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ABSTRACT:


Eyebotic is a headpiece designed to guide blind or blind and deaf  people safely around an office building. The headpiece uses IR sensors along with pitch and vibration feedback to judge accordingly the distance the user is away from an object. Eyebotic contains a level detecting sensor that orients the headpiece in the proper operating position. 

EXECUTIVE SUMMARY:

EYEBOTIC will basically act as a pair of human eyes that are always looking strait forward.  Thus any way the user turns or pitches their head they can expect that the IR will see what they normally would see at that given point if their eyes were looking strait forward.  In order to set up this parallel of the IR simulating the human eyes looking strait forward, the starting position of EYEBOTIC is very important.  The user will be instructed to position their head as if they were looking strait forward when they are putting on EYEBOTIC, thus defining the ‘Users looking strait forward position’.  Then EYEBOTIC will be put on with the level detector keeping the IR in a position approximately perpendicular to the ground (‘EYEBOTIC’S looking strait forward position’).  This is a form of calibration so that the ‘Users looking strait forward position’ will be replaced by ‘EYEBOTIC’S looking strait forward position’.  Now provided that the user does not move the position of EYEBOTIC, everyplace they turn their head will receive feedback such as if they were looking strait forward.  The two types of feedback 

will be pitch (transducer sound) and vibration (pager motors).

INTRODUCTION: 

EYEBOTIC is inspired from my past semester internship with a company named Henter-Joyce.  The company is a computer company that develops software that is designed to facillitate a blind persons computer navigation.  The company is composed of about 90 people, 40 of which are blind.  The inspiration of EYEBOTIC is to act as an aid for the blind to navigate around an office building quickly and safely.  This model that I have created is just a beginning prototype of the general theory of the design.  I hope in the future to create a much smaller design that is more accurate.    


INTEGRATED SYSTEM:

The basic system has been designed using a TJ-Pro Microcontroller for the intelligence.   Two IR emitters are used along with three IR detectors for obstacle detection.   Four output compare pins are used for the pager motors for feedback output.

One output compare pin is used for the piezo transducer for sound feedback output.    
Four IR emitters are used for the level detector, along with 4 portD pins.   Four bump switches are used for the four funtion switches for EYEBOTIC.    

MOBILE PLATFORM:
The platform is as follows.   The headpiece consists of  a bicycle helmet that has three lego boxes glued on top.  One lego box contains the level detector, another lego box contains the microcontroller, and the third lego box contains the battery pack.  on the front brim of the helmet are glued three IR detectors and two IR emitters.  On the inside frame of the bicycle helmet on each of the four poles of the helmet are the four vibrating pager motors.    


ACTUATION:

• 4 Vibrating pager motors


--Purchased from Jameco


--Driven by 1.5V DC

--Used a transistor as a switch to turn on and off motor.

• 1 piezo transducer


--Driven by signal from Output compare pin.


--50V, Borrowed from a fellow classmate.  
   

SENSORS:

• 2 IR Emitters—Wall/Obstacle Detection




• Located Forward 




• Used to try to simulate actual human eyes


• 3 IR Detectors—Wall/Obstacle Detection




• Located Forward
• Used to try to simulate actual human eyes


• 4 Level Detectors



1 Level Detector Contains




• 1 Phototransistor

• 1 Emitting Diode

LEVEL DETECTOR INFORMATION:


The system setup is as follows:




--4 separate detectors each to cover each of the 4 axis directions





--positive x





--positive y





--negative x





--negative y          

--Each detector consists of 2 bb’s (pellets that you put in a gun)

and a black pen tube.  Bb’s roll from one end of the tube

to the other.  One end of the tube defines ‘unlevel’, and the rest of the tube defines ‘level’.




--The ‘unlevel’ end is determined by a beam being broken inside

the pen tube when the bbs are at that end of the tube.

Any time the bb’s are not at that end of the tube, the beam

is not broken and thus is determined ‘level’.  




--The beam consists of an emitting diode sending out IR that is 





received by a phototransistor on the opposite side of the 





black pen tube.

