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Figure 9

As shown, the resultant sonar information closely resembles the unknown
environment. Testing on the actual robot sensors resulted in similar data. Figures
10 and 11 below show pictures of an unknown environment with overlays from
both the map robot and patrol robot sensor feedback. It can easily be seen how

the robots interpreted what they saw as a wall, obstacle, or intruder.
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Much of the testing was completed during design as new functions were
implemented or adjustments were made to program tolerances. Unique
environments with different obstacle positions and layouts were used in order to
understand the program’s ability to make decisions and have the robots
maneuver effectively as autonomous units. After component and functional
partition testing was completed, the complete system was tested together
through several runs. After tolerances had been tightened and error allowances
made for inaccurate sonar reflection and other variables, the system performed
magnificently. Figure 12 shows one of our runs with the complete system
running. The blue represents the map that the map robot complied and the red
represents the patrol robot's map. The two maps line up quite nicely, due to our
localization function. We still have some points that are not part of the actual
map, but come from reflections off non ideal surfaces. These points are fine. The
different robots will always get the same information because the sonar reflects
off the various objects the same each time. The anomaly was placed behind the

obstacle in the middle, so the patrol robot would not initially see the anomaly.
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Figure 12

This test demonstrates the complete functionality of each of our components
working together. Our system will work in any environment that meets our

requirements.

Figures 13 and 14 shown below are examples of what our command prompts
look like for the patrol robot and police robot. The command prompts were
essential for our troubleshooting. They helped us to know where the robots were

in their respective programs.
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Patrol Robot Command Prompt

¢ Command Prompt
Made it to FOLLOW WALL function

Sonar® = 1895, Sonarl = 1835, Sonar2 = 1965, Sonar3 =23609. Sonard =596,
522, Sonar6t = 1323, Sonar? = 3589
Going foarward

ANOMALY FOUND*?
Coming to a wall straight ahead —> Rotating 980 dey CCU

Rotating 98.88 deg
Going forward
goal: x: 1489, y: -118, angle: -15

Rotating —15.88 deg
Going forward

Server shutting down.

Sending shutdoun

Disconnecting from rohot.
accept: No error

Failed on »ead UDP, error 18638
Failed on the udp read

C:\Program FilessMohileRohots\Ariaxhin)>

Sonarb

Figure 13

Police Robot Command Prompt

« Command Prompt

C:NProgram Files\MohileRobotsNAriaxhin>ASPS Police -rh 1922.168.1.13
Client now connected to server.

Server connected to us on udp port V272

Connected to server.

Pou may press escape to exit

Connected to remote host 192.168.1.13 through tcp.

Svncing 8

Svncing 1

Syncing 2

Connected to vohot.
NMame: not_set

Type: Pionee
Subtype: amigo-sh
Loaded rebot parameters from amigo—sh.p
filarm received?

A: 938.986688, Y: 687.9680868

Server shutting down and closed connection.
Disconnected from server.

[ArSeck iread: called after socket closed
Connection to 127.B.8B.1 closed

Lost connection to server C(couldn’'t recud.
Disconnecting from robhot.
[~

C:nProgram Fileg\ﬂobileﬂoho;g\ﬂria\bin>

Figure 14
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Reflections

Upon viewing the complete system function perfectly the first time, it is easy to
see how effective robots could be at actively monitoring and enforcing building
security. This project was thought up, designed and implemented in one
semester and yet maintains far reaching implications for security worldwide. This
prototype system clearly demonstrates the robot security concept's feasibility in
real world situations. If more engineering time and money were invested into
similar projects that build off of this idea, we truly believe that globally

implementing our system would make the world a safer place.

Technical Challenges
This section will talk about some of the problems we faced along the way of

completing our system.

During our mapping robot design we were having trouble following the wall
consistently. The robot would dive into walls or would lose its way when going
around a corner. After heavily analyzing our output files to see what type of data
the robot was outputting, we determined that we were not taking in data from our
sonar often enough. The robot would get lost because it was relying on old data
and the new data, when it was taken in, was quite a bit different. To fix this
problem, we created a getNewSonar function and placed it inside our if and for

loops, where it originally would not get new data.
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Sonar reflections are problems that have to be dealt with when using the robots
in a real environment. There is no escaping this imperfection and because of this
we had to allow for tolerances when comparing our data. One of the largest
problems we had was pickup up bad data when we first started our mapping and
patrol robots. Because we started our robots in a corner, the sonar would be
reflected and not travel back to the robot. To fix this problem, we tested several
distances away from the wall to find one where our reflections were minimized.
This distance was found to be 43 centimeters from the wall in each direction.
Another problem we faced was starting the robot before the sonar had a chance
to turn on and begin calculating distances. To fix this problem we initialized the
sensors and told the robot to sleep for two seconds. This would allow the robot

to turn on its sensors and collect valid data.

Project Management

As a complex engineering project, the Autonomous Security Patrol System
required good planning in order to be completed on time and within budget.
Without a concert effort of team members to accomplish project objectives, this

prototype design would certainly have been a failure.

Personnel
This project has been brought to life through the work of Jake Erramouspe, Steve
Gunderson, and Brad Donohoo. As a team we have worked together to

brainstorm, plan, design, and implement the Autonomous Security Patrol
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System. Each individual took on responsibilities according to their strengths and
abilities. Everyone was held accountable for their responsibilities by peer review.
Jake Erramouspe acted as team leader to coordinate our design efforts and
assure all work being done was within the scope of the project objectives. Jake
worked on all of the software design engineering. He was also responsible for
his lab book and project documentation. Steve Gunderson handled most of the
project documentation including the organization of presentation slides, website,
lab book, poster and final report. He worked on hardware engineering with the
patrol robot gun system along with its implementation. Brad Donohoo took care
of scheduling and the timelines to always assure that tasks were being
completed in order and according to plan. He also was involved with software

design responsibilities for the robot map, patrol and networking algorithms.

