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The focus of this research project is to make data collection with swarm robotics more efficient. One common problem with using swarm robotics for data collection is that all members of the swarm send their data to the host computer at once causing latency in processing and displaying large amounts of data. My solution to this issue is to network the members of the swarm using a mesh network topology, and utilize protocols similar to those used in computer networking. The swarm robots will communicate their data with other members of the swarm while only one member of the swarm will communicate with the host computer. Each robot is assigned a risk level based on its current position. The lowest value member communicates with the host computer. If another robot in the swarm receives a lower risk value then it will automatically take over the task of transmitting data to the host computer.
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Statement of Problem


Swarm robotics is the study of how a large number of relatively simple physically embodied agents can be designed such that a desired collective behavior emerges from the local interactions among agents and between the agents and the environment. [3]


To put this more simply, swarm robotics is the style of programming where many smaller more dispensable robots are used rather then one larger more expensive robot. Swarm robotics is more efficient because the robots can divide and conquer to complete tasks. The robots can be fit with a wider range of sensors than one larger robot. More swarm robots can take more data than a single large robot. Applications of swarm robotics range from sniffing out gas leaks to building a living mine field. 


A common problem with using swarm robotics for data collection is that all members of the swarm send their data to the host computer at once causing congestion on the host computer in processing and displaying large amounts of data being received. This would be disastrous in situations where data needs to be real-time, such as mapping a fire.  


My solution to this problem is to network the members of the swarm using a mesh network topology. Each member will be connected to every other member and share data with one another. Each robot will carry on board all the data collected from the swarm. Only one robot will communicate with the host computer. Each robot is assigned a risk level based on variables in its current position.  If another robot in the swarm receives a lower risk value or if the designated robot is destroyed, the next lowest risk robot will automatically take over the task of transmitting data to the host computer. As far as the host computer and the user are concerned this process is completely transparent.  The host computer does not know which robot it is talking to nor does it notice any loss in the stream of data -- that is all handled on the swarm side. Networking protocols that have addressed this computer networking are P2P, UDP, and DHCP.  

Review of Related Literature and Background Information


In the P2P network all robots would get data that the swarm as a whole has collected from other robots, i.e. it would get chunk A from robot 1, chunk C from robot 4, chunk B from robot 9 ,

and chunk n from robot n. That way if the robot becomes designated to communicate with the computer it would have up-to-date data and there would be no black out period in uploading data to the computer. 


UDP (user datagram protocol) is a networking protocol that is used to transmit data over a network or internet that is time critical. An example of a situation where UDP would be used is for streaming video and live streaming data. Time is a more important factor than quality because the receiving device will compensate for the missing data. The robots will use a primitive protocol similar to that of the networking protocol UDP that identifies each packet and sends them with no way of insuring delivery. The communication robots would assign slots that were not filled with data from a robot with a null, or 0 value. The host computer will decide what to do with any null values.


DHCP (Dynamic Host Configuration Protocol) is used in networking so that when a computer is connected to a network it will be given an IP address. Also the computer is configured with all the necessary information to be able to access the network. After a while, can be days or hours, the computers are reassigned with IP addresses in an effort to clean up addresses that are no longer in use, from computers that disconnected or are powered off.  Depending on the application of the swarm the communicating robot can send out periodic echo requests to determine how many robots are left and assign them values in a protocol similar to DHCP to skim down the list of data collectors to send and cut down on time by limiting the time it takes for the communicating robot to add the null values to robots that have not sent packets of data. 


At the University Libre de Bruxelles, researchers are working on task allocation in swarm robotics. The computer and user give the swarm a list of tasks to be completed and then the tasks are divided among the members of the swarm. If a member of the swarm fails then another member picks up its tasks. Instead of using a decentralized DHCP to determine the members of the swarm, they use semi-ridged connections to communicate with the members of the swarm, then when a message is received by a robot it forwards that message to the each member that it has formed connections with. That approach leads to many redundant messages being sent and staying active much longer than they should. The University Libre de Bruxelles researchers' setup is an excellent solution when the communication between the swarm and computer is limited and not time critical.  Their approach and likewise my approach are based on all robots in the swarm communicating with each other in a decentralized manner.  The University Libre de Bruxelles researchers' approach is focused on communication as a means of task allocation.  In contrast, my solution focuses on communication as a means of data collection and storage.  My solution allows for all members of the swarm to have a full real-time picture of all data collected, as well as zero down time by preemptively switching which robot is communicating with the computer. 

