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* Natural sensors = electrochemical signal
« Man made sensors = electrical signal

~*ar Ear




A sensor is
«a device that receives a stimulus and responds with an electrical signal»

The stimulus
is the quantity, the property or the condition that is received and converted into electrical signal
The measurand
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Any sensor is an energy converter:
the energy transfers between the object of measurement to the sensor

Energy
or
Property

Energy
or
Property

Sensor Electrical
value




Hybrid or complex sensor

Stimulus Sensor Electrical signal




Data acquisition and control device : the position of sensors

Data Acquisition System

r N
Peripheral
Sensor
Object Device
Interface ,
e
j Computer

Sensor

- < 5 >
Excitation
Circuit

1) no-contact internal passive (with signal conditioner) sensor;

2) contact external passive sensor;
3) contact external passive (with signal conditioner) sensor;

4) contact external active sensor;
5) internal passive sensor.

Multiplexer

Interface
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Actuator




All sensors may be of two kinds: passive and active.

A passive sensor does not need any additional energy source

The active (parametric) sensors require external power for their operation, which is
called an excitation signal




Sensor specification

Sensitivity

Accuracy

Speed of response

Overload characteristics

Hysteresis

Operating life

Cost, size, weight

Stimulus range (span)

Resolution

Selectivity

Environment conditions

Linearity

Dead band

Output Format

Conversion phenomena
Thermoelectric
Photoelectric
Photomagnetic
Magnetoelectric
Physical
Electromagnetic
Thermoelastic
Thermo-optic
Photoelastic
Chemical transformation
Physical transformation

Chemical Electrochemical process

Spectroscopy
Biochemical transformation
Physical transformation
MLz Effect on test organism

Spectroscopy




Wave amplitude, phase, polarization,
spectrum

Acoustic Spectrum polarization Wave velocity

Wave amplitude

Wave velocity Optical Refractive index

grle] B Emissivit, refractivity, absorption || 1L R

Chemical Concentration Acceleration Radiation Energy

State Force Intensity

Charge, Current Stress, pressure Temperature

Potential, Voltage Strain Flux

L : Thermal .
Electric field (amplitude, phase, Mass, density Specific heat

polarization, spectrum)

Conductivity Mechanical

Electric

Moment, torque Thermal conductivity

Permittivity Speed of flow, rate of mass transport

Magnetic field (amplitude, Shape, roughness, orientation

phase, polarization, spectrum) Stiffness, compliance

Ak Magnetic flux

Viscosity

Permeabilit
v Crystallinity, structural integrity




Quantity m Symbol Defined by

Length mater the length of the path travelled by light in vacuum in
1/2999792458 of a second (1983)

Mass kilogram ...after a platinum-iridium prototype (1889)

Time second ...the duration of 9192631770 periods of the rotation
corresponding to the transition between the 2 hyperfine levels
of the ground state of the cesium 133 atom (1967)

Electric current ampere Force equal to 2x10-7 N/m of length exerted on two parallel
conductors in vacuum when they carry the current (1946)

Thermodynamic kelvin The fraction 1/273.16 of the thermodynamic temperature of
temperature the triple point of water (1967)

Amount of substance mole . . .the amount of substance which contains as many

elementary entities as there are atoms in 0.012 kg of carbon
12 (1971)

Luminous intensity . . .the amount of substance which contains as many

elementary entities as there are atoms in 0.012 kg of carbon
12 (1971)

Plane angle radian (supplemental unit)

Solid angle steradian (supplemental unit)




Since most of stimuli are not electrical, from its input to the output a
sensor may perform several signal conversion steps before it produces
and outputs an electrical signal

Black box

Static transfer function




Thermo-anemometer: transfer function




Linear transfer function

Exponential transfer function

Logarithmic transfer function

Power transfer function




Linear transfer function
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Linear regression — least squares

° experiment points
___ best linear fit
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Non-linear transfer function
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Power series




Sensitivity
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Spline interpolation

U
olled microprocessc




Multidimensional transfer function




Calibration




Calibration




Calibration

ployed for sens




Calibration

Before calibration, either a mathematical model of
the transfer function has to be known or a good
approximation of the sensor’s response over the
entire span shall be found. In a great majority of
cases, such functions are smooth and monotonic.
Very rarely they contain singularities and if they do,
such singularities are the useful phenomena that are
employed for sensing (an ionizing particle detector is
an example).