Both Jake and Steve are using the Autonomous Security Patrol System as their
senior design project for Utah State University’s Department of Computer and
Electrical Engineering. Over 480 man hours have been spent between the two in

order to complete this project.

Costs

The Autonomous Security Patrol System project proposal included a preliminary
budget of $300 for material costs and $100 for software costs. After component
options were considered and design choices weighed, the preliminary design

costs were down to $40 total. After making the last change of the gun system
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component, the resulting total project cost of the gun system with balloons
including tax and shipping was $28.04. The total was a mere 7% of the originally
estimated budget. This reduction can be directly related to good design
simplification and component research. Receipts of the project expenditures are

shown in Figures 15 and 16.
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Start: 114609
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Start: 16/12/09
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Start: 10/45/08

End: 104508
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Start: 10/26/09
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Duration: 5
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Algorithm for Dr...
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Start: 11/9/09
End: 11143109
Duration: 4
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Start: 104909

End: 10/22/09
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Start: 10/28/09
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Figure 18
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Appendices

MapRobot.cpp

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System

Map Robot

27 October 2009

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

#include "Aria.h"
#include "LabDatalogger.h"
#include "RobotPosDir.h"

int main(int argc, char** argv)

{

bool start = true;

// mandatory init
Aria::init () ;

// set up our parser

ArArgumentParser parser (&argc, argv);

// set up our simple connector
ArSimpleConnector simpleConnector (&parser);
// robot

ArRobot robot;

// add sonar

ArSonarDevice sonarDev;

// wall follower

RobotPosDir PosDir (&robot) ;

// load the default arguments
parser.loadDefaultArguments () ;

// parse the command line
if (!Aria::parseBArgs{) || !parser.checkHelpAndWarnUnparsed())
{

Aria::logOptions{();

exit (1) ;

}

// a key handler so we can do our key handling
ArKeyHandler keyHandler;

// let the global aria stuff know about it
Aria: :setKeyHandler (&keyHandler) ;

// toss it on the robot

robot .attachKeyHandler (&keyHandler) ;

printf ("You may press escape to exit\n");

// add the sonar to the robot
robot .addRangeDevice (&sonarDev) ;
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// set up the robot for connecting
if (!simpleConnector.connectRobot (&robot))

{

printf ("Could not connect to robot... exiting\n");
Aria::exit (1) ;
}

J xRk kkokkkokkkkx kkkkk k¥ *DATALOGGER CODE
HERE***kdkhhkhhkhkhkkhhkhkkhd ok /

LabDatalogger datalogger (&robot) ;
datalogger.NewLogFile ("output.txt", "coords.txt");
datalogger.LogData () ;

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

// start the robot running, true so that if we lose connection the
run stops
robot .runAsync (true) ;

// turn on the motors
robot.comInt (ArCommands: : ENABLE, 1);

// This is how we will send commands to the robot.
ArActionInput input ("input");

robot.addAction (&input, 50);

while (robot.isConnected())

{
ArUtil::sleep(4000);
PosDir.wallFound = 0;

i1f (start == true)

{

datalogger.Localize();
datalogger.CleanlLogfile ("output.txt", "coords.txt");
start = false;

}

while (1)

{

PosDir.findwWall () ;

while (PosDir.wallFound

== 1){
PosDir.followWall () ;
}

}

robot .waitForRunExit () ;



// now exit
Aria::exit (0);
return 0;

LabDatalogger.h

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
LabDatalogger Class

24 September 2009

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

#ifndef LABDATALOGGER H
#define LABDATALOGGER H

#include <fstreams
#include <iostream>

using std::ios;
using std::ofstream;

class LabDatalogger

{

protected:
ArRobot *myRobot;
FILE* dataFile; //File for saving data
FILE* coordData; //File for saving coords
ArFunctorC<LabDatalogger> myFunctor;

double x offset;
double y offset;

public:
/// Constructor

AREXPORT LabDatalLogger: :LabDataLogger (ArRobot *robot) ;

/// Destructor
AREXPORT LabDatalogger: :~LabDataLogger () ;

AREXPORT int getSonarAngle (int s);

AREXPORT void Localize{void);

AREXPORT void LogData(void) ;

AREXPORT void OpenLogFile (const char* logFileNamel,
logFileName2) ;

AREXPORT void CloseLogFile(void) ;

AREXPORT void CleanLogfile(const char* logFileNamel,
logFileName2) ;

const char*

const char*

AREXPORT void NewLogFile (const char* logFileNamel, const char*

logFileName?2) ;

}i

#endif // LABDATALOGGER H_



LabDatal ogger.cpp

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
LabDatalogger Class

24

September 2009

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

#include
#include
#include
#include
#include
#include
#include

AREXPORT

"Aria.h"
"ArExport.h"
"ArRobot .h"
"LabDatalLogger.h"
<fstream>
<iostreams
<cmaths

LabDatalogger: : LabDatalLogger (ArRobot *robot)

&LabDatalLogger: :LogData)

{

myRobot

myRobot - >addUserTask ( "LabDataLogger", 50, &myFunctor);

}

AREXPORT

{

= robot;

LabDatalogger: : ~LabDataLogger (void)

if (dataFile)

fclose (dataFile) ;

if (coordbata)

}

AREXPORT

{

fclose (coordData) ;

int LabDatalLogger: :getSonarAngle (int sonar)

switch (sonar)

{

case 0:

return 90;

case 1:

return 41;

case 2:

return 15;

case 3:

return -15;

case 4:

return -41;

case 5:

case 6:

case 7:

}
}

AREXPORT

return -90;
return -145;

return 145;

void LabbDatalogger: :Localize (void)

myFunctor (this,

44



{
x offset
cos{35)
y offset = myRobot->getSonarRange(5) ;

myRobot->getSonarRange (7) *0.82; //sonar7 *

printf("x off: %£, y off: %f\n",x offset,y offset);

