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Mechatronics Automation

Automation system

Space heating to desired temperature

Joule effect: ) = I> X R X t

* (Q: Amount of heat transferred to the
environment

I: Current

R: Resistance

t: Current transit time
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Automation system

Space heating to desired temperature

* Measured value?
* Room temperature

* Process?
* Comparison of desired temperature
with room temperature
* Enable or disable resistor
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Automation system

Space heating to desired temperature

Available “equipment”:
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Automation system

Space heating to desired temperature
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Automation system

Space heating to desired temperature

Available “equipment”:

* Sensors

e Electronic components

* Power electronics components
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Automation system

Space heating to desired temperature

Output

Simple control technique: On/Off Control

OFF
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Automation system

Space heating to desired temperature

Input Output

[ -

Measured value Advanced control technique: PID

Temperature

Setpoint sfessmrss e —————————

How would we achieve more advanced control techniques?
e PID Control

* Operation only when the space is not empty

* Change the desired temperature under specific cases

* Memory/history retention Time
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Automation system

Space heating to desired temperature

HPUBNNENE Y

D|g|tal Analog
Output Output
Available equipment:
/TN
VIN VOUT GND ° Sensors
N * Microcontrollers
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Automation system

Space heating to desired temperature

HPUBNNENE Y

Digital Analog
Output Output
Available equipment:
VIN/ VO‘UT\GND ° S e n S O rS - ;;‘A‘ ‘ , ,1
. * Microcontrollers .
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Control loop
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

* Goal:
* For an analog input signal
* Produce the respective digital encoding
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

e Goal:
e Convert a continuous input signal

* Ina discrete output signal . .
Continuous Signal? Discrete Signal?

/\ TH'T.

/ e v 9¢
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Analog to Digital Converter (ADC)

Analog signal » »

e Taking samples from an analog signal at specified time intervals
e Sampling period T
* Sampling frequency f;

* Shannon's theorem: f; = 2 * f,, 4

9 10 11 12 13

* Nyquist Frequency: L L =

The highest frequency that can be sampled

fa = fs/2

e Result

e Continuous in time analog signal -
Discrete signal (discrete in time but continuous in amplitude)
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Analog to Digital Converter (ADC)

Analog signal »

Is a discrete signal also digital?

9 10 11 12 13

* Discrete time signal
A
e Discrete value signal
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

* Goal:
e (Categorization of input signal values
» at different output levels
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Analog to Digital Converter (ADC)

Analog signal » »

* Suppose | want to divide an input signal into two categories
* Low Level and
* High Level

* Steps:
* What is the range of the signal? - V; and Vy
* How many are the categories (levels)? > Let 2: m, kot m,

* How do | want to distribute them? - Let uniformly
* How many threshold values should | compare with?
— For 2 levels: 1 (L15)
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Analog to Digital Converter (ADC)

Analog signal » »

* Suppose | want to divide an input signal into three categories

Vy
m3 """"""""""""""""""""""""""""""""""
L23
My - e
* Steps: Ly,
* What is the range of the signal? L T
* How many are the categories (levels)? VL
* How do | want to distribute them?

* How many threshold values should | compare with?
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Analog to Digital Converter (ADC)

=

Analog signal »

Intervals and levels:

* M = Intervals (Ag, A1, ..., Ap—1)

* M = Quantization levels (mg, my,..., mp;_1)
in the middle of the intervals

Quantization interval distribution:

Equal intervals - Uniformly quantized signal
Vu-VL
M

* |nterval size: S =

mg(t) = closest level to m(t)

Quantization Error:
« e=m(t) —my(t), le] <S/2
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Analog to Digital Converter (ADC)

Analog signal » » » » 01101010

16 Quantization Levels 8 Quantization Levels 4 Quantization Levels
A A
15— 3 — .
il For the same signal range, the
o following holds:
v 12
E :
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

* Goal:
e Assign each output level
* To a unique binary code
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

Quantization Levels

16 Quantization Levels

A
15

14—
13

rrrrrrrrT > 0
8 10 12 14 16

Samples

I
0 2 4 6

8 Quantization Levels

rrrrrrrrrrrrrrr> 0
0o 2

1 I
4 6

I 1
8 10 12 14 16 o 2

4 Quantization Levels

el

™rrrrre

I I
10 12 14 16

LU I B
4 6 8

* How many bits do we need to
represent 4 levels?

* How many bits do we need to
represent 8 levels?

* How many bits do we need to
represent 16 levels?
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Analog to Digital Converter (ADC)

Analog Signal » - » - » - » o

4 bits 3 bits 2 bits

- .
; * How many bits do we need to

represent 4 levels?

* How many bits do we need to
represent 8 levels?

Quantization Levels

* How many bits do we need to
represent 16 levels?

