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Summary– Joystick Sensitivity Demystified

The default user program provided by FIRST produces a motor speed command that is directly proportional to the joystick input. This typically results in an undesirable motor speed characteristic or transfer function. A very simple table look-up method exists to fix this problem that may be unfamiliar to rookie programmers. This white paper will discuss the issue briefly and provide a sample program for implementation. It is the author's hope

that this simple technique will solve many rookie team's problems with making their robot drive the way they desire.

Discussion – Joystick Sensitivity 

The default user program provided by FIRST produces a motor speed command that is directly proportional to the joystick input resulting in motor speed that may be different than what is desired.  The effective slope of the transfer function (the output response divided by the input response) equation is effectively one. Therefore a joystick input of 137 provides a motor input command of 137. A joystick command of 100 provides a motor command of 100 which is actually a negative motor speed command of twenty-seven (127 – 100). 

If the programmer could provide a motor speed command less than 137 to a motor speed input command of 137, the motor speed would turn slower than the default FIRST program. . If the programmer could also provide a larger response to the

joystick input of 137, the motor would turn faster that the default FIRST program.

The JOYSTICK_SMOOTHING4 table below reduces the input command by approximately one half reducing the transfer function of the input to output command by one-half. The joystick input represents an input index into the C-function Table Look-Up.. Any output value can be chosen by modifying the contents of the table. A number of tables that have been used by the author to help Calibrate Team 1286's robot for the 2005 FIRST season have been included.

This C-function based Table Look-up method allows total calibration flexibility to the user. It is extremely fast, and involves no complex calculations. The user can also

limit motor speed in both directions by limiting the value inside of the calibration

table.

I am a little uncertain if the first member in the table is the zero member,

or the first member so the numbers above may vary from your results but

the principle remains the same. I have assumed the zero member is the first

position in the table provided. I am not a C-programming expert!

	Joystick Input p1_y
	Normal Default Output
	 
	Joystick_SmoothingG4 Table Output
	p1y_mod

	
	
	 
	
	

	
	
	p1_y-127
	
	

	 
	 
	127
	 
	128

	p1_y
	pwm01
	p1_y-127
	TableG4
	p1y_mod

	129
	129
	2
	1
	129

	130
	130
	3
	2
	130

	131
	131
	4
	3
	131

	132
	132
	5
	3
	131

	133
	133
	6
	4
	132

	134
	134
	7
	4
	132

	135
	135
	8
	5
	133

	136
	136
	9
	5
	133

	137
	137
	10
	6
	134

	138
	138
	11
	6
	134

	139
	139
	12
	7
	135

	140
	140
	13
	7
	135

	141
	141
	14
	8
	136

	142
	142
	14
	8
	136

	143
	143
	15
	9
	137

	144
	144
	15
	9
	137

	145
	145
	16
	10
	138

	146
	146
	16
	10
	138

	147
	147
	17
	11
	139

	148
	148
	17
	11
	139

	149
	149
	18
	12
	140

	150
	150
	18
	12
	140

	151
	151
	19
	13
	141

	152
	152
	19
	13
	141

	153
	153
	20
	14
	142

	154
	154
	20
	14
	142

	155
	155
	21
	15
	143

	156
	156
	21
	15
	143

	157
	157
	22
	16
	144

	158
	158
	22
	16
	144

	159
	159
	23
	17
	145

	160
	160
	23
	17
	145


if (p1_y> 128)

  {

  p1_ymod = (128 + JOYSTICK_SMOOTHING4[p1_y -127]);

  }

const rom signed char JOYSTICK_SMOOTHING4[128]=

{

 0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8,

 8, 9, 9,10,10,11,11,12,12,13,13,14,14,15,15,16,

16,16,17,17,18,18,19,19,20,20,21,21,22,22,23,23,

24,24,25,25,26,26,27,27,28,28,29,29,30,30,31,31,

32,32,33,33,34,34,35,35,36,36,37,37,38,38,39,39,

40,40,41,41,42,42,43,43,44,44,45,45,46,46,47,47,

48,48,49,49,50,50,51,51,52,52,53,53,54,54,55,55,

56,56,57,57,58,58,59,59,60,60,61,61,62,62,63,63

};
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Discussion – Joystick Sensitivity Example Program 

Discussion – Next Step – Robot Traction Control

The Joystick Smoothing Table Look-up function is a powerful programming tool by

itself.  The addition of Traction Control to the Table Look-up function is like a one-two 

knockout punch. Traction Control limits the amount that the motor speed command will change in one loop time of 26.2 milliseconds. By limiting the motor speed command,

by in our case 6 computer units, the robot's motor speed response to rapid throttle changes resulted in the robot becoming very driveable.  Look for the next programming white paper in this series with the title – Robot Traction Control.

