ARIA Program Structure
Aria Action Classes 
Each reactive behavior that you program your robot with must be represented as a separate C++ class. However, you don’t need to be familiar with C++ object-oriented programming for this – you just need to fill in the “template” given in this section.

The first think you will need is a “name” for each behavior. In the template, we will call this “BehaviorName”.
class BehaviorName : public ArAction

{

public:

  // constructor

  BehaviorName (parameters);

  // destructor, it’s just empty, we don't need to do anything

  virtual ~BehaviorName (void) {};

  // fire is what the resolver calls to figure out what this action wants

  virtual ArActionDesired *fire(ArActionDesired currentDesired);

  // sets the robot pointer, also gets the sonar device

  virtual void setRobot(ArRobot *robot);

protected:

  // this is to hold the sonar device form the robot (required)

  ArRangeDevice *mySonar;

  // what the action wants to do (required)

  ArActionDesired myDesired;

  // This is the only part of the class definition you may need to change.

  // If you have any variables you want the robot to keep track of or

  // remember, declare them here.

};

// Constructor for the reactive class. Add any parameters you need (which

// will probably be stored in a state variable).

BehaviorName::BehaviorName(parameters) : ArAction("Description of action") {


myRobot = NULL;


// Store any parameters in state variables
}

// This will look the same for any reactive class. Just substitute the

// name of your class for "Drive".

void BehaviorName::setRobot(ArRobot *robot) {


myRobot = robot;


mySonar = myRobot->findRangeDevice("sonar");

    if (mySonar == NULL)

    deactivate();

}

// This is the key method for your reactive classes, as it defines what

// action should be taken. Again, add the sensing/action code you need.

ArActionDesired *BehaviorName::fire(ArActionDesired currentDesired) {

  // The "myDesired" variable is a place to store the list of actions 

  // that you want the robot to take if this rule fires. Initially, we

  // must clear any previous actions.

  myDesired.reset();

  // Add your code to access the sonar sensors, decide whether the reaction
  // fires, and add commands to myDesired if it does.

  // Return the list of desired actions.

  return &myDesired;

}

Below is a very simple example (called “Drive”), which drives the robot forward at 200 mm/sec until an object is found in front of it at less than 1000 mm, at which point it turns right and slows down to 100 mm/sec:
class Drive : public ArAction

{

public:

  // constructor

  Drive (void);

  // destructor, it’s just empty, we don't need to do anything

  virtual ~Drive (void) {};

  // fire is what the resolver calls to figure out what this action wants

  virtual ArActionDesired *fire(ArActionDesired currentDesired);

  // sets the robot pointer, also gets the sonar device

  virtual void setRobot(ArRobot *robot);

protected:

  // this is to hold the sonar device form the robot (required)

  ArRangeDevice *mySonar;

  // what the action wants to do (required)

  ArActionDesired myDesired;

  // This is the only part of the class definition you may need to change.

  // If you have any variables you want the robot to keep track of or

  // remember, declare them here.

};

// Constructor for the reactive class. Add any parameters you need (which

// will probably be stored in a state variable).

Drive::Drive(void) : ArAction("Drive and steer") {


myRobot = NULL;

}

void Drive::setRobot(ArRobot *robot) {


myRobot = robot;


mySonar = myRobot->findRangeDevice("sonar");

    if (mySonar == NULL)

    deactivate();

}

// This is the key method for your reactive classes, as it defines what

// action should be taken. Again, add the sensing/action code you need.

ArActionDesired *Drive::fire(ArActionDesired currentDesired) {

  myDesired.reset();

  if (myRobot->getSonarRange(2) < 1000 || myRobot->getSonarRange(3) < 1000) {
     myDesired.setVel(100);

     myDesired.setDeltaHeading(-5);

     }

  else {

     myDesired.setVel(200);

     myDesired.setDeltaHeading(0);

     }

  // Return the list of desired actions.

  return &myDesired;

}

Design Decisions

Before you start, there are some design decisions you will need to make, related to the nature of the data passed to and stored by the behavior. Specifically:

· What information does the behavior need to keep track of between the calls? These will be the state variables of the class.

· What information needs to be passed to the behavior when it is first created? These will be passed to the constructor of the class.

