RobotC

Remote Control



Learning Objectives: Focusing on Virtual
World with Physical Examples
 Understand Real-Time Joystick Mapping

 Understand how to use timers
 Understand how to incorporate buttons into controlling robot arms
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* Run




Learning Objectives

 Understand Motion
— Motors: How they work and respond.
— Fuses: Understand why they keep blowing

 Understand how to control Motors with a program



SuperQuest Salem

Motion




VEX Motion: Motors

e 2-Wire Motor 393
e 100 RPM
e Stall Torque 1.67 Nm

e Motor Controller: 2-Wire to 3-Wire

e Integrated Motor Encoder Sold Separately
e Counts ticks

e 627.2 Ticks per revolution
e High Speed Gearing (Comes with motor)
e 160 RPM
e Stall Torque 1.04 Nm
e 392 Ticks per Revolution
e Turbo Gear Set (Sold Separately)
e 240 RPM
e Stall Torque 0.7 Nm
e 261.333 Ticks per Revolution




393 Specifications

'speeﬁ
rpm

Max Power
(Combination
of Speed and
Torque) at 50

RPM.

Max
Efficiency.
Out/In at 85
RPM.

torque
in-lbs

13.500
12.825
12.150
11.475
10.B00
10.125
5.450
B.775
B.100
7.425
6.750
6.075
5.400
4,725
4.050
3.375
2.700
2.025
1.350
D.675
0.540
0.405
0.270
0.135
0.000

Max Power

power
Li)

0.000
0.757
1.434
2.031
2.549
2.987
3.345
3.624
3.823
3.943
3.983
31.943
3.B23
3.624
3.345
2.987
2.549
2.031
1.434
0.757
0.612
0.4564
0.312
0.158
0.000

3.983

Power

%

0.000
19.000
36.000
51.000
64.000
75.000
B84.000
91.000
96.000
99.000

100.000
99.000
96.000
91.000
84.000
75.000
64.000
51.000
36.000
19.000
15.360
11.640

7.840

3.960

0.000

Max Current
and Torque

at 0 RPM

cument power input Efficlency

A W G
3.600 25.920 0.000
3.428 24.678 3.066
3.255 23.436 6.118
3.083 22.194 9.151
2.910 20.952 12.165
2.738 19.710 15.154
2.565 1B.468 18.114
£.393 17.226 21.038
2.220 15.984 23.919
2.048 14.742 26.745
1.875 13.500 29.500
1.703 12.258 32.164
1.530 11.016 34,706
1.358 9.774 37.079
1.185 8.532 39.209
1.013 71.290 40.972
0.840 6.048 42.143
0.668 4. BO6 42.261
0.495 3.564 40.227
0.323 2.322 32.587
0.2BB 2.074 29.500
0.254 1.825 25.398
0.219 1.577 19.801
0.185 1.328 11.872
0.150 1.080 0.000

Max Efficiency 42.261



393 Torque — Speed Curve

Speed - rpm

Torque - Speed Curve - 2 wire 393
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More 393 Motor Facts

e 3.6 Amp Stall Current
e Built in Thermal Fuse.

— Will cut power when pulling 1.8A + for 7 +
seconds.

e Just wait for 10 seconds for fuse to cool.

— Will trip faster with higher current or warmer
temps.

* Designed to run continuously at 0.9 A.



Cortex Thermal
Fuses: Causes robot
to stop moving

4 amp combined draw from
ports 1-5

4 amp combined draw from
ports 6-10

4 amp combined draw from 4
ports on Power Expander

Motor Controller: Max Current: 3
amps at 8.5V



What happens when you floor it?

