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Abstract
Stockermajigger is a warehouse wandering robot that delivers merchandise from a store stock room to a loading bay or merchandise pickup area. The goal of Stockermajigger is to maximize productivity while eliminating injuries and shrink in the store. The stock room would be designed in a way to enhance product movement for teams of robots, thus increasing delivery time and raising accuracy of inventory count calculations.
Executive Summary
As a mechanical engineer, this class was the first attempt at learning anything about robotics.  Not only was the final result impressive, but the skills learned and practiced in this class outweigh any basic programming class curriculum.  Stockermajigger was built during the spring semester of 2007.  The goal of Stockermajigger was to deliver a requested item to a user.  The user would give the robot a command to get some item in the inventory, and the robot would then retrieve the item.  A bar code scanner was chosen as the communication system between user and robot because most merchandise in use today uses this technology.

Stockermajigger is given a command in the form of an item’s bar code.  The barcode contains information that includes where the item is located in the inventory.  Stockermajigger then follows a line through the warehouse/stock room to locate the requested item, and grabs said item.  The process continues and the end result is Stockermajigger delivering the correct item to the drop off area.
Introduction
The project will be created as a scale model of a stock room.  The objective is to promote the technology to various stores as an effective means to reduce the requirements of inventory labor hours.  The robot, used in conjunction with similar robots in the stock room, will eliminate the need for nightly back-stock crew members, and heavy merchandise crew, will reduce theft from the stock room, and help reduce labor injuries, as well as increasing accuracy of inventory control and product roll over.
Using a bumper, line following mechanisms, a bar code reader, and a magnetic field sensor, the robot will identify, find, retrieve, and deliver an item to the end user.
Integrated System


The robot will be controlled by an Atmega128 microprocessor.  The functions of the Microprocessor will include collision detection, line following, barcode scanning, and box detection.  Bump sensors will provide collision detection while infrared transceivers will provide the line following capability.  A laser UPC scanner will be used to scan barcodes of items and for reading navigation signs.  The magnetic field sensor will allow the robot to correctly determine the item using a pair of magnets, one on the robot and the other on the item.  The processor will output to two dc motors that control the direction and speed of the robot.  The processor will also output information to a LCD.
Mobile Platform


The workings of the robot are crammed into a small wooden box with wheels.  The material for this project, 1/8 inch birch plywood, was chosen because of the required strength, ease of use, and low cost.  The first attempt at the platform was made of cardboard, but this quickly fell apart… literally.  The cardboard, used only for layout purposes, would not hold the weight of the motors and bar code scanner without sagging greatly.  The birch plywood resists bending at the low weight that the robot is moving.  The simple wood design also allowed room for corrections, as there was not working drill accessible, and a pocketknife slowly worked its way through the plywood.  This was used to “drill holes” to route wires, screws, and twist-ties that held everything together, as well as copious amounts of hot glue and some electrical tape.
Actuation


Stockermajigger will be using two dc geared motors running at 7.2 volts with a max speed of 75 rpm, and max torque of .5 ft-lb each.  The motors were chosen as a compromise of speed and power.  The motors were connected to a two inch diameter foam wheel.  This would allow my robot to reach a top speed of around 18 inches per second, which was believed to be a decent speed.  After all testing was done however, the robot traveled at about 30% of this speed due to limitations of the line following.
Sensors


Various sensors are used on the robot.  These include bump sensing, line tracking, and barcode scanning, and magnetic field sensing.  Collision detection will be implemented using toggle switches to report when the robot is in physical contact with an object.  Infrared sensors will be used to allow the robot to follow a dark line on the ground.  The sensor works by emitting light from a diode, and measuring the amount of light returning to the receiver.  The light reflected back to the sensor allows the robot to sense whether it is on the dark line or not.  The sensor used is an Optek Technology reflective object sensor (OPB745), a paired infrared led and phototransistor housed in a semi-shielded container (figure 1).
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Figure 1
OPB745

