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Motors

DC Motors: Direct current motor, easy to
control and use. For making wheeled robots

Servo motors for making robot legs
http://www.lynxmotion.com/
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Small Direct Current D.C. Motors

» Speed (/~1200-2000 rpm).
» Operates on a 3~5Volt, Can use gear box (e.g. ratio
58:1) to increase torque

» Use H-bridge circuit to boost up current from the TLL
level to motor driving level.
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https://item.taobao.com/item.htm?spm=a230r.1.14.59.33d0b9eMNhnV4&id=16111251935

Motor

LEN

T T AENTR) /

Control Chip

—. 2014)

[~
) ]

LDIR Left-motor
_10(3A)

REN O_ayj11 ,|> 1. Right-motor

RDIR

a_gmr' q

. @v)14 D

5/34

H-bridge Chips
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L293D: H-bridge circuit, up 2A
LDIR: left motor direction
RDIR: right motor direction
LEN: left motor enable

REN: right motor enable
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Overview

Open-loop and Closed-loop Control
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Open-loop Motor Control and its Problems

Change motor supply power change speed

Problem: How much power is right?

Ans: don’t know , depends on internal/external frictions of individual motors.

Problem: How to control power (Ton) by MCU?

» Solution: Use feedback control to read actual wheel:
» Slower, increase power (+ Ton)

» Faster, reduce power (- Ton)
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PWM Signal
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Pulse Width Modulation

Analog results with digital means

a square signal switched between on and off
changing the portion the signal on

Pulse Width Modulation
0% Duty Cycle - analogWrite(0)

25% Duty Cycle - analogWrite(64)

50% Duty Cycle - analogWrite(127)

75% Duty Cycle - analogWrite(191)

100% Duty Cycle - analogWrite(255)
. f . .

| |
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Exercise

When using the open-loop control method with a constant PWM signal for both wheels,
explain why the robot would slow down when climbing up hill.
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LPC2138 PWM Configuration

» Supports single edge controlled and/or double edge controlled PWM outputs.

» Seven match registers allow up to 6 single edge controlled or 3 double edge controlled
PWM outputs, or a mix of both types.

Table 181. Set and reset inputs for PWM Flip-Flops
PWM Channel Single Edge PWM (PWMSELn =0) Double Edge PWM (PWMSELn = 1)

Set by Reset by Set by Reset by
1 Match 0 Match 1 Match 0L Match 101
2 Match 0 Match 2 Match 1 Match 2
3 Match 0 Match 3 Match 2121 Match 312
4 Match 0 Match 4 Match 3 Match 4
5 Match 0 Match 5 Match 4121 Match 512
6 Match 0 Match 6 Match 5 Match 6

[1] Identical to single edge mode in this case since Match 0 is the neighboring match register. Essentially,
PWM1 cannot be a double edged output.

[2] Itis generally not advantageous to use PWM channels 3 and 5 for double edge PWM outputs because it
would reduce the number of double edge PWM outputs that are possible. Using PWM 2, PWM4, and
PWM6 for double edge PWM outputs provides the most pairings.
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Exercise
What's the values of MRO, MR1, MR2, MR3, MR4, MR5?

27 41 53 65 78 100
(counter is reset)

The waveforms below show a single PWM cycle and demonstrate PWM outputs under the
following conditions:

The timer is configured for PWM mode.

Match 0 is configured to reset the timer/counter when a match event occurs.
All PWM related Match registers are configured for toggle on match.
Control bits PWMSEL2 and PWMSEL4 are set.
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Feedback Control

» The real solution to real speed control is feedback control
» Require speed encoder to read back the real speed of the wheel at real time.
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First you need to have speed encoders

v

Read wheel speed.

v

Use photo interrupter

v

Use reflective disk to save space

v

Based on interrupts
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Wheel Encoder

» Our motor and speed encoder
» Each wheel rotation = 88 on/off changes

IR receiver Darkened
/ part
blocks light

receiver IR light source
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New Speed

https://youtu.be/7gf_ypIGn_0
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https://youtu.be/7qf_ypIGn_0

Overview

Control Methods
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Proportional Feedback Control

Closed-loop feed back control

if (leftErr >deadband)
. leftPWM increase by (Pgain * leftErr)

Required speed ﬂJUL

=leftRPMset OHET | [Atter PWM
+ for driver
L293

Note: Show the left motor control only
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PID Control

» PID: Proportional-Integral-Derivative
» A more formal and precise method used in most modern machines

History of PID

» By Nicolas Minorsky in 1922
» Observations of a helmsman

» Steered the ship based on

» the current course error
» past error
» the current rate of change
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Introduction of PID

