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OPEN-R SDK - Introducao

X 8% B

OPEN-R™ SDK

Special Interest Group (SIG)
AR ) BRI —TF

Session 1 / w31
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OPEN-R SDK - Introducéao

» OPEN-R:

— Interface standard para robds de entretenimento da
Sony

= OPEN-R SDK (OPEN-R Software Development Kit)
— Ambiente de desenvolvimento baseado no gcc (C++)
— Permite construir programas que correm no ERS-210
— Ferramentas de acesso livre
— Arquitectura modular de Hardware e Software
— Suporte para comunicac¢ao Wireless
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OPEN-R SDK - Introducao

= Hardware Modular:

— Mudar a forma do Robdé mudando os seus
mddulos (por exemplo trocar uma perna ou a
cabecal).

— Modulos conectados por um BUS série de alta
velocidade com autodeteccao da configuracao
do robd
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OPEN-R SDK - Introducéao

» Software Modular
— Modulo de software sao “Objects”

— Execucéo concorrente de objectos que
comunicam uns com 0S outros

— Simples substituir objectos

— Objectos sao carregados do “Memory Stick”
= Rede Wireless

— IEEE802.11b Wireless LAN (PC Card Slot)

— Protocolo de rede TCP/IP
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OPEN-R SDK - Introducao

= Sistema Operativo (tempo-real): Aperios
» Programas escritos em OPEN-R SDK

— www.|p.aibo.com/openr
» Memory Sticks (gravador ou via wireless)
= OPEN-R Objects:

— Executaveis com a extenséo .BIN

— Comunicam com outros objectos por
mensagens

— Semelhantes a processos UNIX
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OPEN-R SDK - Documentacao

» Sistema:

— Open-R SDK - Verséo 1.1.3

— Open-R SDK - Upgrade Versao 1.1.3 (release 2)
» Programas Exemplo:

— Open-R SDK - Sample Programs (codigo C++)
» Documentacéo:

— Open-R SDK - Installation Guide

— Open-R SDK - Programmer's Guide

— Open-R SDK - Model Information for ERS210

— Open-R SDK- Level 2 - Reference Guide

— pen-R SDK - Internet Protocol - Version 4

— RCode Plus 251 - ERS210A
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OPEN-R SDK - Potencialidades

= Movimentar juntas do robd independentemente
» Ler os angulos das juntas

» Ligar e desligar os leds da cabeca e cauda

» Tocar audio PCM

» Ler aimagem da camara

» Ler informacao audio

» Ler a data/hora, nivel de bateria, etc

» Ler informacao de todos os sensores do robd

» Enviar e receber dados via rede Wireless

LIACC-FEUP Luis Paulo Reis / 2003 Slide N° 11

Conhecimentos Prévios

» Experiéncia em Programacéao em C++
= Algoritmos e Estruturas de Dados
= Inteligéncia Atrtificial e Robética

» Utilizacado de ferramentas de
desenvolvimento GNU

= Como usar UNIX / ferramentas Cygwin:
— Bash, tar, Is, etc.

= Criatividade e Imaginacao

LIACC-FEUP Luis Paulo Reis / 2003 Slide N° 12




Estrutura da Apresentacao
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Objectos em OPEN-R

= Software OPEN-R s&o diversos objectos
(semelhantes a ficheiros executaveis)

= Objectos correm concorrentemente

» Objectos comunicam por passagem de
mensagens

» Objectos possuem multiplos pontos de
entrada
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Envio e Recepcao de Dados

= Comunicagao entre objectos estabelecida pelo
“subject e pelo observer (incluidos no “object”)

observer observer )
(receiving data) (receiving data) subject
(sending data)

subject {sending data)

Object A Object B Object C

4
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Envio e Recepcao de Dados

» Enviar dados: Ready() Receber dados: Notify()

Send data in Ready() that is included in the subject.
Invoke NotifyObservers() when sending data is finished.

cf (sending data) observer (receiving data)

s
Ready() = NotifyObservers() Notify() = AssertReady()

—>

Receive data in Notify() that is included in the observer.

Invoke AssertReady() when receiving data is finished.

Object A Object B

SampleSubject SampleObserver
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Envio e Recepcao de Dados

| First, someone says “send data” |

Ready() is executed. Here the data
— is sent to the partner. (Really, the
data is putin a public area)

l

MatifyOhservers() is executed. The
)/ system will now inform the partner.

I

Notify() is executed. Here the
partner can get the data and can
process the data.

l

AssertReady() is executed when the
data processing is finished.
AssertReady() means “1 am ready to
oet next data”™.

i ~
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Envio e Recepcao de Dados

= Para colocar os dados na area comum:
— Subject[]-> SetData()

void
SampleSubject: :Readv(conset OReadvEvent& ewvent)
{
char str[32];
atropy (str, "!!! Hello world !1!");
subject [ebjSendString] ->SetData(str, sizeof(str));

subject [ebjSendString] -=Notifvibservers() ;
} \
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If there are multiple subjects in one object, an array index is required.
Ifthere is only one subject, *sbjSendString” should be replacad by *0°,




Envio e Recepcao de Dados

= Para receber os dados da area comum:
— Event.Data(0)

void

SampleCbeerver: :Notifv(const ONotifyEvent& event)
{

const char* text = (const char *)event.Data(0);
OSYSPRINT { ("SampleObeerver: :Notifv () %e¥n", text)) ;
observer [event .0bsIndex ()] ->AssertReadv () ;

} I Out to console

[T there is only one observer. the array index should be “0°.
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Subjects e Observers

= Objecto que envia dados é um “Subject”
= Objecto que recebe dados € um “Observer”

Subject

Observer
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Comunicacao entre Objectos

» Quando um observer esta pronto envia uma
mensagem ASSERT_READY ao subject

void SampleObserver:: SendAssertReady () {

chserver|[cbsFuncl ] ->AssertReady () ;
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Comunicacao entre Objectos

= Quando um subject recebe um
ASSERT_READY, pode enviar dados a um
observer

void SampleSubject::Ready {const OReadyEvent& event) {
char str[32]:
stropy {str, ™!!! Hello world !!!¥);:
subject[sbjFunc2]->8etData(str, sizeof(str));

subject [sbjFunc2] ->NotifyObservers () ;

http/Awww aibo.com/o parr/
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Comunicacao entre Objectos

» Depois de um “observer” ter processado 0s
dados, envia um novo ASSERT_READY
para receber mais dados

void SampleObserver: :Notify (const CHotifyEvents
event) {

const char* tezxt = (const char*) event.Data(0)
// . . . process data .

observer [obsFuncl]->AssertReady () ;
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Comunicacao entre Objectos

Void SampleObserver::Hotify({const ONotifyEvents event)
{
const char* text = (const char *)event.Data(0); OPEN-R
cout << "Observer> Received: " << text << endl:
if (stremp(text, "shutdown") == 0) {
OBootCondition bootCond(obcbPAUSE_SW) ;
OPENR: : Shutdown (bootCond) ;
if (subject[sbjsendInt] ->IsReady(})) {
int reply = 1;
cout << "Observer> Sending shutdown..." << endl;

subject[sbjsendInt] ->setData (&areply,
sizeof (reply)} ;

subject[sbjsSendInt] ->Notifyobservers() ;

}
else
observer[event.ObsIndex() ]->AssertReady() ;

}
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Comunicacao entre Objectos

Void SampleSubject::Ready(const OReadyEvents event)
{
char str[64] OPEN-R
if (!receive_shutdown) {
cout << "¥nSubject> Enter String: ";
cin.getline (stx, 64):
subject[sb]jsendstring] ->8etData(str, sizeof(str)):;

subject[sbjsendstring] ->Notifyobservers() ;

Void SamplefSubject::Notify(const ONotifyBEwvent& ewvent)
{
int *reply num = (int*)event.Data(0):
if (*reply num == 1) {
cout << "Subject> Received Shutdown™ << endl:;
receive shutdown = true;
}

} http/ fwww.aibo com/fopene/
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Comunicacao entre Objectos

To communicate between different objects, a file named stub.efy (our “telephone’ ) is needed. Each object needs its
own stub.cfg file.

/’]'clcplmnc
For sending data : stub.cfg
ObjectName : SamplasSubject
numofosubject s 1
rmumofockhsarver ¢ 1

Talker

Service : "samplesubject.sSendstring.char.s", null,
Service : "samplesubjsct.DummyChesrver.DoNotComnect.

cady ()
null, null

"
[

Dummy listenar

-

.. . Telephone
For receiving data : stub.cfg AP
objectName : sSamplachserver

Humc fosubject s 1

Durmmy talker
Humofochbsarver 1 /
Service : "samplecbserver.DummysSubject.DoNotConnect.s", null, null
Service : "SampleObserver.ReceiveString.char.o0", null, Notify () o _1 -
Listenet
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Comunicacao entre Objectos

» Linha Dedicada unidireccional entre os Objectos!