 This was tilted slightly to reduce the reflected light and allow the measurement of brightness of the surface.  A UPC barcode scanner will be used to communicate with the 
robot.  The barcode scanner will be used along walls or shelves in the warehouse for position sensing, as well as input from the user as to which item the robot should be retrieving.  Barcodes containing information about aisle numbers and section numbers are placed on each aisle and section, respectively.  The robot would scan these to find out when to turn down an aisle, or when to stop to get an item.  The scanner in use is a Symbol LS 9100, found used on eBay (figure 2).  The scanner outside of its housing is light and fragile, and ended up bending a part of the reflective coated plastic, a major problem if this falls off.  The scanner is a battery hog, consisting of its own motor, laser 
pointer, and required circuitry, consuming around 300 mA.  This required the use of another battery because the 7.2 volt niMH battery pack could not supply the required      current to keep everything running smoothly.  The main problem was that the motors and scanner would run separate, but when activated at the same time, the scanner would keep resetting.
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Figure 2
Behaviors


Feedback from the sensors will provide behavior for the robot.  The most basic of these behaviors will be from the bump sensor.  If the sensor is activated, the robot will stop, and backup.  The line tracking behavior of the robot is determined by the readings from IR sensors.  If the robot detects that one side of it is not over the line, then the opposing motor will slow down.  I decided to use the IR pair setup (figure 3), as this would be the easiest to implement, and because my robot won’t be doing anything with intersections.
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Figure 3
The original plan was to have the sensors on the outside of the line, but due to the forks of the road from the aisles, I believe that programming for this would have been quite difficult.  Much of my knowledge about line following was learned at www.dubel.org,  a website run by a former IMDLer.  I was having some trouble with the line following on my first demo in the lab.  Since the robot is so wide, the turning radius of the robot is fairly large (approx. six inches).  This combined with the small turns leads to both of my sensors losing the line.  This wasn’t a problem at first, I just made sure that the robot kept going in whatever direction it was going when it lost the line on both sensors.  The reasoning was fairly straightforward.  If it’s turning right, I know I’m on a right turn, so eventually I will find the line if I keep turning right.  However, if for some unfortunate reason, if both sensors lost the line during the sensor check, the robot would continue its previous direction; forward.  This was a challenge that happened to be from the lighting conditions, but had me fooled for a few days, I ended up slowing the robot down thinking he was going too fast, I also re-taped my turns, hoping that would help.  The end solution was to create a shroud around my IR sensors to reduce ambient light, as I found that the robot worked perfectly in the dark.  I have yet to speed up the robot to see if he still stays on the line, but I suspect this will be the case.

 Another behavior is triggered by the barcode scanning.  If there is no item to be found, the robot will sit idle at the “loading dock” until given a task.  The task is communicated via the barcode scanner, and the robot will then turn around and begin searching for the item.  First it will look for the correct aisle.  The scanner will compare and aisle barcode with the intended aisle number.  If they don’t match, the robot will continue moving forward. If they match, the robot will turn and drive down the aisle, searching now for the correct section.  The robot will compare section barcodes to the wanted section and continue driving until a match is found.  Once the match is found, the robot goes into “box grabbing mode,” in which the robot turns toward the box, and slowly creeps forward until the magnet is in range to attract the box.  This grabbing of the box will change the magnetic field enough for the sensor to read that it has the box, which will then prompt the robot to return to the main path and deliver the box.  The behavior code can be found in appendix B.  This was the hardest part, as I had no real experience with coding (except one semester of Fortran).  Needless to say, Adam and Julio, as well as many of the other classmates helped me out greatly explaining things about reading and writing to addresses and finding values of pins, etc.  Without them, my robot would just be a box full of electronics.
Conclusion


