5 Analog Signal Processing- Data Acquisition

5.1 Analog Measurement Procedures

5.2 Measurement of Resistances

Three- and Four-Wire-Method, Self-Heating
/4-Bridge, 2-Bridge, and Full-Bridge

5.3 Measurement of Capacitances and Inductivities
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Adjustability
Frequency dependent Adjustability

5.3.2 Measurement with Oszillator
5.3.3 Charge-Transfer Method for Measurement of Capacitances

5.3.4 Power Measurement Method
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5.1 Analog Measurement Procedures

Why analog measurement procedures?

Most sensors have an analog output signal

Current, voltage, resistance

Low-cost signal processing and realization

No quantization-error and no conversion time

Analog measurement systems can be faster!
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5.1 Analog Measurement Procedures

Impedance Z =R+ jX
ideal real
R R Rcabel .
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5.2 Measurement of Resistances
4-Wires-Method

2-Wires-Method 4-Wires-Method
R, I —él—io
—{ __}——=0
— R =
U, — °
&l
o |0 Vo ol
J - —1 Y o
U, R, |
—1__—_}F—o° — —o
R,
U
T
Error by
» Temperature dependence of
wires Total separation between current-
#Cable length >#R| and voltage-wires
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5.2 Measurement of Resistances
3-Wires-Method

2-Wires-Method 3-Wires-Method
— [ 1+——o
—m
U,
]
X Juwahr U
UL JV
s
— [ F————o0
R,
Error by —> Compensation of cable resistance and its
« Temperature dependence of temperature dependence
wires ..
Prerequisit
#Cable length >#R, .
» 3 wires have the identical length and
temperature
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5.2 Measurement of Resistances

2
| P (U, R - R,
Self-Heating IR, _(R,.JFRXJ R +R,
R
— ] maximal power

e n Y, for R,= R
/

0.96

Converted electric power

0.72

2
P=I’R =( Yo ] ‘R PRy
X Ri + Rx X 0.48

0.24

Self-heating through accumulated heat @T,, for R=100 Q
A7-th — RW . P OO 50 100 150 200 250 300

R,: Heat resistance is dependent on: R
- Packaging
- Surrounding media, its temperature and velocity!
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5.2 Measurement of Resistances
Comparison with a reference resistance (reference principle)

— 1o U
R,=2xR, —
Ur R, I U,
R, and R, should have the same order of
magnitude R, I U,
- Resduction of uncertainty through .

common mode rejection

R,: Reference resistance
_ R,: Resistance to be measured
Typical values R, = R, .,

MS" Prof. Dr.-Ing. O. Kanoun P 5.7
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5.2 Measurement of Resistances
Voltage Devider

Suitable for high resistance values

R
U=-"r .y
R.+R,
U
R =R 0
/ Ur _UO
WY,
Nonlinear, because the current is unknown -2 ; |01
0.96 | R
Example: _ U~ ke
P Rr =k Ro 0.72 =1 k=10
R =R,(1+ x) 0.48 |+ T
U, k 024 | teen
Uf K+1+ X 0o 2 4 6 8 10
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5.2 Measurement of Resistances
Inverting Amplifier

Ig R,

Supply with a constant voltage

Ua = _ﬂRx
RO

Supply with a constant current

U, =—-1,R,

a__

4 —Wires-connection and constant

current supply
U,=-1I,R,

Offset-currents and offset-voltages are
problematic if resistances have small

changes!



5.2 Measurement of Resistances
Wheatstone-Bridge

Uy
U, = Uo[ G __h j I "7

R+R, R,+R, R1 R,

R,-R,—R R, [ o 1
— U0
(R1+R2)'(R3+Rx) l Ud

Ai=h,=H=R S

Bridge Voltage Rx Rs

R
U,=U, (2 - j Dependence on R, is nonlinear!

