for the SPI communication(acceleromete
PORTE

RE5 | 0 Brake LED

PORTF

RF5 I Side right infrared receiver

RF6 I Central right infrared receiver

PORTH

RH5 I Tempreature sensor

RH6 I Battery measurer

RH7 I Microphone

PORTJ

RJ6 O Infrared transmitter

RJ7 1/C Free pad

unsigned charSEN_LIGHT(void)

Output

Percentage of ambient light.

The SEN_LIGHT function captures the analog valueegated by the inciding
light on the photo-transistor. To achieve thisduallthese steps:

» Activate the ADC.

* Wait for the data acquisition process to end (1R0us

* Read the analog value.

» Calculate the inciding light percentage based eratimlog voltage
measurement.

* Returns the percentage of ambient light.
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unsigned charSEN_BATTERY (void)

Output
Percentage of battery level.

The SEN_BATTERY function captures the analog vatfiehe battery'®. To
achieve this, function follows these steps:

* Activate the ADC.

e Wait for the data acquisition process to end (1R0us
* Read the analog value.

e Calculate the battery level percentage based oartalg voltage measurement.
* Returns battery level.

unsigned charSEN_TEMPERATURE(void)

Output
Temperature in °C.

The SEN_TEMPERATURE function captures the analogeséhat depends on

the temperature captured by the thermigtoFo achieve this, function follows these
steps:

* Activate the ADC.

* Wait for the data acquisition process to end (1R0us
* Read the analog value.

» Calculate the temperature based on the analoggeoiteeasurement.
* Returns temperature in %.

unsigned charSEN_MIC_ANALOG( void)

Output

Sound intensity.

The SEN_MIC_ANALOG function captures the analogueaihat depends on the
sound intensity from the microphone. To achievs, thinction follows these steps:

* Activate the ADC.

* Wait for the data acquisition process to end (1R0us
* Read the analog value.
» Returns amplified microphone value.

' The output value can differ from mOwayGUI
" Sensor measures mOway’s temperature which caifféxedt from ambient temperature.
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unsigned charSEN_MIC_DIG(void)

Output
Indicates if a sound has been detected

The SEN_MIC_DIG function indicates if there is sduor not. To achieve this
function follows these steps:

* Returns the digital value of microphone input.

void SEN_SPEAKER(nsigned char SEN_SPEAKER_FREQ unsigned char
SEN_SPEAKER_TIME, unsigned charSEN_SPEAKER_ON_OFP

Input variables
SEN_SPEAKER FREQ Sound frequency (see table).
SEN_SPEAKER_TIME Time.
SEN SPEAKER_ON_OFF On, off or time.

The SEN_SPEAKER function emits tones in a frequdrmstyveen 250 Hz and 65
KHz. SEN_SPEAKER_ON_OFF is going to say if we wemswitch on, switch off or
activate the speaker an amount of time (100msviakex. To achieve this, function
follows these steps:

*  PWM on with frequency SEN_SPEAKER_FREQ and 50%uty.d
« If SEN_SPEAKER_ON_OFF is SPEAKER_TIME(2) functiomits until
command finishes.

Table 40. Allowed values for SEN  SPEAKER_ON_OFF

Define Valor
SPEAKER_OFF 0
SPEAKER_ON 1
SPEAKER_TIME 2

Table 41. SEN_ SPEAKER FREQ vs PWM frequenc

PWM frequency

SEN_SPEAKER_ FRE( Hz
0 0,0000000

10 5681,8181818

20 2976,1904762

30 2016,1290323

40 1524,3902439

50 1225,4901961

60 1024,5901639

70 880,2816901
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80 771,6049383

90 686,8131868
100 618,8118812
110 563,0630631
120 516,5289256
130 477,0992366
140 443,2624113
150 413,9072848
160 388,1987578
170 365,4970760
180 345,3038674
190 327,2251309
200 310,9452736
210 296,2085308
220 282,8054299
230 270,5627706
240 259,3360996
250, 249,0039841
255 244,1406250

unsigned charSEN_OBS_DIG(insigned charSEN_CHECK_OBS)

Input variables
SEN CHECK_ OBS | Which sensor must be read

Output

Indicates if there is obstacle or not.

This function indicates if the obstacle is situatedthe right front side or on the
left front side. To achieve this function followsese steps:

* Ensure that there is no noise source interfereatmdé sending the infrared light
pulse.

 Emit the infrared light pulse to detect obstacléhis light-beam will be
reflected back if there is any existing obstacld #ns signal will be perceived
by the infrared receiver.

* Check for any eventual signals from the four IRereers.

« Copy the digital receiver’s value to the outputiables.

» Deactivate the infrared diode.

* Check for interfering signals.

e If there is no signal interferences and the proasglops normally returns
value.
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Table 42. Allowed values for SEN_ CHECK_OBS

Define Value
OBS CENTER L 0
OBS SIDE L 1
OBS _CENTER_R 2
OBS_SIDE R 3

unsigned charSEN_OBS_ANALOG(unsigned charSEN_CHECK_OBS)

Input variable

SEN_CHECK_OBS | Which sensor must be read

Output

Indicates if there is obstacle or not.

side

This function indicates if the obstacle is on tlght front side or on the left front
and its distance from the robot. To achieigeftilow the steps indicated below:

Ensure that there is no noise source interfereheéwe you send the infrared

light pulse.

Emit the infrared light pulse to detect obstacles.

Activate the ADC.

Check for any possible signals from the four IRereers.

Copy the analog receiver’s value to the outputaldes. The higher the value

the shorter the distance will be.

Deactivate the infrared diode.

Check for interfering signals. If there is no sigmaerferences and the process
develops normally value is returned.

Table 43. SEN CHECK_ OBS allowed values

Define Value
OBS CENTER L 0
OBS_SIDE L 1
OBS _CENTER R 2
OBS_SIDE R 3

unsigned charSEN_ACCE_XYZ_READ(unsigned charSEN_CHECK_ACCE)

Input variable

SEN_CHECK_ACCE | Which axis must be read

Output

Acceleration value

SEN_ACCE_XYZ_READ returns the acceleration of tlodat in the 3 axes.

Resolution is £0.0156G/bit. Value 0 is -2G and &53G.
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Image 56. mOway axes

e Communication between microcontroller and acceletemis SPI.

¢ Command is sent to change the mode of the acceéteoto “measure”.
e Function waits until the value is calculated.

e Value is read.

* Change the mode to “tap detection”.

Table 44. SEN_ CHECK_ACCE allowed values.

Define Value
ACCE_CHECK X 0
ACCE_CHECK_Y 1
ACCE_CHECK Z 2

unsigned charSEN_ACCE_CHECK_TAP(void)

Output
1: Tap
2: Tap tap

Accelerometer detects taps.
« Communication between microcontroller and acceletemis SPI

» Checks if “tap interrupt” has been detected
e SEN_ACCE_TAP value is changed.

unsigned charSEN_LINE_DIG(unsigned charSEN_CHECK_LINE)

Input variable
SEN_CHECK LINE | Which sensor must be read
Output

Digital value of the sensor

The SEN_LINE_DIG function indicates whether thess®s are or are not on a
dark surface. To achieve this function follows $heps indicated below:
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Emit the infrared light pulse to detect the lindisllight-beam will be reflected
back if the line is detected and this signal wélerceived by the infrared
receiver.