Procedures


For my research I would need a host computer and a suitable robotics platform that could store data and communicate wirelessly. My choice for equipment consisted of a Linux laptop running Ubuntu for the host computer, three Lego RCX units for the swarm robots, and the Not Quite C for the programming language. NQC allows for programming the robots in a C-like syntax; furthermore, it allows for more precise control over the RCX's functions such as IR communications.  I started drafting the program knowing that the RCX has a limited memory capacity of 16kb. Also, I learned from the RCX tutorial that the robots store the message they receive and will not log anymore until the command ClearMessage(); is issued.

My procedure was to create a five by five grid of targets, which consisted of colored dots. The swarm robots were equipped with light sensors and released onto the grid to detect the targets. The host computer displayed a running total of targets that had been detected. The swarm robots had to be programmed to detect and identify each target using the light sensor. The whole swarm would keep track of how many times each target had been crossed. Once a target was detected and identified the swarm robot would add 1 to a counter for that target then send out a message to update the information on the other swarm robots. I built the swarm robots using the plans for the rover bot included with Lego™ Mindstorms Robotic Invention System. Then, I compiled my code using the NQC Linux package by issuing the command nqc <filename>. This command converts the text file with my code into machine code which the RCX understands and can execute. The output of the previous command is <filename>.rcx which resides in the same directory as the original. To download the compiled code to my robots I used the Lego USB inferred tower and the command nqc -d <filename>.rcx.

My first goal was to get two RCX’s to communicate and share variables. A swarm robot was released onto the grid while a second swarm robot was stationary. The mobile swarm robot would hit a target, it would then add a 1 to the variable that represented each individual target. It would then, based on the value of the variable, send out a message telling the other swarm robot to update its value for its counters. I programmed the stationary to give out different audio cues based on massages it recived so I could monitor the communication. For example when the mobile swarm robot crossed target 1 the stationary swarm robot played middle C. When the counter had been updated to two contacts the stationary swarm robot would play a C sharp. 


My second goal in the research was to get the host computer to display the data. I utilized the RCX's datalog function, which allows the robot to store variables in a form the computer can retrieve. I had to define the size of the datalog, in number of values, at the beginning of the program. The datalog is a list of each target that had been detected and identified. Each time a new target had been identified the value corresponding to the target was added to the bottom of the list. 


The first issue in the communication was to program the robots to decide which member of the swarm would communicate with the host computer. This one would be designated the master. The rest of the members of the swarm were referred to as slaves. After each robot was powered on they waited two seconds before beginning the election process. In this process each member waited a random time interval ranging between two and four hundred milliseconds and listened for a message. If one was not detected then they would seen out a message, create the datalog, and become the master. If they detected a message in that time interval then the members would default to slave. I programmed the master to play a sequence of notes so I would be able to tell which swarm robot was communicating with the computer. I then programmed the master, when a touch sensor was activated, to send out a message that would cause the swarm to repeat the election process. 

My third goal was to add more members to the swarm and make my code more efficient. One way I streamlined my code was to redundantly clear the message cache. This ensured that no messages were lost due to the message cache being occupied with a previous message. I started the robots doing multiple things while communicating. I developed an algorithm for the slaves to check if the master was still there. If the master did not respond on the third try the slave would initiate the reelection process. 

The forth goal was to get the swarm members to determine their location on the grid so as not to leave the target area. The swarm robots used the last two targets they touched to determine location and orientation on the grid.  algorithms to determine each robot's location and to determine if it was to go forward, rotate to the right, or to rotate to the left. If the robot is in the middle of the grid it will either randomly turn left, turn right, or go forward. A robot coming out from the middle of the grid towards the edge will be given the option of turning left or turning right. The robot that is in a corner will be able to detect if they are heading clockwise or counterclockwise around the edge and will choose the correct direction to turn to stay within the grid.  A swarm robot traveling along the outer edge would be able to detect if it is traveling clockwise in which case it would either take a right or travel forward. If it detected it was traveling counterclockwise it would either take a left or continue traveling forward. 


Discussion of Results


I experienced several challenges with the hardware during my project, particularly with the light sensors. The three light sensors, all the same model and specifications, would give me three different values. Therefore I had to calibrate my program to the room and the individual light sensor. Another issue that arose was that messages were not being received due to the fact that the infared communication was line of sight. To remedy this I used another piece of poster board to act as a mirror and also limit the open space in the area I ran the robots. 

