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What I1s Feedback Control?




Definition

Optimizing a system’s performance by
feeding Its output back into its input
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Motivation

» Wider bandwidth

» Less Interference

» More stability

» SO0 much morell
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What are applications for YOU?




Applications for YOU

» Better treasure detection

» Improved line/wall sensors
» Faster robots

» SO0 much morell




THEORY
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Non-inverting Op-amp

What’s the equation for Vout?




Application of Theory

u = Vin
Y = Vout
A(s) = A,

B R1
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Low-pass Filter
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Filter with Feedback
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Feedback Consequences
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Feedback trades lower gain for higher bandwidth!



Theory Review
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Error Correction by feeding output back to input

Applications for bandwidth, interference, and stability

Can be used as a circuit analysis tool

Trades lower gain for higher frequency range
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Line Following




How Do Line Sensors Work?




Line Sensor Hardware

/ Transmit (IR LED)

Receive (IR Detector)

Phato Photo
Diode IRLED Dicde IR LED

)\ -

High Value of reflectance/voltage  Low Value of reflectance/voltage
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Digital Output




Servo Correction

(0) (0] (1] (0] (0] | [0) |

Left Servo Speed : 50 Left Servo Speed :?
Right Servo Speed : 50 Right Servo Speed : ?
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Digital Output

18 mm

(0) (o) (1) (1] (0]

Left Servo Speed : 50
Right Servo Speed : 50

Left Servo Speed : 50 - error
Right Servo Speed : 50 + error

http://www.i



PID Algorithm




Definition

A robust closed-loop control
algorithm particularly well-suited
for rapid prototyping robotics
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Block Diagram

DISTURBANCES
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IR SENSOR

Set-point: Distance from line we want

Controller Output: Motor speed we want
Process Variable: Distance from line we get




Transfer Function
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PID Algorithm

» Proportional: Difference between set-point an
measured process variable (error)

» Integral: Sum of errors over time

» Derivative: Rate of change of error over time




Fundamental Block Diagram
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Proportional Pseudocode

int error = 0; f/ Value given to servo if off line
int Ep = X; // Tuned coefficient for Proportional term

vold ComputeError ()

{

if(leftSensorOnline && rightSensorCffline)

i

§ error = ¥Y; // Turn to the left

1

motorSpeed = Ep%*error + originalspeed; /) Sets new motor speed
}

u(t) = K,e(t)




Why 1sn’t Proportional
Enough?




Why Isn’t Proportional enough?

1.4

» High Steady State Error
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Pl Pseudocode

int error = 0; // Value given to servo if off line
int Ep = X; // Tuned coefficient for Proportional term

int Ki = ¥X; // Tuned coefficient for Integral term

int errorSum = 0; f// Sum of errors for Integral term
long currentTime; // Current time used for Integral Term
long lastTime; f/ Last time used for Integral Term

vold ComputeError ()
{

currentTime = millis(); // returns current time
timeChange = currentTime - lastTime; // returns change in time
if{leftSensorOnline && rightSensorOffline)

{
error = ¥Y; f/ Turn to the left

errorSum = errorSum + errorv*timeChange;
motorSpeed = Ep¥error + Ei*errorSum + originalSpeed;

lastTime = currentTime: /) Sets time wvariakle for next iteration




Why 1sn’t Pl Enough?
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Why isn’t Pl enough?

» High Percentage Overshoot

u(t) = Kye(t) + K; ./; t e(t)dr
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PID Pseudocode

int Ep = X; // Tuned coefficient for Proportiomal term
int error = 0; // Error wvalue given to servo if off line

int Ki = ¥X; // Tuned coefficient for Integral term

int errorSum = 0; f/ Sum of all errors

long currentTime: // Shows current time of error computation
long lastTime; // Shows time of last error computation

int Ed = X; // Tuned coefficient for Derivative term
int lastError; // Error from last iteration
int errorDiff = 0: /) Rate of change of errors over time

vold ComputeError ()

{
currentTime = millis{}); // returns current time
timeChange = currentTime - lastTime; /) returns change in time

1if{leftSensorOnlLine && rightSensorOffline)

{
error = ¥; // Turn to the left

errorSum = errorSum + errorvtimeChange;
errorDiff = (error - lastError) /ftimeChange:

motorSpeed = Ep¥*error + EHiverrorSum + Ed¥errorDiff + originalSpeed:

lastTime = currentTime; // Sets time wvariable for next iteration
lastError = error;




Effects on Transfer Function

Step Response
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Finding Coefficients

» Set all coefficients to zero

» Increase Kp until system oscillates

» Increase Ki until steady state error corrected

. & % B

» Increase Kd until overshoot decreased

deft)
dt

u(t) = Kpe(t) + K; j; | e(r) dr + K4







Feedback Control
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Analog Application

u = Vin
Y = Vout
A(s) = A,

B R1
() = R, + Ry

Vout _ A(s)
Vin 1+ A(s)B(s) ‘
Av (Rl + Rf)

~ (Ry +Rf +A,Ry)




Software Application
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Implementation of PID

» Kp term adds large settling time and steady-state error
» Ki term adds large percentage overshoot

» Kd term adds dampening term, can cause oscillation
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Finding Coefficients

» Set all coefficients to zero

» Increase Kp until system oscillates

» Increase Ki until steady state error corrected

. & % B

» Increase Kd until overshoot decreased

deft)
dt

u(t) = Kpe(t) + K; j; | e(r) dr + K4




HAPPY ROBOT



Extra Slides




Problem Statement

Single Threshold




Jitter

Upper Threshold
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Schmitt Trigger

Vref - IVV\,
R1 § Vss
R3 A v
AAA +
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( GND
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Vupper = Voltage that needs to be crossed to register a digital low
Vlower = Voltage that needs to be crossed to register a digital high

Vout

Upper Threshald

- 0




Vref

Operation 1

Vour = 5Volts

R1 R2 v = Rz
) A “ Ry + (R1]IR3)
Vref - AN ~ R3
Va = Vupper
R g Vss
R3 A v+ =3
MW +
% |LF353 Opamp Vout
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Vin Vour = 0Volts
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Example of Operation

Single Threshold

If resistors all set to 10 KilaOhms

R;
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Vuvver = g5 ryive) Viewer = & X (kalirzy ~ 19V
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