Sensitivity
U, -R
E = = Up Proportional to supply voltage
R, (AP p pply voltag
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5.2 Measurement of Resistances
Wheatstone-Bridge

Uy =Uy| - s
° °\R+R, R,+R,
__R,-R,-R A,

- (R1 +R2)'(R3 +Rx)
R =R,=R, =R,

R =R, +AR

R,-(R,+AR)-R, R,
(R,+R,) (R, +R,+AR) °
AR AR

- Up = —-U,
4R, + 2AR 4R,

U, =

77 Prof. Dr.-Ing. O. Kanoun
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UO
O
R, R,
[  FHoo ]
— ! U
Lo ]
R, R,
AR
U, = U
o} 4R0 0
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5.2 Measurement of Resistances

1/4-, 1/2- and Fullbridge

U, near a certain working point

R-R~ - R
U, = Uy — 2553 1Ry
(R1+R>)(Rs +Ry)
For small AR
U, ~Uo[ARe ARy ARy AR
4\ R, R Rs Ry

[+ 1> Rg+AR io-briicke
1> RyAR
> R,

[Schrifer]

|

\ Uo— gespeist I,— gespeist
(T2 1 1
U, AR [
: : Uy + -2 — U, = —2 AR
d d
;@Ej: 3 4
| T
| |
U, AR I
: : Uy - =2 — Ug=--—AR
d d
Ss=o=s} y :
| T
| |
Uo AR I
l : Uy ~—-—2__ U, - -2 AR
d d
R
I U, AR I
e R
| |
] I
| |
U, AR [
: o Ugms =2 — Ug= —2AR
Eal) win
1 T
| |
=s] vttt |l
T ! 2 © 2
1 ===
I a I // ~
rERC | W “L ARy - Lo AR
: Y= : ‘d\N_f_fu/l ’ 4 RoAR
0
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5.2 Measurement of Resistances

Fullbridge

N /\Z .
!ZH
/ D Reduction of the effect
,} }\ \ of contact resistance

Rﬁj\/j*= (1 + %

<
/
Lol
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5.2 Measurement of Resistances

Fulloridge with 3 wires and 4 wires contacting

N
H1 Y :‘ */ FI'; H1 ,_1{/ b HE
3 T g H
V' v L @
LN \\ ; \ L/ Hw;g !
!%ji f\: __|;} A,
Hwﬂ &
(b)
Deviation:  e=AR;/R;
,_RaRo/Ri —Ry Ry (, R
R R Ry
D R; >> Ry
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5.3 Measurement of Capacitances and Inductivities
Alternating current bridge

Yy
ZZ Z‘I Ud — zz — Z4 . U
] B Zi+4, Z,+4;)
I U,
o1}
Ly 4 Adjustment for flir:  £1£4 =Z3Z>

With Z, = Z) e/%k
Z1 /P Z4 elP4 — Z3 el?3 22 el?2

Z Z4e/((01+¢4) =73 Z, e/((03+(02)

Necessary conditions for adjustment:

1. Phase condition D1+ Qg =@P3 +@o

2. Modulus condition Z£1Z4 =23 25 '
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5.3.1 AC-Current-Bridge

Capacitance bridge by Wien

(measurement of lossy capacitances)

U
O < @)
G,
| ~
1 Vl /||E I
Rz u, M
— o
R, Rs

77 Prof. Dr.-Ing. O. Kanoun

R,,C, are unknownt

R,,C, are modifiable

Condition for adjustment

R, R,
jo Ci R, = jo C11 R,
RZ T Rl T
joC, joC,
> R, :&Rl
R,
R
> C,=—C,
R,

-~ Chair for Measurement and Sensor Technology
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5.3.1 AC-Current-Bridge

Inductivity-Bridge by Maxwell
(Measurement of lossy Inductivities)

o Lo . L,, R, are unknown
L, R2 L Ry L1 R4
- - Ly =
Rs
Uy R,
Ry=—R
{il 2 Rg 1
Ry Ry
Inductivity-Bridge by Maxwell-Wien
(Measurement of lossy Inductivities)
Yo
L, R, R, L,, R, are unknown
-
L2 - Rl R4 03
Ua C;
R R
— Ry = 111% -
R, 3
RS
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5.3.1 AC-Current-Bridge

Prof. Dr.-Ing. O. Kanoun
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5.3.1 AC-Current-Bridge

Checking the phase condition

< @0/

qui N R,
p3<0 ¢<0
94=0 ¢2=0

@+¢4 <0
@3+ @2 <0

Adjustment is
possible

¢93<0 ¢ =0
94=0 ¢ <0

P1+@4 =0
@3+ @0 <0

Adjustment is
not possible

% R4
asg,

Ry

¢93<0 ¢ =0
94=0 @o>0
P1+@4 =0

@3 + Qo Dbeliebig

Adjustment is
possible

The judgement of the modulus condition is in the special case necessary '

