Power Glove Controller

We used the Nintendo Power Glove and  Arduino Nano microcontroller in order to communicate with our Inmoov robotic hand.  The following materials were used:
· Nintendo Power Glove
· Arduino Nano and Mega
· LSM303 IMU Compass/Gyroscope sensor
· 2 HC05 Bluetooth modules
· Pololu 18 pin Servo driver
· Extra flex sensor for Power Glove pinky

I cut a hole into the bottom of the Power Glove pinky and fed the flex sensor through the finger.  I combined the pinky flex sensors wire with the other wires in the glove. Now, we can get readings from all 5 fingers.  

Using the Arduino IDE we came up with the following code.  First the Power Glove which we called “Master”.  

 [image: ]
We had 4 lines from 4 flex sensors (index, middle, ring, thumb) that were connected to a common wire that is then fed to A1.  The pinky had its own wire fed to the Nano which was connected to A1.  We used a Multiplexor in software to take readings from the common wire from the 4 fingers.  
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We use a baud rate of 9600 and initialized our output pins and compass.  
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Our main loop first branches to the hand_read()  function.
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A for loop counts through all 5 of the fingers.  The fingers pin is put HIGH and the value there is put into their associated value_ (value_Middle, value_Thumb, etc.).  The pinky is its own wire connected to the Nano so it has its analog input.  
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Now, we move to the compass.read(). which gets the value of our roll from the IMU.  We only wanted the roll value because we will only be turning the wrist.  

The snprintf function will place 6 values in report.  The are in order:  value_Index (0), value_Ring (1), value_Middle (2), value_Pinky (3), value_Thumb (4), and compass.m.z (5).  

These will be parsed in the “slave” code and are separated by a ‘:’.  Finally, we send this through our HC 05 Bluetooth module which is connected to the Nanos serial port.  The Serial.println(report) sends out the data to the other Bluetooth module associated with the Mega.  
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The “slave” code is using an Arduino Mega with HC05 Bluetooth and a Polulu Maestro.  These integers will be explained further in the code.
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The setup has 3 serial ports initialized one for incoming Bluetooth data, Polulu Maestro data, and for printing to the screen.  Then we initialize all 5 finger positions.
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Our loop first goes into calibrate().  Due to the flex sensors having different values depending on the users fingers size, room temperature, etc., we had to use a calibration to better read the flex sensor values.  
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The first part of this will print text to the screen using serial port 0/ USB port.  Then we branch to serialEvent(). 
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serialEvent() will read from serial port 2.  If data is available we get the characters and put them into inChar.  We exit after setting stringComplete to true.
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Back to calibrate(), we proceed to the first if statement where stringComplete will be true.  The for loop will go through 5 fingers and the wrist.  The upper and lower bounds are determined by first reading from the flex sensor values from the Power Glove.  They are compared with a cal_Dummy which is just a another reading that is taken.  This is done 40 times or whatever calIterations is set to.  
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Back to the loop, we move on to capture().  which takes the incoming parsed data and 
puts in into angle_Hist which is just a 2D array.  One with data and the other is set to 0.  [image: ]

After that we go to update_Servos().
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We used a filter to get a smoother response to the servos for the arm.  The upper and lower bound values are mapped to angle_Ave.  The angle_Ave is mapped to the associated servo on the arm.  
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#include <Pololudaestro.h>
4define Seriall SERIAL_PORT_HARDWARE_OPEN
MiniMiaestro maestro(Seriall):|

1/ Flags

boolean stringComplete
boolean calibrated

false;  // whether the string is complete
false;  // keeps track of whether cal has been completed

boolean cal_First true;  // keeps track of whether first pass through cal
boolean cal Request = false;  // kkeps track of whether to rerun calibration
String inputString = /7 a string to hold incoming data

const int samples
int angle Hist[6] [samples] = {0};
long long angle Ave(6] 103

// Target names for printout

String target(s] {"Index”, "Middle", "Ring", "Pinky", "Thumb", "Wrist"};
int bound_Lover[s] =0 /1 vaw lower limir

int bound_Upper (6] 103 7/ raw upper limic

//int bound_Lover(s] = (36, 26, 47, 108, 39, 250];

//1n% bound_Upper(s] (6, 9, 10, 161, 20, -560};

const int cal_Iterations 0; // mumber of cal frames to take

int cal_Step = cal_Iterations;

int cal Dummy 0 // var for raw cal reading

int deadband 10; /7 deadband, if diff bt last and new angle<this, dont update
int smoothing 2 /1 Bigger=smoother,

const int delay ms = 10; // number of ms to delay between iterations

int test = 07
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void setup()