--When the beam is being received by the phototransistor (‘level’)

the output pin on the phototransistor is 5V.  When the beam





is not being received (‘unlevel’) the output pin is 0V.  




--This 0V or 5V is being read through the Port D input on the 





Microcontroller as a binary 0 or 1.

--When the front, back, right, or left, of the hat is dipped down past

the threshold voltage the positive x-axis, negative x-axis, positive y-axis, or negative y-axis detector (respectively) switches from ‘level’ to ‘unlevel’ or the output switches from a binary 1 to 0.




--Depending on which bit goes from 1 to 0 a regulated frequency 

wave goes to an Output Compare pin, which is connected to a transducer.  According to the rhythm of the transducer the user will know which way to adjust EYEBOTIC.

SPECIAL SENSOR PLATFORM:

--See Figure 1 for a diagram of a one of the one directional level sensors.



--Platform is constructed from:





--Lego’s





--4 level sensors





--supplies for one level sensor:






--1 black pen tube,

--2 bb’s (pellets you put in a gun)

--2 pins (to hold bb’s in tube)

--1 phototransistor

--1 emitting diode

--electrical tape

--Peizo Transducer

--super glue

--Each level sensor is pitched about 11 degrees above a horizontal

position, thus creating a Theta(Level, Unlevel) of about 14 degrees

and a Theta(Unlevel, Level) of about 8 degrees. Theta(Level,

Unlevel) is the angle when the detector is moving from a ‘Level’ position to an ‘Unlevel’ position. 

--This design is actually the second take of my level detector design.  The 




first design was almost identical in setup but I tried to define the 




‘unlevel’ end by a two pin header.  When the bb’s would roll to the 




‘unlevel’ end the two pins on the header would be connected and 




the bump switches on the Microcontroller would be triggered.  




This simply was not accurate enough as about %5 of the


time the balls would roll to the ‘unlevel’ end and not make the 


proper connection.

SPECIAL SENSOR COMPONENT SENSORS:


--SEP8526—GaAs Infared Emitting Diode: 





--Number used= 4





--Purchased at Electronics Plus, Gainesville FL





--See Figure 2 for application circuit



--SDP8426—Phototransistor:





--Number used= 4





--Purchased at Electronics Plus, Gainesville FL





--See Figure 2 for application circuit



--273-091--Peizo Transducer:

--Number used=1

--Can be purchased at Radio Shack, Gainesville FL

--50V(P-P)Max

--Consistent pitch audible output

--Used by varying tone rhythm

SPECIAL SENSOR BEHAVIORS:


--Aids the user to start EYEBOTIC in the correct position.


--There are two settings for the starting position:



--Accurate—User starts EYEBOTIC in a ‘Level’ position and keeps

EYEBOTIC in a ‘Level’ position.



--Very Accurate—User starts EYEBOTIC in an ‘Unlevel’ position




and brings EYEBOTIC to a ‘Level’ position.

SPECIAL SENSOR EXPERIMENTAL RESULTS:


--Resulting Values:

*All degrees are rounded to the nearest integer because of inaccuracies in measurements.

Direction
Theta(Level, Unlevel) in

degrees
Theta(Unlevel, Level) in degrees

FRONT
14
9

BACK
14
9

LEFT
13
8

RIGHT
13
8


--These values were acceptable values.   The Theta in the Left and Right 



directions may be better off a little lower because EYEBOTIC is less 



likely to be put on in an incorrect Left/Right position..


--The difference in Theta(Unlevel, Level) is useful if the user wants to be assured



that EYEBOTIC is starting in a very accurate position.  


--One clause that must be included in the User manual is that EYEBOTIC must be 



put on in an area where the earth is relatively flat.  i.e.—it can not be put 



on, on a steep ramp or hill.  It is unlikely a situation like this would occur 

being that EYEBOTIC for now is just designed for office building navigation. 