To connect objects. a file named connect.cfz is needed. Each OPEN-R application requires one (and
only one) connect.cfg file. This file is located in /OPEN-R/MW/CONF on the “Memory
Stick™.

4 Direct line infrastructure
connect.cfg
Sampl eSLUQ Sendstring.char.s sampleCbserver.Recelvestring.char.o

r

Unidirectional communication v

SampleObserver.
ReceiveString.char.O

SampleSubject .
SendString.char.S
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Comunicacao entre Objectos

» Um objecto pode estar conectado a multiplos objectos (1
linha dedicada para cada ligacao unidireccional!)

B |stub.clg | In case of 3 sending. 2 receiving {
objectName : ObjectA
numofosubj ect
Humofoobserver 2
Service : "Objectd.SendStringl.char.s"
Service : "Objecta. detring2.char
Eervice :
Eervici
Eervice :

|connect.elg

object. detringl.char.g object®.observera.char.o
ringz.char.& objectC.ObserverB.char.o
detring3.char.e ObjectD.Obsery char.o
ringl.char.o

u|

Object®.SubjectBeta.char. 8 ObjectA.Reced ing2.char.o
under this line, there are the other connection settings ...
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Comunicacao entre Objectos

= E necessario criar uma lista com todos os
objectos: object.cfg

The objects list is called object.cfg. We must create this list to inform the system which objects will
exist in the application. Each OPEN-R application requires this file.
The object.cfg file should be placed in /OPEN-R/MW/CONF on the memory stick.

— The list who has telephone
object.cfg
/MS/CPEN-R/MW/OBJS /POWERMON .BIN
/MS/CPEN-R/MW/0OBJS /SUBJECT. BIN
/M8/CPEN-R/MW/0BJS /OBSERVER .BIN
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Exemplo de Comunicacao

“SampleSubject.cc”

#include <string. hs ——

#include <OFENR/CEyslag. hx

: SampleSubdect: :Dafkop [const OfystemEvents
#include <OPENR/core_nacro. hs

event]

#include "SampleSubject.h® I

DISABLE ALL EUBJECT;
DEACEERT READY TO_ALL_OBSERVER;
return cSUCCESE;

SampleSuby=ct ; : SamplaCubject {)
[
H y

CEtatus OSkatus
Bl oz SR s (EmarlS TS SampleSit]ect : : Dolest roy (conat OEystemEvents
G evant]
L [
NEW_ALL_SUBJECT_AND ORCERVER;

REGIETER_ALL ENTRY;
SET_ALL_REATY_AND_NOTIFY_ENTEY; Y
return cEUOCESE;

DELETE ALL_EUBJECT AND OECERVER:
return cSUCCESE;

1

— Here,
EampleSubj=ct: :Doftart [const CSystemBvents

add Ready() or Notify()
ENABLE ALL_SUBJECT; as nee ded

AESERT_READY_TO_ALL CECERVER;
return oSUOCHES;

1
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Exemplo de Comunicagao

“SampleSubject.h”
#include <OPEMR/OObL]ect . ha
#include <OPENR/OSubject.hs
#include <OPENR/OObserver.hs
#include "def.h"

class EBampleBubject : public OObject |
public:

BampleBubject (};

virtual ~gamplesubject () {}

osubject* subject [numofeubject] ;
Oobzervert cbaerver [numofobzerver];

wirtual OBtatus DoInit [const OByatemBEvent& ewvent);
virtual OStatus DoStart (const OSystemBvent& event);
wirtual OBtatus DoBtop [const OByatemBEvent& ewvent);

wirtual OBtatus DoDestroy(const OSystemBvent& event);

wold Ready(const OReadyBventé event);

3 e Here, add Ready() or Notify()
as needed
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Exemplo de Comunicacao

PREFIX-/usr/lecal /OPEN_E_SCE
INSTALLOIR=. . /M5
CXI=% (PREFIX] /bin/nipsal-11mx-ge+
ETRIP=3 [PREFLE) /rdn/mipssl -Linuz-strip
“Makefile 575 MEBIN-3 [PREFIX) /OPEN R/ /bin/mkbdn
ETUBZEN=$ (TREFIX] fOPEN_E/bin/stubgend
MEBINFLACE=-p § [PREFLX)
LIBE=-10kjectConn - LOPENR
CHYFLAGE= -02 -g -I. -IS[PREFIX)/OPEN_R/includs/RA00D -15 [PREFIX)/OFEN_R/include

.PHONY: a1l install clazn

all: samplesubject .bin

EanplsgubiectStul.oo: sEub.CIg
4 (STUBZEN) stub.cEg

mamplsgubject .bin: SamplaSubjsctBtub. o Samplsubisct.o samplsSubisct . oof
FEIN] § [MEBIHFLAGE) -o $& §° $(LIES)
$(ETRIP] §&

install: sampleSubiact.bin
grip -¢ sanplaSubject.bin > $(INETALLDIR]/CPEN-E/MW/OBJE (SUBIECT . BIN

claan:

+.o +.bdn *.glf +.snap.oc

SampleEubjsctEtub.h SanpleubjectEtub. oo dsf.h sobry.h

ERERE

"
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Comunicacao entre Objectos

» Numa aplicacdo OPEN-R existem normalmente
diversos objectos, incluindo objectos que nao
comunicam com 0s outros

Powerman
Q
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Estrutura da Apresentacao

» Introducdo a Programacdo em OPEN-R SDK
= Comunicacéao entre Objectos

» Comunicacao com os Objectos do Sistema

» Utilizacdo da Camara

» Combinacao de Objectos

= Conclusdes
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Objectos do Sistema

= OVirtualRobotComm.Sensor

» Estrutura dos Inputs dos Sensores:
— OSensorFrameVectorData
= OVirtualRobotComm.Effector

= Estrutura de dados para Output para os
actuadores:

— OCommandVectorData
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Objectos do Sistema - Exemplo

= Exemplo: Piscar um olho do AIBO (ver sample
BlinkingLed)

To make AIBO’s eye blink, you must make a request to the controller of
AIBO’s eye (OVirtualRobotComm).

Excuse me, would you please
illuminate AIBO’s bottom right eye

Light on the eve for 0.5 sec

OVirtualRobotComm User object
system object
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Objectos do Sistema - Exemplo

Our User Object will be called BlinkingLED (BLINKLED.BIN)

The two objects we will use are POWERMON.BIN (for power issues), and
BLINKLED.BIN

[OBJECT.CFG]
JME/OPEN-R MR/ 0BT S/ POWERMON . BIN
/ME/OFEN-R MR/ 0BT S/ BLINKLED . BIN

We establish an inter-object communication (direct line) between
BlinkingLED.Blink and OVirtualRobotComm.Effector

[COMNECT . CFG]
ElinkingLED.Elink.0CommandVectorData. s OVirtualRobotComm. Effector.oCommandvectorData.a

We configure stub.cfg (our “telephone’) for BlinkingLED it to have one
sending connection {one subject).

[eTUE. CF3]
ObjectName : ElinkingLED
HumofoBub] ect : 1
HumofoObserver : 1
Eervice : "BlinkingLED.Elink.OCommandVectorData.g", null, Ready ()
Eervice : "BlinkingLED.DummyObserver.DoMotConnect.0", null, null
LIACC-FEUP Luis Paulo Reis / 2003 Slide N° 37

Objectos do Sistema - Exemplo

» Forma de Comunicar com OVirtualRobotComm:
1. Abrir cada device Led e tirar o seu “primitive ID”
2. Criar comandos para piscar os Leds
3. Fazer 1 e 2 na inicializacao (Dolnit)
4. Preparar para apagar os Leds em DoStop
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19



Objectos do Sistema - Exemplo

1. Abrir cada device Led e tirar o seu “primitive ID”

static const char* const LED_LOCATOR[] = {
"PREM: /rl/clfc2/c3/11-LED2:11",
"PRM: /r1/cl/c2/c3/1z-LED2:12",

WBRM: /T1/C1/C2 /03 /13 LEDI: 1", These are “Locators™

"DEM: /r1/cl/c2/e3/14-LED2: 147, They look like file names.
"PRM: /T1/cl/c2/c3/15-LED2: 15", Each of them are a unique reference to
"PRM: /T1/C1/C2/c3/16-LED2: 16", a certain LED.
"PRM: /T1/cl/c2/c3/17-LED2:17",
}.'
oPrimitiveID lad1D MM _LEDS]; These are “Primitive 1Ds™; they behave like file handles.

void BlinkingLED::CpenPrimitives()  [gop limitis the number of LEDs (7 for ERS-210)