Fuses you can blow

Motor: 3.6 Amp
— One Motor Stops

Controller: 3 Amp

— One motor stops

Cortex Port: 4 amps
combined with four
other ports. Robot
Stops

1.00 A QFy

Current (Amps) in
Yellow

Ch1 High

Signal in Blue

M40.0ms A

10.00 % 13:33:50
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File Edit View Robot | Window Help
Compile and Download Program F5 [] + N
ile: Save / Fix F
~Contrel Structur Compile Program 7 *
- Advanced = s 4
Battery & Power Compiler Target y Pith.c | Sourcefiled03.c
-Debug
Open Debugger Manually
Display
. Drive Train Debugger Windows »
-File Access Advanced Toals 3
-Math
-Miscellaneous Platform Type VEX 2.0 Cortex
Moters Mators and Sensors Setup VEXIQ bt wait:
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& ROBOTC =
File Edit Wiew | Robot | Window Help
Compile and Download Program F5 [T R
ile Save / Fix Formatting
- ~Control Structur Compile Program F7 *
- Advanced 15 =
Battery & Power Compiler Target ¥ Physical Robot
Deb -
.e g Open Debugger Manually BBl Eulaloy
Display . Virtual Worlds
Drive Train Debugger Windows 3
File Access Advanced Tools 3
- Math
- Miscellaneous Platform Type 4
- Motors Motors and Sensors Setup oo) ; // Rebot waits for
- PID Centrol
Daownload Firmware 3
- Semaphore ard at T power for 3 seconds
- Sensors Test Communication Link otor] = Motor on port
- Sensors 2C 12 motor[leftMotor] = / Motor on port
- Serial Link i3 waitiMsec (3000) ; // Robot runs pr
11 . |
£ ROBOTC
File Edit View Robot | Window | Help
Menu Level » [ |
~Control Structures Select Virtual World to Use . Curriculum Companion
Advanced Open RVW Level Builder Utilty Operation Reset! igram
Battery & Power Control
Ring Tone Converter Utility Palm Island: Training Ground L,
Debug ]
Display Configure Joysticks Ruins of Atlantis ’
Drive Train 4 ;; VEX Nothing But Net L;)
. .
File Access 5 RVW Level Builder 2.7.0 Erat
Math :
7

- Motors

- Miscellaneous

Download more Packages!

- Tl

o - Getting Started

Open RobotC
Select VEX 2.0 Cortex
Platform

— Robot-> Platform ->VEX 2.0
Cortex

Make the robot compile to
Virtual Worlds

— Robot-> Compiler Target ->
Virtual Worlds

Select Virtual World

— Window->Select Virtual
World to Use -> Curriculum

Companion



Configuring the Robot:

Hobe ROBOTC for SuperQues.. AudienceF..  Literacy  TalentE

£ ROBOTC
File Edit Wiew | Robot | Window Help
Compile and Download Program F5 q_ O C u S O n O O rS
?--~Control Structur, # compile Program 7 |I_e
f--Ad\ranced it
+ Battery & Power Compiler Target [ i
b Debng openDebagser Hamusty  Robot -> Motors and Sensors Setup
+- Display
4. Drive Train Debugger Windows 3
-i---F”EACCESS Advanced Tools Ll * SeIeCt the mOtor
;--I'\-’Iath
& Miscelaneou: | Platform Type ' — Currently can only purchase 393 Motors, also modify for internal
- otors Mators and Sensors Setup 00 . .
E::zle?'nca;:tori Drownload Firmware 3 . gearlng (hlgh speedl turbo Speed)
i Sensors Test Communication Link 0_ . .
;..Sensorsﬂc 12 motor:leftl{otz ¢ Namlng Conventlon
— Rules
e Start with a letter
* No spaces, punctuation or reserved words (blue)
— Style
* Describes what it represents
e First letter is lowercase
e — » otherWordsStartWithUppercaseletters

— Forth t
Left Motor: Motor 1 or these motors

e |eftMotor
Claw Motor: Motor 6 e clawMotor
Arm Motor: Motor 7 * armMotor

* rightMotor
Right Motor: Motor 10



Motors and Sensors Setup

3) Use the pull down P -
menus to select the d - S
motor.

1) Select the
‘Motors’ tab.

4) The left motor will need to 1
be reversed so the robot ExS
Brs 18 | VEX Cotexgg does not go in circles.

| Motors and Sensors Setup

| Standard Models | Serial Ports | Motors | PID Settings | VEX 2.0 Analo

PID Contral Drive Mator Side

VEX 353 Notor v O

MName

2) Name the SftMator
motor in the

Type Reversed coder Port

5) Select the side
for drive motors.

portd

: |
desired port. . |
|

|

port5

port & Idaw Maotar

port 7 Iarrn Matar

port 8§ I

port3 I

[
[
[
[
[
[
[
[
[
[

Naming Conventions

Rul 7) Click on
ules
6) Eomplet_e -the setup for Start with a letter Apply EO
the remaining motors. No spaces, punctuation or reserved words (blue) Ml
Style the changes.