Stockermajigger will get any box in the warehouse that you tell him to.  He successfully finds his way through the warehouse with impressive accuracy and will deliver the correct box to the user.  I was surprised by the accuracy of the scanner.  Sometimes I would have trouble getting all the barcode scanned or converted to integer while testing, but it never does that anymore, so I can’t complain.  I placed some checks in the warehouse for the robot to check to see if it found the box, just in case it missed a scan for some reason, but I have never needed to use this, as the scanner pick up everything perfect on the first try.  I unfortunately did not get to use a height difference with this robot, as I was hoping to do in the first place.  The goal was to have it raise a forklift to the correct shelf height, but due to time restrictions, this feature was dropped.  I may implement this in the near future though.  Overall I am impressed with the robot, and impressed with my ability to put something together of this magnitude with no prior experience of robotics.  If I had the chance to do it over, I would have planned my time more efficiently.  I felt somewhat rushed near the end, although I did get done almost a full week early.  I also would have used a NiCad battery pack, this should supply enough to power everything all at once.  I did not realize until it was too late that I would need separate power supplies, and Ended up using a 9 volt battery to power the scanner.  The 9 volt only lasts about 10-15 minutes, and I went through 3 in a single day of testing.  Unfortunately, I did not have room in the robot to place another AA battery pack.  In the future, I plan on adding the ability to raise the height to a different shelf level, as well as removing the magnet and replace with a pallet jack type of forklift grabbing mechanism.  I only used the magnet because I didn’t have time nor the skills to create a servo powered grabbing arm, and I have the magnets lying around and in broken hard drives.
Documentation

Atmel ATMega128 Documentation

http://www.atmel.com/dyn/resources/prod_documents/doc2467.pdf
BDMicro

http://www.bdmicro.com/
William’s Public Page

http://www.dubel.org/
Appendix A

Media:
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Component placement
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Line following first attempt

Videos:

1) http://www.youtube.com/watch?v=mzMWp41-a9M
Collision detection.  Motors are about 2/3 speed

2) http://www.youtube.com/watch?v=9pNSaqC5uMc
Line following

3) http://www.youtube.com/watch?v=Fd0IWfyaaFc
First attempt of putting everything together

4) http://www.youtube.com/watch?v=_v3asid5X5A
Final version minus IR shroud and magnetic sensor adjustments

Appendix B

Code Snippets
// delay for t milliseconds

void delay(unsigned int t)



{


// 1 ms == 14745.6 clock cycles (i think)


// 1 ms == 115.2 ADC clocks (again, not sure)


long int ms_count = 0;


int t_count = 0;


while (t_count < t)


{


t_count ++;


ms_count = 0;


while (ms_count < 450)



{




ms_count = ms_count + 1;



}


}

}

// delay for t microseconds

void delayus(unsigned int t)



{


// 1 ms == 14745.6 clock cycles (i think)


// 1 ms == 115.2 ADC clocks (again, not sure)


int t_count = 0;


while (t_count < t)


{


t_count ++;


}

}

void bumpcheck()

{


int bump;


bumper = 0;


bump = PIND;


bump &= 0b00000010;


if (bump == 0)


{



bumper = 1;




}


else


{



PORTB &= 0b11111110;


}

}

//end bump

void ir_check()

{


int x = 0;


int y = 0;


int left = 0;


int right = 0;


ir_left = 0;


ir_right = 0;


switchchannel(0);


delay(1);


for (x = 1; x <= 4; x++)


{



left = left + getanalogvalue();



delay(1);


}


left = (left >> 2);  // div by 4


switchchannel(1);


delay(1);


for (y = 1; y <= 4; y++)


{



right = right + getanalogvalue();



delay(1);


}


right = (right >> 2); // div by 4


if (left < ir_thresh)


{



ir_left = 1;


}


if (right < ir_thresh)


{



ir_right = 1;


}

}

void magnet_check()

{


int x = 0;


int magnet = 0;


ihavethebox = 0;


switchchannel(2);


delay(1);


for (x = 1; x <= 8; x++)


{



magnet = magnet + getanalogvalue();



delay(1);


}


magnet = (magnet >> 3);


if (magnet <= 255  || magnet >= 282)


{



ihavethebox = 1;


}


lcd_cmd(0x01);


lcd_int(magnet);

}

ISR(USART0_RX_vect)