{

for (int i = 0; 1 « NUM_LEDS; i++) |

oSstatus result = OPENR::0penPrimitive (LED_LOCATOR[i], &ledID[i]});
: ! This function gets the primitive [Ds from specified locators,
LIACC-FEUP Luis Paulo Reis / 2003 Slide N2 39

Objectos do Sistema - Exemplo

2. Criar comandos para piscar os Leds
void
ElinkingLED: :NewCommandvectorData ()

{

0status result;

O T Endiacha I 2: make two sets of commands

oOfocmmandvVectorData* cmdvVecData;

for (int i = 0; 1 < NUM_COMMAND VECTOR; i++) | T: Prepare number of LEDs
result = GPENR::NewcommaudvectornataiNUM_ﬁ%ggf/

LomdVecDataID, &cmdvecData) ;

raegion[i] = new RCRegicn (cmdvVecData-svectorInfo.memRegicnID,
M akc memory I‘Cﬂ,iCIJ]S cmdvVecData-svectorInfo.offset,
to insert commands SR T G )
cmdvecData-svectorInfo.totalsize) ;

cmdvVecData- =2stNumbata (NUM_LEDS) ;

7 (number of LEDs) data areas are put in one region.
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Objectos do Sistema - Exemplo

2. Criar comandos para piscar os Leds

for (int j = 0; j < NUM_LEDS; Jj++) {
occmmandInfor info = cmdvecData-=GatInfoij);
info--8et (ocdatalED_COMMANDZ, ledID([F], 1);

LED data In this [ Save 1 frame

oCommandData* data = cmdVecData-=GatData(j);

OLEDCommandvalue2* wval = (OLEDCommandvaluez)data-=value;
if {1 % 2 == 0) { // There are two command sets
// In the 1st command set, even LEDs are ON, odd LEDs are CFF
wval[ol.led = (j % 2 == 0} ? oledCN : oledOFF;
} elee {
// In the 2nd command set, even LEDs are OFF, odd LEDs are CN
val[ol.led = (J % 2 == 0) 7 0ledOFF : oledON;
1

vallol.pericd = 64; // &ms * 64 = 512ms
f/ illuminate the LEDs for 0.5 sec
0SYSDEBUG ( ("ledID[%d] &d¥n", i, vallo].led)];

1

I
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Objectos do Sistema - Exemplo

= 2. Criar comandos para piscar os Leds

OCommandVectorData

OCommandInfo

OLEDCommandValue2

OCommandData

| 6framesi fixed) can be
saved in this area
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Objectos do Sistema - Exemplo

3. Fazer 1 e 2 na inicializacao (Dolnit)

ostatus
ElinkingLED::DoInit (const OSystemEvent& event)

OSYSDEEUG | ("BlinkingLED::DoInit{)¥n"));
NEW_ALL_ SUEJECT AND OBSERVER;
REGISTER—ALL—ENTRY’. \’; . S . P {Very special patiem)

SET_ALL_READY AND NOTIFY ENTRY;

openPrimitives();
NewCommandvVectorData () ;

return oSUCCESS;
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Objectos do Sistema - Exemplo

4. Preparar para apagar os Leds em DoStop

OBtatus
ElinkingLED: : DoEt (const OSystemBvent& event)
Constructor I
ElinkingLED: :ElinkingLED() : OEYEDEBUG( ("BlinkingLED: :DoStop (Y ¥n™));

blinkingLEDECate (BLE IDLE)
1 blinkingLEDEtate - BLE IDLE;
for (dnt 1 = 0; 1 < NUM _LEDS; 1++) ledID[4]
- Dprimitivell UNDEF;
for (int 1 i 1 <« NUM_COMMAND_VECTOR; 1++)

DISABLE ALL_SUBJECT:
region[1] - 0;

DEASSERT_READY TO ALL OESERVER;

!

return oSUCCESE;

oetatus !

ElinkingLED: :DoStart (const OBystemBvents event) 14
o=

!

BlinkingLED: :Ready (const OReadyBvent& event)
I

OSYSOEEUG( ("BlinkingLE0: :DoStart ()¥n"));
OSYSDEEUG( ("BlinkingLED: :Ready ()¥0"));
blinkinglEOEtate - ELE_ETART;
= 1f (blinkinglEDState == ELS_START) {
OBYEDERUE( ( "BLE_ETARTYL"

EMAELE ALL SUEJECT;
ASSERT_READY_TO_ALL_OBSERVER;

TECUrn DEUCCESS; !

}
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Objectos do Sistema - Exemplo

= Execucao do Programa

void
ElinkingLED::BlinkLED ()}
{
atatic int index = -1;
if (index == -1) { // BlinkiED() is called first time) On the first execution,
index = 0; exccute SetDatal( )
éubjr_-\ct [ebjBlink] -=5etData(regicn [indax] ) ; T\\'iCC. and HC[IL[
index++;
} two L‘.D['l'l['l'lll['lLlH to
blink LEDs. The
zubject [ebjBlink] ->5etData (regicn [index]) ; second command
zubject [ebijBlink] -=Notifyobservers () ; \\'i“ bc “buffcrcd"
index++; b}' the Ohserver.

index = index % NUM_COMMARND VECTOR;
OSYSDEBUG( ("index %d¥n", index));
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Objectos do Sistema - Exemplo

Excuse me, would you please ligh

on the LED for 0.5 sec and then

turn off for 0.5 see. il
DoStart()

OVirtualRobotComm
system object

SetData(region[0])

Fy

SetData(region[ 1])

BlinkingLED

User object

1 light on the LED for 0.5 sec,
but T don’t process next command jet

SetData(region[ 1])
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Objectos do Sistema - Exemplo

OVirtualRobotComm
system object

4
OMNotifyEvent event;
n —event. NumOfData);

Blink LED for 0.5sec

N

Blink
user object

A—The nis 2. so you know the data is 2.

RCRegion “*region:
region = event.Data(0);
do something  s—— Light on the LEDs according to the 1st data
region — event.Data(1);
region-=AddReference( ) p——Increment the reference counter of 2nd data

Observer[event.ObsIndex() - AssertReady():

44— The lstdatais cleared
The 2nd data is kept and 1s moved to the top

00A,

This eode exists in the system Observer object. You won't find it in the
Blinking LED source code.
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Objectos do Sistema - Exemplo

= Sumario:

+ 1. To establish inter-object communication, create the “telephone contractor
list” (OBJECT.CFG), the “direct line list” (CONNECT.CFG), and the
“telephone™ (stub.cfg of BlinkingLED).

2. To blink LEDs, make a request to the Effector observer in the
OVirtualRobotComm system object.

3. To make a request to the Effector observer, use the OCommandVectorData
data type.

4. To access LEDs. open 7 LEDs by using

OpenPrimitives () ;

5. Make 2 memory areas that consist of OCommandVectorData data types,
where we will insert the control data.

6. Insert commands to blink 7 LEDs.

7. Set which LEDs are on or off, and how long the LEDs are lit, in the 2 areas

that are created in section 5
NewCommandvectorData () ;

8. Request OVirtualRobotComm object to light on or turn off the LEDs.
BlinkLED () ;
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Objectos do Sistema

» Objectos do “Layer” de sistema

= Comunica-se com 0 objecto
OVirtualRobotComm.Sensor

= Para implementar isto 0 nosso programa €&
um Observer e OVirtualRobotComm.Sensor
é um Subject

» Estrutura de dados para Input dos sensores
é OSensorFrameVectorData
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OSensorFrameVectorData

= Os valores de dados (chamados “frames”)
dos sensores sao guardados aqui

= (Guarda varios valores de varios sensores

» Método GetData() permite aceder a uma
“frame” de dados
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OSensorValue

Eh

Estrutura de dados genérica para uma “frame
Contido no interior de OSensorFrameData
Deve ser “tipado” para um tipo apropriado

Exemplo: Para valores das juntas deve ser
“tipado” par OJointValue

Exemplo: OForce para valores de pressao

struct OForce {

slongword value; // units in 10-6 N
word signal;
word padding[5];

1
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Sensores - Utilizacao

= (QObter dados dos sensores é idéntico a
comunicar com outros objectos:

1. Seleccionar Sensores a Ler

2. Enviar ASSERT_READY a
OVirtualRobotComm.Sensor

3. Obter OSensorFrameVectorData de
OVirtualRobotComm.Sensor

4. Utilizar os métodos em OSensorFrameVectorData

para obter os OSensorValue

5. “Tipar” os OSensorValue para o tipo apropriado a
cada sensor
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Movimentacao das Juntas

