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PLANEAMENTO EM ROBOTICA (4 Val.)

1. S8o dadas as situacdes Inicial: em(a,c) em(b,d) e braco_livre, e Final desgada: em(c,b). O
espaco de trabalho sO tem 3 posicdes possivels. Os Operadores distinguem colocar em e
retirar de cima de outro Hoco ou mesa (4 operadores. retirar, colocar, pegar, pousar). Os
estados explicitam as “torres’ existentes.

a- Descreva detalhadamente, usando um Planeador tipo-STRIPS, parte da deducdo do
plano até concluir que esse Planeador ndo seria eficiente neste caso. Explique porqué.

b- Que método utilizaria para criar um plano eficiente. Explique porqué. Descreva um
plano final (sem necessidade de o derivar do método anterior).

c- CrieaTabela Triangular para esse plano e explique-a com detal he.
d- Diga gque axiomas de enquadramento usou na descri¢ao do mundo.

PROGRAMACAO DE ROBOSEM OPEN-R SDK (4 Val.)

Responda as seguintes questdes tendo como hese 0 exemplo anexo “Sample: Ball Tracking
Head” do OPEN-R SDK.

2.1 Explique detalhadamente como € que o robd efectua o processamento e analise de imagem
de forma a detectar a posicdo da bola e como vira 0 pescoco para 14, centrando a bola na
imagem. Expligque, apresentando as alteractes que teria de executar no cédigo, como alteraria
0 programa de forma a unicamente detectar uma auz laranja em vez de detectar formas
esféricas cor-de-rosa?

2.2. Suponha que desgja colocar vérios robds AIBO a circularem em caravana. O primeiro
robd deve-se movimentar evitando obstaculos e evitando os restantes robfs. Os restantes
rob6s devem se movimentar seguindo-se uns aos outros, i.e. 0 segundo segue o primeiro, o
terceiro segue 0 segundo e assm sucessivamente. Indique detalhadamente como poderia
construir rapidamente esta aplicacdo com o auxilio dos cédigos base construidos nos Mini-
Projectos da disciplina de Robdtica. Apresente as alteragdes de cddigo necessarias para
construir esta aplicagéo.

COMPETICOESROBOTICAS (3Val.)

3.1. Compare as ligas de simulacéo 2D e 3D, robds pequenos, robds médios, robds com
pernas e smulacdo de resgate e salvamento do campeonato do mundo de Futebol Robdtico —
RoboCup a nivel o tipo de metodologias Multi-Agente a utilizar na construcdo de uma
eguipa competitiva.

3.2. Descreva sucintamente as diferencas de hardware entre um robd para participar nas
competicbes roboticas: Conducdo Auténoma do Festival Nacional de Robdtica (FNR),
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Seguimento de Pistado FNR, Micro-Rato e Robd Bombeiro (usando todas as regras). Em que
competicoes |he parece possivel aum robd ERS7 participar? Justifique.

ROBOTICA (10 Val.)
4. Responda a 10 das seguintes 12 questdes em 5-10 linhas:

1

10.

11

No ambito da robética baseada em comportamentos explique a expressao que define a
funcéo de Coordenagdo de um Robd.

Indique justificando a que cores correspondem os seguintes valores de RGB: (0,0,0),
(252,250,253), (255,255,0), (0,0,120), (50,50,50), (255,128,0).

Suponha que desgja aplicar metodologias aprendizagem no processo de localizacéo de
um robd ERS7 num campo da liga de robGs com pernas. Para tal possui uma camara
extra colocada sobre 0 campo e uma aplicagdo que recebe a imagem dessa camara e
fornece a localizacdo (quase exacta) do robd no campo. Esta aplicacdo é executada
num computador externo munido de uma placa de comunicagdo Wireless. Explique
resumidamente 0 processo que seguiria.

Caracterize um Planeador Néo-Linear, Hierdrquico. O que € a Regessdo de um
Objectivo sobre um Operador? Exemplifique.

Quais as trés principais competices robdticas realizadas anualmente em Portugal, que
provas incluem, em que data aproximada e em que local se realizaram as respectivas
edicdes de 2004 e 2005?

Na prova de conducdo autonoma, explique resumidamente como poderia redizar a
deteccdo da sinalizagdo fornecida pelo seméforo. Suponha que seméforo ja esta centrado
na imagem fornecida pela cdmara do robd.

Indique, explicando duas opgdes de hardware que permitam efectuar o regresso na prova
Micro-Rato, explicando resumidamente a sua ligacéo ao software do robé.

Apresente em pseudo-codigo um algoritmo que lhe permita concluir a verséo mais
simples (i.e sem extras) da prova robd-bombeiro. Suponha que o robd possui dois sensores
de proximidade na frente, orientados a 60°, um sensor que permite detectar a vela, uma
ventoinha e dois motores.

Indique trés dos Robbs humandides mais avancados da actualidade, resumindo as suas
caracteristicas

Resuma as caracteristicas do LEGO MINDSTORMS Robotics Invention System 2.0,
indicando o tipo de sensores e actuadores que disponibiliza.

Em que consiste 0 DARPA Grand-Challenge? Que sensores e actuadores pensa que sao
vitals para poder participar neste “challange”?