}

AREXPORT void LabDatalogger: :LogData (void)
{

int sonar, s, sonAngle;

float radAngle;

double abs x, abs_y;

double x = myRobot->getX();

double y = myRobot->get¥Y() ;

double theta = myRobot->getTh() ;

fprintf (dataFile, "\t%.0f\t%.0f\t%.0f", x, y, theta);

for (sonar=0; sonar <= 7; sonar++)

{

s = myRobot->getSonarRange (sonar) ;
fprintf (dataFile, "\t%d", s);

sonAngle
radAngle

getSonarAngle (sonar) ;
(theta+sonAngle) * (3.1415926/180.0) ;

if (s < 1500)

{
abs x
abs vy

(x + s*cos(radAngle)) + x offset;
(y + s*sin(radAngle)) + y_ offset;

fprintf (coordData, "\n%.0f\t%.0f", abs x, abs vy);

fflush(coordbData) ;

}

fprintf (dataFile, "\n");
fflush(dataFile) ;

AREXPORT void LabDataLogger: :OpenLogFile (const char* logFileNamel,
const char* logFileName2)

{

dataFile = fopen(logFileNamel, "a");

coordData = fopen(logFileName2, "a");

}

AREXPORT void LabDatalogger: :CloseLogFile (void)

{

fclose (dataFile) ;
fclose (coordbata) ;
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AREXPORT void LabDatalogger::CleanLogfile(const char* logFileNamel,
const char* logFileName2)

{

fclose(dataFile) ;
fclose (coordData) ;

dataFile = fopen(logFileNamel, "w");
fprintf (dataFile,

"\tes\tes\tss\tss\tss\tss\tss\tes\tss\tss\tss\n\n", "X", "y", "Theta",
"gonarQ0", "sonarl", "sonar2", "sonar3", "sonar4", "sonarb5", "sonare",
"sonar7") ;

coordData = fopen(logFileName2, "w");

}

AREXPORT void LabDatalogger: :NewLogFile (const char* logFileNamel, const
char* logFileName2)
{

dataFile = fopen(logFileNamel, "w");

fprintf (dataFile,

"\tss\tss\tss\tss\tss\tss\t¥s\t¥s\tss\tss\t¥s\n\n", "X", "Y", "Theta",
"sonar0", "sonarl", "sonar2", "sonar3l", "sonar4", "sonar5", "sonare",
"sonar7") ;

coordData = fopen(logFileName2, "w");

RobotPosDir.h

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System

Follow Wall Class

20 October 2009

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

#ifndef ROBOTPOSDIR H
#define ROBOTPOSDIR H

#define SPEED 70

class RobotPosDir

{

protected:
ArRobot *myRobot;

public:
bool initialSonarAcquired ;
AREXPORT RobotPosDir::RobotPosDir (ArRobot *robot) ;

//Constructor
AREXPORT RobotPosDir::~RobotPosDir () ;
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int newSonarDatal[9];
const static int minDist
const static int maxDist
int wallFound;

590;
610;

AREXPORT void rotateTowardsWall (int MinSonNum) ;
AREXPORT int getMinSonarNum(int s0, int sl, int s2, int s3, int
s4, int s5, int s6, int s7);
AREXPORT int getMinSonar (int s);
AREXPORT bool findwall (void);
AREXPORT void getNewSonar (void);
AREXPORT bool notpointingWall (float);
AREXPORT void rotate (double) ;
AREXPORT void specialDistance();
AREXPORT void goForward (double velocity);
AREXPORT void followWall (void);
}i

#endif // ROBOTPOSDIR_H

RobotPosDir.cpp

/*****************************************************
Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
Follow Wall Class

20 October 2009
Kok kkkokkkkkkkk ko h ko hkkkkkkkhhkhkhkkkkkhkkkhhhhkhhkkk ok /

#include <«fstream>
#include <iostream>
#include <math.hs>
using namespace std;

#include "Aria.h"
#include "ArRobot.h"

#include "RobotPosDir.h"
#include "ArExport.h"

AREXPORT RobotPosDir: :RobotPosDir (ArRobot *robot)
//Constructor

}

AREXPORT RobotPosDir::~RobotPosDir ()
//Destructor

}

AREXPORT int RobotPosDir::getMinSonarNum(int s0, int sl1, int s2, int
s3, int s4, int s5, int s6, int s7)

{

myRobot = robot;

delete myRobot;
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int minl, min2, min3, min4, min5, miné, min7;

minl = s0 > s1 ? sl : s0;
min2 = 82 > 83 ? 83 : s2;
min3 = s4 > 85 ? 85 : s4;
mind = s6 > g7 ? 87 : s6;

min5 = minl > min2 ? min2 : minl;
miné = min3 > mind4 ? min4 : min3;

min7 = min5 > miné ? miné : min5;

if (min7 == s0)
return 0;

else if (min7 == sl)
return 1;

else if (min7 == s2)
return 2;

else if (min7 == s3)
return 3;

else if (min7 == s4)
return 4;

else if (min7 == s5)
return 5;

else if (min7 == s6)
return 6;

else if (min7 == s7)
return 7;

}

AREXPORT int RobotPosDir::getMinSonar (int s)

{
switch(s)
{
case O0:
return newSonarData[0] ;
break;
case 1:
return newSonarDatal[l];
break;
case 2:
return newSonarDatal[2];
break;
case 3:
return newSonarData[3];
break;
case 4:
return newSonarData [4] ;
break;
case 5:
return newSonarData [5] ;
break;
case 6:
return newSonarData [6] ;
break;
case 7:
return newSonarDatal[7] ;



break;