Calibration of a sensor can be done in several
possible ways, some of which are the following:




Calibration




The figure shows a thermistor that is immersed into a stirred liquid
Thermometer and Ohm-meter bath with a precisely controlled and monitored temperature. The
liquid temperature is continuously measured by a precision
reference thermometer. To prevent shorting the thermistor

,U‘ terminals, the liquid should be electrically nonconductive, such as
= mineral oil or Fluorinert™. The resistance of the thermistor is
g measured by a precision Ohmmeter. A miniature grinder
= mechanically removes some material from the thermistor body to
o modify its dimensions (a). Reduction in dimensions leads to
é increase in the thermistor electrical resistance at the selected bath
;"6 temperature. When the thermistor’s resistance matches a
2 ) : ined value of the “ideal” resi he grindi

"‘ Th.tor

Temperature fluid bath



Laser trimmer

The measurement provides a number that
is used for selecting a conventional
(temperature stable) matching resistor as

Thermometer and Ohm-meter

a unique reference. That resistor is for use

A . . q . . .
- in the interface scaling circuit. The precise
g., value of such a reference resistor is
§ achieved either by a laser trimming or
e selection from a stock. That individually
o matched pair thermistor—resistor is used in
é the measurement circuit, for example, in
- . : oy :
D
2 \
2 y

Temperature fluid bath




Thermometer calibrator

>

Application device

’ Josuas ‘dwal CRIVERETEE )|

Temperature fluid bath

In the above examples, methods (3) and
(2) are wuseful for calibration at one
temperature point only, assuming that
other parameters of the transfer function
do not need calibration. If such is not the
case, several calibrating points at different
temperatures and resistances should be
generated. Here, the liquid bath is
sequentially set at two, three, or four
different temperatures and the thermistor




Computation of parameters




Computation of parameters




Computation of parameters




Computation of parameters




Computation of parameters




2 2R .2 3_3 3_.3 2_ .2 2_.2 3_.3 3_.3
A= (51—52 - 51—54) (51—52 - 51—53)_ (51—52 . 51—53) (51—52 a 51—54)

$1—S2 S1—S4 $1—S2 $1—S3 $1—S2 S$1—S3 S1—S2 S1—S54

A - (S%—S% A S%-Sg) (El—Ez I El—Eg)_ (S%—S% . S%—S ) (El_EZ A El—E4_)
& 51592 S1754

51—52 Sl—S
(51—52 E1—53)
S1—S2 $1—S3

S1—S2 S1—54 S1—S2 S1—S3

2

3

3

3_.3 3_.3 3_c3 3_¢3

_— S1—S5 S1—S3 E1—E; Eq1—E4 _($1=S2 S1—S4
B 4

S1—S2 S$1—S3 S1—S2 S51—54 S1—S2 S1—S

A 1

bs = — b, = S [E; — Ey — b3(s§ — 55) — by(sf — s4)]
A S1 — S,

b A A_b bO — El — b3513 — szlz — b151

A

If the determinant A is small, some considerable inaccuracy will result. Thus, the calibrating points should be
spaced within the operating range as far as possible from one another.



Computation of parameters
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Use of analytical equation




Use of linear piecewise approximation




Use of linear piecewise approximation
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Use of linear piecewise approximation
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We assume this is the most accurate way of computing true temperature. We use now the linear piecewise
approximation. We break up the transfer function just

R, eP(Tx"~T")

n, = N,
* PR, +R,eFt-T)

into three sections with two end knots at 0 and 60°C (the span limits) and two equally spaced central knots at 20
and 40° C.




If the inverse transfer function is not known, the iterative method allows using a direct transfer function
to compute the input stimulus. A very powerful method of iterations is the Newton or secant method. It is
based on first guessing the initial reasonable value of stimulus s = s; and then applying the Newton
algorithm to compute a series of new values of s converging to the sought stimulus value. Thus, the
algorithm involves several steps of computation, where each new step brings us closer and closer
to the sought stimulus value. When a difference between two consecutively computed values of s
becomes sufficiently small (less than an acceptable error), the algorithm stops and the last computed
value of s is considered a solution of the original equation and thus the value of the unknown stimulus is
found. Newton’s method converges remarkably quickly, especially if the initial guess is reasonably close




Iterative computation of stimulus (Newton method)




Iterative computation of stimulus (Newton method)