. Utilizando o cddigo FCP Agent fornecido em anexo, e supondo disponiveis as funcdes

OpponentPos(Num) e TeammatePos(Num) que retornam respectivamente as posi¢cfes dos
oponentes e companheiros de equipa no campo, implemente uma estratégia simples de ataque
em equipa em que os robds virtuais, imediatamente apos receberem a bola, passam a bola
ao companheiro mais avangado no campo (segundo o eixo dos xx). Caso ndo exista
nenhum companheiro nestas condicdes entdo o jogador envia a bola para o canto da area
contraria mais distante da sua posi¢do actua. Caso o jogador esteja dentro da area
adverséria remata a baliza (al eatoriamente para um dos cantos da baliza).
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MenPor tugal . C

#def i ne NUM FORM 1 //Formations (like 433Qpen, 422, etc)
#define NUM PLTYPES 5 //Player Types

void Portugal 1Info::Initialize()

ReadFor mati ons();
Set @ obal For mati on(0);
for(int i=1;i<=SP_teamsize;i++) FMPositioning[i]=i;

}

/**************************************************************************** ************/
/********************************* Forn-atlon Anal ySiS ***********************************/
/****************************************************************************************/

voi d Portugal 11 nf o: : ReadFor nati ons()
{
int i,t,Kk;
FILE *fich;
char linel[512], *str;
if ((fich=fopen("formations.conf","r"))==NULL) {
fprintf(stderr,"Formation Configuration File does not Exist!\n"); return; }

for(i=0; i < NUMFORM i++) {
fgets(linel, 200, fich); fgets(linel, 30, fich);
fgets(linel, 200, fich); str = & inel[0];
for(t=1; t<=11; t++) FMPosition[i][O0][t].X
fgets(linel, 200, fich); str = & inel[0];
for(t=1; t<=11; t++) FM Position[i][O0][t].y
fgets(linel, 200, fich); str = & inel[0];
for(t=1; t<=11; t++) FM Pl ayer Type[i][t] = get_int(&str);
fgets(linel, 200, fich); str = & inel[Q];
for(k=0; k<NUM PLTYPES; k++) FM Attraction[i][k].x = get_float(&str);
fgets(linel, 200, fich); str = & inel[0];
for(k=0; k<NUM PLTYPES; k++) FM Attraction[i][k].y = get_float(&str);
fgets(linel, 200, fich); str = & inel[0Q];
for(k=0; k<NUM PLTYPES; k++) FM BehindBal|[i][k] = get_int(&str);
fgets(linel, 200, fich); str = &inel[0];
for(k=0; k<NUM PLTYPES; k++) FMMnXi][k] = get_float(&str);
fgets(linel, 200, fich); str = & inel[0Q];
for(k=0; k<NUM PLTYPES; k++) FM MaxX[i][k] = get_float(&str);

get _float(&str);

get _float(&str);

fclose(fich);

/1 Way not use situations? Wat should be the tactic and formation for each situation?
/1 How to define different player types?
voi d Portugal 11 nf o: : Deci deFor mat i on(voi d)

Set d obal For mati on(0);
}

/*********************************************************************** *****************/

/*)\‘)\‘****************************** COmTUnl Catlon **************************************/
/****************************************************************************************/

/1 Only players that think they have inportant things to say, should tal k!
voi d Portugal 11 nf o: : DoConmuni cat i on( voi d) /1 Communicate Wrld State

if (AockStopped || BallVelocityValid()>=0.9 & (QurrentTine.t+2) %2 == 0 )
send_gane_status(); // Send Wrld State
}

voi d Portugal 1l nf o: : say_sonet hi ng(char *message) /1 Say Message

SayAction.type = CVD_say;
SayAction.time = CurrentTing;
sprintf(SayActi on.conmand, "(say %)", message);

/1 Way not communi cate the players positions and velocities and useful events?
voi d Portugal 1l nfo: : send_gane_st at us() /1 Send Gane Status
{

char str[512], str_aux[512];

if(!'MConf()) return;

sprintf(str_aux, "world_status %.2f %d.2f ", MyX(),MWY());

strcpy(str, str_aux);

if (BallPositionValid()) {
sprintf(str_aux,"1 9%4.2f %.2f %d.2f ",BallPositionValid(), BallX(),BallY());
strcat(str,str_aux);
if (BallVelocityValid())
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sprintf(str_aux,"1 9%.2f 9%.2f 9.2f ",BallVelocityValid(),
Bal | Absol ut eVel ocity().x, BallAbsoluteVelocity().y);
el se sprintf(str_aux,"0 ");
strcat(str,str_aux);

el se {
sprintf(str_aux,"0 ");
strcat(str, str_aux);

}

say_sonet hi ng(str);
}

/1 To conpress and encode this, is a very good idea!
voi d Portugal 1l nfo:: parse_worl d_status(char *nessage) /] Parse Gane Status

{
char *str = &message[0];
float x, y, pivotx, pivoty, conf, vx, vy, vconf;

get _word(&str);
pivotx = get_float(&str); pivoty = get_float(&str);
I1f (get_int(&str)) { // Ball position
conf = get_float(&str); x = get_float(&str); y = get_float(&str);
if (get_int(&str)) { // Ball Velocity
vconf = get_float(&str); vx = get_float(&str); vy = get_float(&str);
Hear Bal | (x, y, conf, vx, vy, vconf, Vect or (x-pi vot X, y- pi voty).mod(), CurrentTine);

el se HearBall (x,y, conf, Vector(x-pivotx,y-pivoty).nmod(), CurrentTine);

}
}

// To use an online coach may be very useful!
voi d Portugal 1l nfo:: parse_recei ved_nessage(i nt direction, char *nessage)

swi tch(nmessage[0]) { case 'wW: parse_world_status(nmessage); }

/****************************************************************************************/
/)\‘************************* Indl Vl dual mcl Sl on Nakl ng ********)\‘************************/
/****************************************************************************************/

/1 Lots of things to explore here! This is really a basic decision nechanism..
voi d Portugal 11 nf o: : Deci deActi on(voi d) /1 1ndividual Decision Mking

if(!'MConf() || !BallPositionValid()) {scan_field_w th_body(); return;}

Ref reshPosi ti oni nghVatri x(); /1 anal yses interceptions

if (Ball Kickable()) DoBall Mve(); /1 1 have the ball? Wit to do with it?
el se DoPositioning(); /1l Go to best Position!