/************* find the wall *******************/
AREXPORT bool RobotPosDir::findwall ()
{

int diff;

int minSonar = 5000;

int minSonNum = 50;

int BadSonarData = true;

int bogusSonarcount = 0;

printf ("\nMade it to Find wWall function\n");

getNewSonar () ;

printf ("\nSonar0 = %d, Sonarl = %d, Sonar2 = %d, Sonar3 =%d,
Sonar4 =%d, Sonar5 =%d, Sonaré = %d, Sonar7 = %d", newScnarData[0],
newSonarData [1], newSonarData[2], newSonarData[3], newSonarData [4],
newSonarData [5], newSonarDatal[6], newSonarDatal[7]);

printf ("\nComputing min sonar...\n");

minSonNum =

getMinSonarNum (newSonarData [0] ,newSonarData [1] ,newSonarData [2] ,newSonar
Data [3] ,newSonarData[4] ,newSonarData[5] ,newSonarData[6] ,newSonarData[7]
) ;

minSonar = getMinSonar (minSonNum) ;

printf ("\nminSonar = %d, minSonNum = %d", minSonar, minSonNum) ;

if (minSonar > (minDist+10))

{

printf ("\nminSonar is in range. Now we rotate.");
rotateTowardsWall (minSonNum) ;

printf ("\nRotated towards wall");
ArUtil::sleep(3000);

while (minSonar > (minDist+10))

{

goForward (SPEED) ;

getNewSonar () ;

printf ("\nSonar0 = %d, Sonarl = %d, Sonar2 = %d,
Sonar3 =%d, Sonar4 =%d, Sonar5 =%d, Sonaré = %d, Sonar7 = %d4d",
newSonarData[0] , newSonarData([l], newSonarDatal[2], newSonarDatal[3],

newSonarData[4], newSonarData[5], newSonarDatal[6], newSonarDatal7]);

printf ("\nComputing min sonar...\n");

minSonNum =
getMinSonarNum(newSonarData [0] ,newSonarData [1] ,newSonarData[2] ,newSonar
Data[3] ,newSonarData [4] ,newSonarData[5] ,newSonarData[6] ,newSonarDatal[7]
);

minSonar = getMinSonar (minSonNum) ;
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if (minSonNum != 2 || minSonNum != 3)

{
}

printf ("\nminSonar = %d, minSonNum = %d", minSonar,

rotateTowardsWall (minSonNum) ;

minSonNum) ;

}

myRobot->setVel(0) ;

printf ("\nClose enough! Now rotate so we are facing
directly towards wall.");

printf ("\nFacing wall. ©Now rotate so sensor 5 is pointing
at wall.");

rotate(90.0);

}

else // rotate so sensor 5 is facing wall

{

switch (minSonNum)
{
case O0:
printf("\nSonar 0 is min sonar");
rotate(180.0) ;
printf ("\nWe are rotating 180 Pos deg");
break;
case 1:
printf("\nSonar 1 is min sonar");
rotate(131.0);
printf ("\nWe are rotating 131 Pos deg");
break;
case 2:
printf ("\nScnar 2 is min sonar");
rotate (105.0) ;
printf ("\nWe are rotating 105 Pos deg");
break;
case 3:
printf ("\nSonar 3 is min sonar");
rotate(75.0) ;
printf ("\nWe are rotating 75 Pos deg");
break;
case 4:
printf ("\nSonar 4 is min sonar");
rotate(49.0);// lock and unlock are in rotate
printf ("\nWe are rotating 49 Pos deg");
break;
case 5:
break;
case 6:
printf("\nSonar 6 is min sonar");
rotate(-55.0);// lock and unlock are in rotate
printf ("\nWe are rotating 55 Neg deg" );
break;
case 7:
printf ("\nSonar 7 is min sonar");
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rotate(-125.0);// lock and unlock are in rotate
printf("\nWe are rotating 125 Neg deg" };
break;

default:
printf ("\nWe are hosed hit default");

break;

}

wallFound = 1;

ArUtil::sleep(5000);
return true;

}

/************* Get new Sonar Data *******************/
AREXPORT void RobotPosDir::getNewSonar (void)

float x;

float y;

int sonar;

int range;

for (sonar=0; sonar <= 7; sonar++)

{

range = myRobot->getSonarRange (sonar) ;
newSonarData [sonar] = range;

}

myRobot - >getEncoderPose () ;
x= myRobot->getEncoderPose () .getX() ;
y= myRobot->getEncoderPose () .get¥Y() ;

}

[*x*xxxxxxxxx* What to do if not pointing to the wall
*******************/

AREXPORT bool RobotPosDir::notpointingWall (float limit)

{

float diff;
diff = newSonarData[2] - newSonarDatal([3];

if ((abs(diff) <= limit) && (newSonarData[2] <= maxDist) )

{

printf ("\nWe are now pointing at the wall");
return false;

}

else
return true;

AREXPORT void RobotPosDir::rotateTowardsWall (int minSonNum)

{

//point towards nearest sonar reading
switch (minSonNum)

{

case O0:
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printf ("\nSonar 0 is min sonar");
rotate(90.0);
printf ("\nWe are rotating 90 Pos deg");
break;
case 1:
printf("\nSonar 1 is min sonar");
rotate(41.0);
printf ("\nWe are rotating 41 Pos deg");
break;
case 2:
break;
case 3:
break;
case 4:
printf ("\nSonar 4 is min sonar");
rotate(-41.0);// lock and unlock are in rotate
printf ("\nWe are rotating 41 Neg deg");
break;
case 5:
printf ("\nSonar 5 is min sonar");
rotate(-90.0);// lock and unlock are in rotate
printf ("\nWe are rotating 90 Neg deg" );
break;
case 6:
printf ("\nSonar 6 is min sonar");
rotate(-145.0);// lock and unlock are in rotate
printf ("\nWe are rotating 145 Neg deg" };
break;
case 7:
printf ("\nSonar 7 is win sonar");
rotate(145.0);// lock and unlock are in rotate
printf("\nWe are rotating 145 Pos deg" );
break;
default:
printf( "\nWe are hosed hit default");
break;

}

/************* Rotate the Robot *******************/
AREXPORT void RobotPosDir::rotate( double degrees )

{

myRobot->lock () ; //Lock robot so paramcan be altered
myRobot - >setDeltaHeading (degrees) ;
myRobot->unlock () ; // Unlock to allow action

printf ("\nRotating %3.2f deg", degrees);