[

// inivialize serial:
Serial.begin (9600)

Seriall.begin(9600);
Serial2.begin(9600);

// reserve 200 bytes for the inputString:
inputstring. reserve (200);

// Tnivialize finger position
for(int 1 = 01 < 6:1+4)
[
maestro.secTarget (i, 6000);
delay(100);
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void leop()
[

"+
// Calibrate or read and update
if(calibrated = false)
i
calibraze 3]
)
else
[
capture();
update_Servos();
//Serial.printia( (int) angle Avel0]);
}
// To zerun calibration
1£(cal_Request)
i
calibrated = false;
cal_Step = cal_Tverations;
cal_First = true;
}
Vs
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void calibrate()

[

// Run through calibration cal_Iterations times
1%(cal_Step > 0)

[

/1 Print promp
Serial.princ("Calibrating. Please fully flex fingers and rotate wrist.
Serial.print(cal_Step);
Serial.prine("]");
Serial.prine("\a");
// Get data from sensors
serialEvent();
// 1f data is ready, run parsing
if (stringComplete)
[
// Check 211 fingers and wrist (targets)
for(int 1 1< 6 i)
[
// 1f first pass, initialize bounds
1% (cal_First)
[
bound_Lowez[1]
bound_Upper (1]
cal_First = false;
}
else // else, update bounds with minimums and maximums found
[
/1 Get current reading
cal Dumy = getValue (inpucString, ':', 1).tolnt();

getValue (inpucString, '
getValue (inpucString, '

', 1).telnc);
v, 1).telnc);

// Set new bounds, if pinky (i = 3), reverse
5@ 1= 3)
[
1% (cal_Dummy < bound_Lower[i])
[
bound_Lower([1] = cal_Dumy;
}
s if(cal Dummy > bound Upper(i])
[
bound_Upper (1] = cal_Dumy;

)
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veid serialEvent()
[
//Serial.println("serialivent entersd”);
while (Serial?.available())
[
//serial.println("Serial? available”);
/1 get the new byte:
char inChar = (char)Serial2.read();
/7 add it to the inpucString:
inputString += inChar;
// if the incoming character is a newline, set a flag
/1 50 the main loop can do something about it:
if (inChar = "\n')
[
stringComplete = true;
//Serial.println("stringConplete") ;
}
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void calibrate()

[

// Run through calibration cal_Iterations times
1%(cal_Step > 0)

[

/1 Print promp
Serial.princ("Calibrating. Please fully flex fingers and rotate wrist.
Serial.print(cal_Step);
Serial.prine("]");
Serial.prine("\a");
// Get data from sensors
serialEvent();
// 1f data is ready, run parsing
if (stringComplete)
[
// Check 211 fingers and wrist (targets)
for(int 1 1< 6 i)
[
// 1f first pass, initialize bounds
1% (cal_First)
[
bound_Lowez[1]
bound_Upper (1]
cal_First = false;
}
else // else, update bounds with minimums and maximums found
[
/1 Get current reading
cal Dumy = getValue (inpucString, ':', 1).tolnt();

getValue (inpucString, '
getValue (inpucString, '

', 1).telnc);
v, 1).telnc);

// Set new bounds, if pinky (i = 3), reverse
5@ 1= 3)
[
1% (cal_Dummy < bound_Lower[i])
[
bound_Lower([1] = cal_Dumy;
}
s if(cal Dummy > bound Upper(i])
[
bound_Upper (1] = cal_Dumy;

)
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void leop()
[

"+
// Calibrate or read and update
if(calibrated = false)
i
calibraze 3]
)
else
[
capture();
update_Servos();
//Serial.printia( (int) angle Avel0]);
}
// To zerun calibration
1£(cal_Request)
i
calibrated = false;
cal_Step = cal_Tverations;
cal_First = true;
}
Vs
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void capture ()
[
// caprure data
serialEvent();
// varse data
if (stringComplete)
[
// Loop through fingers, wrist
for(int 1= 0; 1< 6; i+4)
[
// Read values
angle_Hist[i] (0] = getValue (inputString, ':', i).tolnt();
)
7/ Delay, reset flag and string
//delay (delay_ms) ;
inputstring =
stringComplete = false;
//5erial.printin (inputString) ;
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void update Serves()
[
// Loop through all fingers, and wrist
for(int 1= 0; 1< 6 i+4)
[
// Yew smoothing filter
// Back propagate readings
for(int 3 = samples - 17 3 > 0 3--)
[
angle_Hist(i](3] = angle Hist(i](3 - 11
}