{


int read = UDR0;


int count = 0;


int mult = 0;


//lcd_int(atoi(scan));



scan[scanloop] = read;


//lcd_int(scanloop);


//lcd_disp(scan[scanloop]);


scanloop += 1;



if (scanloop == 5)


{



for (count = 4; count >=0; count-=1)



{




if (count == 4)




{








mult = 10000;




}




else if (count == 3)




{





mult = 1000;




}




else if (count == 2)




{





mult = 100;




}




else if (count == 1)




{





mult = 10;




}




else if (count == 0)




{





mult = 1;




}




if (scan[4-count] == 0x39)




{





tempbarcode = tempbarcode + (9*mult);




}




if (scan[4-count] == 0x38)




{





tempbarcode = tempbarcode + (8*mult);




}




if (scan[4-count] == 0x37)




{





tempbarcode = tempbarcode + (7*mult);




}




if (scan[4-count] == 0x36)




{





tempbarcode = tempbarcode + (6*mult);




}




if (scan[4-count] == 0x35)




{





tempbarcode = tempbarcode + (5*mult);




}




if (scan[4-count] == 0x34)




{





tempbarcode = tempbarcode + (4*mult);




}




if (scan[4-count] == 0x33)




{





tempbarcode = tempbarcode + (3*mult);




}




if (scan[4-count] == 0x32)




{





tempbarcode = tempbarcode + (2*mult);




}




if (scan[4-count] == 0x31)




{





tempbarcode = tempbarcode + (1*mult);




}




if (scan[4-count] == 0x30)




{





tempbarcode = tempbarcode + (0*mult);




}



}



scanloop = 0;



barcode = tempbarcode;


}


if (find_item == 0  && tempbarcode != 55551)


{



find_item = tempbarcode;


}


tempbarcode = 0;

}

void getthebox()

{


motor_move(0,0,1,1);


delay(200);


motor_move(MAX,MAX,0,1);
// turn clockwise


delay(400);





//enough delay to turn off tape


ir_check();


while(ir_left != 0 && ir_right != 0)
//look for tape, turning toward shelf


{



ir_check();


}


motor_move(0,0,0,1);


delay(200);


motor_move(2*SLOW,2*SLOW,1,1);



//drive toward shelf


ir_check();


while((ir_left == 0 || ir_right == 0)  && ihavethebox == 0)
//drive to end of tape line


{



ir_check();



magnet_check();



if (ir_left == 1  && ihavethebox == 0)




{





motor_move(SLOW*2,SLOW/2,1,1);




}




else if (ir_right == 1)




{





motor_move(SLOW/2,SLOW*2,1,1);




}


}


motor_move(0,0,1,1);


delay(1000);






//wait to grab box.... magnetic part goes here


//lcd_cmd(0x01);


//lcd_string("back up");


motor_move(MAX,MAX,0,0);


delay(750);


motor_move(0,0,0,0);


motor_move(MAX,MAX,1,0);


delay(500);







// turn away from tape


//lcd_cmd(0x01);


//lcd_string("begin turn");


ir_check();


//lcd_cmd(0x01);


//lcd_string("begin turn 2");


while(ir_left == 1 && ir_right == 1)
//find tape



{



ir_check();



//lcd_cmd(0x01);



//lcd_string("turning back");


}


//
lcd_cmd(0x01);


//lcd_string("done turning");


motor_move(0,0,1,0);


motor_move(MAX,MAX,1,1);


ihavethebox = 1;

}

void arbitrate()

{


if ((barcode % 10) != 1 && find_item == 0)


{



lcd_cmd(0x01);



delay(1);



lcd_string("plz scan an item");


}



if ( (barcode % 10) != 1  && find_item != 0)


{



//if (find_item != 0)



//{



if (bumper == 1)



{




lcd_cmd(0x01);



//




lcd_string("crap, i've hit");





lcd_cmd(0xc0);




lcd_string("something");





motor_move(0,0,1,1);
//stop




delay(10);

//wait




motor_move(MAX,MAX,0,0);