Wait for the data acquisition process to end (960 u

Read the sensor.

Copy the value to the SEN_LINE variable. If thefaoe is dark (no light is
reflected) the variable will return a'1’ value.

Table 45. SEN CHECK LINE allowed values

Define Value
LINE_L 0
LINE R 1

unsigned charSEN_LINE_ANALOG( unsigned charSEN_CHECK_LINE)

Input variables

SEN_CHECK LINE | Which sensor must be read

Output

Analog value of the sensor

The SEN_LINE_ANALOG function indicates the light flected in the

optocouplers®. To do this function follows the steps indicatesidov:

Emit the infrared light pulse to detect the lindisTlight-beam will be reflected
back if the line is detected and this signal wélferceived by the infrared
receiver.

Wait for the data acquisition process to end (9R0us

Read the sensor.

Copy this value to the SEN_LINE variable. The higtne values the darker will
the surfaces be.

Table 46. SEN CHECK_LINE allowed values

Define Value
LINE_L 0
LINE R 1

void LED_BRAKE_ON(void)
Function to switches on the brake LED.
void LED_FRONT_ON(void)

Function to switches on the front LED.

18 Due to tolerance two different sensors can difiem each other.
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void LED_TOP_RED_ON(void)
Function to switches on red LED.
void LED_TOP_GREEN_ON(void)
Function to switches on green LED.
void LED_BRAKE_OFF(void)
Function to switches off the brake LED.
void LED_FRONT_OFF(void)
Function to switches off the front LED.
void LED_TOP_RED_OFF(void)
Function to switches off the red LED.
void LED_TOP_GREEN_OFF(void)
Function to switches off the green LED.
void LED_BRAKE_ON_OFF(void)
Blink the brake LED.
void LED_FRONT_ON_OFF(void)
Blink the front LED.
void LED TOP_RED_ON_OFF(oid)
Blink the red LED.
void LED TOP_GREEN_ON_OFF(oid)

Blink the green LED.
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6.3.2. mOway’s motor library C18

6.3.2.1. Description

The library includes a series of functions in cleaad sending 12C commands to
the Drive System, which will be responsible for toling the motors and therefore
releasing the main microcontroller so it can camuy other tasks.

Communications with the motor module are condusiadhe 12C protocol. Any
microcontroller with this kind of communications ncaontrol the motors; use the
libraries in assembly. The format for the Drivingsg&m [2C frame can be observed in
the following illustrations. Each of these framastt approximately 350 us.

Image 57. Command format: MOT_STR, MOT_CHA_VEL

Image 58. Command format: MOT_CUR, MOT_ROT

Image 59. Command format: MOT_STOP, MOT_RST

Image 60. Command format: MOT_FDBCK

6.3.2.2. Functions

A series of functions designed to control mOway'lwal system are included in
the lib_mot_moway library.
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Table 47. Summary of functions in C for lib_mot_movay

Name Input Return Description
void MOT_CONFIG(void) - - Configuration _ to
communicate  with  thg
motors
unsigned charMOT_STR( MOT_VEL 0: Correct dispatch A command to move in
; -~ FWDBACK 1: Incorrect dispatch | straight line
uns!gned CharunSIQ.nEd char, COMTYPE 2: Incorrect data
unsigned char, unsigned char) MOT T DIST
unsigned charMOT_CHA_VEL ( MOT_VEL 0: Correct dispatch A command to change the
unsigned charunsigned char, FWDBACK 1 Incorrect dispatch | speed of a motor
. f RL 2: Incorrect data
unsigned char, unsigned char, COMTYPE
unsigned char) MOT_T_DIST
unsigned charMOT_ROT ( MOT_VEL 0: Correct disptch A command to rotate th
- FWDBACK 1: Incorrect dispatch | robot

unsigned charynsigned char,
unsigned char, unsigned char,

MOT_CENWHEEL | 2:

Incorrect data

—

RL
unsigned char, unsigned char) COMTYPE
MOT_T_ANG
unsigned charMOT_CUR( MOT_VEL 0: Correct dispatch A command to execute
; -~ FWDBACK 1: Incorrect dispatch | curve
uns!gned CharunSIQ.nEd char, MOT_RAD 2: Incorrect data
unsigned char, unsigned char, RL
unsigned char, unsigned char) COMTYPE
MOT_T_DIST
unsigned charMOT_STOP(void) 0: Correct dispatch A command to stop the robd
- 1: Incorrect dspatch
unsigned charMOT_RST( RST_COM 0: Correct dispatch A command to reset th
- 1: Incorrect dispatch | temporary variables for tim

unsigned char

and distance

4%

unsigned char*
MOT_FDBCK( void)

0: Correct dispatch
1: Incorrect dispatch

A command to determine th
motor’'s status

void MOT_CONFIG( void)

This function configures the inputs and outputs tee microcontroller can

communicate with the Drive System.

Table 48. Pic-drive systetonnections

PinPIC [I/O | Sensor
PORTE
RE7 I| Indicates when the motor ends the
command.
REO Q SCL of the 12C protocol
RE1 QO SDA of the 12C protocol

Port RE7 indicates the end of a command. Thisipdabeled as MOT_END in

the library.

Example:

//Straight forward at 100% speed for 10 second8riOx 100)
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/INo action is taken until the command ends

unsigned char MOT_STR(unsigned char MOT_VEL, unsigned char
FWDBACK, unsigned charCOMTYPE, unsigned charMOT_T_DIST)

Input
MOT_VEL Desired speed 0 100
FWDBACK Movement direction FWD BACK
COMTYPE Type of command TIME DISTANC
MOT_T_DIST Time value 0 255
Distance value 0 255

Function Return

0: Correct dispatch

The command has been sentotigrre

1: Incorrect dispatch

The command hadeen sent. Connection problem

2: Incorrect data

The data is incorrect

Command to move in a straight line. It is necessargpecify speed, direction,
type of command and the time or the distance teeicovhe time has a resolution of
100ms and the distance of 1 mm, and with a valu@ returned by MOT_T_DIST the

command will be maintained until another orderiieeg.

Example:

//Straight forward at 100% speed during 10 sec@hd8@ ms x 100)
MOT_STR(100, FWD, TIME, 100);

//Straight backwards at 15% speed 100mm (1mm x 100)

unsigned char MOT_CHA_VEL( unsigned char MOT_VEL, unsigned char

FWDBACK, unsigned char RL,unsigned char COMTYPE,unsigned char
MOT_T_DIST)
Input
MOT_VEL Desired speed 0 100
FWDBACK Movement direction FWD BACK
RL Right or left RIGHT | LEFT
COMTYPE Type of command TIME DISTANCE
MOT_T_DIST Time value 0 255
Distance value 0 255
Function Return
0: Correct dispatch The command has been sent correctly
1: Incorrect dispatch The command hadieen sent. Connection problem
2: Incorrect data The data is incorrect
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A command to change the speed of any of the twoorseolt is necessary to
specify speed, direction, motor, type of command #me time or distance to be
traveled. The time has a resolution of 100 ms hAeditstance 1mm, and with a value of
0 returned by MOT_T_DIST the command shall be na@matd until another order is
specified.