» Objecto que recebe os comando chama-se
OVirtualRobotComm.Effector

» Tipo de dados € OCommandVectorData
— Pode conter multiplos comandos

struct oCommandvVectorData {
oDatavVectorInfo wvectorInfo;
oCommandInfo info[l]
void SetNumData(size_t ndata){ vectorInfo.numbata = ndata; }
oCommandInfo* GetInfo(int index) { return &info[index]: }
OCommandData* detData(int index) {
return (OCommandData*) ( (byte*)&vectorInfo +
info[ index] .dataoffset) ;

}:?
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OCommandlnfo

» Contém a informagao de um comando especifico

struct OCommandInfo {
ODataType type;
OPrimitiveID primitiveID:
longword frameNumber;
size t numFrames;
size t frameSize;
size t dataOffset;
size t dataSize;
longword padding[1];

void Set(0DataType t, OPrimitivelID id, size t nframes)
{

type = t; primitivelID = id;
numFrames = nframes;

s
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Estrutura da Apresentacao

» Introducao a Programacao em OPEN-R SDK
= Comunicacéao entre Objectos

= Comunicacido com os Objectos do Sistema

= Utilizacdo da Camara

= Combinacao de Objectos

» Conclusdes
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Visao do AIBO — Exemplo 1

Analisar imagem da camara do AIBO
O Sample “Image Observer” — Tipos de Imagem
Comunicacao entre objectos com imagem

Retirar a Imagem de OVirtualRobotComm

— Abrir o Sensor de Imagem (Camara) e retirar o primitive
ID (em Dolnit)

— Construir uma tabela de detecgéao de cor (em Dolnit)
— Parar a recepcao de imagem (em DoStop)
Receber dados em event.Data(0) e fazer
AssertReady() para receber os proximos dados
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Visao do AIBO — Exemplo 1
Retirar Dados da Camara

To retrieve the camera data, you must make a request to the controller of
AIBO’s camera (OVirtualRobotComm).

K. 1 will send you the image data

OVirtualRobotComm
system object
(subject)

User object
(observer)
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Visao do AIBO — Exemplo 1

Tipos de Imagem

Display the time data and color frequency information

Wirzless Console

—»

Layer H

Set color detection tabl
to detect pink color by Layer_h.raw
the hardware

Layer_h.bmp
1 T6x144

Laver M

A I2ART]

—_cl.bmp
Layer_m.bmp
BEXT2

- .

Layer_lLbmp
Layer_m2.bmp 144436

= e |
Layer_cl+ F.bmp Save picture to AIBO's =
memaory stick :
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There are & hardwarg
color detection table Layer L
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Visao do AIBO — Exemplo 1

Comunicacgao entre Objectos

Our user object will be called ImageObserver (IMAGEOBS.BIN)

The two objects we will use are POWERMON.BIN (for power issues), and
IMAGEOBS.BIN

[OBJECT.CFG]
/ME/ CEEN-R/MW /0BTS / POWERMCN . BIN
/ME/CEEN-R/MW /0BTS / IMAGEORS . BIN

We establish an inter-object communication (direct line ) between
ImageObserver.Image and OVirtualRobotComm.FbklmageSensor

[COMNECT . CPG]
oWVirtualRobotComm. FbkImageSensor. OFbkImagevectorData. S ImageObserver.Image.oFbkImageVectorbData.o

We configure stub.cfg (our “telephone’) for ImageObserver to have one
recemving connection (one ObSC['\'C['}.

[ETUR.CFG]

CchjectName : ImageCbsserver

numofoEubject r 1

NumofcObserver : 1

"Imagecbeerver. Image . OFbkImageVectorData.o", null, Hotify({)

¢ "Imagecheerver.DummySubject.DoNotConnect.5", null, mull

Servi
Servi
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Visao do AIBO — Exemplo 1

Estrutura Geral da Captura de Imagem

]

h

. Open image sensor and get its primitive 1D.
. Set color detection table to detect the color pink.
. #1 and #2 are established in the initialization section ( Dolnit).

. Prepare a flag value to stop getting image data when Dostop() is

invoked.

. Oops! Do we need a memory area to save the image? The subject

oets the area for saving the image data.
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Visao do AIBO — Exemplo 1

Abrir o Sensor de Imagem e retirar “Primitive ID”

static const char* const FEE_LOCATOR This is a “Locator”™.
= "BPRM:/rl/cl/ec2/c3/il-FbkImageSensor :F1"; It looks like a file name.
CPrimitiveID fhkID;

It references AIBO's camera.

wold
ImageCbserver: :OpenPrimitive() Get primitive 1D from the locator:
OStatus result = OPENR::0OpenPrimitive (FBF_LOCATOR, &fbkID);
This is a “Primitive 1D7; they behave like file handles
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Visao do AIBO — E lo 1
Tabela de Deteccao (“Pink”)
vold
ImageCheerver: : SetfdtVaectorDataCf PinkBall( )
{
OS5tatus result;
MemoryRegicnID cdtVecID;
QCdtVectorData* cdtVec;
OCdt Info¥ cdt ;
result = OPENR::NewCdtWVectorData(&cdtVecID, &cdtVec);
J/Prepare cdt wector data
cdtVec-=SatlumbData{1l); // Use only 1 channel (& chamnels can be used)
cdt = cdtVec-=GetInfo(d); // Use the lst channel 8 colots can be detected
cdt-=Init (fbkID, ocdtCHANNELO); //Initialize at the same time by hardware
J/ cdt-=Bet (Y segment, Cr max, Cr min, Cb max, Cb min)
cdt-=8et{ 0, 230, 150, 190, 120);
eilbesERBl A, ddd, 480, A0, dali) g This is the setting for detecting the color pink.
cEize=EEl 2, du, d8Y, 490, L2y (Details will be described later)
/S Cmissien...
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Visao do AIBO — Exemplo 1
Tabela de Deteccao (“Pink”)

JJ/ Omissicn...
cdt-=5et (19, 230, 160, 180, 120):
cdt-=5et (20, 230, 160, 190, 120);
// Cmission...

cdt-=5et (320, 230, 1l&0, 190, 120);
cdt-=S8et (21, 230, 180, 130

This is the setting for detecting the color pink.
( Details will be described later)

v v v

rasult = OPENR::SetCdtVectorDatal i) g
J/8et color information te color detecticn hardware by using cdt vector

rasult = OPENR::DeleteCdtVectorData( 1;
J/Mow, odb vecktor isn't needed, =o it iz deleted.
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Visao do AIBO — Exemplo 1

Construcdo da Secgao Dolnit

» Chamada das funcées em Dolnit

OStatus
ImageCbserver: :Dolnit (const OSystemEvent& ewvent)
{

NEW_ALL SUBJECT AND OBSERVER;

REGISTER ALL ENTRY;

SET_ALL READY AND NOTIFY ENTEY;

This is V.S.P.
(Very special pattern)

CpenPrimitive () ;
SetCdtVectorDataOf PinkBall () ;

return oSUCCESS;
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Visao do AIBO — Exemplo 1

Construcao da Seccao DoStop

ostatus
constru clo
! ' ImageChserver: :DoStop (Const OSystemEvents
ImageChbaerver: :ImageChbesrvar() : EEEs)
imageCbserverstate (ICS_IDLE), {
fbkID(oprimitivelID UNDEF) imageObserverstate = I0S_IDLE;
] DISABLE_ALL_EUBJECT;
DEASEERT READY TO ALL OBSERVER;
oetatus
Imagechserver: :DosStart (const CSystemBEvents return oBUCCESS;
avent) 1
imagecbserverstate = IOE_START; woid
ImageObserver: :Notify (const CNotifyEwents
ENABLE ALL SUBJECT; event)
ASEERT READY TO ALL_OBSERVER; i
if {imageobs: rstate == ICS_IDLE) {
return oSUCCESE; return; // do nothing
H !
OFbkImageVectorData* fbkImageVe
= (COFbkImageVectorData*)
// Do many (will explain lat
chserver [event .cbaIndex ()]
(event.SenderIni) |
. . - 0
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Visao do AIBO — Exemplo 1

Recepcao dos Dados

» Receber Dados: event.Data[0]
» Requisitar novos Dados: AssertReady

void
ImageChserver: :lotify (const ONotifyEvent& event)
{
if (imageObserverState == IOS IDLE) {
return; /,/ do nothing
1
OFbkImageVectorData* fbkImageVectorData
= (CFbkImageVectorData*)event.Data(0);
// process the image data, here
// Bawe data to memory stick
observer [event .ObsIndex ()] ->AssertReady (event . SenderID() ) ;
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Visao do AIBO — Exemplo 1

Sumario

I. To establish inter-object communication, create the “telephone contractor
list” (OBJECT.CFG), the “direct line list” (CONNECT.CFG), and the
“telephone™ (stub.cfg of ImageObserver).

