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4.0 Introduction

Structure of Measurement Systems
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4.0 Introduction
ltem: Linear Sensor

Sensor signal
A y

y=KX+e,

< Transmission factor k

o 0
Zero Point / Sensitivity  E :8_y
X

y(x=0) = e,

[
>

Measurement quantitiy
X
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4.1 Chain Structure

T Ui, N Y
———Thermo Couple > Amplifier >
X1=K; Xq X,= Ky Xq X3 =K3 X,
XO—’ kl > k2 > k3 >

X3=K3 K Kq Xq

Multiplicative Deviations: Deviations of transmissions factors

X5= (K3 + AKg) (k+Aky) (kit+ AK; ) X

D Error Propagation!!!
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4.1 Chain Structure

€4 €, €3
Xo X1 X2 X3
X;=Ky o€y X;=Kz (K Xgte,)+e;

X3= [Ky (Ky Xgte,) +&;] Kste,

Additive deviations are multiplied by the transmission factors
and involve an additional zero-displacement

Temperature Effect

o =RlT) KolT) Ky (T * k() Ki(T) &, + KT, + e

Linear dependence of transmission factors of T
-> non-linear dependence of the whole transmission factors of T
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4.1 Chain Structure
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D The chain structure amplifies both multiplicativeand additive errors.
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4.2 Parallel Structure

=
Xel

kl

|82 +-$—— X
Xe2

k2

Sensor, and Sensor, are identical.

4.2.1 Sum Principle
Both Sensors are exposed to the same input signals X,; and X,

» Calculate the output Signal in the case of the sum principle.
» What is the advantage thereby?

4.2.2 Difference Principle

Both Sensors are exposed to different input signals X,; and X,
» Calculate the output Signal in the case of the difference principle.
» What is the advantage thereby?
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4.2 Parallel Structure

| &
Xe1 Xa1= K1 Xg1t €9
— k
1
lez +- ¢ > Xg = Ky Xert €% (Ky Xep + €3)
X
e2 k2
Xa2=K; Xep + €5

4.2.1 Sum Principle

D Averaging process
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4.2.2 Difference Principle

l e
L K Xa1=K Xe
le 9 > Xy = K (Xe1-Xep)
i
Xa2=K Xe

—> Elimination of the zero point

But also generally:

- Common-mode rejection
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4.2.2 Difference principle
Compensation of Influence Effects
Strain gauge with the basic resistance R,
- Extensions €

- Temperature T
Torque Measurement

le with strain gauge

. Y=k (Ro+ AR+ AR,) +
—_ k T
e & |y=kAR {[:] N
l - X c .-.-.ﬁ;aiﬁ..-._.-__}
XZ f strain gange 1
— Kk = /
V.= K (Ry+ AR;) + &

Strain gauge 2

thermal
coupling

D Compensation of temperature effect
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4.2.2 Difference principle

Compensation of Influence Effects
Example: Capacitive Measurement of Water Volume in Ol

oil/water

test sample

thermal coupling
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4.2.2 Difference principle

Example NDIR COZ-SenSOr LIMO32, InfraTec GmbH

Filters Detectors

N /
S

IR Source Vessel .

/HIO\ N :—»—nuRef

X e || — () ) —

E

ml

UMes

o)

LIMO32

[O. Zhelondz 2006]
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4.2.2 Difference principle
Example: NDIR CO,-Sensor

Effects on Measurement and Reference Signal
(%L o =
X

X + +
Multiplicative effects Additive effects

— L[ Uret
T

° Umess

Changes in radiation intensity Temperature drift of filter

(Ageing, Pollution) Temperature drift of the pyrodetector

Temperature dependence of radiation
intensity

Temperature and pressure dependence of
absorption processes
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4.2.2 Difference principle
Example: NDIR CO,-Sensor

Elimination of Undesired Effects (1)

— —_

LT U Uref _k°|+a

4 Ul

_'__Y_

Inin _ —&Xco2 by

== UMeaS—k°|'e 2V +a

° Umess

Elimination of
_ —&-X Ly
UMeas - Uref =k-I- (e o _1) D additive effects

e—g'xcoz'l—v + d
UMeas _ K- | Declination of
U a multiplicative
ref 1+ ] effects
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4.2.2 Difference principle
Example: NDIR CO,-Sensor

Elimination of Undesired Effects (2)