Example:

//Change speed (80% forward) of the right motoirduf0 seconds
//(100 ms x 100)
MOT_CHA_VEL(80, FWD, RIGHT, TIME, 100) ;

/IChange speed (20% backwards) of the left motdrteavels a distance of 100
//mm (1 mm x 100)
MOT_CHA_VEL(20, BACK, LEFT, DISTANCE, 100) ;

unsigned char MOT_ROT(unsigned char MOT_VEL, unsigned char
FWDBACK, unsigned charMOT_CENWHEEL, unsigned charRL,unsigned char
COMTYPE, unsigned charMOT_T_ANG)

Input
MOT_VEL Desired speed 0 100
FWDBACK Movement direction FWD BACK
MOT_ CENWHEEL On center or wheel CENTER WHEEL
RL Right or left RIGHT LEFT
COMTYPE Type of command TIME DISTANCE
MOT_T_ANG Time value 0 255

Angle value 0 100

Function Return
0: Correct dispatch The command has been sent correctly
1: Incorrect dispatch The command hadeen sent. Connection problem
2: Incorrect data The data is incorrect

Command to make the Moway rotate. It is necessasgpecify speed, direction,
type of rotation, motor, type of command and timeetior the angle to rotate. The time
has a resolution of 100 ms, and with a value ofeturned by MOT_T_ANG the
command shall be maintained until another ordepexified.

For the angle, the equations below illustrate hawcalculate the value of
MOT_T_ANG taking into account the desired rotataogle. If the rotation is produced
on one of the wheels more resolution is obtainedth@ other hand, mechanical inertia
must also be considered; therefore to achieve gr@agcision it is advisable to reduce
the speed.
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Equation 4. MOT_T_ANG when rotating on its center

MOT T _ANG= rounc{—Angllé; 333)

Example:
//[Rotation in relation to the center to the righ8@% speed for 10 seconds
//(100ms x 100)

//[Rotation in relation to the left wheel forward2% speed 180°

unsigned char MOT_CUR(unsigned char MOT_VEL, unsigned char
FWDBACK, unsigned char MOT_RAD,unsigned char RL,unsigned char
COMTYPE, unsigned charMOT_T_DIST)

Input
MOT_VEL Desired speed 0 100
FWDBACK Movement direction FWD BACK
MOT_RAD Radius 0 100
RL Right or left RIGHT | LEFT
COMTYPE Type of command TIME DISTANCE
MOT_T_DIST Time value 0 255
Distance value 0 255
Function Return
0: Correct dispatch The command has been sent correctly
1: Incorrect dispatch The command hadeen sent. Connection problem
2: Incorrect data The data is incorrect

Command to describe a curve. It is necessary toifgpgpeed, direction, radius,
course, type of command and the time or the distdnde traveled. The radius is the
speed that will be subtracted or added to the ielghdbal speed. This means that if the
specified speed is 50 and the radius 10, one omibiers shall work at 60% speed and
the other one 40%. Therefore the radius has toradbehe following restrictions:

Equation 5. Condition 1 MOT_RAD
0<MOT _VEL-MOT _RAD<100

Equation 6. Condition 2 MOT_RAD
0<MOT _VEL+MOT _RAD<100

The time has a resolution of 100 ms and the distdnmm, and with a value of 0
returned by MOT_T_ANG the command shall be maimtdimuntil another order is
specified. The motor measures the distance tra\siede motor located on the external
side of the curve.
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Example:

//Curve to the right at 50% with a radius of 10 f6rseconds
//(100ms x 100)

IIVEL_1=60

/IVEL_D=40

/[Curve to the left at 80% with a radius 15 for 00
//(Imm x 100)

/IVEL_1=95

/IVEL_D=65

unsigned charMOT_STOP(void)

Function Return

0: Correct dispatch The command has been sent correctly

1: Incorrect dispatch The command hadeeh sent. Connection problem

Command to stop the robot.

Example:
/l Moway stop

unsigned charMOT_RST(unsigned charRST_COM)

Input
RST_COM The parameter that to be reset RST T
RST_DIST
RST_KM
Function Return
0: Correct dispatch The command has been sent correctly
1: Incorrect dispatch The command hadeeh sent. Connection problem

Resets the motor’s internal time, distance anddspeeter temporary variables.

Example:

/IReset elapsed time

/IReset distance traveled
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unsigned char*MOT_FDBCK(unsigned charSTATUS_COM)

Input

STATUS_COM The parameter to be recalled STATUS T
STATUS_A
STATUS V_R
STATUS V_L
STATUS D R
STATUS D_L
STATUS KM

Output

Pointer to two char.

A command to recall different drive system paramsetelapsed time, the angle
(only through the MOT_ROT command), the speed ohewnotor, distance traveled by

each motor and the speedometer.

This function returns a pointer to 2 chars. All fietitions except STATUS KM
MOT_FDBCK(STATUS_x)[0])
MOT_FDBCK(STATUS x)[1] at a OXFF value. These twarigbles are updated every
time a new command is sent (e.g. recall the tinag@ssd since the last command).
Whenever using STATUS_KM the two bytes must be imred. This command is

return one byte

very useful to calculate the length of a line wiilie robot follows it.

Table 49. Parameter resolution

Parameters Resolution
STATUS_T 100ms/bit
STATUS_A 3.69/bit
STATUS VR 1%/bit
STATUS V L 1%/bit
STATUS D R 1mm/bit
STATUS D L 1mm/bit
STATUS_KM 1mm/bit

Example:

/I Recall elapsed time since the last command

//[E.g. Output:

/IMOT_FDBCK(STATUS_T)[0]=0x7F

/lcommand

=> 12.7 secondspad since the last

/I MOT_FDBCK(STATUS_T)[1]=0xFF; => Invalid data
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//Request of distance traveled by the right matomfthe last command

/le.g. Output:
/l mOway_km[0]=0x08
// mOway_km[1]=0x01;

6.3.3.

6.3.3.1. Description

byte 1 byte O

0x01 0x08

0000 0001

0000 0100

264

Distance: 264*1mm

264mm

BZI-RF2GH4 library in C18

With this library it is easy for mOway to commurtieavith the BZI-RF2GHA4.

6.3.3.2. Functions

To manage the sending of parameters and the refwalues, external values are
used. These must be modified beforehand or verdfest each call. What these are and
how they act will be explained in each function.

Table 50. Summary of functions in C18.
NET ) Input Return Description

void RF_CONFIG_SPI(void)

Configures the inputs and
outputs of the
microcontroller as well as
the parameters necessary tq
use the SPI bus.

void RF_INT_EN(void)

This routine enables th
external interruption for thg
radio module in the
microcontroller.

11

unsigned char RF_CONFIG(unsigned
char , unsigned char)

CHANNEL
ADDRESS

1: Correct
configuration
0: Not configured

Configures the inputs an
outputs of the
microcontroller as well ag
the radio module parameter:

B.

unsigned char RF_ON(void)

0: Correct activation
1: Incorrect activation

Activates the radio
frequency module in watc
mode.

N

unsigned char RF_OFF(void)

0: Correct

deactivation
1: Incorrect
deactivation

Deactivates the radi
frequency module and leave
it in low consumption mode.