2. The image can be received from the FbklmageSensor subject in the
OVirtualRobotComm object.

3. Open the image sensor to get the image.

OpenPrimitives (] ;

4. Set the color detection table to detect the color pink before receiving data.
SetCdtVectorDataOfPinkBalli) ;

5. Receive image data via event.Data(0) in Notify() . The data type is
OFbklmageVectorData.
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Visao do AIBO
RGB vs YCbCr

AIBOs camera expresses colors through Y(brightness), Cr(difference from
red). Chidifference from blue) =Y ChCr format

You can convert to the widely understood RGB format by following this
numerical formula (The range of Y is 0.0~1.0, the range of Cb, Cris -1.0~1.0})
R=2550% (Y +Cr);

G=2550%*(Y-0.51*Cr-0.19 * Cb);

B =255.0* (Y + Cb);

The R.G.B values should then be constrained (“clipped”) to the range 0~255.
AIBO’s camera sends 4 types of image data (layer)

2
2

LayerH High resolution image data YCbCr 176x144

LayerM Middle resolution image data YCbCr 88x72

LayerL Low resolution image data YCbCr 44x36

LayerC Result from color detection engine (CDT image) 88x72

AIBO’s color detection engine is able to distinguish 8 colors (8 channels) at
the same time
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Visao do AIBO

A Tabela de Deteccao de Cores

Channel and color detection table

Jf cdt-sBet (Y¥_segment, Cr_max, Cr_min, Cb_max, Cb_min}

////

Range of Cr| Range of Ch
Range of Cr| Range of Ch
Range of Cr] Range of Ch
Range of Cr| Range of Ch
Range of Cr] Range of Ch
Range of Cr| Range of Ch
Range of Cr| Range of Ch
Y=56~63 Range of Ch] Range of Ch

' % x
C!C_H:S_e‘t-h_‘}), 230, 150, 190, T20);

cdt->Set (20, 230, 160, 190, 120);

There are 8§ channels.

ﬂ@m#mm—!

(O ¥=240~247 JRange of Ch] Range of Ch
|| ¥=248~255 |Range of Ch| Range of Ch

[F=] 7]

The brightness index table has 32 stages.
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Visao do AIBO — Exemplo 2
Gravacao de Imagens em Bitmap

wvold
ImageObserver: :Notify (const OMobifyEvents ewvent)
I

static inkt counter - Q;

if (imageObserverctate -- IOE5_IDLE) {
return; // do nothing

} Terminate image retrieval when DoStop() is invoked
}

OFbkImageVectorDatat fbkImageVectorData
= [OFbkImageVectorData®)event.Datal(d); // Here, receiwve image data

EMP bmp:

if (counter -- a} { f/ The lst round

COSYSPRINT ( ("SAVE LAYER H.BME ... ")); Save LayerH data to
bmp . SaveyCrohZRGE (/MS/OFEN-R/ MW/ OATA/ B LAYER_H.EME", memory stick with
fbkImageVectorbData, _El:l-lmagu:Ln"ER_H_- i conversion to BMP
OEYSFRINT [ [ "DONE¥O") ) ; format
CEYSFRINT [ ("EAVE LAYER H.RAW ... "));
SaveRawData [ "/MS/OFEN- R"th"DnTﬁ"P"hTER H.RAW ' Save LayerH data to
fbkImageVectorData, chl-rmagel...vER_H:- i memory stick without
CEYSFRINT { [ "DOHE¥D") ) ; any cemversicon
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Visao do AIBO — Exemplo 2
Gravacao de Imagens em Bitmap

} else if (counter =- 1) { // The 2nd round
OBYEFRINT ([ ("BAVE LAYER M.EMF ... "}};
bmp . EaveYCrChaRGE (" /ME/OPEN-R,/MA/DATA/ P/ LAYER M.EMP",
fbkImagevectorData, ocfbkimageLAYER M) ;
OBYEFPRINT [ ("DOME¥R") ) ;
] else 1f (counter -- 2} { ¢/ The 3rd round

Save LayerM data
‘—

to memory stick

with conversion

to BMP format

QEYEFRINT([ ("EAVE LAYER L.EMF ... "}};
bmp . SaveYCrchaRGE (" /ME/OFEN-R,/ M/ OATA/ P/ LAYER_L.EMF", 4 save LayerL data
fbkImagevVectorData, ofbkimageLAYER L); to memery stick
OSYSFRINT( ("DONE¥R") ) ; with conversion
} else if (counter -- 3) { // The 4th round to BEMP Format

OBYEPRINT( ("SAVE LAYER C ... "}}:
s . #— Save LavercC data

zaveLa DATA/ P Ve
OSYSFRINT [ [ "DORE¥n") ) ; to memory stick
OBYEFRINT( ["SAVE LAYER_MZ.EMF ... "}); using 8 separate

files (black &
white)

bmp . SaveYCrCh2RGE (" /ME/OFEN-R,/MA/DATA/ P/ LAYER M2 .EME"
fbkImageVectorData, ofbkimageLAYER M);

OBYEPRINT [ ("DOMEWD") ) ;

} else { // More than sth round
rrintTagInfo (fbkImageVectorDatal:

1

Counter++;

obaerver [event .ObaIndex ()] -»AssertReady (event .SenderIDi)};: // I'm ready, =send next data!

I
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Visao do AIBO — Exemplo 2
Conversao de YCbCr para RGB

infoheader.width = yImage.widthi};
infoheader.height = yImage.Height(};

aveYCrChaRGE (chart path,
OFbkImageVectorData* imageWVec,
OFbkImageLayer layer)

infoheader.imagesize
= yImage.wWidth(}) * yImage.Height (} * 3;
header.size - infoheader.imagesize + Sd;

if (layer == ofbkimageLAYER C)

. - S .
return false; FILE* fp - fopenipath, "w"); //Saving data to MB

if (fp == 0) return false;

byte pixels[3];
OFbkImageInfo* info

= imageVec-»GetInfo(layer);
byte* data

= imageVec-»GetData(layer);

saveEMPHeader (fp, header);
saveEMPInfoHeader (fp, infoheader);

for (int y - infcheader.height 1: ¥ Py
{ f/Up side down HNote height -1 (explain later)
for (int x = 0; x < infoheader.width; x++)
OFbkImage yImage(infoc, data, |
cfbkimageBAND Y); //Get (¥} Brightneas
- YCrCch2RGE (yImage. Pixel (x, ¥),
crImage.Pixel(x, ¥},

OFbkImage crImage(info, data, b 1
cbImage.Pixel (x, y),

ocfbkimageBAND Cr); //Get Cr
ipdzsls [R_PIXEL], Lpixels[@_PIXEL], ipdzels[E_PIXEL]);

oFbkImage chImage(info, data, /{ Here, conwert Ychcr to RGE

ofbkimageBAND ch); //Get ch fwriteipixels, 1, 3, fpi;
}

EMPHeader header; 1

EMPInfoHeader infcoheader; folose(fpi:

return true;
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Visao do AIBO — Exemplo 2

Utilizacdo dos Dados da Detecgao — Layer C

for (int 1 = 0; 1 « ocdENUM CHANNELE; 1++) {

// execute @ times (separate each aEit)
byte plane - 0x01 << 1; // Create mask data
sprintf (path, "%a%d.BMP" basepath,k 1};

// create file namez (9}
FILE* fp - fopen(path,
if (fp == 0} return false;

bool
EMF: : EavelayerC (char* basepath,
oOFbkImagevVectorData* imageVec)

byte pixels[3];
char path[124];
OFbkImageInfo* info
- imageVec-»GetInfo (ofbkimagelaYER C);
byte* data
- imageVec-=GetData (ofbkimagelAYER C);

saveBEMPHeader (fp, header);
caveEMPInfoleader (fp, infoheader):

OFbkImage cdtImage(info, data, for (int y - infoheader.height 1y P Y
ofbkimageBAND COT) ; { //fup side down , Wote hight -1
- for (int x - 0; x < infoheader.width;
EMFHeader header; X++)

if (cdtImage.Pixel(x, y) & plane) {
PIXEL]= pixale[B_PIIEL] = 255;

eMrInfoleader infoheader:
pixels [E_PIXEL] = pixsls[c_

} else { //white

infoheader.width - cdtImage.Widthi):
infoheader.helght = cdtImage.Helght ();
infoheader.imagesize - cdtImage.wWidth()
+ cdtImage.Helght() * 3;

Fixals [E_PIXEL] = pizels[S_PIXEL]=- pixele[B_PIXEL] = 0;
} f/black
fwrite(pixels, 1, 3, fp);

header.size = infoheader.imagesize + 54; ]
Eclose(fp):
}

return true;
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Visao do AIBO — Exemplo 2

Introducédo do Tempo, Data e Frequén. Cores

The last line of the image data is WOT picture data, it include field counter (timer) and

coleor frequency informaticn.
wold
Imagedbserver: :PrintTagInfo (OFbkImageVectorData+* imageVec)
1

OFbkImageInfo* info - imageVec-»GetInfo(cfbkimagelAYER Hj;

byte* data - imageVec-=GZetData(ofbkimagelAYER HI;:

OFbkImage yImage(info, data, ofbkimageBAND Y);

OBYSFRINT( ("FrameNumber %x FieldCounter %x ColorFreg ",

imageVec-»3etInfo (0) -=frameNumber, yImage.FieldCounter()h);

J¢ framemumber is time frame (@m sec unit) from starting AIBO, the max walue 1= oxoffffffo;
4 2adays (AIBD will shutdown before 24days due to low battery)
4 FleldCounter is a counter for updating camera data (the camera data i1s updated each 40m sec
J4f units) the max value is 0xEfff (43minutes), the counter will be 0x0000 when it goes beyond
#f the max walue.

