Introduction
A mobile robot can carry a limited amount of power and these batteries must be recharged periodically for the robot to remain active.  In order to be truly autonomous, a robot must perform its functions without human assistance.  This includes recharging its power source when it becomes low.  The first step towards accomplishing this self-sustaining behavior is enabling Johnny-5 to sense when it needs to refuel.  This is accomplished by adding a voltage divider circuit to the hardware.  

Sensor Design
The fuel gauge sensor is implemented using a 1 M, 5% tolerance resistor connected between the positive terminal of the battery pack and the signal input on one of Johnny-5's analog ports, as seen in Figure 1.  The purpose of the resistor is to reduce the voltage delivered to the analog port, scaling the voltages to values within the range of the analog to digital converter.  Figure 2 is a circuit diagram detailing the fuel gauge sensor.  From the diagram one can see the sensor is designed to not alter the voltage delivered to Johnny-5's microprocessor.  

The signal voltage decreases proportionally with the battery voltage until the analog port reads a specified value.  Once this low-voltage level is detected, the main program is interrupted and Johnny-5 begins to search for sustenance.  

The most difficult part of designing this sensor was selecting the right resistor value to scale the voltage properly.  Several fruitless attempts at a mathematical solution gave way to the guess-and-check method and it was found that 1 M of resistance resulted in a signal voltage of 3.4 V.  This is very near to the upper threshold of the analog port.  Another problem encountered in the design and testing of this sensor was the practical usage of different voltage levels.  The easiest way to test the sensor with different voltages is with a variable DC voltage source.  This tool was not available in the home laboratory and a different method was devised.  The fuel gauge was tested with 1, 2, 3, 4, 5, and 6 batteries connected as inputs to the sensor.  An additional set of batteries was used to power Johnny-5 during testing.  The results of these tests, including battery voltage, signal voltage, voltage difference, and digital reading, are given in table form as Figure 3.  A final problem occurred when one analog port inexplicably stopped taking readings during testing.  Instead of reporting values in the range of 0 to 255 for different voltages, the port output 25 for all voltages.  The test code and hardware were altered to read off a different port, but the new readings were 255 for all voltages applied.  Removing all power and communications connections solved this problem.  After several minutes, Johnny-5 was plugged back in operating in good order.  

The fuel gauge sensor is a simple yet extremely important component of the Johnny-5 autonomous mobile robot.  Its purpose is to keep Johnny-5 aware of his power needs at all times and to alert him when he is low on power.  

Materials
1/4 Watt Carbon-Film Resistors

Radio Shack Cat.#: 271-308

Cost:  $5.99 (set of 100 assorted resistors)

2 NW 16th Ave

Gainesville, FL 32601

(352) 375-2336

Test Code

/**   Battery Self-Check v1.0   **/

/**   outputs the digital value converted by AtoD for the fuel gauge sensor   **/

#include <tjpbase.h>

#include <vectors.h>

#include <stdio.h>

#define VOLTS analog(6)

void main(void)

{


int charge;


init_analog();


while(1)


{



charge = VOLTS;



printf("%d\n", charge);


}

}

/**   Battery Self-Check v2.0   **/

/**   checks power level and spins if low batteries   **/

#include <tjpbase.h>

#include <vectors.h>

#include <stdio.h>

#define VOLTS analog(6)

#define LFT_MTR 0

#define RGT_MTR 1

#define MAX_L 100

#define MAX_R  100

#define ZERO_VEL 0

void main(void)

{


int charge, vel_R, vel_L;


init_analog();


init_motortjp();


while(1)


{



charge = VOLTS;



if(charge < 140)



{




vel_R = MAX_R;




vel_L = -MAX_L;




motorp(RGT_MTR, vel_R);




motorp(LFT_MTR, vel_L);



}


}

}