(2]
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unsigned char RF_SEND(unsigned RF_DIR_OUT 0:Sent correctly Sends a data frame (8 Byte
Char Unsi ned Char ) RF DATA OUT[] 1:No ACK to the address indicated.

’ 9 — — 2: Not sent
unsigned char RF DIR IN 0: Single reception Checks whether a receptig
RF_RECEIVE(unsigned char* RF_DAT_A IN[] 1: Multiple reception | has occurred and if sq,

= N ! - - 2: No reception. collects the frame.

unsigned char*)

void RF_CONFIG_SPI(void)

The speed of the SPI must not exceed 8 Mhz. Infdhetion, the different
parameters of the SPI module and the PIC pinsarkgured.

Example:

Table 51. SPI configuration PIC ports

PIN RF PIN PIC
SCK RC3
SDI RC5
SDO RC4

//Configure SPI modules of the PIC

unsigned char RF_CONFIG(unsigned char CHANNEL unsiged char

ADDRESS)

Input variables

RF_DIR

Device address. Must be a value of between 0x01D=aRH.

RF_CHN

Channel to be used in the communication. Must & #e
of between 0x00 and 0x7F (128 channels).

Function Return

1: Correct configuration

The module has been canéig correctly.

0: Incorrect configuration

The module is not configd. Communications with the
module impossible due to the absence of or incbrrec
electrical connection.

This function configures the transceptor, enablitsgown watch address and the
‘broadcast’ address. In turn, it configures otharameters such as PIC pins,
transmission speed, emission power, address letingtlength of the CRC code, etc.

Table 52. RF module PIC ports configuration

RF PIN PIC PIN
IRQ RBO
CSN RF2
CE RH4

The channel must be common to all the modulesategoing to take part in the

communication.

Users can choose any channel faomong the 128 available.
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Nevertheless, if there is more than one commurmicatn the environment between
modules in different channels, a spacing of 2 nimgsteft between the channels to be
used in order to avoid interferences, thus lead@2ghannels usable. Another question
to be taken into account is the existence of atbemnologies that use the ISM 2.4GHz
band (Wifi, Bluetooth,etc.) and that might also smaunterference in one of the

channels.

Canal Canal

0x01 0x04
24Ghz  2.401Ghz  2.402Ghz 2.403Ghz = 2.404Ghz  2.405Ghz 2.525Ghz

Image 61. RF channels
Before calling up this function, the SPI module s configured.

Example:

//Configure RF module (channel and address)

//Module not configured

unsigned char RF_ON(void)

Function Return

1: Correct activation The module has been turnedoorectly.

0: Incorrect activation The module is not activen@nunications with the module
impossible or, on the other hand, absence of ariect
electrical connection.

This routine activates the radio module in watchdman order to be able to
receive data and/or send data.

It is important to take into consideration thaldeling the call to this routine, the
module requires 2.5 ms to be ready.

Example:

ff-=ememmee [Configuration and activation rougrwithout interruption]---------
//Configure SPI modules of the PIC

//Configure RF module (channel and address)

//Module not configured
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/IActivate the RF module

/IModule not initialised

unsigned char RF_OFF(void)

Function Return
1: Correct deactivation The module has been destetivcorrectly.
0: Incorrect deactivation The module has not besattivated correctly.
Communications with the module impossible due & th
absence of or incorrect electrical connection.

This routine deactivates the radio module leaviig in low consumption mode.
It does not clear the established configuration.

unsigned char RF_SEND(nsigned char RF_DIR_OUT, unsigned char
RF_DATA_OUTI))

Input variables
RF_DATA OUT This is an 8 bytes variable. (RF_DATA_OUTI[O - 7]).
RF DIR_OUT Ouput address

Function Return
0: Sent correctly (ACK OK) The data has been sedtthe ACK has been received from
the receiver.
1: Incorrect reception of ACK| The information has been sent but the ACK has aetb

(NO ACK) received (incorrectly configured receiver, differehannel in
receiver, incorrect address).
2: Not sent The information has not been sent.

This function sends 8 bytes of data to the indata@igdress and reports the correct
reception to the recipient. Following this, the idewvill return to the watch mode.

If a message is sent to the address 0x00, thisbeilleceived by all the modules
on the same channel. It must be taken into accthattthe module accepts the first
ACK it receives; therefore we cannot be certairt the@ data has arrived at all the
devices.

Example:
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//Data sent and ACK received

/IData sent and ACK not received

//Data not sent

unsigned charRF_RECEIVE(unsigned char* RF_DIR_IN, unsigned char*
RF_DATA_IN)

Output variables
RF_DATA_IN* This is an 8 bytes variable. It presents the infitrom
received (RF_DATA_INJO - 7]).
RF DIR IN* This is a byte variable. It indicates the transenitddress.

Function Return

0 Single reception. There is no more data in tbepton
stack.

1 Multiple receptions. There is more data in theeption
stack. This occurs when the transmitter sends thaire one
frame before the receiver collects this.

2 No data have been received.

This routine is responsible for checking whethee@eption has taken place and if
so, it returns the data received. Likewise, it repavhether there is data that has not
been read in the reception FIFO of the module.

When a frame is received the function output mustcbecked. If the function
returns a 1, the RF_RECEIVE() function must beethlip again, but before doing so, it
IS necessary to process the data or this will be the transceptor has a 3-level stack,
and therefore if the RF_RECEIVE() function is natled up before the stack is filled,
the device will not be able to receive more data.

Example:
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while(1){

while(RF_RECEIVE(&data_in_dir,&data_in[O]2X

/I Replace with code required for processing data

void RF_INT_EN(void)

This routine is responsible for enabling the exaérmterruption of the
microcontroller that uses the RF module in datap&on. For this reason, the RBO pin
Is configured as input. Although the module camiaaged without interruptions, the

minimum response time is not guaranteed.

Example:

Mfeemnmnmeeee [Configuration and activation routirveith interruption]---------

/[Enable interruptions
RF_INT_EN();

//Configure SPI modules of the PIC
RF_CONFIG_SPI();

//Configure RF module (channel and address)

if(RF_CONFIG(0x40,0x01)==0){
//Module not configured

}

/IActivate the RF module
if(RF_ON()==0){
//IModule not initialised

}
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6.3.3.3. Flow diagram for sending and receiving data

Define
RF_DIR

Define
RF_DATA

RF_SEND(

!
v
5

Send ok y AKC end ok y AKC
received received

no No send y AKC Out interruption  j&¢————
received

Diagram 4. Data send in C

> |RF_RECEIVE()

Ext interrupt

—»| |RF_RECEIVE()

¥

—— Process data Process data

Diagram 5. Reception
interruption in C

— Process data

Process data

Diagram 6. Reception in C

Out reception
P . E——
service
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7. mOwayGUI programming

7.1. Creating a Project

The only thing you have to do is to click on thevrgroject icon.

tain

o

Image 62. mOwayGUI screen

7.2.  First programme in mOwayGUI

In order to develop your first programme, first youst create a project (previous
chapter). This first basic programme will make m@w&oid obstacles.
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1. Next step is to add a 1-second delay: delay ms{(1Q2@t add a module and
double click in order to configure it. ThPause option is selected and
configured as may be seen in the following image.

