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The Intelligent Autonomy Interface (IAI) is designed to allow researchers to test their autonomous operations concepts in a simulation environment.  The IAI exists as a suite of programs working together to provide sophisticated object management, advanced control input, and programming interfaces.  It sends information to an image generator, which produces a graphical output of the simulation environment.  The data is also disseminated to a constructive simulation interface, a data collection and playback system, and other simulation interfaces.

The following figure depicts the system as seen by an end-user.
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The connection between the custom application and the IAI will use UDP/IP.  It will be left to each application developer to provide to the government a header file containing a description of each UDP message the custom application sends to the IAI.  Return message formats must also be provided.  

All packets sent to the IAI must be in little endian format.  All return messages will be in little endian format.

Users can use the following code as a basic UDP interface.  NOTE: This interface has been tested under Linux (RedHat 6.2 and RedHat 7.2) and Windows (98SE).

ctlUdpSocket.h

#include <string.h>

#ifdef WIN32

#include <winsock.h>

#else

#include <unistd.h>

#include <sys/socket.h>

#include <sys/time.h>

#include <netinet/in.h>

#include <netdb.h>

#endif

#include <stdlib.h>

#include <sys/types.h>

#include <stdio.h>

#include <fcntl.h>

/*NOTE: the maximum size of a data message

  should be 516 bytes!  The largest size packet

  a host is required to process is 576 bytes, and

  the largest possible UDP header is 60 bytes.

*/

class ctlUdpSocket

{

public:

  int sendMessage(void);

  int receiveMessage(void);

  int connectTo(char *hostName, int port);

  void setData(void *newData, int size);

  void close(void);

  int createServerOnPort(int port);

  ctlUdpSocket();

  ~ctlUdpSocket();

private:

  struct sockaddr_in server;

  struct sockaddr_in client;

  fd_set socketReady;

  struct timeval timeOut;

  int sock;

  void *data;

  int size;

  /*testing only*/

  int messageCount;

};

The implementation follows:

ctlUdpSocket.cpp
#include "ctlUdpSocket.h"

/*This is set up assuming that each peer in the network

  will create a socket to bind on a particular port, and connect to 

  the other machine by creating another socket (on any port) and 

  connect to the remote machine's server port.

  i.e. This is using two sockets (peer to peer) instead of just one

  socket (client/server)

 */

ctlUdpSocket::ctlUdpSocket() {

#ifdef WIN32


 WSADATA wsaData;


 int nRc = WSAStartup(0x202, &wsaData);


 if (nRc) {



 perror("Error Starting Winsock\n");


 }

#endif


 //Create the socket


 sock = socket(AF_INET, SOCK_DGRAM, 0);


 if (sock < 0) {



  perror("opening datagram socket");


 }


 //Set nonblocking I/O and disable the Nagle algorithm

#ifdef WIN32


 unsigned long nonBlock = 1;


 if (ioctlsocket(sock, FIONBIO, &nonBlock) != 0) {

#else


 if (fcntl(sock, F_SETFL, FNDELAY) < 0) {

#endif



perror("UDPClient: Unable to set non-blocking mode.\n");


 }

}

int ctlUdpSocket::sendMessage(void) {

  int result;

  result = sendto(sock, (char *) data, size, 0, (sockaddr *) &server, sizeof(server));

  if(result < 0) {perror("sending on datagram socket"); return 0;}

  return 1;

}

void ctlUdpSocket::setData(void *newData, int newSize) {

  data = newData;

  size = newSize;

}

int ctlUdpSocket::connectTo(char *hostName, int port) {

  struct hostent *hp; //, *gethostbyname(const char *);

  server.sin_family = AF_INET;

  //allow by name or by address

  hp = gethostbyname(hostName);

  if (hp == 0) {


fprintf(stderr, "%s: unknown host0\n", hostName);


return 0 ;

  }

  memcpy(&server.sin_addr, hp->h_addr, hp->h_length);

  server.sin_port = htons(port);

  return 1;

}

int ctlUdpSocket::createServerOnPort(int port) {


 int length;


 int on = 1;


 //reuse local address


 if (setsockopt(sock, SOL_SOCKET, SO_REUSEADDR, (char *) &on, sizeof(on)) < 0) {



perror("setsockopt SO_REUSEADDR:");



return 0;


 }


 /* Name socket using wildcards */


 server.sin_family = AF_INET;


 server.sin_addr.s_addr = INADDR_ANY;


 server.sin_port = port;


 server.sin_port = htons(port);


 if (bind(sock, (sockaddr *) &server, sizeof(server))) {



  perror("binding datagram socket");



  return 0;


 }


 /* Find out assigned port number and print it out */


 length = sizeof(server);

#ifdef WIN32


 if (getsockname(sock, (sockaddr *) &server, &length)) {

#elif defined __LINUX


 if (getsockname(sock, (sockaddr *) &server, (socklen_t *) &length)) {

#endif

       perror("getting socket name");


   return 0;


 }


 printf("\nctlUdpSocket has port #%d\n", ntohs(server.sin_port));


 return 1;