}

/|l Pass, Forward, Dribble, Hold, Shoot to different places, [Reis and Lau 2001]...
voi d Portugal 11 nfo: : DoBal | Move(voi d) /1 Ball Possession: Situation Wth Ball

smart _ki ck_har d( Angl eToFr onBody( Vect or (52.5,0.0)), KM Mderate); //Shoot to the Goal!
}

/1 1t is not a good idea to always intercept... Sonetines is better to keep the position...

/1 Think about other ball recovery actions |like mark pass |ines, mark opponents, cover goal...
voi d Portugal 1l nf o:: DoPosi ti oni ng(voi d) /1 Ball Recovery and Positioning: Situations Wthout
bal |

if (PO_MInterc-2<=PO Teanmatelnterc & PO M/Interc<30 || PO M/ nterc<10)
get _ball (); /1 Intercept the Ball
el se DoSBSPPosi ti oni ng(); /1l Strategic Position

}

/1 This is not really SBSP because situations are not considered.
voi d Portugal 11 nf o: : DoSBSPPosi ti oni ng(voi d) /l Strategic Situation

go_t o_poi nt (SBSPPosi ti on( M/Nunber), 1. 5+f abs(Bal | X() - M/X())/ 10. 0, Power Conser veSt am na() ) ;

/1 This is also basic. Reason about the inportance of spending stam na at each noment!
fl oat Portugal 1l nf o: : Power Conser veSt am na(void) // Stam na Managenent

if (MyInterceptionAble() &&
(abs(PO_M/Interc-PO Cpponinterc)<3 || PO M/nterc<4)) return 100.0; //Ball is disputed
i f(MyStam na() - 150. 0<SP_r ecover _dec_t hr* SP_st am na_mnax)
return 30.0*(M/Recovery()); // don't |oose recovery!
return 100. 0;
}
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/1 Only basic information included. Wiy not use interception nmatrixes

/1 (with values for all players) and reason using that infornation.

/] Use distances on the reasoning! Use simlar structure to Ball Possession information!
voi d Portugal 1l nfo:: RefreshPositioningVatrix() //Interception Analysis

i f (Fastest Opponent ToBal I () != Unum Unknown) { /'l Cycles to ball of fastest opponent
PO _Opponl nterc = Cpponent | nt er cepti onNunber Cycl es( Fast est Qopponent ToBal I ()); }

el se { PO _ Qpponlnterc = 150;

i f (Fastest TeanmateToBal |l () != Unum Unknown) { /1l Cycles to ball of fastest teanmmate
PO Teanmat el nt erc = Teanmat el nt er cept i onNunber Cycl es( Fast est Teanmat eToBal | ());}

el se { PO Teammatel nterc = 200; }

if (M/InterceptionAble()) { /1 My nunber of cycles to ball
PO M/Interc = Myl ntercepti onNunber Cycl es(); }

else { PO M/Interc = 250; }

}

/****************************************************************************************I

/******************** SBSP - SItUatiOn Based S[rateglC POSItiOnI ng *********************/
/****************************************************************************************/

// Calculates the Strategic Positioning using a very sinple SBSP inpl ementation
/1 Inprove this using situations, attractions by points or lines in sonme situations, etc.
Vect or Portugal 11 nfo:: SBSPPosi tion(int t)
{
Vector Position = Formati onGetPosition(t);
float FactorX = FormationGetAttraction(t).x;
float FactorY = FormationGetAttraction(t).y;
Position.x = Position.x + BallX() * FactorX;
Posi tion.y = Position.y + BallY() * FactorY,
if (fabs(Position.y) > 24.0) Position.y = Position.y - 0.5*FactorY*Ball Y();
Position = PositionToOnsi dePosition(Position);
if (FormationGetBehindBall(t) & Ball X() < Position.x) Position.x = Ball X();
if (Position.x > FormationGet MaxX(t)) Position.x = Formati onGet MaxX(t);
if (Position.x < FormationGetM nX(t)) Position.x = Formati onGetM nX(t);
return Position;

}

/********************************************************************************* *******/
/************************* I\brn-al PI ayer C‘entral '\bdule *******************************/
/****************************************************************************************/

/1 This is a very sinple player. Use different things |ike DPRE - Dynam c Positioning and Rol e
/1 Exchange that enables the players to switch their positionings in a given fornation or

/] SLM- Strategic Looking that enabl es the players to look at the best spot in the field

voi d Portugal 11 nfo:: Normal Pl ayer ()

{
static int players_noved = FALSE;
if (PlayMde==PM Before_Kick_Of || PlayMde==PM Half_Time || Pl ayMde==PM Ext ended_Ti nme)
if (players_noved) return;
el se {
pl ayers_noved = TRUE;
if (FormationGetPosition(MMNunber).x < 0.0) nove(FormationGet Position(M/Nunber));
el se nove(- 1.0, Formati onGet Posi ti on( MyNunber).y);
return;
pl ayers_noved = FALSE;
Deci deFormati on(); /1 Formation Analysis
DoConmmuni cati on() ; /1 Communi cat e
Deci deAction(); /1 Individual Decision Mking
}

For mat i ons. Conf

o // FOrI’T‘atI on o R R R R o S R R R T

-45.0 -13.0 -14.0 -14.0 -13.0 -5.0 0.0 0.0 10.0 15.0 10.0 //posx
0.0 16.0 5.0 -5.0-16.0 0.5 10.0 -10.0 -0.5 20.0 -20.0 //posy