2. The command to make one of the LEDs blink is addéis is another module
with the following configuration:

Properties Configuration

Properties Configuration - S_Eh_a_l:t & property type L
@ [LED dindes v1;
Select a property tupe ) {8 L s
[ Pause Configuration
Configuration :_|:ED diodes )
[ Top green L
Wit tirme: :
conztant b Action:
I2|:| i ' 1.00 zec. E_Blink =l
Arccept ] [ LCancel Accept ] [ Caticel

Image 63. Pause and LEDs configuration

3. The end of the program is added so that the apjlicaan be compiled.

4. The program is compiled and recorded into the rdiyotneans of the record
button in the menu.

5. Test the program and check that after waiting bisé¢he green LED lights up.
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Top Green
Blink

Image 64. First mOwayGUI program: Pause and blinkirg
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6. In order to detect obstacles, tGenditionmodules are configured to check both
sensors individually.

Properties Configuration

Select a property type Select a property tupe
i il b i —_:l

Properties Configuration

{ Che

it |
Configuration Configuration
Left central obstacle Right central obstacle Left central ohstacle Right ceniral bstacle
| No Obstacle v| |MNoObstacle ¥ [ 'ves Obstacle v [NoDbstacle v
Left side obstacle _ Right side obstacle Left side obstacle Rlight side obstacls
[Ves Obstacle v| Mo Obstacle ~| | Mo Obstacle | | Mo Dbstacle v

r N N

Properties Configuration Properties Configuration

| |

Configuration Configuration
Leit central obstacle Right central obstacle Leit central obstacle Right central obstacle
| No Obstacle v|  esDbstacke v |Ho Dbstace w| NoObstade v/
Left zside obstacle Right side obstacle Left side obstacle Right side obstacle
| No Obstacle | | Na Obstacle v | No Obstacle ~| Yes Obstacle v

N N

Image 65. Check obstacles configuration

7. Condition modules have a true output and falsewutf the condition is true
(obstacle detected) the corresponding LED lightsotiperwise it remains off.

8. Test the program and check that the front LEDst lighh when an obstacle is
detected.
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Image 66. First mOwayGUI program: obstacle detectin
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9. We add movement to the robot: straight on indefigituntil an obstacle is
found.

10.When an obstacle is found, a command is sent todet to rotate 180°. The
robot will continue to move in a straight line whitse@ rotation is completed.

Properiies Lingursien Propeerties Condiguration

i}:h{ramﬁpe Select 'a propiely type lﬂ
M grvtatent ] Retste e
Confizashion Corfiguration
Lot Sped F:'#ﬂl_w bl Vool Fiokcmad
corehant - conshant S consland w Corder Tur &
L Ll N s
W W o Wi
Forwad [ Fonwmd Laft S
(] Evabiered chschingters  [7] Ereabie anef chasthing diotanee [} Erskle and chacking i [] Enable snd chacking anghe
I corgtant b
0:150 07 ] 0.1 see s & e
[} it e thes endd od e command
[ 2ecem | | Coen | [ e | [ Comen |

Image 67. Movement and Rotation configuration
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Image 68. End of first program in mOwayGUI
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7.3. mOwayGUI
7.3.1. Modules

Modules are actions in which the output is uncoaddl: turn on a LED, send a
movement command, etc. With modules, the follovantions can be carried out:

F O i T =T i, S o ™ ™
= il <

. User Freq: 3906Hz
. Blink J X Light & Config. J LTime:D.DSsac._J

F@ng'\r'\f@{;@ﬁ

WEL L: 50 VEL: 60 RAD: 20 WEL: 100 VArT...
\ VWEL R:5) ) L WAY:Right j \ Center Left \ Dist_left

S - T O AT - T G A N O ™~
RST_T RST_KM C: Onedd var...= var...+=

:
\__mT0 )\ adom ) | 0 B L

G N oo s
oo =,
2.50 sex.
\. J L Rutinel .

Image 69. First program: detecting obstacles moving

SENSORS

Properties Configuration

Select a property lype

Sensors

Assign Sensor value
E=panzion Control
Speaker
Engines
Movemnert

Curve »

Image 70. Choose the type of module (Sensors)
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« LED Diodes

This module enables you to operate on mOway's LB0ed.

You can turn them on, turn them off or make theimkbl

Front
Blink

Propetrties Configuration

Select a property twpe
i LED diades

Configuration

LED dindes §
Al v

Front
Break
Top green
Top red

Accept l [ Cancel ]

Properties Configuration

Select a property type
LED diodes

Configuration

LED diodez

|

{ Frant

Action:
Lot

]
|

.Dn
Clff

Properties Configuration

Canfiguration
LED diodes )
|Fr0nt v]
Achon:
[ Accept ] [ Cancel ]

Image 71. Choose the LED diode and its action

* Assign sensor value

This function is to assign a variable to one sen3bis
variable can be used to configure different aspeictise robot.

Properties Configuration

Configuration

“ariable to azigr:

Variable?
Wanabled

Accept ] I Cancel ]

Properties Eunfiguratinn

Select & property type

ian Sensor value

Configuration

Wariable to azigr:

[ariablel ¥
Senzor
[ Light v

Left central obstacle
Right central obstacle
Left zide ohstacle

Fiight zide obztacle
|Battery

Configuration

“ariable to azign:

ariablel |
__S_enmr L
|
[ Accept ] ’_ Cancel ]

Image 72. Choose the variable to aséign and the sen

* Expansion control

Control of the expansion connector of the mOwaytolt can be

used with the mOway expansion module.
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Properties Configuration

Select a property type
i Expanzion Contral
Configuration

Pinout configuration v-:
kanual Config Eup. Satsnr
Pirrl

Firl_Cut
O IN @ ouT | &0 O
Pin2

Finz_ Cut
oM ®oour @0 O
Pin3

Find Dt
ON®Gowr ©0 O
Pirid

Fird Ot
Om@our @0 O1
PinS

FinG_ Chut
ON@our @0 Ot
Pink

Fink_ Dt
ON®aor @0 O

[ Accept ] I Cancel l

Image 73. Choose pinout configuration of the expaim connector

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

e Speaker
This function enables mOway to emit tones from B&Oto 65 )
KHz in pair sequences of 100 ms. This is possildeabse of the o e
speaker installed on the robot. Time: 0.5 sec.
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Properties Configuration

Select a property _t__lzl_|:|e
Conffiguration
Freq - Time
|constant vl [constan #
15 & HUEHz 05 sec. |0 :|
[ Accept I [ Cancel ]

Image 74. Choose the frequency and the time of thhene

ENGINES

*
>

Properties Configuration

Select a property type

Enqines

Curve
Ratate

Conzult movement info
Rezet Move Info

Badio Freguency
RF Cantral

Image 75. Choose the type of module (Engines)
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* Movement

mOway has two motors in each wheel. These giwegteat
flexibility in its movements. The movement commaralow the
speeds of each motor to be controlled individuahd to restrict
movements in certain time or distance.

Another important option when configuring motorsthe 'Wait until end of
command'. This option allows you to block the movement ecoamd (the program
stops running) until the movement module finishe=cérding to time or distance). This
option is only accessible if we select the opti6Bsable end according to time" or
"Enable end according to distance".