}

Jrrkkkkkkkkkkkx Sat Velocity Kkkkkkkkkkkhkkkxkkkk /
AREXPORT void RobotPosDir::goForward(double velocity)
{
myRobot->lock () ; //Lock robot so paramcan be altered
myRobot ->setVel (velocity) ;
printf ("\nGoing forward");
myRobot ->unlock() ; // Unlock to allow action
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/*xxxxxxxx**x* Distance From Wall while Following ok ok e K K Kk kK ko k ko k ok k]

AREXPORT void RobotPosDir::specialDistance( )

{

getNewSonar () ;
if (newSonarDatal[4] < (minDist-50))
{
myRobot->setDeltaHeading(8) ;
myRobot - >setVel (SPEED) ;

}

if (newSonarData [5] <=minDist) //robot is too close on right side

{

if (newSonarData [4] <« maxDist) //turn left
{
myRobot->setDeltaHeading(5) ;
myRobot->setVel (SPEED) ;

}
}

else if (newSonarData[5]>maxDist) //robot is too far away from

wall

{
}

myRobot->setDeltaHeading (-5) ;

JREFFF kA Ak xkk* Pollow the Wall **xkkkkkkhhkkkhhkdkk/
AREXPORT void RobotPosDir::followWall (void)

{

int minSonar = 5000;
int minSonNum = 50;

printf ("\nMade it to FOLLOW WALL function\n");

getNewSonar () ;

printf ("\nSonar0 = %d, Sonarl = %d, Sonar2 = %d, Sonar3
Sonar4 =%d, Sonar5 =%d, Sonar6 = %d, Sonar7 = %d", newSonarData[0]
newSonarData[l], newSonarData[2], newSonarData[3], newSonarData[4],

newSonarData[5], newSonarData[6é], newSonarDatal7]);

minSonNum =

getMinSonarNum (newSonarData[0] ,newSonarData[l] ,newSonarData [2] ,newSonar
Data [3] ,newSonarData [4] ,newSonarData [5] , newSonarData [6] ,newSonarData [7]

)i
minSonar = getMinSonar (minSonNum) ;
if (minSonar > 3000)
{
wallFound = 0;
return;

}

goForward (SPEED) ;
ArUtil::sleep(400);
specialDistance(); // maintain distance from wall
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getNewSonar () ;

if ( (newSonarData[2] < maxDist) || (newSonarData[3] <« maxDist))

{

myRobot->lock () ;
myRobot ->setVel (
(

0}
myRobot ->unlock ()

’

ArUtil::sleep(1000);

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

INSIDE CORNER
******************/
printf ("\nComing to a wall straight ahead -> Rotating 90
deg CCW\n");

rotate(90) ;
ArUtil::sleep(2000);
myRobot->lock () ;
myRobot->setRotVel (0.0) ;
myRobot->unlock() ;
goForward (SPEED) ;

}

getNewSonar () ;

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

OUTSIDE CORNER

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

// if sonar 3, 4 and 5 are infinite -> assume at at least a 90
degree corner

if ( (newSonarData[5] > 1000) && (newSonarDatal[4] > 1000) &&
(newSonarData[3] > 1000))

{

minSonNum =
getMinSonarNum (newSonarData [0] ,newSonarData[l] ,newSonarData[2] ,newSonar
Data[3] ,newSonarData[4] ,newSonarData [5] , newSonarData [6] ,newSonarData [7]
)i

minSonar = getMinSonar (minSonNum) ;

if (minSonar > 3000)

{

wallFound = 0;
return;

}

printf ("\nOCutside corner -> Slowly rotating CW\n");
myRobot->lock(); //Lock robot so paramcan be altered
myRobot - >setRotVel (-12.0) ;

myRobot->unlock(); // Unlock to allow action

getNewSonar () ;

while (newSonarData[4] >1200 && newSonarData[3]>1000)
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{
minSonNum =
getMinSonarNum (newSonarData [0] ,newSonarData (1] ,newSonarData[2] ,newSonar
Data [3] ,newSonarData[4] ,newSonarData[5] , newSonarData [6] ,newSonarDatal[7]

) :
minSonar = getMinSonar (minSonNum) ;

printf ("\nOutside corner, Sonar3 = %d, Sonar4 = %4",
newSonarData[3] ,newSonarDataf4]) ;

if (minSonar > 3000)

{

wallFound = 0;
return;

}

getNewSonar () ;

}

myRobot ->setRotVel (0.0) ;

}

getNewSonar () ;

PatrolRobot2.cpp

/*****************************************************
Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
Patrol Robot

12 November 2009
*****************************************************/

#include "Aria.h"

#include "ArNetworking.h"
#include "ASPS ServerInfoRobot.h"
#include "AnomalyDetect.h"
#include "RobotPosDir.h"

#include "windows.h"

using namespace std;

int main(int argc, char **argv)
bool start = true;
HWND RemoteDesktop;

Aria::init () ;

// our base server object
ArServerBase server;
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// set up our parser

ArArgumentParser parser (&argc, argv);

// set up our simple connector
ArSimpleConnector simpleConnector (&parser) ;
// robot

ArRobot robot;

ArServerSimpleOpener simpleOpener (&parser) ;

// set up a gyro, if installed
ArAnalogGyro gyro (&robot) ;

// sonar, must be added to the robot, for teleop and wander
ArSonarDevice sonarDev;

// wall follower

RobotPosDir PosDir (&robot) ;

// gotoAnomaly action

ArActionGoto gotoAnomaly ("goto",ArPose(0.0,0.0),200,400,150,7);
robot .addAction (&gotoAnomaly, 90) ;

// load the default arguments
parser.loadDefaultArguments () ;

ArClientSwitchManager clientSwitchManager (&server, &parser);

// parse the command line... fail and print the help if the parsing
fails

// or if the help was requested

if (!Aria::parseArgs() || !parser.checkHelpAndWarnUnparsed())

{
Aria::logOptions();
Aria::exit(1);