Describes what it represents
First letter is lowercase

otherWordsStartWithUppercaseletters

ok ][ cance || ooy |[ He




Code the setup creates
‘pre-processor directives’

VEX Start Page | Moving ForwardSmith.c | SmithFirstProgramRobotc.c

1 #pragma config(Motor, portl, leftMotor, tmotorVex393 HBridge, openloop, reversed, drivelLeft)
2 #pragma config(Motor, portée, clawMotor, tmotorVex3s3 MC29, openloop)

3 #pragma config(Motor, portT, armMotor, tmotorVex383 MC29, openloop)

4 #pragma configiMotor, portlo, rightMotor, tmotorVexr3S3 HEridge, openloop, driveRight)

5 #1111 Code automatically generated by 'ROBOTC' configuration wizard Tieysy

&

7

[N e:]
:]

10



I
g Curriculum Companion

Gettlng ® 3 0V —

q
HOME LOGIN OPTIONS BADGES S0l gisu sl CONTROL SENSING

Sta rted R VEX Squarebot

COnflgu r| ng VEX Squarebot

VEK ClﬂWbUt ll‘:-:lngT: 23 em
VEX Swervebot Width: m

t h e m Oto rs Buggy Bot Front Left Whee e radius

Front Right Wh 8cm radius
Mammal Bot "
for

B + WWh iom rodius
Sauarebot P

Back Right Wheel: 2.8cm radius
Left Motor: Motor 3
Arm Motor: Motor 6
Left Light Sensor: Analog 1
Middle Light Sensor: Analog 2
Right Light Sensor: Analog 3
Gyro Sensor: Analog 4
Arm Potentiometer: Analog 6
Right Shaft Encoder: Digital 1

the motors
Left Shaft Encoder: Digital 3
for now. Touch Sensor: Digital 6

Sonar Sensor: Digital 8

Only
configure

Curriculum Companion for VEX v4.5.0 (C) 2015 Robomatter Inc.




Looking at the Joysticks on the Remote: Physical Robot

Ch1i
Right = 127
Middle =0
Left =-127

Ch4

Right = 127
Middle=0
Left =-127

Ch3
Up =127 Ch2
Middle =0 Up= 127
Down =-127 Middle = 0
Down =-127




Joystick Mapping: Physical Joystick Mapping: Virtual Note: If

you copy-
paste
these into

your

program,
you will
need to
retype in
the “”.

< Chd-> . : . <Chl- Bl
Up- Ch3-Dn«+ Up- Ch2-Dn

//Place before task main()
#pragma debuggerWindows(“joystickSimple”);
#include “JoystickDriver.c”;

//Place inside the loop prior to joystick. Command

EARIIEL] | 127 2 getloystickSettings(joystick);
RT[Ch2 -127... ..127
vexRTICh : oo i i
vexRT[Ch3] -127... 0 ..127
joystick.joyl x2 -127... 0
-127... .12
VexRT[Ch4] ’ 0 ’ joystick.joyl y2 -127... 0 ..127
joystick.joyl y1 -127... 0 ..127
joystick.joyl x1 -127... 0 ..127



Accessing the Value for the Remote Commands

Virtual
Physical //Place before task main()

#pragma debuggerWindows(“joystickSimple”);

vexRT[ChannelNumber] #include “JoystickDriver.c”;

//Place inside the loop prior to ‘joystick.” Command
getloystickSettings(joystick);

joystick.joy# axis#



Example Using the Remote Values to Drive the Motors

Physical Robot Virtual World
task main () : i ; ; "
#pragma debuggerFindows("JjovstickSimple™):;
t #include "JoystickDriver.c"
?hlleitrue] task main()
m&tﬂr[l?ftHDtDI] = vexRT[Ch3]: //Loop Forever
motor[rightMotor] = vexRT[ChZ]: while|trus)
; {
These elxabm:oljstﬁséumetthatlt?teM : //Get the Latest joystick wvaluss
} programmer labeled their motors leftMotor getJoystickSettings (Joystick) :

and rightMotor. _ ) _
motor[leftMotor] = Jjoystick.jovl vl:

motor[rightMotor] = joystick.jovl v2:

Can also send the value directly to the
motor port. ¥
motor[port3] = vexRT[Ch3]; }




Online Time: Configure the motors and code the following

Make sure the motors are
configured:

Physical Robot leftMotor, port 3, reversed Virtual World
rightMotor, port 2

#pragma debuggerFindowvs ("joystickSimple"):
#include "JovystickDriver.c"

tazk main ()
!

task main|)

while | true)
f {
motor[leftMotor] = vexRT[Ch3]: //Laocp Forever
motor[rightMotor] = vexRT[Ch2] : while(true)
{
}
f/Get the Latest joystick wvaluess
getdJoystickSettings (jJoystick) ;
; motor[leftMotor] = joystick.jovl vl:

motor[rightMotor] = joystick.jovl v2;



aal — —————

Driving in the Virtual e i

Compile and Download Program FS [ = S ] -
#- ~Control Structur #¥ Compile Pragram 7 - pen File H avE

[+ Advanced : - = -
O r - Battery & Power Compiler Target y [FirstRemoteProgram.c | 2 Joystick Drive
- Debug - Use the "#include "Joys
- Displ Debugger Commands bl - Call the "getJoystickSe

- Display T T o
e Compile and Download the e e e e
p [+]- File Access Debugger Windows >| Global Variables -

P [- Math Debugger Values in Hexadecimal Local Variables bt

rogram : us e

- Advanced Toals 3 i

Control e . 5 Motors '.tI-Ic
e o atform Type
e Select Virtual World (Utility — 5
y [+ Sensars Motors and Sensors Setup WVEX LCD Remote Screen
. [#- Sensors [2C Download Firmware 4 | Joystick Control - Basic ran
Huge Table is good for
- Sound o7 F——-
Sta rte rS - Strings 38 Call Stack

- Task Centrol 39 # System Parameters "3c
T 40 .ot

- Timing an # Debug Stream Fec

e Open ‘Joystick Control —Basic
‘ Debugger Window’ E— -

Standard Config
 Robot-> Debugger Windows -
> ‘Joystick Control — Basic’

e Refresh List if the remote
does not show up.

7] Audible Feedback

Joystick

[1: Logitech Dual Action v]

1: Logitech Dual Action Paus&ninmm
R




Robot Creeping?




Robot Creeping

Joystick Control - Basic

* Y1 and Y2 values might not
go exactly to ‘0" when you
release the buttons which
can cause your robot to
creep.

Standard Config

e Can correct this in the code.

e Pseudo Code

e |f the joystick reading is close
to 0, say +/- 20

e Give a 0 power value to the

[ Audible Feedback

moter . ) ] : ' Pause Comm
e Else ¥1: -53 POV: -1 X2: -12 | Link
e Give the joystick reading to the Yl 1b Y. @
motor Buttons:

Help




A Little RobotC Math to Help
RobotCFunction [Descripton  oampe

abs() Finds the absolute value of a float x;
number X = abs(5-10);
pow() Calculates a power float x;

x = pow(10,3);
//Calculates and returns 1073

sqrt() Finds the square root of a float x;
number X = sqrt(8);




{

int threshold = 20;

while( Lrus)

i

task main () Using a variable to make threshold P hyS | Ca | :

changes easier

Getting Rid of the Creep

Using the abs command to simplify the condition.
if (vexRT[Ch3] >(-threshold)) && (vexRT[Ch3] < (threshold))

ir(abs (vexRT[Ch3]) < threshold) Would give the same results.

i

motor[leftMotor] = 0 ;
1 Executes this line of code when the above condition is true.
else
{
motor[leftMotor] = (vexBT[Ch3]): Executes the commands in the ‘else’ when the above
3 condition is false.

ifiabs (vexRT[Ch2]) < threshold)
{

motor[rightHMotor] = 0O;
3

slss rightMotor

i

Do the same for the

motor[rightMotor] = (vexRT[Ch2]):
}



#pragma debuggerWindows("JjovstickSimple™):;
#include "JoystickDriver.c":

R

task main ()

{

}

int threshold = 20;

while | trus)

{

¥

getJoystickSetting= (jovstick)
ifiabs (joystick.joyl yl) < threshold)

{

H

motor[leftHMotor]

else

{

H

motor[leftHMotor]

joystick.jovl wyl;

if{abs (joystick.joyl v2) < threshold)

{

H

motor[rightMotor]

elss

{

H

motor[rightMotor]

0

Joystick.joyl w2:

Virtual Getting Rid of the Creep

Add the pragma directive and include
file. If you copy and paste from the
PowerPoint you will need to retype in

the (l”.