MS" Prof. Dr.-Ing. O. Kanoun
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5.3.1 AC-Current-Bridge
Frequency dependence of the adjustment

Z1=Ai+jaly
Zo= R
£3=Hs3 1
Zs=Rq4—]———
£4=Ha—1— Ca
: o
£1£y =434 D (Ry + /a)L1)(F*’4 - /a)_C4] = A3 A
R‘I R4 + é—14 = R3 RQ
R wlyRy Frequency dependent
wCy adjustment
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5.3.1 AC-Current-Bridge
Frequency dependence of the adjustment

z‘l z4 :z3 z2 RSRZ =LR1R4
C4 = R
2713

Frequency independent adjustment!
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5.3.2 Measurement with Oscillators

C R
JONNN Z=R+1X=R+j(mL—ij
L
wC
; C Resonance frequency:
ol=—1" . _1 1
Wl ®C "o ic

1 j L or C measurement
i Example
| - Urt f = constant

o 2]

; / L= constant
0 ¢
1
1

R Co-AC C, CotAC  C
| Prof. Dr.-Ing. O. Kanoun
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5.3.3 Charge-Transfer Method for Measurment of Capacitances

Signal preprocessing for capacitive sensors, which are suitable for monolitic

Integration!
S, closed S >
- C, is charged to U, o
C C
U xl L U
S, openned and S, closed g T | \ S

- G, is charged to U,

|
™

C, <<C,
C C
U,=U —=U - =*
> T C.+C, T C,
CX:CS-g
U

MS" Prof. Dr.-Ing. O. Kanoun
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5.3.3 Charge-Transfer Method for Measurement of Capacitances

C Control 4
62 o e p
C o1
i
c, ! ¢2 ] ‘H__
4 1 J>~Lo U Charge
0 R
| Control S

Integrate

Voltages 1 und 2 are switched together with the Relai “Control”

During @1 is switched on U, :
- Relay “Control” is closed
- The (-)-Input of the OPV is on ground
- The capacitance C, is loaded

During ®2 is switched on U, :
- The Relay “Control” is opened C -C
- It flows a current from C, over C, U=U, —=——

77 Prof. Dr.-Ing. O. Kanoun
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5.3.3 Power Measurement Method
u, = 4, sin(wt + @)

O
P selectable  y, & Multiplication
Z Low-pass
A p P
u, = U, sin(at) e aan® 3 B
6 i T
X =i +i
Case 1: ¢ =0° S
. 00 : ~ C ~a sin(x)cos(y)=1(sin(x—y)+sin(x+ ¥))
p= ] sin(awt) + u, wC cos(wt) ¢ u, sin(wt) 2

sin?(x) = %(1 —cos(2x))

N N

= U};Jo sin®(wt) + 0,0, wC cos(awt)sin(wt)

N N

= Uit Uil cos(2awt) + Yt e sin(2awt)
2R 2R 2
4T 0 Measurement of active power
p=[p,(t)at="20 oo g ool g
Ty 2R @ Py >R

&Y Prof. Dr.-Ing. O. Kanoun
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5.3.3 Power Measurement Method

u, =0 sin(wt+¢) o
U
@Pselectable 1& Z

P
u, = U, sin(wt) UOZ-—-EE}T—H_/

X

R

Case2: ¢=90°

N

Low-pass

| Multiplication
x\ p

i=i, +ig

sin(x)co

p= {U—F;’ sin(wt) + U, @C cos(a)t)} U, cos(wt) sin®(x) =

ZaN

N

N

N Vo WY AN

u,u

cos®(x) =
in(wt) cos(wt) + U,U, wC cos®(wt)

Chair for Measurement and Sensor Technology

.
T

s(y) = ;(sin(x—y)+sin(x+y))
%(1 cos(2x))

%(1 +cos(2x))

in(2awt) + = wC (1+cos(2wt))
- — Measurement of the idle power
p=r[p0at="] p=90° b, o0 21 | x
7 Prof. Dr.-Ing. O. Kanoun o & o



5.4 Computer-based Data Acquisition-Overview

Problem

| ~+ Processing?
[> ol A . SaVing?
'\ - ‘ e Tranfer?