}

// Set up file directories
char fileDir[1024];
ArUtil: :addDirectories(fileDir, sizeof (fileDir),
Aria::getDirectory(),
"ArNetworking/examples") ;

// first open the server up
if (!simpleOpener.open(&server, fileDir, 240))
{
if (simpleOpener.wasUserFileBad())
printf ("Bad user/password/permissions file\n");
else
printf ("Could not open server port\n'");
exit (1) ;

}

// a key handler so we can do our key handling
ArKeyHandler keyHandler;

// let the global aria stuff know about it
Aria: :setKeyHandler (&keyHandler) ;

// toss it on the robot

robot .attachKeyHandler (&keyHandler) ;

printf ("You may press escape to exit\n");



// add the sonar to the robot
robot .addRangeDevice (&sonarDev) ;

// attach services to the server

ASPS ServerInfoRobot serverInfoRobot (&server, &rokot);
//here is where the robot send to the client

ArServerInfoSensor serverInfoSensor (&server, &robot);

ArServerInfoDrawings drawings (&server);

drawings.addRobotsRangeDevices (&robot) ;

// set up the robot for connecting
if (!simpleConnector.connectRobot (&robot))

{

printf ("Could not connect to robot... exiting\n");
Aria::exit(l);

}

[/ %Kk ok ok ok ok k koK Kk kok k ok ok ok % x % * ANOMALY DETECTION CODE
HERE * * % & d k% % k % k ok kX k ok & &k % /

AnomalyDetect anomalydetect (&robot) ;
anomalydetect.OpenCoordFile ("coords.txt", "patrol output.txt");
anomalydetect.ReadData() ;

anomalydetect.Detect () ;

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

// log whatever we wanted to before the runAsync
simpleOpener.checkAndLog() ;

// now let it spin off in its own thread
server.runAsync () ;

printf ("Server is now running...\n");
clientSwitchManager.runAsync () ;

// start the robot running, true means that if we lose connection the
run thread stops
robot . runAsync (true) ;

// turn on the motors
robot.comInt (ArCommands: : ENABLE, 1);

while (robot .isConnected())

{

ArUtil::sleep(4000);
PosDir.wallFound = 0;
if (start == true)

{

anomalydetect.Localize() ;
anomalydetect.start detect = true;
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start = false;

}

while (1)

{

PosDir.findwWwall () ;

while (PosDir.wallFound == 1) {
PosDir.followWall() ;
if (anomalydetect.anomaly flag == true)
break;
}
if (anomalydetect.anomaly flag == true)
break;

printf("\ngoal: x: %d, y: %d, angle:
%d\n",anomalydetect.anomaly x,ancmalydetect.anomaly y,anomalydetect.ano
maly angle);

robot.lock () ;

robot.setVel (0) ;

robot.unlock () ;

PosDir.rotate (anomalydetect.anomaly angle);
ArUtil::sleep(2000);

PosDir.goForward(100) ;

while (robot.getSonarRange (2) > 500 && robot.getSonarRange(3) >
500) ;

if (robot.getSonarRange(2) < robot.getSonarRange(3) > 500)

{

while (robot.getSonarRange(3) > 600)
PosDir.rotate(5);

while (robot.getSonarRange (2) > 600)
PosDir.rotate(-5);

}

robot .setvel (0) ;
robot .setRotvel (0) ;

// open remote desktop window

RemoteDesktop = FindWindow (NULL, "192.168.1.10 - Remote
Desktop") ;

SetForegroundWindow (RemoteDesktop) ;

ShowWindow (RemoteDesktop, SW_SHOWNORMAL) ;

ArUtil::sleep(1000);

// Send space bar command to remote desktop
keybd_event ( VK _SPACE, 0x39, 0, 0);
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keybd event ( VK_SPACE,

// Set alarm flag to notify Police Bot
serverInfoRobot.alarm flag = 1;

ArUtil::sleep(1000);
// reset alarm flag
serverInfoRobot.alarm flag = 0;

ArUtil::sleep(10000);

Aria::exit (0);

}

robot .waitForRungExit () ;
Aria::exit (0);

return

0;

AnomalyDetect.h

0xXB9, KEYEVENTF_KEYUP, 0);

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
AnomalyDetect Class

12

November 2009

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

#ifndef ANOMALYDETECT H_
#define ANOMALYDETECT H

#include
#include
#include
#include
#include

<cstdlib>
<cstdio>
<fstream>
<iostream>
<vector>

using namespace std;

class AnomalyDetect

{

protected:
ArRobot *myRobot;
FILE* dataFile; //File for reading coords
FILE* outputFile; //File for writing coords

ArFunctorC<AnomalyDetect> myFunctor;
vector<ints> xcoords;

vector<int> ycoords;

double x offset;

double y offset;

public:

/// Constructor
AREXPORT AnomalyDetect::AnomalyDetect (ArRobot

*robot) ;
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/// Destructor
AREXPORT AnomalyDetect: :~AnomalyDetect () ;

bool start detect;

AREXPORT void QuickSort(int left, int right);

AREXPORT void PrintLists() ;

AREXPORT int getSonarAngle (int s);

AREXPORT void ReadData(void) ;

AREXPORT void SearchCoords (int x, int y, int angle);

AREXPORT void Localize(void) ;

AREXPORT void Detect (void) ;

AREXPORT void OpenCoordFile(const char* logFileNamel,const char*
logFileName2) ;

bool anomaly flag;
int anomaly x;
int anomaly_ y;
int anomaly_angle;

}i

#endif // _ANOMALYDETECT H

AnomalyDetect.cpp

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
AnomalyDetect Class

12 November 2009
*****************************************************/

#include "Aria.h"
#include "ArExport.h"
#include "ArRobot.h"
#include "AnomalyDetect.h"
#include <fstream>
#include <iostream>
#include <cmaths>

#include <strings
#include <vector>

using namespace std;

#define BUF SIZE 256
#define TOLERANCE 300
#define MAX ANOMALY 25

#define MIN COORD_ CNT 5
int anomaly count = 0;