  FILE NAME: user_routines.c <TEAM 1286 FRC 2005 Test File>

/*  OCCRA TEAM 30 / FIRST TEAM 1286  User Variables  */

/*  Joystick 1 Y-axis variables  */

unsigned int P1yRateLimiter

= 127;

unsigned int P1yPRateLim 

= 6;

unsigned int P1yNRateLim 

= 6;

unsigned int p1y_old 


= 127;

unsigned int p1y_test       

= 127;

unsigned int MaxP1yLim 

= 132;

unsigned int MinP1yLim 

= 122;

unsigned int PosSpdOffset

= 10;

unsigned int NegSpdOffset 

= 5;

unsigned int MaxP1ySpdLim 
= 200;

unsigned int MinP1ySpdLim 

= 60;

unsigned int MaxP1ySpd 

= 200;

unsigned int MinP1ySpd 

= 60;

unsigned int ZERO 


= 0;

unsigned int ONE 


= 1;

const rom signed char JOYSTICK_SMOOTHING2P[128]=

{

 0, 3, 6, 9,10,10,11,12,12,13,13,14,14,15,15,16,

16,16,17,17,18,18,19,19,20,20,21,21,22,22,23,23,

24,24,25,25,26,26,27,27,28,28,29,29,30,30,31,31,

32,32,33,33,34,34,35,35,36,36,37,37,38,38,39,39,

40,40,41,41,42,42,43,43,44,44,45,45,46,46,47,47,

48,49,50,51,52,53,54,55,56,57,58,59,60,60,61,61,

62,62,63,63,64,64,65,65,66,66,67,67,68,68,69,69,

70,70,71,71,72,72,73,73,74,74,75,75,76,76,77,77

};

const rom signed char JOYSTICK_SMOOTHING2N[128]=

{

 0, 2, 4, 6, 6, 7, 7, 8, 8, 9, 9,10,10,11,11,12,

12,13,13,14,14,15,15,16,16,16,17,17,18,18,19,19,

20,20,21,21,22,22,23,23,24,24,25,25,26,26,27,27,

28,28,29,29,30,30,31,31,32,32,33,33,34,34,35,35,

36,36,37,37,38,38,39,39,40,40,41,41,42,42,43,43,

44,44,45,45,46,46,47,47,48,49,50,51,52,53,54,55,

56,57,58,59,60,60,61,61,62,62,63,63,64,64,65,65,

66,66,67,67,68,68,69,69,70,70,71,71,72,72,73,73

};

const rom signed char JOYSTICK_SMOOTHING3[128]=

{

 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13,14,15,

16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,

32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,

48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,

64,65,68,69,70,71,72,73,74,75,76,77,78,79,80,79,

80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,

96,97,98,99,99,99,99,99,99,99,99,99,99,99,99,99,

99,99,99,99,99,99,99,99,99,99,99,99,99,99,99,99

};

const rom signed char JOYSTICK_SMOOTHING4[128]=

{

 0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8,

 8, 9, 9,10,10,11,11,12,12,13,13,14,14,15,15,16,

16,16,17,17,18,18,19,19,20,20,21,21,22,22,23,23,

24,24,25,25,26,26,27,27,28,28,29,29,30,30,31,31,

32,32,33,33,34,34,35,35,36,36,37,37,38,38,39,39,

40,40,41,41,42,42,43,43,44,44,45,45,46,46,47,47,

48,48,49,49,50,50,51,51,52,52,53,53,54,54,55,55,

56,56,57,57,58,58,59,59,60,60,61,61,62,62,63,63

};

const rom signed char JOYSTICK_SMOOTHING4A[128]=

{

 0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8,

 8, 9, 9,10,10,11,11,12,12,13,13,14,14,15,15,16,

16,16,17,17,18,18,19,19,20,20,21,21,22,22,23,23,

24,24,25,25,26,26,27,27,28,28,29,29,30,30,31,31,

32,32,33,33,34,34,35,35,36,36,37,37,38,38,39,39,

40,40,41,41,42,42,43,43,44,44,45,45,46,46,47,47,

48,48,49,49,50,50,51,51,52,52,53,53,54,54,55,55,

56,57,58,59,60,61,62,63,65,65,66,67,68,69,70,71

};

unsigned int p1_ymod = 127;

unsigned int p2_ymod = 127;

unsigned int i=127;