Conclusion, Implications and Suggestions for Future Work


In a further effort to continue to make this method of data collection using swarm robotics more efficient, I plan to use more complex motherboards that allow for a much better variety of sensors to be used. I also plan to develop several algorithms to determine relative risk.  Areas I would be interested in applying this to is real-time maps of fires, mine detection, and nanobots in the medical field. While this methodology of programming is not the most efficient for several applications such as task allocation, it is very efficient and effective for data collection in real-time. 
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Code:

int current, risklvl, others, clockwise, counterclockwise, last, in, rand, loop; 

//initializes all variables 

sub clear() 

{ 


clockwise = 0; 


counterclockwise = 0; 


rand = 0; 

} 

sub calculateloc() 

{ 


if (last == 7 || last == 12 || last == 17 || last == 8 || last == 18 || last == 9 || last == 14 || last == 19) 


{ 



if (current == 2 || current == 3 || current == 4 || current == 10 || current == 15 || current == 20 || current == 24 || current == 23 || current == 22 || current == 16 || current == 11 || current == 6) 


{in = 1; }} 


if (last == 1) 


{ 



if (current == 2) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 6) 


{ 



if (current == 1) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 11) 


{ 



if (current == 6) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 16) 


{ 



if (current == 11) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 21) 


{ 



if (current == 16) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 25) 


{ 



if (current == 24) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 24) 


{ 



if (current == 23) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 23) 


{ 



if (current == 22) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 22) 


{ 



if (current == 21) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 20) 


{ 



if (current == 15) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 15) 


{ 



if (current == 10) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 10) 


{ 



if (current == 5) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 4) 


{ 



if (current == 5) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 3) 


{ 



if (current == 4) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


if (last == 2) 


{ 



if (current == 3) 



{counterclockwise = 1; } 



else 



{clockwise = 1;} 


} 


last = current; 


current = 0; 

} 

sub edgeclockwise() 

{
rand = Random(2); 


if (clockwise == 1); 


{ if ( rand == 1) 



{ OnFwd(OUT_A); 



  OnRev(OUT_C); 



  Wait(65); 



} 


} 

} 

sub edgecounterclockwise() 

{
rand = Random(2); 


if (counterclockwise == 1); 


{ if (rand == 1) 



{ OnFwd(OUT_C); 



  OnRev(OUT_A); 



  Wait(65); 



} 


} 

}
 

sub inside() 

{
rand = Random(3); 


if (rand == 1) 


{ 



OnFwd(OUT_C); 



  OnRev(OUT_A); 



  Wait(65); 


} 


if (rand == 2) 


{ 



OnFwd(OUT_A); 



OnRev(OUT_C); 



Wait(65); 


} 

} 

sub frominside() 

{ 
rand = Random(2); 


if (rand == 1) 


{ 



OnFwd(OUT_C); 



  OnRev(OUT_A); 



  Wait(65); 


} 


else 


{ 



OnFwd(OUT_A); 



OnRev(OUT_C); 



Wait(65); 


} 

} 

task main() 

{ 


SetSensor (SENSOR_1,SENSOR_TOUCH); //Sets touch 


SetSensorType(SENSOR_2,SENSOR_TYPE_LIGHT); 


SetSensorMode(SENSOR_2,SENSOR_MODE_RAW); 


CreateDatalog(25); 


loop = 0; 


start ipassign;
 


while (true) 


{
 



if (Message() == 10) 



{ stop ipassign; Wait (50); start ipassign;} 



if (loop == 1) 



{ stop ipassign; stop master; SendMessage(10); PlaySound(5); Wait(100); PlaySound(4); break;} 


} 
 

} 

task ipassign() 

{ 


stop master; 


stop slave;
 


ClearMessage(); 


Wait(200); 


Wait(Random(400)); 


if (Message() > 0) 


{ 


ClearMessage(); 


Wait(200); 


start need; 


} 


else 


{ ClearMessage(); 


SendMessage(1); 


PlaySound(2);
 


Wait(200); 


start master; 

} 

}
 

task need() 

{ 


ClearMessage(); 


Wait(200); 


Wait(Random(400)); 


if (Message() > 0) 


{ 


ClearMessage(); 


Wait(200); 


PlaySound(4);
 


start slave; 


} 


else 


{ ClearMessage(); 


SendMessage(1);
 


PlaySound(3);
 


Wait(200); 


start slave; 

} 


} 

task master() 

{ 


ClearMessage(); 


Wait(Random(400)); 


Forward:

    /*So the robots will continue going forward 





      even after they check off a target*/ 


OnFwd(OUT_A+OUT_C);
     // 1 


if (SENSOR_2 == 27)         