02112222333 /!l PT_GOA PT_DEF PT_MD... [//Type

0.1 0.5 0.5 0.5 0.5 /1 AttractionX

0.1 0.25 0.25 0.25 0.25 //AttractionY
1 1 0 0 0 /1 Behi ndBal |

-52.5 -45.0 -45.0 -30.0 -45.0 //MnX

-30.0 0.0 35.0 42.0 42.0 [//MaxX

1 // Forrratlon 1 IR R R R SR R R R RS R R R RS R R R R SRR R R R R R RS S SRS R R R R R R R R EEEEE RS

-45.0 -11.0 -12.0 -12.0 -11.0 3.0 -4.0 -4.0 3.0 15.0 15.0 //posx
0.0 17.0 6.0 -6.0-17.0 25.0 10.0 -10.0 -25.0 8.0 -10.0 //posy

02112222233 /1 PT_GOA PT_DEF PT_MD... [/Type
0.1 0.5 0.5 0.5 0.5 /lAttractionX
0.1 0.25 0.25 0.25 0.25 //AttractionY
1 1 0 0 0 /1 Behi ndBal |

-52.5 -45.0 -45.0 -30.0 -45.0 //MnX
-30.0 0.0 35.0 42.0 42.0 [//MaxX
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Bal | Tr acki ngHead. h

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<OPENR/ Obj ect . h>
<OPENR/ CSubj ect . h>

<OPENR/ Qbser ver . h>

<OPENR/ ODat aFor mat s. h>

<OPENR/ OFbkl mage. h>

<Bal | Tr acki ngHeadDat a. h>

"def. h"

enum Bal | Tracki ngHeadState { BTHS | DLE, BTHS_START, BTHS HEAD ZERO PCS,
BTHS_LEGS_SLEEPI NG BTHS_SEARCHI NG BALL, BTHS TRACKI NG BALL};

static const char* const FBK LOCATOR = "PRM /r1/cl/c2/c3/i 1- Fbkl mageSensor: F1";
static const char* const JO NT_LOCATOR[] = {
"PRM/r1/cl-Joint2:j1",
"PRM /r1/cl/c2-Joint2:j2" /1 HEAD PAN

}s

cl ass Bal | Tracki ngHead :

public:
Bal | Tr acki ngHead() ;

pr

b

vi rtual

CSubj ect *

/1 HEAD TILT

public Oject {

~Bal | Tr acki ngHead() {}

subj ect [ nunTFf Subj ect ] ;

Qbserver* observer [ nunmX Coserver];

vi rtual
vi rtual
vi rtual
vi rtual

CSt at us Dol nit
CSt at us DoStart
CSt at us DoSt op
OSt at us

(const OsSystenEvent & event);
(const OSystenEvent & event) ;
(const OSystenEvent & event);

DoDest r oy(const OSystenEvent & event);

void Notifyl nage(const ONotifyEvent & event);

voi d NotifySensor(const ONotifyEvent& event);

voi d NotifyMyvi ngHeadResul t (const ONotifyEvent & event);
voi d NotifyMyvingLegsResul t (const ONotifyEvent & event);
voi d NotifyLost FoundSoundResul t (const ONoti fyEvent & event);

ivate:

static const
static const
static const
static const
static const
static const
static const
static const
static const
static const
static const
static const

size t
size_t
size t
size t
int

int
byte
int

int
QOCdt Channe
doubl e
doubl e

void QpenPrimtives();
voi d NewCommandVect or Dat a() ;
voi d Pl aySound(Bal | Tr acki ngHeadCommandType type);

NUM_COMMAND VECTCR = 4;
NUM_SENSCR VECTCR = 2;

NUM JO NTS =2

NUM_FRAMES =5

TILT I NDEX = 0;

PAN_1 NDEX =1
BALL_THRESHOLD = 10;

FOUND THRESHOLD = 2;
LOST_THRESHOLD = 5
BALL_CDT_CHAN = ocdt CHANNELO;
FI ELD VI EW H = 57.6;

FI ELD VI EWV = 47.8;

voi d Set Cdt Vect or Dat adf Pi nkBal | () ;
Cent r oi dAndDel t aAngl e(const OFbkl mage& cdt | nage,

bool

int* xcentroid,

voi d | nit Sensor | ndex( OSensor Fr ameVect or Dat a* sensor Vec) ;

voi d Get PanTilt Angl e(l ongword franmeNum doubl e* pan,

voi d SearchBall ();

voi d TrackBal | (I ongword frameNum doubl e delta_pan,

voi d MoveHead(doubl e s_pan, double s_tilt, double e_pan,
doubl e *r_pan, double *r_tilt, double pan_limt, double tilt limt);
voi d Set Joi nt Val ue( RCRegi on* rgn, int idx, double start,
RCRegi on* Fi ndFr eeRegi on();

Bal | Tr acki ngHeadSt at e

CPrimtivel D
CPrimtivelD

RCRegi on*

bool
int

i st <RCRegi on*>
doubl e
doubl e

bal | Tr acki ngHeadSt at e;

f bkl D

joint1 D NUM JO NTS] ;

regi on[ NUM_COMWAND_VECTCR] ;
i ni t Sensor | ndex;

sensori dx[ NUM JA NTS] ;
sensor Regi ons;

| ast Ref Pan;

lastRef Tilt;

int* ycentroid, double* delta_pan, double* delta_pan);

double* tilt);

doubl e delta_pan);

double e_tilt,

doubl e end);
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Bal | Tr acki ngHead. cc

#i ncl ude <OPENR/ OPENRAPI . h>

#i ncl ude <OPENR/ CSysl og. h>

#i ncl ude <OPENR/ core_nacr o. h>

#i ncl ude <Bal | Tr acki ngHeadDat a. h>
#i ncl ude "Bal | Tr acki ngHead. h"

Bal | Tr acki ngHead: : Bal | Tracki ngHead() : bal | Tracki ngHeadSt at e( BTHS | DLE) ,
fbkl D(oprimtivel D UNDEF), initSensorlndex(false),
sensor Regi ons(), |astRefPan(0), lastRefTilt(0)