» Control for better performance
» Use PID, choose whatever response you want

Too much overshoot/undershoot, not stable
Motor speed (w)

- Good performance
Criteria depends
on users and
applications

required

Response too slow

time

L;‘sﬂfm’—%@g
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Values to evaluate a control system

Describe the terms n the following diagrams:

Steady
hoot state
overshoo .
Target /:\ | D ;
value ; , \.—/ .................. : T
i Typically
undershoot i value=10%
5 Depends
i on application
Rlsetlme __________________________________ S é_t-tling — e
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PID Control

de(1)
dt

u(t) = Kpe(t) + K; /Ote(t)dt + Ky

where
> ¢(1): error value
> u(t): control variable
» K, coefficient for the proportional (P)
» K;: coefficient for the integral (l)
» K. coefficient for the derivative (D)

20/34
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PID Control (cont.)

Plant /
Process

y(t) >
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PID — Control Terms Are Intertwined

Proportional Gain K,

Larger K, typically means faster response since the larger the error, the larger the
Proportional term compensation. An excessively large proportional gain will lead to process
instability and oscillation.

Integral Gain K;

Larger K; implies steady state errors are eliminated quicker. The trade-off is larger
overshoot: any negative error integrated during transient response must be integrated away
by positive error before we reach steady state.

Derivative Gain K,

Larger K; decreases overshoot, but slows down transient response and may lead to
instability due to signal noise amplification in the differentiation of the error.
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Parameters for Evaluating a Control System

overshoot

near steady state
See next slide

Steady

\ state

error

Target :
value i \\l/ \.—/ .................
5 : Typically
: undershoot i value=10%
Depends
on application
0 Rise time Settling time time
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Effects of Increasing Parameters
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Kp (Pgain)

Ki (Igain)

Decrease

Increase

Small Decrease

Change

Increase

Kd (Dgain)

Small
Change

Increase

Decrease




Overview

Software
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Overview
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https://youtu.be/Lym2UxUh81Q

int main(void)
{

+— 23 lines:

tmpjp = I0OQPIN & JUMPER; // check function selection jumper

if(tmpjp==0) { // if jumper is set then print X, Y value

+— 15 lines:

else { // else run self balancing demo
init_timer(); // Init TIMER @

+— 34 lines:
while(1) {
}

}
}

void __irq IRQ_Exception()

+— 62 lines:
}

/* Setup the Timer Counter @ Interrupt x/
void init_timer (void) {

TOPR = 0;

TOMRO = 27648;

TOMCR = 3;

TOTCR = 1;

VICVectAddr@ = (unsigned long)IRQ_Exception;
VICVectCntl0 = 0x20 | 4;

VICIntEnable = 0x00000010;

// set prescaler to @

// set interrupt interval to 1mS

// Pclk/500Hz = (11059200 x 5)/(4 x 1000)
// Interrupt and Reset on MRO

// Timer@ Enable

// set interrupt vector in @

// use it for Timer @ Interrupt

// Enable Timer@ Interrupt


https://youtu.be/Lym2UxUh81Q

Algorithm for PID Core

void __irq IRQ_Exception()

Zate!
tmpl = read_sensor(9);
if (tmpl>=(MIDL+50)) {
deltal = (tmpl - (MIDL+50))/2¢
diffl = deltal-lastl;
if(diffl<maxdiff) {

lastl = deltal;

leftPWM = leftPWM - (Pxdeltal - Ixaccul + Dxdiffl);
if (leftPWM<MINOUTPUT) leftPWM = MINOUTPUT;
if(accul<maxaccu) accul += deltal/200;
PWMMR2=1e ftPWM;

PWMLER = 0x44;

¥

Pay attention to the following variables:
» P, 1, D: to tuned
» PWMMR2, PWMLER

26/34

//

//
//
//
//
//
//
//
//
//
7/

read X-axis value

if X-axis value >= setpoint plus 50

calculate the error and normalize it

caculate the different between current and last error
ignore if the error different > max. difference

this prevent the noise due to undesired movement of accelerometer
save error as the last error

update the left PWM value by PID

limit the PWM value to its minimum

ensure the integral not exceed the maximum

set the left PWM output

enable match 2,6 latch to effective

Plant /
Process

J



Dead Band

if (tmpl>=(MIDL+50)) {
deltal = (tmpl — (MIDL+50))/200;

Dead-band

A Dead-band (sometimes called a neutral zone) is an area of a signal range or band where
no action occurs.