For example, suppose that we are creating a behavior which when it detects an object in front at a certain distance d, backs away from it for 50 cycles of the program. In this case, we want to make a parameter to the constructor, rather than a hard-wired value. In addition, we will have to keep track of the value of d, as well as the current number of cycles remaining before the behavior is released.

class Panic : public ArAction

{

public:

  // constructor

  Panic (int);

  // destructor, it’s just empty, we don't need to do anything

  virtual ~Panic (void) {};

  // fire is what the resolver calls to figure out what this action wants

  virtual ArActionDesired *fire(ArActionDesired currentDesired);

  // sets the robot pointer, also gets the sonar device

  virtual void setRobot(ArRobot *robot);

protected:

  // this is to hold the sonar device form the robot (required)

  ArRangeDevice *mySonar;

  // what the action wants to do (required)

  ArActionDesired myDesired;

  // This is the only part of the class definition you may need to change.

  // If you have any variables you want the robot to keep track of or

  // remember, declare them here.

  int minDist;

  int cyclesLeft;
};

// Constructor for the reactive class. Add any parameters you need (which

// will probably be stored in a state variable).

Panic::Panic(int m) : ArAction("Run away") {


myRobot = NULL;
      minDist = m;

      cyclesLeft = 0;
}

void Panic::setRobot(ArRobot *robot) {


myRobot = robot;


mySonar = myRobot->findRangeDevice("sonar");

    if (mySonar == NULL)

    deactivate();

}

// This is the key method for your reactive classes, as it defines what

// action should be taken. Again, add the sensing/action code you need.

ArActionDesired *Panic::fire(ArActionDesired currentDesired) {

  myDesired.reset();
  // if cycles left, keep backing away

  if (cyclesLeft > 0) {

    myDesired.setVel(-100);

    cyclesLeft--;

    }

  // if object too close, start panic
  else if (myRobot->getSonarRange(2) < minDist || 

           myRobot->getSonarRange(3) < minDist) {

     myDesired.setVel(-100);

     myDesired.setDeltaHeading(0);

     }

  // otherwise, action does not fire

  else return NULL;

  // Return the list of desired actions.

  return &myDesired;

}

An additional design criteria is modularity – that is, a single complex behavior should be decomposed into multiple simple behaviors that do one thing each. This makes it easier for behaviors to be debugged individually, and for behaviors to be reused.
For example, the Drive class above really does two different things:

1. Driving forward if no obstacles are in front.

2. Driving slower and turning if an obstacle is detected.

This would be better done as two separate classes:

// This class drives the robot directly forward (without regard to 

// obstacles) at a given speed.

class Drive : public ArAction

{

public:

  // constructor

  Drive (int speed);

  // destructor, it’s just empty, we don't need to do anything

  virtual ~Drive (void) {};

  // fire is what the resolver calls to figure out what this action wants

  virtual ArActionDesired *fire(ArActionDesired currentDesired);

  // sets the robot pointer, also gets the sonar device

  virtual void setRobot(ArRobot *robot);

protected:

  // this is to hold the sonar device form the robot (required)

  ArRangeDevice *mySonar;

  // what the action wants to do (required)

  ArActionDesired myDesired;

  // This is the only part of the class definition you may need to change.

  // If you have any variables you want the robot to keep track of or

  // remember, declare them here.

  int speed;  // Speed to drive forward at
};

// Store the desired speed.

Drive::Drive(int s) : ArAction("Drive forward") {


myRobot = NULL;
      speed = s;
}

void Drive::setRobot(ArRobot *robot) {


myRobot = robot;


mySonar = myRobot->findRangeDevice("sonar");

    if (mySonar == NULL)

    deactivate();

}

// Just drive forward
ArActionDesired *Panic::fire(ArActionDesired currentDesired) {

  myDesired.reset();
  myDesired.setVel(speed);

  myDesired.setDeltaHeading(0);

  return &myDesired;

}

// This class steers the robot in a given direction at a given speed if an 

// obstacle is detected at a given distance.

class Steer : public ArAction

{

public:

  // constructor

  Drive (int speed, int rotation, int dist);

  // destructor, it’s just empty, we don't need to do anything

  virtual ~Drive (void) {};

  // fire is what the resolver calls to figure out what this action wants

  virtual ArActionDesired *fire(ArActionDesired currentDesired);

  // sets the robot pointer, also gets the sonar device

  virtual void setRobot(ArRobot *robot);

protected:

  // this is to hold the sonar device form the robot (required)

  ArRangeDevice *mySonar;

  // what the action wants to do (required)

  ArActionDesired myDesired;

  // This is the only part of the class definition you may need to change.