Properties Configuration

Select a property type
Configuratian
Left Speed Right zpeed
canztank b conztant YJ
f0 & I
Wfap Wl an
Farward VJ Fomard v

[] Enable end checking time Enable end checking distance
= £
catatarnt | constant b

1 S|
0.1 zec. I * | 047 e

[] *ait until the end of the command

[ Aocept ] [ Cancel

Image 76. Choose the speed, the way and the timetbe distance

e Curve

The curve module is a specific case of the movemmule. In this @
command, drive system will calculate the speechefrhotors in order to be | veL 60 raD: 20
able to trace a curve, indicating the speed amdrigradius. DIR: Right

We can also use here the time restrictions artdrdie and the "Wait until end
of command" option.
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Properties Configuration
Select 3 property bpe

Configuration
Global Yelozity: Fradiuz:
conztant v : cohzstant b :
B0 & 20 2
Direction W ay
{Forward  w , l Left w :

“arEkam

[] Enable end checking time [ 1 Enable end checking distance

CRETaAnT

i 0.1 s2c. b | 047 em.

[ Bocept I [ Cancel

Image 77. Choose the speed, the curvature radio,dldirection, the way and the time or the distance

* Rotation

The rotation module is another specific case of iwement -
module. With this command, mOway will rotate eitloer its centre or | 't ;fg“ht

on one of its two wheels. We can configure theitgmirection and the
rotation speed.
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Properties Configuration

Select a property type

T
L |

Configuration

[3lobal W elacity: Fuotate mode;
{ constant L | | Center Turn Vl
T2
LT Ay
Fopnand :__V|

[ 1 Enable end checking time [ ] Enable end checking angle

ishant COrETEnt

Image 78. Choose the speed, the rotate mode, theywand the time or the distance

We can also use here the time restrictions andnig angle as well as the
"Wait until end of command" option.

« Stop

The Stop module is another specific case of the emant a
module. With this command, mOway will stop moving. STOP

Properties Configuration
Select a property type

| Stop

Corfiguratiar

Stop the robot

Accept ] [ Cancel

Image 79. Stop mOway
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¢ Consult movement info

mOway keeps a record of the data of the movemeémskes. This
module enables you to consult this record: Curspeed, Distance coverec

Angle of turn, etc.

Properties Configuration

Select a property type

| Consul movement info w

Canfiguration
“Yariable o azigr:
Variable1 ~|

Wariable2
“aniablel

Maove infarmation:

I Aocept ] [ Cancel ]

| Time v_'
| d

Properties Configuration

Select a property type

| b ovemnent info
L

Configuration

Yariable to azign:

Variable1 v

Ausiliar variable:

Maove infarmation:

i _
| Time: e

Tirne
Left Speed

Fliﬁht sEeed

Right Diztance

Properties Configuration

| Consult mavement infa

Configuration

Y aniable to azign:

[Variable1 |

Agmiliar vanable:

Mave infarmation:

Select a property type

[ Accept l ’ LCancel

Angle
Total Distance

+ Reset movement data

This module resets stored movement counters. Yowsekect the

specific pieces of data you wish to reset.

Properties Configuration

Select & propiety tupe

Configuration

i ecet Move lhlio

Feset Time
Reset Partial Distance
Feset K

[ Ancent ] [ Caruel l

Image 80. Choose the variable and the move infoation

Image 81. Choose the options to be reset
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RADIO FREQUENCY

Praperties Configuration:

Select a property type

[

Reszet Move Info

R adio Frequency
RF Cantral
O perations
Azzigment

b athematical

Fauze :
Call a subrutine w

Image 82. Choose the type of module (Radio Frequey)c

* RF Control

This activates or deactivates the RF module. Wimnactivate this
control, you must select which address the robdk wge and in which
channel you wish to operate. So that two mOways cammunicate
between each other, they must operate on the daamael.

Properties Configuration

Select a property type
RF Cantral

=

Configuration

i) Deactivate RF
¥ Activate RF

Channel:
Ox |4 =]

w

Accept ] [ Cancel

Image 83. Choose the channel and the address
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OPERATIONS

Properties Configuration
Select a property type

Reszet Move Info Y
R adio Frequency = ]
RF Contral
0 peratons
Azzigment

td athematical
Pauze !
Call a subrutine b

Image 84. Choose the type of module (Operations)

* Assignment

This function is to assign a value (a constant amnable) to a
previously created variable. This variable can fsduto configure
different aspects of the robot.

Properties Configuration

Properties Configuration

Select a property type

=ht

®

Select a property type

Configuration Confiquration Cotfiguration

“alue to azign:

Yalue to azign:

i YWalue to azign:

v/ [Variablet v/ Variable] v
WariableZ2 Walue to azign: Walue to azign:
Variabied 2 R e

0 :_]_ I-égnst;ant —v| 'U = |-E;nstant M| BoE |

Var!able1
[ Accept ] [ Cancel ] Sg::gg:gg el [ Accept ] ’ Carncel l

Image 85. Choose the variable and the value to agsi
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« Mathematical

This is used to carry out arithmetic operationsattd or
subtract to or from a variable. The first parameteist be a variable ir
each case and this will be used to store the re§tiite operation. The
second operand may be a constant or a variable.

Properties Cenfiguraktion

Select a property type

i b athiematical

Configuration

Operandl:

<

ariable2

Wariable3

Dperand2:

!cu:unstant i IEI -

Accept ] [ Caricel ]

Properties Configuration

Select a property type

| - athEernatiu:: al

Configuration
Dperandl:
| Variable1 v
I " )]
+= V:
Elperan|.=
:::::unstant VI o $J
[ Accept ] [ Cancel ]

Image 86. Choose the operandl and the operation

Properties Configuration

Select a property type

| - -hEerl'l-Eltil:: al

Eaonfiguration

Dperandl;

[Variablel v

i+= ot

__DperandE:

| constant s 10 o |

Yariablel
Wariablez
Wariable3

Properties Configuration

Select a property tupe

il M athematical

Eonfiguration

Dperandi:
"Variablel

=3

+= Vl

OperandZ: -

¥ @ &

| conztant

Acoept ] [ Cancel ]

Image 87. Choose the operand2
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 Pause

This allows you to insert a pause in the progranwith a
duration set in multiples of 0.05 seconds. The pgsameter may

be a constant or a variable.

5]
il

2.00 sec.

Properties Configurakion

|

Configuration
Wit tirne:

él:l:nnstant V|
40 3| 200 sec.

[ Accept ] [ Cancel ]

Imag8. Choose the time

¢ Subroutine call

Subroutine call, which can be reused in other mOpvrajects.

Properties Eunfiguratiun

Properties Configuration

Select a property type Select a property tupe
i Call-a subratine vi ' Call a zubrutine v]
Configuration Configuration
Subruting: Subrutine:
| Rutine1 v | | B ithine
Ruting2
[ Aocept ] [ Cancel ] Arccept ] [ Canicel
Image 89. Choose the subroutine
7.3.2. Conditionals

Conditionals are actions in which the output is@m@nt in order to operate with
them: comparisons, sensor verification, etc. TH®Wong actions can be carried out

with modules:
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Image 90. Set of mOwayGUI conditionals

SENSORS

Properties Configuration

Select a property type '@

| v

Sensors ~ ]
Check obztacles
Accelerameter

Sound

Check, expansion card
Senzor comparative

Engines bl

Image 91. Choose the type of conditional (Sensors)
* Check line

It checks the digital value of line sensors. Thiedule is very
useful for making mOway follow a line (black or wd) on the floor,
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detect boundaries, etc. User has to check the ANDRoboolean operation. With AND

option both conditions must be true and on the roktizand, with OR one of the two
condition has to be true.