OEYSFRINT(("%d ", yImage.CoclorFrequency (ocdtCHANNELO)))
4/ ColorFrequency means how many pixels are detected with the specific color. This value is
4/ calculated by (detected pixels / 16). If it is more than 4030 pixels then the wvalue
/f 18 255

OBYSPRINT(("%d " yImage.ColorFrequency (ocdtCHANNELL) ) :

COEYSFRINT(("%d ", yImage.ColorFrequency (ocdt CHANNELZ)));

OBYSFRIMT( ("%d yImage.ColorFrequency (codt CHANNELI ) ) ) ;

COEYEFRINT(("%d ", yImage.ColorFrequency (ocdt CHANNELL)))

COBYSFRINT( ("%d yImage.ColorFrequency (oocdt CHANNELS ) b ) ;

OBEYSFRINT( ("%d yImage.ColorFrequency (ocdt CHANNELG ) b ) ;

OBYSFRINT(("%d ", yImage.ColorFrequency (ocdt CHANNELT))):

OBYSFRINMT( ("¥n")};

}
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Visao do AIBO — Exemplo 2
Gravacao de Imagens Raw

void
Imageobservear: : SavaRawData (char path,
OFbkImagevectorData* imagevVec, OFbkImageLayer layer)

OFbkImageInfo* info = imageVec-=GatInfo{layer) ;
byte* data = imagevVec-=GetData(layer) ;

size t size;
if (layer == ofbkimageLAYER ) {

2ize = info-s>width * info-sheight; // If LayerC then width x height
b oelas |

2ize = 3 * info-=width * info-=height;

S/ If the other then width x height x 2(Y,Cr,chb)

FILE* fp = fopenipath, "s
if (fp == 0} return;
fwrite{data, 1, =ize, fpl; // write all at cnce
felese (fp) ¢

1
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Visao do AIBO — Exemplo 2
Sumario

I. To establish inter-object communication, create the “telephone contractor list™
(OBJECT.CFG), the “direct line list” (CONNECT.CFG), and the “telephone”™ (stub.cfg
of ImageOhserver).

2. The image can be received from the FbkImageSensor subject in the
OVirtualRobotComm object.

3. Open the image sensor to get the image.

openPrimitives () ;

4. Set color detector table to detect the color pink before receiving data. 8 colors can be
detected at the same time.

setcdtvVectorbDataofrinkBall () ;

(Y_segment, Cr_max, Cr_min, Cb max, Cb min);
6. The images that can be received are in YChCr format and are available in three sizes
{High, Middle, and Low resolution) . To convert to BMP format:

a. convert to RGB format b, flip upside down  c.delete last line
7. [ the color detection table is set. the target color information can be viewed in
LayerC by bitmask (0/1) information. LayerC is an &bit plane.
8. The last line of the image is the time data and color frequency information (8
channels).
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Estrutura da Apresentacao

Introdugao a Programacdo em OPEN-R SDK
Comunicacéao entre Objectos

Comunicacido com os Objectos do Sistema
Utilizacdo da Camara

= Combinacao de Objectos
= Conclusoes
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Combinacao de Objectos
Programa de Captura de Imagem (PCI)

The main feature of OPEN-R pravides modularized software
We will make asample program called “ImageCapture”
To make the ImageCapture program. you cnly need to gather 4 independent functions together.
You just need to copy 4 objects from the sample programs provided to make *ImageCapture”.
Let’s maodify Makefile
Combine CONNECT.CFG
Combine OBIECT.CFG

Now 4 functions are combined!
Summary: how to combine the modularized OPEN-R objects
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Combinacao de Objectos
PCIl — Funcoes Desejadas

After booting, AIBO stands up. and ceases any further movement.

When its chin switch or back sensor is pushed. AIBO saves image data from its camera to the
OPEN-R'MW/DATA/P directory on the Memory Stick.

Data file names are

RGBHOOD0.BMP - RGBH9999. BMP
LAYHOOODORAW - LAYH9909 RAW
LAYMOOOO.RAW - LAYM9999. RAW
LAYLOOOO RAW - LAY L9990 RAW

LAYER H the data is converted to BMP format
LAYER H raw data
LAYER M raw data
LAYER L raw data

The number included in the file name is increased consecutively.
If a file already exists with that filename, the file isn't over-written.

You can get image data via the wireless LAN: TinyFTPD is incorporated.

If you want to shutdown AIBO, push the pause button.
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Combinacao de Objectos
PCI| — Estrutura Geral

=[G

Wearea group of operators We make AIBO stand
who move AIBO. after booting.

We are MoNet and

friends of MoNet

I'ma famous camera-man  Please push back sensor, and

ImageObserver Iwill take a picture and save to

I will take nice pictures. the “Memaory Stick™.

“cheese”!

I'min charge of files. I will translate files in the “Memory

[ will send files to the PC.  Stick”™ to PC by ftp.
I'm TinyFTPD.

I'm Powermon. 1 watch

I'will shutdown ATBO when the pause
the power button.

button is pressad.
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Combinacao de Objectos
PCI - Ficheiros Necessarios

I. If you want to practice this tutorial, please rename original sample and make new folder.
% cd sample
£ mv ImageCapture ImageCapture org
% mkdir ImageCapture

2. Copy original ImageObserver to destination folder
% cp -r ImageChserver/Imagecbserver ImageCapture/ImageChbserver

3. Copy original MoNet/MoNetTest to destination folder
5 Cp -T MoNet,/MoNetTest ImageCapture/MoNetTest

4. MS folder is based from MoNet/MS
5 Ccp -r MoNet,/ME ImageCapture/MsS

5. Copy Passwd from TinyFTPD
% cp TinyFTPD/M3/CPEN-E/MW,/CONF/PASSWD Imagelapture/M5/0FEN-E /MW /CONF,/ PASSWD

6. Copy Makefile from MoNet
% cp MoNet/Makefile ImageCapture/Makefile
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Combinacao de Objectos
PCIl — Modificacao da Makefile (MoNet)

COMPONENTS-T

Pow

INSTALLOIR-% (shell pwd)/MS
ThRGETS-all install clean Qualquer Makefile podia ser modificada mas
esta exige apenas pequenas modificagoes

- FHONY: 2 ([TARGETE)

& (TARSETS) :

for dir in $(COMPONENTS); do ¥

(cd 22dir && 2(MAKE) INSTALLDIR-2(INSTALLOIR) 2&) ¥

done

And you need modify Makefile in MoNetTest (change the location of header file)
CHXFLAGE=- ¥

-0z W

g%

-I.W

-1%(FREFIX] /OPEN_R/include/R4000 ¥

-1§ (FREFIX) /OPEH_R/include ¥

You don't need modify the makefiles for the other objects!
The installed location is specified by INSTALLDIR. so objects will be installed in the MS folder under

MoNet.
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Combinacao de Objectos
Construcao do Ficheiro Connect.cfg

Combine the CONNECT.CFG for MoNet, and the CONNECT.CFG of ImageObserver.
TinyFTPD and PowerMonitor don’'t have CONNECT.CFG files, so you don’t need to
add them in the current CONNECT.CFG.

#

# MclletTeat «<--» MaNet

#*

MocletTest . Command . Mol=tCommand .

Mclet . ClientResult . McNetResult .