Add the
getJoystickSettings(joystick);
command inside the while loop.

Replaced

vexRT(Ch3) with joystick.joyl y1

Replaced

vexRT(Ch2) with joystick.joyl y2



More Control Options

e To fight motors timing out, you can modify the drive code to lower
the power sent to the motors.
e Go half-power

e Create a fancy equation that maps remote input to output. Had some math
wizzes that used a 5" degree polynomial to provide more control when going
slow.

e Can put together a bunch of ‘stepped’ if elses to give different power values
for different ranges of input values.



|||||||||||||||||||||||||||||||||||||||||||

int threshold = 20; jhysical
while | true) \d() (:FEEEEF)
{ ’
if({abs (vexRT[Ch3]) < threshold) —|a|f Power = more Contro|
f
motor[leftMotor] = 0 ;
i
else
f
motor[leftMotor] = (vexRT[Ch3])/2:

}

if{abs (vexRT[ChZ2]) < threshold)

{ Half Power
motor|[rightMotor] = 0;

i

elze

{
motor[rightMotor] = (vexRT[Ch2])/2:

}



il | FUWWIEWEIR A W I e T R e Wl PR A T

| WAl S SRR Wl IR A LSRR Py PRl

#pragma dsbuggerFindowvs("jovstickSimple™);
#include "JoystickDriver.c":

B e e o (G

task main ()

{

int threshold = 20:

while | truues)

i

getJoyztickSetting= (jovstick) ;
if{abs (joystick.joyl yl) < threshold)

{

H

motor[leftHMotor]

2l e

{

if{abs (joystick.joyl y2) < threshold)

{

H

motor[leftHotor]

motor[rightMotor]

el=ze

{

motor[rightMotor]

o :

jovstick.jovl vl / 2:

0:

joystick.jovl v2 [/ 2:

Virtual
No Creep Half Power:

Online Time: Test it on the
Utilities -> Huge Table

Half Power



Buttons

e Learning Objectives

* Be able to use the buttons
to control motors on your
robot.

e Complete challenges that
incorporate buttons.




JOySUCk B UttO NS: P hyS|Ca | Buttons return a value of ‘1’ when pushed and ‘0’ when not

pushed
e S S

Top button on back left vexRT[Btn5U]
5D Bottom button, back left vexRT[Btn5D]
6U Top button, back right vexRT[Btn6U]
6D Bottom button, back right vexRT[Btn6D]
7U Button 7 up vexRT[Btn7U]
7D Button 7 down vexRT[Btn7D]
7R Button 7 right vexRT[Btn7R]
7L Button 7 left vexRT[Btn7L]
8U Button 8 up vexRT[Btn8U]
8D Button 8 down vexRT[Btn8D]
8R Button 8 right vexRT[Btn8R]

8L Button 8 left vexRT[Btn8L]




Using the buttons to control the arm motor

e First we need
to go to
Motors and
Sensors setup
to configure
the arm and
claw motor.

e Clawbot
e Arm: Port 7/
e Claw: Port 6

e Robot ->
Motors and
Sensors setup

| Standard Models | Serial Ports | Motors

Port
part 1

paort 2
port 3
portd
paort 5
portf
paort 7
port &
port 3

port 10

PID Settings | VEX 2.0 Analog

Name Type

| VEX393Motor
[ Mo motor -
[ Mo motor -
[ MNomotor ]
[ MNomotor ]

clawMotor | VEX393Motor  w |

(armMatar [ VEX 3593 Mator - ]
[ MNomotor |
[ MNomotor )

|right Motor | VEX393Motor |

1) Name and set the claw and arm
motors.

2) Reverse the Arm Motor for Virtual
Clawbot. Might need to reverse for
physical robot also.

0 [N v [ [ Nee v
| Nome | | | MNome |
[ Nore | O | MNore |

3) Click Apply and OK when

finished.