Solution: Computer-based Data Acquisition

Advantages Concepts

. Automatio.n. | « Connectionto a PC
 Fast Acquisition - Bus Systems

(Nyquist-Criterion) « Integration in a PC
« Fast Data Transfer > Plug-in Cards

« Big Memory
 Signal Processing

MS" Prof. Dr.-Ing. O. Kanoun b 507
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5.4 Computer-based Data Acquisition-Overview

Physical Phenomenon
Light, Pressure, Temperature, etc.

—
~ Z

Sensors and Transducers

B D 0

Plug-in
Cards

T 5

N
GPIB Board/Seral Port/Other Communication B u S
W Systems

t‘r_"'r

N ~

Driver Engines/API Driver Engines/API
NI-DAQmx, NI-DAQmx Base NI-488.2, NI-VISA, NI-Serial
Jk 3k
A N
Application Software
LabVIEW, LabWindows/CVI, Measurement Studio, or Other Programming Environments
Prof. Dr.-Ing. O. Kanoun
P. 5-28
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5.4 Computer-based Data Acquisition

Bus Systems

Advantages

« Combination of inhomogeneous Architectures
« Special Measurement Devices can be used

Ofen used communication
networks

- GPIB

« RS232, RS xyz
« CAN

« Ethernet

- USB

M T Prof. Dr.-Ing. O. Kanoun

Example: GPIB
parallel 8-Bit, untill 15 devices
Device has a coded Adress (1-15)
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5.4 Computer-based Data Acquisition

Bus Systems — Use over Driver Libraries
Use of GPIB in MATLAB

voltmeter = gpib('ni',0,1);

fopen(voltmeter) o Start a Measurement
fprintf(voltmeterfmeasure:volt")

—>
fprintf(voltmetef,,ready’) » Interrogation of the Measurement Value

data = fscanf(voltmeter)
fclose(voltmeter)

Read-out of the data buffer

Further commands according to the instruction set of the measurement Device

*CONFigure:<function>

Command

Description

<function> = CURRent:AC
CURRent[:DC]

:FETCh?
:READ?

:CONFigure:<function> | Places the Model 2000 in a “one-shot™ measurement mode for the

specified function.
Requests the latest reading without triggering.
Performs an :ABORt, :INITiate, and a :FETCh?.

MEASure[:<function>]? | Performs an :ABORt, :CONFigure;<function>, and a :READ?,

VOLTage:AC
VOLTage[:DC]
RESigtance
FRESistance
PERiod
FREQuency

MST

Prof. Dr.-Ing. O. Kanoun

TEMPerature
DIODe
CONTinuity

Chair for Measurement and Sensor Technology

AC current

DC current

AC voltage

DC voltage
2-wire resistance
4-wire resistance
Period
Frequency
Temperature
Dicde testing
Continuity test
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5.4 Computer-based Data Acquisition
Plug-in Cards

Advantages

Low Costs

Universal Use

Applications:

« Multi functional Data Acquisition

« Signal Generators

» Image Acquisition and Processing

Example: National Instruments M-Series Multi Functional Plug-in Card

/

Analog Input

Analog Output
*8 Digital
2 Routing Bus
é Digital /O and Clock Interface | Bus
o Generation

Counters
RTSI
™~ PF Real Time Synchronization Input

Prof. Dr.-Ing. O. Kanoun
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5.4 Computer-based Data Acquisition
Example of a Plug-in Card