AREXPORT AnomalyDetect::AnomalyDetect (ArRobot *robot) : myFunctor (this,
&AnomalyDetect: :Detect)

{

myRobot = robot;
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myRobot - >addUserTask ("AnomalyDetect", 50, &myFunctor);
start_detect = false;

//SET ANOMALY FLAG HERE
anomaly flag = false;

}

AREXPORT AnomalyDetect::~AnomalyDetect (void)

{

if (dataFile)
fclose(dataFile) ;

}

AREXPORT int AnomalyDetect::getSonarAngle (int sonar)

{

switch(sonar)

{

case 0:

return 90;
case 1:

return 41;
case 2:

return 15;
case 3:

return -15;
case 4:

return -41;
case 5:

return -90;
case 6:

return -145;
case 7:
return 145;

}

AREXPORT void AnomalyDetect: :QuickSort (int left, int right)
{

int 1 = left, j = right;

int tmp;

int pivot = xcoordsl[(left + right) / 2];

/* partition */
while (i <= j) {
while (xcoords[i] < pivot)
14+4;
while (xcoords[j] > pivot)
J--i
if (1 <= 3) {
tmp = xcoords[i];
xcoords[i] = xcoords([j];
xcoords[j] = tmp;

tmp = ycoords([i];
ycoords [i] = ycoords[j];



ycoords [j] = tmp;

1++;
j--;

/* recursion */
if (left < 3J)
QuickSort (left, 3j);
if (i < right)
QuickSort (i, right);

}

AREXPORT void AnomalyDetect::PrintLists()
{
int i;
for(i=0;i<xcoords.size() ;i++)
printf("x: %d, y: %$d\n",xcoords[i],ycoords[i]);

}

AREXPORT wvoid AnomalyDetect::ReadData(void)

{

char buf [BUF_SIZE] ;
int x, y, i;

while (! feof (dataFile)) {
fgets (buf,BUF_SIZE,dataFile) ;
X = atoi( strtok(buf, "\t") );
y = atoi( strtok(NULL, "\n") );
xcoords .push_back(x) ;
ycoords.push _back(y) ;

}

fclose(dataFile) ;
QuickSort (0, (xcoords.size()-1));

PrintLists () ;
printf ("\n");

}

AREXPORT void AnomalyDetect: :SearchCoords(int x, int y, int angle)

{

int coord found = 0;
int start = xcoords.size()/2;

if (xcoords [start] »>= x){
for (int i=start; i>=0; i--)

{

// searching from middle of xcoords array to

xcoords [0]
if (xcoords[i] < (X+TOLERANCE) && xcoords[i] > (x-

{

TOLERANCE) )

if (ycoords[i] < (y+TOLERANCE) && ycoords[i] >
(y-TOLERANCE) )
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}

else(

coord_found++;

for (int i=start; i<xcoords.size(); i++)

{

// searching from middle of xcoords array to

xcoords.size()

if (xcoords[i] < (x+TOLERANCE) && xcoords[i] > (x-

TOLERANCE) )

{

(y-TOLERANCE) )

}

}

if (ycoords[i] < (y+TOLERANCE)

{
}

coord_found++;

if (coord found <= MIN_COORD CNT}
anomaly count++;

if (anomaly count >= MAX ANOMALY) {
if (anomaly flag == false)

{

printf ("\n\nANOMALY FOUND!\n");
anomaly flag = true;

anomaly x = x - x_offset;
anomaly y = y - y offset;
anomaly angle = angle;

AREXPORT void AnomalyDetect::Localize(void)

{

x_offset

cos (35)
y offset = myRobot->getSonarRange (5);

}

myRobot - >getSonarRange (7) *0.82;

&& ycoords [1]

//sonar7 *

printf("x_off: %f, y_off: %f\n",x_offset,y offset);

AREXPORT void AnomalyDetect: :Detect (void)

{

int sonar, s,

sonAngle;

float radaAngle;

double abs_x, abs_vy;

double x = myRobot->getX() ;
double y = myRobot->get¥Y();

double theta

myRobot->getTh() ;
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if (start detect == true)

{

for (sonar=0; sonar <= 7; sonar++)

{

s = myRobot-s>getSonarRange (sonar) ;

sonAngle = getSonarAngle (sonar) ;
radAngle (theta+sonAngle) * (3.1415926/180.0) ;

if (s < 1500)

{

abs_x
abs y

X + s*cos(radAngle) + x offset;
Yy + s*sin(radAngle) + y_offset;

fprintf (outputFile, "\n%.0£\t%.0£f", abs_ x,
abs_vy);
fflush(outputFile) ;

//check xcoord array for points within
tolerance
SearchCoords (abs_x,abs_y,getSonarAngle (sonar)) ;

AREXPORT void AnomalyDetect: :OpenCoordFile (const char*
logFileNamel, const char* logFileName2)

{

char buf [BUF_SIZE];

dataFile = fopen(logFileNamel, "r");
fgets(buf,BUF_SIZE,dataFile);

outputFile = fopen(logFileName2, "w");

ASPS_ServerinfoRobot.h

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
ASPS_ServerInfoRobot

30 November 2009
*****************************************************/

#ifndef ASPS SERVERROBOTINFO_ H
#define ASPS SERVERROBOTINFO H

#include "Aria.h"
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#include

"ArServerBase.h"

class ArServerClient;

class ASPS_ServerInfoRobot

{

public:

/// Constructor

BREXPORT ASPS ServerInfoRobot (ArServerBase *server, ArRobot *robot);

/// Destructor
BREXPORT ~ASPS_ServerInfoRobot () ;

/// The function that sends updates about the robot off to the client
AREXPORT void update(ArServerClient *client, ArNetPacket *packet);

int alarm_flag;

protected:
ArServerBase *myServer;
ArRobot *myRobot;

ArFunctor2C<ASPS_ServerInfoRobot, ArServerClient *, ArNetPacket *>

myUpdateCB;