Looking at Arm Control using buttons: Pseudo-Code

e If button 6U is pushed

* raise the arm (Send a signal of 12

e Else if button 6D is pushed
e Lower the arm (Send a signal of -127)

e Else
e Stop the arm (Send a signal of 0)



Looking at the Arm: Pseudo-Code to Code

e If button 6U is pushed

* raise the arm (Send a signal of 127)

e Else if button 6D is pushed
e Lower the arm (Send a signal of -127)

e Else
e Stop the arm (Send a signal of 0)

Style Note: Indent between the {} to

make the code easier to read.



Virtual World Buttons

joy1Btn(6) = | B/ -. joy1Btn(5)

joylBtn(10)

Joletn(l) Joletn(8)
joy1Btn(9)

joylBtn(4)

joyl TopHat
7 0 1
6 -1 2

joylBtn(3
joy (3) S

joylBtn(2)
joylBtn(11)

joy1Btn(12)



J OySt | C k B u tto n S Buttons return a value of ‘1’ when pushed and ‘0’ when not pushed, except the TopHat.
Virtual World Button | Description _______|Bxample

1 Left joylBtn(1)
2 Bottom joylBtn(2)
3 Right joylBtn(3)
4 Top joy1Btn(4)
5 Back, top left joylBtn(5)
6 Back, top right joy1Btn(6)
7 Back, bottom left joylBtn(7)
8 Back, bottom right joy1Btn(8)
9 Small button, top left joy1lBtn(9)
10 Small button, top right joy1Btn(10)
11 Left joystick button joylBtn(11)
Right joystick button joylBtn(12)
joyl_TopHat Returns values -1 (Not pushed) or 0, joystick.joyl TopHat
701 1, ... 7 depending on which part is
6 -1 2 pushed.

5 4 3



Back to the Arm Movement Pseudo-Code but
for Virtual Remote

e If button 6 is pushed
 raise the arm (Send a signal of 1

e Else if button 8 is pushed
e Lower the arm (Send a signal of -127)

e Else
e Stop the arm (Send a signal of 0)



Arm Pseudo-Code to Code: Virtual World

e If button 6 is pushed if(joylBtn (&) == 1)

* raise the arm (Send a signal of 127)
motor[armMotor] = 127;

e Else if button 8 is pushed

 Lower the arm (Send a signal of -127) :else if{joylBtn(8) —= 1}

e Else .
e Stop the arm (Send a signal of 0) motor[armMotor] = -127;

elses

|
(.
e

motor[armMotor]



int threshold = 20;

Where does this el

getJoystickSettings (joystick)
ifiab= (joystick.joyl w1} < threshold)

code go?

}
el=e

i
motor[leftMotor] = joystick.jowvl wl So2:
H

if(abs (joystick.joyl y2) < threshold)

Since you want the I
ro bot to CO ntinually : motor[rightMotor] = Jjoystick.joyl w2 / 2;

SSAarm Control

ChECk for the bUttonS if(joylBtn(6) == 1) //If button & is pressed...

{

b ° d . motor[armMotoxr] = 127; S ...raise the arm.
H

elng presse 4 It elae ifijoylBtn(8) == 1) J/Else, if button & i=s pressed...

L] L] {

d d h tor[armMotor] = -127; S0l th .

nee S tO go InSI e t e }mo or[a otor owWer & arm

h . | | elszs S/El=e (neither button i= pressed)...
{
W I e(true) Oop' motor[armMotoxr] = O; fSf...2top the arm.

H

}
}



//Claw Control

C‘aW MOtOr (For if(joylBtn(3) == 1)

i

motor[clawMotor] = 127: Virtual
clawbot) }

elzse 1f(JoylBtn(7) == 1)
{
motor[clawMotor] = -127;
}
e Pseudo Code stse
e |f the baCk, tOp, left button motor[clawHMotor] = 0;
is pushed :
* Close the claw (127) iffi’f’ DP?;EE;T Eia‘ij

e Else if the back-bottom-left {

button iS pushed } motor[clawMotor] = 127;
e Open the claw (-127) else if(vexRT[BtnSD] == 1)
{
* Else motor[clawHotor] = -127;
e Leave the claw (0) }1
el=ze

{

motor[clawHMotor] = 0;
¥
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