Properties Configuration Properties Configuration Properties Configuration

Select a property type Select a property type . Select a property type

Check line | Che

Check line

Canfiguration Canfiguration Configuration
Left ine sensor Left line gensor Left line sensor
White v white v| white v|
Right line sensor Right line sensor
Black ] -
Mo check. white v |W’h|te w |
& &ND O OR Black ® aND O OR
Mo check,
[ Accept l [ Cancel l [ Accept l [ Cancel ] [ Accept l l Canicel ]

Image 92. Choose the left and the right line sens@rboth have to be white

*+ Check obstacles

It checks the digital value of obstacle sensorsisitused to
determine whether there is an obstacle or notantfrto the left or right.
User has to check the AND or OR boolean operatgith AND both
conditions must be true and on the other hand, @& one of the two
condition has to be true.

Properties Configuration
Select a property tupe

Check obstacles “ |

Configuration

Left central obstacle Right central obstacle

| ez Obstacle v_ : ez Obstacle w |

Left zside obstacle

E ez Obstacle V |

N

[ Aoceph J [ Cancel

Image 93. If one of the sensors detects an obstadieie output

www.moway-robot.com



Title: mOway User Manual
"w MOWAY Rev: v2.1.0 — June 2010
Page 124 of 137

* Accelerometer

With the accelerometer you can check if the mOway lbeen Tap
beaten once (tap) or twice (Double tap).

Propetties Configuration Properties Configuration

Select__.?_pr_ug!:_u?r_t_}!__t__lrlp_e___ Select a property type

Configuration Eanfiguratian

__Interrupt Tupe - Interrupt T wpe

| Tap v | Tap v|
IDl:qu:ule Tap

[ Accept ] [ Cancel ] Accept ] [ Catcel

Image 94. Choose the interrupt type

e Sound

This sensor checks if there is a loud sound or not. %

Properties Configuration

Select a property lupe
[sond

Configuration

wWhen mdway heards & loud sound
thiz 1z achivated

Accept ] [ Cancel

Image 95. Choose to check if there is a sound

» Check expansion card

This checks the digital value of the expansion eatwr pin.
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Properties Configurakion

Configuration Configuration

PindSensar: PinsSensar

= =

P v i B

Pin2
Pin3
Pind
Pinb T ——
Fink f! | ponztEnt

Lurninozity
Temperature

[ Accept ] [ Cancel Accept l [ Cancel

Image 96. Choose to expansion connector pin

WARNING!

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

* Sensor comparative

It compares the analogue value of obstacle, linatteby,
temperature, accelerometer or microphone sensdiren@way sensors
return an analogue value. For example, the lighs@egives a value of
0 to 100 according to the intensity of the incidéght, and obstacle
sensors give a value of 0-255.

Properties Configuration Properties Configuration

Select a property tupe

ensor comparative

Configuration Configuration
Senzor Sensor
Light v | Light »|

Left Line

Right Line

Left central obstacle
Right central obstacle )
Left zide obstacle = | cohiztal
Right zide obstacle I
B attery o

Accept ] [ Cancel ] [ Accept l

Image 97. Choose the sensor and the comparative
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Properties Configuration

Select a property tupe
| Senzor comparative | Sensol comparative
Configuration Configuration
Senzor Senzor
Light v Light v
[ 1 |
[ i > v
Operand: Cperand:
| constant w0 i | ||:|:|nstant V.| 55'] ¢|
" ariablel
Wariable2
Yariable3
alna E.L,L,I::pl. T Tancel [ Accept ] [ Cancel ]

Image 98. Choose the variable to be compared

ENGINES

Properties Configuration

Select a property tpe

Sensor comparative
Engines ]

sement info comparative

i

Image 99.

R adio Freoquency
RF Trangmizion
RF Reception

Operations

Comparative

Choose the type of conditional (Engines)
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* Movement info comparative

A comparison is made with the information from théve system.
The drive system provides information about thealtatistance covered

partial distance, etc.

Properties Configuration

Select 5 property twpe

| Movement info comparatiy

Configuration

Movement information;

 Tirne i |

Left Speed

Right zpeed

Left Distance

Right Digtance |-
Angle =
Total Digtance z
Buxhan operand:

conzstanis

[ Aecept ] [ Cancel ]

Propetties Configuration

Select 5 property bipe

= T n =1
| b4 owvement info comparativ 2|

Configuration

Mowvement infarmation:

| Timne b

Operan
Econstar ol LEI 2
ALilian

Ancept ] [ Cancel ]

Image 100. Choose the movement information and treomparative

Properties Configuration

Properties Configuration

| I cvemient info comparativ

Configuration

Miovement information:

Operand:

[ Accept ] [ Cancel ]

Select a properhy tupe

| I ovement info comparativ

Configuration

M ovement information:

| Time v
Z 2|
Gperand.
[constant v | 'D =

Ausiiary operand:

EOREsarhe

[ Accept ] [ Cancel ]

Image 101. Choose the variable to be compared
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RADIO FREQUENCY

Properties Configuraktion

Select a property type

Sensar comparative
Engines
b ovement info comparative

RBadio Frequency
RF Tranzmizion

RF Reception

Operations
Comparative

Image 102. Choose the type of conditional (Radio Equency)

* RF transmission

It transmits a frame to a specific address. Theesddof the
recipient and the data, which can consists of emstor variables,
must be indicated in the frame. It must be remesthé¢hat before
inserting this conditional, the module must be @uried using the
"RF Control" module. Remember that all the robatgrtg part in the

RF communication must have the same channel afetatit addresses.
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Properties Configuration

Configuration

Receiver's address

Select a property tupe

T
Data 1 D Data b
congtant v_l 0 -D E cobstant
canztant
Y ariable] [ Datak

Wariable? [ =
" ariable3 it corstant

[ Data?

[ Accept ] ’ Cancel ]

Image 103. Choose the first data to be transmitted

Configuration

Receiver's address

E]

[rata1 [] Datas
| Wariablet 9] w0 2] |constant
[rats 2 [] Datak
Econstant »| 00 37 i aarskant
[] Data?

ol =] :
[] Data®
0w - | constant

[ Accept ] [_ Cancel J

Properties Configuration
Select a property type

Image 104. Choose the second data to be transmitted
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Properties Configuration

Configuration
Receiver's address
0z 1 = |
Diata 1 [] Datas
Variablel vl o1 2] A
Data 2 [] Datak
R - I SR
[ costant sl 0w 02 ristant 0w | |
[] Data 3 [] Data?
onEtan O :r'— -i ~mztart [ i_ 7 _:
[ Datad [] Data®
apstan Ox '_ I conskant Ox [0 _:
[ Accept ] [ Cancel

Image 105. First and second data ready to be transtred

* RF Reception

It receives a frame from a specific address. Ittnmesindicated
at least two variables: one for collecting the $rarter address and th
other for the data. It must be remembered thatrbethis conditional,
the module must be configured using the "RF Cohtmlodule.
Remember that all robots taking part in the RF comication must
have the same channel and different addresses.