SPECIAL SENSOR COMMENTS:


Overall the project was a success in terms of what I was hoping to accomplish upon beginning the project  (a detector that would keep EYEBOTIC in an acceptable starting range).  If I take EYEBOTIC to a point where it will be sold I will not use my level detector rather I will purchase one, because of size, time, and dynamic flexibility advantages.  If I was to do the project over I probably would make the threshold angle a little smaller on the Left and Right sides of the detector.  Or actually, I would have tried to create a detector in which the threshold angle could be dynamically changed.  One function I may add to the level detector is a switch that the user flips on whenever they want EYEBOTIC to be checked.  This way if the helmet is moved during operation it can be rechecked. 

FIGURE 1:[image: image1.png]



FIGURE 2:




BEHAVIORS:

BEHAVIORS/FUNCTIONS

• User Interface containing 6 toggle switches and 1 reset button.



• Switch 1 -- Main Power   On/Off  



• Switch 2--  DownLoad/Run Switch



• Switch 3--  Level Detector/ Obstacle Detector



• Switch 4--  Sound  On/Off



• Switch 5--  Vibration  On/Off



• Switch 6--  For later expansion

**Switches 3,4, and 5 allows for the user to select 1 of 8 

different funtioning modes for Eyebotic.



• Level Detection-- Idle State



• Level Detection-- Sound Output Only



• Level Detection--Vibration Output Only



• Level Detection-- Sound and Vibration Output



• Object Detection-- Idle State



• Object Detection-- Sound Output Only



• Object Detection-- Vibration Output Only



• Object Detection-- Sound and Vibration Output


Eyes Transformed to Ears—By sound the user knows their location relative to an 




         object in their range.

Eyes Transformed to Feel--  By a particular vibrating motor being enacted the

          user knows their location relative to an object in their

          range. 
 

EXPERIMENTAL LAYOUT AND RESULTS:


The final result with using a white wall as a distance measurement:



VIBRATION OUTPUT:

Front Vibration Sensor: 3.9- 4.7 ft



Right Vibration Sensor: 2.6- 3.9 ft



Back Vibration Sensor: 1.5-2.6 ft

Left Vibration Sensor:  0- 1.5 ft

SOUND OUTPUT:

The sound had the same range from 0-4.7 ft using a balanced frequency range from 50Hz to 3.5kHz.  50kHz represents approximately 4.7 ft.    

CONCLUSION:

The project of EYEBOTIC was a success in terms of what I hoped to accomplish.  There are several areas in which I hope to improve the headpiece in the future.  One idea is to change the sensors to provide a more accurate and broader range of distance.  I was thinking of using sonar to get a broader range and to avoid the problem of glass doors and different color objects producing different output.  I also wanted to make the hat much smaller because with the intent to market this I would imagine that a big bulky hat would not be wanted to be worn. 
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APPENDICES:

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

********Code for level detector operation********* 

Figures out which of the four level sensor beams 

has been broken by reading in pins PD2-PD5 (Left,

Front,Right,and Back respectively). Then it outputs

a pulse to the OC2 pin (PA6). The order of pulse 

rate from fastest to slowest is--Front,Back,Left,

Right.

NOTES: 


--All directions are from the perspective of


the user. 


--The particular direction mentioned is the 


direction in which the threshold angle was


exceeded: i.e. 'Left' corresponds to the 


Left direction being too low. 

******Code for Obstacle Detection operation*******

Outputs a Sound or a Vibration based on the IR readings.

For sound, a low frequency for long range and a high 

frequency for a short range.  For Vibration, Front-Right-

Back-Left in order of long range to short range.     

**************************************************

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

#include <analog.h>

#include <hc11.h>

#include <mil.h>

#include <motortjp.h>

#include <clocktjp.h>

#include <vectors.h>

#include <tjpbase.h>

#include <stdio.h>

void OC1Freq(int);

/*

Sets the period of the Oc1 pin (PA6 pin), with

a 50% duty cycle. 

