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MEETING AGENDA 

  Closed-Loop PI Motor Speed Control 

 

1. Youtube slow motion demo 

2. Why Closed-Loop Speed Control? 

3. Test Setup – 6 inch wheel with Hall Effect Sensor 

for Speed Measurement (6 pulses/revolution) 

4. VEX Cortex wiring for speed sensor/motor  

5. VEX Cortex EasyC controller configuration 

6. VEX Cortex EasyC PWM information 

7. Using Cortex program to establish RPM 

setpoints vs PWM open-loop command 

8. PWM vs RPM curve (~75 rpm/PWM count) 

9. EasyC Motor speed control with Joystick 

10.Cherry Hall Effect Sensor details – Jameco 

2013 WORKSHOP 2 
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  Closed-Loop PI Motor Speed Control 

 

11.Speed Sensor uses Optical Shaft Encoder input 

12.Determination of RPM – Engineering Unit Cancellation 

13.Cortex V4 Easy-C software implementation of 

RPM Determination (1 second Loop) 

14.Closed-Loop Correction Mathematics 

15.Closed-Loop Correction = PropCorr + IntCorr 

16.Bench Test Case Results – Terminal & Graphic 

output 





Why Closed-Loop Speed Control? 

• If you want to shoot 3 balls in succession, the shooting device will 

slow down after shooting each ball because it is transferring 

energy from it’s rotating member to the stationary ball. 

• Closed-Loop Speed Control can very quickly detect the change 

in speed (0.1 seconds) and compensate by commanding the 

motor to increase speed to maintain the speed setpoint. 
 

Wait 5 seconds to get to steady 2500 rpm, Shoot ball,  

Repeat two more times – total time (15 seconds) 

Without Closed-Loop Speed Control (Open-Loop) 

With Closed-Loop Speed Control 

Wait 3 seconds to get to steady 2500 rpm, Shoot ball,  

Repeat two more times – total time (9 seconds) 



CIM Motor max rpm 5310 +/- 10% 

Andy Mark 6 inch FIRST wheel (0.5 lb) 



6 inch wheel (0.5 lb) 

Andy Mark Hub ($10) mounts directly to 

8 mm CIM output shaft w/2mm key 



The Cherry Hall Effect Sensor 

is positioned in proximity to 

the 6 – steel bolt heads 

Minimize the air gap between 

the hall effect speed sensor 

and the steel bolt heads in order 

to provide a good signal to the 

Cortex controller 



Cherry Gear Tooth Speed Sensor  

6 inch wheel (0.5 lb) 



Motor 2 output (missing) and Encoder 2 input are used 



Controller Configuration – where digital inputs/outputs can  be selected 



EasyC On-Line Control 

How can we see if 

Encoder is working? 

How can we see if 

Motor’s are wired 

up and determine 

Direction if  positive or 

Negative? 

How can we see if 

Analog potentiometer 

Is working/ 



PWM
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Each Motor 2 PWM unit produces about 75 rpm 

Motor 2 PWM of 35 produces about 2500 rpm 

Motor 2 Output PWM 
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y = 73.468x – 66.198 

37 ~ 2650 rpm 

35 ~ 2500 rpm 

33 ~ 2350 rpm 

y = mx + b 

m = 73.468 

b = -66.198 





EasyC V4 

for Cortex  

- Program 

allows 

manual 

speed 

control of 

Motor 2 

using 

Joystick 

This logic modifies the Motor2_Setpoint_PWM Cortex variable 



EasyC V4 for Cortex  - Program allows manual 

speed control of Motor 2 using Joystick 

This program change outputs the Motor2_Setpoint_PWM variable 





Use 1 kiloohm 

resistor for 5V 

systems like the 

Cortex V4 

A resistor must be added between the brown and black wire in order 

For the Cortex system to read the hall effect sensor signals 



We will be using the EasyC commands for the optical shaft 

encoder to read the Digital Hall Effect Speed Sensor (Trick!) 





EasyC V4 for Cortex  - Use the encoder 

functions to count digital Hall Effect Sensor 

pulses for calculating RPM 



Digital Hall Speed Sensor conversion to RPM

1200 rev X 6 pulses X 1 min = 120 pulses

1 min 1 rev 60 sec second

The number of pulses counted in one second

multiplied by 10 equals the RPM

The EasyC program counts pulses ten times per

second (100 milliseconds) to calculate RPM

The EasyC program counts pulses four times per

second (250 milliseconds) to calculate RPM

The number of pulses counted in 250 msec

multiplied by (10 * 4) equals the RPM



EasyC V4 

for Cortex  

- Use the 

encoder 

functions 

to count 

digital Hall 

Effect 

Sensor 

pulses for 

calculating 

RPM 

100 = 100 milliseconds = 0.1 seconds 

RPM = #pulses in 1 second * 10 

Loop executes 10 times 



Motor2_Setpoint_PWM = 35(40)

Measured rpm (2555) - Setpoint rpm (2500) = Error rpm (55)