0; i <NUMJAONTS; i++) jointIDi] = oprimtivel D UNDEF;
0; i < NUM COMMAND VECTOR, i++) region[i] = O;
0; i < NUMJANTS; i++) sensoridx[i] =-1;

for (int i
for (int i
for (int i

}

OStatus Bal | Tracki ngHead: : Dol ni t (const OSystenEvent & event)
{

OSYSDEBUG (" Bal | Tracki ngHead: : Dol nit ()\ n"));

NEW ALL_SUBJECT_AND OBSERVER;

REQ STER ALL_ENTRY;

SET_ALL_READY_AND NOTI FY_ENTRY;

penPrimtives();
NewConmandVect or Dat a() ;

Set Cdt Vect or Dat aCf Pi nkBal | () ;
return oSUCCESS;

}

OStatus Bal | Tracki ngHead: : DoSt art (const OSyst enEvent & event)

{
OSYSDEBUG( (" Bal | Tr acki ngHead: : DoStart ()\n"));
Bal | Tr acki ngHeadCommrand headcnd( BTHCVD_MOVE_TO ZERO POS) ;
subj ect [ sbj Movi ngHead] - >Set Dat a( &eadcnd, si zeof (headend));
subj ect [ sbj Movi ngHead] - >Not i f yCbservers();

Bal | Tr acki ngHeadCommand | egscnd( BTHCVD _MOVE_TO SLEEPI NG ;
subj ect [ sbj Movi ngLegs]->Set Dat a( & egscnd, si zeof (I egscnd));
subj ect [ sbj Movi ngLegs]->Not i f yCbservers();

bal | Tracki ngHeadSt at e = BTHS_START;
ENABLE_ALL_SUBJECT;
ASSERT READY TO ALL_OBSERVER,
return oSUCCESS;

}

OSt at us Bal | Tracki ngHead: : DoSt op( const OSyst enEvent & event)
{

OSYSDEBUX (" Bal | Tracki ngHead: : DoSt op()\ n"));

bal | Tr acki ngHeadSt at e = BTHS_| DLE;

DI SABLE ALL SUBJECT;

DEASSERT READY_TO ALL_OBSERVER;

return oSUCCESS,
}

OSt at us Bal | Tracki ngHead: : DoDest r oy(const OSyst enEvent & event)

DELETE_ALL_SUBJECT_AND OBSERVER;
return oSUCCESS;
}

voi d Bal | Tracki ngHead: : Not i f yMovi ngHeadResul t (const ONoti f yEvent & event)
{

OSYSDEBUG (" Bal | Tr acki ngHead: : Not i f yMovi ngHeadResul t () \n"));

if (ball Tracki ngHeadState == BTHS_IDLE) return; // do nothing

Bal | Tracki ngHeadResul t* result = (Ball Tracki ngHeadResul t *) event . Dat a(0) ;
if (result->status == BTH SUCCESS) {
if (ball Tracki ngHeadSt ate == BTHS_START) {
bal | Tracki ngHeadSt at e = BTHS_HEAD ZERO PCS;
} else if (ball Tracki ngHeadSt ate == BTHS_LEGS_SLEEPI NG {
SearchBal | ();
bal | Tracki ngHeadSt at e = BTHS_SEARCHI NG _BALL,;

} else {
OSYSLOGL( (osysl ogERROR, "% : % %", "Ball Tracki ngHead: : Noti f yMovi ngHeadResul t ()",
"FAILED. result->status", result->status));

}
observer[event . Cbsl ndex()] - >Assert Ready();
}
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voi d Bal | Tr acki ngHead: : Not i f yMovi ngLegsResul t (const ONoti f yEvent & event)
{
OSYSDEBUG (" Bal | Tr acki ngHead: : Not i f yMovi ngLegsResul t ()\n"));
if (ball Tracki ngHeadState == BTHS_IDLE) return; // do nothing
Bal | Tr acki ngHeadResul t* result = (Ball Tracki ngHeadResul t *) event . Dat a(0) ;
if (result->status == BTH SUCCESS) ({
i f (ball Tracki ngHeadSt ate == BTHS_START) {
bal | Tr acki ngHeadSt at e = BTHS_LEGS SLEEPI NG
} else if (ball Tracki ngHeadSt ate == BTHS_HEAD ZERO PCS) {
SearchBal | ();
bal | Tracki ngHeadSt at e = BTHS_SEARCHI NG BALL;

} else {
OSYSLOGL( (osysl ogERROR, "% : % %", "Ball Tracki ngHead: : Noti f yMovi ngLegsResul t ()",
"FAI LED. result->status", result->status));

observer[event. Cbsl ndex()] - >Assert Ready() ;
}

voi d Bal | Tracki ngHead: : Not i f yLost FoundSoundResul t (const ONoti f yEvent & event)

OSYSDEBUG (" Bal | Tr acki ngHead: : Not i f yLost FoundSoundResul t ()\ n"));
if (ball Tracki ngHeadState == BTHS I DLE) return; // do nothing
Bal | Tr acki ngHeadResul t* result = (Bal | Tracki ngHeadResul t *) event . Dat a(0) ;
if (result->status != BTH SUCCESS) {
OSYSLOGL( (osysl 0gERROR, "% : % %", "Bal | Tracki ngHead: : Noti f yLost FoundSoundResul t ()",
"FAILED. result->status", result->status));

observer[event. Qosl ndex()] - >Assert Ready();