Illlllll]bo LI
8 10 12 14 16 0 2

Samples

T T > 0 -T=

I 1 ]lllll’
8 10 12 14 16 0 2

| I
10 12 14 16
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Analogue Input

Analog to Digital Converter (ADC)

W

Ihl

Signal Diodes
Simple ADC circuit % Dito Dy
R
example
3V : o |
U3 (MSB)

= -

2-bit
2V : [ Qutput

As —» O

s A Exor Pull-down
- Sates Resistors

ov Comparators

=
="
%
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Control loop
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Control loop
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Digital to Analog Converters (DAC)::
Each digital input value is converted into a corresponding output voltage value between the V; and I/y.

Vh
0011 0 SWn =V +Vy
—
olof1|1|m , DAC m»
—
Register 1 / v
- L

Analog equivalent
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How do we achieve the reverse ADC process?

Analog Signal » - » - » - » o
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How do we achieve the reverse ADC process?
Digitalization:

Analog Signal » - » - » - » o

4 bits 3 bits 2 bits

" * Range of digital representation: Q,..., 2" — 1

Number of bits: n

Available quantization levels: 2™

Digital equivalent of input signal:
1 b= ((mg(&) =V)/ (Vg — V) ) * (2" —1)

Quantization Levels

IfVL=O:
b=(mg(t) /Vy) = (2" 1)
b:(mq(t)/vref)* (Zn_l)

Illlllll]bo LI
8 10 12 14 16 0 2

Samples

Illllllll’o LI
8 10 12 14 16 0 2

>

IR LI T rrrrrrrirrd
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1
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How do we achieve the reverse ADC process?

Decoding: Calculation of corresponding analogue voltage

* Analogue voltage value V,,,; with respect to the digital entry value b:

Vour — V)
b= out L *(2”—1) =

VH_VL °|'LOLVL=0:
_ b
b *(VH_VL)—(Vout_VL) * (Zn_l)=> Vout = 2”—1*VH
b *(VH—VL)=V0ut* (Zn—l)—VL* (21’l_1)=> b
Vout = on _ 1 * Vrer

Vour * 2" =1)=b * (Vg =V, )+ V, * (2" = 1) =
* Lot LEYAAEC TIMEC TOU N :

b
Vout = m_1" (Ve =V)+ 7, Vour = > * Vrer
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How do we achieve the reverse ADC process?

Quantization:

The output voltage (V,,;) remains quantized at the
available quantization levels depending on the number of

Voy = —=xV
digits out = on - ‘ref

Vout 1
Number of bits: n .

I
|
Available quantization levels: 2™ / \
I
|

Analogue voltage range: 0,...,Vy¢r

_ 1
Resolution (step): 2_"* ref

;
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DAC:: Circuit diagram

We need a circuit that succeeds: Vout = o * Vryer

N — Voltage Divider

However, since: b=2M""Vp _ + ... 4+ 23b; + 22b, + 21b; + 2°b, =

2n 2" 2n 21

bn—1 b3 b, by by
Vout - Vref <_ + et n-3 b3 + m—2 + n—1 + on

Two basic circuits: \ Operational Amplifier:

Summing Amplifier

(n-1) 23 22 21 20
Vout = Vref Z—nbn_l + .- +_b3 +_b2 +_b1 +_b0

* Binary weighted resistor DAC

e R-2R ladder DAC
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: : : b, b b b b
Binary weighted resistor DAC Vour = vref< e I . +2—2>
Operational Amplifier: n=4: V,, = Vref( .|. + L4 )
Vout n _Vrefbo _Vrefbl _Vresz _Vrefb3 _0> Rf
Ry 23R 22R 21R 20R —AAAA
—
Vout . Vrebe Vrefbl Vresz Vrefb3 N [ v
Ry 23R 22R 21R 20R - ! : out
23R LO 2%R Ll 2'R LZ 2°R LS !
Vout = Vref 23R by + Vref ZZR b; + Vref 21R b, + Vref ZOR bs =
b, b, b, bs =

I L L) L

ref

VrefRf bs b, by by

Vour = 2R; (20 + o1 +53 52 + 23> Recall that for an Operational Amplifier:
* The inverting input is virtually short-

ref <b3 b, by b0> B (b3 b, b, bo) circuited to the ground without allowing
- VYref

+—=++

20 1217 22" 23 M TR ERET

21 22 23 24

Vout = > the current to pass through




R-2R ladder DAC:: Circuit analysis for 3 bits

Mechatronics Automation

Analysis by superposition principle and
Thevenin's theorem:

* Eotw:
* by=1,b;=0, b, =0
* by=0,by=1, b, =0
* by=0,b1=0, b, =1

» Separate analysis for the 3 sections

Vout

b,
=]

Section 3
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=1,b1=0, b2=0 I
|
|
|
I

* Section 1:
_Vref : - -
Section 1 | Section 2 . Section 3 I

- - = = l - - - T T T 1 - - - - -=-=-===== T~ = _I
| 2R | I Ren =R | | R R I R :
| | ,—’V\/\/‘—l— [ AN AN AN |
(— I I l I I