Dead-band
» Only enable motor when tmpl > a small value (deadband, ie = 50)

» Otherwise may oscillate when tmpl is small /\ /_\
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PID Tuning

Usually done by trail and error
1. Tune (adjust manually)
> stepl: K,
> step2: K,
» mstep3: K;
2. Record the angle by the computer to see if the performance is ok or not

» Yes, then done.
> If no, go to first step again

Accepted

/performance

+1 fime

o
o
.
.

unstable
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Summary

» Studies PID control theory
» PID implementation
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Feedback
ontrollers

Written by: Dante Shepherd

LET'S TALK ABOUT
CONTROL PARAMETERS!

d

AFTER YOUR CONTROLLED VARIABLE

HAS BEEN MEASURED AND COMPARED

AGAINST THE SETPOINT VALUE (BOTH
CONVERTED TO PROPER UNITS, OF

VARIABLE YOU ARE TRVING
TO MAINTAIN AT A CERTAIN VALLE -
LIKELY SOME SETPOINT THAT YOU
WOULD INPUT INTO YO

“YOU WILL HAVE AN ERROR-
A VALUE REFLECTING HOW FAR OFF
VOUR SYSTEM IS OPERATING FROM

DESIRED LEVELS."

4
g
3
®
§
z
g
%

IT'S THIS ERROR THAT
VOUR CONTROLLER WILL BE
ACTING LPON/

produced through a North

Artby: Mary]. Lai

Northeastern

(@gmail.com

s Landherr

the comic

Source: http://survivingtheworld.net/ScienceComic3.html

YOU CAN LSE TO PROVIDE CONTROI

V2T oz
K. o T,

PROPORTIONAL
CONTROL PARAMETER

IN A FEEDBACK CONTROLLER, YOU HAVE THREE POTENTIAL PARAMETERS ’

DERIVATIVE
CONTROL PARAMETER

&N W /

\/ PzprK (elor+ f'\—;S: elOder T'Dde%)

*YOU CAN DIRECTLY ASSIGN EACH OF THESE VALuES 0 HELP VOHR SYSTEM TAKE ACTION
ON THE ERROR, E, AND PRODUCE A CORRECTIVE i€ PROCESS SIGNAL, P, THAT
HELPS CONTROL THE OVEM.L SVSTEM

EACH PARAMEYER Armg THE ERROR SIGNAL

VTS WM TS IMPORTANT 70 REMEMGER
WHAT EACH WILL PO AND HOW.

*TO HELP YOU REMEMBER,
THINK OF THESE PARAMETERS
£S A BOYER.."

Northeastern

J


http://survivingtheworld.net/ScienceComic3.html

32/34

Time.
e ———
"PROPORTIONAL CONTROL (X0 SERVES O PROVDE IMMEPIATE CORRECTIE ACTION - | |
ONCE THE CORRECTIVE VARIABLE 1S MEASURED, PROPORTIONAL CONTROL
Acts 10 REDUCE ERROR!

*THE SI2E OF THE PROPORTIONAL CONTROL

*50 IF WE HAVE OUR PROPORTIONAL BOXER,
AND THE BOXER WAS A LOW K VALLEE...

T
Spowed Tk z
IV
N
El

“..HE WILL ONLY GIVE A SMALL PUNCH
10 C¢ THE ERROR”"

“THE LARGER THE PARAMETER VALLEE,
THE LARGER THE ACTION IT CAN TAKE/"

)

5
t]
S
£

O CORRECT

"A BOXER WITH A HIGH KC VALUE WILL | nunx oF It A5 1 0KER LANDING T ONE mATOR
STRIKE AS HARD AS HE CANII" PUNCH, THEN RESTING UNTIL A NEW SIGNAL COMES IN.

Northeastern

Source: http://survivingtheworld.net/ScienceComic3.html

THIS IS WHY, WHEN DEALING WITH PROPORTIONAL-ONLY
CONTROL, OFFSET DEVELOPS IN OUR CONTROLLED
VARIABLE AND OUR CORRECTIVE RESPONSE.

“INTEGRAL CONTROL, ON THE.
OTHER HAND, PROVIDES CORRECT
ACTION FOR PERSISTENT ERROR"

“BECAUSE INTEGRAL CONTROL 1S BASED ON THE
DURATION OF THE ERROR..."

*.TUE LONGER THAT THE CONTROLLED VARIABLE 'S . o £
AWAY FROM THE TARGET SETPOINT VALLE, THE MORE g
FORCEFUL THE CORRECTIVE ACTION WILL B€.* THE SIZE OF THE PUNCHES PROMDED AW/ BE
BEGINNING.." €

\‘*’N— .

A
N
"BUT THEY'LL GROW IN IMPACT AS THE
DURATION OF THE ERROR CONTINUES!