Propetties Configuration Properties Configuration

Silect a property bipe
Tl
hon |

Configuration

Transmitter address:

[ratof o assign

Configuration
Trangmitter address:
|arishle e |

Datol to assign:

Datoh to assign;

\ ]

Dato2 to assign: [atob to assign: D ?_[EE l__nEs_s_igr_u_

| | i R i G|

Diatod to assign: Data? to assign: Dato3 to assign: o Dato? to assign: -
vl ] v | - v

Diatod to assigh: Diatod o assign: Datod to assign: Diatod to assign: o
- bl L & | |

Cancel

Image 106. Choose the address of the transmitter drthe first data to transmit
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Properties Configuration

Select a property yps

Configuration Configuration
Trangmitter address: Transmitter address:
[ Wariable1 ~ | Varichle1 >
[ratol to azsign: 05 to aszign: D atof to assign
o iRt e
[Vaiizble2 ¥ ] <] o
Dato? to assign Datof to assign Datod to assign: Datof to assign
_ - otttk = :
| \ ] [+variable3 | \ v
"Wanablz1 Daato? to assign; Datod to assign: - Dato? to assign; -
Y ariable? I ! fr ! ‘ =]
Dratod to assign: Datod to assign; [ratod to azsign: D atof to aszign
| d | s i | v

Image 107. Choose the second data to transmit

OPERATIONS

Select a property tpe

Senzor comparative P
Engines T ]
b ovement info comparative
Badio Freguency

RF Tranzmizion

RF Reception

Operations s

Comparative

Image 108. Choose the type of conditional (Operats)

www.moway-robot.com



Title: mOway User Manual
"W MOWAY Rev: v2.1.0 — June 2010
Page 132 of 137

* Comparative

It makes a comparison on a variable. The varialda be
compared with a constant or with another variabldis is very useful
when comparing a variable used to carry out a nnadltieal operation.

Properties Configuration Properties Configuration
Select a property type Select a property bupe
| Comparative : Comparative
Configuration Configuration
Operandl: perand?:
| Wariablel v

Variahle2 A V|

Variabled _

Operand2: Dperang ~ =

!c:u:unstant » | ] = !I:Dnstar :_ v 0 S
i

Accept ] [ Cancel ] Accept ] [ Cancel ]

| Comparative

Configuration Configuration
Operandl: Operandl:
Variable? v| \ariable?
I b |
Operand2: Operand2:
| constant V| i i i | constant

Y ariablel
Yariable
Variable3 ancel tccept | | Cancel |

Image 110. Choose the second operand and the comative
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7.3.3. Start and End

Any program must have a Start element, but it dossneed to have an End
element (an infinite loop can be created).

Properties Configuration

Select a property type

Image 111. Choose the option initialization

The Start element can initialize the variables.

Properties Configuration

Properties Configuration

'12] Select a property type
: tor " i
Iritialization Iritizlization
(] WariableT e Variable] |
[ Vaiiablez EE] [ wariabiez SRR
[ Wariabie3 E [ Wariabie3 '
[ Accept ] [ Cancel l [ Accept ] [ Cancel l

Image 112. Choose the variable and the value for¢hnitialization

7.3.4. Arrow
ﬂ

Arrows are used to join Modules and Conditional®ider to
create the program flow diagram. The same prograhcates the use!

if the arrow is correctly positioned to ensure thia¢ application & rriu
operates correctly.
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7.3.5. Erase Arrow

This tool is very useful to create the diagram.sErarrow is *
used to delete the link between the element anddkeone. It can be
done clicking on the element.

7.3.6. Subroutines

In order to simplify the diagrams and optimise tlse of programme memory,
reusable subroutines can be generated. In othedswid a part of the programme is
repeated with great frequency, a subroutine cacrdeted with this task, and replacing
it in the main diagram with a subroutine module.

7.3.7. Recording

mOwayGUI can be used to record the diagram in thigotr )
directly. The status of the recording process bellindicated at the top.
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8. Moway RC Center

Moway RC Center is an application included in Molgayack to control Moway
as if it was a radio control device and to mon#lthe robot’s sensors. This tool, which
uses RF BZI-RF2GH4 modules and RFUsb (mOway Basengatible), is very useful
for all those users wishing to explore the fieldandthe microbot will perform.

Its functioning concept is as follows: the applicat transmits commands by
means of the USB to the RFUsb, which transmits therivloway, where a recorded
program interprets those commands (Moway RC_Cimatiided in Moway Pack).

Image 113. Moway RC Diagram

« Moway RC Center E]‘Elg

File RF  Help

RF Configuration Senzor Status

T = Temperature |2-7!-E \
Rt : | i

Battery |84°/= ‘
Radio Control

£ 3 Speed

Buzzer Y # 0186256 |
@ S v [02349756 |

@ 3l W e
Infa

i Connected \Firm:  RFLs

Image 114. Moway RC Center
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You can access the application in Window/Radio @b using the button
shown in the next image.

-+ MowayGLI - Proyecto -

Archiva  Edicion  Programa  Rutina  Ventanas  Ayuda

=3 6, ®[zeoma [T

Image 115. Access from mOwayGUI

8.1.  Description of the mOway RC Center

The different parts of the program are describddvibe

8.1.1. RF configuration

In this part the RFUsb module is configured witbx®2 default address and 0x00
for the communications channel (default mOway RGgpm channel). The Radio
Control's indicator (dispatch status) on the leftwér part will glow red when
configuring the module with the robot switched off.

Once connected, the communications channel cahdreged if WI-FI, Bluetooth,
Microwaves, etc. interferences are detected in fitgs channel. Click on the change
channel button to select up to 16 channels. Toghdne channel the robot has to be
switched on and be in communication with the RFUsb.

Every time the RFUsD is disconnected the defawdhokl shall be 0x00.

The recommended procedure is as follows:

1) Turn the robot on

2) Connect th&FUsb

3) Test the channel sending mOway commands

4) If the robot does not react well change the nkeaand try again
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8.1.2. Radio control

Once the RFUsb is connected mOway can be sent codgndhe robot’s
movements can be controlled by means of the buttand the keyboard.

There also are two bars to determine the speed #&mthing radius.

When mOway captures the transmitted data a sme#ingmdicator will light on the
lower left side. On the contrary, when no dataaistared its color changes to red.

8.1.3. LED

In this section Moway'’s four LEDs are switched ol @ff.

8.1.4. Speaker

In this section is checked the switched on anabfhe robot’s speaker in a
particular frecuency

8.1.5. Info

Displays information abouMoway RC Center.

8.1.6. Sensor status

This section describes the values returned byeghsas at all times (updated
every second).

1) Analog value from obstacle sensors: higher wtherobject is closer.

2) Percentage of inciding light.

3) Values from line tracking sensors: higher whHeanterrain is dark.

4) Distance covered by the robot after being swveidicbn or the distance is reset.
5) Accelerometer values.

6) Battery meter

7) Temperature of mOway

8.1.7. Keyboard control

The keyboard controls:

W-Forward
A- Left

S- Back
D-Right
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