*/

void OC1Freq(int nWait)


{int i=0;


OC1D= (OC1D | 0x08);


while(i<nWait)



{i++;



}




CFORC=0x80;


OC1D= (OC1D & 0xF7);


i=0;


while(i< (nWait+10))



{i++;



}




CFORC=0x80;


}

void main(void)

{

int nMaxAnalog;

init_analog();

init_clocktjp();

init_serial();

init_motortjp();

//set all pins on PORTD to inputs.

DDRD=0x00 ;

OC1M=0xF8 ;

//start continuous program

while(1)


{OC1D=0x00;


CFORC=0xF8;


while(analog(0)> 120) 



{//LEVEL DETECTION



//start emmitters 0-3 



*(unsigned char *) 0x7000=0x0F ;



//check front tilt 



if(!(PORTD & 0x20))




{




if(analog(0)> 148)





{OC1Freq(600);





}




if((analog(0)> 157)||((analog(0)> 137) && (analog(0)<149)))





{OC1D= (OC1D | 0x40);





OC1D= (OC1D & 0x4F);





}




else





{OC1D= (OC1D & 0x0F);





}







}



else 




{//check back tilt




if(!(PORTD & 0x08))





{





if(analog(0)> 148)






{






OC1Freq(400);






}




if((analog(0)> 157)||((analog(0)> 137) && (analog(0)< 149)))






{OC1D= (OC1D | 0x20);






OC1D= (OC1D & 0x2F);






}





else






{OC1D= (OC1D & 0x0F);






}








}




else





{//check left tilt





if(!(PORTD & 0x10))






{






if(analog(0)> 148)







{OC1Freq(200);







}




if((analog(0)> 157)||((analog(0)> 137) && (analog(0)< 149)))







{OC1D= (OC1D | 0x80);







OC1D= (OC1D & 0x8F);







}








else







{OC1D= (OC1D & 0x0F);







}






}





else 






{//check right tilt






if(!(PORTD & 0x04))







{







if(analog(0)> 148)








{OC1Freq(100);








}




if((analog(0)>157)||((analog(0)>137) && (analog(0)<149)))








{OC1D= (OC1D | 0x10);








OC1D= (OC1D & 0x1F);








}







else








{OC1D= (OC1D & 0x0F);








}







}










else







{//device is level







OC1D=0x00;







}







}






}




}



}


OC1D=0x00;


CFORC=0xF8;


while(analog(0)< 120)



{



//START IR DETECTION



//Start emmitters 3-7



*(unsigned char *) 0x7000=0xF0;



if (analog(7)>= analog(6))




{nMaxAnalog=analog(7);




}



else 




{nMaxAnalog=analog(6);




}



if (analog(4)> nMaxAnalog)




{nMaxAnalog=analog(4);




}



if ((analog(0)> 96) || ((analog(0)> 33) && (analog(0)< 70)))





{//DEAL WITH VIBRATION OUTPUT




if (nMaxAnalog> 120)





{//SET OFF ONLY LEFT VIBRATION





OC1D= (OC1D | 0x80);





OC1D= (OC1D & 0x8F);





}




else





{





if (nMaxAnalog> 110)






{//SET OFF ONLY BACK VIBRATION 






OC1D= (OC1D | 0x20);






OC1D= (OC1D & 0x2F);






}





else






{






if (nMaxAnalog> 100)







{//SET OFF ONLY RIGHT VIBRATION







OC1D= (OC1D | 0x10);







OC1D= (OC1D & 0x1F);







}






else







{







if (nMaxAnalog> 90)







//SET OFF ONLY FRONT VIBRATION








{


OC1D= (OC1D | 0x40);








OC1D= (OC1D & 0x4F);








}







else 








{//NO VIBRATION








OC1D= (OC1D & 0x0F);








}








}






}





}




}



else




{OC1D=(OC1D & 0x0F);




}



if (analog(0)> 70)




{//DEAL WITH SOUND OUTPUT




nMaxAnalog-=90;




if (nMaxAnalog> 0)





{//REGULATE PITCH OF OUTPUT SOUND





nMaxAnalog= (nMaxAnalog * 16);  





nMaxAnalog= (700- nMaxAnalog);





OC1Freq(nMaxAnalog);





}




}










}


}

}
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