Northeastern
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http://survivingtheworld.net/ScienceComic3.html
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50, CHANGING THE STRENGTH OF THE
INTEGRAL CONTROL CAN AFFECT BOTH THE
STRENGTH AND SPEED OF THE

CORRECTIVE RESPONSE.

n

plO-prie Q,,(ey@ﬁ@u +Tp A%f:)

*IT CAN BE A LITTLE COUNTER-INTUITIVE, THOUGH,
ONTROL. BECALSE THE T: PARAMETER IS IN THE.

ABOUT HOW TO FINE TUNE
INTEGRAL C DENOMINATOR,
INCREASING T: ACTUALLY REDUCES THE INTEGRAL CONTROL CONTRBLTION.

REDUCING T IS NECESSARY TO
REDUCE THE OFFSET AND IMPROVE
TUAE WITH INTEGRAL CONTROL.

"DECREASING IT TOO MUCH, HOWEVER, CAN LEAD TO OSCILLATIONS AND
CORRECTIVE OVERSHOOTS, SO PROPER BALANCE 1S NEEDED."

> Ts vilve

L\

TmeO\ /

Northeastern

PossiBLe
Respomses

2
=
g

<

room/course, please contact Dr. Luca

if you would like to use the comic fo

Source: http://survivingtheworld.net/ScienceComic3.html

"AT THIS POINT, WE HAVE MEANS OF CONTROLLING THE SIZE OF THE INITIAL
CORRECTIVE RESPONSE TIME AND OFFSET FOR PROLONGED ERROR."

~ "AFTER ALL, A DEVIATION OF 3'MAY NOT MEAN
THE ONE ELEMENT OF POTENTIAL MUCH IF IT OCCURS OVER AN HOLR, BUT IF IT
ERROR REMAINING S I DEVIATIONS IN OCCURS OVER A FW MNUTRS?
THE CONTROLLED VARIABLE OCCUR SUDDENLY
AND NEED MORE CORRECTIVE ACTION -

>
FASTER THAN

ACTION THAT I
| (cAN 8E PROVIDED BY INTEGRAL cormzoul

"YOU'LL PROBABLY HOPE YOUR POWER PLANT
HAS SOME 600D PROCESS CONTROL AT WORK!

WHICH LEADS LS TO
O FYAL PAAnETER, *DERVATIVE CONTROL SERVES TO DETECT
THE RATE TWAT ERROR DEVEL
PERWATIVE CONTROL. (HENCE, DERIATIVE), AND THEN
PROVIDES CORRECTIVE
ACTION N RESPONSE:*

Northeastern

J


http://survivingtheworld.net/ScienceComic3.html
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*THE FASTER THAT THE ERROR CHANGES, THE GREATER THE
CONTRIBUTION TO CORRECTIVE ACTION FROM T/

MAGNIFIED BY T, AND LEAD TO
FURTHER OSCILLATIONS IN YOUR SIGNAL!*

\Vuwv‘b o

Time

* 50, INCREASING T+ DOES HELP TO
‘OR OSCILLATIONS...

o Northeastern

“| 8UT LTLIZING 1T IN SYSTEMS PRONE TO FLUCTUATIONS

for your classroom/course, please contact Dr. Lucas Landherr at sciencetheworld@gmail.com

o

MIGHT ONLY MAKE YOUR OVERALL CONTROL WORSE!"

e

if you would like to use the comic

Source: http://survivingtheworld.net/ScienceComic3.html

“THERE ARE MODELS THAT CAN HELP TO DETERMINE WHAT THE OPTIMAL VALLI
FOR Ky Ty AND To AL ARE BASED ON YOUR OVERALL CONTROL

SOIME OF WHICH ARE BASED ON THE SPEED OF THE CORRECTIVE RESPONSE,

AND SOME OF WHICH TRY TO MINIMIZE CORRECTIVE

SYSTEM -
CTIVE 3
OVERSHOOTS."

IN THE DESIGN OF THE CONTROL SYSTEM TO DETERMINE WHICH
AMETER VALLES AND WHICH COMBINATION OF
INTEGRAL, AND DERIVATIVE CONTROL IS IMOST EFFECTIVE!

Dr. Lucas Landherr at sciencetheworld@gmail.com

PROCESS CONTROLLERS ARE IN YOUR CORNER,
SO TO SPEAK

LI \ri\N\\
% " ’

D\ USE THEM IN THE RIGHT WAY AND THEY'LL HELP
KEEP YOUR ERROR TO A MINIMUM!

i Y

’/7 =

S

or your clasifoom/course, pleas

if you would like to use the/cobkic f

drawn by Mary ). Lai ﬁ
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