}
voi d Bal | Tracki ngHead: : QpenPrinitives()
{
CStatus result;
for (int i =0; i < NUMJANTS; i++) {
result = OPENR : QpenPrinitive(JO NT_LOCATOR[i], &ointlOi]);
if (result !'= oSUCCESS) {
OSYSLOGL( (osysl 0o gERROR, "% : % %", "Ball Tracki ngHead: : OpenPrimtives()",
"OPENR : QpenPrimtive() FAILED', result));
}
result = OPENR : QpenPrimtive(FBK LOCATOR, &f bkl D);
if (result !'= oSUCCESS)
OSYSLOGL( (osysl ogERROR, "% : % %", "Ball Tracki ngHead: : QpenPrimtives()",
"COPENR : OpenPrimtive() FAILED', result));
}
}
voi d Bal | Tracki ngHead: : NewConmandVect or Dat a()
{
CStatus result;
Menor yRegi onl D cndVecDat al D,
OConmandVect or Dat a* cndVecDat a;
QCommand| nf o* i nfo;
for (int i =0; i < NUM COWAND VECTOR i++) {
result = OPENR : NewConmandVect or Dat a( NUM JOA NTS, &cndVecDat al D, &cndVecDat a) ;
if (result !'= oSUCCESS) {
OSYSLOGL( (osysl ogERROR, "% : % %", "Ball Tracki ngHead: : NewConmandVect or Dat a() ",
" OPENR : NewConmandVect or Dat a() FAI LED', result));
}
region[i] = new RCRegi on(cndVecDat a->vect or | nf 0. nenRegi onl D,
cndVecDat a- >vect or I nfo. of fset, (voi d*)cndVecData, cndVecData->vectorlnfo.total Size);
cndVecDat a- >Set NunDat a( NUM_JQA NTS) ;
for (int j =0; j < NUMJAONTS; j++) {
info = cnmdVecDat a- >Cet I nfo(j);
i nf o->Set (odat aJO NT_COMVAND2, joint1Dj], NUMFRAMES);
}
}
}
voi d Bal | Tracki ngHead: : Pl aySound( Bal | Tr acki ngHeadCommandType t ype)
{
OSYSDEBUQ (" Bal | Tracki ngHead: : Pl aySound()\n"));
Bal | Tr acki ngHeadConmmand cnd(type);
subj ect [ sbj Lost FoundSound] - >Set Dat a( &nd, si zeof (cnd)) ;
subj ect [ sbj Lost FoundSound] - >Not i f yCoservers();
}
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Bal | Tr acki ngHead_| mage. cc

#i ncl ude <OPENR/ OPENRAPI . h>
#i ncl ude <OPENR/ CSysl og. h>
#i ncl ude "Bal | Tr acki ngHead. h"

voi d Bal | Tracki ngHead: : Noti fyl nage(const ONoti f yEvent & event)
{

static int found = O;

static int lost = 0;

int XC, YycC; /1l centroid
doubl e d_pan, d_tilt; /1 delta angle

i f (ball Tracki ngHeadState == BTHS IDLE) return; // do nothing
OFbkl mageVect or Dat a* i mageVec = ( OFbkl mageVect or Dat a*) event . Dat a(0);

OFbkl magel nfo* info = i mageVec- >Cet | nf o( of bki mageLAYER _O) ;
byt e* data = i nageVec- >Cet Dat a( of bki nageLAYER O) ;
OFbkl mage cdt | mage(i nfo, data, ofbki mageBAND CDT);

if (ball Tracki ngHeadSt ate == BTHS_SEARCH NG BALL) {

if (cdtlmage. Col or Frequency(BALL_CDT_CHAN) >= BALL_THRESHOLD) {
f ound++;

} else {
found = 0;
SearchBal | ();

}

if (found == FOUND _THRESHOLD) {
OBYSPRI NT( ("### BALL FOUND ### \n"));
Pl aySound( BTHCVD_PLAY_FOUND_SOUND) ;
found = 0;
Cent r oi dAndDel t aAngl e( cdt | nage, &xc, &yc, &d_pan, &d_tilt);
TrackBal | (i nf o->franeNunber, d_pan, d_tilt);
}

} else if (ballTracki ngHeadSt ate == BTHS TRACKI NG BALL) {

i f (cdtlmage. Col or Frequency(BALL_CDT_CHAN) >= BALL_THRESHOLD) {
| ost = 0;
Cent r oi dAndDel t aAngl e(cdt | nage, &xc, &yc, &I_pan, &d_tilt);
TrackBal | (i nf o->franeNunber, d_pan, d_tilt);

} else {
| ost ++;

}

if (lost == LCST_THRESHOLD) {
OSYSPRI NT( ("### BALL LOST ### \n"));
Pl aySound( BTHCVD_PLAY_LOST_SOUND) ;
SearchBal | ();
lost = 0;

}

observer [ event . bsl ndex()] - >Assert Ready();
}

voi d Bal | Tracki ngHead: : Set Cdt Vect or Dat aCf Pi nkBal | ()

{
OSYSDEBUG (" Bal | Tr acki ngHead: : Set Cdt Vect or Dat aOf Pi nkBal | ()\ n"));

OStatus result;

Menor yRegi onl D cdt Vecl D;
QOCdt Vect or Dat a* cdt Vec;
OCdt | nf o* cdt;

result = COPENR : NewCdt Vect or Dat a( &dt Vecl D, &cdt Vec);
if (result !'= oSUCCESS) {
OSYSLOGL( (osysl ogERROR, "% : % %", "Il mageCbserver:: Set Cdt Vect or Dat aCf Pi nkBal | ()",
" OPENR : NewCdt Vect or Dat a() FAILED', result));
return;