7

#endif

ASPS_ServerinfoRobot.cpp

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
ASPS ServerInfoRobot

30

November 2009

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

#include
#include
#include
#include

AREXPORT
*server,

"Aria.h"

"ArExport.h"
"ASPS_ServerInfoRobot.h"
"ArServerMode.h"

ASPS_ServerInfoRobot::ASPS ServerInfoRobot (ArServerBase

ArRobot *robot)

myUpdateCB(this, &ASPS ServerInfoRobot::update)

myServer = gerver;

myRobot

= robot;

alarm_flag = 0;
myServer-s>addData ("update",

"gets an update about the patrol robot status (you

should request this at an interval)",



&myUpdateCB, "none",
"byte4: alarm flag, byte4: x, byted4: y", "RobotInfo",

"RETURN_SINGLE") ;

}

AREXPORT ASPS ServerInfoRobot::~ASPS_ServerInfoRobot ()

{
}

AREXPORT void ASPS_ServerInfoRobot::update(ArServerClient *client,
ArNetPacket *packet)

ArNetPacket sending;
myRobot->lock() ;

sending.byte4ToBuf ((int)alarm_flag);
sending.byte4ToBuf ( (double)myRobot->getX()) ;
sending.byte4ToBuf ( (double)myRobot->get¥()) ;

myRobot->unlock () ;

client->sendPacketUdp (&sending) ;

PoliceRobot.cpp

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

Brad Donohoo, Steve Gunderson, Jake Erramouspe
ASPS: Automated Security Patrol System
Police Robot

30 November 2009
*****************************************************/

#include "Aria.h"
#include "ArNetworking.h"

#define POLICE_ X OFF (-450)
#define POLICE_Y OFF 1100
#define POLICE TH OFF O

/** This class requests continual data updates from the server and
prints them

* out.

*/

class OutputHandler

{

public:
OutputHandler (ArClientBase *client);
virtual ~OutputHandler (void);
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/// This callback is called when an update on general robot state
arrives
void handleOutput (ArNetPacket *packet);

int alarm;
double myX;
double myY;

protected:

/// The results from the data update are stored in these variables

//@f

int alarm_flag;

//@}

ArClientBase *myClient;

/** These functor objects are given to the client to receive updates
when they
* arrive from the server.
*/
//@{
ArFunctorlC<OutputHandler, ArNetPacket *> myHandleOutputCB;
//e}

Vi

OutputHandler: :OutputHandler (ArClientBase *client)
myClient (client),
myHandleOutputCB(this, &OutputHandler::handleOutput)

{
alarm = 0;

/* Add a handler for anomaly position, and request it to be called
every 100 ms */

myClient->addHandler ("update", &myHandleOutputCB) ;

myClient->request ("update”, 100);

}

OutputHandler: : ~OutputHandler (void)

{

/* Halt the request for data updates */
myClient->requestStop("update") ;

}

void OutputHandler: :handleOutput (ArNetPacket *packet)

{

alarm_flag = (int) packet->bufToByte4 ();
myX = (double) packet->bufToByte4 () ;
myY = (double) packet->bufToByte4 () ;

if (alarm_flag == 1)
{
printf("Alarm received!\n"
"X: %1f, Y: %1f\n",myX,myY);
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fflush(stdout) ;
myClient->requestStop ("update") ;

alarm = 1;

/* Key handler for the escape key: shutdown all of Aria. */
void escape (void)
{
printf ("esc pressed, shutting down aria\n");
Aria::shutdown/() ;

}

int main(int argc, char **argv)
/* Aria initialization: */
Aria::init();

// set up our parser

ArArgumentParser parser (&argc, argv);

// set up our simple connector

ArSimpleConnector simpleConnector (&parser);

// robot

ArRobot robot;

// sonar, must be added to the robot, for teleop and wander
//ArSonarDevice sonarDev;

// Create our client object
ArClientBase client;
ArClientSimpleConnector clientConnector (&parser) ;

// load the default arguments
parser.loadDefaultArguments () ;

/* Check for -help, and unhandled arguments: */
if (!Aria::parseArgs() || !parser.checkHelpAndWarnUnparsed())
{

Aria::logOptions () ;

exit (0);

}

/* Connect our client object to the remote server: */
if (!clientConnector.connectClient(&client))
{
if (client.wasRejected())
printf ("Server '%s' rejected connection, exiting\n",
client.getHost(});
else
printf ("Could not connect to server '%s', exiting\n",
client.getHost ());
exit (1) ;
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}

printf ("Connected to server.\n");

/* Create a key handler and also tell Aria about it */

ArKeyHandler keyHandler;

Aria: :setKeyHandler (&keyHandler) ;

// toss it on the robot

robot .attachKeyHandler (&keyHandler) ;
printf ("You may press escape to exit\n");

// add the sonar to the robot
//robot .addRangeDevice (&sonarDev) ;

// set up the robot for connecting
if (!simpleConnector.connectRobot (&robot))

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

Aria::exit (1) ;

}

// run the client in a background thread
client.runAsync();

// start the robot running, true means that if we lose connection the

run thread stops
robot . runAsync (true) ;

// turn on the motors
robot .comInt (ArCommands: : ENABLE, 1);

// create output handler object that will receive the alarm

OutputHandler outputHandler (&client);

while (robot.isConnected())

{

if (outputHandler.alarm == 1)
{
robot.lock () ;
robot.setVvel (100) ;
robot.unlock () ;

ArUtil::sleep( (outputHandler.myX - POLICE X OFF)*10);

robot.lock () ;
robot.setvel (
(

0);
robot .unlock ()

’

robot .lock () ;
robot.setDeltaHeading (-90) ;
robot.unlock () ;

robot.lock () ;



robot.setVvel (100) ;
robot.unlock () ;

ArvUtil::sleep(abs((POLICE_Y OFF -
outputHandler.myY) *10) ) ;

robot.lock() ;
4 robot .setVel (0) ;
robot .unlock () ;

Aria::exit (0);

}

Aria: :shutdown() ;
return 0;

}
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