//flash the led on the board




delay(200);






motor_move(0,0,0,0);




delay(3500);




motor_move(MAX,MAX,1,1);




bumper = 0;



}



else if (ir_left == 1 || ir_right == 1)



{




if (ir_left == 1 && ir_right == 1)




{





lcd_cmd(0x01);
//keep going the same direction as before





lcd_string("No line detected");




}




else if (ir_left == 1)




{





lcd_cmd(0x01);





lcd_string("left IR off path");





motor_move(MAX,SLOW,1,1);




}




else if (ir_right == 1)




{





lcd_cmd(0x01);





lcd_string("rite IR off path");





motor_move(SLOW,MAX,1,1);




}




}



else if (ir_left == 0 && ir_right == 0)



{




lcd_cmd(0x01);




lcd_string("go straight");




motor_move(MAX,MAX,1,1);



}



//}   //end if finditem !=0


}


else if ( (barcode % 10) == 1)


{




if (find_item %10 != 1)



{




if (barcode == 55551 && ihavethebox == 1)
// STOP ROBOT!!!




{





lcd_cmd(0x01);





lcd_string("Delivery scan");





motor_move(0,0,1,1);





delay(200);





motor_move(MAX,MAX,1,0);
// turn counter-clockwise





delay(450);





//enough delay to turn off tape





ir_check();





while(ir_left != 0 && ir_right != 0)
//look for tape, turning toward user





{






ir_check();





}





motor_move(0,0,1,0);





find_item = 0;




//reset find_item, wait for another box to find





barcode -= 1;





lcd_cmd(0x01);





ihavethebox = 0;





lcd_string("plz take the box");





delay(3000);




}




else if(barcode == 44441 && ihavethebox != 1)
//check to see if i have the box




{





motor_move(0,0,1,1);





lcd_cmd(0x01);





lcd_string("No item found");





lcd_cmd(0xc0);





lcd_string("Check again");





delay(1000);





motor_move(0,MAX,1,1);





delay(600);





//barcode -= 1;





barcode = 0;




}




else if (barcode == (find_item+1) && ihavethebox == 0)// barcode/10000) == (find_item/10000) && (barcode/1000)%10 == (find_item/1000)%10 )




{





motor_move(0,0,1,1);





lcd_cmd(0x01);





lcd_string("Item found");





delay(1000);





lcd_cmd(0xc0);





lcd_string("Getting Item"); 





getthebox();





//ihavethebox = 1;





//barcode -= 1;





barcode = 0;




}






else if ( (barcode/10000)%10 == (find_item/10000)%10  && (barcode /1000)%10 == 0)




{






motor_move(0,0,1,1);





delay(1000);





lcd_cmd(0xc0);





motor_move(0,MAX,1,1);





delay(450);





//barcode -= 1;





barcode =0;




}




barcode = 0;



}



else if (find_item%10 == 1)



{




motor_move(0,0,1,1);




delay(100);




motor_move(MAX,MAX,0,1);
// turn clockwise




motor_move(MAX,MAX,0,1);
// turn clockwise




delay(450);





//enough delay to turn off tape




ir_check();




while(ir_left != 0 && ir_right != 0)
//look for tape, turning toward shelf




{





ir_check();




}




motor_move(0,0,0,1);




delay(200);




motor_move(MAX,MAX,1,1);




find_item -= 1;




barcode -= 1;



}



else if (find_item == 0)



{




lcd_cmd(0x01);




delay(1);




lcd_string("plz scan an item");



}


}

}

// main function

int main(void)

{


//int retarded = 0;


init_everything();


delay(500);


//PORTE &= 0b10111011; //PIN2 is Left Dir, PIN5 is Right Dir


//lcd_string("start");


while (1)


{



bumpcheck();



ir_check();



arbitrate();



//lcd_cmd(0x01);



//lcd_int(barcode);



//lcd_cmd(0xc0);



//lcd_int(find_item);



//PORTB |= 0b00000001;


}


return 0;

}
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