  // If you have any variables you want the robot to keep track of or

  // remember, declare them here.

  int speed;  // Speed to drive forward at

  int rotation;  // Speed of turn

  int dist;  // Distance at which behavior fires
};

// Store the parameters.

Steer::Steer(int s, int r, int d) : ArAction("Drive forward") {


myRobot = NULL;
      speed = s;

      rotation = r;

      dist = d;
}

void Drive::setRobot(ArRobot *robot) {


myRobot = robot;


mySonar = myRobot->findRangeDevice("sonar");

    if (mySonar == NULL)

    deactivate();

}

// Action fires if within dist of obstacle in front
ArActionDesired *Drive::fire(ArActionDesired currentDesired) {

  myDesired.reset();

  if (myRobot->getSonarRange(2) < 1000 || myRobot->getSonarRange(3) < 1000) {

     myDesired.setVel(speed);

     myDesired.setDeltaHeading(rotation);

     }

  else return NULL;

  // Return the list of desired actions.

  return &myDesired;

}

Constructing and Adding Reactive Behaviors

In order for the robot to use the behaviors you have created, you must do two things in the main function of the program:

1. Construct an object for each behavior class.

2. Add it to the robot object and set its priority.
Constructing Behavior Objects
The syntax for constructing an object is:

classname objectname(parameters);
The parameters are passed to the constructor (which will presumably store them in the state variables). Note that is there are no parameters, no parentheses should be used.

This should be done at the beginning of the main method, along with the other declarations. For example:

int main(int argc, char **argv)

{

  // robot

  ArRobot robot;

  // sonar, must be added to the robot

  ArSonarDevice sonar;

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

  // Declare objects for the actions we'll use. 

  Drive drive(500);

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

Adding Behavior Objects and Setting Priorities
To add a behavior to the robot object, use the following syntax:

robot.addAction(&objectname, priority);

Where the priority is a non-negative integer.

This should be done right before the robot.run() call, which begins running the behaviors. For example:

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

  // Add the action object created earlier, with their priorities.;

  robot.addAction(&drive, 100);

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

  // start the robot running, true so that if we lose connection the run 
  // stops

  robot.run(true);

For example, suppose that we want to combine the three behaviors given above – driving, steering, and panicking. Also suppose that we want to prioritize them as follows:
· Drive forward at 200 mm/sec.

· If an obstacle exists within 1000 mm, slow down to 100 mm/sec and steer left at 5 deg/sec (higher priority).

· If an obstacle exists within 300 mm, panic and back away (highest priority).
// The main program does most of the work of connecting and running.

// You will only need to change the parts indicated below.

int main(int argc, char **argv)

{

  // robot

  ArRobot robot;

  // sonar, must be added to the robot

  ArSonarDevice sonar;

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

  // Declare objects for the actions we'll use. 

  Drive drive(200);

  Steer steer(100, 5, 1000);

  Panic panic(300);

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

  // Make a key handler, so that escape will shut down the program

  // cleanly

  ArKeyHandler keyHandler;

  // mandatory init

  Aria::init();

  ArSimpleConnector connector(&argc, argv);

  connector.parseArgs();

  if (argc > 1)

  {

    connector.logOptions();

    exit(1);

  }

  printf("This program will make the robot wander around, avoiding obstacles.\nPress escape to exit.\n");

  // Add the key handler to Aria so other things can find it

  Aria::setKeyHandler(&keyHandler);

  // Attach the key handler to a robot now, so that it actually gets

  // some processing time so it can work, this will also make escape

  // exit

  robot.attachKeyHandler(&keyHandler);

  // add the sonar to the robot

  robot.addRangeDevice(&sonar);

  // try to connect, if we fail exit

  if (!connector.connectRobot(&robot))

  {

    printf("Could not connect to robot... exiting\n");

    Aria::shutdown();

    return 1;

  }

  // turn on the motors, turn off amigobot sounds

  robot.comInt(ArCommands::ENABLE, 1);

  robot.comInt(ArCommands::SOUNDTOG, 0);

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

  // Add the action object created earlier, with their priorities.;

  robot.addAction(&drive, 100);

  robot.addAction(&steer, 200);

  robot.addAction(&panic, 300);

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

  // start the robot running, true so that if we lose connection the run 
  // stops

  robot.run(true);

  // now exit

  Aria::shutdown();

  return 0;

}