N %: Uref Uref — k ¢ I +a.
- %—4 U Xcoz Ly
T Ymess — k.| .a &% o2
Uyeos =K1 -€ +a
if a=0
» Declination of
Iog(UMeas)_IOg(Uref ): logk-1)—&- X0, - L, —logk-1) multiplicative
o . effects
==& Xeop LV e Linearization
_ —&Xco2 Ly
UMeaS Uref _ k * I 'e coz _k ) I — e_g'XCOZ'LV _1 » Elimination of
_ . multiplicative
Uf@f a K-| effects
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4.2.3 Differential Principle

SRED
} X R2 = (— —AR(X))
2
O— R |—o

le
R, <
le E;ﬁ): K (g+ AR(x)j +e—k (%—AR(x)j —e :@< AR(X)
R,
—1 K

Advantages:

« Common-mode rejection
e Increase of sensibility

T Prof. Dr.-Ing. O. Kanoun

. Chair for Measurement and Sensor Technology

P. 4-16



4.2.3 Differential Principle
Example: Differential Capacitive Measurement

|-b |-b
_C. = _
C,-C, grgO(d_X) ‘9r50(d+x)
|-b-x
_Zgrgo( 2_(X)2)
|-b |-b
| C1+C2—5r50( _X)+gr50(d+x)
|-b-d
:2(9'.(90 (dz_xz)
v Cl_CZZX X:d Cl_CZ
C,+C, d C,+C,
Advantages:

« Common mode rejection

x: Displacement « Independent on geometry
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4.2.3 Differential Principle

Linearization with parallel structure and differential principle
Jﬁ

| \
3 A
- Sensor, F- 9 \\\\
\ N\
W
Sensor, TR | \\\\ .
T19‘ \j\
\
y1 =ag +ay(xg —X)+az(xg —x)° +F(9 Y2(¥)+H(8) SRR
~ ——— —
2 S -7
Y2 =ag +2a1(Xo +X)+ap(xg + X" +1(3) y2 (% !
B Vow =Y (81 +2a, Xo)
X o
Advantages:

e common-mode rejection!
* linearization
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4.2.4 Reference Principle

Zero point Xy =0 CF\_ | Xa =

Measured variable Xe; =X O— k —0 X, =K X+§g,
Reference value X, =X, O— X, =K X +6,
Xao — X =KX X, — X kx X
az al _ = Xa2 B Xal
— Kx X X=X
Xa3 _ Xal — k Xr Xa3 Xal r r Xa3 — Xal
Advantages:

e co0mmon-mode rejection
« elimination of multiplicative errors
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4.2.4 Reference Principle
Example: capacitive level measurement after the reference principle

w W, |
C= C +CI|qU|d I: Og(‘gr _1):| X+‘90_h
u.........................................:k ................... .e
& y€
r=1 5 CP 0 o\ Cy Cozgovgvh
._T_______;__-;___ Cfull x O— K O C
| : /
: h O Cuol Cru =505, “h
N -1~ 1 C C-GC,
I ! : : X=h-
: X | ’ | = Crun —Co
| :
|
S C,  suppression of:

“:‘g : « Additive errors e
» Multiplicative errors k

w: width of capacitor plates Possibility for self-tests P. 4-20



4.3 Closed Loop Structure

also called null mode or compensation method

Why are small weight
differences detectable?

A Also for Gold and Diamond !
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4.3 Closed Loop Structure

ek 5 KNS
Xq N | A |
X, =K, (xe — X, ): K, (xe —kgxa)
X, :1+l:<11kg X, = 1Jlrk X, zklgxe for k;, — o
Advantages: K, ’

* Precision more dependent on kg
 Suitable for small changes of sensor signal
 Measurement without influence on the measured quantity

Disadvantages:

 Stability consideration necessary!
* Dynamic is dependent on the inverse feedback
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4.3 Closed Loop Structure

Example: Acceleration Sensor

A, AN, A,
7 7
7 Inertial  Fy | pefiection 7
7 Force +

ya Position

7 m f Sensor 7
,// Z
Restoring F f//

7 Force el v 7
Z =, L 7
/ ) —T
. ,A
.

T
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1: Seismic Mass
2: Bulk
3: Capacitive Sensor




4.1-4.3 Chain-, Parallel and Closed Loop Structure

Chain Structure Parallel Structure Closed Loop Structure
le
lel lez Xiz K Xe > N Kl Xa=
Xo Xy | X3 - ‘
1 Kl KZ le Qﬁ’ X
g Kg
Xi2
K

Common Mode Rejection High Stability

e Often used Suitable for small

|:> Differential measurement

o hi TR changes of sensor
. Additive and higher sensitivity signal
multiplicative |:> Reference measurement « High precision
Sl s » Elimination of » Possibility of Self-Tests
Amplified multiplicative errors « Sensor dynamic

» Possibility of Self-Tests
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