#*

# Mcllet <--> Mcokicnhgents

MoN=t . ClientCommand . MoletCommand .0
MoN=tTest . Result . MoNe=tResult.O

nn

#

Mclet . Motionfgent Conmand. MolatfigentCommand . £ MoticnAgent =. Command . Mol=tAgentConmand. O
MoticnAgents. Besult. MoliatAgentResult .E Mobiet . AgentResult .McNetAgentResult .0

*

# Mollet <--» Eoundigent

#

MoHet . SoundigentComnand. Molet AgentCommand . £ SoundAgent . Command . MoletAgent Conmand. O
EcundAgent . Result MoNsthgentResult .§ Mollet.AgentResult.MoletAgentResult.d

#

# Mcticnlgents --» OVirtualRchot Comn

#

MoticnAgents. Ef fector. ClommandVectorData.S OVirtualRobotComn.Effector. O0ommandVectorData. O
#

# Ecundigent --» OVirtualRobkotConm

#

Ecundfgent . Epeaker . CEoundVectorData. £ OVirtualRcbotfAudicComn. Epeaker . OEcundVectorData . O

CVirtualRobot Comn . FbkImageSenscor. OFbkImageVectorData.E ImageObserver. Inage. CFbkImageVectorData. O
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Combinacao de Objectos
Construcao do Ficheiro Object.cfg

Add new objects in your OBJECT.CFG (from the MoNet sample)
/MS/OPEN-R,/MW/CBJS / POWERMON . EIN
/MS /OPEN-R /MW /OBJS /MTNAGTS . BIN
/MS/OPEN-R /MW /OBJS,/ SOUNDAGT . EIN
/MS/OPEN-R,/MW/OBJS /MONET . EIN
/MS /OPEN-R /MW /OBJS /MONETEST . EIN
/MS/OPEN-R/MW /OBJS,/ IMAGEOES . EIN
/MS/OPEN-R,/MW/OBJS /TINYFTPD . EIN

Objects of MoNet

Don't forget, copy the PRASEWD file from TinvFTPD
/MS/OPEN-R/MW/CONF (in TinyFTPD) to /MS/OPEN-
R/MW/CONF (in MoNet) .

You don’'t need to copy MONET.CEFG and MONETCMD.CFG, as
they are already in /MS/OPEN-R/MW/CONF of Mollet.
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Combinacao de Objectos
PCIl — 4 Fungdes Combinadas

I'm a famous camera-man
ImageCbserver

I will take nice pictures
“cheese™

We are a group of operators
who move AIBO.
We are MoNet and

I'm in charge of files.
I will send files to PC.
I'm TinyFTPD.

I'm Powermon. [ watch
the power button.
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Combinacao de Objectos
Sumario
Gather each object in /OPEN-R/MW/OBIS

Combine each CONNECT.CFG into one file (only add
lines)
Combine each OBJECT.CFG into one file (only add lines)
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Combinacao de Objectos
PCIl — Modificagcdes dos Objectos

» Modificar MoNet:
— DoStart: Robd coloca-se em pé
— Ready: Robd permanece em pé

= Modificar Image Observer:
— Tirar fotografia quando o sensor do queixo é
pressionado
— Gravar todos os formatos de imagem e um BMP
do formato — Layer H
— Numero dos ficheiros incrementado em sequéncia
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Combinacao de Objectos
PCI — ModificagOes dos Objectos

WoletTest b
C)l'lgl]’lal conat MaNetConmandID SLEEP2ELEER NULL = 0; // see /OPEN-R/NW/CONE/MONETOMD. CFS

McoHetTest oo

JfoNetTest abjec CStatus
h[L Nl‘l[k l - l'l\‘Ll McHetTest : :DoBtart (const OEyst

recognizes input from the [

console and then moves '
AIBO. | elee [
noletTestState = MNTE_START;
I
Q McHetTest .h
conat MoNetConmandID ELEEPZELEEP NULL - 0; // s=e /OPEN-R/MW/CONE/MONETOMD. CFG
~ . zcnst MoNetConmandID ETAND2ZSTAND NULL see /OPEN-R/MW/CCHE/MCNETOMD. CFG
After reconstruction

McletTest . oo
CEtatus

After booting, AIBO moves its e
legs to the stand pose and

keeps 1t in that pose.

s
noletTestStat= = MNTE_START;
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Original

MoNetTest object

recognizes input from the

console and then moves
AIBO.

After reconstruction

After booting, AIBO moves its
legs to the stand pose and
keeps it in that pose.

LIACC-FEUP

Combinacao de Objectos
PCIl — Modificagcdes dos Objectos

MoNetTesat .cc

void

MoMetTest : : ReadyCommand (const OReadyEvent& event)
!
if (moMetTestsState -- MNTS START) |
MoMet Command cmd (SLEEP2SLEEF _NULL) ;

subject [sbjcommand] -»SetData (&cmd, sizeof (cmd));
subj ect [sbjcommand] - =Notifyobservers();

moMetTestState - MNTS _WAITING RESULT;

MoMetTeat.coc

wvoid
MoMetTest : : ReadyCommand (const OReadyEvent& event)
I
if (moNetTestsState == MNTS START) {
Moket Command cmd [ STANDZ STAND NULL) ;
subject [sbjcommand] -=SetData (&cmd, sizeof (cmd));

subject [sbj command] -=NotifyObservers ()
moMetTestState - MNTE IDLE;
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Original

After our changes are applied

is pressed

over-written.
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Combinacao de Objectos
PCl — Modificagcées de Image Observer

1. Set color information to Cdt to recognize the color pink

2. Wrile data to “Memory Stick™; the order 1s LayerH. LayerM, Laverl., LayerC
3. Afler that., display the time data and color frequency information on the wireless
console

I. Take a picture and save it to “Memory Stick™ when the chin sensor or back sensor
2. The saved images consist of raw data from LayerH, LayerM, and LaverL, as well
as BMP format data of LayerH (which is converted from raw data).

3. The file name has a number and it increases sequentially; existing files are not

Slide N° 90
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Combinacao de Objectos
PCIl — Dados dos Sensores do Queixo e Tras

Invoke OpenPrimitive() n Dolnit()

In the OpenPrimitive() function, open each sensor and get its primitive [D
The data can be retrieved in Notify()

You can get the data by using event.Data(0). If you want subsequent data, call
AssertReady()

If you are unclear on these concepts, please review our previous tutorials.

Let’s learn how to get status of the chin sensor and back sensor !

To get the status of a touch sensor, you can use a direct command to refer to them.

To get status of a touch sensor use :
OPENR::GetSensorValue( PrimitivelD, OSensorValue® )
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Combinacao de Objectos
PCIl — Dados dos Sensores do Queixo e Tras

Initialize local wvalus

ImageCbserver: : Imagedbserver () : imagedhserverstate (IOS_IDLE],
fEkID (cprimitiveIDn UNDEF) , /* Image sensor */
tinswID (oprimitiveID UNDEF), /* chin sensor +*/
backswID (cprimitiveID UNMDEF) /* back sensor *;
{
ostatus
Imagedbserver: :DoInit (const oSystamEvants avent)
{
NEW_ALL_SUBJECT AND_OESERVER;
REGISTER_ALL_ENTRY;
SET ALL, READY ANWD NOTIFY ENTRY;
OpenPrimitive(] ; * This 15 one pattern */
raturn CSUCCESS;
1
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Combinacao de Objectos
PCIl — Dados dos Sensores do Queixo e Tras

ztatic const char* const FBE LOCATOR = "PRM:/rl/cl/c2/c3/il-FbkImageSensor:F1";
atatic const char* const TINSW_LOCATOR = "PRM:/r1/cl/c2/c3/c4/85-5ensor:85";
2tatic const char* const BACKSW _LOCATOR = "PRM:/re/sl-Senscr:sl";

void

ImageObserver: :OpenPrimitive ()

ogtatus result = OPENR::OpenPrimitive (FEK_LOCATOR, &fBKID)
d
OpenPrimitive (TINSW_LOCATOR, &tinswID);

The errcr is omitte

rasult =

The error is omitted
result = OPENR::0penPrimitive (BACKESW_LOCATCR, &backswID) ;

The error

is omitted
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Combinacao de Objectos

Quando um dos Sensores é Pressionado
Tirar uma Fotografia

Image0bserver: :Notify (const ONotifyBEwventé event)

I
1

static int counter - a;

OFbkImageVectorData* fhkImageVectorData
= [OFbkImageVectorDatat*)event.Datald);

if (imageObserverstate -- IOS IDLE) |
return; // do nothing

Ogensorvalue vall, wall;
OFENR: :Get Sensorvalue (EinswID, &vall);
OFENI tsensorvalue (backswID, &wala);

if (wall.walue -- oswitchOFF & val2.value -- oswitchoFF) |

goto ready;

}

while (ExistData(counter) == true) counter++;
SaveData (counter, fbkImageVectorData); E

ready:
observer [event .ObsIndex ()] ->AssertReady (event . SenderID());
}
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Combinacao de Objectos
Verificar se um Ficheiro Existe

bool
Imagedbserver::ExiatData(int serialNumber)