// Reset temphve
angle Ave(i] = 0;

// Bverage last 10 readings
for(int 3 = 07 J < samples; 3++)
[

//Serial.print (i);
//Serial.print (" ");
//5erial.printin(angle Ave[i]);
angle Ave[i] += angle Hist[i][i];

}

angle Ave(i] = angle Ave(i] / samples;

angle ve(i]

gt svets) 5 2000
‘ angle_Ave[i] = 80007

L st amgte ety < 1000
! angle Ave[i] = 4000;

i

maestro.secTarget (1, angle Ave[i]):
if(1 == 3)//pinky
[
maestro.secTarget (1, angle Ave[il):
}
else if(i = 4)//chumb
[

maestro.secTargec (i, angle Ave[il):

map(angle Ave[i], bound Upper(i], bound Lower[i], 8000, 3.000);
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#include <iire.h>
#include <LSM303.h>

151303 compass:|

// MUK neader values

const int read Fingers
const int read_Pinky

// ®ins to energize specific flex sensors

const int pin_Index 4
const int pin Middle s:

const int pin Ring 6

const int pin_Pinky 7

const int pin Thumb = 3;

const int pin_Cal 8

const int pin(6] = (4,5,6,7,3,8);

// Stores readings to be sent to slave in report
int value_Index o:

int value Middle o:

int value Ring o:

int value Pinky o:

int value_Thumb o

// Stores data to be sent over serial
chax report[e0];
// Delay values

int delay_ms
int delay Max
int delay_ser
int request

/7 Setup
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void setup()

[
// Tnit systems
//5erial.begin(4800) ;
Serial.begin (9600) 7
//5erial.begin(19200)

Wire.begin();
compass. init();
compass.enableDefault () ;
analogReference (DEFAULT) §

/7 Tnit pins

pindode (pin_Tndex, OUTEUT);
pindode (pin Middle, OUTEUT);
pindode (pin_Ring,  OUTEUT);
pinMode (pin_Pinky, OUTEUT);
pindode (pin_Thumb, OUTEUT);
pinMode (pin_Cal,  INBUT_BULLUB);
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// Main loop
v01d loop()
t
//Serial.println("1");
// Get finger/pin_Thumb angles
hand_read();
//Serial.println("2");
11 Get wrist angle
compass.read();
//Serial.println("3");
/7 Look for calibration request
/7cal_read();
11 Generate report
Snprintt(report, sizeof (report), "s6d:s6d:s6d:s6d:ssd:ssd”,
value_Index, value Ring, value Middle, value Pinky,
value_Thumb, compass.m.z);
/1 Send report through serial with terminating \n
Serial.princla(zeport);
delay (delay_Ser);
// Brint values to Serial Momitor
//princvalues () ;
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woid hand_read()
[
/1 Toop through all
for(int = 0; 1< 5; i+4)
[
i@ =0
[
digitaliirice (pin_Index, HIGH);
value_Index = analogRead (read Fingers);
delay (delay Mux);
digicaliirice (pin_Index, LOW);
}
else if(1
[
digitaliirice (pin Middle, HIGH);
value Middle = analogRead (read_Fingers);
delay (delay Mux);
digitaliirice (pin Middle, LOW);
}
else if(i = 2)
[
digicaliirice (pin Ring, HIGH):
value Ring = analogRead (read Fingers);
delay (delay Mux);
digicaliirice (pin Ring, LOW)
}
else if(i = 3)
[
digitaliirice (pin_Pinky, HIGH);
value_Pinky = analogRead (read Pinky);
delay (delay Mux);
digicaliirice (pin_Pinky, LOW);
}
else if(i = 4)
[
digitaliirite (pin_Thumb, HIGH);
value_Thumb = analogRead (read Fingers);
delay (delay Mux);
digitaliirice (pin_Thumb, LOW);

1
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// Main loop
v01d loop()
t
//Serial.println("1");
// Get finger/pin_Thumb angles
hand_read();
//Serial.println("2");
11 Get wrist angle
compass.read();
//Serial.println("3");
/7 Look for calibration request
/7cal_read();
11 Generate report
Snprintt(report, sizeof (report), "s6d:s6d:s6d:s6d:ssd:ssd”,
value_Index, value Ring, value Middle, value Pinky,
value_Thumb, compass.m.z);
/1 Send report through serial with terminating \n
Serial.princla(zeport);
delay (delay_Ser);
// Brint values to Serial Momitor
//princvalues () ;