Closed-Loop (Prop)ortional (Corr)ection = -[Integer (55/32)] = -[1]

Closed-Loop (Int)egral (Corr)ection = -[1]

Closed-Loop (Corr)ection (-2) = Closed-Loop PropCorr + Closed-Loop IntCorr

Motor2_Output_PWM (33) = Motor2_Setpoint_PWM (35) + Closed_Loop Corr (-2)

The PWM output command has been reduced from 35 to 33 due to reduce speed

Integer 



Closed-Loop Correction Calculation
32

Low High Low High divide by 32

Measured Measured Error Error Closed-Loop Closed-Loop Closed-Loop

RPM RPM RPM RPM Prop Corr Integral Corr Correction

2500 2531 0 31 0 -1 -1

2532 2563 32 63 -1 -1 -2

2564 2595 64 95 -2 -1 -3

2596 2627 96 127 -3 -1 -4

2628 2659 128 159 -4 -1 -5

2660 2691 160 191 -5 -1 -6

2692 2723 192 223 -6 -1 -7

2724 2755 224 255 -7 -1 -8

2756 2787 256 287 -8 -1 -9

2788 2819 288 319 -8 -1 -9

2820 2851 320 351 -8 -1 -9

2852 2883 352 383 -8 -1 -9

2884 2915 384 415 -8 -1 -9

Since the Measured RPM is higher than the Setpoint RPM, 2500

the PWM command sent to Motor 2 must be reduced

Setpoint RPM = 2500

2500 +/- 10%  

Integer 



2500 +/- 10%  

Integer 





The Motor2_Output_PWM  controls the Motor2 Speed  

The Motor2_Output_PWM  is made equal to the Motor2_Setpoint_PWM 

(which is nominally 35 to provide around 2500 rpm) and the  

Motor2_CloseLoopCorr which is equal to the PropCorr and IntCorr 

35 Plus/minus 9 

26 to 44 

If button pressed 

If button not pressed 

8 = very slow wheel speed 



2540 – 2500  = 40 

Error rpm = 40 not 90, why? 

Motor2_Output_PWM should be 

35+3 = 38 … that’s ok 

Measured rpm > Setpoint rpm

low high

rpm rpm

Error Error PropCorr IntCorr

0 31 0 -1

32 63 -1 -1

64 95 -2 -1

96 127 -3 -1

128 159 -4 -1

160 191 -5 -1

192 223 -6 -1

224 255 -7 -1

256 287 -8 -1

288 319 -8 -1

320 351 -8 -1

Is the Graphic Display update  

slow and asynchronous? 



The Terminal display also shows that 

The Motor2_Avg_rpm and the Motor2_Error_rpm 

are not as expected  … either a calculation issue 

or a terminal update issue…stay tuned 



Measured rpm > Setpoint rpm 2500

low high low high

rpm rpm rpm rpm

Measured Measured Error Error PropCorr IntCorr

2500 2531 0 31 0 -1

2532 2563 32 63 -1 -1

2564 2595 64 95 -2 -1

2596 2627 96 127 -3 -1

2628 2659 128 159 -4 -1

2660 2691 160 191 -5 -1

2692 2723 192 223 -6 -1

2724 2755 224 255 -7 -1

2756 2787 256 287 -8 -1

2788 2819 288 319 -8 -1

2820 2851 320 351 -8 -1

Not going over 2500 rpm – needs more PWM – 12V battery weak? 

RPM issue fixed by moving calculation update 

after the print statements 

Motor2_Setpoint RPM = 35, soon to be 40 

Screen Shots of Closed-Loop System Output 



Measured rpm > Setpoint rpm 2500

low high low high

rpm rpm rpm rpm

Measured Measured Error Error PropCorr IntCorr

2500 2485 0 -15 0 1

2484 2469 -16 -31 1 1

2468 2453 -32 -47 2 1

2452 2437 -48 -63 3 1

2436 2421 -64 -79 4 1

2420 2405 -80 -95 5 1

2404 2389 -96 -111 6 1

2388 2373 -112 -127 7 1

2372 2357 -128 -143 8 1

2356 2341 -144 -159 9 1

2340 2325 -160 -175 10 1

2324 2309 -176 -191 11 1

2308 2293 -192 -207 12 1

2292 2277 -208 -223 13 1

2276 2261 -224 -239 14 1

2260 2245 -240 -255 15 1

2244 2229 -256 -271 16 1

Divide by 16 instead of 32 because speed was not going over 2500 rpm 

Motor2_Setpoint RPM = 35 



Motor2_Setpoint RPM = 40  

Motor2_Setpoint RPM(40) + Motor2_ClosedLoopCorr(2 or 4) = 44??  

Motor2_Output_PWM graphic display screen updating is slow and 

may lead to arriving at  a false conclusion…. Be careful! 

Screen Shots of Closed-Loop System Output 



Motor2_Output_PWM screen updating is slow and may lead 

someone in arriving at  a false conclusion…. Be careful! 

Screen Shots of Closed-Loop System Output 