1
char name[124];
struct stat st;

sprintf (name, "/MS/0PEN-R/MW/DATA/P/REEH¥04d.BEMP", serialNumber);
if [stat (name, &st) == 0) return true;

sprintf (name, "/MS/0PEN-R,/MW/DATA/PF/LAYH¥04d.RAW", serialNumber);
if (statiname, &skt) -= 0) return true;

sprintf (name, "/MS/OPEN-R/MW/DATA/F/LAYMY04d.RAW", serialHumber);
if (s=tat(name, &st) -- 0) return true;

aprintf (name, "/MES/0OPEN-R,/M¥/DATA/PF/LAYLY04d.RAW", serialNumber);
if (stat(name, &st) == 0) return true;

return false;
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Combinacao de Objectos
Gravar um Ficheiro

void
ImageCbserver: :SaveData (int serialMumber, OFbkImageVectorData* imageVec)
1

char name[124];

EMP bmp;

sprintf (name, "/MES/0OPEN-R/MW/OATA/B/RSEHY04d.EMP"  seriallumber);
OEYSPRINT [ ("writing %¥s ...¥n", namej);
bmp.SaveYCrChbIRGE (name, imageVec, ofbkimagelAYER H);

sprintf (name, "/MES/0OPEN-R/MW/OATA/B/LAYHY04d.RAW" , seriallumber);
OSYSPRINT [ ("writing %2 ...%¥n", name;);
SaveRawData (name, imageVec, ofbkimageLAYER H);

sprintf(name, "/MS/0OPEN-R/MW/DATA/P/LAYN¥04d.RAW", serialNumber);
OSYEPRINT [ ("writing %= ...¥n", name});
SaveRawData (name, imageVec, ofbkimageLAYER M);

sprintf(name, "/MS/0OPEN-R/MW/DATA/P/LAYL¥04d.RAW", serialNumber);
OSYSPRINT [ ("writing ¥s ...%¥n", name));
SaveRawData (name, imageVec, ofbkimageLAYER L);

OSYSPRINT [ ("done.¥n"));

]
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Combinacao de Objectos
Sumario

The main feature of OPEN-R provides modularized software
This is how to combine OPEN-R objects which are modularized:
Gather each object in /OPEN-R/MW/OBIS
Combine cach CONNECT.CFG into one file {only add lines)
Combine each OBJECT.CFG into one file (only add lines)
That’s all!
Invoke OpenPrimitive() in Dolnit()
In the OpenPrimitive() function, open each sensor and get its primitive 1D
The data can be retrieved in Notify()
You can get data by using event.Data(0). If you want subsequent data, call
AssertReady()
To get status of touch sensors use :
OPENR::GetSensorValue{ PrimitivelD, OSensorValue® )
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A Core Class

#include <OPENR/OCbject.h=
#include <OPENR/OSubject.hs
#include =0OPENE/OCbserver.hs
#include "def.h"

class SampleClass : public OObject {

public:
SampleClass();
virtual ~SampleClass() {}

OSubject* subject [numOfSubject];
Q0kserver* observer [numOfChserver] ;

virtual OStatus DoInit (const OSystemBEvent& event) ;
virtual OStatus DoStart (const OSystemEvent& event) ;
virtual OStatus DoStop(const OSystemBEventé& event);
virtual OStatus DoDestroy (const OSyvstemBEventé& event);

//Describe the member functions corresponding to Notifyvy,
//Control, Ready, Connect method.
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Métodos Principais da Core Class

virtual OStatus Dolnit (const OSystemEvent& event) ;
The Dolnit(y method is called at startup to initialize all the instances and variables.

virtual OStatus DoStart (const OSvstemBvent& event) ;
The DoStart() Method executes right after Dolnit() finishes execution.

virtual OStatus DofStop (const OSystemEvent& event) ;
virtual OStatus DoDestrov (const OSystemEventé& event) ;

The DoStop() Method is called at shutdown. This is followed by DoDestroy() Method

which destroys all the subject and observer instances. and calls the destructor
function.
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Outros Métodos da Core Class

Control Method

This method is used by the subject to receive the connection results with its

observers.

Connect Method

This method is used by the observer to receive the connection results.

Notifv Method

This method is used by the observer to receive a message from the subject.

Readv Method

This method is used by the subject to receive the ASSERT-READY and the

DEASSERT-READY notifications.
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Macros dos Métodos “Do”

Dolnit(
NEW_ALL_SUBJECT_AND_OBSERVER

This registers the necessary number ol subjects and observers.
REGISTER_ALL_ENTRY

I'his registers the connection to services offered by other objects.
SET_ALL_READY_AND_NOTIFY_ENTRY

This registers all entry points.

DoStart(
ENABLE_ALL_SUBJECT

This enables all the subjects
ASSERT_READY_TO_ALL_OBSERVER

I'his sends ASSERT_READY to all subjects.
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Macros dos Métodos “Do”

DoStop( )
DISABLE_ALL_SUBJECT
This disables all subjects of core class.
DEASSERT_READY_TO_ALL_OBSERVER
This sends a DEASSERT_READY to all connecting subjects.
DoDestrov( )
DELETE_ALL_SUBJECT_AND_OBSERVER

This deletes all observer and subjects.
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Passagem de Mensagens

void SampleChserver::SendAssertReady ()

cbserver [cbsfuncl] ->RasertReady( ) ;

}

void SampleSubject::Ready(const OReadyEvent& event)
1
char str|32]:
strepy(str. “Some Text Message™):
subject] shjlunc2 |-=SetData(str.sizeof{str)):
subject|sbjlunc2|-=NotifyObservers( ):

void SampleObserver::Notify(const ONotifvEventd event)
d
const char® text = (const char®)event. Datai0):

observer[shjFuncl |->AssertReady():

LIACC-FEUP Luis Paulo Reis / 2003 Slide N° 103

Ficheiro Stub.cfg

ObjectName : SampleClass
NumOfOSubject : 1
NumOfOObserver : 2

Service : “"CampleClass.Funcl.Datal.8”,Control(),Ready ()
Service : “"CSampleClass.Func2.Data2.0”,Caonnect () ,Notifvl ()
Service : “"CampleClass.Func3.Data2.0”,Caontrol (), Notifv2 ()

Extra : WakeUpOnLanf()
Extra : UpdateBattervStatus()

ObjectName
Name of the core class

NumOfOSubject
Number of Subjects. Minimum of | subject is necessary. If there are no subjects
needed you have to register a dummy subject.

NumOfOObserver
Number of Observers. Minimum of 1 observer is necessary. If there are no
observers needed you have to register a dummy observer.
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Service:
This describes the various types il messages that is passed between the subject
and its observers. The general format of a service is given here:

“(ObjectName).(Subname).(Data Name).(Service Type)” memb_funcl(). memb func2( )

Subname
This is a unique name for every service.

Data Name
I'he data-type used in the communication

Service Type
S (for subject) or O (for Observer)
Memb_funcl()
I'his function is called when a connection result is received. This funetion
is implemented in the core class. If not needed, this entry can be “null™.

Memb_func2()
If the service is a service for observers. then this method is invoked
whenever a message is received from the subject. 1f this is for the subject.
this methods is invoked each time the subject receives an ASSERT-
READY or DEASSERT-READY from the observer. This function is

implemented in the core class. If not needed. this entry can be “null™.

Extra
This gives additional points of entry.
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Escrever o Ficheiro .ocf

This file has to be made prior to compiling and linking your files.

The file contains a single line of the format

object OBJ_NAME STACK_SIZE HEAP_SIZE SCHED_PRIORITY cache tlb user
OBJ NAME — This is the name of your object

STACK SIZE — This is the size of your stack in bytes. Be sure to allocate enough
number of bytes

HEAP_SIZE — This specifies the size of the heap in bytes.

SCHED PRIORITY — This denotes the scheduling priority. Set it to 128.
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Desenvolvimento de Programas

1. Projectar quais os objectos e suas fungoes

2. Decidir as estruturas de dados para a
comunicacao inter-objectos

3. Escrever o ficheiro stub.cfg

Escrever a classe “core” com as fungdes membro
necessarias

B

5. Escrever o ficheiro connect.cfg e o ficheiro .ocf

6. Compilar e Linkar

7. Escrever os ficheiros object.cfg e designdb.cfg

8. Executar no AIBO

9. Teste e Debug
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Estrutura da Apresentacao

» Introducdo a Programacdo em OPEN-R SDK
= Comunicacéao entre Objectos

» Comunicacao com os Objectos do Sistema

» Utilizacdo da Camara

» Combinacao de Objectos

= Conclusdes
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Conclusoes

» “Samples” do OPEN-R SDK contém:
— Leitura de todos os sensores
— Utilizacao de todos Actuadores
— Comunicacao Wireless

» Analisar, Compilar, Experimentar e Alterar
as “Samples” fornecidas

= Combinar “Samples” para criar novos
programas

Por favor nao distribuir para fins comerciais estes slides.
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Parte do Material Incluido nestes slides é copyright da Sony.
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