{ Off(OUT_A+OUT_C); Off(OUT_A + OUT_C); AddToDatalog(1); current = 1; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 40) 


{ Off(OUT_A+OUT_C); Off(OUT_A + OUT_C); AddToDatalog(2); current = 2; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update; } 


if (SENSOR_2 == 38) 


{ Off(OUT_A+OUT_C); AddToDatalog(3); current = 3; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update; } 


if (SENSOR_2 == 45) 


{ Off(OUT_A+OUT_C); AddToDatalog(4); current = 4; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update; } 


if (SENSOR_2 == 43) 


{ Off(OUT_A+OUT_C); AddToDatalog(5); current = 5; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


goto Update;
 


} 


if (SENSOR_2 == 35) 


{ Off(OUT_A+OUT_C); AddToDatalog(6); current = 6; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;
} 


if (SENSOR_2 == 47) 


{ Off(OUT_A+OUT_C); AddToDatalog(7); current = 7; calculateloc(); 


if (in == 1) 


{ frominside(); in = 0; } 


else 


{ inside(); } 


goto Update; 


} 


if (SENSOR_2 == 39) 


{ Off(OUT_A+OUT_C); AddToDatalog(8); current = 8; calculateloc(); 


if (in == 1) 


{ frominside(); in = 0;} 


else 


{ inside();} 


clear();
 


goto Update; 


} 


if (SENSOR_2 == 41) 


{ Off(OUT_A+OUT_C); AddToDatalog(9); current = 9; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 37) 


{ Off(OUT_A+OUT_C); AddToDatalog(10); current = 10; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update; 


} 


if (SENSOR_2 == 34) 


{ Off(OUT_A+OUT_C); AddToDatalog(11); current = 11; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 36) 


{ Off(OUT_A+OUT_C); AddToDatalog(12); current = 12; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 46) 


{ Off(OUT_A+OUT_C); AddToDatalog(13); current = 13; inside(); clear(); goto Update;} 


if (SENSOR_2 == 54) 


{ Off(OUT_A+OUT_C); AddToDatalog(14); current = 14; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 30) 


{ Off(OUT_A+OUT_C); AddToDatalog(15); current = 15; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 50) 


{ Off(OUT_A+OUT_C); AddToDatalog(16); current = 16; calculateloc();
edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 39) 


{ Off(OUT_A+OUT_C); AddToDatalog(17); current = 17; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 44) 


{ Off(OUT_A+OUT_C); AddToDatalog(18); current = 18; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 42) 


{ Off(OUT_A+OUT_C); AddToDatalog(19); current = 19; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 28) 


{ Off(OUT_A+OUT_C); AddToDatalog(20); current = 20; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 48) 


{ Off(OUT_A+OUT_C); AddToDatalog(21); current = 21; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


goto Update; 


} 


if (SENSOR_2 == 31) 


{ Off(OUT_A+OUT_C); AddToDatalog(22); current = 22; calculateloc();
edgeclockwise(); edgecounterclockwise(); clear(); 


goto Update;} 


if (SENSOR_2 == 33) 


{ Off(OUT_A+OUT_C); AddToDatalog(23); current = 23; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 49) 


{ Off(OUT_A+OUT_C); AddToDatalog(24); current = 24; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); goto Update;} 


if (SENSOR_2 == 41) 


{ Off(OUT_A+OUT_C); AddToDatalog(25); current = 25; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


goto Update; 


} 


Update: 


if (Message() == 1) 


{ AddToDatalog(1); } 


if (Message() == 2) 


{ AddToDatalog(2);} 


if (Message() == 3) 


{ AddToDatalog(3);} 


if (Message() == 4) 


{ AddToDatalog(4);} 


if (Message() == 5) 


{ AddToDatalog(5);} 


if (Message()== 6) 


{ AddToDatalog(6);} 


if (Message() == 7) 


{ AddToDatalog(7);} 


if (Message() == 8) 


{ AddToDatalog(8);} 


if (Message() == 9) 


{ AddToDatalog(9);} 


if (Message() == 10) 


{ AddToDatalog(10);} 


if (Message() == 11) 


{ AddToDatalog(11);} 


if (Message() == 12) 


{ AddToDatalog(12);} 


if (Message() == 13) 


{ AddToDatalog(13);} 


if (Message() == 14) 


{ AddToDatalog(14);} 


if (Message() == 15) 


{ AddToDatalog(15);} 


if (Message() == 16) 


{ AddToDatalog(16);} 


if (Message() == 17) 


{ AddToDatalog(17);} 


if (Message() == 18) 