}
cdt Vec- >Set NunDat a( 1) ;

cdt = cdt Vec->Get | nfo(0);
cdt- > nit (fbkl D, BALL_CDT_CHAN);
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/1 cdt->Set(Y_segnent, O _nmax, O _nin, Cb_nax, Cb_min)

cdt->Set ( 0, 230, 150, 190, 120):
cdt->Set ( 1, 230, 150, 190, 120);
cdt->Set ( 2, 230, 150, 190, 120):
cdt->Set ( 3, 230, 150, 190, 120);
cdt->Set ( 4, 230, 150, 190, 120):
cdt->Set ( 5, 230, 150, 190, 120):
cdt->Set ( 6, 230, 150, 190, 120);
cdt->Set ( 7, 230, 150, 190, 120);
cdt->Set ( 8, 230, 150, 190, 120)
cdt->Set ( 9, 230, 150, 190, 120);

cdt- >Set (10, 230, 150, 190, 120);
cdt->Set (11, 230, 150, 190, 120);
cdt- >Set (12, 230, 150, 190, 120);
cdt->Set (13, 230, 150, 190, 120);
cdt- >Set (14, 230, 150, 190, 120);
cdt->Set (15, 230, 150, 190, 120);
cdt- >Set (16, 230, 150, 190, 120);
cdt->Set (17, 230, 150, 190, 120);
cdt- >Set (18, 230, 150, 190, 120);
cdt->Set (19, 230, 150, 190, 120);
cdt- >Set (20, 230, 160, 190, 120);
cdt->Set (21, 230, 160, 190, 120);
cdt- >Set (22, 230, 160, 190, 120);
cdt- >Set (23, 230, 160, 190, 120);
cdt- >Set (24, 230, 160, 190, 120);
cdt->Set (25, 230, 160, 190, 120);
cdt- >Set (26, 230, 160, 190, 120);
cdt->Set (27, 230, 160, 190, 120);
cdt- >Set (28, 230, 160, 190, 120);
cdt->Set (29, 230, 160, 190, 120);
cdt- >Set (30, 230, 160, 190, 120);
cdt->Set (31, 230, 160, 190, 120);

result = OPENR : Set Cdt Vect or Dat a( cdt Vecl D) ;
if (result != oSUCCESS)
OSYSLOGL( (osysl ogERROR, "% : % %", "l nmageCoserver:: Set Cdt Vect or Dat aCf Pi nkBal I ()",
"OPENR : Set Cdt VectorData() FAILED', result));
}

result = OPENR : Del et eCdt Vect or Dat a( cdt Vecl D) ;
if (result !'= oSUCCESS) {
OSYSLOGL( (osysl ogERROR, "% : % %", "I|mageCoserver:: Set Cdt Vect or Dat aCf Pi nkBal | ()",
" OPENR: : Del et eCdt Vect or Dat a() FAILED', result));

}

bool Bal | Tracki ngHead: : Cent r oi dAndDel t aAngl e( const OFbkl mage& cdt | mage,
int* xcentroid, int* ycentroid, double* delta pan, double* delta tilt)

{
int w = cdt | mage. Wdt h();
int h = cdtl mage. Hei ght () ;
byte* ptr = cdtl mage. Pointer();
int xsum = 0;
int ysum = 0;
int npixels = 0;
/] Last line is not used because of Taglnfo.
for (int' y =0;, y < h-1; y++) {
for (int x = 0; x <w x++) {
if (*ptr++ & BALL_CDT_CHAN) {
Xsum += X; ysum += y; npi xel s++;
}
}
}
if (npixels !'=0) {
*xcentroid = xsum/ npixels;
*ycentroid = ysum/ npixels;
*delta_pan =-1.0 * FIELD VIEWH * (*xcentroid - w2.0) / w
*delta_tilt =-1.0 * FIELD VIEWV * (*ycentroid - h/2.0) / h;
return true;
} else {
*xcentroid = 0; *ycentroid = 0; *delta_pan = 0.0; *delta_tilt = 0.0;
return fal se;
}
}
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Bal | Tr acki ngHead_Joi nt . cc

#i ncl ude <OPENR/ OPENRAPI . h>
#i ncl ude <OPENR/ QUnits. h>

#i ncl ude <OPENR/ OSysl og. h>

#i ncl ude <COPENR/ CDebug. h>

#i ncl ude "Bal | Tr acki ngHead. h"

voi d Bal | Tracki ngHead: : Sear chBal | ()

{
stati c doubl e phase = 0.0;
const doubl e del taPhase = 0.03;
const double anplitude = 70.0; // degrees
OSYSDEBUG( (" Bal | Tr acki ngHead: : SearchBal | ()\n"));
if (ball Tracki ngHeadSt ate != BTHS SEARCH NG BALL) {
bal | Tracki ngHeadSt at e = BTHS_SEARCHI NG BALL;
if (lastRefPan < 0.0) { phase = lastRefPan / anplitude; }
else { phase = MPI - lastRefPan / anplitude; }
}
const doubl e panDeltaLinmt = deltaPhase * anplitude; // degrees / 32ns
const double tiltDeltaLimt = 1.0; /1 degrees / 32ms
doubl e pan = anplitude * sin(phase);
double tilt = 0.0;
phase += del taPhase;
MoveHead(| ast Ref Pan, lastRefTilt, pan, tilt, & astRefPan, & astRefTilt,
panDel taLimt, tiltDeltaLimt );
}

voi d Bal | Tr acki ngHead: : TrackBal | (1 ongword franeNum doubl e delta_pan, double delta_tilt)
{
i f (ball Tracki ngHeadSt at e==BTHS SEARCHI NG BALL) { bal | Tr acki ngHeadSt at e=BTHS_TRACKI NG BALL; }
const doubl e panDeltalinit = 5.0, // degrees / 32ns
const double tiltDeltaLimt = 5.0; // degrees / 32ms
doubl e pan, tilt;
Get PanTi | t Angl e(franeNum &pan, &ilt);
MoveHead(| ast Ref Pan, lastRefTilt, pan + delta_pan, tilt + delta_tilt,
& ast Ref Pan, & astRefTilt, panDeltaLimt, tiltDeltaLimt );
}

voi d Bal | Tracki ngHead: : MoveHead(doubl e s_pan, double s_tilt, double e_pan, double e_tilt,
doubl e *r_pan, double *r_tilt, double pan_limt, double tilt_limt)