}

int ctlUdpSocket::receiveMessage(void) {

  int length = sizeof(client);

  int rval;

  FD_ZERO(&socketReady); //make file descriptor set the null set

  FD_SET(sock, &socketReady); //include a particular descriptor 

  timeOut.tv_sec = 0;

  timeOut.tv_usec = 0;

  //replace the given descriptor set with a set 

  //consisting of those descriptors that are ready for read

  //The first parameter specifies up to what file descriptor

  //it should check. In this case, we want just up to our 

  //descriptor (sock).

  if (select(sock + 1, &socketReady, 0, 0, &timeOut) < 0) 


{perror("select"); return 0;}

  //if our file descriptor sock is ready to read...

  if (FD_ISSET(sock, &socketReady)) {

#ifdef WIN32


if((rval = recvfrom(sock, (char *) data, size, 0, (struct sockaddr *) &client, &length)) < 0) {

#elif defined __LINUX


if((rval = recvfrom(sock, data, size, 0, (struct sockaddr *) &client, (socklen_t *) &length)) < 0) {

#endif


  perror("reading datagram message");


  printf("\nrval = %d", rval);


  return 0;


}


else {


  return rval;


}

  }

  return 0;

}

void ctlUdpSocket::close(void) {

  //call the global namespace close, not this one

#ifdef WIN32

  closesocket(sock);

  if (WSACleanup()) {


perror("Error Cleaning up Socket DLL\n");

  }

#else

  ::close(sock);

#endif

}

ctlUdpSocket::~ctlUdpSocket() {

  printf("\nClosing socket\n");

  ctlUdpSocket::close();

}

As mentioned above, a header file detailing the desired messages should be provided to the AOFNC.  To eliminate byte-packing differences between operating systems and machines, all messages should be word-aligned based on 32-bit words.  Additionally, define the network port to the IAI (IAI_PORT) and the network port the IAI will use to communicate to the IAT (IAT_PORT) and use these in the IAT code.  This will facilitate testing.  A sample header follows:

iat_icd.h

#ifndef IAT_ICD_H

#define IAT_ICD_H

#define IAI_PORT 5050

#define IAT_PORT 5051

typdef struct {

  long msgId;

  char iatId[32];

  long objectID;

  double latitude;

  double longitude;

  double altitude;

  float heading;

  float pitch;

  float roll;

  char objectType;

  char bufferA;          // Reserve space to preserve packing

  short bufferB;          // Make up for remainder of space

  int priority;

} setObjectPosition;

#endif

The UDP interface is very easy to use.  The following code samples illustrate a client and server, respectively:

clientDemo.cpp

#include <stdio.h>

#include "ctlUdpSocket.h"

#include “iat_icd.h”

int main(int argc, char *argv[]) {

  char *data = "Hello World";

  char ch;

  ctlUdpSocket socket;

  socket.setData(&ch, sizeof(char));

  if (!socket.connectTo(argv[1], IAI_PORT)) {

    printf("Error Connecting\n");

    return 1;

  }

  do {

    ch = *(data++);

    printf("Sending %c\n", ch);

    socket.sendMessage();

  } while (ch != 0);

  return 0;

}

serverDemo.cpp

#include <stdio.h>

#include "ctlUdpSocket.h"

#include “iat_icd.h”

void main(void) {

  char ch;

  int messageCount = 0;

  ctlUdpSocket socket;

  socket.setData(&ch, sizeof(char));

  socket.createServerOnPort(IAI_PORT);

  do {

    if (socket.receiveMessage()) {

      printf("%c-", ch);

      fflush(stdout);

      messageCount++;

    }

  } while ((ch != 0) || (messageCount == 0));

}

These can be compiled (on Linux) with the following makefile:

Makefile

PLATFORM = __LINUX

CFLAGS = -g -O -D $(PLATFORM)

CC = g++ $(CFLAGS)

INC = -I ./

all: clientDemo serverDemo

clientDemo: clientDemo.cpp ctlUdpSocket.o


@echo Building Simple Client


$(CC) $(INC) clientDemo.cpp ctlUdpSocket.o -o $@

serverDemo: serverDemo.cpp ctlUdpSocket.o


@echo Building Simple Server


$(CC) $(INC) serverDemo.cpp ctlUdpSocket.o -o $@

ctlUdpSocket.o: ctlUdpSocket.cpp ctlUdpSocket.h


@echo Compiling CTL UDP Socket Utility


$(CC) $(INC) -c ctlUdpSocket.cpp

clean:


rm -f *.o *~


rm -f clientDemo serverDemo

These samples were compiled and linked under Windows using Microsoft Visual C++ 6.0.  A console application project was created for each demo and wsock32.lib was added to the project to resolve references.

The client demo requires one command-line option, host.  It can either take the host name or the host IP address.  The server starts on the defined port and waits for messages.  The client sends messages to the server.  After receiving the complete message, the server terminates.  In this example, the complete message is a string and the server terminates upon receiving the null-terminating character.

These examples have been tested on and between Linux (RedHat 6.2 and RedHat 7.2) and Windows (98SE).
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