Z Channel 12 Bit {

2 Channel 12 Bit

Code Latch D/A Converter 1S piA 2
| -
— /0 _P'::I'rt ﬁ F'.:::.r-t-[:l r““gf{?__g___ﬁ |\ Ext. Clock
eSS Decoder —2 Port 15 | . N
W r
| zl | Counter #0 > Out0
, | o 4 MHz FR/2 | ]
:"ml Uata Buffer Al Oscillator 2 MHz : Counter #1 —H}To Pacer
| = | < || Trigger
, , 7] |
! DMA #1 m#ﬁfﬁt £ —— A Counter #2 JI'
el Jumper select i — 1
| | |
(E!il | 18 Bit = D/Out 0
Tk ROBus | RQ#2 ... #7 Digital OUT |_= 1y p;
Jumper select g =18 D/Out 15
: U 16 Bit __:'< Diln 0
| Control DigitalIN - L Z e i 15
ogic Input anne
| L ju : Channel |
| Buffers Scan. Logic |
| N U |
| Analog MUX |_l¢ |
| Trigger Logic  f—o—nr3 12 Bit Program. 18 thmnelsr " Channel 0
A/D Converter Amplifier single ended —Z C 1
| T 7, 3 . —, Channel 15
: External] |Software] | Pacer :
| Trigger Trigger | |Trigger PCL-812PG | P 5.32



5.4 Computer-based Data Acquisition
Plug-in Cards— Use of Driver Library

Usein C
#include <NIDAQmx.h> < Function library of the card
DAQmxCreateTask(taskHandle); < Pointer on the data sector

of the card
DAQmxStartTask(taskHandle);

DAQmxReadAnalog(taskHandle,...,data); «—
DAQmxStopTask(taskHandle):

Depositing the data in
a variable

MS" Prof. Dr.-Ing. O. Kanoun 5 5.33
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5.4 Computer-based Data Acquisition
Plug-in Cards— Use of Driver Library

Use in LabView Errors-Warnings

Start
Minirmum Yalue E.Ef_[ ' |Continuous Samples |
Maimum Value [T5 p—— ‘ Sarnple Rate Samples to Read Measurement oK message + Warnings ¥
Physical Channel . 3 | Ll
] DA m
| A 1 [T : {an
Al Yoltage ~]| [Sample Clack || |[DAGm:x Start | analog 10 Wm _||C DA Clear
: skatus :
D.Alex EreatE; _ S ACma Trind, (L NChan NSamp :’ Tas‘i-“"
Virkual Channel vi et | stop Er} 4
ﬁDIDDj‘_:
[DaGms Read.vil
Open Channel  configuration Data Readout Close

MS" Prof. Dr.-Ing. O. Kanoun b 534
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5.4 Computer-based Data Acquisition
Evaluation Software

Examles for Software

- MATLAB

e C/C++ Use of hardware over driver
« Visual Basic bibliothek

 Excel

Further Software for Data Evaluation

« Maple
« Mathematica Symbolic
« Maxima (open source)

« Scilab (open source) Numeric
« Octave (open source)

Example Statistic in Octave
Example: Differentiation in octave-3.0.1.exe:3> x=rand<i,5)

=
Maxima (511) diff(="3,x,2); 9.12758 ©.88826 ©.99206 ©.82528 ©.78898

(5c0l) 6Bx octave—3.8.1.exe:4> std{x>
ans = B@.33464

Prof. Dr.-Ing. O. Kanoun P 5.35
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5.4 Computer-based Data Acquisition
Special Software

Softwarepa- | Lieferant Merkmale
ket g |
- Datalo - Grafisch interaktives Paket auf Windows-Basis
DASYLab ' Mtﬁrmh%ngladbach i Schaltplane fir Mel- und Steueraufgaben, Interaktive Erstellung
E | Funktionsmodule fiir Messen, Steuern, Analyse
| ! Visualisierung am Bildschirm wahrend des Ablaufs
E : Treiber fur gangige Mefbwerterfassungskarten
5 E Ubernahme von Ergebnisse in andere Windowsprogramme
| Sorcus | Echtzeitfahige Standardsoftware
ARGUS /NT | Diisseldorf b Zum Messen, Prifen, Uberwachen unter Windows NT, 95 und 98
| i Umfangreiche Mel3-, Auswerte- und Analysefunktionen
LABVIEW : National : Grafische Programmiersprache auf der Basis von C zum Aufbau von Melbwert-
i Instruments . erfassungs- und Steuerungssystemen mit grafischer Bedienungsoberflache
DIADEM | Gesellschaft fiir | PC-Werkstatt unter Windows mit Geraten aus Software
| Strukturanalyse GfS | ZUr one-line und off-line Bearbeitung technischer Daten
| Aachen i Konzeptionell mit DASYLab und ARGUS vergleichbar
E t Umfangreiche Treiber-Bibliothek
Autosequenzen fir den automatischen Ablauf wiederkehrender Sequenzen
FlexPro : Weisang GmbH : Dokumentieren, analysieren und archivieren (Windows)
! Menden ! Datenbanken flr umfangreiche Melidateien
i Imporffilter fiir unterschiedliche Datenformate
i | Script-Sprache zur Erstellung von Formeln
E : Darstellung in 2D-, 3-D-Diagrammen, Tabellen
VEE Agilent Messdatenerfassung
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5.4 Computer-based Data Acquisition
Labview: User Interface