{ AddToDatalog(18);} 


if (Message() == 19) 


{ AddToDatalog(19);} 


if (Message() == 20) 


{ AddToDatalog(20); } 


if (Message() == 21) 


{ AddToDatalog(21);} 


if (Message() == 22) 


{ AddToDatalog(22);} 


if (Message() == 23) 


{ AddToDatalog(23);} 


if (Message() == 24) 


{ AddToDatalog(24);} 


if (Message() == 25) 


{ AddToDatalog(25);} 


if (SENSOR_1 == 1) 



{ loop = 1;} 


goto Forward; 

} 

task slave() 

{ 


ClearMessage(); 


Wait(Random(400)); 



Forward:

    /*So the robots will continue going forward 





      even after they check off a target*/ 


OnFwd(OUT_A+OUT_C); 


if (SENSOR_2 == 27)         


{ Off(OUT_A+OUT_C); Off(OUT_A + OUT_C); SendMessage(1); current = 1; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


} 


if (SENSOR_2 == 40) 


{ Off(OUT_A+OUT_C); Off(OUT_A + OUT_C); SendMessage(1); current = 2; calculateloc(); edgeclockwise();  edgecounterclockwise(); clear();  } 


if (SENSOR_2 == 38) 


{ Off(OUT_A+OUT_C); SendMessage(3); current = 3; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear();  } 


if (SENSOR_2 == 45) 


{ Off(OUT_A+OUT_C); SendMessage(4); current = 4; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear();  } 


if (SENSOR_2 == 43) 


{ Off(OUT_A+OUT_C); SendMessage(5); current = 5; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


} 


if (SENSOR_2 == 35) 


{ Off(OUT_A+OUT_C); SendMessage(6); current = 6; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); 
} 


if (SENSOR_2 == 47) 


{ Off(OUT_A+OUT_C); SendMessage(7); current = 7; calculateloc(); 


if (in == 1) 


{ frominside(); in = 0; } 


else 


{ inside(); } 


clear(); 


} 


if (SENSOR_2 == 39) 


{ Off(OUT_A+OUT_C); SendMessage(8); current = 8; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 41) 


{ Off(OUT_A+OUT_C); SendMessage(9); current = 9; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 37) 


{ Off(OUT_A+OUT_C); SendMessage(10); current = 10; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); 


} 


if (SENSOR_2 == 34) 


{ Off(OUT_A+OUT_C); SendMessage(11); current = 11; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 36) 


{ Off(OUT_A+OUT_C); SendMessage(12); current = 12; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 46) 


{ Off(OUT_A+OUT_C); SendMessage(13); current = 13; inside(); clear();} 


if (SENSOR_2 == 54) 


{ Off(OUT_A+OUT_C); SendMessage(14); current = 14; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 30) 


{ Off(OUT_A+OUT_C); SendMessage(15); current = 15; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 50) 


{ Off(OUT_A+OUT_C); SendMessage(16); current = 16; calculateloc();
edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 39) 


{ Off(OUT_A+OUT_C); SendMessage(17); current = 17; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 44) 


{ Off(OUT_A+OUT_C); SendMessage(18); current = 18; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 42) 


{ Off(OUT_A+OUT_C); SendMessage(19); current = 19; calculateloc(); 


if (in == 1) 


{ 



frominside(); 



in = 0; 


} 


else 


{ 



inside(); 


} 


clear(); 


} 


if (SENSOR_2 == 28) 


{ Off(OUT_A+OUT_C); SendMessage(20); current = 20; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 48) 


{ Off(OUT_A+OUT_C); SendMessage(21); current = 21; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65);} 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65);} 


clear(); 


} 


if (SENSOR_2 == 31) 


{ Off(OUT_A+OUT_C); SendMessage(22); current = 22; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear();} 


if (SENSOR_2 == 33) 


{ Off(OUT_A+OUT_C); SendMessage(23); current = 23; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 49) 


{ Off(OUT_A+OUT_C); SendMessage(24); current = 24; calculateloc(); edgeclockwise(); edgecounterclockwise(); clear(); } 


if (SENSOR_2 == 41) 


{ Off(OUT_A+OUT_C); SendMessage(25); current = 25; calculateloc(); 



if (clockwise == 1) { OnFwd(OUT_A); OnRev(OUT_C); Wait(65); } 



else { OnFwd(OUT_C); OnRev(OUT_A); Wait(65); } 


clear(); 


} 


if (SENSOR_1 == 1) 



{ loop = 1;} 


goto Forward; }
1