I
! 2R 3 | » L W= | » | ~Vyer/2 2R3 2R,
| ' I —V._./2 | |
| | . / | Pl 1 :
| | I | | | = = e :
| Section1 Vier | | Section1 I I Section 2 ! Section 3 I
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=1,b1=0, b2=0 |
|
|
|
I

* Section 2:
_Vrefl - -
Section 1 | Section 2 . Section 3 I
————————————— : I————————I e e
' R R : | R =R | ' R R '
: I—/\/\/\/\ NN \N— : I : I—/\/\/\/\ AVAVAVA :
| | | '
| | |
Vrer /2 2R < | » | V= | » L ~Vrer/4 2R < |
L ' b Vier/4 L |
1 A I l A

| = — | I I — 1
| ' , l |
LSecion2 ! | Section2 ] section3 ;
Vth Vref/4‘
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R-2R ladder DAC:: Circuit analysis for 3 bits

]
I
[
l
¢ Let:b0=1,b1=0, b2=0 |
[
 Section 3: I

[

[

T T T T ' R
I Ren =R I ., f,
I W
| ' R
» ! Vo = » AAAA - Vout
I th
!
!
!
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R-2R ladder DAC:: Circuit analysis for 3 bits

¢ Let:b0=0,b1=1, b2=0

* Section 1:
- - = = l - - - T T T 1 I - - -=-=-==== T~ = -I
| 2R | I Ren =R | | R R I R :
l | NNN—— | AN - L AAAA |
1 = I I l l l :

I

| 2R < | » Iy, =0 » I 2R < | 2R <,
I I I l I I :
I I I | I 1 I |
| L1 I | 1 = _Vrefl e :
| Section1 - | Section 1 I | Section 2 ! Section 3 [
Vi = 0
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=0,b1=1, b2=0 I
|
|
|
I

 Section 2:
Section 1 ' Section 2 I Section 3 I
————————————— [ I————————I e e
' R R : | R =R | ' R R '
: — AAMA ANAN—— : ,_/vvv_l_ : I—/\/\/\A AN :
I I I

: 2R S | » L, = | » | Vres /2 2R <
| : | Vrer/2 : L |
: = _Vrefl | | I : = ::
section2 ! | Section2 | etns ;
Vth Vref/2
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=0,b1=1, b2=0 |
|
|
|
I

* Section 3:
- —Vref -
Section 1 ' Section 2 . Section 3 I
- T T T ! R
I Rp =R | " f, A
I W—
I I R
» Ly , » AN i Vour
I th = I
I _Vref/4 | S
. | I - ref/4
| Section 3 l 1
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=0,b1=0, b2=1 I
|
|
|
I

* Section 1:
— — Vref
Section 1 ' Section 2 . Section 3 I
- - -=-= l - - T T T T 1 - - - -=-=====7 T -I
| 2R | I Ren =R | | R R I R :
[ [ "NNN—L [ AN A AN\ LA |
(— I I l I I I
| |
| 2R » I A » I 2R < | 2R < |
I I [ l [ l |
I I I | I 1 A |
| Section 1 - | Section 1 I ! Section 2 I Section 3 I
Vi, = 0
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=0,b1=0, b2=1 I
|
|
|
I

 Section 2:
Section 1 ' Section 2 Section 3 I
————————————— . |________I e e e
' R R : | R =R | ' R R '
Y VYV AMAN— | — AMA— L I AMA—— A '
: | | | : :
| 2R l » I V=0 | 2R :
I I I

I : | I I [
|: e | | | | - —_ Tefl
Lsetn2 | | sectinz ] Lsecions }
Vi = 0
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R-2R ladder DAC:: Circuit analysis for 3 bits

I
|
I
|
° Let:b0=0,b1=0, b2=1 |
|
|
|
I

 Section 3:
- e Vref
Section 1 ' Section 2 Section 3 I
== Em Em Em o Em Em Em D Em . L T
I ! R
: R R ' | Riw=R | A
. l A
| I l I R
2R I _ l AAAA - Vout
| | I Vin = I
I | [ | Vier/2 I ~ , 4
1 = I I ref/
Vier [

I . [ .

Turpo 3 I Tuipa 3 I 1
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R-2R ladder DAC:: Circuit analysis for 3 bits

Therefore: R
ANNN——
° For:b():]., b1=0, b2=0 R
Vie NN\ ' - Vout
Vour = Tf
2R ¥
¢ For:b0=0, b1=1, b2=0
v b, —
Vour = rTef _L_ I
e For:by=0, by =0, b, =1 | ey
Vre
Vout = Tf From the superposition principle and due to the operational amplifier (summing amplifier):
Vref Vref Vref bz bl bO

b, by b
= Vout = VTEf 21 + 22 + 23
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