*/

void User_Initialization (void)

{

  rom const
char *strptr = "Encoder Test Program Initialized ...";

  Set_Number_of_Analog_Channels(SIXTEEN_ANALOG);    /* DO NOT CHANGE! */

/* FIRST: Set up the I/O pins you want to use as digital INPUTS. */

  digital_io_01 = digital_io_02 = INPUT;

  digital_io_03 = digital_io_04 = OUTPUT;

  digital_io_05 = digital_io_06 = digital_io_07 = digital_io_08 = INPUT;

           digital_io_02 = INPUT;

           ...

           digital_io_04 = INPUT;

    */

/* SECOND: Set up the I/O pins you want to use as digital OUTPUTS. */

  digital_io_17 = OUTPUT;    /* Example - Not used in Default Code. */

/* THIRD: Initialize the values on the digital outputs. */

  rc_dig_out17 = 0;

  rc_dig_out03 = 0;

  rc_dig_out04 = 0;

/* FOURTH: Set your initial PWM values.  Neutral is 127. */

  pwm01 = pwm02 = pwm03 = pwm04 = pwm05 = pwm06 = pwm07 = pwm08 = 127;

  pwm09 = pwm10 = pwm11 = pwm12 = pwm13 = pwm14 = pwm15 = pwm16 = 127;

/* FIFTH: Set your PWM output types for PWM OUTPUTS 13-16.

  /*   Choose from these parameters for PWM 13-16 respectively:               */

  /*     IFI_PWM  - Standard IFI PWM output generated with Generate_Pwms(...) */

  /*     USER_CCP - User can use PWM pin as digital I/O or CCP pin.           */

  Setup_PWM_Output_Type(IFI_PWM,IFI_PWM,IFI_PWM,IFI_PWM);

    /* Add any other initialization code here. */

  Putdata(&txdata);             /* DO NOT CHANGE! */

  printf("%s\n", strptr);       /* Optional - Print initialization message. */

  User_Proc_Is_Ready();         /* DO NOT CHANGE! - last line of User_Initialization */

}

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

* FUNCTION NAME: Process_Data_From_Master_uP

* PURPOSE:       Executes every 26.2ms when it gets new data from the master 

*                microprocessor.

* CALLED FROM:   main.c

* ARGUMENTS:     none

* RETURNS:       void

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

void Process_Data_From_Master_uP(void)

{

  Default_Routine();  /* Optional.  See below. */

  Generate_Pwms(pwm13,pwm14,pwm15,pwm16);

  Putdata(&txdata);             /* DO NOT CHANGE! */

}

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

* FUNCTION NAME: Default_Routine

* PURPOSE:       Performs the default mappings of inputs to outputs for the

*                Robot Controller.

* CALLED FROM:   this file, Process_Data_From_Master_uP routine

* ARGUMENTS:     none

* RETURNS:       void

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

void Default_Routine(void)

{

 /*---------- Analog Inputs (Joysticks) to PWM Outputs-----------------------*/

 /*--------------------------------------------------------------------------*/

 /*   This maps the joystick axes to specific PWM outputs.*/

 /*                                                       */   

 /*  MBC Joystick 1 is Y-axis Left Tank Tread  */

       {

/* MBC – Traction Control / Rate Limiter removed from this version */

/*  MBC – Start Joystick Sensitivity Algorithm Here  */

if (p1_y < 126)

  {

  p1_ymod = (127 - JOYSTICK_SMOOTHING4[127-p1_y ]);

  }

if (p1_y> 128)

  {

  p1_ymod = (128 + JOYSTICK_SMOOTHING4[p1_y -127]);

  }

/*  MBC Introduce Settling Routine Here   */

if (p1_y  > 125 && p1_y  < 129)

  {

  p1_ymod = 127;

   }
/* MBC Limit Max and Min Motor1 Speed/Torque  */

if (p1_ymod > MaxP1ySpdLim)


{

  p1_ymod = MaxP1ySpd;


}

 if (p1_ymod < MinP1ySpdLim)


{

  p1_ymod = MinP1ySpd;

   
 }
/*  This is where the software meets the hardware  
*/

/*  p1_ymod represents software calculation    
*/

/*  pwm01 > 127 means move forward or turn  right  */

/*  pwm01 < 127 means move backward or turn left  */

/*  pwm01 = 127 means motor in neutral position  
*/
/* MBC – This is where the Joystick Smoothing table output gets

/* outputtted to pwm01 which is an output pin on the FRC controller */

  pwm01 = p1_ymod;