sl Messplatz_Praktikum_vi

File Edit Operate Project ‘Windows Help

JE3 § EFS9ET | e

o] [ 1] [ 200t Avisl

| Anz. der

=IiT]

M ezzbrt
| :j £I[‘%A’ersten’ﬁ oloub |

ARz mas. zul.
MeRpktel  Stom /A
‘SfooooE |

Institut fur MeB- und
Automatisierungstechnik
Universitat der
Bundeswehr Minchen

PN-Thermometer

finzahl der [
- Durchliufe

Grundstr.
S,

£[0.0007700

erster!
Goloub

U-Abztd, der
Melpkie, /Y
l0.0010

Automatische Kennlinienmessung und Auswertung

a_ilge_mgir__‘i’g"_Ei'n_sfgllungeﬁ'- Einstellungen fur Kennlinienmessung

Einstellungen fir Verster/Goloub

Abstand der
Purkte /b

£III.“: aloub+yerst.

a. Melpunkt

5 |

a. Dhurchilauf

I

Stramn /£ nd
2 E00000E-2

Spanng. /Y

0.53315900

Grundztrom WG
S,
4l0.015000

2[0.070000

IEC-BUS

© thermostatisiertes Bad mit Silicondlflillung
@ Referenzthermometer

© Stromquelle

O Digitalmultimeter

© Steuerrechner
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5.4 Computer-based Data Acquisition
Labview: Program Hierarchy

EREERECE:

Bl

fabe | v Initial | [ Laur- Tl =
r; Lyl | 75| [GrapH |Paran [var | inst Dﬁ}
i I

KTH 232 RTH &3 KTH 32 KTH &3
[EUIEE 1 BRSIC
ERRORS SETUP CONFIG

Ll

i LA

]EF'IE:
znd

[lessaze




5.4 Computer-based Data Acquisition Program

B tmessttiz.yi *

File Edit Operate Tools Browse ‘Window Help

=10 x|

||:[> |@| @IE | 13pt Application Fant |« || ;mv'

=]

Pork Mumber
&
CI—
PZ O0=CoML, 1=C0OMZ,, ..
Mac: 0= Modem, 1 = Printer
Sun: 0 =ttva, 1 =ttvh,...

Temperakur 1

Basds

Temperaktur 2

5,401?

INSTRIMNG

Bytes To Read
=
Read Timeouk

Serial Errar
a

Read Timeouk
L

[u
e I/O - 5 Optiu:unsl_b
;I J abc

I_F
23 'L‘;} [Path

=lsh: 141132240

Read Skrin
\
: .95'!,5'!,516:26:52'!,r'|,nR1='l,s+ﬁ?TS§%\

BsOhmirinRz=s+142 . 062004 0hmirn
1=!5+109, 4648isCIHiNT2=\5+ 109,401 715
CirinSEMNSOR1=sM: 1411321 \r\nSEMSORE

~_

I Graphic

RETIDATAYN ) P rogramming
I»! tmesstti2.vi Diagram * - 0] x|
File Edit Operate Tools Browse Window Help 2
:{)l@l ©|E|I"D|E’|uﬁ | 13pt Application Font |vl|:mv' Tu:vl|{'§'jv' '

Y
emperatur 1 —I
»

[Simple Error Handler vi

1. Intitialize Port

W True b} A[False v
EF]
Fib
orial Port Tik ot [Serial Read with Timeo t.vi|;|
SERIAL I SERIAL 17 . k
Eano}——— rur
...... = T v Eerial Error
=erial Port Init : s )

Error True: No Serial
Porkt Write

2. Write String to Pork

Error False: Read
With Timeout Executed 1

3. Read String with Timeout