{
RCRegi on* rgn = Fi ndFreeRegi on();
if (e_pan > s_pan + pan_limt) { e_pan = s_pan + pan_limt; }
else if (e_pan < s_pan - pan_limt) { e pan = s_pan - pan_limt; }
*r_pan = e_pan,
if (e_tilt >s_tilt +tilt I| mt) { etilt =s_tilt +tilt_linmit; }
else if (e_tilt <s_tilt - It limt) { etilt =s_tilt - tilt_limt; }
*rotilt = e tilt;
Set Joi nt Val ue(rgn, PAN_I NDEX, s_pan, e_pan);
Set Joi nt Val ue(rgn, TILT_ INDEX, s_tilt, e_tilt);
subj ect [ shj Joi nt] ->Set Data(rgn);
subj ect [ sbj Joi nt] ->Noti f yCbservers();
}

voi d Bal | Tracki ngHead: : Set Joi nt Val ue( RCRegi on* rgn, int idx, double start, double end)
{

OConmmandVect or Dat a* cndVecDat a = ( OComrandVect or Dat a*) r gn- >Base() ;

QCommand| nf o* info = cndVecDat a->Cet | nf o(i dx);

i nf 0->Set (odat aJO NT_COMVAND2, jointlDfidx], NUMFRAVMVES);

OCommrandDat a* data = cndVecDat a- >Cet Dat a(i dx) ;

Qloi nt ConmandVal ue2* jval = (Qloi nt ConmandVal ue2*) dat a->val ue;

double delta = end - start;
for (int i =0; i < NUMFRAMES; i++) {

doubl e dval = start + (delta * i) / (doubl e) NUM FRAMES;
jval[i].val ue = oradi ans(dval);

}
RCRegi on* Bal | Tr acki ngHead: : Fi ndFr eeRegi on()

for (int i =0; i < NUM COWAND VECTOR i++) {
if (region[i]->Nunmberf Reference() == 1) return region[i];

return O;

}
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Bal | Tr acki ngHead_Sensor. cc

#i ncl ude <OPENR/ GSysl og. h>
#i ncl ude "Bal | Tracki ngHead. h"

voi d Bal | Tracki ngHead: : Noti f ySensor (const ONoti fyEvent & event)

{
RCRegi on* rgn = event. RCDat a(0);

if (initSensorlndex == fal se) {
CSensor FraneVect or Dat a* sv = ( OSensor FraneVect or Dat a*) r gn- >Base() ;
I ni t Sensor | ndex(sv);
i ni t Sensorlndex = true;

}

if (sensorRegions.size() == NUM SENSOR VECTOR) ({
sensor Regi ons. front ()- >RenoveRef erence() ;
sensor Regi ons. pop_front();

}

r gn- >AddRef erence() ;

sensor Regi ons. push_back(rgn);

observer[event . Cbsl ndex()] - >Assert Ready();
}

voi d Bal | Tracki ngHead: : | ni t Sensor | ndex( GSensor Fr anmeVect or Dat a* sensor Vec)

/1 jointlD] is already initialized in Ball Tracki ngHead: : OpenPrimtives().
for (int i =0; i < NUM_JANTS; i++) {
for (int j =0; j < sensorVec->vectorlnfo.nunData; j++) {
GSensor Franel nfo* info = sensorVec->Get | nfo(j);
if (info->primtivelD==jointIDOi]) {

sensoridx[i] =7j;
OSYSDEBUG( (" [ %®2d] %s\n", sensoridx[i], JONT_LOCATORi]));
br eak;

}

voi d Bal | Tracki ngHead: : Get PanTi | t Angl e(l ongword franeNum doubl e* pan, double* tilt)
{

list<RCRegion*>::iterator iter = sensorRegions. begin();

i st <RCRegi on*>: :iterator |ast = sensorRegions.end();

GSensor FraneVect or Dat a* sv,

OSensor Fr anel nf o* i nf o;

CSensor FraneDat a* dat a;

while (iter !'=last) {
sv = (OSensor FraneVect or Dat a*) (*i ter) ->Base();
info = sv->Cet | nfo(sensori dx[ PAN_| NDEX] ) ;
I ongword fn = info->frameNunber;
for (int i =0; i < info->nunfFranres; i++) {
if (fn == frameNum {

data = sv->Cet Dat a( sensori dx[ PAN_| NDEX] ) ;
*pan = degrees((doubl e)data->frane[i].va ue / 1000000. 0);
data = sv->Cet Dat a(sensoridx[ TI LT_I NDEX]);

*tilt = degrees((doubl e)data->frane[i].value / 1000000. 0);

return;
}
f n++;
if (fn > ofraneMAX_NUMBER) fn = 1;
}
++iter;

}

/1 If sensor data at franeNumis not found, return | atest sensor data.
RCRegi on* rgn = sensor Regi ons. back();
sv = (CSensor FraneVect or Dat a*) r gn- >Base() ;

info = sv->Get| nfo(sensoridx[ PAN_| NDEX] ) ;

data = sv->Get Dat a(sensori dx[ PAN_| NDEX] ) ;

*pan = degrees((doubl e)dat a->f rame[ i nf o->nuntr anes- 1] . val ue / 1000000. 0) ;
data = sv->GetData(sensoridx[ TILT_I NDEX]);

*tilt = degrees((doubl e)data->frame[info- >nunframes-1].value / 1000000.0);
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